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INTRODUCTION

The life of annuals, then, may be divided, into two acts ~ procreation 

and feeding; for on these two acts all their interests and life concentrate”.

ARISTOTLE, History of Animals, Book VII.

This thesis consists of a broad review of the literature on cattle 

breeding and feeding, and reports the results of a comparative Trial on the 

breeding and feeding of Charoláis cross Ayrshire and Shorthorn cross Ayrshire 

heifers.

In the context of this thesis, the word “breeding” is taken to cover 

not the genetics of animal breeding, but the broader aspects of the effects 

of sire and dam on their progeny.

Exceptions to a general rule, that only work on beef cattle would be 

quoted, have been made where thereis no, or very little, work reported on beef 

cat t,le in a certain field of study, or where a reference is particularly 

relevant.

Section I is concerned with the determination of the energy require

ments of the bovine.

Section II covers some general aspects of growth in beef cattle, whilst 

Section III is a review of the literature on carcase quality as affected by 

breed and plane of nutrition.

In Section IV the results of the trial are laid out and discussed in 

comparison with other published results.

A full list of references, in alphabetical order, is presented after 

the Appendix to Section IV.
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Determination of the Energy Requirement s of the Bovine 

(a) Introduction

Investigators and practical livestockmen have for many years recorded 

their observations on the quantities of feedstuffs required by animals.

The earliest feeding standards were concerned with the quantities by 

weight of particular feedstuffs which were required to enable animal to 

carry out specific functions. Many of the early workers were concerned 

with, for example, the quantities of hay required for milk production (this 

being of greater economic concern than was fatstock production). This led 

to the production of Thaer’s (1810) table of Hay equivalents.

The feeding standards for ruminants in most common use today are the 

Total Digestible Nutrient (T.D.N.) system proposed by Armsby (1917) and the 

Starch Equivalent (S.E.) system developed by Kellner (1909). Both these 

systems assign to every food a characteristic unit value such as Meal meta

bolisable energy per Kg. food for the T.D.N. system or lbs. S.E. per 100 lbs. 

food for the S.E. system.

Recently it has become more common, at least in scientific circles, 

to use a calorie unit which is an absolute unit of heat and can be defined 

in terms of International Joules (Blaxter 1962). The calorie is very use

ful in that not only does it describe the energy content of a feed, but it 

can also be used to describe the energy utilised or expended by the animal. 

For example, a nutrient supplying 1000 calories of energy to the animal 

might result in 600 calories being dissipated or lost, for reasons to be 

described later, and a net retention by the animal of 400 calories in the 

form of stored energy represented finally by an increase in the body tissues 

of that animal.
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Recently Blaxter (1962a) has proposed, a new system of feeding which 

is called ’’Performance Prediction”. In this system, which is based on 

values of the metabolisable energy of a ration, Blaxter takes into account 

the fact that successive unit increments of feed above the maintenance level 

do not lead to constant energy retention per unit of feed supplied.

Thus it can be seen that of the total or gross energy supplied in a 

feed only a portion (the net energy) can be utilised by the animal for pro

ductive processes.

The partition of ration energy can be summarised as in Figure I below 

adapted from Crampton (1956) 

Figure I

~ Digestible 
Energy

Metabolisable _
Energy

Net or 
Productive — 
Energy

Energy for 
Basal Meta
bolism 
(dissipated 
as heat)

Gross
Energy ~

Indigestible
Energy (lost 

_ in faeces)

__ Energy in 
Urine

Energy for 
-Activity 
at Main
tenance

Energy lest 
as gas

Energy 
lost as 
heat

Energy for 
specific 
dynamic 
Jieat loss

(b) Gross Energy

The gross energy of a feedstuff may be determined by bomb calnn’metry 

described by Blaxter (1962) who has also shown that the gross energy or heat 



of combustion of a food can be calculated from first principles, that is 

from the Chemical formulae of the feed constituents. The heats of com

bustion of the more important food constituents are summarised in Table I 

adapted from Blaxter (1962).

Table I

Heat of Combustion of Compounds 
of C, H, and 0.

Material Heat of Combustion
(kcal/mole)

Glucose 673.0

Sucrose 1349.6

Lactose 1350.8

Glycogen (/g) 4.116

Starch (/g) 4.179

Cellulose (/g) 4.181

Acetic Acid 209.4

Propionic Acid 367.2

Butyric Acid 524.3

Stearic Acid 2711.8

Carbohydrate (/g) 3.75 - 4.45
Fat (/g) 9.25 - 9.50
Protein (/g) 5.00 - 5.70

(c) Digestible and Indigestible Energy

Qnly part of the gross energy - the digestible energy - is utilised 

by the animal. In theory, determination of the digestible energy is a 

simple matter of finding the difference between the energy content of the 
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food, and that of the faeces, but in practice the identification of the 

faeces corresponding to a given quantity of feed is often very difficult, 

Balch (1950). One method of overcoming this difficulty involves making 

the reasonable assumption that averaging the collection of faeces over a 

number ofdays (usually 7 days - Gay (i960)) when a constant amount of 

nutrient is fed daily will give an average figure for quantity of faeces 

per quantity of feed given. Another method involves the introduction into 

the feed of a fixed proportion of an index substance which remains inert 

during its passage through the alimentary tract. Corbett et al. (i960) 

and Elan et al. (1959) have studied the excretion pattern of chromic oxide, 

for example. Recently Luitingh (1961) has studied chromium oxide and lignin as 

index substances and concludes that although chromium oxide has proved satis

factory the use of lignin as an indicator is not so satisfactory due to 

difficulties in sampling both the food and faeces.

It should be noted at this stage that what is actually being measured 

in the instances quoted above is the apparent digestibility since the faeces 

contains quantities of energy which are derived principally from secretions 

or body cells sloughed off from the gut wall, and from the dead or alive 

body-cells of bacteria which have used up digested material in the gut, but 

have themselves managed to resist digestion.

Andersen et al. (1959) have shown that digestibility of a single 

forage is unaffected by level of intake, but that digestibility of mixed diets 

tends to be depressed as intake rises. In addition, Nicholson et al. (1956) 

have shown that digestibility results are influenced by the length of the 

preliminary feeding period, depending on the type of ration being used.

Differences in the digestibilities of feeds by ruminants and pigs have 

been investigated by Glover (1961) and between sheep and cattle by Watson
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(1948) and Cipolloni et al. (1951)« Other biological factors affecting 

digestibility are mentioned by Blaxter (1962) who also quotes attempts 

which have been made to predict the digestibility of a feed from its 

chemical composition (mainly from the crude fibre, and lignin factions), 

also see Schneider (1951) and Crampton (1957).

A consideration of even a few of the factors causing variability in 

digestion will lead one to realise that the digestibility values of nut

rients vary widely in practice. Crampton & Lloyd (1959) quote digestib

ility values for carbohydrate as 56 - 99%, for fat 90 - 95% and for protein 

40 - 93%.

Blaxter (1962) publishes a table showing the apparent digestibilities 

of 523 Ryegrass cut at different stages of growth compared with that of wheat 

straw. Waite et al. (1963) have published similar data.

Table 2

Sane Apparent Digestibilities

Apparent Cut 1 Cut 2 Cut 3 Cut 4 Wheat Straw
digestibility 
of

young 
leafy

late in
leafy flower

% Apparently digested

seeding

Energy 83 80 78 63 52
Fats, waxes etc. 
Soluble Carbo

, 65 64. 60 43 44

hydrates 100 100 100 100 N.D.
Cellulose 92 88 85 71 62
Hemicelluloses 93 85 80 55 51
Protein 65 64» 60 43

N.D. - Not Determined

In addition, Conrad and Hibbs (1953) have shown how cellulose 

digestibility can be affected by the % grain in the ration.
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Table 3

Effect of Grain on Apparent Digestibility of Cellulose

Diet Ratio of 
hay/ grain

Digestibility 
coefficient of 
cellulose

Alfalfa hay and grain 4 : 1 65.6
» it tt n 2 • 3 60.3

Clover/Timothy and grain 4 : 1 69.2
» t» n « 2 : 3 60.1

Again only some of the digestible energy is ultimately available 

to the animal since losses of energy are incurred, in the urine and in the 

production and loss of gas from the rumen. The remaining utilisable 

fraction is termed the metabolisable energy.

(d) Energy loss in Urine

The determination of the energy lost to the body in the form of 

urine involves the collection of the urine corresponding to the ration 

being fed during the trial period and determining its energy value. The 

assumption being made as for time collections of faeces thfctif a constant 

daily intake of a diet can be arranged over a sufficiently long period, the 

daily output and canposition of urine will also remain constant. Winton 

and Baylis (1962) list the principal constituents of normal urine and Dukes 

(1955) illustrates the % distribution of nitrogen in urinary compounds in 

fasting sheep as follows

Table 4
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Table
Principal Constituents of Urine g/100 Mis.

Water 90-93 Glucose 0.10 Chloride 0.37
Proteins 7-9 Sodium O.32 Sulphate 0.003
Urea 0.03 Potassium 0.02 Phosphate 0.003
Creatnine 0.001 Calcium 0.01 Ammonia 0.0001
Uric Acid 0,002 Magnesium 0.002

A Distribution of Urine N in fasting sheen

Urea N 79.8-84.0 Uric Acid 0.26-0.73
Ammonia N 2.5-3.2 Purine Base 0.38-0.66
Creatnine N 3.9-4.2 Allantoin N 1.7-2.3
Creatnine N 1.8-3.9 Undetermined N 4.2-5.9

The energy content of ruminant urine rises with increased energy intake 

(Blaxter 1961) and with type of ration (Blaxter I962) (see table 5) unlike 

that of normal humans (Winton and Bayliss 1962). Thus in fasting sheep the 

energy value of the urine is fairly constant at 8-9 Kcal/g (Blaxter 1962b) 

(total N)but values of 20-25 kcal/g N have been noted with hay diets and up 

to 35 kcal/g N with diets containing cereals (Blaxter 1962). Clapperton 

(1964) has also shown that nitrogen excretion in the urine is greater during 

exercise with sheep on a supermaintenance diet.

Table 5

The Ratio of Energy to N in the urine of steers as 
affected by diet and plane of nutrition 

long Urine energy, Kcal/g N
roughage Maintenance 2 x maintenance
in diet

5 12.2 16.0
20 13.6 15.3
40 17.7 21.7
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% Long 
roughage 
in diet

Urine energy. Kcal/gU
Maintenance 2 x Maintenance

60 20.0 25.4
80 26.2 31.7

100 28.8 34.7

Every gram of N excreted as urea involves a loss to the animal of 5.45 

Kcal. Thus only when fasting or when fed solely on protein does the energy- 

value of ruminant urine approach 5.45 Kcal/g N. (Blaxter, 1962).

Crampton (1956) has also shown how urinary energy loss is affected by pro

tein level of the diet and by protein quality. Crampton and Lloyd (1959) quote 

a typical energy loss in urine of a 950 lh. steer as about 7% of the gross calorie 

intake when fed above maintenance, 

(e) Gaseous Loss of Energy

Determination of volumes of eructated gases from ruminants is normally 

done by analysis of the ingoing and outgoing air in a respiration chamber. The 

gases formed in the rumen are mainly carbon dioxide and methane, but amounts of 

oxygen, nitrogen and hydrogen may be present in specific cases, (Blaxter, 1962). 

Briggs, (1964) quoting the results of Kleiber et al. (1943), Brody (1945), Pilgrim 

(1948) and Kingwill et al. (1959) describes the gas, after the intake of food as 

having the following composition:- 

0-7% oxygen 
1-10% nitrogen 

20--JC% methane 
60-70% carbon dioxide

The total amount of gas produced depends on the level of feeding and the digest

ibility of the diet (Blaxter 1962) and Bratzler and Forbes (1940). Blaxter 

estimated that between 1000 - 2000 litres are produced by a cow each day, up to 
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4-00 litres of which may be methane. Hungate et al. (1955) have also estimated 

that approximately 1.2 - 2.0 litres of gas are formed per minute in the rumen 

and reticulum of a 1000 lb. bovine animal. This would appear to be in reason

able agreement with Blaxter’s figure.

Clapperton (19&4-) found that methane production per unit of food decreased 

with increased food intake, but that there was a slight increase in methane 

production in exercise. The matter is complicated, however, as Blaxter (1962) 

also states that methane production increases with increasing digestibility of 

the ration below maintenance, but the reverse is true above maintenance. As 

the level of feeding increases, methane production per unit weight of foozle- 

creases. Little error is involved if energy lost as methane is considered as 

8^ of the gross energy intake (Blaxter 1962).

(f) Breakdown of Metabolisable Energy

Of the metabolisable energy remaining, part is used for maintenance - 

this part is measurable as heat production from the animal - and the remainder 

may be utilised in increasing the energy content of the carcase in the case of 

beef cattle.

The energy requirement for maintenance or the heat production at main

tenance is made up of 3 separate energy requirements. Firstly, energy is 

required to drive the obligatory energy consuming reactions of the body. Secondly 

energy is required to provide for the normal activity of an animal; and thirdly 

energy, in the form oi heat, is lost to the body in the assimilation of dietary 

energy to provide for the first and second functions of the maintenance require

ment, assuming no net change in body energy content.

The measurement of heat production in an animal and the energy storage 

of an animal can be measured, provided the energy content of the feed is known 

by either direct or indirect calorimetry. Both methods are adequately des

cribed by Blaxter (1962).



11.

(g) Basal Metabolism

The basal energy requirement, or the energy required to drive the vital 

reactions of the body, is not easily measured in ruminants. The basal heat 

production in man is normally measured under the following conditions (Maynard 

and Loosli 1956):-

1. G-ood pre-measurement nutritive condition.

2. Environmental temperature of approximately 25°C

3. Relaxation on bed prior to and during measurement

4. Post absorptive state.

The first two conditions are easily obtainable in ruminants, the third 

condition is only obtainable over relatively short periods so that the normal 

practice is to measure heat production of animals when lying and when standi ng 

and to compute the results to a 12 hour day of each or, alternatively, to 

measure what is known as the fasting metabolism, regarding any movements as 

obligatory and neglecting the measurement of the duration of any activity. 

Crampton (1956) states that, with cattle, standing increases the basal re

quirements by about 9% and Brody (1945) quoting from several American workers 

substantiates this figure. Recently, however, Pullar (1963) working with sheep 

has found that at 10 C the increased heat output on standing amounts to 18-67^ 

depending on the fleece length (the low figure being that of newly shorn sheep).

Recently Blaxter and Joyce (1963) have estimated that for sheep the cost 

of standing is about 1.7 kcal/kg body weight per 24 hours. The fourth condition 

is only obtainable in ruminants after a period of about 65-80 hrs. (Benedict 

and Ritzman 1927) or even longer (Blaxter 1962) compared with a time of 30-40 

nours in simple stomached animals. However in man and carnivorous animals 

a satisfactory post-absorptive condition is reached 12-18 hours after the last 

meal (Dukes 1955).
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The attainment of the post-absorptive state in ruminants can be deter

mined by the level of methane production and/or by the measurement of Respiratory- 

Quotient (R.Q.) Thus Blaxter (1962) found that methane production in cattle 

fell from about 200 litres/24 hours to 2 litres/24 hours in about 3-4 days and 

also that a contant non protein R.Q. of 0.70 was reached at the end of the 

third day of starvation. This represents the point at which the animal begins 

to mobilise its reserves of fat as sources of energy.

Balch (1961) summarises the results of experiments concerned with the 

movement of digesta through the digestive tract and Blaxter (1962) discusses 

inaividual variation, adaptation to starvation and. the stability of estimates 

of fasting metabolism.

From the literature, little evidence is available on the precise energy 

cost of the various functions making up the calorific value of basal metabolism, 

but Crampton (1956) does say that the energy cost of circulation , excretion, 

secretion and respiration accounts for only 251 of the total, the balance being 

required for maintaining muscle tonus and body temperature.

urom a basic consideration of physics, one can now deduce that the heat 

change in a body or mass is related to difference in temperature between that 

mass and the surrounding medium, and to the surface area of the mass.

Max Rubner (1883) was first to develop this concept in relation to fasting 

animals - he used dogs - and eventually expounded the law (now known as Rubner’s 

Law) that all fasting homeotherms release about 1000 kcal heat for every square 

metre of their body surface per 24 hours.

This law, although still accepted in a general sense, has been shown to 

be only broadly true, (Benedict 1938). Thus it has been shown that the rate of 

fasting metabolism is appreciably higher in young animals (Blaxter 1962), tends 

to level out at maturity and declines in senility (Brody 1945).
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Rubner*  s Law has been developed and elaborated upon by Brody (194-6) and 

by Kleiber (194-7)» Looking again at the laws of mathematics and physics it has 

been shown that the surface area of geometrically similar objects varies as two 

thirds the power of their volumes (or weights, if the densities are the same) 

and having found that the accurate measurement of surface area in an animal was, 

to say the least, extremely complex, these two workers attempted to define basal 

metabolism in terms of a function of body weight.

After plotting basal metabolic values for adult animals of various species

Brody (194-5) determined that the slope of the curve so produced was 0.73. However, 

after further experiments, he finally recommends that the calories expended in 

basal metabolism can be accurately computed from the formula

Cals basal

the figure

metabolism = 70 (^v_^*̂^)  where W = Weight and considers that 
Kg

should be regarded as the "physiological’' weight of the animal 

or as more commonly expressed today, the "metabolic size" of the animal.

Harper (1961) summarises the factors influencing the Basal Metabolic Rate 

(B.M.R.) in humans as follows:- 

1» Surface Area - H eat-loss/unit area is nearly constant.

2. Affe ~ ln the newborn, rate is low, then rises to a maximum at 5 years, 

then declining (with a relative rise at puberty).

3» Sex - Women have a lower B.M.R. than men

4» Climate - B.M.R. is lower in hot climates.

5» Racial Variations - e.g. Chinese tend to have low B.M.R’s.

6» State of nutrition - Starvation results in lowered B.M.R.

7» Disease - e.g. B.M.R. rises in aneamia, and in leukaemia.

8» Hormones - regulation of B.M.R. by thyroxine.

Table 6 summarises many of the results quoted by Blaxter (1962).
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Table 6

Fasting Metabolism of Steers and Cows

Laboratory Approx age No. of 
expts.

Fasting Metabolism 
(Kcal/Kg^ P.O)

Hannah 1| - 2 4 96.2
3-4 3 83.4

Pensylvania lì - 2 16 92.6
2 4 86.9

Illinios 2 1 87.9
Prob 4" 2 8 87.21J 4 79.9*

Mean (excluding last figure) 89.0

* (expressed as W°’^)

The mean figure shown in the above table would appear to be on the high 

side from the basic determinations already described but the figure 89.0 Kcal/kg0’ 

0 73does agree well with the figure 91.0 Kcal/kg ‘^calculated from the standard 

figure of 70 Kcal/kg x 1.30 which is described by Orr and Leitch (1938) as 

the multiple of basal metabolism expressed as metabolisable energy required for 

maintenance in the human. (The figure 1.3 x basal metabolism does represent, 

however, the total energy required for maintenance activity and for the specific 

dynamic action of the foodstuff).

(h) Specific Dynamic Effect

It has long been recognised that the process of digestion and utilisation 

of a feedstuff itself results in a loss of energy to an animal. The first studies 

in this field were again those of Hubner (1902) who postulated that the heat loss 

of the Specific Dynamic Effect (S.D.E.) or Action (S.D.A.) represents the waste heat 

from the many intermediate and side reactions and oxidations incident to the body’s 

nutritive processes. This theory has received wide support, Lusk, (1913),

Benedict (1912) Weiss and Happort (1924), but the very vagueness of the theory 
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itself serves to emphasise how little is understood on the subject of S.D.A.

The following table (from Brody, 1945) serves to illustrate partly the 

cause of different values of S.D.A. and partly the effect of different feeds 

on S.D.A. values

Table 7

Relation between energy in the food and 
heat production by the Animal

Trial Protein Diet Fat Diet Cane-Sugar Diet
No._____Food Heat Food Heat Food Heat

Energy Prodn. Energy Prodn. Energy Prodn.

1 0 100 0 100 0 100
2 100 130.9 100 112.7 100 106
3 130.9 137.3 114.3 114.5 106 106.4
4 137.3 139.3 114.5 114.55 106.4 106.42
5 139.3 139.9
6 139.9 140.1
7 140.1 140.2

It can be seen from the above table that when 100% of the basal energy

requirement is fed to the animal in the form oi’ a protein diet it results in

heat production equivalent to 130% of the calorific content of the basal ration. 

Similarly Forbes et al. (1933) have shown that the S.D.A’s of beef muscle protein, 

glucose and lard were 32, 20 and 16% respectively when fed separately. The 

picture is further complicated by the fact that when nutrients are fed in 

combination (Forbes 1933 and Crampton 1956) the actual effect is less than the 

sum of the individual effects. Crampton also says that the omission of an 

essential amino acid increases the S.D.A. This can be explained in terms of 

Rubner’s hypothesis by postulating that presumably the normal protein metabolism 

is disrupted, resulting in a greater deamination of amino acids taking place.
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Crampton (1956) summarises his view of S.D.A. by stating an average figure of 

10% of gross calorific intake as an estimate of energy loss and that to quote

-thus possibly S.D.A. is a reflection of the degree to which the ration fails 

exactly to meet the nutrient needs of the body at that time". Blaxter (1962) 

adds an interesting anecdote to the general picture in comparing the loss of 

energy as heat during digestion in animals having simple stomachs, compared 

with ruminants. Blaxter estimates that the loss of heat during digestion in 

simple stomached animals rarely exceeds 1% of the calorific value of the food, 

whereas in ruminants the comparative figure varies between 3-12% of the total 

food energy.

It is worth noting that Passmore et al. (195?) have defined a relationship 

between S.D.A. and the satiety mechanism.

(i) Caloric Expenditure for Activity

Another source of energy loss in beef cattle is that quantity of energy 

which provides for the norma.! activity of the animal. It can readily be 

appreciated that the energy expenditure for activity must be extremely variable 

from day today. However, useful studies have been carried out in calorimeters 

with animals walking treadmills and up gradients by Clapperton (1961), (1964a 

and b) and by Clapperton et al. (i960).

Computations of the total energy expended by the animal daily can thus 

be made, based on studies of animal behaviour such as those by Cresswell (i960), 

Johnstone-'ffallace and Kennedy (1944), Tayler (1953), Holder (i960) and Duckworth 

and Shirlow (1958).

A calculation of energy expenditure by animals involves investigations of 

the time spent lying, standing, grazing and the distance travelled whether indoors 

or outdoors and with animals of different ages (Blaxter 1962).

An alternative approach (Passmore and Durnin 1955) is to measure the oxygen 
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consumption of the animal by means of portable apparatus attached to the animal 

and to convert this oxygen to its caloric equivalent - a figure of 4.825 Kcals/ 

litre was used in this case (This corresponds to an R.Q. of 0.82 - Brody, 1945).

In early work, which has been confirmed by more recent studies (Clapperton 

1964b) Lusk (1931) found that the energy cost of moving 1 Kg. of body weight 1 

metre horizontally is 0.5 cals in man and 0.59 cals in dogs. Similarly Brody 

(1945) found values of 0.38 cals, in horses and 0.45 cals, in cattle.

Thus if a 500 Kg. dairy cow covers an average distance of 2 miles (3.22 Km.) 

(Blaxter 1962) it will have cost 

500 x 3220 x 0.45 .—£qqq - 724.5 Kcalories to do so.

In other words, considering the fasting metabolism computed by the formula 
3

70 W4 = 72400 Kcal, walking only causes an increase of about 1-3^ over the 

fasting metabolism. Clapperton (1964b), however, increases this estimate to 

"less than 10$ of its fasting energy metabolism'*.

The expenditure of energy is of course related to the intensity of muscular 

work. Different types of work involving increasing energy expenditure are shown 

below for humans in a table from Crampton and Lloyd (1959) (originally from 

Christensen (1953))»

Rate Intensity of Work

Table 8.
Energy Expenditure Rate in Relation to Intensity 

of Muscular Work

1.1 Cals/min
1.6 ” ”
1.7-2.5
2.6-4.9
5.0-7.4
7.5-9.9
More than 10 Cal/min

Basal metabolism 
Sedentary living 
Very light work 
Light work 
Moderate work 
Heavy work
Very heavy work
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It is also interesting to note that for man, F.A.O. (1957) propose that 
a factor of 1.33 x the basal calories (71 x ^g*̂)  be taken as the maintenance 

energy requirement in terms of metabolisable energy - excluding the addition 

of another factor to take account of the loss due to Specific Dynamic Action, 

and that in the U.S. the N.R.C. "Recommended Dietary Allowances" (1953) allows 

3800 Kcals, per 24 hours for a 16 year old boy as opposed to a maintenance 

allowance per 24 hours for an adult male of 1900 Kcals.

As an interesting adjunct to the question of the energy expenditure of 

activity, Clapperton (1964a) has found that the energy cost of exercise is less 

in sheep fed a super maintenance diet than in sheep fed a sub maintenance diet. 

As we shall see in a later chapter, this means that the energy expended in acti

vity must be considered as a function of the maintenance diet as the energy for 

activity is used with the same efficiency as that for maintenance (as opposed to 

the lower efficiency of utilisation of energy for production).

In one table Crompton (1956) summarises the partition of maintenance 

energy, the steps of which have been described in the previous pages:-

Figure 2

Gross 
Energy 
100

Digestible 
--- Energy

70

Metabolisable
Energy-

60

Energy 
~ lost in 
urine

3

Production 
requirement 
at maintenance 

0

Energy lost 
as heat

60

-Energy of 
basal 
metabolism

35

Indigestible
Energy

30

Energy lost 
— as gas

7

Activity at 
maintenance 

15

Specific 
dynamic 
action 

10
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A particular example of the partition of metabolisable calories at main

tenance living is given by Crampton and Lloyd (1959).

Figure 3

Basal metabolism
1700 Cal = 77%

Maintenance Activity at
metabolisable maintenance
energy 280 Cal = 13%
2200 Cal = 100%

Other heat loss
500 Cal = 23%

Specific 
dynamic action 
220 Cal = 10%

The work described so far has been recently reviewed by Mitchell (1962).

