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Sumnary

Over recent years the t'self-help! feedblock system of giving
additional nutrients to ruminant animals has become increasingly
pépular. This has principally been due to the convenience and potential
labour saving attributes of this system of feeding. A series of claimed
nutritional advantages for 'self-help'! feedblocks have alsc been
proposed which are not possible with traditional ‘hand-feeding.; It has
been the objective of this thesis to evaluate the validity of these
claims and assess the sultability or otherwise ol feedblocks in ruminant
husbandry.

Two different philoscphies of feedblock use were reccgnised. The
original feedblock concept was essgntially a low intake product as a
sﬁpplement for poor quality roughages; +the majority of feedblock
available in the U.K. fall into this category. Recently, higher intake
feedblocks have been developed with formulations more similar to
conventional concentrates, these aim to substantially increase ME intake
directly via the block ingredients per se, as well as indirectly via
increased roughage utilisation. In this thesis they have been referred
to as substitute feedblocks. Considerable emphasis has been placed in
this thesis on the individuval intake of feedblocks and other .
supplementary foodstuffs using chromic oxide as a faecal marker,

In Section 1 a comparative assessment of individual variation in
feedblock intake relative to giving equivalent amounts of DM as
concentrates in troughs or cobs spread on the ground was conducted. In
virtually all circumstances individual variation in feedblock intake
was greater than for thand-feeding! for hoth sheep and cattle, which is
the converse of what is often claimed. The use of centinuously available
feedblocks did not appear to reduce the number of individuvals in & group
which completely réfused te consume fecdblocks. In older sheep, dental

status appeared to be a major contributory cause to the magnitude of



individual intake variaticn.

In Section 2 it was shown that feedblocks could not be relied
upon to pro{ide a consistent pattern of intake over various periods of
time. A wide variety of factors were identified which could potentially
contribute to the non-uniformity of total feedblock intake by a group of
animals. These could be éategorised as factors inherent in the blocks
per se, the stock consuming them and other envirormental factors, such
as climatic variables and managerial influences,

In Section 3, the relationship between feedblock consumption and
individual nutrient requirements was examined with respect to protein,
energy and magnesium. There was no evidence to suggest a relationship
between feedblock intake and physiological need as is sometimes claimed
to be the case. Multi-gravid ewes did not consume more feedblock than
either single or non-pregnant ewes in late pregnancy. Animals seemed
to consume leés feédblock when alternative more palatable foods were
available e,g. spring grass, and vice versa. This makes the use of
feedblocks as carriers of supplementary magnesium during the critical
post-turnout periods ineffective because of the very low and unreliable
level of intake.

In Section 4 the effect of the feedblocks and their ingredients
on the utilisation of roughages, was examined. There did not appear to
be any noticeable advantage of giving NPN frequently compared with once
daily during a 24~hr period as may occur with feedblocks, in terms of
increased volﬁntary straw intake and digestibility. In cther experiments
the increase in ME intake from improved roughage utilisation arising
through supplementation of roughages with feedblocks was generally small
and unlikely to create a plane of nutrition much in excess of the
maintenance needs of the anjmal. One of the major ingrediants of a
particular feedblock (EC feed, e residue of the distillery industry) has

been widely claimed to enhance roughage utilisation by considerable
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amounts. This was not found to be the case in this thesis and indead
may have had a negative efflec¢t on roughage utilisation.

It is conciuded that feedblocks have a useful role to play in
animal husbandry, particularly in exfensive hill systems of produsction.
However due to their high cost and low energy content relative to
alternative compound foodstuffs, their use can seldom be justified where
it is possible to give cheaper concentrates, unless considerable saving

of labour, results.



INTRODUCTION, BLOCKS AND BIOCK FEEDING

Over the lqst few years in the United Kingdom and over longer
periods in other parts of the wo:ld,_the provision of supplementary
nutrients on a, 'free-access,! basis, to usually ruminant animals has
gained in populariiy. The term 'freec-access,! together with terms such
asg, 'self-help,! ‘self~feed! and 'ad. libitum offer,' infer that the
supplement is continually available to the animals and could
theoretically be consumed during any part of a 2i~hour period. In
practice, constraints are applied to limit the intake potential for any
group or individual animal by chemical and/or physical means.,
Essentially, these 'free-access,' supplements fall into two general
categories, liquid and solid types. The solid type of supplement is
commonly referred to as a block. A block may be defined as a physically
solid entity designed to permit unrestricted access for usuwally, bul
not exclusively ruminant animals, with the object of providing one or
more supplementary constituents to the diet. In the empirical sense, a
block may supply only one such constituent, for example common salt.

Many of the basic principles concerned with block feeding are
equally applicable to the liquid supplements. Namely, their popularity
on a worldwide basis has been largely in response to practical
convenience for the farmer. In any extensive or semi-intensive animal
production situation, where labour is impossible or expensive any
technique which minimises the time spent feeding animals is possibly
worthwhile., This is particularly relevant if the labour resources
available can be diverted to other management areas. Notwithstanding
this, several other advantages have been proposed for the use of !free-
access, ' supplements which are intimately concerned with their
nuiritional valuve to the ruminant animal, rather than convenience to
the stockfeeder. The justification or otherwise of these claimed
advantages has been the objective of many of the experiments in this

thesis,
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CLASSIFICATION OF BLOCKS

Blocks can be formulated in many ways and be intended for use for
a variety of purpeses. To avoid confusion, the following terminology
has been adopted for this thesis. Basically blocks can be classified

as follows.

(1) Mineral blocks

The genesis of the block concept stemmed from the desire to
provide ruminants with supplementary minerals in a convenient form.
The first blocks used were simply aggregates of rock salt, similar to
the salt blocks currently available. Other mineral blocks are more
sophisticated in that they also supply vitamins, (usually A and D),
together with calcium, phosphorus, magnesium and sometimes sulphur.
Trace element fortification is also undertaken with emphasis being
placed on cobalt, copper, iron, manganese, zinc and sometimes selenium.
The major constituent of mineral blécks however; is common salt, which
operates to both attract the animals to the block and to regulate
intake. These blocks have no protein or energy value and are not

feedblocks in the true sense of the word.

(ii) Glucose blocks

These blocks contain predominantly glucose, plus vitamins and
minerals and are very palatable., They are principally concerned with
the specialised role of providing sheep flocks with energy as glucose
and to act as a possible prophylactic against pregnancy toxaemia. No
natural and non-protein nitrogen is included in the formulation of the
blocks, Strictly, they may be considered as feedblocks but in a very

gpecialised sense.,

(ii1) Feedblocks

A feedblock makes a material contribution to the diet in the form



of energy, protein or both, as well as supplying many of the
constituents of mineral blocks., Essentially, there are available two
different types of feedblock, representing different philosophies of the
role they aim to play in animal production. They are classified here as

'supplement,' and 'substitute,' feedblocks.

a) Supplement feedblocks

The term ‘supplement' infers something which forms only a minor
fraction of the‘total diet. According to the U.K. Fertiliser and
Feedingstuffs Act (1976) this should be 5% or less. The majority of
comnercially available feedblocks are designed to fit into the general
confines of the supplement category. The original feedblock concept
also directed its role to the low intake, supplement situation. The
main aim of this type of bloék is to provide ruminants with nitrogen
and certain minerals which are present in very low concentrations in
many pastures and roughages.

Suvpplement feedblocks per se can be divided inte two classes;
those supplements akin to mineral blocks but also containing non-
protein-nitrogen (N P N ), usually as urea. As they contain no
energy and preformed protein, their classification as feedblocks is
rather tenuous. These block types are rarely employed under U.K.
conditions, but they are widely used under extensive range and veld
situations, such as exist in South Africa. A typical composition of
these blocks is as used by Pieterse and De Kock (1962), who used a
block containing egqual parts of urea, sodium chloride and dicalcium
phosphate.

The second class of suppl.ement feedblock is by far the most
commonly used in the U.K. These blecks contain energy in the form of
cereals, together with either urea and /or vegetable protein as well as
most of the vitamins and minerals common to blocks in the mineral range.

Additionally some proprietary supplement feedblocks contain distillery



by-products. When urea is included it is usually at a level of 30 to
60 g/kg (equivalent to almost 90 to 180 g/kg crude protein equivalent)
and a total crude protein content in the feedblock of 140 to 300 g/kg.
In other commercially available feedblocks, the protein content is
derived from conventional vegetable sources, whicﬁ together with that
from the cereal component gives an overall content of about 150 to

200 g/kg crude protein. Feedblocks for horses fit into this latter
category.

Sources of energy are included in supplement feedblocks for a
variety of reasons e.g. to act as a carrier for other block
ingredients; to supply the animals with additional M.LE.; to increase
the palatability and intake of the feedblock and to improve the intake
and digestibility of poor quality roughages. The energy sources used
are highly or completely digestible, such as molasses or starch in the
form of cereals. Theoretically the inclusion of small amounts of
carbohydrate may improve the utilisation of nitrogen in the supplement
by increasing the synthesis of microbial protein which is subsequently
digested and utilised by the animal.

Perhaps the most meaningful definition of supplement feedblocks
centres around what can be expected from their use in animal production
systems. Their main aim is to create a plane of nutrition for any class
of stock at or around the maintenance level from low quality roughage
diets, which permit only a sub-maintenance level of nutrition when
given alone. However, without further energy inputs (e.g. as cereals),

a ﬁruly productive situation is not often reached.

b) Substitute feedblocks

The commercial development and introduction of substitute-type
feedblocks has occurred cnly recently in the U,K. These feedblocks
allow much higher intake potential for any class of stock, combined

with a higher M.E. content.
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The resulting effect is that the emphasis on the role of
substi£ute feedblocks is placed mainly on the energy they contribute to
the overall diet and less on the increased utilisation of poor guality
roughages, Nevertheless, these feedblocks also contain vitaming
mineral and often urea inclusions, in a similar fashion tc the supplement
feedblock types. Because of the energy contribution to the diet,
substitute-type feedblocks have applications in areas where a higher
- degree of animal performance is required. In this respect they may be

likened to concentrate pellets or cobs in a feedblock form.



DIAGRAMATIC CLASSIFICATION OF BLOCK TYPES
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METHODS OF BLOCK MANUFACTURE

Blocks wvary in shape and weight. The smallest blocks in terms of
both weight (6 to 18 kg) and size (rectangular, about 30 x 20 x 20 cms)
are usually the mineral/glucose or mineral type blocks. Feedblocks may
be either cuboid, rectangular or wheel-like (50 cm in diameter) in shape
with weights ranging from 15 to 25 kg. Some cuboid and rectangular
feedblocks have bevelled edges and one feedblock type has a
longitudinally-directed hole through it.

Four basic manufacturing processes appear to be commonly used,
these vary from on the farm manufacture requiring.no special equipment

to the use of expensive machinery at a permanent production site.

(1) Compressed blocks

The physical integrity and intake of these block types are
governed entirely &by pressure exerted on the constituent mix imparting

hardness. Mineral blocks and some feedblocks are prepared in this way.

(i1) Compression plus the use of binding agents

This process inwvolves a moderate amount of pressure allied toAthe
use of binding agents. Substances employed as binding agents or
hardners include, bentonite, lighin sulphonate, molasses and distillery
by-products such as dried distillers solubles. One proprietary
Teedblock commonly used on a worldwide basis, employs a spray dried,
distillery residue known variously as E C feed (Ethyl concentrate) or
distillers molasses dried solubles. This feedblock is marketed under
the trade name ‘Rumevite.'t E C feed is an hygroscopic, brown
powder with potent binding properties when dampened. Using E C feed as
a binder and suitable containers such as halved steel drums, feedblocks
are often prepafed in South. Africa; on the farm where they are to be

used. 'Rumevite' is essentially a supplement-type feedblock and its

#* Rumenco Co. Ltd., Burton-on-Trent, Derbyshire.



hardness can be‘variEd by altering the proportion of the constituents

and/or pressure.

(iii) Chemical setting processes

In this process a chemical reaction between the block
constituents is alone used to maintain physical integrity and hardness.
The most commonly involved reaction is between calcium oxide or
hydroxide and molasses to form calcium sucrosate, The-calcium sucrosate
is also claimed to restfict intake because of its bitter taste. The
molasses inclusion in this process is usually around 300 g/kg of the
mix with the hardness being affected by the amount of lime incorporated.
This may be between 50 to 70 g/kg in the mix; the greater the level of
lime, the harder the resulting block.

This process has the disadvantage of a critically short mixing
time before setting commences, resulting in poor quality control as there
is often uwneven mixing of constituents. It is also very tine consuming
but has the advantage that it is adaptable to on farm cornditions. Also

blocks of virtually any shape or weight can be made.

(iv) Extruded blocks

This is the most sophisticated method of block manufacture. The
process is somewhat akin to the production of concentrate cubes, in
that the blecks are extruded through a die, Very high pressures and
steam are used to compress the mixture before extrusion., The main
manufacturing advantages of this process are low labour costs and a
hiéh rate of block output. However, the initial capital investment in
the machinery required is high. The two types of extrusion block making
machines at present in use in the U.K. had to be imported from the
United States.

A 'landerst press is used to make the '"Wintawell'!'s range of

#BOCM - Silcock Ltd., Basingstoke, Hants,



feedblocks, and a "Californian® press is used to make 'Colborn'# blocks.
Both ranges of block products produced by these machines fall into the

substitute feedblock category.

METHODS EMPLOYED TO ATTEMPT TO CONTROL THE VOLUNTARY CONSUMPTION OF
FEEDBLOCKS '

The intake of any block depends on a wide variety of factors
dnherent to the block, the animals allowed access to the block and the
environment in which both block and animals are maintained., Although,
by definition, blocks are available to stock continuously throughout
any 2h-hour period, attempts are made by the manufacturers (in the first
place) and by the stockman, (in the second place) to restrict the intake
to an acceptable level., What infact constitutes an acceptable level is
a very arbitary point, but generally the aim as quoted by the
manufacturers, is for sheep to consume between 80 to 250 g/head/day and
cattle 40O to 1000 g/head/day of supplement and substitute-types
respectively. In order to achieve this objective of a controlied intake,
a variety of measures are employed which approach the problem from two
different angles,

One method of intake -control, is that exerted via the block
fb;mulation and/or manufacture process whereby constraints on intake
are influenced by the chemd.cal and physical nature of the feedblock,
Included in this approach is the possible use of containers. Secondly,
the feedblock manufacturers attempt to effect an intake control by

advocating manipulation of the number of feedblocks available to any

# Colborn Group Ltd., Heanor, Derbyshire,
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group of animals, their positioning relative to, particularly, the watsr
supply and their rate of replenishment.
Constraints on intake inherent in the feedblock, resulting in

reduced palavability and acceptabiliﬁy are as follows.

(i) Physical Hardness

Physical hardness in a block can basically be attributed to
either of two causes. Firstly, by pressure exerted during manufacture,
often aided by the use of binding agenits such as E.C. feed or bentonite.
Secondly, by the use of chemical setting reactions such as the formation
of calcium sucrosate and the use of calcium sulphate (gypsum). Some
blocks, above all; rely on hardness as the main attribute in limiting
volunbary intake. It must be noted, however, that in terms of the
animal, the physical hardness of the feedblock surface, at any time, is
the most important criterion affecting prehension of block material.
Under field conditions the extent to which surface hardness changes in
response to climatic variables sucﬁ as hunidity, rainfall and low or high

ambient temperature is largely unknown,

(ii) Sodium chloride

Most blocks contain salt in varying amounts depending on block
type. Mineral blocks and mineral blocks incorporating N P N alone,
vsually contain 300 to LOO g salt/kg. Feedblocks invariably contain
a lower amount, usually in the range 50 to 200 g/kg. At the 50 g/kg
content, the salt may be present to encourage, rather than limit, il the
other block ingredients are otherwise unpalatable.

Salt has been widely employed fto control intake when supplements
are on free access offer. Most of the published data {(e.g. for cattle;
Pistor, Nesbitt and Cardon (1950); ' Savage and McIlvain (1951); Nelson,
Macvicar, Archer and Meiske (1955); Riggs, Colby and Sells (1953);
Hentes, Adams, Moore and Oltjen (1967); Chicco, Shuliz, Rias, Plasse

and Burguera (1971}: for sheep; Weir and Miller (1953), Weir and
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Torrell(1953); Meyer and Weir (1954): for cattle and shecp; Meyer,
Weir, Ittner and Smith (1955)) refers to the use of salt as an appetite
regulator for self-fed concentrate and protein supplements. usually
under extensive range conditions, often in arid climetes.

The success of salt as an appetite regulator depends primarily on
two criteria. TFirstly, that the inclusion of salt at a particular
level in a supplement should confine, with a reasonable degree of
efficiency, the intake of that supplement within the range desired.
Secondly, that in achieving this aim no concomifant detrimental effects
on animal husbandry or performance should arise,

In general, the published literature tends to validate the first
criterion, that salt is an efficient means of regulating the intake of
free access concentrate mixes e.g. Riggs et al. (1953), Weir and
Torrell (1953). Hentes et al. (1967), concluded that the addition of
salt to a supplement lacked efficacy as a fully accurate regulator of
intake by cattle because of individual variation.

Availability of water and climatic fluctuations may also affect
the use of salt as a regulator but there is no report on these aspects.
Savage and McIlvain (1951), found that the amount of sali needed to
maintain cottonseed meal consumption for range cattle at about 0°91 kg/
head/day was about 1.4 g/kg live weight.

The relevance of these findings to block feeding is largely a
matter of conjecture because other block ingredients may modify the
effects of the salt. In particular, the overall physicel form and
hardness of the block may be as important as the salt content in some
circumstances. Conseguently data which has been obtained from
observations of the effects of salt in regulating the intake of
concentrate feeds is not likely to be appropriate to block feeds,

Possible toxlicity problems associated with high sali intakes

apply to all diets incorperating salt. Generally, the effect of salt
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on the health and function of the animal, has received attention in two
different ways. Firstly, the physiological consequences of a high salt
intake on the kidney, adrenals and related blood parameters and
secondly, the effect of high salt intakes on the digestive processes.

Bolin (1949) reported that lambs receiving a salt drench al the
rate of 1 g/kg live weight died within 24 hours. Riggs et al. (1953),
reported that histological examination of the kidneys of two cows given
75, g salt/head/day (equivalent to 1.8 g/kg live weight) revealed no
harmful effects even after 190 days. They alsco reported that the
absorption of this high salt inclusion was 97.8% compared with 49-1%
for cows given only L8.6 g/head/day. The cows given the high salt
allowance had a total chloride excretion 11.5 times that of the controls,
98.3% of which was excreted ih the urine. The cows were adequately fed
otherwise, In the-samé report, Riggs et al. (1953) outlined details of
a trial in which 430 kg cows received Oe¢43 kg of sodium chloride mixed
with 1-0 kg cottonseed meal, under range conditions. The resulting
intake of about 1.0 g salt/kg live weight produced periodic scouring
which eventually led to the death of one animal. The authors concluded
that this was largely due to the conditions of feed and particularly
water deprivation which existed ﬁnder the trial.

Weir and Miller (1953) gave pregnant ewes 39 to 105 g salt/day
mixed with cottonseed snd recorded that the salt had no effect on
kidney and adrenal gldnd weights for the 4 ewes exemined. Only in one
instance was the chloride concentration in the blood of the high salt
grovp significantly greater than the controls. Otherwise, there were
no significant differences in concentration of Na and X and haematocrit
values of the blood. The Na and K concentrations in the milk were
however higher. :

Meyer et al. (1955) gave various amounts of salt to sheep

inereasing to 94 snd 128 g/ikg of diet. There were increased kidney
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weights but no affects on the adrenals, blood albumen or haematocrit
values, Savage and McIlvain (1951), found no difference in live weight
gain, blood cons£ituents or general health of steers, 'self-fed! salt-
cottonseed mixtures as compared to others 'hand-given'!the same amount of
cottonseed meal without salt. Meyer and Weir (1954), also reported no
effect of high salt intake on live weight gain, blood haematocrits,
serum albumen and Na, but blood chloride was increased., Milk chloride
content was also increased for the high salt treatments.

In most of these earlier trials which considered the effect of
high dietary salt intake on animal health and performance, rumen f£ill
was not measured and as a result an increased water retention on the
salt diets could have masked live weight differences between treatments.
Animals given high salt diets will drink more water e.g. Riggs et al.
(1953); Mosely and Jones (1974). Riggs et al. (1953) found that cows
given high salt diets drank considerably more water and excreted 7 times
the urine volume of control cattle. Over-wet bedding may be a problem
with housed ruminants given large amounts of salt.

The effect of high salt intakes on the digestive efficiency of
ruminants has been the subject of several studies e.g., Riggs et al.
(1953); Meyer et al., (1955); Nelson et al. (1955); Kromann and Ray
(1967); Jackson, Kromann and Ray (1971); Moseley and Jones {(1974).

The results of these trials indicate that salt may affect digestibility
but the literature is divided on whether the response is beneficial or
detrimental to the animal., A detailed review will be given later on in

this thesis,

(iii) Unpalatability of other block constituents

Urea is probably the most important agent in this respect. Urea
is included in many feedblocks as a cheap source of protein at about
45 g/kg of the feedblock, equivalent to about 120 to 130 g crude protein/

kg. Higher inclusions are sometimes employed, particularly with the
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urea/bineral/salt supplement-type feedblocks, which are frequently used
under range conditions., In this instance, the urea inclusion may be
up to 330 g/ks.

The unpalatable nature of urea has been clearly documented. e.g.
Tollet, Swart, loset and Templeton (1969) gave concentrate pellets to
cattle at range grazing and Toset (1969) gave supplements individually
to catﬁle receiving a low protein hay. Each measured the proportion of
feed refused when different nitrogenous sources were used., Their

results were.

Tollet et al, (1969) Toset (1969)
Constituent Inclusion rate Feed refused | Inclusion rate Feed refused
g/ke % g/kg %
Cottonseed
or soya bean
Meal 708 1.1 530 0.9
Biuret 67 2:5 57 63
100 Qe7
Urea 38 28+5 15 27
56 33.0 25 129
' 50 559

With more than about %O g urea/kg of supplement considerable

unpalatability was recorded. As the urea inclusion in most feedblecks

ex;eeds this amount, urea per se must be a potent agent restricting

feedblock intake, unless some other ingredient completely masks its taste.
Similar findings were reported by lassiter, Grimes, Duncan and

Huffman (1958); Van Horn, Foreman and Rodriguez (1967); Holter,

Colovos, Davis and Urban (1968); Helmer, Bartley, Deyoe, Meyer and

Pfost {1970) : with dalry cows offered urea containing concentrate diets.
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Decreased concentrate intakes and/or increased consumption times were
observed compared to non urea containing concentrates. King, Embry and
Emerick (1965) with lambsand Briggs, Gallup, Darlow, Stephens and Kinney
(197L) with beef calves also noted the unpalatability of urea containing
foods. In some circumstances (e.g, dampness and non-acidic) urea in
feeds may decompose to produce ammonia which is also known to reduce
palatability. ‘

Among other common feedblock ingredients, calcined magnesite (Mg0)
is widely regarded as being unpalatable., Most Blocks provide
supplementary magnesium in this form, in amounts between 20 to 70 g
MgO/kg. Apart from its affect on taste some forms of magnesium oxide
may increase the hardness of the block.

Other substances included in feedblocks which may have an
influence on palatability and intake are the binders or hardners used to
maintain physical integrity. These include distillery by-products,
lignin sulphonate, calcium sucrosate and bentonite. Generally their
effect on feedblock intake in quantitative terms is unknown, but lignin
sulphonate and calcium sucrosate (at least) have been shown to be

unpalatable in some circumstances,

(iv) Physical restriction of block intake by containers

The advice given by the block manufacturers to the stockfeeder,
regarding the use of containers for blocks tends to be both arbitary and
inconsistent. Sometimes containers are advocated for'use with cattle,
but not for sheep, Other factors which appear to influence, when and
where block containers are used are ground conditions, whether the stock
are housed or not and climatic factors, such as rainfall., In high
rainfall areas, a container might accelerate the disintegration of &
block by trapping water,

Containers in their simplest form may be an 0ld tyre or a cut-
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down oil drum (for a wheel-shaped block); other containers are more
sophisticated and fit exactly around the block. The latter type are
usvally, purposely supplied by the manufacturers. In the final analysis,
the stockman decides when and where a coniainer is employed, regardless
of the manufacturers recommendations.

In most circumstances, the use of containers must influence the
level and pattern in which a particular block is comsumed. Block
consumption may be reduced by containers in two ways. Firstly, by
" reducing the surface area available to the stock and protecﬁing fragile
parts such as the block corners. Secondly, by altering the prehensile
mechanism by which animals remove block material, i.e, by encouraging
licking and discouraging biting or vice versa. The use of containers
may increase block consumption by for example keeping the block more
free of mud and/or faecal coﬁtamination or by providing a surface to
prevent the block wnoving when it is pushed in chewing or licking by the
animal.

The influence of containers, together with the cther chemical and
physical constraints inherent in any particular block, in controlling
intake within a defined and desired level for any group of stock in a
given situation, has not been documented. Neither has the influence of
managerial measures recommended by the block manufacturers such as the
siting of blocks, (especially in relation to the water supply), the
number of blocks on offer tc any group of stock or ﬁer unit of area and

their recommended rate of replenishment,



THE, COMMERCTAL DEVELOPMENT OF THE USE OF FEEDBLOCKS IN THE UNITED
KINGDOM

The feedblock concept originated in South Africa as a means of
providing supplementary nutrients to ruminants grazing péor quality
veld herbage. Feedblocks were introduced into the United Kingdom in
the early 1960's, although mineral blocks had been available much
earlier, The use of feedblocks was slow to gain favour and in 1963 an
estimate (from within the feedblock manufacturing industry, Stern,

1974 ), put total annual use at under 1000 tonnes, By 1970
consumption was estimated at 15,000 tonnes increasing rapidly to 40,000
tonnes in 1972, The estimated total feedblock sales in 1975 were
60,000 tonnes (Livestock Farming, October 1976) which indicates some
reduction of the rate of expansion,

There seems to be no way of ascertaining what proportion of
feedblocks are given to cattle and sheep respectively. It is probably
the case that they are used in Britain predomiﬁantly in upland areas
where trough feeding of compound feeds is difficult to arrange. To pul
these estimates of the annual use of feedblocks in context, the amount
of proprietary sheep foods manufactured in Britain has declined from
about 100,000 tonnes/annum in the years 1965 to 1970 to about 70,000
tonnes in 1971 to 1976. (Compound Animal Feedstuffs Manufacturers
National Association).

The total quantity of feedhlocks used annually may now be
subject to considerable fluctuation, depending on amongst other factors
the severity and extent of the winter or dryness of the summer. Both a
prolonged winter and drought during the summer seem to encourage the
use of blocks,

The principal feedblock used in the United Kingdom appears to be
"Rumevite!” (Rumenco Co. Ltd., Burton-on-Trent) but more recently a wide

range of organisations (including major companies in the feeding-stuffs
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trade such as Colborn Ltd. and B O C M - Silcock ILtd.) have started to
produce feedblocks,

The commercial success and demand for feedblocks is reflected in
the bewildering array of products now available. There appear to be
over 50 apparently different feedblocks marketed by at least 20
commercial organisations. Some may be essentially the same composition
as others, differing only in weight, shape and packaging. 'The positiocn
of the purchaser is confusing as very little information is available on
composition other than the urea and protein contents.

An essential feature of the feedblock concept is the 'self-help,!
aspect, where stock have unlimited access {o the supplements. This
often demands the inclusion of non-nutritionally useful ingredients to
maintain feedblock integrity and to control intake. The prcportion
these substances take up in the total feedblock formulation varies, but
is generally considerable, Therefore, the M E value of feedblocks is
invariably far below that for concentrate supplements. Also each
feedblock is a physical entity, requiring individual handling and
packaging, unlike concentrates which can be handled and packaged in
greater bulk. The net effect of these two factors is that feedblocks
are more expensive on a dry matter basis and when compared on an M E
basis they may be nearly twice as expensive as cereal based compounds.

The presumed convenience and labour saving attributes of block
feeding have contributed enormously to the popularity of feedblocks,
However, several nutritional and management interlinked benecfits
accruing from the use of feedblocks have been extensively proposed.

The origin of these claimed benefits has largely, but not exclusively
arisen from sources inside the block manufacturing organisations.
Published data obtained under controlled, experimental conditions on

the validity of these claims are not largely available.
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A REVIEW OF THE PUBLISHED LITERATURE ON FEEDBLOCKS

The published literature on the principles of block feeding and
the validity of £he resulting claimed advantages of block feeding
systems, is noteworthy for its scarcity° Very few communications relate
to the use of feedblocks under U.K. conditions.

Most of the published experiments refer to extensive range or veld
conditions where tiae most frequently used criterion of animal performance
has been live-weight change. The majority of the results indicate a
reduction in the live-weight loss or at the most a small promotion of
gain, when N P N containing feedblock supplements have been offered to
runinants under dry, range conditions. This response to feedblock
supplementation seems to be inversely related to roughage gquality.
However, in many experiments the exact reasons for this diminution of
live weight loss, appear not to be cleérly defined.

Under range or wveld conditions, the variables which may
contribute to the magnitude of any response from feedblock
supplementation, such as roughage quality and quantity and climatic
factors, are much more wniform than in the U.K. Therefore, the
extrapolation of results generated under range or veld conditions to

the U.K. situation must be carried out wlth extreme caution.



Experiments where the provision of feedblock supplements have
reduced the magnitude of live-weight loss for cattle, include the
work of Pieterse and De Kock (1962) using 15 month old steers. On poor
quality veld grazing, cattle offered block suppléments containing equal
parts of salt, urea and dicalcium phosphate lost 0el kg/day, while
cattle receiving only salt and dicalcium phosphate lost significantly
more live weight (022 kg/day). The block intakes amounted to 112 g/head
dey and 129 g/head/day respectively. The inclusion of an energy source,
in the form of yellow mealie meal at 250 g/kg of the block, resulted in
an increased block intake of 286 g/day and a further reduction in live
weight loss to 004 kg/day.

Pieterse (1961), also reported in the results of two trials under
range conditions, a reduced live-weight loss in response to feedblock
supplementation, In the first trial, 30-month old catile were given
either a 670 g bonemeal and 330 g salt/kg block or a similar block of
composition 500 g bonemeal, 250 g salt and 250 g urea/kg, given with
either 280 g molasses or 22 g maize/day.

The cattle receiving no urea lost 0.40 kg/day, those given the
urea block plus molasses lost 0+06 kg/day and those given the urea
block plus maize lost only 0.03 kg/day. The respective block intakes
were 204 g, 182 g and 207 g/day. The urea intake varied from 42 to 56
g/day. In the second trial, yearling cattle were offered a salt/
bonemeal block as before or the urea/salt/bonemeal block. When no urea
was given, block intake was 246 g/day and Jive-weight loss was 033 kg/
da&. Those supplemented with urea consumed 216 g/day and maintained
live weight.

Beames (1963) examined the effect of supplementing cattle of two
age groups under yarded conditions with a feedblock containing 400 g
urea, 100 g molasses, 475 g salt and 25 g trisodium phosphate/kg. The

cattle also received hay (35 g C P /kg) ad libitum, The provision of



supplementary N P N in the feedblock increased hay intakes of 14 and
26-month old cattle by 46 and 29% respectively. The older cattle lost
an average 0.25 kg/day over a 161 day period on hay alone but only

0-09 kg/day for the feedblock suppleﬁented group, The younger cattle
lost 014 kg/day over an 85 day period on hay alone but gained 013 kg/
day for the feedblock supplemented cattle. The interday feedblock
intakes varied grcatly, particularly for the older cattle. During the
initial week of supplementation, the mean feedblock intake was 53 g/day
compared with 370 g/day for the second week (130 g urea/day). There
was less variation in block intake for the younger cattle being within
the range 137 to 193 g/day.

Burns (1965), conducted trials with feedblocks containing 300 g
urea/kg, offered to 10-month old, shorthorn cattle under range
conditions. These cattle consumed 94 g/day of the feedblock and lost
an average of 0°08 kg/day compared with animals receiving no block,
which lost 0-17 kg/day. In a second trial with 7-month cld cattle, the
provision of supplementary nitrogen in a feedblock resulted in a live-
weight loss of 0.04 kg/day as compared with 0°12 kg/day for supplemented
animals. The mean feedblock intake in this second trial was 60 g/day.

Bishop and Grobler (1971) offered separate groups of yearling
steers grazing veld during winter, feedblocks containing either (a)}
fish meal or (b) urea and 300 g maigze meal/kg or (c) a control block
containing only bone flour and salt, There was no difference in live-
weight loss (4 kg) over the experimental period for the cattle given
the nitrogen containing feedblocks but a significantly greater live-
weight loss was observed (35 kg) for cattle offered the control block.

Reyneke (1971) conducted a trial using 3 groups of 10 Friesland
cows on veld grazing (CP 24 to LA g/kg) over 3 successive winters.
The following treatments were given which included the provision of

block supplements (a) a block containing equal parts of salt, dicalcium
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phosphate urea and yellow maize, (b) a similar block plus sufficient
maize silage (6.8 kg) to supply 50% of the N requirements for
maintenance, (c¢) a block containing 235 g yellow maize meal, 235 g
dicalcium phosphate, 235 g volatile fatty acid sodium salts, 235 g

urea and 59 g salt/kg. The respecti&e mean bleck intakes were 290, 266
and 317 g/day. A furthe£ group of cows were given a block (d) containing
equal parts salt and dicalcium phosphate and no N P N  These cows lost
22% live weight over the winter periods. The cows given treatment (a)
lost significantly more live weight, (10%) and (4%) for non-geststing and
pregnant animals, respectively, than those on treatments (b) or (c).

Three further groups of 10 cows were wintered in pens and recelved
sufficient maize silage to satisfy the N requirements for maintenance,
plus one of the following (e) a similar block to (d), (f) a block
containing equal parts dicalcium phosphate, salt and urea, (g) a similar
block to (e). The respecbive mean block intakes were 17, 142 and 259 g/
day. The live-weight loss (3%) did not differ significantiy for the
penned COWs,

Other workers have shown improved live-welght gains in cattle
given feedblocks, e.g. Altona, Rose and Tilley (1960) reported that
yearling cattle given poor quality hay with salt blocks containing 300g
urea/kg gained 0-28 kg/day more than cattle given salt blocks zlone.
Similar results were found by Pearce (1973) who under U.K. conditions
showed that the live-weight gain of housed, yearling steers given
moderate or ﬁoor quality hay could be increased by feedblock supplementation.
When the cattle were given hay 57 g C P /kg plus a feedblock containing
L5 g urea/kg, the live-weight gain was 0:27 kg/day greater than for
cattle given the hay alone. The responses when the cattle were given
hay containing either 7i g C P /kg or 90 g C P /kg were only 008 and
0-03 kg/day respectively. As the magnitude of response to feedblock

supplementation was inversely related to roughage quality, any improvement
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in live_weight gain appeared to be associated with the urea in the
block,

In contrast to the work of Pieterse and De Kock (1962), Lesch,
Kemm and Van Schalkwyk (1967) found no additional benefit for cattile
of providing an energy source additiomal to N P N in a block. These
workers offered hay (30 g C P /kg) ad libitum to A4 groups of 9 month
old steers with one of 4 different blocks (a)salt and dicalcium
phosphate alone (b) salt and dicalcium phosphate with 250 g meize starch/
kg; (c¢) with 250 g urea/kg or (d) 250 g urea and 250 g maize starch/kg.
The intake of urea was between 48 to 53 g/day and this increased hay
intakes to the level where cattle received in total 50~60 & more T D N
than required for maintenance. The cattle given the salt/D C P block
lost 11.8 g ¥ /day, those given the maize meal inclusion lost 1+8 g N./
day, those on the urea fortified block gained 29 g N /day and the urea
and maize supplemented animals gained 2:0 g N /day.

A failure to show any beneficial effect of feedblock
supplementation was reported by Jones (1966) using cattle grazing
improved pasture. The feedblocks used contained 350 g wrea/kg,
molasses and salt and consumption was 56 g/day. The crude protein content
of the grass selected by the cattle was estimated to be 625 g/kg,
which largely precludes any major response to N P N When the cattle
grazed poorer herbage the block consumption was 64 g/day. There was no
interaction between grass quality and supplement; in terms of live-
weight loss.

Boling, Bradley and Lovell (1971) also found no response to
feedblock supplementation in terms of live-weight gain. These workers
gave a variety of supplements including feedblocks to 300 kg, yearling
steers on range forage containing 99 g C P and 302 g C I /kg. The
feedblocks used contained 370 g C P ;4 130 g salt, 70 g calcium and

12¢5 g phosphorus/kg plus vitemin A and trace elements. Feedblock
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Intake was 0.21i kg/day. Again, the failure to cbtain a response is in
agreement with the accepted view that the voluntary intake of roughages
is not increased when their crude protein content is above a particular
level, |

Pearce and Raven (1973) gave yearling cattle feedblocks containing
urea, vegetable protein or combinations thereof. A response to
feedblock supplementation in terms of live-weight gain was found but
.this did not appear to be mediated through the supplementary nitrogen
provided, as no increase in hay consumptioh was recorded. However, the
hay offered contained 101 g crude protein/kg which is adequate per se
to satisfy nitrogen requirements for rumen metabolism., The magnitude of
the response increased as the urea content of the feedblock decreased
and vegetable protein increased. In this experiment the response to
feedblock supplemeqtation seemed to be via the extra dietary energy
afforded.

The effect of feedblock supplementation on the live-weight changes
of sheep has also been the subject of several investigations, again
ma2inly under extensive range conditions., For instance Beames and
Morris (1965) studied the effect of feedblock supplementation on the
performance of Merino wethers. The sheep were given hay ad libitum
containing 35 g crude protein/kg over a 16 week period. One group of
20 wethers received no supplement; a second received 'a block containing
500 g salt, 100 g molaéses, 50 g pollards and 350 g urea/kg; a third
group were offered a similar block but with only 200 g urea/kg; a
fourth group received a block containing no supplementary energy in the
form of molasses or pollards. Supplementary nitrogen increased the
intake of hay. Those shesep receiving no supplement lost 20% of their
initial live weiéht, the sheep given the feedblocks containing extra
energy lost significantly less (10¥), while the sheep given the feedblock

with no energy lost 12% of their live weight.