(j) Recommended energy allowances for maintenance

Many workers have tried to derive easily workable formulae for calculation

of maintenance requirements, taking into account all the factors which have 

already been discussed.

Blaxter (1962a and b) has put forward strong arguments in favour of ex

pressing nutrient requirements in terms of metabolisable energy, and this will 

be adhered to now using where necessary correction factors as outlined by Swift 

(1957) Crampton et al. (1957) and Kielarowski et al. (1962).

Without going into the details of the methods used in deriving the various 

formulae or indeed using the formulae themselves, the following tables summarise 

the main recommendations which have been put forward recently.

Table 9 /
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Table 9»

Reference 1 2 3 4 5 6 7 8

Liveweight 
(ibs.y Maintenance Energy Requirement;s Mcal/day

200 3.4
300 4.5
400 5.7 4.9 5.4 5.3 5.3
500 6.5 5.6 6.4 6.5 6.1
600 7.8 7.5 6.4 7.5 7.5 7.3 6.9
700 8.4 7.1 8.5 9.1 7.5
800 9.1 9.3 7.9 9.6 9.1 10.2 9.1 8.2
900 10.2 8.5 10.6 11.2 9.9 8.8

1000 10.6 10.9 10.9 12.2 10.9 9.6
1200 11.8 I2.5 12.3 I3.9 15.6 11.2
1400 12.9 14.0 12.2

(M.E. Metabolisable Energy)

Note: - Ref 1 Blaxter (1962a) average figures (variations due to age) of 
stall fed cows.

2 Brody (1945) TDN in lbs. x 1.62 = Meal M.E.
3 Winchester (1953) - as above
4 Liutingh (1961) - as above
5 Morrison (1948) - for dairy cows
6 Morrison (1956) - for daily cows
7 N.R.C. (1963)
8 Evans (i960) assuming 1.9 Mcal/lb. and M.E. = 85^ gross energy

Conversions from other standards are used as follows:-

1 . Calorific value of TDN is 4.4 Kcal D.E./gm. (D.E. = Digestible Energy) 

or 2000 Kcal D.E./lb.

2 . M.E. of TDN = 3.56 Kcal/gm.

= 1616 Kcal/lb.

Other attempts have been made to express the maintenance requirements of 

cattle in absolute terms, involving the liveweight of the animal. Some of these 

are summarised below
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Table 10.

Author Animals Maintenance requirements 
(Cals, digest energy)

Brody (1945) Cows in stalls 63.6 Kcal/kg W°’73
Wallace (1955) Cows at pasture 126.1 Kcal/kg W°* 73
Reid (1958) » H tt 80.9 ” ” "
Corbett (1961) « tt W 57.5 “
Carret et al. (1959) All cattle 76 Kcal/lb. W i

(k) Energy requirements for growth

The energy requirements for growth are not as well defined as those for
maintenance, as the energy required depends on the efficiency with which the animal 

can utilise that energy, (this in turn depends on the animal's age), and the rate 

of growth "which the animal is aiming to attain".

The energy requirements for growth and fattening are summarised in table

11 below in terms of metabolisable energy required for maintenance + gain,

Table 11

Reference 1 2 3 4 5 6
Liveweight (IbsJ "

200 6.5 6.6 6.9
JOO 8.9 9.9 9.0
400 10.4 10.7 11.3 10.4 11.0
500 13.0 12.5 12.0 11.4
600 13.9 13.3 I3.9 12.7 12.4 13.6
700 15.1 I5.4 13.4
800 16.1 15.6 16.4 13.7 15.4
900 17.1 17.3

1000 17.2 18.1 14.5 17.0
Note:- Ref.

1 Evans R.E. (i960) approx. S.E. 
for 2 lbs. liveweight increase

x 1.7 = Meal/day 
per day.

2 NRC (1963) - Gains described as 
growth"

5 those of "normal
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3 Morrison F.B. (1956) average requirements for growing 
dairy and rapid grown beef animals

4 Maynard and Loosli (1956)

5 Eckles and Gullickson (1951)

6 Crampton (1956) for gains 1.0 - 1.6 lbs./day

Conversions used

1 .62 Mcal/lb. TDN
1 .70 Mcal/lb. S.E.

In addition to work already cited, Blaxter (1950) has reviewed the work 

done on energy feeding standards for dairy cattle; Kromann et al. (1961) found 

no difference between the energy requirements of yarded and ranged steers. 

Garret, Meyer and Lofgreen (1959) in work comparing the energy needs of cattle 

and sheep found that the energy requirements could be related to direct equations 

involving liveweight and Green et al. (1959) reviewed the methods used for deter

mining the feed used for growth and maintenance in beef calves.

At this stage it would be pertinent to point out that differences have 

been found in the utilisation of feed energy for maintenance and for production 

(Blaxter 1962a) and that these will be discussed in their biochemical context 

later.

(1) Sources of energy to the Ruminant

The value of any particular food to an animal depends on the "quality" 

of the food. Quality and digestibility are often synonymous when describing a 

foodstuff but "quality", can, in some contexts, also involve the proportions of 

fat, carbohydrate and protein in that food and their relative availabilities. 

The energy available to a ruminant animal may be derived from all three major 

constituents of a food.

Fats, representing an intake of energy of 2.25 times that of carbohydrate, 

are known to be valuable as a concentrated energy source for young, as well as for 



23

fattening animals. Denel and Movith (1944) and Hoflund et al. (1955) have 

studied the utilisation of fats ôf different types and at different concentra

tions in rations for these types of animal. It is also known that high con

centrations of dietary fat influence the utilisation of ration energy from other 

sources (Swift et al. 1948).

Fats, or triglycerides are hydrolysed in the rumen to form free glycerol 

and free fatty acids.

Thus

ch2o-co-ch2-r1

1
cho-co-rh2-r2 Fat

CH-O-CO-CH -R

1
CH20H

1
CHOH

R .CH .COOH

r2.ch2.cooh

CH OH 2 R^.CH^COOH

Glycerol fatty acids
(Where R^, R2, and may be 

chains of any length and 
degree of saturation)

Some of the glycerol so formed can be absorbed and converted into glycogen in 

the liver, thereafter being metabolised as a carbohydrate, but most of the glycerol 

is fermented to pyruvic a,nd propionic acids.

The fatty acids may then be reduced in chain length by successive oxida-

tions involving the removal of 2 carbon fragments at each step (p oxidation).

These reduced fatty acids can then be metabolised in a similar fashion to those 

produced from carbohydrate catabolism.
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Recently Blaxter and Martin (1962) have investigated the value of protein 

as a source of energy. The action of certain rumen micro-organisms on feed 

protein results in the production of peptones, peptides, amino acids, keto acids 

and some ammonia. Of the amino acid so formed, some may be absorbed and utilised 

as a replacement for tissue amino acid, some may be directly broken down to form 

urea, carbon dioxide and water and the remainder (the kStogenic amino acids) are 

deaminated giving the corresponding keto acid which is then converted to carbo

hydrate or steam volatile fatty acids.

r.ch.nh2 R.CO

1 + —* 1 + nht
COOH COOH

Amino Acid Keto Acid Ammonia

The probable pathways of volatile fatty acid synthesis from carbo

hydrate sources giving glucose as an intermediate are shown in Table 12.

Table 12

Cellulose

Cellobiose
4, 

Glucose

Starch 
Erythrodextrins 
Achroodextrins

Jr
Oligosaccharides4

Maltose
Glucose

Glucose - 1 - Phosphate

The fermentation of glucose as well as other hexoses results in the 

formation of quantities of lactate, pyruvate and acetyl coenzyme A which in turn 

is synthesised into other fatty acids, (see Figure 4).

The relation between many of the common fatty acids formed in the rumen

is illustrated in figure 5*

Figure 5/
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Figure 5

Oxaloacetic 
Acid

COOH COOH CGOH COOH CH,
1 ’ 1 ' I 3
CO + 2H CHOH - Ho0 CH + 2H CH„ -C0„ Propionic

I ’ I ^-.1 | | 2 ------- CH2 Acid
CH? CH CH CH. 1
| 2 । 2 t t 2 COOH
COOH COOH COOH COOH

< +C02

CH .CO.COOH

Pyruvic Acid
+h20

Lactic 
Acid 

CH .CHOH
COOH

CH
II
CH

COOH

CHyCH2.C00H
Propionic Acid

Acrylic 
Acid

The above table is from Barnett and Reid (1961).

The reactions occuring in the rumen are often complex, requiring the 

presence of certain bacteria, enzymes and catalysts. The simpler hexoses tend 

to produce a preponderance of long chain fatty acids whilst the less readily 

hydrolysed carbohydrates in general result in short chain fatty acids.

Otagaki et al. (196?) have studied the metabolism of C12^ labelled glucose 

and have found that the C atoms appeared in maximum concentration in the rumen
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VFA’s after 15 minutes. It has also been shown-Balch and Rowland (1957) 

Phillipson, (194-2) and Waldo and Schultz (1956)-that lactic acid can accumu

late in rumen fluid when animals are fed diets containing a readily available 

source of carbohydrate. However, Bruno and Moore (1962) found that 35% of 
14 added C labelled lactic acid was converted to acetic acid.

In conjunction with this oteervation it has been found that the pH of 

rumen contents is often lowered in the presence of an increased concentration 

of lactic acid. A low pH can affect the motility of the rumen (Clark 1951

and Ash 1959)« Ash concluded that the effect was not a simple pH effect, but

was caused by rapid absorption of acid through the fore-stomach epithelium which 

eventually caused inhibition of rumen movements brought about by the action of 

acid-sensitive peripheral receptors.

Blake et al. (1957) have discussed factors affecting pH and surface ten

sion of rumen fluid.

The chemical reactions occurring in the rumen are brought about in the 

main by the action of bacteria and protozoa and secondarily, by the intermediate 

products produced by these organisms themselves, Huffman (1953). The problems 

involved in the study and isdation of the bacteria have been reviewed by many 

writers including &all et al. (194-9)» Doetsch and Robinson (1953), Hobson (1963) 

and Bryant and Burkey (1953)» A recent study on the physiological regulation 

of the fermentation medium has been carried out by Freus (1964-).

Many experiments on the effects of diet on Volatile Fatty Acids (V.F.A.) 

production are carried out "in vivo" but in addition, a number of the studies 

have veen carried out "in vitro" using rumen fluid as a fermentation medium. 

Comparative studies on the two techniques have been carried out by Hueter et 

al. (1958).

The overall importance to the ruminant of volatile fatty acids as sources 

of energy is illustrated by Balch (1958)who has shown that, of a total absorption 
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of materials with a heat of combustion of about 9»800 Kcal/24 hours at main

tenance (Blaxter 1961), between 49 and 75^ of the energy absorbed was in the 

form of volatile fatty acids. Carroll and Hungate (1955) arrived at a figure 

of 70/*  Blaxter, quoting Schambye (1951) estimates that no more than 5% of 

the total energy absorbed comes from glucose, the remaining 20 - 25^ of the 

energy being largely in the form of amino acids and long chain fatty acids. 

Heald (1951) has investigated the glucose contained in rumen mocro-organisms.

Amongst other studies, Roun et al. (1961) found that as the concentration 

of energy in the ration fed increased, so the acetate to propionate ratio was 

lowered, giving an increased feed efficiency when fed above maintenance. These 

workers attempted to derive correlations between rumen VFA production, and 

carcase characteristics, finding a correlation of 0.63 between ruminal butyric 

acid level and carcase grade. Chou and Walker (1964) found that wheat, compared 

with lucerne hay, increased the total concentration of VFA, giving a particularly 

remarkable change in the lactic acid levels.

Studies of the effect on rumen VFA of feeding silage have been carried out 

by Card and Schultz (1953) and by Elliot et al. (1957). Both groups have shown 

that silage gave an increased fermentation towards the longer chain fatty acids 

compared with hay. This fact was thought to be connected with the lactic acid 

fed in the silage.

Barnett and Reid (1956) and Annison et al. (1959) investigated the effects 

of fresh grass on the production of VFA. It was found that the more easily

utilised the substrate the smaller was the proportion of acetic acid. Annison 

et al. specifically mention the very high concentration of lactic acid produced 

in the rumen when the animals were turned out to lush spring grass. 

(m) Quantities of Volatile Eatty Acids produced from Dietary
Carbohydrate
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The separation, micro-estimation and. measurement of rumen volatile fatty 

acids has recently been reviewed, by Warner (1964) and. by James and. Martin (1952).

Apart from the effects of diet on Volatile Fatty Acid (V.F.A.) production, 

several studies have indicated an effect brought about by the physical form of 

the ration. Rhodes and Woods (1962) and Woods and Luther (1962) found that 

pelleting a mixed ration gave more propionate and less acetate. Garner et al. 

(1957) showed that flaked corn and pelleted oats were the best physical forms 

of these two grains when fed to lambs, whilst Omar et al. (1964), also using 

lambs, found that acetate proportions decreased with increase in total VFA, 

with age, body size increase and with stage of ruminal development. Grieve 

et al. (1963) have shown that pelleting of high roughage diets leads to an in

crease in total VFA production, the increase being composed mainly of propionic 

and butyric acids.

Cullison (1961), comparing various methods of feeding hay, found that 

ground or pelleted hay gave a lower rumen pH than controls. He also noted that 

the lowered pH resulted in abnormal rumination and lesions of the rumen wall. 

These lesions could be prevented by feeding long straw. Jorgensen and Schultz 

(1963) had similar findings. Shaw et al. (1961) obtained a remarkable increase 

of 22% in liveweight gain in steers coupled with a 15% improvement in feed 

utilisation by grinding and pelleting hay and steam heating corn. They also 

found that this teatment led to an increase in the degree of unsaturation of 

the resultant body fat.

Working with cattle and sheep Elsden (1946) reported that about 87% of 

the total Wa*s of the alimentary canal are found in the rumen. In a recent 

study of the whole intestinal tract, however, Ward et al. (1961) have shown 

that equivalent quantities of VFA to those in the tumen may be found in the 

caecum and colon. High concentrations of lactic acid were obiained in the 

caecum and colon.
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Drawn from various sources, as indicated in the key, Table 13 shows

how different rations affect the production of rumen VFA’s:-

Table 13

Ref.

(Cone.

Ration

= Concentrates) Acetic

Fatty Acids Produced 
(Molecular proportions)

Propionic Butyric Higher

1 Flaked maize 57 33 7 7
2 Maize 46 32 18.5 3.5
3 Cone 24 lbs. + 

hay (2 lbs.) 40.6 36.5 10.7 12.3
6 Hay (3| lbs.) + 

Cone. (11| lbs.) 61.9 20.3 14.6 3.4
7 Steamed maize 34 46 6 14
9 Barley 28.2 54.3 9.4 8.0

10 8C% cone. 20% rough 52.7 26.4 19.1 2.0
7 Poor Hay (10 lbs.) + 

Cones. (15 lbs.) 60 23 14 3
10 50% conc./50% rough 57.9 25.7 15.6 0.8

2 Hay 81 13 419 1.1
3 Silage 73.7 16.8 6.6 2.9
4 Silage 53.2 25.4 8.7 4.2
5 Wheaten hay 66.6 20.6 9.7 3.1
6 Hay (15 lbs.) 70.5 17.8 9.8 1.9
7 Arable silage 74 17 7 3

Poor hay 69 18 10 4
8 Long hay 56.5 20.3 20.1 2.8
11 Cellulose 48 46 6 —

Kex
Ref 1 Phillipson (1952) - average figures for 3 sheep

2 Annison (1954)

3 Balch and Rowland (1957) on cows

4 El-Shazly (1952)

5 Gray et al. (1952) - average for 3 sheep

6 Bath and Rook (1963) - average of 2 cows

7 Blaxter (1962) with cattle

8 Rhodes and Woods (1962)

9 Hayer et al. (1961) - average of 2 types of barley
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10 Rood et al. (1961) with lambs

11 Gray and Pilgrim (1952)

The figures in Table 13 have been presented in such a way that the 

differences in fermentation products, from concentrates (A) and roughages (b) 

can be readily appreciated. Roughages, containing carbohydrates which are 

not readily available, tend to produce more acetic acid, whilst readily avail

able carbohydrate sources are fermented to longer chain steam volatile fatty 

acids.

The micro-organisms in the rumen do exert a considerable effect on the 

final concentrations of volatile fatty acids present as they can convert short 

chain acids to long chain acids and vice versa (Elsden and Lewis 1953). 

(n) Absorption of Volatile Patty Acids

In vestigations on the absorption of VRA’ s first studied by Barcroft 

et al. (1944) have initially involved studies of the rate of portal blood flow 

(Bensadoun and Reid 19&3, and Kiddle et al. 1951)*  The first mentioned authors 

found that anaesthetised animals had an even lower rate of blood flow than did 

fasting conscious animals, whilst Kiddle et al. pointed out an apparent anomaly 

in that the appearance of butyrate in the blood was unconnected with its rate 

of disappearance from the rumen. It was then postulated (Pennington 1952) that

butyrate must be metabolised in the rumen epithelum.

Although confusion still exists on methods and relative rates of ab

sorption offhtty acids - Annison and Lewis (1959) - the generally accepted 

proposal is that the rate of uptake is dependant on the concentration of the 

acid in the rumen, Pfander and Phillipson (1953), confirmed by McClymont (1951), 

although it is recognised in conjunction with this theory that relatively high 

pH ranges (in the region of pH 7»0 - 7*5)  tend to restrict absorption (Gray, 

1947) and that there is a tendency for acids of high chain length to be absorbed 

more quickly (Danielli, 1945).
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Armstrong and Blaxter (1957a and b) and Armstrong et al. (1957a) in 

infusion experiments with sheep have shown that acetate is poorly absorbed on 

its own, and that some form of activation of the epithelum is needed before 

proper or normal rates of absorption can be attained.

Johnson (1951) has also investigated the relationship between ketosis 

and the relative rates of absorption of volatile fatty acids, since ketosis is 

known to be at least partly caused by an impairment in the utilisation of 

acetate (Annison and Lewis 1959)»

Bensadoun et al. (1962) found that plasma glucose concentration in

creased in young sheep fed a high level of pelleted ground hay and pelleted 

corn/ground hay mixture. Then whilst investigating VFA absorption they con

firmed that pelleting and grinding tended to increase the proportion of long 

chain acids. Their results also showed that portal blood contained up to 35% 

Formic Acid (as a % of total VFA) compared with a maximum of 1% in the rumen.

(o) Utilisation of Volatile Fatty Acids

It has been shown beyond all doubt, particularly by the use of tracer 

studies on radioactive carbon atoms in rumen fatty acids, Blaxter (1962) Reid 

(1950)» that the same carbon atoms appear in animal body fat, milk fat, glycogen 

glycerol and body and milk proteins.

Recently Armstung and Blaxter (1957a and b) and Armstrong et al. (1957) 

b/ the method of intraruminal infusion in sheep have shown that the three prin

cipal acids produced in the rumen, acetic, propionic and butyric acids have 

efficiencies (defined by Blaxter (1961) as the value in sparing the oxidation 

of fat) of 59%. 76% and 86% respectively when fed to fasting sheep. However, 

a synergistic action was found when the acids were fed as a mixture, the overall 
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efficiency being around 85-87/0 for maintenance provided at least 10% propionic 

acid was present.

When the acids were fed individually at above maintenance; the efficien

cies expressed as:-

Kca.l fat synthesised

Kcal nutrient absorbed in excess of need^were 33%, 56% and 62% respect

ively for acetic, propionic and butyric acids and no synergistic action was 

observed. A further series of experiments reported in the 1962 Hannah Report 

records that in feeding trials ranging from a ration of 100% hay to 100% maize 

the net availability of metabolisable energy for maintenance increased by only 

about 10% when the % maize in the ration was at a maximum, whereas, above main

tenance the net availability of the metabolisable energy increased from 28% at 

100% hay to 54^ at 100% maize.

In the utilisation of the excess of energy when animals are fed rations 

above maintenance, some part of the stored energy is in the form of fat - the 

exact percentage of fat energy stored depending on the physiological age of 

animal (Brody, 1945) but in any case Blaxter (1962a) states that it is unlikely 

even in calves, that the storage energy in the form of fat will represent less 

than 40% of the total energy stored.

Although no reference can be found in the literature, it would seem that 

at least part of the reason for the relative inefficiency of utilisation of acetic 

acid must be due to its increased requirement of Adenosine tri-Phosphate (A.T.P.) 

for lipogenesis.

According to Harper (1961), there are two known pathways for the synthesis 

of fatty acids, both of which commence with active acetate and both of which 

utilise A.T.P. for the condensation of a 2 carbon unit to an existing fatty acid

chain:-



Pathway A

Stage 1

R.CO.SCoA + 
Active 
Fatty Acid.
Stage 2

CH^.CO.SCoA
Acetyl CoA

R.C0.CH2.C0.SCoA.
yB keto fatty acid

R.CO.CH .CO.SCoA —4
ft keto fatty acid 

sta§e 5
R.CHOH.CHg.CO.SCoA —>
ft hydroxy fatty acid

Stage 4
R.CH = CH.CO.SCoA --- 9

<B unsaturated, fatty acid

Stage 5

RCHg.CH .CO.SCoA ----=»
Active fatty acid

RCHOH.CH^CO.SCoA
P hydroxy fatty acid

R.CH = CH.CO.SCoA
unsaturated fatty acid

RCH2.CH2.C0.SCoA
Active fatty acid

r.ch2.ch2.cooh

Free fatty acid.

Pathway B
Stage 1

+C0p
CH^.COSCo.A
acetyl GoA —4

Stage 2
R.CO.SCoA + C00H.CH2oC0.SCoA —4

Active „ , , „ ,fatty acid “alonyl 0oA

Stage 5 
r.ch2.ch2.co.scoa 
Active fatty acid
Stage 6

R.ch2Sch2,co.scoa 
Active fatty acid

C00H.CH2.C0.SCoA
Malonyl CoA

R.C0.CH2.C0.SCqA

JB keto acid

R.CH0H.CH2.C0.SCoA
f hydroxy fatty acid

Stage 4
R.CH = CH.COSCoA 

unsaturated fatty acid

r.ch2.ch2.cooh

Free fatty acid



Ekeru and. Reid (1963), using hay and silage and having found that thé 

silage gave a higher concentration of long chain fatty acids than the hay (which 

also had a greater specific Dynamic Effect), discovered that the silage feeding 

gave the highest figure for metabolisable energy (M.E.)

Blaxter and Wainman (1961, 1964) have investigated the utilisation of 

energy by sheep and cattle and found that although the metabolisable energy 

available for maintenance was the same in both species, that available for 

production in sheep was 53.5 + 1.4 and for cattle 51.4 + 2.6.

Recent studies on the effects of different concentrations of rumen acids on 

their utilisation have been carried out by Rook et al. (1963), who found that 

infusions of acetic, propionic and butyric acids all tended to give an increased 

N retention when fed in addition to a basal ration of hay, dairy cubes and 

decorticated ground not meal. They also found that infusion of acetic acid 

caused a tendency towards a reduction in intake and a decreased digestibility 

of the dry matter of the basal ration.

On the utilisation of energy by sheep, Blaxter and Graham (1954) showed 

with rations varying from below maintenance to three times maintenance, that 

the utilisation of the food was lower as intake was raised. Lofgreen et al. 

(1963) have confirmed these results, by showing that the net energy retained in 

the carcass, estimated using a variation of the comparative slaughter technique 

was suœessively reduced per unit of intake energy above maintenance.

(p) Energy Supply to the Ruminant

Of the two major stages of energy conversion, one has already been 

described - Figure 4 - which shows that, starting from glucose and ending with 

Acetyl Coenzyme A, there is a net synthesis of 2 molecules of adenosine tri

phosphate (A.T.P.) from its disphosphate derivative Adenosine Diphosphate (A.D.P.) 

and a production 4 moles of reduced Nicotinamide Adenine Dinucleotide (N.A.D.).
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The compound A.T.P. containing as it does the high energy terminal phosphate 

bond acts as the main source of free energy for body reactions (Lipmann, 1941)« 

The terminal bond of A.T.P., according to Harper (1961) has a value of around 

8 Kcal/mole and the next to end bond has a value of nearer 6.5 Kcal per mole:-

Adenosine - P — P — P 
6.5 Kcal 8.0 Kcal

- Low energy bond

— High energy bond.

After the partical oxidation of glucose in the Embden-Meyerhof pathway, 

the acetyl CoA formed undergoes further oxidation, producing carbon dioxide and 

hydrogen in the Tricarboxylic Acid Cycle, Figure 6 (From Datta and Ottaway, 1962). 

The pathways for free energy production from glucose shown in the figures, 

with eventual ’pooling’ of the free energy in the pyrophosphate bond of A.T.P., 

are only an example of how energy is produced by oxidation of a product of 
*

digestion. Thus Blaxter (1961) shows that 14-6 moles and 10 moles respectively 

of A.T.P. are produced by the complete oxidation of stearic acid and acetic acid 

compared with a net synthesis of 38 moles A.T.P. from 1 mole of glucose.

The hydrogen (Hg) produced in the Tricarboxylic Acid or Krebs cycle, 

itself is oxidised via the cytochrome system - Figure 7 (modified from Harper, 

1961).

In one circuit of the Krebs cycle, 4 moles Hg are produced and are then

oxidised via the cytochrome system.

Figure 7
Oxidative Phosphorylation

Hydrated
Metabolite

NAD cytochrome 6 Reduced
Cytochrome

Oxidised
Metabolite

NADH +H + FAD reduced
1 cytochrome 6

Cytochrome C

P — P

Cytochrome a Reduced
) cytochrome a

Oxygen
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Cytochrome a

Reduced 
Cytochrome a

Reduced 
cytochrome

Oxygen

Cytochrome

i.e. Synthesis of 3 moles A.T.P. per mole of hydrogen oxidised.

Since 4 moles reduced co-enzyme are formed in the Embden-Meyerhof Scheme,

a resultant 12 moles of A.T.P. are produced in the cytochrome system. Similarly

12 moles are produced in the Krebs cycle.

Thus Net Synthesis of A.T.P. from glucose

Moles A.T.P.

1. 2 x A.T.P. from Embden-Meyerhof 2

2. a) 4 moles reduced coenzyme from 
Embden-Meyerhof 12

b) 4 moles HgProduced in Krebs 
cycle x 2 from glucose 24

Both produce A.T.P. via cytochromes _ __

Total J8

Blaxter (1961) has found that actual calorimetric efficiencies as 

ctetermined in a direct calorimeter are very close to those determined from the 

pathways just described.

In a discussion on the utilisation of the main and products of digestion 

in ruminants, Blaxter (1961) makes the following points.

Acetic Acid

When acetic acid is given as the sole source of energy, blood sugar level 

falls (from a level in adult ruminants of around 50 mg/100 mis. whole blood, 

Dukes (1955)) and that gluconeogenesis from protein is stimulated, giving a 

higher rate of nitrogen excretion in the urine.
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The acetic acid spares fat to the extent of 58% amid a considerable 

dissemination of heat. Blaxter suggests that acetic acid alone does not readily 

enter the tricarboxylic acid cycle and that possibly an uncoupling of oxidative 

phosphorylation occurs.

Propionic Acid

This acid spares fat to the extent of 85% and is glucogenic, sparing the 

oxidation of body fat and protein for sources of energy.

Butyric Acid

Spares fat to the extent of 77% and appears to have an effect somewhere 

between that of acetic and propionic acids.

(q) Summary

In summary, it appears that the early work of Brody (1945) lapsed for a 

number of years, but has revived recently in the face of improved techniques of 

direct calorimetry.

More knowledge of the animals expenditure of energy during life seems to 

be required before a definite recommendation on the feed energy required for 

activity energy can be made.

Although knowledge is accumulating, there seems to be a need for more 

investigation of the precise VFA production in the rumen Sum a foodstuff whose 

chemical analysis has been determined. This work would in turn lead to a wider 

application of calorimetric efficiency values for particular classes of foodstuff.

It seems that at the present time there is a great deal of logic in the 

recommendation by Mitchell, quoted by Crampton, 1956, that the recommendations 

for nutrient requirements of young animals be divided into a maintenance fraction, 

an activity fraction and a new tissue fraction.



SECTION II
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Growth

(a) Introduction

The growth process, although better understood now than a number of 

years ago, has not yet had revealed all its complexities and apparent anomalies. 

This fact is reflected in the difficulties which investigators on the subject 

have in defining growth.

Brody (1945), for example, defines growth as a "relatively irreversible 

time change in magnitude of the measured dimension or function", and further 

that growth includes cell multiplication, cell enlargement and incorporation of 

material taken from the environment.

On the other hand, Maynard (1956) prefers to distinguish between "true 

growth" - an increase in the structural tissues such as muscb and bone, as well 

as the organs of the body - and the deposition of fat in the reserve tissues.

But, as has been pointed out by Blaxter (1962a) the distinction between 

growth and fattening has never been clear and must in every case be an arbitrary 

distinction anyway since "the percentage of fat calories in the total gain of 

energy rarely falls below 40% and then only in overt under-nutrition".

As, can be concluded, even from casual observation, growth of the body 

does not take place as a single unit, and post-natal growth of all parts of the 

body is neither uniform in time nor in amount. The number of times an organ 

increases in size from birth to maturity can be seen in the following figures 

from Crampton and Lloyd (1959).

% Increase in Size from Birth to Maturity

Table 1
Muscles 48 Heart 12
Skeleton 26 Brain 4
Lungs 20 Eye 2
Liver 14
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Hammond (1932), in a very comprehensive review, (reiterated Hammond, l%0) 

stated that priority of nutrient supply was directed towards the growth firstly 

of nervous tissue, then of bone, muscle and fat, e.g.

Figure 1

Hammond also went further in his studies, by showing with sheep, that 

restriction of the nutrient intake at certain periods in the animal’s life could 

effect a lasting deficiency in the particular organs affected by the restriction.

Hammond’s work and results have been confirmed by McMeekan (1940 a, b, c) 

using pigs and by Palsson and Verges (1952 a, b) using sheep.

Recently Eisley et al. (1964), making use of Huxley’s (1932) equations 

of allometry or heterauxesis which enable one to relate the size of a particular 

organ to the size of the whole organism, questioned Hammond’s thesis by re

examining the work of McMeekan and Palsson and Verges on a fat free basis and 

concluding that only negligible differences in the weight s of muscle and bone 

relative to the total weight of muscle and bone existed between animals fed on 

different planes of nutrition. Apart from the fact that the weight of muscle 

and bone in the head and neck increased in relative proportion to the total muscle 

and bone, no evidence could be found of a relationship between the order of 

maturity of the joints and their relative retardation of development.

Similar results with the domestic fowl have been produced by Wilson (1952) 

and (1954 a, b).
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Eisley et al. (1964) have thus proposed a new hypothesis that “restricted 

nutrition causes a more or less uniform retardation of development, except in so 

far as fat tissue is concerned".

The effects of severe undernutrition appear to be different, according 

to McCance et al. ^1962), who found that rehabilitation can occur to a certain 

extent, but some deficiencies in early life are irreversible.

(b) Hormonal Control of Growth

In a discussion on the chemical control of growth, Gaunt (1954) stresses 

the fact that no singlemetabolic process is controlled by a hormone and that 

hormones are not essential for the process itself. The growth produced without 

hormones would, of course, be modified in extent and in character.

The line of action of hormones in growth is not well understood, but 

it has been proposed that they effect enzyme action (Dukes, 1955).

Studies on the action of particular isolated hormones are hampered by 

the fact that generally a single body process is under the control, to a vari

able extent, of a number of different hormones. The elucidation of the effects 

of different hormones is normally carried out by surgical removal of the hormones 

source or gland, observation of the effects, and later administration of the 

purified gland extracts.

i) Hormones of the Anterior Pituitary

All the hormones of the anterior pituitary are growth promoting either 

directly or indirectly. Adrenocorticotrophin (ACTH) causes an increase in 

weight and functional activity of the adrenal cortex; thyrotropin (TSH) exerts 

a similar effect on the thyroid and follicle stimulating hormone (FSH), luteini- 

sing hormone (LH.) and luteotrophin (LTH) stimulate the gonads.

Somatrotropin (STH), or growth hormone, on the other hand exerts a more 

general growth stimulating effect (Clegg 1962). This hormone from beef 

pituitaries has a molecular weight of around 46,000 and exists as a branched 
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polypeptide chain (Mitchell, 1962).

The mode of action of STH has been studied by Lee and Schaffer (1934) 

in a classic experiment with rats. The hormone was found to promote protein 

synthesis and bone growth. It has also been postulated (Mitchell, 1962) that 

growth hormone has a direct effect on fat mobilisation and metabolism, thus 

sparing proteins and carbohydrates from oxidation.

The results of Greenbaum (1953) are in complete accord with this obser

vation, and he summarises the effects of growth hormone as:-

1. Promoting increased protein and water storage.
2. Resulting in a decrease in body fat.
3. Promoting increased growth of the long bones.

Armstrong and Hansel (1956) have studied the pituitary content of growth 

hormone in heifers in relation to age and plane of nutrition.

When growth ceases at maturity, it is thought that this is caused by a 

decreased secretion of growth hormone (Baird et al. 1952) or due to an increased 

production of cortisone type substances which inhibit growth (Emerson, 1955). 

Perhaps cessation of growth can be explained more simply, Crampton and Lloyd 

(1959), by hypothesising that at a certain stage of growth, limitation of 

nutrient transport may become significant.

Both Armstrong and Hansel and Baird and co-workers, with heifers and 

pigs respectively, have found a high correlation between rate of gain and pituit

ary growth hormone content. In addition administration of growth hormone was 

found to cause a 50% increase in plasma free fatty acid levels (WiTOams et al. 

1963).

ii) The Thyroid Gland

Two biologically active compounds are secreted by the thyroid gland:-

1. Thyroxine
2. Tri-iodothyronine (twice as active by weight)



Control of thyroid secretion is by the action of TSH from the anterior 

pituitary. That a close relationship exists has been demonstrated by obser

vation that TSH secretion is diminished by administration of thyroxine (Harper 

1961). Exposure to a cold environment also increases thyroxine secretion.

The actionsof the two thyroid hormones are complementary in that they 

both regulate the rate of metabolism. Hyperthyroid conditions in an animal 

cause an increase in oxygen consumption, pulse rate and generally a loss in 

weight or a decrease in fat content (Harper, 1961).

Clegg (1962) quotes work done on the effects of feeding iodinated casein 

— a precursor of thyroxine — in domestic animals. The theory was that this 

substance would increase the metabolic and therefore the growth rate, but trials 

have not shown the method to be successful. Blaxter (1945) has clearly demon

strated that administration of thyroxine led to increased milk production and 

Kunkel et al. (1953) have established that there is a positive correlation be

tween iodine level in blood serum and rate of gain. Sometimes, however, a negative 

correlation exists, but this is thought to occur where an over optimum level of 

iodine is present.

Similar logic applied to trials of feeding thiourea or thiouracil - both 

antithyroid drugs - to fattening animals, the hope being that animals at the 

fattening stage would lay down fat more quickly. Results have been variable 

and generally disappointing in that there is a tendency for a decrease in rate 

of gain as well as efficiency of food conversion (Pomeroy, 1955).

Recently Luitingh (1962) was unable to find any relationship between live- 

weight gain and weight of pituitary gland, but there was a significant correla

tion (r = 0.55) between the liveweight of the steers used and the weight of the 

tnyroid gland. Luitingh showed that for every 1®S increase in the liveweight 

of the steers, the weight of the thyroid increased by 0.89%.
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iii) The Adrenal Cortex

Regulation of the activity of the adrenal cortex is carried out by ACTH 

from the pituitary.

About 29 steriods have been isolated from this gland, but they can con

veniently be divided, according to their main activities, into the mineralocorti

coids which regulate the electrolyte and fhid balance of the body and the 

glucocorticoids which regulate the carbohydrate, protein and fat metabolism.

In cases of adrenal insufficiency, young animals fail to ^row and adult 

animals lose body weight (Clegg, 1962).

Deoxycorticosterone has the effect of promoting sodium, chloride and 

water retention, whereas 2 of the glucocorticoids, hydrocortisone and cortisone 

are growth inhibitors, their main effect being the enhancement of protein cata

bolism (Mitchell, 1962). 

iv) The Parathyroid Glands

Parathyroid hormone exerts a profound effect on the metabolism of calcium 

and phosphorus. Hyperparathyroidism causes hypercalcaemia and increased loss of 

phosphate by decreased renal tubular reabsorption, the result being that calcium 

and phosphorus is reabsorbed (causing osteomalacia) from the soft tissues and 

from bone (Harper, 1961). 

v) The Pancreas

This organ secretes two hormones which are of interest in metabolism - 

Insulin and Glucagon.

The main action of Insulin is to cause a reduction in blood sugar by 

promotion of lipogenesis from carbohydrate. It has been proposed by Goldstein 

et al. (1953) that insulin facilitates the transport of glucose into the cell 

where it quickly becomes available for oxidation or storage.

Glucagon has virtually an opposite effect to that of insulin. It 
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increases blood, sugar levels and. decreases the synthesis of fatty acids (Harper 

1962).

It has never been explained why the pancreas should secrete two directly 

opposing hormones which can act only through a preponderance of one or the other, 

vi) The G-onads

a) The tests

Tne androgenic steroids with a chemical structure related to cholesterol 

and to the adrenal steroids (as shown below), have as their main function, the 

control of secondary sexual characteristics.

ch2oh

Testosterone 
(Androgen)

Cortisone 
(ftluco-
corticoid)

Cholesterol 
fsteroid)

Administration of androgens has apparently given variable results as 

Clegg (1962) states that androgens increase N retention and rate of gain in 

ruminants, but not in pigs and McEwan et al. (1937) treated rats, but found no 

response in growth rate.

Prescott and Lamming (1964) have demonstrated that there is a significant 

difference between the liveweight gain and feed conversion efficiency of bulls 

and steers. They found that bulls had a 14^ increment in liveweight gain and 

a similar improvement in feed efficiency. These results are in agreement with 
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the results quoted, by Turton (1962), Richter (i960), Watson (1956), Nichols 

et al. (1964) and Homb (1961), whilst a recent report from Colorado State University 

(1964) not only confirmed those results, but found that stilboestrol had least 

efiect on bulls and most on steers, and that steers with stilboestrol gained as 

much as bulls without stilboestrol.

oarroll et al. (1963) could find no difference between early (1 month) 

and late (7 month) castrates except that a higher % of the total fat in the late 

castrates occurred as a subcutaneous deposit.

Turton (1962) postulates that castration was first used purely for the 

convenience of management, and that only later were castrates acknowledged to 

produce fatter and more tender beef. He summarises the effects of castration 

thus:-

1 Gives an increase in the weight of late maturing parts, i.e. 
gives an increased hindquarter.

2 Decreases meat odour (especially in pigs)

3 Gives lighter coloured meat.

4 Gives a higher fat % in the carcass.

Prescott and Lamming (1964) found that bull forequarters contained

49-M of the side weight whereas that of the steers was 47.5^. Klostermann 

et al. (1954) in showing that 7fW of the extra carcass weight of bulls was 

contained in the forequarter, also pointed out tha.t a considerable proportion 

of the increased hinds weight of steers is composed of fat.

b) The Ovaries

Two main classes of hormone are produced from the ovaries:-

a) The oestrogenic hormones from the cells of the graffian follicle and 

b) the progestational hormones from the corpus luteum.

These two groups of hormones, in the intact female, exert pronounced 

effects on the growth of female reproductive tissue and it has been shown by
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Zondek (1936) that administration of oestrogens over a long period to normal 

females results in calcification and therefore inhibition of growth, of the 

epiphyses of the long bones. This is the normal result of pregnancy and is 

responsible for the stunting of heifers, which have been bred before they are 

sufficiently mature.

Curran et al. (1965) have recently investigated the growth of spayed and 

entire heifers. It was found that spaying reduced the liveweight gain but that 

administration of oestrogens restored the gain to normal and in addition, gave 

an increased liveweight gain in the entire heifers. On the contrary, however, 

Nellor and Cole <1957) found that exogenous progesterone administration had no 

effect on the hormonal content of the anterior pituitary.

The main effect of hormones, mainly oestrogens or their synthetic deri

vatives (diethylstilboestrol, dienoestrol and hexoestrol) are exhibited in male 

castrates. Hexostrol is mainly used in the United Kingdom because its activity, 

if any residue is consumed, is about one-eighteenth that of stilboestrol in man 

(Bishop et al. 1948).

The similarity in chemical formulae between the natural and synthetic 

hormones is shown below.

0

Oestrone Diethylstilboestrol
(natural) (Synthetic)
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The effects of oestrogens when administered, to ruminants are to increase 

growth rate, causing an increase in the protein and water content of the carcass 

and a decrease in the fat content (Wright 1961). This is directly opposed to 

the effect of increased fat deposition in poultry discussed by Clegg (1962).

The effects of oestrogens may be due to:-

(a) An increase in the production of growth hormone 
(Struempler and Burroughs (1957), by action on the 
pituitary).

(b) An increased production of adreno-corticotrophic andro
gens, possibly indirectly by an effect on the pituitary 
(Clegg and Cole (1954), Preston et al. (i960), Burgess 
and Lamming(196O)).

(c) An increased production of thyroxine - possibly also via 
the pituitary (Clegg and Cole (1954) and Burgess and Lamming 
(I960)).

A reasonable explanation would seem to be that aLl of these effects may 

take place to some extent. The fact remains, however, that oestrogens do in

crease liveweight gain and give a better food conversion.

In a recent review, Lamming (1958) showed that there were no advantages 

to be gained from hormones before puberty. He also throws doubt on the benefits 

to be gained by administering hormones to cattle on grass. Alder et al. (1964) 

however, have found significant increases in growth rate on grass, especially when 

the grass is of high quality.

This raises the question of a differential effect of high and low con

centrate diets. It has been found (Clegg, 1962) tha.t the response is much great

er on high concentrate diets. The findings of Callow and Finney (1959) indicate 

that the optimum level of administration of hexeostrol depended on the quality 

of feeding, a lower level being required on poor quality feeding.

Clegg and Carroll (1957) have studied the two methods of administration, 

implantation and feeding, which are commonly used. Their results showed that 

when 15 mg. were implanted and 10 mg./day were fed, the results were similar - 

there was a 15% increase in gain and a 10% improvement in food conversion.
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Implantation of J0-60 mg., however, gave increased gains of about 25% and an 

improvement in food conversion of 20% but a slight reduction in carcass grade.

Various hormones were tested by Andrews et al. (1954) by implantation and 

by Perry et al. (1955) by oral administration. Both sets of workers show results 

similar to those already described including a reduction in carcass grade and the 

appearance in the male castrates of female sexual characteristics.

Everitt and Carter (1961) stress that the response to hormone admini

stration is greatest in the first six weeks.

McDonald and Slen (1959) showed that oestradiol injection caused a 

significant (P = 0.01) increase in muscle fibre diameter and that there was a 

negative correlation between muscle fibre diameter and tenderness, 

c) The Measurement of Growth

A really comprehensive measure of animal growth has not yet been developed. 

The shortcomings of both liveweight changes and live animal measurements as yard

sticks in a description of growth are that neither of them describe the com

position of the growth attained, which after all is the most important commercial 

factor involved in growth. In the following paragraphs an attempt is made to 

describe the various forms of measurement of growth.

i) Liveweight Increase

As an example of the inadequacy of liveweight change as a measure of 

growth, one may state the example of an animal which is static in liveweight and 

yet is growing in muscle and bone at the expense of reserves of depot fat. 

However, growth is most commonly measured by changes in liveweight.

If weight changes are plotted against time in normal growth, a sigmoid 

or S-shaped curve results (Brody, 1945).

Figure 2
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Figure 2

Attained 
Weights 
(lbs.)

The point of inflection as shown in Figure 2 divides what are known as

the self accelerating and self inhibiting phases of growth

The point of inflection is of interest for several reasons (Crwnpton 

and Lloyd (1959)):-

1. It is the time of most rapid growth and 
correspondingly the time of most economic 
growth.

2. It is the point at which rate of acceleration of 
growth is zero and also the point where, in all 
species except the human, the curves of attained 
weight against % of mature weight on an equivalent 
age basis, coincide.

3. It is the point in time at which the curve of 
specific mortality (the ratio of the number of dying 
to the number of living of the same age) passes 
through a minimum.

4*  The point of inflection coincides with maturity in 
most species.

Brody (1945) considers that the effects of sex hormones after puberty 
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are to inhibit the "normal" rate of decline of growth.

The existence of growth cycles is unquestionably evident at least in the 

case of the rat (Crampton and Lloyd, 1959):-

Table 2

Rate of gain of * 
body weight $ 
(against time)

• T x 4. xu x 1 dW/dt
. • Instantaneous growth rate k = J 

'll

This formula is used in the integrated form for the self accelerating 

phase of growth 
ktW = Ae where e is the base of natural logarithms and A is the natural

Conception to birth 53
Birth to 10 days 11
10 days to 25 days 4.7
25 days to 65 days (puberty) 3.1

Crowth rate may be calculated in a number of ways. The most common

method is to express change in weight per unit of time:-
H - WThus average growth =21 where is the gain in weight
t2 " fl

during the time interval - t , often expressed as x lbs. liveweight increase 

per day. Over a long time interval, this measure of growth has obviously 

limited value.

The relative growth of an animal as compared to a different species of 

animal or the relative growth or an organ in a particular animal are often 

expressed thus:-
W - WRelative growth rate = 2 1 where W is the initial weight and
W1 1

W2 is the final weight.

Brody (1945) has suggested the use of an "instantaneous growth ra,te".

Theoretically this is obtained by dividing the instantaneous weight gain dW/dt 
dW

by the weight W which is the weight at which dt is measured.
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logarithm of W when t (time) = 6.

During the self inhibiting phase of growth, the relative growth rate is 

a function of the growth yet to be made:- 
• -kto o W = A - where A is the mature weight and B is a constant.

The question of accuracy of liveweight measurements has come under the 

scrutiny of several workers. Baker and G-uilbert (1942) obtained results which 

confirm reports of a cyclic variation in cattle weights. These workers found 

that variations were due to (a) environment, particularly the environmental 

temperature and (b) individual variation. Consecutive daily deviations from 

the mean were correlated.

Lush et al (1928) found that for accuracy, particularly in experimental 

work, single weights on 30 steers were equivalent to 3 consecutive daily weights 

on 10 steers. Koch et al. (1958) have confirmed the findings of Lush.

Dodsworth and Campbell (1953) have indicated that the accuracy of live- 

weight measurements is influenced by differences in the ’gut fill’ of ruminants. 

Similarly Tayler (1954) has observed that liveweights at the end of a grazing 

day were 20 - 35 lbs. higher than in the morning. Tayler recommends the cal

culation of the 24 - 36 hour fasted liveweight from the observed loss in a short 

fast as he has found that measurement of loss in weight during a short fast wfifcs 

well correlated with later loss. Blaxter (1962a), quoting a number of sources, 

states that the gut fill in an adult ruminant can amount to of the liveweight 

whereas in a calf, the gut contents account for only 1 - 3^ of the liveweight.

In a recent study on humans, Khosla and Billewicz (1964) have recorded 

measurements and accuracy of measurements of weight. Their findings are 

summarised below;-

1. The extent of daily fluctuations was closely related to body 
weight itself.

2. The standard deviation of body weight fluctuations about i 
trend was about O.^S.
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3» The maximum change in body weight from one day to 
the next rarely exceeded 1.5^ of the bodyweight.

4. Daily deviations are positively correlated.

ii) Linear Increase

The introductory remarks and the calculating formulae for expressing 

changes in liveweight can equally apply to changes in body measurement.

The difficulties involved in an attempt to define shape of an animal 

are expressed by Lush (1928):- "In the geometrical sense the animal body 

is of such a complicated shape that any one or few measurements could approxi

mate a description of it in only the crudest way".

Lush also found that ratios of heart girth or chest depth to height at 

withers were the best objective measurements of type, whilst Tallis et al. (1959) 

suggest that length, height and circumference at the navel are valuable in des

cribing type. This raises the question of the accuracy of visual appraisal 

methods of judging beef cattle. G-reen (1954) and Brown et al. (1950) investi

gated this aspect of live animal measurement. Green found that liveweight was 

the single measure most closely related to conformation and to yield of pre

ferred cuts of meat and Brown andhis colleagues emphasise that few scores on the 

live animal are consistent with actual measurements Kidwell (1955) mentions 

that the most desirable conformation giving the highest carcase quality involves 

animals which are (a) low at withers and (b) short of body andshallow of chest 

relative to heart girth, but wide of chest, irrespective of size.

The normal measurements taken in experiments have been described by Lush 

and Copland (1930), Mason (1951) and more recently by Tayler (1963). In this 

connection, Orme et al. (1959) rdlect that the measurements with the highest 

repeatabilities were also those which had reference points which were easy to 

define
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Tayler (1963), after describing the reference points of the normal 

measurements used, lists the measurements taken in order of relative accuracy:-

The relative accuracy of 12 body measurements.

Table 5

Mean observed error
variance as % of tcta.1

variance

Body Measurement Within 
monozygous 
pairs a)

Within 
breeds b)

Standard Deviation 
as /fe of mature 
size c)

Hook width 23 2.3 0.47
Sacrum height 32 3.5 0.47
Sacrum length 29 3.4 0.55
Foregirth 35 3.7 0.52
Withers height 34 4.0 0.54
Head length 35 4.4 0.52
Chest depth 36 5.6 0.62
Cannon circumference 40 4.4 0.75
Head width 45 6.0 0.82
Pin width 50 7.3 1.11
Body length 54 14.0 1.01
Forerib width 69 9.3 1.35

Tayler (196?) further points out that forerib width, pin width, head

width and cannon circumference should be left out of a measuring programme on 

account of their relative inaccuracy.

Tallis et al. (1959) and (1957) have produced results which differ mark

edly in some respects from Tayler’s observations. In their study, Tallis and 

co-workers state that hearth girth, circumference at the navel, width of chest, 

depth of chest, height at hooks and height at withers have the highest steer 

components and the lowest investigator, interaction and error components of 

variance. Woodward and Rice (1958) on the other hand found that the repeat

ability of body length (as measured from the anterior edge of the scapula to 



the posterior portion of the tuber ischii) was 0.90. Hetzer and Hankins (1950) 

carried out similar measurements on swine and estimated their repeatabilities.

Numerous attempts have been made to correlate live animal measurements 

with liveweights. Wanderstock and Salisbury (1946), for example, found corre

lations between heart $irth and body weight as follows:-

Table 4

0.91 - for Hereford Steers
0.89 - For Aberdeen Angus Steers
0.88 - for all steers
0.93 - for heifers and cows.

In another study, Brookes and Harrington estimated that the standard 

error of prediction of liveweight from chest girth amounted to about 6^ of the 

average liveweight of mature cows and that breed, age, size and fatness were 

sources of error.

Morrison (1956) has produced a table for quick estimation of liveweights 

from heart girths, from which the following figures have been abstracted.

Table 5

Estimating liveweights of dairy heifers from heart girths

Heart girth (inches) Liveweight (lbs.)
26 58
28 71 71
30 87
32 104
34 124
36 146
38 170
40 196
42 226
A4 257
46 292
48 330

Similarly Crampton (1956) publishes a table of the normal height/weight/ 

age relationships in normally grown Jersey and Holstein heifers.

Table 6 /
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Table è

Age (Months)

Weight 
(lbs.)

Height at Withers 
(inches) J ersey Holstein

100 28.5 1.0 0.5
200 34.0 6.0 3.0
300 38.0 7.5 5.0
400 41.0 9.0 7.0
500 43.5 12.5 8.0
600 46.0 18.0 12.0
700 47.5 26.0 16.0
800 49.0 40.0 20,0

The much faster growth of the Holstein heifers is of considerable note.