Buchanan and Shone (1966) conducted two experiments with groups
of 18 month old Merino ewes given veld hay (50 g C P and 407 g C F /
kg) ad libitum. In the first experiment over a 52-day period the sheep
were given feedblocks containing either (a) urea, maize, salt and
distillers molasses dried solubles (b) urea, maize and vegetable protein;
or (c) salt and dicalcium phosphate. The block intakes were 95, 191 and
21 g/day respectively. There was no significant‘difference in hay
- intake between the groups. The live-weight losses of 9, O and 44 g/day
(a), (b) and (c¢) respectively showed that inclusion of supplementary
nitrogen was of significant benefit.

In a following 52 day period, the sheep were given either 120 g/
day of each of the same nitrogen supplemented blocks or 20 g/day of
those composed of only salt and dicalcium phoéphate but the blocks were
broken into pieceg before feeding. Again the sheep given the
supplementary nitrogen lost significantly less live weight.

In the second experiment, groups of & sheep were given hay and
water either or alone with (a), a molasses meal concentrate at a fixed
daily allocation of 227 g/head/day; or (b) a urea-salt feedblock
allowing free access; or (c) a molasses-meal concentrate containing 220
g salt/kg allowing free access; or (d) a urea-molasses solution on f{ree
access offer. The feedblock intake was only 18 g/head/day while that of
the 'free-access' concentrate was 9 g/head/day. The intake from the
liquid amounted to 206 g/head/day. There was no significant difference
in hay intake betwesen the treatments,

The reasons for the reduced live-weight loss observed in the first
experiment, when the sheep were given a feedblock rather than a mineral
block are confounded in several ways. Firstly, it is not possible to
differentiate between the response to energy and nitrogen in terms of
live-weight change. No increase in hay intake resulted from the

provision of extra niltrogen therefore it appears likely that most of



the reduced livé~weight loss was due to the energy supplied by the
maize and vegetable protein. The small numbers of sheep per group
(6 sheep) also limits the confidence that can be placed on the data.

Van Niekerk, Basson and Mulder (1967) used a feedblock,
containing 190 g urea and 120 g molasses/kg plus bonemeal and salt, as
a supplement for both ewes and wethers under conditions of drought.
Similar sheep were given a control bléck containing 650 g bonemeal and
350 gsalt/kg., In addition all the sheep received 259 g/head/day of |
yellow maize or the same total allocation once or twice weekly, All the
wethers gained and most of the ewes lost live weight. The mean daily
intake of urea was L g which had no significant effect on live weight.
Giving malze every day appeared to be of benefit but did not appear to
interact with the feeding of urea.

Creswell, Gill and Fraser (1968) examined the effect of giving
a proprietary feedblock (Rumevite) to Herdwick wethers given hay (60 g
CP and 340 g C F /kg) ad libitum, Rumevite contains urea, cereals,
salt and E.C. feed (distillers molasses dried solubles). One group of
21 sheep received no supplement. The second group received feedblock
broken into fragments of approximately 2¢7 kg. Feedblock intakes
increased during the experiment from 35 g/day in weeks 1 to 3 to a mean
of 252 g/day in weeks 18 to 21. There was no significant difference in
hay intake between the groups bubt water intake was significantly higher
for the feedblock supplemented animals. The feedblock supplemented
wethers gained 14 g/day compared with a loss of 22 g/day when no block
wa; given., This difference was highly significant. Wool growth was
also significantly improved for the sheep given the feedblock., A
microbioclogical study carried out on twe sheep from each treatment,
showed higher counts of total free, ruminal bacteria for the sheep
given feedblock. There was however, no difference in the rate of

digestion of cellulose threads between the treatments. The authors



postulated that if the protozoal numbers and rumen volumes in the
supplemented and unsupplemented sheep were similar then this increase
in bacterial numbers would produce a greater supply of utilisable
protein., They also indicated that any protein-concentrate supplement
would probably produce a similar result. The small numbers of sheep
examined limits the emphasis which can be placed on the data and
further work is required.

Unsworth, Lamb and Armstrong (1966) also studied the
supplementation of sheep with Rumevi‘t:eo They reported that in the
first of three experiments one ingredient of Rumevite (E ¢ TFeed)
significantly depressed the dry and organic matber digestibiliity of the
hay which contained 55 g C P and 312 g C F /kg. In two further
experiments, only urea which significantly improved nitrogen
digestibility, had any effect on roughage utilisation.

Sarif-Sarban and Menke (1970) used Rumevite as a protein source
in a concentrate given to sheep in an extensive; arid situation. The
formulation of the Rumevite block used was given as 500 g maize, 260 g
E C feed, 150 g salt, 60 g urea and 30 g mineral/vitamin mixture/kg.
The basal ration given consisted of 200 g barley straw, 280 g D M of
wel beet pulp silage and 150 g lucerne hay, Rumevite was included in
the concentrate supplement at the level of 210 g/kg, equivalent to 13 g
urea/kg in the overall supplement, which also contained barley and beet
pulp. The amount of concentrate given varied between 0.5 to 1.5 kg/
hqad/day. A comparison of Rumevite, urea and cottonseed cake as protein
sources in the concentrate mix was carried out compared with sheep given
no protein supplement in the concentrate mix. There was little
difference in live-weight gain for the protein supplémented sheep and
sbout 50 g/day advantage over the sheep receiving no protein
supplement. The authors suggest that because the shecp given Rumevite

received slightly less energy but did net differ in live-weight gain
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from the other protein supplemented sheep, an intrinsic benefit of one
of the other Rumevite ingredients such as E C feed or trace elements

on urea utilisation could have occurred. Egually likely, however, is

an increased water retention in the digestive tract due to greater Na

intakes resulting from the Rumevite concentrate supplement.(20g Na/kg

compared with 6g Na/kg for the other treatments).

The performance of sheep supplemented with Rumevite blocks wunder
hill conditions was monitored in reports by Roberts (1967) and (1972).
Roberts (1967) made available one 25.5 kg block each week to 25 - 30
ewes on upland grazing for an 11 week period before lambing. The
resulting lambing percentage averaged o#er L winters was 92 which was
claimed to be 23% greater than in previous years. The intake of
feedblock was estimated to be 1LL0 g/day although this quantity may have
been determined by rationing rather than appetite of the sheep. A
comparison with similar ewes, given hay ad libitum plus 140 g/head/day
of-concentrates and drafted down to in-bye land revealed virtually no
difference in ewe performance between the {wo methods of winter feeding.

A subsequent report Roberts (1972) contained results of trials
involving feedblocks of the Rumevite type, e=ither given alone or with
molassed sugar beet pulp cubes., No statistical treatment was quoted for
any of these experiments and the parameters measured such as ewe live
weight, lamb birth and weaning weights and lambing percentages revealed
only very small differences between the groups.

The relevance of much of the data accumulated by Roberts, is
highly questionable because concomitant management and pasture
improvements accompanied the Rumevite block experiments. For instance,
iarge areas of hill were enclosed by fencing and grazing control
effected. These are equally likely to have contributed to the

increased lambing percentages obtained over the years when blocks were



given., In short the calibration of any response accruing from Rurevite
supplementation was confounded by the lack of control. over the
experimental conditions,

The published literature on the usefulness of feedblocks for
ruminant animals indicates that under conditions of qualitative and/or
quantitative under nutrition, the provision of supplementary nutrients
in this form can be effective in reducing live-weight loss or promoting
a small live weight gain. N P N (usually as urea) is instrumental to
this end. As virtually all the feedblocks used in the experiments
reviewed contained appreciable quantities of salt it is possible that
some of the improved live-weight status msy be due to increased water
retention, this may be especially relevant when no salt-containing
control blocks were given.

When the quality of the avajlable roughage approaches about 50 to
60 g crude protein/kg, the response to block supplementation in terms of
incfeased roughage utilisation may be very small or non-existent. Any
further improvement in live weight appears to be mediated via an

additional input of energy commensurate with the amount of gain desired.

OBJECTIVES OF THIS THESIS

There is a distinct lack of critical and impartial information
available on the nutritive value of many feedblocks used in the U.K,
Thi.s applies equally to the nutritional content attributable to the
block ingredients per se and also their capacity to improve the intake
and to a lesser extent the digestibility of low quality roughages such

as cereal straws, poor hay and winter herbage. It has been one of the
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major objectives of this thesis to attempi tc obtain such information.

There appears to be only one report on the effect of weather
on feedblock intékeso Ducker and Fraser (1975) reported in small scale
trials that the voluntary intake of one proprietary block then available
in the U.K. decreased as ambient temperature approached OOC, which was
not necessarily in accord with nutritional needs, However, the effect
of snow cover was to increase block intakes. Much more information is
required on the effect of weather on feedblock intakes and a second
objective of this thesis has been to provide information towards this
end.

The influence of a whole variety of managerial practices such as
frequency of replacing blocks, number of blocks on offer per group of
animals or area of land and the effect of containers on block intake has
never been examined., The success or otherwise of the measures taken by
the feedblock manufacturers to control feedblock intake in any given
situation, such as salt inclusion and block hardness, has never been
studied. This information is a necessity for a full uhderstanding of the
potential. uses of feedblocks in animal production systems.

The individuwal variation in feedblock consumption seems to have
been examined by only three previous workers. Beames (1963) obtained
rectal grab samples over L-day periods. For a group of lh-month steers
the mean intake was 320 g/day (range 21l to 361) and the coefficient of
individual variation (C V ) was 28%. For a group of 25-month steers the
mean intake was 430 g/day (range 352 to 468) and (C V ) 12-3%.

Beames and Morris (1965) using data obtained by the total
collection of faeces over 7 days from 3 groups of 20 wethers recorded
mean intakes of 19, 26 and 47 g/day with the range generally from about
5 to 90 g and (C V ) from about 39 to 54%.

Pearce and Raven (1973) estimated individual feedblock intake by

collecting faeces quantitatively from 6 steers in metabolism cages over

a 24~hr period.



310

For mean intakes of 600, 1560, 2400 and 3250 g/day respectively the
corresponding C V wvalues were 79, 34, 19 and 16%. It does not
necessarily follow that the reduction in vardation noticed with

increase in intake is a proper conclusion as four different blocks were
used with a progressive replacement of urea (lowest intake) by groundnut
(highest intake)which would have altered the palatability of the blocks.

Foot and Russel (1973) used a total collection technigue to estimate
the individual variation in intake of concentrate pellets given to ewes
in troughs in a group situation. The resulting (C V ) of individual
intake (120 g allowgd/head/day) was 36% with individual intskes varying
from 14 to 157 g/day.

One of the presumed advantages of block feeding is that because
by definition the blocks are on offer continuously, a more uniform
supplementation might be effected than is possible when supplementary
nutrients are provided in troughs. There i1s no published work where the
supplementation of stock with similar quantities of material by either
trough or block methods has been compared. One of the objectives of this
thesis has been to evaluate the efficiency of the two forms of
supplementation in terms of individuval variation uder both housed and
field conditions., Also to assess the extent to which animals may
completely refuse to consume the supplements given. A knowledge of
individual intake variation for any feeding system is important and
especially for feedblocks which are freguently used as carriers of
supplementary magnesium, anthelmintics etc. to counteract the possible
ef%ects of animal disease.

Another extensively claimed advantage of block feeding is that
stock are able to regulate their block comsumption according to their
nutritional requirements in both qualitative and quantitative terms.

Alternatively, because of the !self-help! attributes of blocks,



animals are able to exhibit 'mutritional w;isdom'I and make good dietary
deficiencies from block supplements provided. Denton (1961) has shown
this to be the case for sodium chloride but the evidence for other
dietary constituents is largely to the contrary. It has bsen one of
the objectives of the prgsent study to evaluate the validity of these

clains for self-regulation.

Summary of the objectives of this thesis

1. A comparative assessment of individual variation in intake of
tself-help'! feedblocks relative to more traditional 'hand-feeding.!
Also to determine the proportion of a group of animals which completely

refuse to consume feedblocks.

2. To assess what factors influence total group feedblock intake in
any given situatien and whether feedblocks can be relied upon to give

a2 uniform pattern of intake between days.

3. An evaluation of the validity for claimed 'self-regulation' and

'mutritional-wisdom! aspects of feedblock intake.

L. The assessment of the nutritive value of the feedblocks available
in the U.K., both indirectly in terms of effect on roughage utilisation

and directly in terms of the bleck ingredients per se.



MATERIALS AND METHODS

A.  FEEDBLOCKS

There is an extensive range of about 50 feedblocks currently
available in the U.K. ¥For the purposes of this thesis it was decided to
concentrate on three different feedblock types representing different
manufacturing techniques and philosophies of use, The feedblocks
chosen were manufactured by three independent organisations which have
" the most important impact with farmers. In adopting this approach, it
is not intended to endorse particularly ﬁhe use of these feedblocks, nor
deces it necessarily imply criticism of other feedblocks not examined,

The three different feedblock types used have been

(1) Rumevite (Rumenco Co. Ltd., Burton-on-Trent, Derbyshire)

This is a supplement type block principally intended Lo improve
the utilisation o} poor quality roughage. Manufacture is by moderate
compression with the inclusion of a binding agent. The two types used
"Standard® and '"High Energy" can be used with both cattle and sheep.
The formulation of the "Standard,! block was given by Sarif-Sarban and
"‘Menke (1970) as 500 g cereal, 260 g EC feed (distillers molasses
dried solubles), 150 g salt 60 g urea and 30 g mineral mixture/kg. It
is understood that the formulation of the "High Energy" block is similar
except for inclusion of salt which in this case is 100 g/kg.

Rumevite feedblocks are wheel-like in shape (50 cm in diameter,
10 cm in depﬁh and weight approximately 22¢5 kg). The use of containers
such as an old tyre, cut down oil drum or a purpose built tin is
recommended for Rumevite feedblocks particularly for cattle and when

field conditions are wet.

(ii) Colborn blocks (Colborn Group Ltd., Heanor, Derbyshire)

This is a substitute-type feedblock made by an extrusion process.

The two types used have been "Sheep Energy" and "Cattle Block.®
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Colborn feedblocks are cuboid in shape with chamfered corners, a
longitudinally projected hole ruﬁs through the block (3+5 cm in diameter).
The weight of each Colborn feedblock was 20 kg and dimensions (32 x 23 x
23 cm).

In some circumstances the use of containers is advocated for

Colborn feedblocks but no definite recommendation is glven.

(iii) Wintawell (B O C M -Silcocks Ltd., Basingstoke, Hampshire)

These are both substitute or supplement-type blocks depending on
the particular feeding circumstances. Dufing 1974 in the earlier part
of this work the blocks were made by a chemical setting process using
no pressure, From 1975 a combination of chemical setting and extrusion
processes has been used. Wintawell 290 is a substitute-type block
intended for sheep and cattlé. Wintawell 291 is a substitute-type dlock
for cattle or a supplement-type block for sheep as the intake by sheep
will be lower than with the 290 block.

The intake of Wintawell feedblocks is principally restricted by
hafdness with the 291 product containing a greater propotion of the
hafdening agents (Molasses plus lime). Wintawell feedblocks of the
earlier type (1974) were rectangular cubes (42 x 29 x 19 cm) and
weighed 22-7 kg. The later type Wintawell feedblocks (1976) were
somewhat smaller 20 kg being rectangular cubes (34 x 23 x 23 cm). The
1976 Wintawell feedblocks had chamfered edges at the corners.

No container is recommended by the manufacturers for use with
any of the Wintawell feedblocks.

Blocks of standard manufacture have been used, the only
modification being (where required) the inclusion of chromic oxide at
about 2 to 10 g/kg. In some experiments different inclusions of
magnesiuwm compounds have Béen introduced.

The chemical analysis, estimated and derived ME contents of the

feedblocks used are given in Table 1. These are the mean compositions
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from numerous samplings. The exact composition of feedblocks used in
any experiment where such knowledge is critical to the understanding

of the data, will be given when appropriate.

B. ANALYTICAL METHODS

Al)l the analytical methods employed were established procedures

which have been in use for several years.

(1) Dry and organic matter contents of foods and faeces

The dry matter (DM) in food and faeces samples was determined by
heating 05 to 10 kg quantities in an oven at 1.00%¢ for 36'to 48 hours.
The organic matter (OM) content was determined by placing a
crucible and contents in a muffle furnace at 60000 for k4 hours. The

consequent. loss in weight was recorded as the OM present in the

original sample,

(ii) Gross energy

The gross energy of food and faeces samples was measured using a
Gallenkamp Ballistic Bomb Calorimeter. Benzoic acid (Thermochemical
standard, BDH) was used to calibrate the instrument., The samples and

Benzolc acid were pelleted using a die operated by a hydraulic press,

(iii) Total nitrogen

The total nitrogen in foods and faeces was measured by the
standard Kjeldahl technique (Kjeldahl 1883). Prior to snalysis the
samples of faeces were macerated with water and a small amount of
toluene according to the technique described by the Grassland Research

Institute (C.A.B., 1961).
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(iv) ©Ether extract, crude fibre and ash

The ether extract (EE), crude fibre (CF) and ash contents of
foods and faeces were determined by the standard methods (Fertiliser

and Feedingstuffs Act 1976).

(v) Chromium
The chromium content of foods and faeces was determined by atomic
absorption spectrophotometry according to the method of Williams, David

and Iismao (1963). Samples were initially dry ashed.

(vi) Calcium and magnesium

The calecium and magnesium contents of blood and food samples were

determined by atomic absorption spectrophotometry.

(vii) Potassium and sodium

The potassium and sodium contents of foods were determined by

flame photometry.

(viii) Phosphorus
Phosphorus in foods and faeces was determined by a modification
of the method of Cavell (1955). Phosphorus in blood was determined by

the method of Fiske and Subbarow (1925).

e Lo — e

The urea content of blood samples was determined by a urease-

nesslerization method using the Boehringer Mannheim set of reagents.,

(x) Blood ammonia

The determination of ammonia in whole blood was carried out

using the micro method of Hutchinson and labby (1962).

(xi) Blood plasma free fatty acids

The FFA concentration in blood plasma was determined by the

colourimetric method of Itaya and Ui (1965).



(>di) Blood ketone bodies

The total blood ketone content was determined by the method of

Reid (1960).

C. TXPERIMENTAL TECHNIQUES

I(i) The use of chromic oxide in nutritional studies and the potential

sources of error involved therein

In some circumstances the lack of suitable equipment or the
particular nature of the trial may make it impractical to measure
directly food intake or faeces output or both. An example of this is
when animals are fed in a group and measurement of individual. feed intake
is required. Faecal output can still be measured and if the dry matter
intake is known the digestibility of the diet can be determined,
prbviding there is present in the food some substance which is known to
be completely indigestible. I1f the concentration of this substance in
the food and in representative samples of the faeces of each animal is
determined, the ratio between the concentrations gives an estimate of
diet digestibility.

indicator in faeces (g/kg DM) - jindicator
in food (g/kg DM) x 100

indicator in faeces (g/kg DM)

i,e. Digestibility ==

The inert indicator used may be a natural constituent of the food
(e.g. lignin) or may be added to it. The substance most commonly added
is chromic oxide, (CrEOB) which is relatively cheap, inert, non toxic
and has given recoveries close to 100% in many experiments with

rupinants (Stevenson and De langen 1960; Curran, Leaver and Weston 1967).
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The determination of faecal oultput and hence digestibility using
chromié oxide was originally used (1918) in compound feeds in indcor
experiments (described by Edin, Kihlen and Nordfedt 1974 ).