Touchberry (1951) has estimated the heritabilities of body measurements 

in Holstein cows as follows

Table 7

Measurement Heritability

Wither height 0.73
Chest depth 0.80
Body length 0.58
Heart girth 0.61

These measurements depend more on genetic skeletal size than on environ-

mental influences.

Reference to the literature on the subject of the relationship between 

body shape at a certain time and future gain and carcase composition at slaughter, 

reveals a mass of data, some of which appears to be contradictory.

In one of the earliest reports Sverson et al. (1917) found correlations 

between liveweight gain and other measurements as follows

+0.4Ó0 + 0.044
+0.306 + 0.056

+0.003 + 0.055

Liveweight gain and circumference of chest 
Liveweight gain and circumference of paunch 
Liveweight gain and circumference of rear flank
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Lush (1932) agrees with the above observations noting that the correla

tions were low but statistically significant.

Tallis, Earle and Cahill (1957) report that for both steers and heifers 

the ratios of weight to height and weight to length were positively correlated 

(P = 0.01) with rib-eye area and negatively correlated (P = 0.05) with the 

edible portion of the carcase. In steers only, the ratios were positively 

correlated with the dressing out percentage (P = 0.01). Similarly Orme and 

co-workers (1959) found a significant correlation between circumference measure

ments and rib-eye area — in other words, steers with larger circumferences tended 

to have larger rib-eyes.

Cook, Kohli and Dawson (1951) agree with the findings of Lush (1932) 

that short, wide steers with a large fore girth combined with shallowness of 

body tend to give a higher grade encase with a better dressing out percentage.

Tao et al. (1953) virtually summarise the findings of others in express

ing their own results. They found that what they classed as "fleshing measures", 

namely all width and circumference measures, were closely related to carcase 

grade and killing out percentage and that "skeletalmeasures" such as height and 

length were negatively correlated with grade.

Moulton et al. (1921) also summarise their findings in a valuable form:-

1. Height at withers and height at hips is hardly at all affected by 
fatness.

2. Length from shoulder to hips is slightly affected by fatness.

3. Length from shoulder to the ischium and width of hips increases 
distinctly with fatness.

4. Heart girth increases greatly with fatness.

In corroboration of this summary, from birth to maturity at 2-g- years 

and taking the gain in height at withers as 100, Reimers (1927) found that height 

at croup (sacrum) increased 99%, length of body by 126%, depth and width of 

chest by 1J8%, width of hips 162$, width between pin bones 200% and distance 
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from ground to knee by 80^.

In a review such as this, suffice it to say at present that Lush (1928) 

found that no breed effects on conformation changes during fattening were sign

ificant, whilst Blackmore et al. (1958) foresaw difficulty in sleeting for dual 

purpose cattle because they found negative correlations between all measures of 

size except bight at withers, and milk production.

d) Measures of Composition of Growth

The animal producer is vitally interested in the composition of any 

growth which has occurred. As has been basically described in Section I, esti

mates of energy retention can be measured by either direct or indirect methods 

of calorimetry.

The comparative slaughter technique, first used by Lawes and Gilbert 

(1861), gives an accurate, but expensive, account of changes in body weight and 

body composition. If a group of animals are to be used in a feeding trial, 

the practice is to slaughter a proportion, normally half of the animals at the 

start of the t rial and to determine the change in composition by calculating the 

difference between body composition at the end of the trial and that at the 

beginning.

Recently the development of a new technique for estimating the live 

animal carcase composition has been investigated by Reid et al. (1955)- These 

studies are based on the fact that, since the amount of water in the fatty tissue 

of the carcase is negligible, the % of water in the fat-free body is constant 

and the fact that the % of water in the carcase bears an almost linear relation

ship with the % fat in the carcase, having a negative correlation of 0.989 

(Garret, Meyer and Lofgreen, 1959)»

Estimating equations for the various components <f the body have been 

produced by Garret et al. (1959) starting from the estimation of either body 

water or body fat content.
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These were:-

Y = 90.102 = I.I656 X where Y = % fat in the wool free empty body

X - % water ” " •' "

Similarly X = 76.892 - 0.8J84 Y

and Z = 0.6707 Y + 2.707 where Z = °fo protein " ” ”

(Correlation between % protein and % fat free dry matter was 0.970).

The determination of total body water involves the introduction of a 

known quantity of highly miscible material which will mix completely with the 

body water, so that when its concentration is determined later as a fraction of 

the total fluid volume, an estimate can be made of that total volume.

Substances such as heavy water and antipyrene in various forms have been 

tried, but the errors involved have been found to be too great for experimental 

accuracy (G-arret et al. 1959b).

Estimation of body fat is often done from a measure of carcase specific 

gravity. (Brown et al. 1951, and Keys and Brozek 1953)»

G-arret et al. (1959a) estimate that the correlation between specific 

gravity of the dressed carcase and the percentage carcase fat was - 0.90; and 

that carcase fat could be estimated from the equation.

Y = 556.6 - 505.0 X where X = carcase specific gravity 

and Y = % carcase fat, 

the specific gravity of pure fat being 0.904 and that of non-fat 1.102.

Amongst other attempts at estimating body composition, Lawrie and

Pomeroy (1963) investigated some evidence which showed that the quantity of 

potassium in muscular tissue was constant, that the ratio of the isotope ^°K 

to the normal ^^K is constant and that the ray emission from the could be 

accurately measured. This would have given an estimate of the total muscular 

tissue of the body. Unfortunately, however, it was discovered that the potassium 

content of muscle is not constant, but varies between muscle, between animals and 
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between different feeding regimens.

A recent development showing promise, is the development of ultrasonic 

techniques for measuring fat depth and musculature in live animals. East et al. 

(1959) and Hazel and Kline (1959) have used ultrasonics on live pigs. East found 

that 95^ of his ultrasonic readings were within + 13. 2% of the actual mean and 

Hazel and Kleine’s results had a correlation of 0.90 with the actual backfat 

thickness of the swine measured after slaughter. Their results compared well 

with results from a mechanical probe.

Working with cattle, Stouffer et al. (1961) and Brown (1964) both found 

high repeatabilities of the method both between and within operators, so it would 

seem that ultrasonic measurements are not liable to have large operator variances. 

Both these workers, however, found that their results, although significant, were 

generally rather poorly related to actual measurements. Perhaps further develop

ment of the techniques will increase the efficiency of the method.

e) factors affecting birth weight

That a multiplicity of factors in pre-natal life affect birth weight has 

been shown by Barcroft (1946).

On the authority of Palsson (1955) it appears safe to assume that factors 

affecting birth weight in sheep are very similar to the factors affecting birth 

weight in the bovine. Most of the work on birth weights has been done on sheep.

The relative importance of the pre-natal phase of life is emphasised by 

Joubert (1956a) who points out that especially in pigs and sheep reared for 

slaughter, the time spent “in utero" often exceeds that which elapses between 

birth and slaughter.

According to Dukes (1955) the fertilised ovum in all mammals is about the 

same size, being 0.12 num in diameter in the cow. Gell division then occurs 

without increase in total size until nutrients are absorbed from the "uterine 
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milk" secreted by the endometricfcl cells of the uterus. Each cell division in 

the early stages takes about a day, and by the fourth division species differ

ences begin to appear. By the end of the first two months of pregnancy in the 

bovine, complete differentiation of tissues has taken place and growth from then 

on consists largely of increase in size of the various organs. The pre-natal 

phase of growth is represented essentially as an S-shaped curve (similar to 

post-natal growth).

There is evidence to show that the ultimate size of the animal is 

dependent on the number of muscle fibres which dsvelop. Joubert (1956a) has 

shown that the number of muscle fibres increases up to the 100th day of preg

nancy, and that increase in muscle tissue after this occurs through increases in 

size of the individual muscle fibres. Joubert also thinks that certain hormones 

could affect the number ofmuscle fibres produced, as male lambs have more fibres 

then females. This may be entirely a genetic effect. The possibility that 

androgens or somatotrophin may be effective has not been ruled out, however. 

Lamming (1961) quotes an experiment with pregnant rats which had been injected 

with somatotrophin and produced larger offspring, but the effect of the hormones 

could not be distinguished from the simultaneous occurrence of an increased length 

of pregnancy.

In considering and comparing birth weights it is important at least to 

recognise that animals are born at different "physiological" ages (Palsson, 1955) 

He states that the foal is physiologically the oldest of farm animals at birth, 

being about 9^ of its mature weight. The calf and lamb are slightly less (6.5^) 

whilst the pig at birth is physiologically youngest, being only about 1% of its 

mature weight.

Palsson (1955) quoting from other work has shown that in the calf at birth 

the leg ler^h is 6^a, the height at croup 57%, height at withers 56/2, depth at 

chest 37% and width of hips 31% of their measurements at maturity.
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i) The effect of Maternal Environment

The experiments of Wallace (1946, 1948) have left no doubt that under- 

nutrition during pregnancy can severely retard the development of the young. He 

has demonstrated that the role of nutrition in pregnancy allows the animal to 

express its genetic and maternal potential "in utero”, but that overfeeding of 

the mother does not result in the expression of growth above that potential.

When ewes carrying twin lambs were fed only barley straw in the last 

6 weeks of pregnancy, the lambs weighed only half the weight of normal twins.

Thomson and Thomson (1948) fed pregnant ewes on two planes of nutrition 

the lower plane supplying roughly half the nutrients of the high plane. The

low plane produced small, weak lambs in comparison with the high plane.

Similarly Bogart et al. (1957) found yearly differences in birth weights 

adjusted for other variables, which he postulated were caused by differences in 

the nutritional level of the ewes during different years, and Alexander (i960) 

found, in cattle, that birth weight was significantly reduced in years following 

a drought.

Ridler et al. (1963) have shown from their own and collected results that 

in practice on farm levels of nutrition are unlikely to have more than a small 

effect on birth weight and Joubert and Bousina (1959) found that severe under

nutrition (when the dam was being fed less than maintenance) caused a 443% 

drop in birth weight.

The age or parity of the dam also has an effect on birth weight (Alex

ander, I960; Donald et al. 1962; Hunter, 1956; Hammond, 1944; Dickinson i960; 

Burris and Blunn 1952 and Drewry et al. 1959)*

Donald et al. (1962) found that an average birth weight increase in cows 

of 6.6 + 0.7 lbs. occurred for later than first parity. Dickinson (i960) found 

that most of the increase in birth weight was shown at second calving. There 

are some reports in the literature, Eckles (1920) that third to sixth calvers 
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gave the heaviest calves at birth, while older cows tended to give lighter 

calves again.

In multiparous animals, the size of young at birth tends to vary in

directly with the numbers born (Hammond, 1934). The same tends to be true for

calves. If twins are born they will be lighter than singles on the same level 

of nutrition.

Both between breeds and within breeds gestation length is found to be 

significantly correlated with birth weight (Burris and Blunn, 1952). Thus in 

their experiment, Aberdeen Angus calves were carried for a shorter time than 

Herefords, and also had a lower birth weight. Brande and Walker (1949), found 

that an increase of 0.91 lbs. per day resulted from increased gestation length.

It has also been reported that large dams within a breed would normally 

produce larger calves, (Palsson, 1955). This is thought to be due to the 

increased placental area available for attachment of the foetus (Dickinson, i960), 

ii) The effects of sex and breed

Male calves have been found, by many workers, to be carried longer than 

females (Burris and Blunn, 1952, Brande and Walker, 1949, and Foote et al. i960). 

Similarly Donald et al. (1963) estimated a difference of 6.0 + 0.6 lbs. between 

male and female calves, the male being heavier, and Burris and Blunn have cal

culated that about lO^o of the sex difference was due to differences in gestation 

length.

Larger breeds tend to have larger calves at birth. This effect was 

evidenced to a certain degree if only one of the parents was large. In this 

case the birth weight of the progeny would be in between the average for its 

parents’ type. Kincaid (1963), Joubert and Hammond (1958), Dickinson (i960), 

Jamison et al. (1961) and Donald et al. (1962) have studied this aspect of birth 

weight.

Dickinson found that crossbred calves out of large dams were larger at 



63

birth than the reciprocal crossbreds. This confirmed work by Hammond and 

Walton (1938) with horses and Hunter’s (1954) work with crossbred sheep. Mat

ernal influence (as indicated by Dickinson, i960) tended to modify actual birth

weights from the mean of the two crosses, depending on the ’capacity* of the dam

Donald et al. (1962) reckon that the birth weight of the offspring can be 

calculated from the following formula:-

J(5O * s0)
where Dq is the mean birth weight of the dam’s breed or cross and Sq that of the 

sires breed.

In an analysis of the effects of birth weight on perinatal mortality, 

Donald (1963) has found that purebred heifers gave 14.7% dead purebred calves, 

but only 6.4% crossbred calves. Crossbred heifer dams also had lower calf 

mortalities at birth and lowest of all were old crossbred dams carrying cross

bred calves.

Estimates of genetic and phenotypic parameters in connection with birth

weights have been studied by Dawson et al. (1947), Taylor et al. (i960), Lasley 

et al. (1961) and Legault and Touchberry (1962).

Lasley et al. (1961) have estimated the following genetic correlationsi

Between gestation length and birth weight 0.44
Between gestation length and weaning weight 0.41
Between birth and weaning weights 0.99
Between intra-uterine growth and birth-weaning growth 0.93

lt should be emphasised that phenotypic correlations would be connected 

only to a certain extent with genetic correlations.

iii) The Relation between Birth Weight and Subsequent Growth Rate

In the typical growth curve presented earlier in this Section from Brody 

(1945), it was pointed out that a ’’self accelerating" and a "self inhibiting" 

phase of growth occurred. The "self accelerating" phase of growth occurs in 

the early stages of life when the initial growth impulse is strong enough to 
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when environmental influences tend to slow down the rate of growth. These 

points may help to explain some of the findings which fellow.

It is generally accepted that birth weight and subsequent growth rate 

are at least moderately highly correlated. As Brookes and Hodges (195?) have 

shown, the Friesian was heavier then Herefords or Shorthorns at birth and con

sequently maintained this advantage. However, it has come to light recently, 

Kidwell and McCormick (1956) and Taylor (1964), that there is little to support 

a theory of a breed effect in itself and that the breed effect exerts itself in 

the hypothesis that animals of larger mature size will gain more rapidly than 

animals of smaller mature size.

Further, Lodge and McDonald (1959) have shown with pigs that there are 

really two types of small animal at birth. The first is the small animal in 

a litter of small animals and the second type is the small animal in a litter 

of large animals. The small animal in the large litter could be expected to 

do poorly due to environmental influences such as bullying. The small animal 

in a smaller than average litter, on the other hand, would have an equal chance 

to grow at a certain rate as would the others in the litter. There is much 

evidence, Koeh et al. (1959), Brinks et al. (1961), Lodge and McDonald (1959) 

and Forrest (1964), to support the theory that in the early or "self accelerating” 

period of growth roughly up to weaning, birth weight has a significant effect on 

final weight. The same authors and Cox (1959), Sabin et al. (1958) and Young 

(1963), to name only a few others, support the view that birth weight has relat

ively little effect on post weaning gains and final slaughter weight, 

f) The effect of ration on liveweight gain

As has been pointed out in Section I there are essentially two different 

types of ration in use for ruminant feeding today. Primarily one ration con

sists of roughage (hay, straw - with a high percentage of cellulose and lignified 
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plant tissue) whilst the other consists mainly of concentrates (commonly cereal 

grains containing a high level of starch or readily available carbohydrate).

The following table shows normal rates of liveweight gain at various 

periods.

Table 8

Bations

Boughage
•type

Beferance Concentrate Beference

( ( 1.2 Aitken et al.
(Growing ( 1.26 Castle & Watson (1963)
^Period (1959) (Conven- Castle &

Bates( (
tional weaning) Watson (1959) 

(early weaning)
of / >

Gain ( (
(Fatten- ( 1.4 White & Holmes

2.7 Preston et al.
(1963)

( ing ( (1963) 1.7 ■Shite &
Holmes (1963)

i £ 0*7
Lawrence &
Pearce (1964)

1.6 Lawrence &
Pearce (1964)

( b 1.3 Hendrickson et 1.7 Hendrickson et
( (
( (

al. (1961)

2.5

al. (1961)

Wise et al.
(1961)

( (
( (

2.1 Beard & Lester- 
Cord (1964)

Improvements in the nutritional regime were considered to be largely

responsible for the increase in growth rate and size at slaughter over a period 

of 25 years of the animals studied by Kendel and Hubbell (1935) at the Connecti

cut Agricultural Experiment Station. Foil (1963) states that in intensive 

fattening experiments his steers have consistently gained over 3.25 lbs. per 

day, with some gains of up to 5 lbs. per day.

From what has been stated so far in this review it would appear that
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Crichton and. Preston (1963) are working on correct principles in intensive beef 

production as they state that "maximum use of concentrates gives fast growth rates 

... which in turn result in high feed conversion efficiency because of the 

relatively high proportion of feed being used for production".

(g) The effect of breed on liveweight gain

Many workers have shown that certain breeds are notable for having a 

higher than average liveweight gain.

The table shown below is modified from Cibson and Watson (1963) who 

compared 8 breeds and crosses.

Table 9

Daily Liveweight gains at different ages 

Ages (days)

Breed 14-84 84-168 168-252 252-364 364-504 504-672

Shorthorn 1.03 1.20 1.39 1.43 1.06 1.21
Friesian 1.22 1.34 1.48 1.42 1.27 1.24
Ayrshire 1.13 1.20 1.27 I.25 0.93 1.01
Friesian x 
Shorthorn 1.16 1.13 1.53 1.75 1.11
Shorthorn x
Ayrshire 1.15 1.08 1.38 1.41 1.06 1.07
Shorthorn x 
Hereford 1.07 1.23 1.34 I.50 1.14 1.00
Friesian x
Hereford 1.04 1.41 1.48 1.62 0.92 1.15
Ayrshire x
Hereford 1.06 1.17 1.57 1.49 1.26 0.82
Average 1.11 1.22 1.43 1.48 1.09 1.12

The highest liveweight gain recorded in each period is underlined. It 

is worthy of note that either the Friesian or a Friesian cross has the highest 

gain in all but one of the periods.

Reference might also be made to the work of Helmsing and Laird (1964), 

who published the following results for steers of different breeds from a 

commercial beef recording enterprise:—
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Breed

Table 10

Daily liveweight gain

Aberdeen Angus l«60
G-alloway 1.57
Hereford 1.71
Shorthorn * 1.57
Ayrshire 1.12
Friesian 1.71
Shorthorn x Ayrshire 1.50

* = crosses other than Ayrshire 

(h) Compensatory Growth

In any wide study of the growth process in animals the phenomenon of 

compensatory growth deserves at least some study.

The main facts which have been established are that animals which are 

underfed for some period of their lives and consequently do not make normal 

gains during that period, subsequently make greater than normal gains when fed 

at a normal level. Kroger and Knox (1951), Joubert (1954), Bohmann (1955), 

McCarrick et al. (1963) and Robinson (1964). In this review "underfed" means 

a deficiency of energy. Thus an animal which is deficient in energy will suffer 

an immediate check of growth in mass, but a deficiency of calcium, for example, 

may not affect bone growth as calcium reserves in previously formed bone can 

then be mobilised.

Robinson (1964), working with pigs, found that there was an immediate 

response, in growth rate, proportional to the period of restriction, after 

normal feeding was resumed. In no case did compensatory growth fully repay 

for the period of restriction.

In cattle, it is more commonly reported that restriction at one period 

can be made good at another period (depending on the length end severity of 

restriction). Bohmann (1955) reported that his animals took two years to fully 
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compensate, whilst McCarrick et al. (1963) reported that the most rapid extra 

liveweight gain took place in the 8 weeks following realiment at ion. The 

question of the allowable severity of restriction was taken up by Winchester 

and Howe (1955)j who concluded that retardation could be fully compensated for 

provided the dietary intake of energy was not reduced below that required for 

maintenance. It is thought by some workers tha.t extra severe undernutrition 

such as that reported in experiments by McCance (i960) would not result in 

complete compensation. McCance himself found that his animals did not grow to 

full size after realimentation, but reported that Hruza and Fabry (1957) had 

discovered that full size could be attained in such animals by administration of 

growth hormone. It may be then that severe or prolonged undernutrition in 

some way reduces the amount of growth hormone produced during a lifetime and that 

administration of that hormone enables adult size to be attained.

One of the most significant and remarkable features of compensatory 

growth is that such growth is more efficient than normal growth. In a Russian 

experiment, Martjugin and Petrova (1963) gave 29?o less feed for 6 months and 

37/? less feed between 6 and 9 months to Kholmonger bull calves. The animals 

were then full fed, similarly to controls. Overall, until slaughter, the 

restricted animals had a more efficient food conversion ratio than the controls, 

although at the end of the period of restriction they were 4-8?? less efficient 

than the controls.

No readily available explanation of this improved efficiency is at hand, 

but one possibility is raised by the work of Yeates (1964). He found that 

restriction of the diet caused shrinkage of the muscle, fibres and a general 

similar shrinkage of other body cells is thought to occur. In Yeates experi

ments complete rehabilitation of the muscle fibre occurred with no increase in 

intermuscular fibre
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In support of this hypothesis, is the work of Joubert (1956) who

found that shrunk muscle fibres responded quickly to better nutrition



SECTION III
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Carcase Quality

(a) The Market for Beef

In a recent review of the meat consumption position in this country, the 

Economist Intelligence Unit (1963), found that a total of 150 lbs. of meat were 

eaten per person per annum. A breakdown of this figure by Robson (1963) is 

shown below:-

Table 1

% Weight 0g of 
150 lbs.)

Beef 32 48
Mutton and Lamb 16 24
Pork 13 19|
Offal 6 9
Imported Canned Meat 6 9
Bacon and Ham 17 25i
Poultry 10 15
Game and Rabbits negligible

TOTAL 100 150

In the pre-war 1934-1938 period however, the consumption of meat was

reckoned by the Intelligence Unit to be close to 100 lbs. per head per annum.
desert bed Robson

The percentage of the total consumption ascribed t.Q,. certain meats is whose 
wttti

figures are at variance to a certain extentAthose of the Intelligence Unit so 

both figures are shown in Table 2 along with the % relative change in consump

tion estimated by Robson.

Table 2
Breakdown of 100 lbs, meat consumption pre-war.

% or lbs. fo Change Intelligence
Robson Unit

Beef 40 -8 55
Mutton and Lamb 18 -2
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Table 2 (Contd)

% or lbs. 
Robson

% Change Intelligence
Unit

Pork 8 + 5 11
Offal 5 +1
Imported Canned Meat 2 +4
Bacon and Ham 20 -3
Poultry 4 +6 negligible
Game and Rabbits 3 -3

Total 100

Neglecting the variance between the sets of Figures from the two authors 

it can be seen by comparing Tables 1 and 2 that as a percentage of the per 

capita consumption of meat, the proportion of beef eaten has fallen since the 

pre-war period. The reason for this is not immediately obvious, as indicated 

by prices obtained from a random copy of the "Farmers' Weekly" (March 26,1965):- 

Table 3

Wholesale price.per pound
(London)

Beef (English long sides) 2/7d.
Pork 101 - 120 lbs. l/10d.
Mutton - Lamb (English) 2/8d.
Poultry - Broilers 3g - 4 lbs. 2/5<i»

- Bucks over 5 lbs. y7i.
- Turkeys 10-12 lbs. 3/6d.

The reason, or part of the reason, for the change in consumer preference 

may be due to the differential in retail prices outlined in Table 4 from a small 

survey of retail shops in Edinburgh. No strict accuracy is claimed for these 

figures, but as a general indication of prices they are thought to be fairly 

representative.
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Table 4

Retail Prices of Meat in Edinburgh (July, 196$)

Price per pound

Beef 6/- to 6/2d.
Mutton and Lamb 5/ld. to 5/8d.
Pork Li/li. to 5>/3d.
Poultry - Broilers 3/6d. to a/-**

- Ducks 4/-. to V6d.
- Turkeys 5/6d. to 6/ 6d.

The survey was carried out by asking four local butchers to estimate the 

average retail price of the particular meats.

It should be pointed out here that little or no processing is done to 

the poultry purchased wholesale, but that much of the beef, mutton and pork must 

be boned and trimmed, resulting in appreciable weight losses, before sale.

Robson (1963) points out that there may be another reason. "Plentiful 

supplies of poultry and pork, virtually all home-produced, have enabled meat 

consumption to rise during a period when beef supplies have barely been maintain

ed. ... In 1957 imports (of beef) formed a third of total supplies, but a 

quarter of the total is still imported today".

Recently the position has been that home produced beef supplies have 

been increasing roughly in proportion to the rate of decline of beef imports, 

mainly from the Argentine. Whilst our home supplies of beef are still increas

ing, more is being imported from Yugoslavia and Rhodesia (when political condit

ions allow) and there are signs that the Argentine will be able to increase its 

supplies in the future.

(b) The supply of Beef-Type Calves

Cooper (1964) has reviewed the question of the supply of beef-type cattle 

in this country. Traditional beef type animals Cooper concluded were only 
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suitable for extensive methods of production since, under intensive systems, 

they have been found to put on too much fat at a weight of around 6-7 cwt. 

liveweight which is too light for present market requirements.

Thus, for intensive systems, the rapid gaining, later maturing type of 

animal is desirable. Breeds of large mature size, such as the Friesian, Lincoln 

Red and Charoláis, are mentioned as being suitable. Grosses between these breeds 

and to a certain extent crosses between these breeds and other breeds may also be 

suitable.

Cooper also mentions that as most of these animals are either used as 

dairy breeds or may be crossed with dairy breeds, much of the future size of the 

beef industry depends on the size of the national dairy herd. For the year ended 

June 1964 the national dairy herd. decreased by about 100,000 cows in Kngland and 

Wales.

The wisdom of comparatively lightweight slaughter commonly practiced in 

intensive beef units — from a National point of view - is questioned by Cooper.

Friesians killed at 10-12 months giving a 500 lb. carcase would give a 

carcase weighing about 650 lbs. if kept to 18-24 months. Cooper points out that 

the extra I50 lbs. over 1 million animals slaughtered per annum would give a boost 

to home meat production of close to 10^.