Chromic oxide has since been extensivély used in trials involving
housed ruminants (Crampton and Lloyd 1951; Davies, Byers and Luber
1958; ILuttingh 1961; Clanton 1962; Leaver, Campling and Holmes 1969;
Wilkinson and Prescott 1970).

Chromi.c oxide has also been used in experiments where an
assessment of herbage intake is required. If the faecal dry matter
output is known together with a separately determined estimate of the
digestibility of the.grazed herbage, the intake can be derived from the

following equation,

Faecal. output, g DM/day
% Indigestibility of DM

Herbage intake, g DM/day =

The above equation may also be employed to measuvre the DM intake of
housed ruminants in group feeding situvations.

Numerous studies have been undertaken where chromic oxide has been
used to determine the faecal output of grazing animels, (Cowlishaw and
Alder 1963 for steers; Holmes, Jones, Drake-Brockman and White 1965;
Holmes, Jones and Adeline 1966; Holmes and Curran 1967; Marsh, Cempling
~and Holmes 1971 and Holmes, Campling and Joshi 1972 for dairy cows;
Lambourne 1957; Lambourne and Reardon 1962 and Langlands 1972 for
sheep and Coup and Iancasterl952; Christian and Coup 1954 and Stevenson
1962 for both cattle and sheep)., The faecal output is derived as
foilows;

Weight of chromic oxide given (g)
Concentration of chromic oxide in faeces (g/kg DM)

Faecal DM output =

The digestibility of the herbage consumed has been evaluated by
a variety of methods including the giving of cul herbage to wether

sheep in metabolism cages and relating the nitrogen content of the
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faeces of the grazing animals to the organic matter digestibility using
regression eguations derived from results with the housed sheep.
(Langlands and Corbett 1964; Jones et al. 1965; Holmes and Curran
1967; Holmes et al. 1972). Other workers {langlands 1972) relied on
in vitro digestibility estimates on samples of food collected from
sheep, each fitted with ;n oesophogeal fistula, Plant chromogens have
also been employed as indicators of herbage digestibility (Hardison

and Reid 19533 Raymond, Kemp, Kemp and Harris 195.4).

The individual variation in intake of a dietary component can be
determined for group-fed animals using chromic oxide incorporated in
that component of the diet to be examined. The faeces must then be
collected in total. Foot and Russel (1973) used non-pregnant ewes
given hay plus oat pellets containing 157 g chromic oxide/kg DM,

Foot, Russel, Maxwell and Morris (1973) gave pregnant ewes in group
hay plus concentrates containing 093 g chromic oxide/kg. The
individual intakes of the dietary component containing chromic oxide
are estimated from the individual faecal chromic oxide output using the

following equation.

Individual intake of Mean daily faecal DM output (g) x concentration
chromic oxide containing = . of chromic oxide in Faeces (g/kz DM)
food Concentration of chromic oxide in focd

(g/kg DM)

When the recovery of chromic oxide is not fully guantitative the
individual intakes are usually derived by apportioning the total amocunt
of food consumed by the group according to the total chromic oxide
recovered,

Methods of chromic oxide administration

The determination of fascal output using chromic oxide, is most
commonly achieved by giving weighed quantities once or twice daily.

Several methods of administration have been reported, these include the
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mixing of chromic oxide in a uniform mamner in a compound diet or
concentrate (Edin et al. 1944; Crompton and Lloyd 1951; Kameoka,
Takahashi and Morimoto 1956; Corbett, Greenhalgh, Gwynn and Walker
1958; Holmes and Curran 1967; Leaver et al. 1969; Marsh et al. 1971;
Holmes et al. 1972), at a concentration such as to provide about 2 g
Cr203/ﬂay for sheep and between 15 ~ 20 g/day for cattle. Other workers
(Corbett, Greenhalgh and Mcdonald 1958;  Cowlishaw and Alder 1963;
Deinum, Immink and Deijs 1962; Troelsen 1965; Macrae and Armstrong
1969; Wilkinson and Prescott 1970; Longsdale; Poutiainen and Taylor
1971) have introduced chromic oxide into the ruminant animal using

paper impregnated wi£h chromic oxide, the paper usually containing

about 333 g chromic oxide/kg. A further method of administration is that
employed by Raymond and Minson (195%) where chromic oxide was given as a
drench in a bentonite suspension. The most widely used method of
administration however; appears to be in the form of purchased gelatin
capsules containing a suspension of chromic oxide in maize oil (Smith
and Reid 1955; Jones et al. 1965; Holmes et al. 1966; Hodgson and
Wilkinson 1967; Longsdale et al. 1971 in trials using grazing dairy
cows; and Langlands et al. 1963 and Curran et al. 1967 in trials with
grazing sheep).

With all methods of chromic oxide administration the dosing period
should preferebly commence at least 7 days before the initiation of the
experiment to ensure proper distribution throughout the contents of the
alimentary tract. IEquilibrium between chromic oxide input and faecal
ou%put is reached between day 5 and 7 of dosing (Crampton and Lloyd

1951; Corbett et al. 1960).

Long term errors associated with chromic oxide recovery

The early literature concerning the recovery of chromic oxide in
the faeces has been reviewed by Moore (1959) but the most accurate

method of chromic oxide introduction is still not clear. The precise



hi,

meaning of the térm ‘percentage recovery,! was clarified by Curran et al.
(1967) who defined the weight of marker recovered in total fascal
collections expressed as a percentage of the weight of the marker given
as the 'absolute! chromic oxide recovery, as opposed to the 'relative!
chromic-oxide reéovery, which is used to express the concentration of'
the marker in a given sample of faeces as a percentage of the mean daily
concentration in the faeces., This latter term does not necessarily
imply a total recovery of the marker in the faeces. Assuming that
chromic oxide is completely indigestible the tabsolute! recovery in the
faeces should be 100% for a valid interpretation of the data to be made.
Alternatively, if the 'absolute! recovery is less than 100% a correction
factor can be applied to the data to allow for this under the particular
experimental conditions (Stevenson 1962). Many factors contribute to the
overall error in the ‘absolute! faecal recovery of chromlic oxide and
hence, biased results., These may include (a) an inaccurate estimate of
the amount of chromic oxide administered, (b) regurgitation of gelatin
capsules or paper, (c) absorption of soluble chromates (d) retention of
chromic oxide in the alimentary tract, (e) incomplete collection of
faeces, (f) losses in the grinding of faecal samples, as ciromic oxide
is more dense than faecal DM and separation may occur (Stevenson 1962)
and (g) analytical errors.

In an experiment involving dairy cows where chromic oxide was
administered as chromic oxide impregnated paper, Deinum, Immink and
Deijs (1962); reported traces of chromic oxide in the liver; lywph
gl;nds, kidneys and urine which they suggeslted were due to absorption
of that given orally. Curran et al. (1967), postulated that when
chromic oxide is administered in a highly concentrated form as in
capsules or in the cubed compound feed of Crampton and Lloyd (1951),
it is partially retained in the digestive tract and a 100% tabsolute!

recovery is not achieved over the experimental periods.
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Comparisons of the 'absclute'! recoveries of chromic oxide by
various authors using the different techniques of administration
illustrate a wide range of accuracy. Johnson, Dinusson and Eolin
(196L), reported that only 84-8% of the mafker was recovered when used
as a feed constituent in-powder form but 91¢<3% was recovered when used
in the form of impregnated paper in the pelleted ration. Wilkinson and
Prescott (1970) in a trial using group-fed Friesian steers and chromic
~ oxide impregnated paper achieved a low absolute recovery of 85 - 917
but a loss of material from the faecal collection bags was observed at
the lower range. Troelsen (1965) reported similar low recoveries of
about 85 -~ 90% using shredded chromic oxide paper given to ruminants
consuming long roughage diets. Crampton and Lloyd (1951), reported that
the absolute recovery of chromic oxide given as 10 g/kg of a major part
of the pelleted ration to be 98 — 99% whereas that of chromic oxide
given as 280 g/kg’of a small part of a pelleted ration was only 85 -~ 87%.
Curran et al. (1967), in a trial with three housed, pregnant cows given
differing proportions of a hay/concentrate diet (with 9.0 g/kg chromic
oxide) providing a nutrient intake of 1.33 x maintenance, achieved-an
Tabsolute! recovery of 97¢3 - 103.1% (mean, 100.9%) when total faecal
collections were employed and 95'& « 106+, & (mean, 99.4%) using rectal
grab samples. Corbett et al, (1958), gave cows a cubed concentrate
containing 70:8 g Crzos/kg to provide daily intakes.of 14¢2 - 566 g; a
mean absolute recovery of 97.2% was recorded for a 5-day period. Murdock,
Hodgson, Miller and Kimura (1957), obtained comparable recoveries of
94+0, 90-3 and 98-4% in trials giving gelatin capsules containing chromic
oxide to yearling heifers. In a parallel trial to that using 90 g/kg
chromic oxide incorporated in the concentrate, Curran et al. (1967) gave
8 housed; pregnant cows .a similar diet, bui inbtroduced chromic oxide
in the form of two gelatin capsules, each containing 9.81 15002 g Crzo

3

at 07.15 and 15.15 hr. They obtalned low recoveries of chromic oxide of
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between 82.8 ~ 93:5% (mean 89-8%) using a total faecal collection and
77.2 - 109.7% (mean 90.0%) with rectal grab samples. In a further trial
with 8 grazing sheep dosed once daily with two capsules each containing

0.98 ¥ 0.04 g Cr.0, at 15.30 hr the 'absolute! recovery of chromic cxide

2%
using total faecal collections was 88.8% (range 83.2 - 93-5%). Similar
animals individually given 227 g for a cubed concentraie containing 4 g
Cr203/kg in one daily feed at 15.30 hr produced a high mean absolute
recovery of 98:5% (range 90-8 - 113-9%). Coup (1950) reported variable
results from the use of gelatin capsules; in two trials recoveries viere
low (874 and 88.8%) while in other trials higher recoveries of 974 to
101.2% were recorded; These latter results are in agreement with the
work using capsules quoted by Smith and Reid (1955) and Cowlishaw and
Alder (1963) who obtained adequate recoveries using gelatin capsules.
Thus, there appears to be considerable disagreement concerning
the efficacies of the different modes of Cr203 administration, Curran
et al, (1967), concluded that in view of the high recoveries (not
significantly different from ;OO%) achieved when chromic oxide was given
in the feed and the saving in cost made using this technique (if
concentrates are a normal part of the diet) compared to the use of

purchased gelatin capsules; it is preferable to use chromic oxide in

the feed whenever possible,

short term errors

(a) Periodicity of chromic oxide excretion

N Undoubtedly the major advantage of using chromic oxide to
estimate faecal output is that it removes the laborious necessity of
undertaking total faecal collections. A resultant problem associated
with the use of chromic oxide as an inert, faecal indicator has been the
procurement of faecal samples truly representative of the whole excreta.

In earlier indoor experiments (Edin et al. 1944), the tracer was mixed

with the whole feed and so was distributed fairly uniformly in the
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faeces. As a resuli, sampling of the faeces presented no great problem.
However; it was not at first realised that under grazing conditions the

racer is not uniformly mixed with the feed and so is excreted
irregularly in the faeces. This makes the careful sampling of the faeces
of paramount importance,

The existence of a diurnal excretion pattern of chromic oxide in
the faeces has been recognised by a number of researchers (Kane,
Jacobsen and Moore 1952; Kane, Jacobsen, Ely and Moore 1953; Smith
and Reid 1955; Hardison, Engel, Linkous, Sweeney and Graf 1956;

Bloom, Jackobsen, Allen, McGillard and Homeyer 1957; Putnam, Loosli and
Warner 1958 using dairy cows; Hardison and Reid 1953; Balch et al.
1957; Wilkinson and Prescott 1970 using steers).

Kane et al. (1952), demonstrated a diurnal pattern of excretion
of chromic oxide in the faeces and suggested from this, it should be
possible to predict sampling times at which faeces containing the true
average concentration of chromic oxide would he obtained. Hardison and
Reid (1953) as a result of trials involving steers at grass, proposed
that the bulking together of equal weights of faeces sampled at 06.00
and 16.00 hr during 7 or more days would provide samples of which the
chromic oxide concentration would allow an accurate estimate of the
total faecal output to be derived, The results of subsequent experiments
conducted by Brannon, Reid and Miller (1954) with steers supported this.
Lancaster, Coup and Percival (1953) and Smith and Reid (1955) obtained
accurate estimates of faecal output by grazing cows using essentially
the same sampling procedure as that of Hardison and Reid (1953).

Kane et al. (1952) believed that the reason for this diurnal
pattern in chromic oxide excretion corresponded to changes in
metabolism, blood pressure and blood metabolic conecentration which
undergo cyclical changes reaching their lowest level at night when the

Jowest concentrations of chromic oxide in the faeces were recorded.
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Bloom et al. (1957) and Edin et al. (1944), supported the view that the
tinherent periocdicity in the excretion pattern of chromic oxide,' was
governed by some inbtrinsic physiological mechanism rather than the
effect of time, frequency or method of dosing in relation to the pattern
and level of feed intake. Bloom et al. (1957) in a digestibility trial
using housed dairy cows feported that the diurnal excretion pattern was
largely independent of the wide variation in the amount and physical
nature of the diets provided, agreeing with the studies of Kane et al.
- (1952).

Clearly the use of rigid faecal sampling times irrespective of
the experimental conditions as advocated by Hardison and Reid (1953)
would be a wvalid assumption within a livestock class if the diurnal
excretion pattern of chromic oxide was governed purely by physiological
mechanisms similar to those proposed by Kane et al. (1952). Further
work, however, has shown this not to be the case; Raymond and Minscn
(1955) indicated that the excretion pattern of chromic oxide and, in
particular, the times of maximum and minimum concentrations in the
faeces, depend among other facters on the times and method of dosing
in relation to the amount and pattern of feed intake. Brisson (1960)
pointed out the need to define possible sources of variation in the
chromic oxide excretion pattern for each set of experimental conditions.
Also, it has been clearly shown by Pigden and Brisson (1956) that the
range of the diurnal variation of chromic oxide concentration in the
faeces is reduced by freguent dosing during a 2,4-hr period, but this is
generally impractical in grazing experiments. This work contrasts with
the results of Bloom et al. (1957) who, using housed dairy cattle, did
not find this to be the case, An appreciable range in the diurnal
variation pattern was obse?ved even though the chromic oxide given was
four times daily in a concentrate mixture.

Further evidence discounting the theory that the diurnal

excretion pattern is solely governed by inherent physiological mechanisms
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has been provided by Putnam et al. (1958),in studies on the excretion of
chromic oxide by dairy cows. They reported that there was considerable
variation in relative chromic oxide concentration at any sampling time.
It was concluded that the time of chromic oxide administration was of
primary importance in respect to the time~concentration relationship of
faecal chromic oxide concentration and thal so called physiological,
diurnal effects were of little importance.

Wilkinson and Prescott (1970) in a trial using individually
housed steers gave a diet of rolled barley twice daily with silage ad
libitum. Chromic oxide was administered in the form of shredded paper
twice/day before each feed of barley. The sampling of faeces occurred
at each natural defecation for three, 2h~hour periods. They observed
a significant and consistent diurnal variation in faecal chromic oxide
excretion with the lowest concentration occurring during the night.
This pattern of diurnal variation is similar to that obtained by other
workers (Kane et al. 1952; Hardison et al. 1956; Balch et al. 1957;
Putnam et al. 1958). Wilkinson and Prescott (1970) reported that
concurrent grab samples takeﬁ at 09,15 and 1700 hr over four days gave
estimates of chromic oxide which were about 16% higher than the mean
concentration for the three 2L4~hour sampling periods. They also
indicated that the periodicity of faecal excretion of chromic oxide may
be related to the pattern of feed intake, rate of digestion and the
rate of passage of undigested residues through the alimentary tract as
well as the physiological mechanisms proposed by Kane et al. (1952).

It was stated that the higher the intake of feed,; the more rapidly the
maximum concentration of chromic oxide occurs in the faeces, probably
because of the higher rate of passage of feed residues down the
intestine.

Kameoka et al. (1956) measured the rate of disappearance of

chromic oxide from the rumen. The concentration decreasged during the
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first 3 hours after administration to about 70% of the initial
concentration and then maintained this level until the next meal. They
concluded that chromic oxide was removed more quickly from the rumen
than the usual constituents of the feed.

Troelson (1965), in a trial involving housed sheep receiving 2 g
chromic oxide/day in the form of a paper pellet at 09.00 hr for a 10-
day period reported that when a long hay diet was given and facces
sampled hourly there was little diurnal variation in the chromic oxide
content of the faeces; but when long hay was compared with pelleted hay
a difference in the degree of diurnal variation was noticed between the
different physical forms.

A reduction in the varistion in the chromic oxide content of
faeces samples has been noted by Corbett et al. (1960) when it was
administered on shredded paper, by Hardison et al., (1956) when it was
administered twice daily, and by Balch et al, (1957) when it was
administered before a meal.

In summary, the short term error component affecting the
accuracy of the chromic oxide indicator technigue due to the diurnal
variation in the faecal excretion pattern can be attributed tc a
variety of factors including daily dosing pattern, method of dosing in
relation to the pattern and level of feed intake, physical nature of the
diet as well the hypothesis postulated by Kane et al. (1952) and Bloom
et al. (1957) that the excretion of chromic oxide is regulated by a
physiOIOgicai mechanism removing surplus and unusable substances from
the body; +this mechanism being independent of feed intake pattern and
dosing interval. Therefore it is necessary to define the diurnal
variation pattern for each set of experimental conditions with particular
reference to diet, before the chromic oxide concentration of grab samples
taken at various times can be corrected to take account of diurnal
variation, Alternatively it is possible to select sampling times by

reference to diurnal excretion curves at which the chromic oxide content



is closest to the mean.

(v) Inter-day variation in chromic oxide excretion

A further component contributing a possible short term error in
the chromic oxide faecal indicator technique is the day-to-day variation
in the chromic oxide content of faeces samples (Kameoka et al. 1956;
Corbett et al. 1960; Wilkinson and Prescott 1970). A measure of the
combined short term errors due to both the diurnal excretion pattern
and day-~to-day~variation in chromic oxide content of the faeces can be
derived from the difference between the ‘absolufe' recovery and the
trelative,! recoveries (Wilkinson and Préscott, 1970). These workers
obtained a relative recovery figure close to 100% in a trial with 8
Friesian steers given silage ad libitum and two levels of barley (1-8
or 3.6 kg/day). Chromi.c oxide was administered in two feeds at 09.00
and 16.30 hr in the form of shredded paper before each meal. Faecal
grab samples were obtained at 09.15 and 17.00 hr each day for A4
consecutive days in three separate.h—day faecal sample periods. The
mean coefficients of day~to-day vardation for the two barley groups
were9.9% and 6.2%. These coefficients are considerably higher than the
3% coefficient of variation obtained by Corbett et al. (1960) for day-
to-day variation using a 7~day grab sampling period. A poor correlation
between the chromic oxide content of the bulked 4-day samples and the
mean content of ) separate daily samples was also obtained by Wilkinson
and Prescott (1970). They concluded that the length of sampling period
may be likely to influence the degree of error associated with the mean
chromic oxide content of bulked grab samples and it is therefore
preferable to use as long a sampling period as possible in order to
minimise the interday variation in chromic oxide excretion and recovery.
Kameoka et al. (1956) reported that this variation was a normal
occurrence, amounting to about 10%. They postulated that it might be

due to the following reasons; (a) Variation in the faecal DM output



usually in the region of between 10 - 15%. (b) Possible accumulation
of chromic oxide in some parts of the ruminant digestive tract such as
the omasum and abomasum by unknown means and its irregular excretion

leading to abnormal concentrations from day-to-day.

Summaxy -

In conclusion the use of chromic oxide in ruminant feeding trials
is subject to several sources of error of both a short term (diurnal
variation and interday wvariation in faecal output with a concomitant
variation in faecal chromic oxide concentration) and a long term nature,
(an 'absolute! recovery of chromic oxide considerably less than 100%).
However, by careful attention to the selection of the most accurate
method of giving chromic oxide {usuelly its inclusion at an appropriate
level in a major portion of a concentrate in the diet) and the use of
grab sampling times which make an allowance for the periodicity of
chromic oxide excretion and the adeption of a sampling peried over as
many days as is conveniently possible, it should be possible to reduce
the magnitude of the errors associated with the chromic oxide faecal
indicator technigue to an amount equal to that achieved using total

faecal collections.

I(ii) The distribution of chromic oxide within and between feedblocks

The accurate estimation of individual intakes.of feedblock material
using chromic oxide depends on the uniform distribution within and
between feedblocks. The chromic oxide containing feedblocks were made
by the normal commercial manufacturing processes in batch sizes of
usuvally 1 to 3 tonnes. In order to measure the distribution of chromic
oxide within individual feedblocks for any batch, several blocks were
randomly chosen and core sgmples removed from six random sites using a
brace and bit. This procedure also gave an indication of between

feedblock chromic oxide variation. A more detailed examination of



chromic oxide variation between feedblocks was undertaken for the
W290(74)and W291(74) products. This involved the separate sampling in
three places of é larger number of feedblocks in their respective batches
and bulking the material from each biock, A single chromic oxide
determination was then undertaken for each block. The mean chromic

oxide inclusions in several different feedblocks of the same type,
together with the coefficient of varlation for chromic oxide inclusion
within and between blocks is given in Table 2.

The distribution of chromic oxide within and between feedblocks
appeared to be guite uniform and no significant differeunce in mean
inclusion rate for blocks of the same type were measured. Even the
W290 and W291(74) products manufactured by the chemical setting reaction
céntained relatively uniform inclusioens of chromic oxide. This process
has the disadvantage of critically short wixing time fer the
ingredients before setting commenced and occasionally aggregotes of
calecium oxide and/or hydroxide were observed, indicative of inefficient
mixing. However, the data in Table 2 reveal no detrimental effect on

the dispersal of chromic oxide,

I(ii) The effect of lengbh of sampling period, no. of animals/group and

the quantity of feedblock and roughage consumed on the accuracy of

the following estimations

(a) Individual feedblock intake using chromic oxide.
(b) Dietary digestibility using both total faecal collections and
chromic oxide.
(c) Hay intake as computed by apportioning faeces according to the
indigestibility of the separate dietary components.

Amongst the many potential applications of the use of chromic
oxide in diets is the prediction of individual feed intake in group
situations if the dielt or a dietary component contains chromic oxide

e.g. Beames and Morris (1965) for feecdblocks and Foot and Russel (1973)



Table 2,

Variation in chromic oxide concentration within and betwecn

Feedblocks

Mean (TSE) chromic cxide concentration (g/ikg DM)

Variation within feedblocks

Individual feedblcoks

A B c D B
RHE w5 100,08 5.2270.09  5.03%0.11  5.0910.08  5.0610.06
CV%%‘ 308 1-5-03 5.1 306 20?
RS Lo0t0,11  4.3310.09  4.52%0.11  4.32%0.11  4.36%0.09
CV% 601 1}409 602 601{- 503
W290(74)  2.50%0.04  2.3530.05  2.43+0.06  2,46%0.03  2,3310.06
CveE 3.5 ho7 5,8 3.2 6.1
W291(74)  2.4540.07  2.3410.08  2,6640,08 2.4170.09  2.37F0.07

CVg 6.7 8.1 7.2 9.3 6.9
Variation betweern feedblcoks
No Mean
° chromic oxide Ccv%g
examined g/kg DM

W290(74) 32 2.38%0.02 4.9
W291(74) 32 2.4110.04 8.9

standard deviation of mean
Mean

N A
Coefficient of variation % (CV) = x 100

st

Fach a mean of six samples.
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for concentrate pellets. The individual intake of the feeding stuff
containing chromic oxide is derived by reference to the amount of chromic
oxide recovered in the f&eceég The equation used is given on page 40.

For the purpose of this thesis it was essential to have a technique
for estimating the individual intake of feedblocks and other dietary
supplements with reasonable accuracy. Chromid oxide was chosen as the
most applicable marker and as the use of rectal grab samples is rather
an imprecise means of assessing supplement intake, wherever possible
(logistically) total faecal collections were made. Nevertheless in many
of the circumstances prevailing in the experiments undertaken, it was
impractical for total faecal collections to be accomplished. For
instance, when large numbers of animals were involved, handling
facilities were absent, and when cattle were used as the experimental
animals, it was rarely possible to base individual supplement intakes on
anything other than the chromic oxide content of the rectal grab samples.

As it would have been somewhat artificial to carry out the
proposed individual variation studies with male animals, a faecal bag of
the nylon mesh type was used to totally collect faeces from ewes. The
design of the bags was such that when the ewes adopted the position for
urination, the urine voilded generally passed in front of the bag. When
the bag was about full of faeces urine percolated rapidly through the
contents,

Before any individual estimates of supplement intaeke could be
derived in the group situation, the absolute recovery of chromic oxide
usihg nylon mesh bags had to be measured in a controlled situation
where chromic oxide intakes were accurately recorded. The effect of
the length of sampling period on the reliability of this procedure was
also examined when the recoveries from various numbers of animals were
combined together. Thus; one of the main objectives of these initial

studies was the establishment or otherwise of chromic oxide as an
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accurate means of predicting individual intakes using nylon mesh faecal
bags .

Secondly as many of the proposed experiments entailed the
measurement of diet digestibility, a further objective of these
experiments was the comparison in terms of accuracy of digestiblility
coefficients derived fro% total faecal collections and the chromic oxide
indicator technique using rectal grab samples. The latter method would
be especially used for the computation of digestibility data for cattle.
Again the effect of length of sampling period on the accuracy of these
messures was examined for various sized groups of sheep.

In many circumstances a knowledge of individual roughage intakes
and their variation for combined roughage-supplement diets is necessary
for a full understanding of nutrient intake and resulting animal
performance. The accurate estimation of the intake of the roughage
dietary component'in these situations is likely to be difficult because
of associative effects between the two (or more) dietary components.

One of the principal claims made for feedblocks is that they improve

the digestibility of poor quality roughages. Therefore when, for
instance, a feedblock forms only a small part of a total diet (i.e. a
true supplement ), based mainly oh poor quality roughage, the estimation

of roughage intake by apportioning faeces according to the
indigestibility (100 - digestibility %) of the different dietary
components may be invalidated by changes in digestibility if there are
associative éffectso Usually this takes the form of increased roughage
digestibility. Also, as will be described later, it is rarely possible
to measure meaningful digestibility coefficients of supplement feedblocks,

When, however, the proportion of feedblocks or concentrate in the
diet increases to a level where it is substituting rather than
supplementing for the roughage, an individual assessment of roughage

intake derived from faecal apportionment is more likely to be valid.
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This is particularly the case if the roughage given is of good or
moderate quality (greater than 50 g CP/kg). A third objective of these
initial experimeﬁts was to examine the accuracy of estimating roughage
intake by faecal apportionment according to indigestibility coefficients
for diets composed of moderate quality hay and feedblock material. Again
the effect of length of sampling period for different numbers of animals

on the accuracy of this estimation was examined.

Fxperimental

Thirty two, non-pregnant, non-lactating Greyface (Border Leicester
ram x Scottish Blackface ewe) ewes weighing 49 to 71 kg were housed in
individual pens (2 m x 1 m) with sawdust bedding. All ewes were dosed
with anthelmintics prior to housing.

Three experiments were conducted. In Experiment 1.1 the ewes were
given a diet consisting of 505 g DM of feedblock material (W290(74)) of
composition Table 1, in a meal fofm plus 526 g DM of chopped hay (82 g
CP, 274 g CF, 17 g EE and 61 g ash/kg). The block meal also contained
2+185 g chromic oxide/kg DM. The DM digestibility (65-7 ¥ 1.3%) of the
feedblock material was measured in & digestibility by difference trizl
with 4 wethers given a basal ration of 0+9 kg DM high quality dried
grass pellets. The DM digestibilily of the hay was 594 T 2.3%.

Following an introductory period of 7 days to the diet, total
faecal collections from 25, of the ewes were made using harnesses and
nylon mesh faecal bags. The dally fresh faecal output from each
sheep was weighed, thoroughly mixed and a 10% subsample retained for each
of the following sampling schedules. The output over days 1 to 9 formed
a 9-day composite sample; the faecal output over days 1 to 3, 4 to 6
and 7 to 9 formed three separate 3-day composlte samples, The faecal
oubtput over days 1 to 6 and 4 to 9 was derived by combining the data

from the 3-day collections (L to 3 plus 4 to 6) and (4 to 6 plus 7 to 9)



respectively. After determining DM for each composite sample and
milling chromic oxide was determined. Therefore the absolute recovery
of chromic oxide was computed with 24 sheep for either 9 days of
continuous sampling, 2 separate 6-day continucus sampling periods or

3 separate 3-day continuous sampling periods. Dry matter digestibility
and hay intakes estimated by apportioning faeces according to the
indigestibility of the feedblock and hay, were calculated in a similar
way for the various sampling schedules.

The remaining ewes were grab sampled per rectum twice daily at
08.00 and 16.00 hr and the grab samples combined to form the various
different composite samples as for the total collection ewes. The DM
digestibility of the diet was then estimated using the chromic oxide
faecal indicator technique for the various sampling schedules.

In Expt 1.2, the 32 ewes were allocated to 8 groups of L4 sheep
on the basis of live weight. Four groups (16 ewes) were given 384 g DM of the
chopped hay, plus either 82, 164, 328 or 656 g of feedblock meal DM,
One of the other L groups received 769 g DM chopped hay alone, while the
remaining 3 groups were given 328, 493 or 657 g DM of feedblock meal
with no roughage. The last 3 treatmentis produced severe scouring on
the sheep and the 493 and 657 g levels were discontinued. Following 7
days of introduction to the diets total faecal collections of 7 days
duration were carried out for all ewes. The absolute recoveries of
chromic oxide, DM digestibilities and estimated hay intakes were
calgulated as in experiment 1.1 except in this case the length of
samﬁling period was constant for all treatments at 7 days.

In Expt 1.3 the 32 ewes were again allocated to 8 groups of 4
sheep., Four groups were given 769 g DM of chopped hay plus either 82,
164, 328 or 656 g DM of feedblock material. The remaining L groups
received the respective feedblock meal allocations but with chopped hay

given ad libitum. In this latter case the hay feeders were replenished



up to 4 or 5 times daily when necessary. Faescal collection and
sampling procedures were as for experiment 1.2.

Subsequentiy the elimination of chromic oxide from the faeces of
sheep previously given chromic oxide.containing feedblock meal was
monitored for the groups given 82 g DM feedblock meal plus 384 g DM hay
{(Expt 1.2) and 656 g DM of feedblock plus hay ad libitum (Expt 1.3). A
constant daily AOC g subsample of fresh faeces was retained from each
sheep for DM and chromic oxide determination. The total daily chromic
oxide output was then computed over a 10-~day period after the cessation
of chromic oxide feeding.

In each of the experiments the allocations of feedblock or hay
when restricted were given in two daily feeds at 08,00 and 16.00 hr.
Food residues (only on the 565 g allocation of feedblock) were retained
and analysed for DM content and adjustment made to the total chromic
oxide intake when appropriate.

The individual water consumption of the ewes was measured in the

sampling periods of all three experiments.

Expt 1.1

The absolute chromic oxide recoveries, DM digestibilities and
estimated hay intakes are given in Table 3, The overall mean water
intake was 3-64 ¥ 014 litres/day.

The absolute mean recovery of chromic oxide in the faeces of the
2l sheep was always within the range of 98-6 to 101-1% of that given
which establishes the accuracy of the input/output data and the
analytical method. The mean CV for the three 3-day collection periods
for the 24 sheep was 7.1% and this was reduced to 4+4% for the two
6-day collection periods and to A4-3% for the 9-day collection,

For the 2J sheep the total DM digestibility was always within the

range 64:0 to bh-6 (mean 64-4) irrespective of the length of period of



Table 3. Expth 1;1,

The mean absolute recovery of chromic ocxide, DM

digestibility and the estimated daily intake of hay

Total faeccal collection (Mean, 2L sheep)

Sampling
period
days
3-day
collections
(a) 1 -3
(b) &4 =6
(e) 7-9
6-day
collections
(a) 1-6
(b) 4 =9
9-day
collections
(a) 1 -9

Absolute
chromic oxide

recovery

;g CV%*
100.2 6.0
98,6 7.9
100,11 Tl
99.5 Lel
99.5 Lo
101.1 L3

DM

digestibility

pd CVE
62{,.,) I—{-oB
6‘!#014- 30/-{'
64,0 3.8
6heb 3.3
6l 2 3.1
bl 6 3.1

Estimated
hay.intake
I3 Cvg
1,89 11.6
496 10,1
501 9.6
490 9.7
499 8.6
L85 10,6

Rectal
grab samples
(Mean & sheep)

DM
Digestibility

¥ cveg

6306 1&03
6l 2.4
645 1.8
64,1 3.5
6[‘-\)6 200
63.8 Lo7

3
Coefficient of variation %.
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faecal collection and the mean CV of 3.8% for the 3-day collections
was reduced to 3¢2 and 3.1% for the 6 and 9-day collections
respectively. The overall mean DM digestibility estimated from the
faecal grab samples from 8 sheep was 64.2% and the CV was (surprisingly)
rather less (3-1 compared with 3.5%) than that for the complete
collection from 24 sheep but was rather more variable for the various
periods.

The various sampling procedures always resulted in an underestimate
(4+8 to 7.8%) of the amount of hay given. There was slightly less

variation for the two 6-day collection periocds.

Expts1.2 and 1.3

Table 4 presents the combined results for Expts 1.2 and 1.3. The
results for the sheep given 328 g feedblock/day alone are noit presented
as the faeces were too soft and wet to be collected properly in the
nylon mesh bags and the determined recovery was only 83-5% of that given.

The overall mean recovery of chromic oxide was 97.8% of the intake.
The individual mean values were generally between about 96 and 102%,
Lower or higher recoveries were not associalted with any tread in either
hay or feedblock intake. The CV for each group of A4 sheep was
generally about 2.0 to 7-.0% of the mean but three groups had higher
values of between about 10 and 13%. In general the CV values obtained
over a 7-day period were comparable to those obtained for 6 or 9-day
periods in Expt l.l. The lowest CVvalues recorded were those for the
highest (656g) intake of feedblock.

The DM'digestibilities of the various feedblock-hay combinations
were in close agreement with values calcuiated from the DM
indigestibility coefficients of the respective dietary components. This
was reflected in the estimated hay intakes which were generally in
agreement with the weighed inputs with no consistent under or overestimate

emerging. The CV for estimated hay intakes were always larger for the
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Table ho JYomts 1.2 and 1.3, Mean chromic oxide absolute recoveries, D

digestibilities, estimated hay intakes and water consumption for diets.
(Mean of 4 sheep) ‘

Hay g/day 384 769 Ad 1ibitum
Feedblock
g/day
a2 99,9 (10.2) | 106.8 (6.4) 97.5 (7.0)
Chromic oxide 16/ 91.6 (5.0) 98.8 (13.4) 96,5 (L.2)
recovery
% and (CV%) 328 99.1 (2.0) 98.5 (3.7) 91.3 (13.4)
656 95.8  (L.2) 96.8  (3.3) 1101.9 (3.1)
82 63.2  (8,2) 60,2  (4.0) 60.3  (3.6)
DM 164 66.5 (4.5) 60.9  (Lk.6) 60.2  (5.,2)
digestibility
% and (CV%) 328 63.0  (6.7) 62.5 (1.0) 61.4 (10.1)
656 3.4 (L7) 62,6 (1.3) | 6k.6  (2.8)
82 356 (14.1) 803  (9.5) 1615  (4.8)
Estimated hay 164 370 (21.8) 770 (7.9) 1463 (16.7)
intake g/day
and (CV%) 328 383 (i8.5) 791 (8.7) 1369 (26.3)
656 419 (12.3) 796 (7.2) W57 (25.4)
¥
- 782 1.45 2.11 L.07
Water 164 1.53 2.52 3.38
consumption
litres/day 328 2.67 2.8 L.69
656 L.11 5.40 6,74,

" Ad libitun consumption was 16001179, 15357123, 1348+168 and 1453109 g

DM/day for block intakes of 82, 16k, 328 and 656 g/day respectively.

a3t
S. Error of difference between 2 means, 0.42 litres/day.
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384 g allocation of hay than when 769 g hay was given. When hay was
offered ad libitum an extra source of variation apart from that
inherent in the estimation fechnique was introduced, namely the between
sheep differences such as live weight which influence voluntary hay
intake and the CV increased from about 5 to about 25% as the feedblock
intake increased from 82 to 656 g DM/day.

Table 5 indicates the manner in which chromic oxide diminished in
the faeces following the withdrawsl of chromic oxide-containing

feedblocks from the 2 groups of 4 sheep.

Table 5, FExpts 1.2 and 1.3. Progressive % reduction in the chromic

oxide content of the faeces (mean I sheep/group)

Block intake g/day | 82 656
Chromic oxide intake (mg/day) 211 1680
Previous 7 days ' 100 100
Days after withdrawal 1 100 57
2 56 28
3 35 14
h 18 9
5 9 6
6 4 2

The elimination of both high and low intakes of chromic oxide from
an 8 fold difference in block intake was substantially complete after 6
days and was reduced to almost one half after 1 or 2 days.

The water consumption of the ewes increased proportionally with
the total DM intake. There was also a tendency for water consumption
to increase in response to guantity of feedblock given independent of
total DM intake and particularly when feedblock intake was 656 g/day.
Fér example, sheep given 769 g hay alone consumed 2-23 1/day while sheep

given 712 g (384 g hay + 328 g feedblock) consumed 2-67 1/day.



Discussion

The results of all three experiments described here confirmed the
effectiveness of chromic oxide and the faecal collection apparatus
(nylon mesh bags) as a useful and accurate method of assessing individual
intake of chromic oxide containing foodstuffs. Nelther length of
sampling period nor number of sheep per group appeared to have a
profound effect on the accuracy of the measure.

It would seem that if necessary even 3 days of continucus faecal
collection would give a quantitative recovery of the‘chromic oxide
consumed with a low CV (6 - 8%) for a group size of 24 animals. When
the collection intefval vas increased to 6 continuous days the CV was
reduced to between 4 -~ 5%. A further increase to 9 continuous days
made virtually no improvement on accuracy. (CV = 4e3%).