Friedlander (1964) has estimated that a one pound increase, per head of 

population in meat consumption, would require the slaughter of an additional 

/400,000 pigs or 120,000 cattle.

(c) Consumer Preference in Beef

What the consumer, normally the housewife, desires in quality beef has long 

been a questionable and controversial subject.

The intention here is to examine the factors which are thought to affect 

consumer choice. Consumer choice can be said to be based on the following char

acteristics and to influence the following sexes directly:-
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1. Appearance - Sight
2. Tenderness - Taste, Touch (?)
3. Flavour - Taste, Smell
4» Juiciness - Taste
5. Other Factors - Memory

In other words all of these factors of quality are dependent on receptor 

organs in the body which arouse certain sensations in consciousness. Winton

and Bayliss (1962) define the qualities of sensations thus:-

1. They are, and can only be subjective responses.

2. A sensation cannot include more information about an object 
or event than has been transmitted by the physical events 
outside the body.

3. Sensation may be a product, not only of the information from 
one particular kind of receptor, but also of that from other 
kinds of receptor of the same general type but differing in 
detail.

4. The intensity and quality of a sensation depend on the nature 
and intensity of other sensations, on the general activity of 
the central nervous system at the time, and on its antecedent 
activity associated with previous experience.

A review of consumer preference studies has been carried out by Brody (1957) 

He quotes results of a number of American researchers and concludes that most 

consumers know very little about quality in beef, although there was a marked 

general tendency for lean meat to be purchased in preference to more fatty meat. 

However, high income groups tended to buy a higher proportion of prime or fat 

meat than did low income groups.

Even when price differantials were removed, more consumers chose commercial 

roasts and steaks than choice roasts and steaks. Thus they wished to purchase 

lean meat with a minimum of fat.

Most consumer dissatisfaction was found to relate to tenderness, but 

secondarily, they object to excess fat.

Some of the elements affecting the appearance of meat are given by 

Jackson (1963). The colour (of both fat and lean), meatiness, fullness, texture 
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and amount and distribution of fat, bone and connective tissue are rated highly. 

It is uncommon for a consumer to study these factors, but it is thought that 

these factors will influence a particular choice. Ziegler (19&3) has reviewed 

most aspects of colour preferences.

The colour of lean meat has been shown to become darker as the animal 

ages and also when the meat is exposed to air. The colour of meat from intact 

males, especially old bulls, also tends to be darker than normal.

Creamy white fat is generally indicative of young grain-fattened cattle, 

whereas yellowy fat is usually found in older cattle and grass and silage finish

ed cattle which have had more opportunity to store carotene in the fat, or alter

natively in fat from Channell Island dairy breeds or crosses.

Jackson rates tenderness as a major factor in meat quality. It has beer- 

shown that a "medium tenderness" is the most desirable form as obviously meat 

which is tough is undesirable but meat which is very tender or almost mealy is 

just as undesirable.

Again using Jackson*  s words "Toughness to the consumer is the time and 

effort required to masticate a portion of meat".

The flavour of meat is determined by the combined sensation it effects 

on the taste and smell receptors. The ’taste buds’ or taste sensory organs are 

located on the mucous membrane of the epiglottis and soft palate and on the tip, 

sides, and root of the tongue. The taste receptors can distinguish four to six 

different groups, all of which are distinct and cannot be masked or changed by 

the presence of another group. The main groups are:- sour, salt, bitter and

sweet, whilst the groups metallic and alkaline are thought by some authors to 

be distinct (Winton and Bayliss, 19&2).

The receptors for smell are situated in the upper parts of the nasal cavity 

and are activated by odourous substances in the inspired air which dissolve in the 

mucous membrane covering the receptors and activate them chemically. The main 

subdivisions of smell are thought to be spicy, flowery, fruity, resinous or 
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balsamic, burnt and. foul, but different broad groups are indistinguishable when 

merged, giving a broad continuous spectrum of smell (Winton and Bayliss, 1962),

The juiciness of cooked meat is described by Weir (i960) as having two 

effects

(a) The impression of "wetness” during the first chews, produced by the 

release of meat fluids.

(b) The sustained juiciness apparently due to slow release of serum and 

to the stimulating effect of fat on salivary secretion.

Weir points out that since the sustained juiciness exerts the more lasting 

impression, it is not surprising to find that high correlations between juiciness 

and fatness of the carcase have been found. The relation between tenderness 

and juiciness has also been emphasised by Weir. The more tender and more easily 

masticated is the meat, the more quickly are the juices released, so that a sus

tained impression of juiciness is maintained. Also the very fact that tender 

meat is masticated more quickly than tough meat, allows a similar quantity of 

juice and fat to give an impression of greater juiciness in the tender meat.

Another factor influencing choice of meat is that on medical grounds there 

has been a general recommendation that excess animal fat in the diet tends to 

result in high blood cholesterol levels which in turn are believed to be res

ponsible for the formation of fat deposits in the blood vessels or atherosclerosis 

(Harper, 1961).

An article in "Nutrition on the Farm" (1964) points out the relations 

between the mental or conditioned approach to choice and true preference. Thus 

if eggs are sold as free range eggs, they would tend, with some people, to give 

more satisfaction than eggs sold as battery produced.

(d) Scientific Quality Determinsations

(i) Colour

The colour of fresh meat is determined largely by its content of the 

pigments haemoglobin and myoglobin. In the live animal, myoglobin accounts for 
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only about 10% of the iron in the body, but in a properly bled carcase, up to 

95% of the iron which causes pigmentation is contained in the myoglobin (diffee 

et al. I960).

Scientific comparisons of animals, for colour of lean generally involve 

the use of colour standards - the Munsell System is used in the United States - 

relating numerical values to a colour comparator (Nickerson, 1929). More recent 

work, using reflectance spectrophotometers has been reported by Hall (1954). A 

review of factors affecting meat colour has been written by Hedrick et al. (1959)» 

Ai) Tenderness

Tenderness is thought to be related to fibre diameter (Hiner et al. 1953). 

Meat with small fibres was found to be more tender. Joubert (1956) has shown, 

however, that fibre diameter tends to increase directly with age. Thus Tuma et 

al. (1962) found that when age effects were removed, there was only a low corre

lation between fibre diameter and tenderness and therefore concluded that age 

was the primary factor affecting tenderness.

Hill (1962), investigating the biochemical properties of tough and tender 

muscles, suggested that the toughness of semitendinosus muscle compared with the 

longissimus dorsi was associated with a higher stroma nitrogen content, a higher 

myofibril N content and a lower sarcoplasmic nitrogen content.

In a recent pointer to the differences in quality between fore and hind 

quarters, Nowicki (1963) found that hind limbs contained significantly more 

muscle and less connective tissue and bone than did fore limbs. Only connective 

tissue was found to increase with age.

The relation between tenderness and juiciness has already been mentioned, 

thus the significant correlations between these two factors found by Palmer et 

al. (1958) have already been explained. This group of workers discovered that 

marbling of the meat accounted for about 11% of the variability in panel scores 

for tenderness.
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The most common method of measuring tenderness in the meat laboratory 

is tomake use of the Warner-Bratzler shear (Black et al. 1931). This apparatus 

measures the force required to shear a sample of meat cut by a coring device. 

More modern methods have attempted to simulate the chewing action in the human 

mouth (Proctor et al. 1956).

Tenderness can be increased by ageing (Ziegler, 1963). Tenderness is 

first reduced (within 24 hours) - due to rigor mortis - and then increases grad

ually during hanging reaching an optimum level at about 2 weeks, depending on 

the storage temperature. This process is due to the action of proteolytic 

enzymes on the connective tissue in meat. Artificial tenderizing methods are 

discussed by Ziegler (1963). These include the use of weak acids, salt and 

various enzyme preparations.

Tenderness has been shown to vary between muscles (Ramsbottom et al. 1945) 

and within muscles (dinger and Weir, 1958).

Those muscles containing least connective tissue, for example the psoas 

major and the multifidis dorsi are most tender, whereas the trapezius and super 

pectoral muscles were toughest. Similarly tenderness was found to increase from 

the centre towards both ends of the longissimus dorsi.

(iii) Juiciness

It has already been indicated that juiciness is connected with the fat 

content of the carcase. The amount and more particularly, the distribution of 

that fat (marbling) are the most important determinants of juiciness. (Barbella 

et al. 1939, Tuna et al. 1961, Blumer 1963 and Wellington and Stouffer, 1959).

Kidwell et al. (1958) have found some evidence that quality of juice is 

more dependent upon muscle constituents than on fatness.

The nature and variability of marbling deposits has been investigated by 

Blumer et al. (1961). It was shown that marbling fat was laid down in close 

association to blood vessels. Significant variability in marbling counts on 
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the same ribeye could, be explained, by examination of ribeye sections. It was 

found that fine grained marbling tended to appear if the ribeye section was cut 

between two ribs and that coarser marbling was apparent in sections cut directly 

behind a rib.

The main Laboratory methods for estimating marbling deposits and juiciness 

are as follows

1. Tannor et al. (1943) described a method for determining the press 

fluid from a weighed sample of cooked meat. The fluid expressed 

in a standard time in standard conditions is expressed as a percent

age of the cooked weight of the sample.

2. Wellington and Stouffer (1959) have introduced a photographic com

parator scale where actual meat samples can be classed by reference 

to the range of photographs produced.

3. Marbling estimated as a percentage of ether extract of the ribeye 

steaks has been reported by Cover, King and Butler (1958).

4. Marbling may also be graded by counting the number of deposits 

within certain size limits (Jackson, 19&4)•

Callow (1944) found an optimum palatability score for meat from the 12th 

rib at a level of 38% fatty tissue. This would be equivalent to about 28-29/5 

fatty tissue in the carcase.

(e) Determination of Carcase Quality and Composition

Since the days of Lawes and Gilbert (1861) the need for accurate appraisal 

of carcase quality in animals has grown tremendously. Since a complete dissection 

technique is both time consuming, and costly, it is easy to understand why a 

great deal of scientific effort has gone into attempts to find quicker, easier 

and cheaper methods of assessing carcase composition and quality.

It was first established that one side of a carcase bore a significant 

relation to the other side (Ziegler, 1943). Recently Ulyatt and Barton (1963) 
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have found, high correlations “between the chemical analysis figures for one side 

and. the separable tissues of the other side.

Warner, Ellis and Howe (1934) ranked methods of determining actual fatness 

of pork carcase in terms of probable accuracy:-

1. Chemical analysis of entire carcase.
2. Chemical analysis of single representative cut.
3. The yield of particularly fat or lean cuts.
4« Measurement of certain parts of the carcase.

e.g. thickness offat on the shoulder, ham or back.

Much had been written since 1934, but much of what Warner et al. said 

then is still applicable.

The work of Murray (1919), who found that, assuming the composition of 

the fat-free body to be contant, the chemical composition ofthe live animal could 

be estimated, providing the fatness was known, led to the discoveries of Lush 

(1926). He found that the composition of the "wholesale rib cut rather ade

quately represented the carcass". The 6 - 12th rib cut (inclusive) was known 

as the wholesale rib cut.

Lush’s equation for estimating total fat content from fat content of the 

whole rib was as follows

% Fat in live animal = 0.603 x % fat in rib cut + 3»92.

This equation had a correlation coefficient of +0.987 + 0.003.

A great advance was made in 1946 with the publication by Hankins and Howe 

of the United States Department of Agriculture of a paper on the estimation of 

the carcase content of cattle using dissection figures from the 9-10-11 rib cut. 

The following estimating equations for total carcase fat (x), lean (y) and bone 

(z) were calculated:-

x = 3.06 + 0.82 xx 
where x^ = % separable fat of the 9-10-11 rib cut.

y = 15.56 + 0.81 y2
where y^ = /? separable lean of the 9-10-11 rib cut.
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where z^ = % separable bone of the 9-10-11 rib 

The equations derived by Hankins and Howe are still

The correlations between the estimated carcase content and

z = 4.30 + 0.61
cut.

in common use today.

the actual carcase 

content are all above 0.80 with the exception of the equation for estimating 

dressed carcase lean in heifers from % separable lean in the 9-10-11 rib cut.

Hankins (1947) has produced similar estimating equations for sheep using 

a 9 rib cut (4th - 12th).

Other workers have produced similar results from other rib cuts and 

particularly from a reduced number of ribs. Thus Grown and Damon (i960) invest

igated the value of the 12th rib cut. These workers found that their separable 

values for the 12th rib had correlations with the 9-10-11 rib cut and the whole 

carcase as shown below:-

Correlations

With 9-10-11 rib cut With whole carcase

Lean 0.825 0.818
Bat 0.965 0.962
Bone 0.850 0.750

All significant at p = 0.01.

Similarly Ledger and Hutchison investigated the value of the 10th rib 

cut and Callow (1961) has found that the 13th rib gives satisfactory results. 

Martin and Torreele (1962) have been using the 7-8-9 rib cut with excellent 

results and recently Taylor (1965) has reported the use of the 11-12-13 rib cut. 

These last two cuts have been used mainly for the convenience in obtaining the 

joints, since the normal carcase is quartered between ribs 10 and 11 in this 

country.

Attempts have fairly recently been made to establish relationships be

tween size of entire muscles and the total carcase lean in beef. Orme et al.

(i960), Butterfield (1962, 1963) and Callow (1962) have done some work on this 
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Orme et al. found, that ¿4-92/S of the total separable lean was associated, with 

the weight of certain entire muscles.

Butterfield. (19&2, 19&3) found significant relationships between the 

weights of certain entire muscles and. the total muscle weight of the carcase. 

Butterfield sums up his findings by explaining that if one muscle is large then 

all the muscles on thatanimal tend to be correspondingly large.

Callow’s (1962) work showed that no worthwhile relationship existed be

tween the weight of a tissue in a single joint and the total weight of that tissue 

in a side of beef and that rule of thumb measures were more accurate, e.g.

1. Muscle = 1/3 liveweight (lbs.)
2. Bone and tendon = 5 weight of muscle.
3. Remainder is fat.

Callow’s work should be viewed in the light of its analysis by Harrington 

and King (1963), who found that by using additional information such as carcase 

weight or total weight of joint, in multiple regression equations, a worthwhile 

prediction value was obtained. Addition of liveweight as an independent variate 

gave the greatest reduction in the standard error.

There was some indication in the work of Callow (19&2) that the weight 

and separable components of the fore shin bore a relationship to total carcase 

content. Similar work has been carried out by Otto and Schotza (19&2), who 

found high correlations between weight of meat in the leg and weight of the 

largest muscles - particularly the rectus femoris - but few other relationships 

were satisfactory. One would imagine that any significance between tissues in 

a leg joint and those of the whole carcase, would be particularly worthwhile 

as this is a low-cost part of the animal and could therefore be obtained much 

more readily for research purposes.

Cahill (1956) found a correlation of O.85 between eye muscle area and % 

edible portion of the carcase, similar to McMeekan’s (1941) results with pigs.

The question of accuracy of measurement of ribeye area in beef carcasses has been 
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dealt with by Bodwell et al. (1959). A tracing plus planimeter reading gave the 

best accuracy.

Reports of significant differences between ribeye areas of right and left 

sides of the carcase have been investigated by Hedrick et al. (1965) and found to 

be due to errors in ribbing and location of the measurements.

As a rough guide, Barton and Kirton (1958) showed that the % fat in a car

case could be estimated with reasonable accuracy from the carcase weight.

Recently Kennick and England (i960) have used a core sampling technique 

first developed for use in pigs by Annan and Winters (1952).

Multiple correlations between probes or cores and % fat and protein in 

the 9-10-11 rib cut were 0.781 and 0.735 respectively.

It has been found in work reported by Cole, Ramsey and Epley (1962) and 

Ramsey et al. (1962) that % separable lean and fat can be accurately estimated 

using measures of fat thickness over the ribeye and carcase weight. These two 

measures were associated with over 70^ of the variation in carcase separable lean.

The composition of the carcase may also be determined from its specific 

gravity, or from the specific gravity of a representative sample. In work on 

beef, Kraybill et al. (1952) found very good correlations between the specific 

gravity of the carcase and of the 9-10-11 rib cut and the fat and water content 

of the carcase. Brown et al. (1951) found similar results in pigs.

Orme et al. (1958), Cole et al. (i960) and Bieber et al. (1961) have all 

worked on specific gravity determinations Orme and co-workers, for example 

having established that specific gravity was highly correlated with fat content 

of the carcase (for each 0.001 units increase in specific gravity, there was a 

decrease of 0.4^ in % fat). attempted to relate specific gravity determinations 

directly to measures of marbling.

Lofgreen and Garret (1954) and Wuthier and Stratton (1957) studied creati

nine excretion in the urine as it was found to be constant within steers but 

different between steers and was independent of protein intake. Lofgreen and
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Garret found that the creatinine excretion per unit of body weight was signi

ficantly correlated (r = 0.67) with the % separable lean in the soft tissue of 

the sample.

The relationship between carcase measurements and yield of Joints or cuts 

has been reviewed by Cole, Orme and Kincaid (i960), Tayler et al. (1961) and by 

Tayler and Rudman (1963). The general conclusion s were that measurements only 

roughly predicted carcase cut-out values.

A recent review on methods of estimating carcase composition, mainly 

dealing with the question of sample joints and specific gravity determinations 

is presented by Timon and Bichard (1965). They point out that some results have 

been obtained using extremely variable data from which high correlations with 

individuals within a group are virtually non-existent.

(f ) The effects of breed and type on carcase quality

The need to be able to use animals from the dairy herd to increase supplies 

of beef discussed earlier in this section has recently brought about many studies 

on the effects of breed and type on carcase quality.

Breeds have been shown todiffer in carcase percentages of lean, fat and 

bone - with lean and fat varying much more than bone (Butler et al. 1956). In 

addition several carcase traits including ribeye area, fat cover and tenderness 

have been found to have medium to high heritabilities, indicating that selection 

would be effective in improvement (Shelby et al. 1963). Kincaid (1962) has shown 

that heterosis in beef cattle is also existent.

Dressing percentage has been shown by Butler (1956) to differ between 

British and Zebu type cattle - Zebu’s generally having an advantage of 2 ■

This difference is due to the lower weight of the digestive tract and its contents.

In recent studies Gallow (1962) compared Shorthorns, Herefords and Friesians 

and found that the Shorthorns were fattest at slaughter, and Brookes and Hodges 

(1959) using Herefords, Dairy Shorthorns and Friesians, discovered that the
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Friesians grew faster but were later in finishing than Herefords, whether fattened 

in yards or on grass. Latham and Rogers (1961) have found intermediate results, 

using crosses. Holstein steers were heavier, but not as compact as beef breeds 

in the trial reported by Carroll et al. (1964-)«

In a comparison of Herefords, Angus, Brahman and crosses, Santa CertrudiS, 

Holstein, Jersey and Charolais, Cole et al. (1964) found that Charolais had the 

highest liveweight gain (2.2 lbs. per day) and Jerseys had the lowest liveweight 

gain. Angus and Hereford animals had the highest grading, shortest carcasses 

and most marbling and greatest circumference of the round.

In further reports of the experiment of Butler (1956) Cover et al. (1957) 

and Cartwright et al. (1958), it was found that pure Herefords tended to be 

higher in most measures of fat when on a high plane of nutrition. There was 

also some evidence to suggest that the two breeds (Hereford and Zebu) deposit 

fat in greater quantity at some (different) locations at any one stage of fatness. 

In the same experiment breed of sire was found to have a significant effect on 

juiciness of roasts and sires within breeds could be picked out for their effects 

on tenderness, but not on juiciness of the meat. Alsmeyer et al. (1959) found 

similar results.

Ramsey et al. (.1963) tested seven breeds for their influence op palatabil- 

ity of meat. Very surprisingly Jersey steaks were most palatable. Brahman 

steaks were least palatable and were associated with the highest cooking losses. 

The Hereford was classed second most palatable and the Aberdeen Angus had the 

most ribeye marbling.

Several studies have been carried out on the relative merits of beef and 

dairy type cattle. In one of the most recent studies, Branaman et al.(1962) 

reported that beef type cattle had higher killing out percentages and graded 

higher, but that there was no difference between the percentage high priced cuts, 

trimmed retail steaks or % separable lean in the carcase. Although roasts from 
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beef-type animals had a greater shrinkage during cooking they were rated sign

ificantly higher for intensity of lean flavour and for quality and quantity of 

juiciness. There were no significant differences in aroma, texture, of lean, 

flavour of fat or tenderness.

Similar work has been done by Dawson et al. (1955) and by Butler (1957)» 

Butler quotes examples of 0-uernsey steers which gave a higher percentage of 

valuable cuts than did prime steers. He also states that conformation has little 

importance in cut-out % especially where boneless joints are concerned. Thus 

long legged animals give the same cut-out values as short legged ones.

(g) The effects of plane of nutrition on carcase composition and quality

The rate of growth and finally the rate of fattening, depends essentially 

on the plane of nutrition. That the rate of growth is inextricably connected 

with the process of fattening itself has been demonstrated by Moulton et al. 

(1922). In these studies the maineffects of increasing age and plane of nutrition 

were to increase the fat content of the carcase. Thus at birth the calf may contair 

about 4% fat whereas at 4 years it would often contain about 45% fat. For full 

fed cattle, the gains become richer in fat and poorer in other constituents with 

advancing age until the last gains areshown to consist of about 90% fat. The 

same workers have also shown that the water content of the carcase (muscle has 

62% moisture - Lushbough and Schweigert (i960)) increases rapidly up to 21 

months, and then slowly up to 35 months. The deposition of fat was found to be 

very uniform in full fed cattle from three months of age. Thus with steers gain

ing 1.8 lbs. per day, it was found that a maximum muscle to bone ratio was reached 

between 12-18 months.

Callow (1948) makes the distinction between the period of growth and 

fattening. He found that when the fat content of the carcase reqched 18%, 

the % fat increased more rapidly then muscle and bone.

It is interesting to digress at this point to reflect on the value to the 
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animal of storage fat (White et al. 1959) • Energy may be stored as fat or as 

polysaccharide. There are no differences in the yields of energy-rich phosphate 

bonds which are synthesised per calorie of compound oxidised. But isocaloric 

stores of lipid and polysaccharide have different weights, the polysaccharide 

being more than twice as heavy (depending on its degree of hydration) per unit 

of energy stored. The survival value of lightweight stores of energy-rich 

material is therefore obviously of some importance.

The feed cost per unit gain in wei^it tends to increase during fattening 

(Blaxter 1964). This is because the muscle protein which is laid down in the 

early stages has an energy value of 1.2 Kcal per gram, whereas fatty tissue has 

a value of 9.0 Kcal per gram.
The work of Callow (1947, 1948, 1949, 1950, 1957, 1958, 1961, and 1962) 

has shown that young animals tend not to lay down much fat, but animals on a high 

plane of nutrition tend to lay down fat earlier than others.
This last finding has been confirmed by Mauer and Ensminger (1958) who publish 

the following results:-
Table 5

Effects of Feed restriction on Carcase composition
Full Eed Limited to 70^ Full Feéd

Total lean 55%
Eat (Carcase body fat 

excluding leaf) 41 29

Bone 7.0 8.5
Skin and remainder of 
body fat 11.0 9.5

100 100

In a most detailed paper, Luitingh (1962) explained many of the processes

occurring during the short-term fattening of beef steers. He found that, 

generally, the percentage which various parts of the carcase constituted of the. 

whole carcase tended to remain remarkably constant in fattening. The effect of 
ration concentration per se (that is with the effects of age removed) was neglig

ible. In three age groups which were studied, the shoulders were the slowest 

developing parts (measured by average relative growth rate) and the channel fat 

and diaphragm were fastest growing. Thus Luitingh concludes from his study that 
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the tissues commanding the lowest prices grow at a faster rate than more desirable 

tissues during fattening.

In a later paper, Luitingh (19&3) shows that the proportion of liveweight 

gain laid down as carcase fat varies with the age, ration and growth rate of the 

animals. The range he mentions is from 57% in slow growing calves to 81% in 

fast growing 5 year olds. On different rations the percentages of fat in the 

carcase of 3 year olds were as set out below:-

High Roughage Half Roughage/ High concentrates
Half concentrates

65.7% 69.2% 71.5%

In addition, Callow (1962) has shown that the iodine number of the fat 

(indicating the degree of unsaturation of the fat) of cattle finished on grass, 

was higher than that found in cattle finished on concentrates. This was thought 

to be due to differences in rates of fattening. This proposal is in agreement 

with another finding in Callow’s work - that the % fat is lowest and the iodine 

number highest in the earlier developing regions, where fat deposition is a slow 

process.

Willey et al. (1952), Hendrickson et al. (1961, 19&5) and Verbeck (1961) 

have all studied the effects of different levels of energy on carcase characteris

tics. General conclusions were that high planes of nutrition gave earlier 

finishing, more marbling and increased intramuscular fat. Lower planes - if 

restriction was of energy only - involved a longer fattening period, and even

tually less carcase fat, with no difference in muscle and bone contents.

The influence of plane of nutrition on consumer quality factors has been 

investigated only to a limited extent, most of the factors, such as tenderness 

being directly related to carcase fatness and indirectly to plane of nutrition.

Batterman et al. (1952) however found that fattening tended to disperse 

bundles of connective tissue and that the amount of collagen decreased with 

increased fat percentage.
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Apart from work on relationships between fatness and tenderness reported 

earlier, two sets of workers (Wellington et al. 1954 and Matthews and Bennet 

(1961) found no effect of level of feeding or of rate of gain respectively on 

tenderness.

No evidence of deleterious effects on meat quality through short-term 

restrictions of nutrition have been reported, (Winchester et al. (1957) and 

Simone et al. (1961)), although if was found that restriction was inclined to lead 

to lower overall levels of intramuscular fat.

In conclusion the findings of Luitingh (1962) are worth emphasis. He 

found that the fattening process was wasteful in that it could produce excess fat 

as well as an increased percentage of low priced cuts.

It is well known that many strains of pigs must be fed restricted diets 

if they are not to be judged overfat at bacon market weight. The conclusions 

reached by Luitingh might lead one to think that such a process in cattle might 

at the very least lead to the production of more economically produced carcasses.



SECTION IV



90

EXPERIMENTAL

(a) Introduction

When, after some controversy, it ms decided to import Charoláis bulls into 

this country from France in 1961, a number of trial centres were organised to 

compare the Charoláis with traditional British beef breeds as crossing bulls on 

dairy cows.

Trials have been carried out by the Ministry of Agriculture and by the 

Milk Marketing Board in England, but in Scotland the three Colleges of Agriculture 

as well as two commercial firms, have carried out the trial work.

This report deals with the results of work carried out at the Edinburgh 

School of Agriculture. This work consisted of a comparative trial of Shorthorn 

cross Ayrshire (SH) and Charoláis cross Ayrshire (CH) Heifers.

Description of Experiment 

(b) Experimental Animals

The animals used in this trial were calves from Ayrshire cows by either 

Shorthorn or Charoláis bulls from the Scottish Milk Marketing Board A.l Stud. 

Calves aged 1-6 days arrived at the School of Agriculture’s Langhill farm from 

August to December, 1963, having been purchased from a number of co-operating 

dairy farmers in the School of Agriculture area. The calves came from a wide 

range of types of Ayrshire dairy cow as well as from a number of different systems 

of management.

Two of the calves recorded were born andreared on Langid.ll farm. 

( o) Feeding

After arrival the calves were bucket fed on milk substitute for 12 weeks, 

while good quality hay and a concentrate mix were available ad lib.

After weaning at 12 weeks, the calves were divided by breed and again by 

liveweight within breed into four groups.

The feeding per calf per day was then as follows:-
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6 lbs. meal
2 lbs. increasing to 20 lbs. turnips
1 lb. increasing to 3 lbs. good hay

It should be recorded here that some difficulty was experienced on intro

ducing Charoláis cross calves to turnips. It was found that these calves would 

not eat their allocated ration of turnips for a considerable time. No difficulty 

of this kind was experienced with Shorthorn cross calves.

The following summer the calves spent on grass, grazing unsupplemented 

until the beginning of October, when ground barley was fed at 21bs. per head 

per day.

The cattle were re-housed at the end of October and put on a diet of 

barley and silage.

After becoming accustomed to this diet the animals were re-grouped by 

breed and were again subdivided into two groups, this timé at random.

One group within each breed were fed a diet high in barley and low in 

silage (the high (h) ration) and the other group were fed a high silage, low 

barley ration (the medium (M) ration).

Not only did the High ration contemn less roughage, but it also was cal

culated to provide a Starch Equivalent sufficient to provide for a liveweight 

increase of 2| lbs. per day. In practice, the ration was:- 

121bs. barley 
351bs. silage.

The Medium ration, on the other hand, contained a high roughage element 

and was calculated to give a performance of 1| lbs. liveweight increase per day. 

The Medium ration fed was:-

4 lbs. barley
65 lbs. silage.

These two rations were held constant until the end of the fattening period 

when both barley and silage levels were increased (See Appendix IV).
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It was found in practice that, as the heavier animals were slaughtered 

earliest, the average liveweight per group - on which figure the quantitative 

rationing was based - remained remarkably constant and hence it was possible to 

continue feeding the same quantities of ration constituents for most of the 

fattening period.

Silage analyses were taken at intervals and specially when a new pit of 

silage was opened. An average silage analysis was calculated, as was a imilar 

analysis for barley. The average analyses shown below were used to calculate 

the S.E. consumption figures tabulated in Appendix V.

D.M. S.E. D.C.P.

Silage 20.13 9.2 1.8
Barley 84« 0 68.9 8.4

(a) Housing

On arrival the calves were housed in individual straw-bedded pens while 

being bucket fed on milk substitute and concentrates.

After weaning, the young animals in all groups were wintered in a single 

span shed in four separate pens.

On grass the heifers were mostly run together in one field, but for a time 

the two breeds were sparated by a median electric fence in the same field.

For the second winter, the Charoláis crosses were housed in two pens and 

the Shorthorn crosses in two similar pens separated from each other by a pit-type 

silo.

(e) Health

In the post weaning period of housing several calves were affected by 

pneumonia, especially Charoláis crosses. Spasmodic coughing was associated with 

some loss in condition. A better circulation of air was required throughout the 

building and this was obtained by leaving the end doors open when possible, 

especially during the day.
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Some scouring was noticeable when the animals first want to grass, this 

accentuated a loss in liveweight which took about 4-6 weeks to make up.

(f) Arrangements for slaughter

Within each feeding group, animals of both crosses were chosen at random 

to be killed at either 850 lbs. or 950 lbs. The animals killed at 850 lbs. 

are henceforth called the early (e) group and similarly the animals slaughtered 

at 950 lbs. are called the late (L) group.

Thus within each cross group, the following sub-groups were formed.

SH CH

E HEH L i. e. HL

E MEM L ML

The general procedure adopted on the farm, was to isolate the animals to 

be slaughtered at 8.00 a.m. on the Tuesday before feeding, the last feed having 

been given between 4 - 5.00 p.m. the previous day. The liveweight was recorded 

at 3.00 p.m. on the day of isolation, giving fast of approximately 22 hours. 

Then the animals were sent to Gorgie Market, Edinburgh, where they were slaughtered 

the next day (Wednesday), measurements and recordings of the carcase being taken 

the following day. (Thursday).

(g) Measurements taken

(i) Liveweights

The liveweight of the calves was recorded on arrival at the University 

farm.

Subsequent weights were taken at fortnightly intervals throughout the 

period from arrival to slaughter.

Live-weights at slaughter were recorded as single weighings after approxi

mately 22 hours fast.

(ii) Linear measurements

Three linear measurements, withers height, hooks width and total length 
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were chosen as being representative of skeletal measurements, having well defined 

reference points.

Fore girth measurements were taken as an indication of width as well as 

degree of fatness.

These measurements were recorded on all animals before going to grass;

on housing after grass, and on the day of slaughter.

The measurements taken are described as follows:-

Withers height - Height as measured at a point directly above or dorsal to 
the withers.

Total length - Length from the anterior point of the tuberosity of the 
humerus to the extreme posterior point of the sciatic tuber.

Hook width - The extreme width of the pelvis measured from the points of 
the tuber coxae.

Foregirth - Measured with a tape in the vertical plane down the sides of 
the animal, passing below the body at a point just posterior 
to the olecranon (foreleg).

All measurements were taken from the left side of the animal looking from 

the rear.

(h) Carcase measurements

The recordings of cold carcase weight and of fat depth over the ribeye at 

the tenth rib were compiled by members of the Department of Agriculture’s meat 

grading staff.

The 11-12-13 rib cut was removed from the left or ’hanging side’ of the 

carcase by the staff of F.M.C. (Meat) Ltd., at G-orgie Market by cutting the side 

close to the 10th rib and midway between the 13th and 14th ribs. The 3 rib joint 

was subsequently removed to the Meat Laboratory where it was stored in a refriger

ator prior to dissection being carried out within one to four days.

(i) 3 Rib Evaluation

The untrimmed 3 rib cut, consisting of ribs 11, 12 and 13 pluS their 

equivalent intercostal fleshing, was chosen as a sample joint for two reasons 
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Firstly it was decided that as the Edinburgh method of quartering a commercial 

carcase is to cut between ribs 10 and 11, it was desirable to chose a joint which 

came wholly from one quarter of the carcase. Secondly Tayler (19^5) referred 

to work done at Cambridge using this joint. For Friesians, Herefords and Hereford 

x Friesians the composition of the 11-12-13 rib sample joint had been shown to in

dicate with some accuracy the composition of the whole carcase.

The 3 rib sample joint was first trimmed, as described by Hankins and Howe 

(1%6) for the 9-10-U rib joint. Some modification of this technique was, 

however, thought to be desirable, because of the increased slant of the ribs in 

the more posterior positions.

The actual trimming procedure involved placing the rib joint on a flat 

surface, with the cut ends of the ribs projecting upwards and trimming off each 

side of the joint to equalise the amount of fleshing apportionable to each rib.

With the joint on the same position, the upright ends of the ribs were 

trimmed down by cutting in a plane horizontal to the base resting on the table 

surface beginning from a measurement two inches up from the highest point of the 

eye muscle at the thirteenth rib section.

The trimmed three-rib piece was then sectioned between ribs tveLve and 

thirteen - one third of the whole joint being cut off.

A tracing was then made of the eye muscle at the cut 12th rib surface. 

A count of total visible marbling deposits within the eye muscle was also made 

on the 12th rib surface.

The three rib joints were then weighed as a whole and separated into fat, 

lean and bone.

The subcutaneous fat of the 11-12-rib section and the longissimus dorsi 

muscle of the 13th rib were used for chemical determination of % ether extract 

and % dry matter after mincing and homologising. The longissimus dorsi muscle 

of the 11-12 rib section was wrapped in greaseproof paper and stored until re

quired for taste testing.
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(j) Taste Testing

Most of the taste testing work was done at the College of Domestic Science. 

However, some of the work was carried out in duplicate at the meat laboratory on 

the Bush estate.

The 11-12 rib section of the longissimus dorsi muscle was maintained in a 
refrigerator for 7 days after slaughter at approximately 35°? before tasting.

A section of the muscle was then roasted in an oven to reach a temperature of 

270 F after 20 minutes and was tasted by a trained panel of 6 members in com

parison with a similar piece of meat, cooked alongside the first - the comparison 

being between breeds within the same treatment group.

The results given in Appendix IX are the average taste panel scores for a 

particular sitting.

The meat was scored in the following manner.

Very Tough Very Tender

Tenderness 0 6
Very dMy Very juicy

Juiciness 0 6
Very weak Very strong

Strength of -flavour 0 6

(k) Statistical Analysis

Complicated statistical analysis was not possible with the treatments im

posed on the experimental animals, because of the number of different treatments, 

the small numbers of animals in any one final treatment group and the fact that 

there was no absolute base or control group of animals. Instead results were 

tested for significance between the breed crosses whenever possible, and in the 

fattening trial, usually within subgroups between breed crosses.

The statistical technique followed is described by Paterson (1939)-
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RESULTS

(a) Weights on Arrival

Table 1

SH CH
Range 63 - 114 74 - 107 lbs.
Average 79 92 lbs.
Significance Significant at p = 0.05«

Appendix I shows the weights on arrival of all the calves. Table 1 above 

shows that the average weight of SH calves was 79 lbs. and that that of CH calves 

was 92 lbs, the average difference being 13 lbs. Table 1 shows that there was, 

however, a great variation in the weights on arrival of all calves, but particu

larly in the SH crosses.

The CH crosses were found to be significantly (p = 0.05) heavier on arri

val than the SH crosses.

(b) Liveweight Cains

Table 2
i) From Arrival to grass

SH CH

Range 1.18 - 1.79 1.11 - 1.92
Average 1.46 1.57
Significance Non significant.

ii) On grass

Range 0.78 - 1.65 1.22 - 1.85
Average 1.37 1.43
Significance Non significant

iii) From arrival to off grass

Range 1.24 - 1.67 1.25 - 1.73
Average 1.4!<- 1.51
Significanee Non significant
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i) From arrival to grass

Table 2 shows that although CH calves showed a tendency to put on more 

liveweight in the early stages from calfhood to going to grass, there was no 

significant difference between the liveweight gains.

Appendix II gives the liveweights of the individual animals on going to 

grass.

ii) On grass

Although CH calves Egain showed a slight tendency to make greater liveweight 

gains, there was again, as shown in table 2, no significant difference between the 

gains made in each group.

iii) From arrival to off grass

As table 2 shows the overall weight gain until the end of the period on 

grass showed the same tendency for CH calves to make higher gains, and as expected 

no significant difference was observed.

(c) Fattening Trial

i) Liveweight gain during fattening between breeds within groups.
(lbs. liveweight increase (LWl)/Day).

Table 3

SH CH

HE 1.28 - 2.22 0.99 - 1.40
Range HL 1.20 - 2.30 1.22 - 1.88

ME 1.30 - 1.78 0.91 - 1.87
ML 1.29 - 1.89 1.43 - 1.66

HE 1.76 1.22
Average HL 1 1.82 1.61

ME 1.60 1.44
ML 1.56 1.59

HE Non significant (significant at p = 0.1)

Significance HL Non significant
ME Non significant
ML Non significant

Between Breeds (lbs. LWl/Day)
SH CH

Range 1.20 - 2.30 0.91 - 1.88
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Table 3 (conta)

SH CH

Average 1.68 1.46
Significance Non significant (significant at p = 0.1)

Between Breeds within planes of Nutrition (lbs. LWl/Day)

SH CH

H 1.20 - 2.30 0.99 - 1.88
Range M 1.29 - 1.89 0.91 - 1.87

Average H 1.80 1.42
M 1.58 1.51

Significance H Non significant
M Non significant

Within Breeds between planes of Nutrition (lbs. LWl/Day)

SH CH

Range H 1.20 - 2.30 0.99 - 1.88
M 1.29 “ 1.89 0.91 - 1.87

Average H 1.79 1.42
M 1.58 1.51

Significance H Non significant
M Non significant

As can be seen from Table 3 there were no significant differences between 

the liveweight gains of the trial animals, either between groups between breeds, 

between breeds, between planes of nutrition between breeds or between planes of 

nutrition within breeds.

In the case of the fattening period, however, the SH crosses tended to have 

higher liveweight gains. Within breeds, however, SH crosses responded by putting 

on an average extra 0.21 lbs. per day when on the high plane, whilst the opposite 

was the case with CH crosses which gained on average 0.09 lbs. more per day when 

on the medium plane.

The individual liveweights end liveweight gains can be seen in Appendix III
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Food Conversions (lbs. Starch Equivalent (S.E.) consumed per lb. liveweight 
gain (L.W.G.)).

Table 4

(a) Within Breeds

Range

SH

High Medium

5.08 - 10.1J 4.51 - 6.80
Average 7.48 5.64
Significance Significant at p = 0.05

Range

CH

6.42 - 11.8 4.95 - 9.66
Average 8.63 5.97
Significance Highly significant at p = 0.01

(b) Between Breeds within groups, (lbs. S.E. consumed per lb. L.W.G.)

Range
HE 
HL 
ME 
ML

SH
5.93 - 9.56
5.08 - 10.13
4.95 - 6.60
4-51 - 6.80

CH

8.15 - 11.88
6.42 - 9.34
4.58 - 9.66
5.02 - 5.80

HE 7.86 9.71
Average HL

ME
7.10
5.50

7.54
6.53

ML 6.56 5.27

HE Non significant
Significance HL

ME
Non significant
Non significant

ML Non significant

During the fattening period, the weekly food consumption was recorded and 

since the average Starch Equivalent (S.E.) for the silage and barley fed was known, 

the total S.E. consumed per pen group could be calculated. An average figure of 

S.E. consumed per animal during the fattening period was arrivedat by dividing the 

S.E. consumed per pen by the number of animals in that pen. These figures are 
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shown in Appendices III, IV and V and a resume of them is given in Table 4«

Thus within both cross groups, highly significant differences in food con

version were found between high and medium planes of nutrition. High plane 

animals on average consumed nearly 5Q?c more S.E. per pound of gain in liveweight.

No differences between breeds within groups were significant.

Table 5

Correlations between liveweight gain and food Conversion within breed

SH r = -0.6898

highly significant at p = 0.01

CH r = -0.8360

highly significant at p = 0.01

Within breeds there were highly significant correlations between liveweight 

gain and food conversion. The correlation coefficients were r = -0.6898 for SH 

and r = -0.8360 for CH crosses. Within breeds, however SH crosses responded by 

putting on an average extra 0.21 lbs. per day when on the high plane, whilst the 

opposite was the case with CH crosses which gained on average 0.09 lbs. more per 

day when on the medium plane.

(d) Differences in Linear G-rowth (See Appendix VI)

i) On going to grass (at an average age of approximately 6 months) 

Table 6

Withers height (cms)

SH CH

Hange 8J.5 - 99 88 - 101.5
Average 93.5 95
Significance Non significant

There was no significant difference between the two crosses in height at 

withers on going to grass at the average age of approximately 6 months.

Table 7 /
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Fore girth (ins.)

Range
Average
Significance

Table 7

SH

46 - 55
51

CH

46 — 56
51

No difference

There was no difference in the average fore girth on going to grass.

Table 8

Hooks width (cms.)

Range 
Average 
Significance

28.5 - 55
52.5

26 - 35
31.5

Non significant

There was no significant difference in hooks width.

Table 9

Total length (cms.)

Range
Average 
Significance

101 - 117 95 - 120
108. 5 109

Non significant

There was no significant difference in total length.

ii) On rehousing after grass (average age approximately 1 year)

Table 10

Withers height (cms.)

Range 
Average 
Significance

103 - 113
108

106.5 - 116
111

Non significant

The CH crosses tended to be slightly larger but the difference was

non significant
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Table 11

Fore G-irth (ins.)

SH CH

Range 61 - 72 61 - 70
Average 66 66
Significance No difference

There was no difference in the average fore girth measurement.

Table 12

Hooks width (cms.)

Range 39 - 4B 37.5 - 44.5
Average 43.5 41.5
Significance Non significant

The SH group tended to be wider between the tips of the hook bones, but 

this difference was not significant

Table 13

Total length (cms.)

Range 121 - 145.5 127 - 146.5
Average 130 134.5
Significance Non significant

iii) At slaughter

A. Between Breed Crosses

(a) Withers height (cms.) - between breeds (overall)

Table 14

Range 107.5 - 118.5 U0 - 120.5
Average 113 116
Significance Non significant

As shown in the above table, the difference of 3 cms. in height in favour 

of the CH group was non significant
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(b) Fore girth, (ins.)

Table 1$

SH CH

Range 68 - 75 67 - 72
Average 71 69
Significance Non significant

SH crosses had a slightly greater fore girth (non significant).

(c) Hooks width (cms.)

Table 16

Range 44.5- 49 41.5 - 47.5
Average 46 ¿A. 5
Significance Non significant

SH crosses were, on average, 1.5 cms. wider at the hooks than were CH 

crosses, This difference was non significant.

(d) Total length (cms.)

Table 17

Range 130 - 145.5 131 - 147
Average 136 139
Significance Non significant

CH crosses were on average 3 cms. longer (non significant).

B. Between breeds within groups

(a) Withers height (cms.)

Table 18

SH CH
HE 112 - 115.5 110 - 118

Range HL 113 - 118.5 114.5 - 121
ME 107.5 - 114.5 111 - 117.5
ML 109 - 114 113 - 118

HE 113.6 115.1
Average HL

ME
115.1
111.8

118.8
113.4

ML 111.5 117

HE Non significant
SignificanceHL Non significant

ME Non significant
ML Non significant
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Although on average the CH crosses were taller than the SH crosses, no 

significant differences were detected»

There was a tendency for the high plane animals of both crosses to be 

taller than their medium plane equivalents.

(b) Fore girth (ins.)

(d) Total length (cms.)

Table 19

SH GH

HE 68 - 69 67 - 70
Range HL 72 - 75 69 - 72

ME 69 - 72 67 - 68
ML 71 - 74 70 - 71

HE 68.5 68
Average HL

ME
73
70.5

71
68

ML 72.5 71
HE Non significant

Significance HL
ME

Non significant 
Non significant

ML Non significant

As table 19 shows, no significant differences were found.

(c) Hooks width (cms.)

Table 20

SH CH

HE 44-45 43 - 43.5
Range HL 46 - 47 44.5 - 47.5

ME 45 - 46 41.5 - 44
ML 45»5 - 49 42.5 - 46.5

HE 44.4 43.4
Average HL

ME
46.5
45.6

46
42.9

ML 47.0 45.5

HE Non significant
Significance HL Non significant

ME Non significant
ML Non significant

Although in all cases the average hooks width of the CH crosses was less

than the SH crosses , the differences were found to be significant.
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(d) Total length (cms.)

Table 21

SH CH

HE 135 - 140 131 - 142.5
Range 131.5 - 145.5 137 - 1476 ME 130 - 136 133.5 - 139.5

ML 135 - 139 133 - 147

HE 136.3 136.4
Arréragé ™ 138.3

132
142.6 
136

ML 137 140.5
HE Non significant

„. •- HLSignificance Non significant
ME Non significant
ML Non significant

CH crosses tended to be larger than SH crosses, but the calculated differen

ces were not significant.

(e) Results at Slaughter (See Appendix VII)

(i) Liveweight gain to slaughter (lbs. LWG per day)

Table 22

SH CH
HE 1.24 - 1.50 1.45 - 1.55

o HL8ange MB 1.37 - 1.82 1.37 - 1.81
1.30 - 1.47 1.19 - 1.54

ML 1.33 - 1.64 1.51 - 1.67

HE 1.40 1.48
. HLA’erage 1.56

1.40
I.60
1.37

ML 1.44 1.57
HE Non significant
HTSignificance >r_ Non significant

6 ME Non significant
ML Non significant

Between Breeds (LWG (lbs. )/day)

Range 1.24 - 1.82 1.19 - 1.81
Average 1.45 1.51
Significance Non significant
Between planes of nutrition within breeds /
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Between planes of nutrition within breeds (LWG- (lbs.)/ day)

SH CH
_ HRange 1.24 - 1.82 1.37 - 1.816 M 1.30 - 1.64 1.19 - 1.67
Average H 1.48 1.54

M 1.42 1.47
Significance H Non significant

M Non significant

Although no significant differences were found, as shown in Table 6, between 

breeds within subgroups, between breeds and between breeds within planes of nutrit

ion, it was evident generally that there was a tendency for CH crosses to have 

greater liveweight gains.

(ii) Relationship between birth weight and overall liveweight gain

Table 23

SH r = +0.3277
Non significant

CH r = 0.49
Non significant

There was no strong correlation between birth weight and overall liveweight

gain in either cross.

(iii) Days to Slaughter

Table 24

SH CH

HE 510 - 601 511 - 543
Range 515 - 617 518 - 605

ME 515 - 598 499 - 635
ML 539 - 671 506 - 574
HE 551 523

Average “ 569
557

552
561

ML 616 546

HE Non significant
Significance Non significant

ME Non significant
ML Significant at p = 0.05

Only in one case, the ML groups, were the CH crosses significantly younger 

at slaughter than the SH Crosses.
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(f ) Carcase Data (See Appendix VII)

(i) Killing out Percentages

Table 25

SH CH

Range
HE 
HL 
ME 
ML

54.0 - 57.3
55.5 - 56.2
53.5 - 57.0
55.0 - 58.0

54.0 - 57.5
54.0 - 58.0
53.0 - 56.6
54.2 - 57.7

Average
HE
HL
ME
ML

55.6
55.8
55.7

5 56.5

55.8
56.7
54.4
55.6

HE Non significant
Significance JTon significant

ME Non significant
ML Non significant

As can be seen from the above table, there were no significant differences

between the killing out percentages.
(ii) % Fat in 11-12-13 rib cut

Table 26

HE 27 - 32.9 19.2 - 27.9
Range HL 26.5 - 32.2 17.7 - 23.2

ME 27.3 - 35.0 16.6 - 21.2
ML 29.2 - 35.0 18.1 - 27.7

HE 29.9 23.5
Average HL

ME
29.3
30.3

21.6
17.8

ML 33.1 21.2
HE Significant at P = 0.05

Significance HL
ME

Significant 
significant

at 
at

p = 0.01 
p = 0.01

ML Significant at p = 0.01

In all groups, SH heifers had a significantly greater fat percentage than 

did CH heifers.

(iii) % Lean in 11-12-13 rib cut
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(iii) % Lean in 11-12-13 rib cut

Table 27

SH GH

he 52.0 - 59.6 56.1 - 64.1
Range HL 53.5 - 61.1 60.0 - 67.3

ME 51.5 - 60.1 61.9 - 69.4
ML 51.8 - 56.2 56.7 - 67.2

HE 56.O 59.8
Average ® 62.5

ME 54.2 65.1
ML 53.4 62.7

HE Non significant
HL Non significant

Significance ME Significant at p = 0.01
ML Significant at p = 0.01

For the high plane animals in both crosses, no significant difference was 

detected in % lean in the 3 rib cut.

With the medium plane animals, however, the CH group were found to have a

highly significant greater % of lean tissue than the Shorthorn crosses.
(iv) % Bone in the 11-•12-13 rib cut.

Table 28

Range
HE 
HL 
ME 
ML

13.4 - 15.1
12.4 - 14.9
12.1 - 15.3
12.7 - 14.6

16.0 -
14.6 -
16.2 -
14.7 -

17.5
17.3
18.9
17.2

Average
HE 
HL 
ME 
ML

14.1
13.7
13.6
13.6

16.7
15.9
17.1
16.1

HE
HISignificance ME
ML

Significant 
Significant 
Significant 
Significant

at 
at 
at 
at

P 
P 
P 
P

0.01
0.05
0.01
0.01

In all cases, CH Xrosses had a significantly higher percentage of bone in

the 11-12-13 rib cut. In the HL group, however the difference was only signifi-

cant at the 5^ level of probability.
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In the HL group this was highly significant.

(v) Marbling score of longissimus dorsi muscle at the 12 rib section

HE
„ HLRange

ML

HE
Average “

ML

HE
Significance _

Table 29

SH CH

241 - 283 69 - 234
200 - 282 99 - 162
115 - 281 70 - 119
211 - 279 74 - 185

255 132
252 133
203 91
257 152

Significant at p = 0.05
Significant at p = 0.01

ME Significant at p = 0.05
ML Significant at p =0.05

CH crosses all had significantly lower marbling counts at the 12th rib.

(vi) Fat depth over the longissimus dorsi (cms.)