When the group size was reduced to 4 sheep and a collection
period of 7 continuous days adopted the CV for feedblock intake was on
average 6°3% for 12 groups of / sheep given varying amcunts (82-~656 g
DM/head) of chromic oxide-containing feedblock. Therefore under the
circumstances of Expts 1.1, 1.2 and 1.3 the amount of variation
attributable to the experimental error in estimating individual
feedblock intake was acceptably low.

As the computation ltechnique for individual feedblock intake is
partly a function of total faecal DM output, the accuracy of measuring
diet digestibility by total quantitative collection was also confirmed.

It was also shown (Expt 1.l) that the chromic oxide inert
in&icator technique was a very accurate means of estimating diet
digestibility under the current circumstances irrespective of whether
rectal grab samples were obtained twice daily for either 3, 6 or 9
days.

The technique of estimating individual roughage intake by faecal

apportionment according to the indigestibility of the 2 dietary
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components allowed a reasonably accurate prediction to be made under
the experimental circumstances. The mean estimated intakes (4 sheep)
agreed closely with the welghed outputs when either a low, medium or
ad libitum allocation of roughage waé glven. Any discrepancies
occurring were probably due to spillage of hay rather than associative
effects between the dietary components. The CV for estimated hay
intake were however higher on the lower (384 g DM/head) allocation than
when (769 g DM/head) was given. Any spillage which did occur would
form a larger proportion of the mean at the lower level of allocation.
In most of the experiments described in this thesis where faccal
apportionment was used to estimate individual intake ad libitum
roughage was given.

When a low quality roughage (straw or poor quality hay CP < 50 -
60 g/kg DM) is given to sheep,in addition to either feedblocks or
concentrates containing supplementary nitrogen, an associative
interaction between the dietary components resulting in increased
roughage digestibility cannot be disregarded., This would make the
prediction of individual roughage intakes by faecal apportionment less
accurate unless account of these likely associative effects 1s taken.

The data on disappearance of chromic oxide from the faeces of
sheep as occurred when the giving of chromic oxide (feedblock) ceased
abruptly, suggests that a minimum period of at least 4 - 5 days must
elapse before individual intakes are reassessed after changing
experimental conditions. In many instances for reascns other than
the equilibration of faecal chromic oxide output with supplement intake
such as changes in palatability between different feedblocks a much
longer change-over period is preferential.

In many of the eﬁperiments in this thesis it was the intention
to make a comparative assessment of individual intake variation for

'self-fed,' and 'hand-fed,' systems of giving additionsl nutrients
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to ruminants., The statistical term which is used to express variation
within data is known as the coefficient of variation (CV) which has been
defined earlier. The coefficient of variation emﬁraces the total amount
of variation within a set of data whether it be duvue to bioclogical,
analytical, technical or other causes., It would be important to know
approximately what proportion of a particular CV could be reasonably
assumed to be due to the interaction between the animal and method of
giving nutrients (biological variatiocn) and what proportion might be due
to cther causes inherent in the experimental technique (error variation).

The circumstances under which the chromic oxide technique for
estimating individual intake using nylon mesh bags was evaluated
differed in 2 major ways from how the technique was to be used in most
of the experiments in the thesis. Firstly in the techniquew
evaluation experiments the sheep were individually penned and therefore
movement was restficted, in the individual variation experiments the
sheep were kept in a group situation with enclosure size varying from a
few square metres to several hectares. In these situations the sheep
had unrestricted movement and it is more likely that the total ¢ollection
of faeces would be slightly less accurate. Also under field conditions
it was rarely possible to empty.the faecal bags twice daily when they
appeared likely to overflow (a relatively full bag of faeces may be
more likely to produce faecal losses). When the sheep were kept
indoors it was easy to empty the faecal bags more tﬁan(xme daily if
necessary and thereby minimise faecal losses.

The second major difference between the technique evaluation

experiments and the application of the technique in the majority of
the experiments in this thesis was that in a group system of giving
nutrients, individuval food intake must be irregular between days,
whilst in Jxpts 1.1 and 1.2 both feedblock and hay (roughage)

allocations were constant and in Expt 1.3 only the roughage allocation



wag offered ad libitum. It is possible thai the CV for individual
intake might be increased due to the irregular nature of dietary
consumption.,

Nevertheless the CV for both individuval feedblock and estimated
hay intake serve as a useful base line of minimum individual variation in
a group of sheep when individually penned and individually given fixed
allocations of chromic oxide containing food and roughage. It would be
difficult to visuwalise a situation where a lower CV could be obtained
for any group of sheep using the techniques described here unless there

was no intake of chromic oxide~containing food whatsoever.

Expt 1.4, The relationship between the concentration of chromic oxide

in a single grab sample of faeces and the estimated feedblock intake

derived from the chromic oxide content of a 2hL-hour total collection

In many of the experiments carried out in this thesis it was not
possible to obtain total collections of faeces. This was especially
the case for cattle and when large groups of sheep in both the hill and
lowland situation were used., In these circumstances an estimation of
individual supplement intake could only be based on rectal grab samples
and frequently it was possible to procure only a single sample per
animal., The presence of chromic oxide in the faeces of individual
animals would certainly allow a qualitative estimation of whether block
was being consumed, However the exact concentration of chromic oxide
in the faeces in a given situation depends upon several factors
additional to those described in the Introduction as being inherent in
the technique itself. These are the amount of chromic oxide-containing
material consumed (e.g. feedblock, concentrate, cob), the amount of
other material consumed (e.g. roughage) and the digestibility of the
total diet.

The existencé of a guantitative relationship between faecal

chromic concentration and the intake of chromic oxide containing food
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would provide further very useful information; e.g. to compare the
individual variation in intake when different types of supplementation
are given,

In Expt 1.1 the use of rectal grab samples to estimate dietary
digestibility with sheep ﬂ8) given hay and feedblock was shown to be
as accurate as total faecal collection. The sampling procedure used
relied uwpon 2 grab samples per day over eilther 3, 6 or 9-day periocds.
~ In the present experiment single grab samples from adult cattle were
compared with a 24-hr total collection of faeces as estimates of

individual variation in feedblock intake.

Materials and Methods

Twenty two, pregnant (Hereford cross) suckler cows weighing
approximately 450 to 520 kg (@t grass)were given two W291(76)
feedblocks 14 days prior to the expected housing date (January 1977).
The feedblocks contained 7-89 chromic oxide/kg DM. The total group
intake of feedblock was recorded by daily weighing. The cows also
received 4 hales of medium quality hay daily (4 kg/head) in addition
to the poor grazing available.

At 12,00 hr on day 15 after introducing the blocks the cows were
housed and tied in individual stalls in a byre. The total faecal
output from individual cows over the 24 hr period (post housing) was
collected directly from the dung channel. The cows.were inspected
frequently and any fresh faeces placed in plastic bags to minimise
losses and contamination. Al the end of the 2L~ hr period the total
faecal output was weighed and subsampled according to Method 1 (page 71 ).

Additionally, 2 rectal grab samples were obtained from each cow at
14.00 hrs on the afternoon of housing and at 09.00 hrs on the following
morning, The samples were‘dried and the chromium content was

determined.
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Results
The mean daily intake of feedblock by daily weighing was 0.86 T
0:37 kg/head. The feedblock intakes estimated from single rectal grab

samples and a 24~hr total collection of faeces are given in Table 6.

Table 6. Ixpt 1.h. Mean faecal oxide concentrations and feedblock

intakes of cows

24 hr total

Grab sample Grab sample collection
14.00 hr 09.00 hr (12.00-12.00 hr)
Mean faecal .
chromic oxide 1458 873 1082 37814
g/10% kg DM
Range 118 - 4639 27 - 2637 28 - 3480 7 - 1352t
Wi 83.2 88.0 8h.3 91.4

¥ Mean feedblock intake

#% Range in feedblock intakes.

The individual faecal chromic oxide concentrations at 14.C0 and
09.00 hr were positively correlated (r = 093 and 0.93)
with feedblock intakes (Fig.l) estimated from the 2/4~hr collection.
The relationships were highly significant (P < 0.001). The correlation
(r = 0.97) between the faecal chromic oxide concentrations at eéch of
the two separate grab samplings were also highly significant (P < 0-001).

The mean faecal chromic oxide concentration from the 14.00 hr grab
sample (1458 g/ioh kg DM) was 35% greater than the mean faecal chromic
oxide (1082/10h kg DM) over the 24 hr collection. At the subsequent
09,00 hr sampling the faecal chromic oxide (873 g/th kg DM) was 19%
below the mean 24-hr value.

The estimated mean feedblock intake (378 g/head) was considerably

lower than the mean intake determined by daily weighing.



The low mean estimated feedblock intake using the 2/i-hr collection
could be attributed to two causes. Firstly the feedblock intake over
the 24-hr period immediately prior to housing (03 kg/head) was
considerably below the mean (0-86 kg), recorded over the li-day
experimental period. Secondly it was shown in Expts 1.2 and 1.3 (Table
5) that sometimes within one and usually within 2 days after ceasing to
give chromic oxide the output of chromic oxide in the faeces was about
halved. This is consistent with the lower mean chromic oxide
concentration at 09.00 hr (21 hr post housing) compared with either
the overall 24-hr mean or the mean concentration at 14,00 hr (2 hx post
housing). The low intake of chromic oxide over the day before housing
and the cessation of giving chromic oxide would account for the
discrepancy in estimated mean feedblock intake and feedbloclt intake
over the experiment.

The coefficients of individual variation for either feedblock
intake or mean faecal chromic oxide concentration agreed closely,
reflecting the highly significant positive correlations between these
parameters, Therefore it is reasonable to assume that the chromic
oxide content of single rectal grab samples are useful indicators of
relative intakes of chromic oxide containing foods. When it is
possible to procure several grab samples (on one day or over a period)
from each animal; increased accuracy is likely to be gained. Due 1o
the diurnal variations in chromic oxide excretion discussed in the
Introduction, it is essential that the grab samples are taken from all
the animals in a group at approximately the same time. The faecal
chromic oxide concentration of rectal grab samples by itself in no way
allows an accurate absclute estimate of supplement intake to be formed.
However an approximate estimate of absolute individual intake may be

made if the total group intake is known; individual intakes may be



Fig.la Expt 1.4 Relationship between faecal chromic oxide

concentration (g/loh kg DM) in single rectal grab samples obtained at

09.00 and 14.00 hr.

Fig,1b Expt 1.4 Relationship between faecal chromic oxide

concentrations (g/ioh kg DM) in single rectal grab samples obtained at

09,00 and 14.00 hr and estimated feedblock intake from a 2L-hr total

collection,
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derived by apportioning the total intake according to faecal chromic
oxide concentrations.

In many of the instances where one or more raectal grab samples
have been used to measure individual variation in intake for different
supplementation techniques (e.g. self-feeding v. hand-feeding) the
interpretation of the faecal chromic oxide data and the resulting CV is
difficult unless the same animals are used to evaluate both systemns. A
high faecal. chromic oxide concentration may be indicative of a high
consumption of chromic oxide-containing foodsor a very low roughage
intake resulting in a low faecal DM output and hence elevated faecal
chromic oxide concentration., Therefore where grab samples were used to
estimate relative feedblock intakes the individusl variation intake was
whenever possible compared with a concentrate control. This took the
form of the same amount of DM as a concentrate pellet given in troughs
with an adequate space allowance, These were a minimum of 40 and 80 cm
for sheep and cattle, respectively, assuming access to both sides of the
trough.

The implications and accuracy of using single grab samples to
estimate individwual varistion in supplement intake are further discussed

in Section 1. Expt 6.2.

1T TIME LAPSE PHOTOGRAPHIC STUDIES

One of the objectives of this thesis was to record the
behaviour of animals given feedblocks, In the indoor situation this
was achieved by using a time lapse photography unit placed above the

stock with an approximately 68 second interval between frames, The
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duration of each film was about 3 days. A flash unii was used to record
behaviour during hours of darkness. The data obtsined was analysed

manually.

IIT  THE DAILY WEIGHING OF FELDBIOCKS

Throughout this thesis the group intakes from feedblocks were
recorded by daily weighing using a 25 kg spring balance. In many
instances the effect of climatic variables on the intake of feedblocks
was studied which demanded the wéighing of the blocks at a constant

time each day, This was normally between 09,00 and 10.00 hr.

v THE MEASUREMENT OF CLIMATIC VARIABLES

(i)  Temperature

Temperature data were obtained using a maximum and minimum
thermometer and mean daily temperature was recorded using a revolving
thermograph,
(ii) Rainfall

The daily rainfall was recorded using a centimetre rain gauge
situated at the premises of the Iower Clyde Water Board which was

adjoining the Estate where the experiments took place.
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v THE SAMPLING OF FALCLS

Two alternative procedures were used for‘the sampling of faeces,
When small numbers of animals were vsed (Method 1) in an experiment,
the total daily faecal output from each individual was weighed fresh,
dispersed on a tray and thoroughly mixed. A 10% subsample of the fresh
output for each day was bulked together to form a composite sample for
the required period of collection. The resulting composite samples were
then analysed for DM and other relevant parameters.

When large numbers of animals were used (Method 2) the total fresh
daily faecal outputs for each individual were grouped together over the
desired number of da&s in a large polythene bag. The bag containing
the total output of faeces over the collection period was weighed and
the contents placed in a tray, about 1-0 x 1-0 x 0.2 metres, and mixed
thoroughly., A representative subsample of faeces was obtained for DM
and other relevant analysis.

A comparison between the two methods of faecal sampling was
carried out with 32 sheep (ewes). The faeces from 16 ewes were sampled
according to Method 1 and faeces from the other 16 ewes according to
Method 2. The ewes had been given a chromic oxide containing feedblocks
(CSE) for a 14h~day period before faecal collection commenced. There was
no significant difference in calculated feedblock intake as determined
by the mean daily faecal DM output and their chromic oxide contents for

the two sampling methods.

VI MEASUREMENT OF THE DIGESTIBILITY COEFFICIENTS OF FEEDBLOCKS

In several experiments in this thesis a comparison of providing

similar amounts of digestible nutrients in either a feedblock or
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concentrate form was made. This required a knowledge of the
digestibility coeflficients for the feedblocks used. Several problemns
arose in the in vive determination of‘digestibility coefficients; tlhese
were particularly severe for the supplement-type blocks which are
intended to form only a small proportion of the total DM in the diet.
As demonstrated earlier in this thesis, when feedblocks are
given alione digestive upsets are likely to occur even for the higher
intake substitute-type feedblocks., Therefore any digestibility
determination made on feedblocks must involve the digestibility by
difference technique. Reliable digestibility estimations of most foods
can be derived in this manner but especially with feedblocks several

extra difficulties are involved. These include the following;

(1) Feedblocks are purposefully designed to restricted voluntary
intake and give a 'self-help,! system of feeding. The nutritionist is
therefore faced with a dilemma in what quantity of any feedblock can be
given without causing refusals or digestive disturbances and at the
same time provide a meaningful increment above the basal ration to
facilitate accurate measurement of feedblock digestibility. This can

usually only be determined by trial and error.

(i1) 1In practice feedblocks may be ingested little and often but in
digestibility trdial studies such a pattern of giving food is often
impractical and meal feeding has to be adopted. Therefore any possible
interaction between block ingredients and frequency of intake on diet

diéestibility are nol assessed.

(iii) Feedblocks are often specifically formulated to increase the
digestibility of other dietary components such as poor quality
roughages, Reliable digestibility estimates using the difference
technique require the use of a basal ration which ideally maintains a

constant digestibility when {he increment of food to be evaluated is
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given. This means that the basal ration must be of sufficiently high
qualiby as to preclude any associative influence between the basal
and test foodstuff. A further complicating feature where feedblocks
are concerned is that due to the considerable salt inclusions in scme
blocks, water intake is likely to be high and excessively soft faeces may
result, Therefore another requirement of the basal ration is that it
should contain sufficlent fibre to ensure that faeces are manageable for
quantitative faecal collection., This may be incompatible with fulfilling
the criterion of a high quality basal ration; The choice of basal ration
is therefore of utmost dimportance in determining the digestibility of
feedblocks by difference.

For the substitute-type feedblocks the most satisfactory basal
ration employed was approximately 1 kg (fresh matter) of moderate
gquality dried grass cubes (142 g CP, 221 g CF, 25 g ER, 76 g Ash/kg DM).
When given to mature wethers this allocation was readily consumed
together with increments of feedblock material between 200 to 500 g.

In most cases the faeces produced from these diets were reasonably well
pelleted, enabling quantitative collections of faeces to be made with
confidence. The digestiblility estimates obtained in this manner for
seversl different types of substitute-~feedblock are given in Table 7.
The procedure for these estimations was to give the sheep (normally
Lh/treatment) in metabolism crates grass cubes alone for 17 days
followed by a further 17 day period when the grass cubes and feedblock
material were-given. Faeces were collected over the final 7 days of
each period. The diets used were given in 2 approximately equal
portions at 08.00 and 16,00 hr.

None of the basal rations examined appeared to be satisfactory
for evaluating digestibili@y of supplement-type leedblocks by the
difference method. One proprietary supplement-type feedblock was

completely refused by wethers when given as 150 g feedblock DM/kg of
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Estimated digestibility (DE MJ/kg, DCP g/kg and DOM g/ke
several substitute-type feedblocks, using the

Table 7.

contents DM basis) for

difference technigque and & basal ration of dried grass cubes

Feedblock GSE | W290(74) | W290(76) |w291{74) | wW291(76) 2??22
cubes
No, of sheep 5 3 L > A 12
Feedblock g 212 326 543 332 b6 80010 900
Included salb g 31 19 26 12 13 -
Digestibility %
DM 73.873.5 | 66.840,6 | 63.271.8 | 58.770.8 | 65.77%.2| 72.270.7
oM 76.753.2 nd. | 79.7%3.2 nd. |80,7%3.1| 72.631.4
N 87.6%3.0 | 71.5%3.5 | 82,2¢1.5 | 77.771.8 | 84.515.2 64.970.9
Energy 78,2106 | 75.741.8 | 80.413.8 | 79.170.3 | 83,1225 | 70.1t0.7
Calculated DE | 11.4 9.7 10.2 1041 13k 13.0
Calculated DCP 149 173. 168 176 167 92
Caleculated DOM 585 nd. 591 ndf 604 671




total diet. In one experiment it was hoped to characterise the
nutritive value of a supplement feedblock (RHE) and compare the giving
of'equal amounts of supplementary digestible crude protein and energy
as either feedblock or concentrate méterial° When dried grass cubes
were used as the basal ration, the maximum amount that could be given
and still ensure that the feedblock inclusion (203 g DM) would be
consumed was 880 g DM of grass cubes (Trial A), Unless receiving food
at a level well helow appetite, the sheep were most reluctant to
consume the supplement feedblock material given. When the procedure for
measuring digestibility was carried out as for the substitute-type
feedblocks the sheep scoured excessively and although faeces were
collected quantitatively using polythene linings in rubberised canvass
faecal bags the results obtained (Table 8) appeared anomalous. There
was considerable variation between individuval sheep in digestibility
estimatesparticularly for N digestibility, reflected in the bigh SE of the
mean. The computed ME value for RHE (DE x 0-81) was 5°19 MJ/kg which was
far below the manufacturers claimed value of 8.6 MJ/kg.