Table 30

Range
HE
HL

ML

0.5 - 1.4
1.3 - 2.2
1.1 - 1.4
1.8 - 2.3

0.3 -
0.5 -
0.2 -
0.9 -

0.9
1.3
1.3
1.3

Average
HE 
HL
ME
ML

1.1
1.7
1.3
2.0

0.7
0.9
0.7
1.1

Significance
HE 
HL 
ME 
ML

Non Significant 
Significant at p = 
Non Significant 
Significant at p =

0.05

0.01
In all groups, SH heifers tended to have a greater depth of fat over the 

ribeye. In the HL group this difference was significant at the 5% fezel, but in 

the ML group, the difference was significant at the 1% level of probability.
(vii) Area of the longissimus dorsi muscle at the 12th rib

Range

Table 31

HE 61.5 - 83 65.5 - 76.5
HL 71 - 76.5 71.5 - 88.0
ME 61.5 - 68 64 » 89
ML 71.5 - 78.5 70 - 94.5
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SH GH

Table 31 (conti)

HE 71.0 70.4
. HLAverage 74.8

64.9
80.4
80.5

ML 74.1 80.9
HE Non Significant
HLSignificance Significant at p = 0.01
ME Significant at p = 0.01
ML Non Significant

There was a general tendency, except in HE animals for the GH cross to have 

a greater area oi eye muscle. Only in HL and ME animals was this apparently a 

significant difference.

(viii) Dry matter percentage of the ribeye (longissimus dorsi) muscle at the 
Ijth rib section

Table 32

HE 28.80 - 47.69 26.58 - 29.74
n HLRange 28.30 - 30.35 27.24 - 28.24s ME 28.18 - 29.45 26.20 - 28.70

ML 27.79 - 28.78 26.69 - 28.30
HE 35.09 27.77

Average 29.49
28.90

27.73
27.34

ML 28.34 27.49

HE Non Significant
HTSignificance Significant at p = 0.01
ME Non significant
ML Non significant

Al SH cross heifer groups had a higher average dry matter content of their 

ribeye muscles than did CH cross heifers.

Only in the HL group was this difference significant (P = 0.01).

(ix) Dry.,matter % of the subcutaneous fat over the 11-12 ribs

Table 33

Range
HE 
HL 
ME 
ML

90.55 - 95.43
92.80 - 96.34
93.51 - 96.41
93.23 - 94.20

90.02 -
86.77 -
90.80 -
86.07 -

93.74
93.31
94.62
92.99

Average
HE
HL
ME
ML

93.51
94.32
95.47
93.57

91.42
91.12
92.70
89.81
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Table 33 (contd)

SH CH

HE Non Significant
Significance JJon Significant

ME Non Significant
ML Significant at p = 0.05

The D.M. of the subcutaneous fat tended to be lower in the SH crosses, 

but only in one case, the ML group was the difference significant.

(x) Ether extract of the longissimus dorsi at rib 13

Table 34

HE 3.72 - 5.85 0.85 - 4.02
Range 3.28 - 5.94 2.24 - 3.11

ë ME 4.41 - 4.95 0.36 - 2.89
ML 4.19 - 4.71 0.66 - 3.76

HE 4.29 1.71
Average HL 4.64 2.70

ME 4.74 1.76
ML 4.89 2.31
HE Significant at p = 0.05

Significance HL Significant at p = 0.05
ME Significant at p = 0.01
ML Significant at p = 0.05

In all groups the percentage ether extract in the ribeye of CH heifers was 

significantly lower than in SH heifers. In the ME group the difference was highly 

significant.

(xi) % Ether extract of subcutansus fat at ribs 11-12

Table 35

Range
HE 
HL 
ME 
ML

90.15 - 93.80
89.97 - 93.75
90.77 - 95.65
91.63 - 92.u

87.93 -
81.05 -
86.08 -
81.95 -

91.38
91.50
90.66
90.07

Average
HE 
HL 
ME 
ML

92.09
91.68
93.29
92.01

89.33
86.98
88.54
87.31

Significance
HE 
HL 
ME 
ML

Significant at p = 
Non Significant 
Significant at p = 
Non Significant

0.05

0.05
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Although the average ether extract figure for SH subcutaneous fat was 

higher than for CH fat in all groups, only in the early (850 lbs.) slaughtered 

groups was this difference significant.

(g) Taste Tests (See Appendix IX )

A. Between Breeds

(i) Tenderness

Table 36
Overall

SH CH
Kange 1.7 - 1.0 - 4.6
Average 2.9 3,5
Significance Non significant

The average tenderness score for CH cattle was higher than that for SH 

cattle. However, there was such a variation between animals and between members 

of the panel, that the difference was not significant.

Table 37

(ii) Juiciness

SH CH

Range 1.5 - 4» 2 1.5 - 3.9
Average 3.0 3.1
Significance Non significant.

One can deduce from the above table that little difference was observed in 

the average juiciness of the steaks from each cross.

(iii) Flavour Strength
Table 38

SH CH
Range 1.8 - 4.0 2.0 - 3.8
Average 2.7 2.8
Significance Non significant.

Again, little difference was found in strengthcf flavour
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B. Between breeds within sub-groups

i) Tenderness

Table 39

SH CH

HE 2.0 - 3.7 3.2 - 3.9
Range HL

ME
1.7 - 3.3
3.2 - 4.3

2.8 -
2.2 -

4.6
4.3

ML 2.3 - 3.0 1.0 - 4.4
HE 3.7 3.6

Average HL
ME

2.7
3.7

3.7
3.6

ML 2.6 3.0
HE Non significant

Significances HL Non significant
ME Non significant
ML Non significant

No significant differences were found, although the average tenderness

steaks tended to be more tenderscore of CH steaks was higher and therefore these

The scoring variation was again verjir high.

(ii)i Juiciness
Table 40

HE 2.8 - 3.3 2.8 - 3.0
Range HL

ME
1.5 -
2.7 -

3.5
4.0

2.8 -
3.2 -

3.8
3.9

ML 2.3 - 4.2 1.5 - 3.7
HE 3.1 2.9

Average HL
ME

2.7
3.1

3.4
3.6

ML 3.0 2.4
HE Non sigificant

Significance HL Non significant
ME Non significant
ML Non significant

No deletable differences in juiciness counts were significant.

(iii) Strength of flavour

Table 41 /
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(iii) Strength of flavour

Table 41

SH CH

HE 1.8 - 3.3 2.3 - 2.8
Range HL

ME
2.5 - 2.8
2.5 - 3.5

2.7 - 3.8
2.8 - 3.7

ML 2.5 - 4.0 2.0 - 2.8

HE 2.3 2,6
Average HL

ME
2.6
2.9

3.1
3.3

ML 3.1 2.4

HE Non significant
Significance HL Non significant

ME Non significant
ML Non significant

The wide variation in sitting averages, shown in the table above, led to 

appreciable differences in average flavour counts, none of "which were significant
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DISCUSSION

(i) Weights on arrival

Since calves were collected, and. brought to the School of Agriculture’s 

Langhill -harm within 1-6 days of arrival, it is certain that the weights on arri

val bear a relationship to birth weight. That this relationship is constant for 

all the calves is questionable, however. For comparative purposes it is assumed 

here that weights on arrival are equivalent to birth weights.

The average weights on arrival in this trial were 79 lbs. for Shorthorn 

x Ayrshire (SH) and 92 lbs. for Charoláis x Ayrshire (CH) heifer calves. Thus, 

when crossed with an Ayrshire cow, the Charoláis bull has, in this trial, produced 

calves which were on average 13 lbs. heavier than similar Beef Shorthorn crosses. 

Smith (19°5) has noted that the gestation period of Charoláis cross calves was on 

average 3 days longer than Hereford crosses and. about 4 days longer than pure-bred 

Ayrshire» This may account for some of the increase in birth weight.

For pure-bred Ayrshires, Smith (1965) quotes an average birth weight 

of 74.90 lbs. (this includes both sexes of calf). Thus both Shorthorn and 

Charoláis bulls have improved the birthweight of calves out of Ayrshire cows. 

Turton (1964) quoting figures from a paper by Auriol et al. (1961) states that 

in one survey pure-bred Charoláis heifer calves weighed between 93.9 and 95.6 lbs. 

at birth.

In the Report by Jobst (1964), 251 Charoláis x Ayrshire, heifer calves 

averaged 92.1 lbs. at birth. No Shorthorn x Ayrshire birth weights are recorded, 

but Jobst also found that 36 Hereford x Ayrshire calves averaged 82 lbs. at birth, 

(ii) Liveweight gains (lbs, per day) 

(a) From ar ival to going to grass

The average liveweight gain of Charoláis x Ayrshire calves from arrival to 

going to grass on 29.4.64 at approximately six months of age was 1.57 lbs. per day. 

This gives the Charoláis cross an average advantage of 0.11 lbs. liveweight gain 

per day over the equivalent Shorthorn cross during this period. At the end of 
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this first period, the average weights were A-09 lbs. for the SH group and 431 lbs. 

for the CH group (See Appendix II). Thus the birth weight advantage of the CH 

calves was more than maintained despite difficulties previously mentioned in the 

feeding of the CH group. There are few reports in the literature on the growth 

rate of comparable breeds and crosses up to 6 months of age. Turton (1964) 

quotes results of between 2.J6 and 2.29 lbs. liveweight gain per day for pure 

Charolais heifer calves between birth and six months of age. 

(b) Whilst on grass

In this trial, a non-signifleant difference of 0.06 lbs. liveweight in

crease per day was obtained in favour of the CH crosses. On going to grass, some 

scouring was present in both crosses and mainly as a result of this there was a 

loss in liveweight on going to grass, which was only re-attained after approximat

ely 4~6 weeks. Liveweight gains over the whole summer at grass were consequently 

disappointing in that neither cross attained the target figure of 1.5 lbs. live- 

weight increase per day which had been set for this period.

(c) From arrival to off grass

Partly because of the disappointing results at grass, the average live- 

weight gains of both the Charolais (Cli) and the Shorthorn (SH) crosses, from 

arrival until the end of the summer at grass, sufferred. An average difference

of 0.07 lbs. liveweight gain per day in favour of the CH crosses was, however, 

maintained. On rehousing after grass, the average age of all the animals was 

approximately one year. It is interesting to note the relative weights for age 

of steers of 4 British breeds and the Charolais, taken from a table by Mason 

(1961) shown by Turton (1964).

Wt. for age in lbs. - British Breeds and the Charolais

breed Age 9-12 mths liveweight gain

Hereford 2.69
Shorthorn 2.46
Aberdeen-Angus 2.33
Friesian 2.69
Charolais 3.4
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In comparison the liveweight gains of our animals to a similar age are 

very poor, being 1.44 lbs./day for SH crosses and 1.51 lbs./day for CH crosses, 

(iii) Fattening Trial

(a) Liveweight gain during fattening

During the fattening trial, the two breeds were reared in separate houses 

with the high and medium plane of nutrition groups in adjacent pens. This was 

continued until slaughter of all the animals. It is therefore necessary to com

pare each of the two crosses within the groups designated below:-

HE - High plane, killed early (850 lbs.)
HL - High plane, killed late (950 lbs.)
ME - Medium plane, killed early (850 lbs.)
ML - Medium plane, killed late (950 lbs.)

The highest liveweight gains during the fattening period were attained by 

the Shorthorn crosses in the HL group. At 1.82 lbs. L.ff.I. per day, this group 

were followed by the SH - HE group etc. as shown below;-

Liveweight gains during fattening in order of rate of gain

1. SH - HL 1.82
2. SH - HE 1.76
3. CH - HL 1.61
4. SH - ME 1.60
5. CH - ML 1.59
6. SH - ML 1.56
7. CH - ME 1.44
8. CH - HE 1.22

(b) Between Breeds

It is apparent from the above table that SH crosses on average gained faster 

than did Charoláis crosses. In fact SH crosses averaged 1.68 lbs. per day com

pared with the CH average of I.46.

The reason for the decline in gaining ability of the Charoláis cross is 

not immediately obvious. One reason may have been that the ration fed, being 

essentially one high in energy and only adequate in protein content, may have 

imposed a growth or protein storage restriction on the CH crosses, whilst still 

allowing the SH cross to gain weight since the liveweight gain of the SH cross 

at this period consisted mainly of a laying down of energy reserves in the form 
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of fat. This hypothesis is given some support by the figures on carcase analysis 

presented later.

(c) Between breeds within planes of nutrition

SH crosses in the high plane of nutrition group had a higher liveweight 

gain of 0.J8 lbs. per day in comparison with the GH group.

In the medium plane of nutrition group, there was little difference between 

the crosses, the Shorthorn crosses having a greater average by 0.07 lbs. per day. 

No explanation can be advanced for the ultra-poor performance of CH crosses in the 

HE group. No incidence of disease or upset was recorded with these animals, 

(d) Within breeds between planes of nutrition

In the SH crosses, the feeding of a high plane of nutrition resulted in 

the average liveweight gain bein$ boosted by 0.21 lbs. per day on average. CH 

crosses on the high plane on average put on 0.09 lbs. less per day than their 

counterparts on the medium plane. A possible restriction in protein intake may 

again have been responsible.

(e) Food Conversion Efficiency

The high plane of nutrition group in both crosses was noticeably less 

efficient in converting Starch Equivalent supplied in the feed into liveweight 

gain. The differences between the groups within breeds were as follows

SH 1.84 lbs. SE/lb. gain
CH 2.66 lbs. SE/lb. gain

It would be logical, as has already been stated, to propose that some 

limiting factor had prevented full utilisation of the feed supplied. It has 

already been postulated that some evidence has arisen which points to the fact 

that available protein was the limiting factor. However, in calculating the 

rations used in practice, the protein requirement was based on the recommendations 

of Evans (i960) and also those of Watson and More (1956) who recommend that for 

cattle weighing over JOO lbs. ”a daily allowance of 1.1 lbs. D.C.P. is sufficient 

for maintenance plus growth or fattening at any rate of growth likely to be met 

in practice"
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Within groups between breeds "there were no significant differences in food 

conversion, although there was a tendency for the SH cross to be more efficient.

Smith (1964) and Smith and Boyd (1964) quote results of starch equivalent 

conversion recordings. The average conversion quoted by Smith and Boyd (1964) 

for Charoláis cross heifers was J.82 and for British crossbreds was 4.30. This 

tendency for the Charoláis crossbred to be more efficient was not. borne out in 

this trial.

(f) In both crosses, there were highly significant relationships between food 

conversion, efficiency and liveweight gain. Strong negative correlations between 

these two indices show that, in this trial, the greater the liveweight gain, the 

lower was the food conversion ratio. England (1961) found a correlation r = 

0.345 between daily feed consumption and liveweight gain in beef cattle when 

carrying out investigations on the genetic influence on appetite.

(iv) Linear G-rowth

(a) On going out to grass

There were only very slight differences between the crosses on going out 

to grass, none of which were significant.

(b) On rehousing after grass

On rehousing after a summer at grass there were again no sigiificant 

differences between the two crosses. Charoláis crosses did show a very slight 

tendency to be taller and longer, but Shorthorn crosses appeared to be slightly 

wider at the hooks.

(c) At slaughter

No differences between the crosses were significant at this stage either. 

CH group animals still showed a tendency to be longer in skeleton but SH crosses 

appeared to be troader built.

Only very slight but consistent differences were observed between the breeds 

within each treatment. Thus, one must conclude that in this trial, no real 

differences in linear measurements were apparent, but that in a trial involving a 
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large number of animals it may be that significant differences between the two 

crosses with regard to skeletal length and width could be brought out because of 

the consistency, however small, of the differences between these measurements. 

To the eye of the herdsmen, it certainly appeared that the CH crosses were both 

longer and taller than their SH counterparts.

(v) Other results at slaughter

(a) Overall liveweight gain

Over the whole period of the trial, Charoláis crosses, showed a greater 

liveweight gain than the Shorthorn crosses, the average increment being 0.06 lbs. 

liveweight increase per day per animal. This difference was non-significant.

Temple and Miller (1961), Bogner (1962), Calaja (1965) and a note in the 

’’Farmer's Weekly" July (1964) all report higher liveweight gains from Charoláis 

crosses than from other crosses used in their trials.

In the report of a small trial the "Farmer’s Weekly" (1964) provide the 

following results

Liveweight gain (ibs./day)

Charoláis cross 1.8
Hereford cross 1.7
Beef Shorthorn cross 1.6

There was no real difference between liveweight gains on the different 

planes of nutrition within a particular cross. This again emphasises the limiting 

factor preventing expression of the energy potential of the feed.

(b) Days to slaughter

The statistical analysis of the results showed that there was no real 

difference in days to slaughter except in the case of the ML group. SH crosses in 

this group, on average took 70 more days to reach slaughter weight than did CH 

crosses.

No great emphasis should be attached to thisresult as it is felt that 

Shorthorn crosses were "artificially"carried on to a heavy weight of 950 lbs., 
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which, for heifers is a very mature weight indeed. In normal farming pzactice, 

the SH animals in this group would have been slaughtered at a lighter weight at an 

earlier age when they had reached a satisfactory state of "finish".

(c) Relation between Birth Weight and Final Weight

In the SH crosses, there was a positive correlation of 0.3277 between 

birth weight and final overall liveweight gain. This coaelation was non significant 

as was a similar correlation of +0.49 for CH crosses.

(vi) Carcase Data

(a) Killing out percentages

In view of the fact that there were appreciable differences in the fat % 

in the 3 rib sample joint and the fact that SH crosses had, in general, a greater 

fat cover, it is surprising that the results indicate little difference in killing 

out percentages. One would have expected the physiologically more mature SH 

crosses would have had higher killing out percentages.

In a fairly exhaustive series of trials, Damon et al. (1959a, 1959b, I960 

and 1961) found that although Charolais cross steer calves were deficient in fat 

and lacked finish (which is a function of fat distribution), they ranked second in 

killing out percentages to Brahman cross steers, in a comparison involving in 

addition, Aberdeen-Angus, Hereford, Shorthorn and Brangus cross steers. .Similar 

results are reported by Dumont (1961) in his study of composition of Charolais 

cattle.

(b) % Fat in the 11-12-13 rib sample joint

Shorthorn x Ayrshire heifers within their feeding and killing sub-groups, 

all had a significantly greater fat % than Charolais x Ayrshire heifers.

Smith (1964) reports the following

Lean^ Fat % Bone %

Charolais crosses 59.3 21.6 14.6
Hereford crosses 52.3 29.5 13.8

Smith and Boyd (1964) and the Milk Marketing Board (1964) have produced 

similar results.
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(°) % Lean in the 11-12-13 rib sample joint

In part compensation for their lack of fat, GH crosses had a higher % lean 

in the carcase. Again, this is in accord with the results of Smith and Boyd (1964) 

and the Milk Marketing Board (1964). Bogner (1962) found greater muscling in 

Charoláis bulls compared with Lerman bulls.

(1) Bone in the 11-12-13 rib sample joint

fable 28 in the results section shows clearly that CH crosses had a 

significantly greater %• bone than SH crosses. This again agrees with the figures 

and authors quoted in (b) above and also agrees with the general findings of Turton 

(1964) and of Damon et al. (i960 and 1961).

Gahall (1962) also compared Charoláis purés and crosses with Hereford purés 

and crosses and found that Hereford types carcases contained less bone than 

Charoláis carcases.

Hidiroglou (1963) found that the Charoláis bull, in comparison with the 

Shorthorn, Angus or Hereford bulls mated to Shorthorn cows, tended to increase the 

weight of bone in the carcases of its progeny compared with similar carcases from 

the progeny of the other bulls.

(e) Marbling score of longissimus dorsi at 12th rib

In accord with the findings of a lower total fat % in Charoláis crosses, 

the marbling count in the ribeye showed a marked reduction in numbers of visible 

marbling deposits in Charoláis crosses. As will be shown later, marbling tends 

to have an effect on sensory panel scores - particularly for juiciness and tender

ness.

(f) Fat depth over the longissimus dorsi

This measurement of depth of fat cover, which is closely related to finish, 

showed that CH crosses had a much reduced depth of fat in comparison with SH 

crosses.

These results agree closely with the results of work reported by Smith 

(1964), Smith and Boyd (1964), Damon (1959a, 1959b, I960 and 1961) and Cahill 

(1962).
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(g) The area of' the eye-muscle at the 12th rib

In agreement with the results previously shown - that CH crosses had. a great

er lean % - CH crosses tended to have a larger area of eye muscle.

(h) Dry matter content of eye-muscle and subcutaneous fat

In general CH cross meat and fat had a lower Dry Matter content than SH 

meat or fat. In only two cases, however, were the results quoted in tables 32 

and 33 significant.

For muscle, Vissoe (1%2) found the average moisture content % to be 73.04 

for Charoláis crosses and Cahill (1962) found Charoláis beef to have a higher water 

content than Hereford beef - 73.62^ compared with 71.39*2.

(i) Ether extract of muscle and fat

Charoláis crosses, having been shown to be deficient in fat cover percent

age and marbling score of the eyemuscle compared with Shorthorn crosses, would also 

be expected to have a lower extractable ether extract content in both the fat and 

muscle. In fact this was so. In only two cases were the results non-significant. 

(vii) Taste Tests

One can conclude from the section on results that sensory panels were unable 

to distinguish any significant differences between meat from Charoláis and Shorthorn 

cross Ayrshire heifers, if in fact, there were real differences to distinguish.

There appeared, however, to be a slight indication that Charoláis x Ayr

shire steaks were more tender than Shorthorn x Ayrshire steaks.

The inconsistency of panel scores makes this a questionable assumption.

Cahill (1962) reports no discernable differences in sensory panel tests 

between Charoláis and Herefords, pure and crossed.

The Milk Marketing Board Report (1963-64) quotes reportsd? taste panel 

criticism for "tastelessness" in Charoláis cross beef. They consider that feeding 

has more effect on taste than has breeding.

Contrary to the results in this trial Smith (1964) reports that Charoláis 

x Friesian steaks were less tender and less juicy than Hereford x Friesian steaks.
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Similarly Devon x Ayrshires had. moi-e flavour and were more tender than Charoláis

x Ayrshire crosses.
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CONCLUSIONS

In the trial reported here, some evidence has been produced that Charoláis 

bulls, compared with Beef Shorthorn bulls, when mated to Ayrshire cows, tend to 

give calves with higher birth weights and higher overall growth rates. This 

evidence, if confirmed would appear to be sufficient on its own to justify the 

inclusion of the Charoláis breed in our National beef breeding herds, for present 

improvement by crossing and for possible long-term improvement using the Charoláis 

gene pool in breed up-grading.

In Great Britain at the moment farmers tend to use for beef production 

either the fast growing fast maturing beef type animals or the fast growing slow 

maturing dairy type animals. The Charoláis tends to fit in the same overall pict

ure as a fast growing, slow maturing beef type of animal. Maturity, in the sense 

used in the previous sentences being defined as the age or weight of an animal at 

which the relative growth of fat deposition in the carcase is at a maximum.

Beef types of cattle tend to have a higher final weight at absolute matur

ity than do dairy types. It is known that the absolute mature weight of Charoláis 

animals is higher than either our typical beef or dairy breeds. Thus the Charoláis 

is an animal which grows fast in terms of liveweight gain, matures late in the sense 

of fat deposition, and yet reaches a final weight at absolute maturity, which tends 

to be higher than any of our existing breeds.

Evidence pointing to higher liveweight gains, lower fat deposition in the 

carcase and higher weight at final maturity is presented in this paper either as 

results of the trial carried out at the Edinburgh School of Agriculture or from 

reports of other studies.

Charoláis crosses also tend to have heavier bone structures and to carry- 

more lean meat in association with this increased bone.

The demand from the butcher as well as the housewife for more lean meat, 

seems to have been met to a certain degree in Charoláis cross carcasses. Certain-

ly the wholesale meat company which purchased the carcases of both the crosses 
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reared in this trial were very pleased with the quantity and quality of lean on 

most of the Charoláis cross carcasses.

Attempts were also made to define steaks from both the Charoláis and 

Shorthorn cross Ayrshire carcases in terms of qualitative measures. Assessment of 

taste panel scores indicated that there were no outstanding differences between 

the steaks from each cross in terms of tenderness, juiciness, flavour and palatab- 

ility.

Although a number of criticismScan be levelled at the experimental organ

isation of the trial reported here - particularly with regard to the unsolved 

question of protein requirements for Charoláis crosses, the ’artifically’ high 

weight at slaughter of some of the Shorthorn crosses and of the limited statistical 

analysis - it has been possible to show that some highly probable differences do 

exist and that some obvious trends are worthy of further investigation.

It would, however, seem possible to conclude from the results of this trial 

that Charoláis cross Ayrshire animals for beef production from the dairy herd do 

provide the farmer with an alternative to the traditional type of crosses which not 

only grows well but provides the butcher and the housewife with a type of meat which 

meets a highlevel of demand.
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APPENDIX I

Weights on Arrival (lbs.)

Average 79

Shorthorn x Ayrshire Charoláis x Ayrshire

A107 70 A106 105
All 6 86 A117 84
A95 114 A109 98
A93 102 A108 93
A112 92 A88 81
A89 72 M67 100
A86 68 A96 103
A84 74 A92 98
A94 104 A91 74
A81 63 All 8 81
A85 70 A105 76
AllO 73 A104 94
A98 68 A83 78
Al 02 64 Alli 100
A90 70 Al 03 94
M73 75 A87 107

MUO
92
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APPENDIX II

Liveweight - Charoláis x Heifers

No.
Weight 

on
Arrival 
(lbs)

1

To grass 
(29/4/65)
Age Wt. 
(days) (lbs) 

2

LWG 
(lbs/ 
day 
from

i’rom grass 
(29/10/65)
Age Wt. 
(days) (lbs) 

3

LWG 
(lbs/ 
day 

from

Diff. 
Age 
(days)

Diff. 
Wt.
(lbs)

3-2

LWG 
(lbs7 
day 
on 
grass

rt.
iff.

lbs)
2-1

Wt.
Diff.