When a second digestibility trial (Trial B) was conducted using
a different basal ration of 664 g DM composed of the following (482 g
distillery siftings, 326 g barley, 121 g cottonseed meal, 18 g
dicalciwn phosphate and 18 g cslcium carbonate/kg) plus 251 g of RHE,
similar results (Table 8) were found. It was hoped that the inclusion
of more CF in the basal ration from the siftings (with 400 g CF/kg)
would alleviate the scouring problem bul no jmprovemsnt was found.
Therefore the nutritive value of RHE and supplement feedblocks in
general. could not be accurately characterised in isolation, which was
inconvenient from an experimental viewpoint but not really surprising
because of their intended use as low intake supplenents for poor quality
roughages. The critical evaluating test for supplement feedblocks is

their effeclt on roughage consumption and digestibility of the total diet
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when it is prinéipally composed of roughage.

The results obtained in the two small scale digestibility Trials
A and B parﬁly stirmlated the much more detailed investigation of the
ingredients of Rumevite feedblocks later in this thesis. The proportion
of RHE in the total diet for trials A and B was 187 and 274 g/kg diet DM,
respectively. The inclusion of salt (123 g/kg DM) in RHE meant that for
the two trials the intake of salt was 25 g and 31 g from the feedblock,
respectively. However when the substitute-type feedblocks CSE (145 g
salt/kg) and W290(74) (60 g salt/kg) were given in a digestibility
trial, the salt intskes from the feedblocks (Table 7) were similar to
RHE, In these trials no scouring occurred and apparently valid
digestibility data was accumulated. Therefore it appeared unlikely
that the salt inclusion per se in RHE was alone responsible for the
digestive disturbances produced. It is possible that some other
ingredient in RHE induced the animals to drink more water and thus
produce very soft faeces. Most of the ingredients cof RHE e.g. urea,
cereals etc., are also included in the substitute-feedblocks apart from
EC feed (the feedblock hardening agent) which forms approximately a.
quarter of the Rumevite block. The effect of EC feed on digestibility

is examined in detail in Section 4 of this thesis.



SECTION 1

INDIVIDUAL VARIATION IN FEEDBLOCK TNTAKE AND COMPARISON WITH OTHER TYPRS
CF _SUPPLEMENTATION

Introduction

A series of advantages have been proposed for the giving of
supplementary nutrients on a 'self-help,' system such as is possible
when feedblocks, liguids or salt-containing concentrates are used. It
is implied that because crowding and bullying are largely eliminated
when 'self-help,' supplements are given a more uniform type of
supplementation may be effected than when stock are 'hand-fed*using
troughs. Some of the advantages claimed for 'self-fed,! supplements,
have been summarised by Weir and Torrell (1953).

(a). Stock do not have to be given the supplements daily.

(b) Each animal*has an opportunity to take as much supplement as it
desires.,

(¢) The animal can increase its intake as the supply of other food
decreases,

(d) Fewer, if any, feed troughs are needed.

(e) All the animals in a group do not have to be present at the
feeding trough at the same time teo get their fair share of supplement.

Feedblocks are also claimed to be of particular use in encouraging
'shy-feeders,' such as 2-year-old sheep (gimmers) to make use of
supplementary feed in competition with older sheep.

Conversely, because by definition feedblock intake ig limited by
physical hardness and/or unpalatability of feedblock ingredients some
individuals may be reluctant to consume block material, while other more
greedy animals might consume disproportionately large quantities of
block material. The intaée variation might then be greater than for

trough given food. No publication exists where feedblock and trough
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supplementation systems have been critically compared in terms of
individual intake variation.

The individual variation resulting from feedblock supplementation
has been the subject of only 3 studies; Beames (1963), and Pearce and
Raven (1973) with cattle and Beames and Morris (1965) with sheep. The
results of these experiments have already been reviewed in the
introduction to this thesis. Only very small numbers per group were
used particularly for cattle.

The individual variation from hand-feeding of supplementary
nuirients using troughs under housed conditions has been studied by
Foot and Russel (1973) using barren sheep and Foot, Russel; Maxwell and
Morris (1974) using pregnan; ewes. Foot and Russel (1973) found that
there can be a two-fold difference in intake of pelleted food by
individual animals in the same group. They alsc concluded that the
physical form of the diet was of great importance in determining the
nagnitude of variation for foecd intake in a group situation, The GV for
individual variation in hay intake (13%) was consistently below that for
variation in concentrate intake (36%).

Foot, Russel, Maxwell and Morris (1974) found that individual
concentrate intakes were most variable (CV 24 to 51%) when the daily
group allowance was small (96 g DM/sheep) but variation decreased (CV
13 to 21%) when the amounts of concentrates given increased,to contribuie
up to L7% (435 g DM/sheep) of the total digestible DM intake. When
mature and two-year-old ewes in their first pregnancy were pemned
together, the younger sheep were at no disadvantage in terms of amount
of concentrate consumed, Some multiparous ewes however were less
competitive and consumed inadequate amounts of concentrates to meet
nutrient reguirements (principally energy) during the critical 6b-week
period prior to parturition. It was concluded that the giving of

supplementary nutrients to pregnant ewes as concentrates in troughs
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could be a very wasteful and imprecise method. .

There is no report where the effect of trough space allowance per
animal on individual supplement intake has been studied. Arnold and
Miller (197L) gave oats (450 g/day) at space allowances from L to over
50 ¢m to sheep at grazing. Below 12 cm/sheep considerable disturbance
occurred and some sheep stopped competing for feed and became non-
feeders., The number of non~feeders at a particular trough length was
determined on the first day that the spacing was imposed. The
disposition of some sheep to compete strongly, day after day, did not
wane and no gradual increase in the propertion of non-feeders was
observed, This is consistent with the principle that the dominance
ranking of animals conffonted with a new situation is established
quickly and thereafter remains stable. In a flock of Merino wethers of
mixed age group the l-year-old and 7-year-old sheep were the least
competitive. Arnold and Miller (1974) suggested a minimum trough space
allowance of 16 cm when daily grain supplements are given to grazing
sheep.

There appears to be little justification to suggest that feedblocks
are superior in terms of uniformity of intake within a group, torhand~
fed’concentrates given in troughs. In previous experiments the amount
of variation for both types of supplementation has been considerable
but no controlied comparative studies have been made. A series of
experiments were therefore undertaken in the present study to compare
the extent of individual variation from feedblocks and trough supplements
for\both sheep and cattle under a variety of conditions. The initial
experiments were performed with housed sheep to obtein maximum control
over the experimental conditions. A concurrent behavioural
investigation using time lapse photography equipment was alsoc

undertaken in the first of these experiments,
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A The individual wvariation in voluntary food intake within groups orx

mature housed ewes offered leedblocks or concentrates in

competitive and non-competitive situations

Materials and Methods

Thirty two, barren, Greyface (Border Leicester o7 x Scottish
Blackfaceig) ewes ranging in live weight from 51 to 78 kg were divided
into 2 groups (A and B) according to their live weight and dental
status. The ewes had some limited previous experience of consumning
feedblocks. At the onset of the trial (November 197)) most of the
ewes possessed a full compliment of permanent incisor teeth which in
several cases were long and loose. The ewes were housed in an open

fronted bullding and were bedded on sawdust.

Experiment 2.1. JXwes receiving feedblocks in a competitive situation

In this experiment of approximately 7 weeks duration, group A
ewes had continual access to a thigh intake,! feedblock (W290(7L)).
Group B ewes were offered a lower intake (i.e. harder) feedblock
(W291(74)).

Typical chemical compositions of these blocks are given in
Table 1, Both feedblocks contained chromic oxide, 248 and 240 g/kg DM
for the W290(74) and W291(74) blocks, respectively. The mean daily
group intakes on a fresh matter basis were monitored by weighing and
residues were removed when less than 4 kg of block material remained
and a new feedblock then substituted. Often the level of intake
attained for (W290(74)) required that a new block be introduced daily.
Ad livitum, poor quality hay (53 g CP, 41 g Ash, 394 g CF, 11 g EE,
501 g NFE/kg DM) was given to both groups in Norwegian box-type feeders.
The amounts of hay introduced were reccrded.

The ewes were equipped for quantitative faecal collection with

harness and nylon mesh bags. Faeces were collected from the ewes
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8 to 14 and 28 to 34 days after the initisl introduction of the blocks.
Faeces were sampled according to Method (1) (page 71 ). A 4-day
collection of faeces over days 8 to 11 and 28 to 31 was also made by
retaining a further 10% of the total fresh cutput, enabling individual
feedblock intakes to be computed according to the chromic oxide
recovered over both 7 and L-day periods.

After the collection (days 28 to 34) had been completed, a change
over was effected with group A ewes transferred to the W291(7L) feedblock
- and group B ewes to W290(74). Faeces were collected from the ewes over
days 8 to 14 and 8 to 11 to give 7 and A4-~day composite samples,
respectively.

A time-lapse photography unit was sited on a platform above the
sheep focused on both i‘eedblqclcse Several films each of 72 hours
duration,with an interval of approximately 68 seconds between frames
were obtained., THese films together with a 24-hr manual observation
study were analysed with the intention of establishing the feeding and
resting behaviour of the sheep with special. emphasis on the number of
visits, the duration of each visit and the total time spent at the-
feedblocks for individual sheep during any 24-hr interval. To
facilitate identification of individual ewes a large plastic number

plate was attached to the harness straps on the back of each ewe,

Experiment 2.2, Ewes receiving broken feedblock material in troughs

In this experimént, group A ewes were given 0-83kg DM/head/day of
W290(74) block material in a ground form,equivalent to their mean daily
intake from intact feedblocks in Expt 2.1. This allocation was given
once daily in troughs with a space allowance of 41 cm/sheep. In
practice, the quantity of material offered proved unpalatable to the
sheep for rapid.consumption and frequently material remained uneaten
8 to 10 hr after introduction, although all was consumed in 24 hr.

Group B ewes received 0-25 kg DM/head/day of W291(74) block
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material under similar experimental conditions to group A ewes. This
level of feedblock allocated was consumed rapidly within 2 to 3 minutes
without any interruption of feeding behaviour. Hay was on ad libitum
offer as for Expt 2.1 and total faecal collections were obtained from

the ewes between 8 to 14 days, following a 7-day introductory period.

Experiment 2.3. Ewes recelving a marley-vegetable protein concentrate in

troughs

The same experimental procedure was conducted as in Expt 2.2
except that an equivalent amount éf DM in the form of a barley-vegetable
protein concentrate pellet (143 g CP, 35 g Ash, 64 g CF, 16 g EE and
742 g NFE/kg DM) was given instead of the broken feedblock material.
Chromic oxide (277 g/kg DM) was included in the pellets. It was
originally intended to give 2 levels of the cdncentrate, commensurate with -
the.mean DM intakes from the intact feedblocks., These were 083 kg DM
and 0-25 kg DM/head/day for groups A and Byrespectively. However
digestive disturbances were produced in several group A ewes and these
had to be removed from the experiment, and the 0-83 kg DM allocation
was discontinued, After the period when 0°25 kg was given the group B
ewes were given 050 kg DM/head/day to estimate the individual variation

in intake at a higher level of concentrate allocation,

Ixperiment 2.4. Ewes receiving feedblocks in non-competitive situations

In Expt 2.4 both groups of ewes were individually penned ( 2 m x
15 m) for 14 days. Hay and water feeders were situated at the front
of\the pen with halved feedblocks sited at the rear. The ewes were
given W291(74) (group A) and W290(74) (group B). Chopped hay of similar
composition to that given in the previous experiments was cn offer ad
Jibitum. The amount consumed per ewe was recorded between days 8 to 14.
Individual consumption of water was recorded over the same period. The

halved feedblocks were weighed daily and replaced when less than 1 kg
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of fresh material remained. A total faecal collection was made over.
the final 4 days of the experiment. Thus the estimated feedblock, hay
and total DM intake obtained by both weighing and faecal sampling could

be compared for individual sheep.

Dental status of ewves

A reassessment of dental status of the ewes was conducted upon
completion of the experiments. The ewes were subjectively assigned
to 5 dental categories (A to E) where category A sheep possessed a full
complement of permanent incisor teeth in reasonéble condition and
category E ewes showed advance signs of denltal depreciation,
characterised by the absence of critically positioned incisor teeth,
gum erosion and gap development., Categories B, C and I} were intermediate
in nature with B slightly worse than A but still considered of litile
handicapo Category D was slightly better than ¥ whilet sheep in
category C were adjudged to possess teeth showing signs of average

depreciation for these ewes,

Computation of the data

In all experiments the individuval intakes of feedblock or
concentrate were calculated from the total faecal chromic oxide ocutput
per ewe over the various collection pericds. The DM digestibilities of
the concentrates (81+0%), hay (51°6%) and feedblocks (65.3% and 58¢7%
for W290(7L4) and W291(74) respectively) were separately evaluated using
groups each of 4 mature Greyface wethers in metabolism cages. The
technique used for the feedblock is described on page 73 . An
approximate estimation of individual voluntary hay intakes by the sheep
was made by apportioning faeces according to the indigestibility
coefficients of the feedblock or concentrate dietary component and the
remaining faecal DM was attributed to the hay intake. This estimation

assumes no assoclative interaction between the dietary constituents,
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particularly a possible improvement in hay digestibility when
supplementary nitrogen is given. In an attempt to quantify any
interaction, a digestibility trail was carried out using 12 mature
wethers given diets containing widely differing proportions of hay and
concentrate. When 625 g DM of hay was given with 256 g DM of
concentrate (a ratio of 2¢4 : 1) the mean DM digestibility of the hay
increased from 51*6 to 54°2%. When 268 g hay DM plus 598 g conceutrate
DM (a ratio of 1 : 2-2) the DM digestibility of the hay increased

significantly (P<0-05) to 62-2%.

Results

Experiment 2,1

In Expt 2.1 the mean daily intake of both feedblocks increased
gradually over the initial 35-day period. The overall (i.e. 35 days)
mean DM intakes of W290(7)) and W291(74) were 834 t 34 and 255 T 19 g
for group A and B, respectively. Group B ewes consumed significantly
(P< 0.01) more hay (1224 T 34 g) than group A ewes (1054 T 51 g).

After the blocks were changed over the intake of W291(74) by
group A ewes (327 T 50 g) was significantly (P<0.0L) greater than the
intake attained by group B ewes for the same block {129 T 20 g) over a
similar initial li-day period. ' + was also in excess of the mean
consumption of W291(74) by group B ewes over the total 35-day period.
However the intake of W290(74) by group B ewes (625 1 45 g) over 1k
days was not significéntly different from that of group A (682 1 50 g)
over their initial period of access to the block. The hay DM intakes
for groups A and B after the change over were not significantly
different (1097 T 51 and 1003 t 26 respectively).

Table 9 contains details of the individual variation in
voluntary intake of feedblocks, hay and total DM for the ewes in
Expt 2.1. The CV for the voluntary intake of W290(74) and W291(7.)

for group A ewes tended to be reduced when a 7-day collection was used,
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However, the CV was greater for group B ewes when given the harder
W291(74) block over a 7-day collection. If the CV derived from a 7-day
collection is reascnably assumed to reflect a more accurate indication
of block intake variation, two trends become apparent. One is the
greater CV for both group A and B sheep on the harder W291(74) feedblock.
The CV was significantly (P<0.,01) lower (25.7%) over days & to 14 for
group A ewes on W290(7L) compared with group B ewes given W291(74),

(CV = 67.1%). Over the corresponding /4~day collections the difference
in veriation was also significant (P <0.05). The second feature of
interest is the greater CV for feedblock intake exhibited by group B
ewes over group A ewes irrespective of feedblock-type., The expression
of feedblock intakes in terms of unit sheep live weight did not remove
any of the variation inherent in the groups and in some cases in fact
incregsed variation,

The CV for the estimated hay intakes were in mosit cases considerably
less than those for feedblock intake, particularly for the harder
W291(74) feedblock; with group A eweé (4L-day collection) the CV for hay
intake (20%) was half that for block intake (L8%). There were no
significant differences in estimated hay DM intake during the collection
periods, When the hay intakes were expressed in terms of unit sheep
live weight,the mean CV for all 12 collections was 22.8% which was
significantly lower (P <0,05), than when hay intake variation was
expressed in absolute terms (mean CV = 26.5%). There were no
significant correlations between hay and feedblock intakes. Total DM
intakes were significantly higher (P<0.001) for group A ewes given
the softer W290(7L) feedblock than for group B ewes given the harder
W291(74) feedblock, reflecting the differences in feedblock consumption.
The CV for total DM intake was in nearly every collechion below that for
hay intake.

Table 10 gives the results of the behavioural studies conducted in



Table 10,

Behavicural study of housed sheepn given feedblocks

Mean 16 sheep/group

Time lapse photography

Feedblock

Visits/day
Visits/day > 68 secs
Time at block mins/day

Mean duration of a visit
(mins)

Voluntary feedblock
intake g DM/visit
Voluntary feedblock
intake g DM/visits

> 68 secs

Rate of feedblock intake
g DM/min

% of a 2 hr period at
feedblock

Manual observations

% of a 2)~hr period at

feedblock 21,00-0600
0600--1200
1200-1800
1800~2400

Overall Mean

% of a 24=hr period at hay

feeder 21,00-0600
0600-~1200
1200-1800
1800-2400

Overall Mean-

% of a 24~hr period lying
24000600 -
0600-~1,200
12001800
1800-24,00

Overall Mean

*ovg

Softer
W290(74)

37(23.7)"

25(27.0)
175(30,6)

4.9(31.9)

15.3(29.6)

23,1(19.3)
3.3(27.0)

12.2(30.9)

lh.l
13.3
15.1

7.8
12,6

6.3
33.9
2y o2
220
21.7

68.7
39.7
394
63,4

" 52.8

Harder
W291(74)

19(56.0)
10(64.1)
52(61,6)

2.6(22.2)

501([&9@1)

11.0(65.8)
2,0(59.2)

3.6(61.6)

6.0
8.9
562
1.8
5¢5

11.2
31.2
271
3h.1
25.9

7565
479
blyo ks
5204
55.0

SED

3.5
2.3
15.6

0.37

0.98

0.25

1,09

level of sig

[YRY)
ixy

EYRYE.YR
TNV
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Fig.? Expt 2.1 The typical behavioural pattern of two groups each of
16 sheep consuming either soft (W290(74)) or harder (W291(74))
feedblocks indoors during a 24~hr period. Hay was introduced at 08,00

and 16,00 hr each day,
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Expt 2.1. Because of the vast amount of data generated by the time
lapse photography studies and the time required to analyse this, only
one film was analysed in full., The results of a typical 24~hr period
are given in Table 10. The ewes given the softer W290(7,) feedblock
made 2 x the number of visits, stayed 2 x longer and consumed feedblock
nearly 2 x as rapidly as the ewes given the harder W291(74) feedblock.
The voluntary intake of the W290(7L) per visit was 3 x that for the
W291(74) feedblock., Most of the visits to the harder W291(74)
feedblock (50%) were under 1 minute, compared with 33% for the softer
W290(74), whilst only L% were in excess of 8 minutes in duration
compared with 20% for W290(7.4). The percentage of any 24~hr period
spent at the feedblocks;as calculated for the time lapse photography
studies (12:2 and 3+6 for W290(74) and W291(74), respectively) agreed
closely with the results from the manual observation study. Ewes given
the harder W291(7,) feedblock spent significantly (P<Q0<0l) more time at
the hay feeder which is consistent with their significantly higher hay
intake during the Expt 2.1. The distribution of visits to the
respective feedblocks, hay feeder and time spent lying down throughout
a 24-hr period are presented graphically in Fig.2,

The correlation between time spent at the block and number of
visits/day was highly significant (P<0-001) for the harder W291(74)
feedblock but not significant for W290(74). The voluntary intake of
softer W290(7L4) feedblock was significantly correlated (P<0+01) with
time spent at the block and number of visits/day (P<0-0l) but not
significantly correlated with mean duration of each visit. The
voluntary intake of the harder W291(74) was significantly correlated
(P< 0+01) with time spent at the block and number of visits (P<0.05)
but again not with mean duration of each visit,

There was censiderably more variation for group B ewss given the
harder W291(74) block in all the behavioural parameters measured, except

for mean duration of each visit.
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Upon completion of Expt 2.1 the mean live-weight gains for the

ewes were 2+3 and 10 kg for groups A and B, respectively.