(lbs)
3-1

arri
val

arriv
al

A106 105 216 476 1.72 400 744 1.60 184 268 1.46 371 639

A117 84 171 320 1.38 355 564 1.35 184 244 1133 236 480

Al 09 98 198 452 1.79 382 696 1.56 184 244 1.33 354 598

A108 93 197 384 1.48 381 658 1.46 184 264 1.43 291 555

A88 81 241 504 1.75 425 760 1.60 184 256 1.39 423 679

M67 100 231 544 1.92 415 816 1.73 I84 272 1.48 W+ 716

A96 103 227 452 1.54 411 728 1.52 184 276 4.50 349 625

A92 98 233 432 1.43 417 672 1.38 184 240 1.30 334 574

A91 74 236 336 1.11 420 600 1.25 184 264 1.43 262 526

A118 81 175 314 1.33 359 560 1.33 184 246 1.34 233 479

A105 76 212 448 1.75 396 672 1.50 184 224 1.22 372 596

A104 94 212 408 1.48 396 680 1.48 184 272 1.48 314 586

A83 78 245 476 1.63 429 740 1.54 184 264 1.43 393 662

Alli 100 191 404 1.59 375 744 1.72 184 340 1.85 304 644

A103 94 217 432 1.56 401 716 1.55 184 284 1.54 338 622

A87 107 242 510 1.66 426 772 1.56 184 262 1.42 403 665

Av. 92 215.3 431 1.57 695 1.51 1.4’
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Liveweight - Shorthorn x Heifers

Weight 
on

Arrival

To grass 
(28/4/65)

LWG

From grass 
(29/10/65)

LWG

Diff.
Age 
(days)

Diff. LWG vt. 
ctifr. 
(its)

Wt.
Diff 
(lbs)

Wt.
(lbs)

(lb/ 
day)

No. (lbs)

1

Age 
(days)

Wt. 
(lbs) 

2

(lbs/ 
day) 
from 
arri
val

Age Wt.
(days) (lbs) 

3

(lbs/ 
day) 
from 
arri
val

3-2

on 
glass

2-1 3-1

Al 07 70 207 380 1.50 391 672 1.54 184 292 1.59 310 602

A116 86 181 328 1.34 365 624 1.51 184 296 1.65 242 538

A95 114 228 504 1.71 412 648 1.30 I84 144 0.78 390 534

A93 102 231 404 1.31 415 672 1.37 184 268 1.46 302 570
All 2 92 201 332 1.19 385 572 1.57 184 240 1.30 240 480
A89 72 237 388 1.33 421 652 1.38 184 264 1.44 316 580
A86 68 241 420 1.46 425 66 0 1.39 184 240 1.30 352 592
A84 74 244 456 1.57 428 760 1.60 184 304 1.65 382 686

A94 104 228 452 1.53 412 740 1.54 I84 288 1.57 348 636

A81 63 261 428 1.40 445 616 1.24 184 188 1.02 365 553
A85 70 239 444 1.56 423 700 1.49 184 256 1.39 374 630

AllO 73 199 308 1.18 383 560 1.27 184 252 1.37 235 487
A98 68 224 388 1.43 408 632 1.38 184 244 1.33 320 564

A102 64 216 420 1.65 400 632 1.42 184 212 1.15 356 568

A90 70 243 410 1.40 427 672 1.41 184 262 1.42 340 602

M73

Av.

75

79

224 476

409

1.79

1.46

408 756

661

1.67

1.44

184 280 1.52

1.37

401 681
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APPENDIX III

Fattening Trial - Shorthorn x Heifers

Plane Kill- At Start At Sdau^iter Diff. Diff. DWG S.E. F.C.
of ing Age Wt. Age Wt. Age Wt. durirg Cons’ (S.E./

Nutr- Wt. No. (d^s) (lbs) (days) (lbs) 'days) (lbs) fatte d. lb.
ition Aim ning (lbs.) gain)

(lbs)

A112 411 596 600 837 189 241 1.28 2308.8 9.56
850 A89 447 654 538 856 91 202 2.22 1045.9 8.21

A86 451 672 556 840 105 168 1.60 1299.5 7.74
All 6 391 620 510 850 119 230 1.93 1363.5 5.93

H Av. I.76 7.86

A107 417 704 606 931 189 227 1.20 2297.8 10.13
A84 454 768 537 940 83 172 2.07 975.7 5.67

950 A95 438 872 515 1049 77 177 2.30 898.9 5.08
' A93 441 62j8 617 946 176 298 I.69 2240.3 7.52

Av. 1.82 7.10
A94 438 756 515 856 77 100 1.30 660.2 6.60
A81 471 660 583 850 112 190 1.70 954.2 5.02

850 A85 449 704 532 852 83 148 1.78 730.0 4.93
AllO 409 548 598 851 189 303 1.60 1653.6 5.46

M Av. 1.60 5.50
A98 434 644 610 941 176 297 1.69 1583.3 5.33
A102 426 628 644 924 218 296 1.36 1917.8 6.48

950 A90 453 680 671 962 218 282 1.29 1917.8 6.80
M73 434 760 539 958 105 198 1.89 892.3 4.51

Overall
Av. 1.56 5.78
Av. 1.68 6.56
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Fattening Trial - Charoláis Heifers

Plane 
of

Nùtr- 
ition

Kill-
At Start

At
Slaughter Diff.

Age 
(days)

Diff. LWC
S.E.
Cons’ 
a.

(lbs)

F.C.
(S.E. 
lb.

gain)

ing 
Wt. 
Aim 
(lbs

No.
Age 
(days

Wt.
Xlbs)

Age 
(days

Wt.
>) (lbs)

Wt. 
fibs)

During 
Fatte
ning

A106 426 784 517 896 91 112 1.23 1078.6 9.64
850 A117 381 644 543 870 162 226 1.40 1842.2 8.15

A109 408 736 513 840 105 104 0.99 1235.4 11.88
A108 407 708 526 859 119 151 1.27 1381.5 9.15

H Av. 1.22 . 9.71
A88 451 816 563 980 112 164 1.46 1309.2 7.98
M67 441 892 518 1036 77 144 1.87 923.9 6.42

950 A9Ó 437 784 520 940 83 156 1.88 1000.8 6.42
A92 443 728 605 926 162 198 1.22 1848.7 9.34

Av. 1.61 7.54
A91 446 616 635 854 189 238 1.26 1649.6 6.93
A118 385 598 603 796 218 198 0.91 1912.9 9» 66

850 A105 422 700 505 855 83 155 1.87 710.3 4.58
A104 422 716 499 848 77 132 1.71 643.3 4.95

M Av. 1.44 6.53
A8J 455 772 574 942 119 I70 1.43 936.2 5.80
Alli 401 772 506 946 105 174 1.66 873.1 5.02

950 A103 427 75Q 1 546
939 119 189 1.59 986.2 5.22

A87 452 804 557 978 105 174 1.66 873.1 5.02

Av. 1.59 5.27

Overall Av. 1.46 7.26
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APPENDIX IV

Week No. of 
Animal

Weekly Food. Intake - Shorthorn x Heifers - High

Total 
Indiv
idual 
(lbs.)

Weekly- 
Totals 
Silage 
(lbs.)

Sub 
Totals 
(lbs.)

Total 
Indiv
idual 
(lbs.)

Weekly 
Totals 
Barley 
(lbs.)

Sub
Totals 
(lbs.)

1 1360 410
2 1710 672

3 1805 672

4 I960 672

5 1734 672
6 1135 672

7 1520 609
8 1725 672

9 I960 672

10 1872 672

11 1640 672

12 A95 1810 20233 2529 672 7739 967

13 A84 1515 1515 2745 576 576 1049
14 A89 1322 1322 2965 492 492 1131
15 1225 420
16 A86 1109 2334 3432 408 828 1297

17 945 336
18 All 6 871 1816 3886 312 648 1459

19 875 300
20 1225 420
21 113 420
22 1176 420
23 992 420
24 1033 396

25 785 252
26 A93 490 7689 6449 168 2796 2391
27 A112

A107 ’ 315 315 6607 144 144 2463
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Weekly Food Intake - Shorthorn x Heifers - Medium

Week No. of 
Animal

Weekly 
Totals 
Silage 
(lbs.)

Sub 
Totals 
(lbs.)

Total
Indiv
idual 
(lbs.)

Weekly 
Totals 
Barley 
(lbs.)

Sub
Totals 
(lbs.)

Total 
Indiv
idual 
(lbs.)

1 1773 224
2 3140 224
3 3165 224
4 3640 224
5 2622 224
6 3060 224
7 3350 224
8 3017 224
9 3440 224

10 3341 224
11 3214 224
12 A 94 3579 37341 4668 224 2688 336

13 A85 3844 5217 192 192 363

14 2719 168

15 1470 168
16 M73 2691 6880 6364 164 500 ¿t46

17 A81 2360 2360 6836 132 132 472
18 1905 112
19 1820 128
20 1890 168

21 1890 168

22 1890 168

23 1890 168

24 1890 168

25 1890 168
26 A98 1890 16955 11075 140 1388 819
27 AW 1310 1310 11512 132 132 863

28 1000 84
29 940 84

30 799 84

31 A102,A90 667 3406 13215 60 312 1019
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Weekly Food Intake - Charoláis x Heifers - High

Weekly Total Weekly Total
Week No. of Totals Sub Indiv- Totals Sub Indiv-

Animal Silage Totals idual Barley Totals idual
(lbs.) (lbs.) (lbs.) (lbs.) (lbs.) (lbs.)

1 1380 520
2 1700 672
3 1755 672
4 1655 672

5 1755 672
6 1685 672
7 I960 672
8 1730 672
9 I960 672

10 1718 672

11 I960 672
12 M67 1829 21087 2636 672 7912 989
13 A96 1551 1551 2858 576 576 1071
14 A106 1383 1383 3089 492 492 1153
15 1225 420
16 A109 1092 2317 3552 408 828 1319
17 A88 855 855 3766 312 312 1397
18 A108 619 619 3972 234 234 1475
19 412 168

20 412 168

21 412 168
22 412 168

23 412 168

24 A117,A92 412 2472 5208 168 1008 1979

25
26
27
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Weekly Food Intake - Charolais x Heifers - Low

Week No. of
Animal

Weekly 
Totals 
Silage 
(lbs.)

Sub 
Totals 
(lbs.)

Total 
Indiv
idual 
(lbs.)

Weekly 
Totals 
Barley 
(lbs.)

Sub 
Totals 
(lb.s)

Total 
Indiv
idual 
(lbs.)

1 2173 224
2 2918 224
3 2796 224
4 3256 224
5 2555 224
6 2750 224
7 3270 224
8 2995 224
9 2250 224
10 3261 224
11 3680 224
12 A104 3667 36671 4584 224 2688 336

13 A105 2916 2916 5001 192 192 363
14 2855 168
15 1470 168
16 A87.A111 2571 6896 6150 160 496 446

17 1890 112
18 A103,A83 1464 3354 6989 96 208 498
19 1100 84
20 1050 84
21 792 84
22 959 84
23 848 84
24 867 84
25 1150 84
26 100 84
27 A91 1000 8766 11372 84 756 876
28 500 42
29 470 42
30 399 42
31 A118 333 1702 13074 30 156 1032
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appendix V.

Charoláis x Heifers S.E. Consumed

No. Silage 
(lbs.)

S.E.
(lbs.)

B arley 
(lbs.)

S.E.
(lbs.)

Total S.E
(lbs.)

A106 3089 284.3 1153 794.3 1078.6
A117 5208 479.2 1979 1363 1842.2
A109 3552 326.8 1319 908.6 1235.4
A108 3972 365.5 1475 1016 1381.5

A88 3766 346.5 1397 962.7 1309.2
M67 2636 242.5 989 681.4 923.9
A96 2858 262.9 1071 737.9 1000.8
A92 5208 485.7 1979 1363 1848.7

A91 II372 1046 876 603.6 1649.6
A118 13074 1202 1032 710.9 1912.9
A105 5001 460.2 363 250.1 710.3
A104 4584 421.8 336 231.5 653.3

A83 6989 643.1 498 343.1 986.2
Alli 6150 565.8 446 307.3 873.1
A103 6989 643.1 498 343.1 986.2
A87 6150 565.8 446 307.3 873.1
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Shorthorn x Heifers S.E. Consumed.

No. Silage 
(lbs.)

S.E.
(ib.s)

Barley 
(lbs)

S.E.
(lbs.)

Total S.E 
(lbs.)

A112 6607 607.8 2463 1696 2303.8

A89 2965 266.6 1131 779.3 1045.9
A86 3432 315.8 1297 983.7 1299.5
Allé 3886 357.5 1459 1006 1363.5

A107 6607 607.8 2463 1690 2297.8

A84 2745 253.1 1049 722.6 975.7

A95 2529 232.7 967 666.2 898.9

A93 6449 593.3 2391 1647 2240.3

A94 4668 429.4 336 230.8 660.2

A81 6836 629.0 472 32 5.2 954.2

A85 5217 479.9 363 250.1 730.0

AllO 11512 1059 863 594.6 1653.6

A98 11075 1019 819 564.3 1583.3

A102 13215 1216 1019 701.8 1917.8

A90 13215 1216 1019 701.8 1917.8

M73 6364 585 446 307.3 892,3

Average Analyses

D.M. S.E. DC.P.
Silage 20.13 9.2 1.80

Barley 84.0 68.9 8.40
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Appendix VI

G-rowth

Heifers

At SlaughterSH Before G-rass After G-rass

1 2 3 4 1 2 3 4 1 2 3 4

A112 92.0 48 29 105 110 64 39 I25.5 114.5 68 44 135
A89 93 50 32 106.5 106 66 42 128 112.5 69 44.5 135
A86 94 52 32 111 108 65 42 130 II5.5 69 45 140
Allé 91.5 47 28.5 101 109 65 41

Average

128.5 112

113.6

68 44

68.5 44.4

135

,136.3

Al 07 90.5 50 32 107.5 104 66 44 128 113 72 46 139
A 84 99 53 34 114.5 110 69 44.5 129 113 73 47.0 131.5
A95 99 55 34 117 113 72 48 145.5 118.5 75 47 145.5
A93 96 51 31 107 110 65 42

Average

129.5 116

115.1

72

73

46

46.5

137

138.3

A94 95.5 54 33.5 110.5 109 69 44.5 135 114 71 45.5 136

A81 95 52 34 109 106.5 66 46 126 111 72 45 130
A85 95 53 33.5 110.5 110.5 67 45.5 135.5 114.5 70 46.0 132.O
AllO 83.5 46 29.5 101 103 61 41.5

Average

121 107.5

111.8

69

70.5

46.0

45.6

131

132

A98 92.5 49 33 109 107 64 43 129 113 73 46 136

A102 92 51 33 104 104 65 42.5 122 no 71 45.5 139
A90 90 52 32 106 106 65 42.5 126.5 109 72 47.5 138

¥73 99 54 35 117 109 69 48

Average

136 114

115.5

74

72.5

49

47

135

137

Av. 93.5 51 32.5 108.5 108 66 43.5 I30 113 71 46 136

1. Withers height (eins«)
2. Fore girth (ins.)

3. Hooks width (cms.)
4. Total length (cms.)
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growth

Heifers
CH Before grass After Grass At Slaughter

1 2 3 4 1 2 3 4 1 2 3 4

A106 96.5 52 31 109 110 66 41.5 133 116.5 67 43.5 135
A117 90 26 95 108 63 37.5 127 116 70 43 131
A109 97.5 50 31 114 115 64 41 141 118 67 43.5 142.5
A108 89 49 30.5 104.5 106. 5 65 41 134 no 68 43.5 137

Average 115.1 68 43.4 136.4

A88 99 54 35 115 68 44 139 120.5 72 47. 5 147
M67 101.!2 56 34.5 120 115 70 44 145.6 121 72 46 145.5
A96 97 52 32 112 114 66 43 138 119 70 44.5 141
A92 91.5 50 32 111.5 109 64 42.5 132 114.5 69 45 137

Average 118.8 71 46 142.6

A91 92.5 46 29 105 108 64 40 129 113 68 44 139.5
A118 88 46 27 98 107 61 38.5 128.5 111 67 43 133.5
A105 96.5 50 31.5 107 113 66 41.5 128 117.5 67 43 136.5

Al 04 95.5 51 30.5 106 110 66 38.5 132 112 68 41.5 134

Average 113.4 68 42.9 136

A83 97 54 34.5 116 111 66 44.5 139 117 71 46.5 147
Alli 91 50 30 104.5 108 68 41 136 113 70 42.5 133
A103 97 53 32 114 116 67 42 131 118 71 45.5 139.5
A87 100 54 34 115 116 70 44 137.5 118 71 46.5 142

»

Average 117 71.■ 45-5 140.5
Av. 95 51 31.5 109 111 66 41.5 14.5 116 69 44.5 139

1. Withers height (®ms.) 3. Hooks width ( cms<■ )

2. Fore girth (ins.) 4. Total length (cms.)
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APPENDIX VII

Age, Liveweight and Liveweight G-ain to Slaughter

SH CH 
wi—nm

1 Age

(days)

DWG/ 
clay 
(lbs)

No. . । Birth 
Wt. 
(lbs)

L.Wt. Diff. Age

(days)

DWG/ 
day 
(lbs)

No. Birth 
Wt.
(lbs)

D.Wt. Diff.

(lbs) (lbs) (lbs) (lbs)

A112 92 837 745 601 1.24 A106 105 896 791 511 1.55
A89 72 856 784 538 1.46 Al 17 84 870 796 543 1.47
A86 68 840 772 556 1.39 A109 98 840 742 513 1.45
A116 86 850 764 510 1.50 A108 93 859 766 526 1.46
Av. 551 1.40 523 1.48

A107 70 931 861 606 1.42 A88 81 980 899 5'63 1.60
A84 74 940 866 538 1.61 M67 100 1036 936 518 1.81
A95 114 1049 935 515 1.82 A96 103 940 837 520 1.61
A93 102 946 844 617 1.37 A92 98 926 828 6057 1.37
Av. 569 1.56 552 1.60

A94 104 856 752 515 1.46 A91 74 854 780 635 1.23
A81 63 850 787 583 1.35 A118 81 796 715 603 1.19
A85 70 852 782 533 1.47 A105 76 855 779 505 1.54
AllO 73 851 778 598 1.30 Al 04 94 848 754 499 1.51
Av. 557 1.40 561 1.37
A98 68 941 873 610 1.43 A83 78 942 864 574 1.51
A102 64 924 860 1.34 Alli 100 946 846 506 1.67
A90 70 962 892 671 1.33 A103 94 939 845 546 1.55
M73 75 958 883 539 1.64 A87 107 978 871 557 1.56

616 1.44 546 1.57
Overall Av. 1.45 1.51
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APPENDIX VIII

Killing Out %

SH CH

No. No.

All 2 56.0 A106 5.40
A89 54.9 A117 57.5
A86 57.3 Al 09 55.4
A116 54.0 A108 56.3

Av. 55.6 Av. 55.8

A1O7 55.5 A88 57.0
A84 56.0 M67 57.6

A95 56.2 A96 54.0
A93 55.5 A92 58.0

Av.

I 1 C
O Av. , 56.7

A 94 56.7 A91 53.5
A81 55.5 A118 55.0
A85 57.0 A105 53.0
AllO 53.5 A104 56.6

Av. 55.7 Av. 54.4

A98 58.0 A83 55.8
A102 55.0 Alli 57.7
A9O 56.0 A103 54.2
M73 57.0 A87 54.6

av. 56.5
Ay. 5S G
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Carcase Results.
CH
No. 1 2 3 4 5 6 7 8 9 10
Â106 21.1 61.4 17.5 109 0.3 67 29.74 93.74 0.85 91.38
A117 27.9 56.1 16.0 234 0.9 65.5 27.64 90.69 4.02 88.78
A109 19.2 64.1 16.7 69 0.8 72.5 26.58 91.21 0.92 89.19
A108 25.8 57.7 16.5 115 0.9 76.5 27.ll 90.02 1.05 87.98
Av. 23.5 59.8 16.7 132 0.7 70.4 27.77 91.42 1.71 89.33
A88 22.7 60.0 17.3 162 1.1 79.5 27.78 91.18 2.77 87.28
M67 22.9 62.5 14.6 145 0.5 82.5 28.24 86.77 2.24 81.05
A96 23.2 60.2 16.6 99 1.3 71.5 27.66 93.31 2.66 88.09
A92 17.7 67.3 15.0 126 0.5 88 27.24 93.24 3.11 91.50
Av. 21.6 62.5 15.9 133 0.9 80.4 27.73 91.12 2.70 86.98
A91 21.2 62.6 16.2 70 0.2 85 28.70 93.35 2.89 89.86
A118 16.6 66.5 16.9 99 0.3 89 26.2 90.80 2.04 86.08
A105 19.2 61.9 18.9 76 1.3 64 26.51 94.62 1.74 90.66
Al 04 14-3 69.4 16.3 119 0.9 84 27.94 92.01 0.36 87.56
Av. 17.8 65.1 17.1 91 0.7 80.5 27.34 92.70 1.76 88.54
A83 27.7 56.7 15.6 167 1.3 70 28.30 90.18 3.76 89.00
Alli 18.1 67.2 14.7 74 1.0 94.5 26.69 86.07 0.66 81.95
A103 19.6 63.2 17.2 181 0.9 74 28.02 89.99 2.24 88.23
A87 19.5 63.5 17.0 185 1.3 85 26.96 92.99 2.58 90.07
Av. 21.2 62.7 16.1 152 1.1 80.9 27.49 89.81 2.31 87.31

1. % Fat in J rib cut.
2. % lean in 3 rib cut.
3. % Bone in 3 rib cut.
4. Marbling score
5. Fat depth over ribeye

6. Area of eye muscle
7. DM in ribeye
8. DM in subcutaneous fat
9. EE in ribeye

10. EE in subcutaneous fat
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Carcase Results

SH
No. 1 2 3 4 5 6 7 8 9 10

A112 32.9 52.0 15.1 283 0.5 62 31.21 95.43 5.85 93.80
A89 31.8 54.8 13.4 248 1.0 61.5 32.65 94.50 3.76 93.09
A86 27.0 59.6 13.4 241 1.4 77.5 47.69 93.55 3.85 91.32
A116 27.8 57.7 14.5 247 1.4 83 28.80 90.55 3.72 90.15
Av. 29.9 •56.0 14.1 255 1.1 71.0 35.09 93.51 4.29 92.09

A107 26.5 61.1 12.4 257 1.8 75 29.63 94.84 3.28 92.16
A84 26.6 58.5 14.9 282 1.3 76.5 28.80 93.31 4.57 90.83
A95 32.2 53.5 14.3 200 1.5 71 30.35 96.34 4.76 93.78
A93 31.9 54.8 13.3 269 2.2 76.5 29.19 92.80 5.94 89.97
Av. 29.3 57.0 13.7 252 1.7 74.8 29.49 94.32 4.64 91.68
A94 33.2 51.5 15.3 201 1.1 68 29.22 95.88 4.95 92.07
A81 35.0 52.8 12.2 281 1.3 61.5 28.18 93.51 4.81 90.77
A85 33.1 52.3 14.6 216 1.4 67.5 28.76 96.09 4.41 94.66
AllO' 27.8 60.1 12.1 115 1.2 62.5 29.45 96.41 4.77 95.65
Av. 32.3 54.2 13.6 203 1.3 64.9 28.90 95.47 4.74 93.29
A98 34.8 52.5 12.7 271 1.8 71.5 28.78 93.44 4.34 91.92
A102! 29.2 56.2 14.6 265 1.8 78.5 28.7 94.20 5.71 92.41
A90 35.0 51.8 13.2 279 2.5 73 28.1 93.40 5.31 91.63
M73 33.3 53.0 13.7 211 2.3 73« 27.79 93.23 4.19 92.08
Av. 33.1 53.4 13.55 257 210 74.1 28.34 93.57 4.89 92.01

1. % Fat in jLi-12-:L3 rib cut 6., Area of Longissimus dorsi
2. % Lean in 11-12--13 rib cut 7.. DM oi’ Longissimus dorsi muscle
3. % Bone in 11-12-13 rib cut 8.. DM oi’ subcutaneous fat
4. Marbling :score 9.. EE oi’ Longissimus dorsi\of 11-
5. Fat depth over :ribeye 10., EE oi? subcutaneous _ , <12-13 fat )
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Carcase Weight (lbs.)

Heifers

SH CH

A112 470 Al 06 484
A89 470 A117 500
A86 481 A109 466
A116 459 Al 08 484

A107 517 A88 559
A84 528 M67 597
A95 580 A96 510
A93 538 A92 535

A94 486 A91 457
A81 472 A118 440
A85 486 A105 461

AllO 456 A104 480

A98 548 A83 526

A102 513 Alli 547
A9O 548 AlOJ 509
M73 550 A87 534
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APPENDIX IX

Taste Test Scores

Shorthorn Charoláis

Tend. Juice Flavour Tend. Juice Flavour
A112 3.7 3.3 2.0 AIO6 3.8 2.8 2.6
A89 2.0 2.8 1.8 A107 3.2 3.0 2.3
A86 2.2 3.2 2.2 A109 3.4 3.0 2.8
Allò 2.7 3.2 3.3 A108 3.9 2.8 2.5

10.6 12.5 9.3 • 14.3 11.6 10.2
2.7 3.1 2.3 3.6 2.9 2.6

A107 1.7 1.5 2.5 A88 4.0 3.5 3.2
A84 3.0 3.3 2.5 M67 4.6 3.8 3.8

A95 3.3 2.6 2.6 A96 2.8 2.8 2.7
A93 2.7 3.5 2.8 A92 3.3 3.5 2.8

10.7 10.9 10.4 14.7 13.6 12.5
2.7 2.7 2.6 3.7 3.4 3.1

A94 4.3 2.9 2.9 A91 2.2 3.2 3.2
A81 3.2 2.8 2.7 A118 4.2 3.7 3.3
A85 4.0 4.0 3.5 A105 3.8 3.9 3.7
AllO 3.2 2.7 2.5 A104 4.3 3.7 2.8

14.7 12.4 11.6 14.5 14.5 13.0
3.7 3.1 2.9 3.6 3.6 3.3

A98 2.8 2.7 2.5 A83 3.5 3.7 2.2
A102 3.0 4.2 4.0 Alli 4.4 2.8 2.8
A90 2.3 2.3 3.0 A103 100 1.5 2.0
M73 2.4 2.8 2.8 A87 3.0 1.7 2.5

10.5 12.0 12.3 11.9 9.7 9.5
2.6 3.0 3.1 3.0 2.4 2.4

T 46.5 47.8 43.6 55.4 49.4 45.2
Overall

Av. 2.9 3.0 2.7 3.5 3.1 2.8
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