Exveriments 2.2, 2.3 and 2.4

The mean intakes of feedblock,lconcentrate, estimated hay and
total DM intakes and their respective coefficients of variation are given
in Table 11. There was slightly more wvariation in intake of the softer
W290(74) (CV = 29 v, 21%) for group A ewes, consuming the feedblock in
meal form given in troughs,than from the intact feedblock (Expt 2.1
Table 9). When group B ewes were given the harder W291(74) in Expt 2.1
(Table 9) the mean intake of 208 g dm/day produced a CV of 49% but when
the feedblock material was given in a broken form in troughs (mean intake
220 g DM/day) the resulting CV was considerably reduced (33%).

In Expt 2.3 the CV for group B ewes consuming a mean 206 g DM/day
of concentrates (33%) was also considerably below the value for an
equivalent amount of DM consumed from the harder W291(74), (49%). When
group B ewes were given intact W290(74) the CV (40%, Table 9) was
similar for an approximately equal DM intake (512 v. 440 g) from trough
given concentrates (37% Table 11). There was no difference in CV (33%)
for giving similar amounts of broken W291(7/) or concentrates in troughs
(Expts 2.2 and 2.3 respectively).

In Expt Z.A?ewes in group A consumed 3.4 x more of the harder
W291(7L) when the blocks were given individually, than in the group
situation (663 v. 195 g, Table 8) in Expt 2.1. Group B ewes consumed
lo4 x more of the softer W290(74) when individually penned than in the
group situation (Tables 9 and 11). There was now no significant
difference in mean intake from the two different feedblocks when given
to individually penned sheep. The mean feedblock intakes determined by
daily weighing over the lh-~day duraltion of Expt 2.4 were not
significantly different and individual intakes correlated very closely

(r = 0.94) with the respective values calculated by referring to chromic
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oxide recovery over the 4-day sampling period. The CV for variation in
intake of the softer W290(74) (54% Table 9) in the group situation was
greater than when the group B ewes were individually given feedblocks
(35%). There was no difference in variation for group A ewes when the
harder W291(74) feedblock was given in groups or individually. The water
consumption for ewes in groups A and B was 53 +0.27 and 5-8 ¥ Q47
litres/day for the W291(74) and W290(74) feedblocksyrespectively, This
difference was not significant.

The estimated hay intake for Expts 2.2, 2.3 and 2.4 tended to be
lower than for Expt 2.1. In particular when the 0.5 kg/head DM quantity
of concentrate was given, mean hay intakes (662 g DM) declined and CV in
hay intake increased (45%),to become greater than the CV for concentrate
intake (37%). In Expt 2.4 the estimated hay intake data agreed closely
with the weighed inputs over a 7-day period, there was also a ﬁery close
correlation (r = 0.76) for individual hay intakes computed by the two

methods.

Dental. status

A comparison of the intakes of W290(74) and the W291(7.,) feedblocks
for ewes with dental status in categories A + B v. D + E was carried oub
using the individual intake data from Expt 2.1. Collection periods were
used where the intakes of both A and B ewes were approximately similar
for the respective blocks. The effect of dental status on the consumption
of the trough given supplements in Expts 2.2 and 2.3 was examined. The
resglts obtained for these comparisons are presented in Table 12. The
number of ewes in categories A, B, C, D and E were (8, 2, 3, 2 and 1) and
(5, 1, 3, 2 and 5) for groups A and B, respectively.

When the intakes of the harder W291(74) for category (A + B) ewes
were combined for both groups of sheep a significantly greater (P<0.001)
intake was recorded than for ewes in categories (D + E). For the softer

W290(7.) feedblock the difference was still significant (P<0.05) but at



Takble 12. Fowts 2.1, 2.2 and 2.3. The effect of dental status on the
intake of feedblocks and supplements
Category A4B | Category DB SED+ Level of sig
Self-fed
Expt 2.1
W291(74)
No of sheep 16 10
Mean intake g DM/day 282 141 10.4 s
W290(7L)
No of sheep 16 10
Mean inltake g DM/day 586 L15 66.6 *
Hand-fed (troughs)++
Expt 2.2
Broken W291(74)
No of sheep 6 7
Mean intake g DM/day 212 210 - NG
Expt 2.3
0.25 kg concentrates/head
No of sheep 6 7
Mean intake g DM/day 185 232 - NS
§
0.5 kg concentrates/head
No of sheep 6 6
Mean intake g DM/day 450 505 - NS

Standard error of the difference between 2 means.

Trough space allowance 41 cm/head
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a lower level., When the ewes weré given trough supplements in Expts 2.2
and 2.3 there was no significant difference in intake due to dental
status. In contrast when concentrates were given in Expt 2.3 there was

a tendency for the ewes with the inferior dental status (categories D + E)
to consume more of the total amount available (12 and 25% for the 05 and

0.25 kg/DM/head allocations, respectively) than categories A + B.

Discussion

In the computation of an estimated hay intake for individual ewes,
any assoclative effects between the dietary components on the
digestibility of the total diet have been ignored., It is appreciated
that the figures quoted for hay intakes may be only an approximation,
but in all experiments the ratio of feedblock or concentrate intake to
hay seldom exceeded 1 : 1 and was often much lower., At a similar ratio
of concentrate to hay in the calibrating~digestibility trial, the
digestibility of the hay increased by only 2.6 percentage units (from
51.6 to 54¢2), Therefore even though the actual hay intake of some
individuals may be underestimated, it is doubtful if the CV for hay
intake would be markedly different from the values outlined. The
results from Expt 2.4 when the hay intakes from individual sheep were
also determined by weighing tended to be in close agreement with the
estimated values which validates this assumption.

For groups of 16 sheep statistically significant differences in
coefficients of variation for individwal intake only occur when one
var;ance is at least 2</4 x greater than the other. This criterion was
only fulfilled for extreme differences in experimental conditions but
it is notunreasonable to assume that large difference; in variation in
these experiments were indicative of biological significance,

In Expt 2.1 the greater individual variation for intake of both
feedblocks exhibited by group B ewes was most likely due to the greater

variation in dental status within the group. Upon completion of all
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the Expts,group B contained 4L4% ewes with dental category D or E (cf 19%
in group A)iconsequently they were less well equipped o remove material
from the intact feedblocks, especially the harder W291(74). It was
noticed that the sheep with sound teeth removed block by a gauging
action employing the central incisors. Ewes with these teeth absent
were under a severe handicap and often resorted to the less rewarding
process of licking,in terms of quantity of material consumed. As
inspection of dental status only occurred at the start and upon
completion of the experiments, any difference in rate of dental
depreciation between the two groups,associated with the respective
feedblocks given, could not be ascertained. The dental status of sheep
is dynamic, in that for both young and mature individuals the status is
imperceptibly but continually changing. The effect of prolonged block
feeding on the extent and rate of dental depreciation is therefore worthy
of further study,in view of the economic importance attachéd to a full
compliment of teeth and reproductive life of the ewe.

In Expt 2.1 the variation in feedblock intake was always greater
for the harder W291(74) block.irrespective of group of ewes, This is
consistent with the hypothesis that dental status was probably the
principal determinate of the extent of individuwal variation in these
experiments, the harder the feedblock given the more important dental
status became to the individual.

Other factors possibly contributing to the greater wvariation on
the harder W291(74) feedblock are palatability, absolute level of intake
attained and pattern of feedblock consumption. The hardness of the
feedblocks used was determined by the amount of calciwm carbonate and/or
hydroxide includedywhich reacts with the molasses in the block to form
calciwun sucrosate. Calcium sucrosate is a very bitter-tasting
chemical and is present in the harder W291(74) block in a higher

proportion than the softer W290(7L) feedblock. It is possible that some



ewes might have besen dissuaded to consﬁme the W291(74) block because of
this greater unpalatable calcium sucrosate inclusion,

The higher absolute level of intake attained for the softer W290(7.4)
feedblock might also have contributed to the lower CV, If it is assumed
that the experimental error arising from faecal sampling, chromium
determination and losses of faeces is likely to be in the same order for
both blocks, such errors would conbribute a greater proportion of the
group mean for the harder W291(74) block and result in a higher CV for
individual intake. When group A ewes were given the W291(74) block after
the changeover in Expt 2.1 they consumed éignificantly more block than
group B ewes. This difference in absolute level of block material
consumed probably reflected differences in dental status between the two
groups but the influence of a training effect could not be ruled out,
Group A ewes might have been éncouraged to spend more time at the block
than group B ewes decause of their previocus history of consuming the
softer W290(74).

In BLxpt 2.1, it was soon apparent that the total group intake of
beth feedblocks was markedly elevated over the initial 24-hr period of
access to new blocks. As the level of intake on the softer W290(714)
block necessitated daily introduction of a new bleck, any variation due
to this tfirst-day' effect was minimised., However for the harder
W291(74) block the total group intake was on occasions three times
greater on the day a new block was introduced than the overall mean
intake. The cause of this elevated initial 24-hr intake could be due
to the clean, dry nature of the block proving more palatable to the
ewes bul more likely the increase was mainly attributable to the
fragile corner material of the rectangular block which was very easy to
break off. This may have been exacerbated by the uptake of moisture
during storage (The Wintawéll (1974) feedblocks were packaged in
cardboard containers which failed to eliminate moisture penetration).

Therefore the pattern of this inter-day variation in total guantity of
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feedblock consumed by the sheep groups is another possible contributory
factor to the magnitude of individual variation for the respective
blocks.

The results of the behavioural study indicated that there was no
discernable peak attendance period at the feedblocks and the
distribution of visits and time spent at the blocks for these ewes was
relatively uniform over a 24-hr period. The time of least activity was
between 24,00 to 06,00 hrs when approximately 70% of the time was spent
" lying. Ewes given the harder W291(74) feedblock made fewer visits to
the block, interrupted each visit earlier and consumed block material
more slowly than their counter parts on the softer W290(7L) block.

There was a tendency for some ewes with an inferior dental status to
visit the blocks less freguently than ewes with a full complement of
incisor teeth. The minumum nﬁmber of visits were 3 and 21/day for harder
W291(74) and softer W290(7L) respectively. Other sheep particularly on
the W290(74) block made over 50 visits/ﬁay to the block. It is difficult
to envisage an extensive situation where it would be possible for sheep
to visit blecks at anything approaching the freguency of the indcor
situation described here., However it is possible that frequency of
block consumption may be advantageous in some circumstances especially
where the utilisation of urea is concerned. Group B ewes consumed an
estimated 11% more hay when given the harder intact W291(7.4) blocks

(Expt 2.1) where freqqent intake of urea occurred,than in kxpt 2.2 when
an equivalent amount of block was given once daily. This difference

was not significant. This stimulated an investigation of the effect of
giving urea once or frequently throughout a 24-hr perioa on the
utilisation of cereal/straw diets for beef cattle (Expt 12.3).

In Expt 2.2, the comparison between giving equivalent quantities
of the softer W290(74) in Eroughs (once daily) commensurate with the

consumption from intact blocks (Expt 2.1) was confounded by the
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inability of the ewes to consume the material given in troughs without
interrupting their feeding activity. The two treatments were therefore
very similar in that the block material was on !free-access' offer, albeit
in a different physical form. The failure of sheep to consume large
quantities of broken block rapidly,emphasises the unpalatable nature of
the material and suggests that physical. hardness per se is not wholily
responsible for restricting intake of this particular block type. The
urea inclusicn in the block may be inhibiting the consumption of the
ewes but much more likely is the bitter-tasting calcium sucrosate which
also functions to impart block hardness.

The total quantity of the harder W291(74) block material given in
troughs (Expt 2.,2) was consumed rapidly without interruption and
together with the results of giving concentrates in troughs (Expt 2.3),
it eppears for the ewes in these experiments, individual variation was
greater when supplementary nutrients were given in a feedblock form
(w291(74.)) compared to giving equivalent amecunts of DM in troughs. The
trough space allowances were ample but not over generous, being consistent
with those used in practice. -The individual variation for ewes consuming
a high intake of feedblock, (W290(74)), was of the same order, but no lower,
than the variation arising from giving an eguivalent allocation of DM as
a concentrate in troughs.

The expression of feedblock intakes in terms of unit live welght
in most cases slightly increased the amount of individual variation
within a group. The converse occurred for the concentrate supplements,
in that the heavier sheep consumed slightly greater amounts of the DM
on offer, The differences in individual variation for the same ewes
between the two levels of concentrate given were small,

The differences in individual wvariation for the low intake
W291(74) feedblock and giving equivalent amounts of DM in troughs may

have been influenced by factors inherent in the particular supplementation
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technique as well as bleological variation inherent in the sheep such as
dental status. Block feeding systems are characterised by the imprecise
and variable total daily intake for any group of animals. It is the
praétice when giving concentrates to introduce a constant total
allocation of DM for at least several days hefore carrying out a

- revision of the quantity given. No such control exerted by the
stockfeeder exists for blocks, the animals per se determine the total
quantity of material consumed daily in response to numerous
environmental influences (Section 2).

In Expt 2.4 when the ewes were individually penned the previously
large difference in level of intake between the two feedblocks
disappeared, principally because of a considerable increased intake by
group A ewes given the harder W291(74) block. Group B ewes also had a
much higher intake of the softer W290(74) when the feedblocks were given
individually, compared with the group situation in Expt 2.1. The reasons
for the elimination of a significant difference in intake at a high
overall level of consumption between the two blocks were most likely to
be due to the increased surface area (particularly fragile corners) made
available to the ewes in an individually penned situation. In Expt 2.1
a group of 16 ewes had access to the surface area and corners of one
feedblock, in Expt 2.4 each of the groups of ewes was given the surface area
and corners from 16 halved feedblocks, with a resulting provision of a
greater quantity of easily consumed material,

When the ewes were individually penned it was hoped to eliminate
the dominant-suberdinate relationships in the group situation and
identify any response by less dominant animals upon removal of this
potential constraint of an increased feedblock intake. However, no
such response seemed to exist, as both groups of ewes increased their
individual block intakes, in most cases by a constant proportion over

their intakes in Expt 2.1. Therefore, it appears that the influence of
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dominant-subordinate relationships on individual feedblock intakes were
of lesser importance than factors such as the boredom, when animals are
closely confined or more especially the quantity of easily consumed
feedblock material from the higher ratio of feedblocks made available to
the sheep,

The conditions under which the experiments described here were
carried out are clearly not representative of the situations where most
feedblocks are given to sheep, for several reasons. Mosl feedblocks given
to sheep seem to be used in extensive hill situations; while in these
experiments the sheep were always near the feedblcoks. The level of
feedblock intake ror even the harder W291(74) blocks failed to fulfil
the main criterion of a supplement (<5% of the total diet, U.K.
Fertiliser and Feedingstuff Act 1976) while in the hill situation a much
lower level of intake probably would have occurred. The influeuces of
the climate, herbage guality and guentity were also absent from these
experiments. Therefore it is difficult to visualise circumstances where
the individual variation in feedblock intake for mature ewes might be
lower than recorded here. The individuval variation of younger ewes
poessessing a full complement of incisor teelth is exsmined in Fart B of

this section.
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B The individual wvariation in voluntary food intake within groups of

ewes offered feedblocks or concentrates in competitive situations

outdoors

The results of Part A of this section failed to support the
claimed advantage that a more uniform type of supplementation will occur
when nutrients are made avallable in feedblocks than is possible with
the giving of concentrates in troughs. However, the experiments reported
were conducted with mature ewes and it appeared that dental status was
“likely to be a major contributory factor to the individual intake of
feedblock by any group of sheep. In Part‘B it was the intention to
examine individual variation from feedblocks and compare this with
equivalent amounts of concentrate DM as in Part A; but with younger
ewes vwhere dental status was relatively uniform,in that all individuals
possessed a full compliment of strong incisor teeth.

The experimepts also differed from those in Part A?in that they
were carried out in an outdoor sitwation with the ewes in grass paddocks.
It was hoped that the behaviowr of the ewes would be representative of
the majority of lowland sheep given feedblocks and sparse grazing and/or
hay. It is possible that under the experimental conditions of Part A
that & proportion of the individual intake variation for feedblocks
might be attributable to over-consumption by some ewes because of
boredom factors in the housed situvation. In a field situation these may
be less pronounced and the intake variation reduced accordingly.

In Part B several different types of feedblocks were examined which
varied in chemical composition, philosophy of use, method of‘intake
restriclion; shape and recommended level Of intake. The individual
variation in feedblock intake was therefore examined at contrasting levels
of consumption for blocks of differing palatibility and acceptability.

A further objective of Part B was toeramine the contribution to

individual variation made by the irregular nmature of feedblock
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consumption. This took the form of fpair-feeding,' a second group of
sheep with concentrates at an irregulsr input,imitating the

consumption of feedblocks. Other measurements of intake variation were
obtained when the same amount of concentrate was given at a fixed daily

input.,

Materials and Methods

The experiments were carried oul in the aubum and winter of
1975/76. Thirty two pregnant Greyface (Border Leicester o™ x Scottish
Blackface 9) ewes of mean live weight 66 kg (56 to 83 kg) were divided
into two groups (C and D) on the basis of live weight. The ewes were
purchased specially for these experiments and were approximately 3~years
old with a full compliment of teeth. As far as was known the ewes had
no previous history of feedblock consumption. TRach group was given access
to a small paddock (0¢15 ha) which initially offered sparse grazing.

The chemical composition and description of the feedblocks used in these

experiments is given in Table 1 (page 35 ) of this thesis,

Feriment, 3,L. A comparison between ewes given Rumevite feedblocks and

concentrates given in troughs

In Expt 3.1 of 34 days duration group C ewes were given a RS
feedblock in a purpose-built metal container which protected the sides
and edges of the block. The container was provided with holes at the
base to allow rain water to drain away but often these became blocked
and the base of the blocks became soft. The feedblocks were weighed
daily and replaced when less than /4 kg of fresh material remained.
Chr;mic oxide was included in the blocks at 3+65 g/kg DM,

Group D ewes were given an allocation (66 g DM/head) of concentrate
cubes (248 g CP, 32 g CF, 15 g EE and 87 g ash/kg DM) commensurate
with the total DM intake of RS by group C ewes over the previous 24-hr
period,thus wmimicking the irregular DM intake of feedblock., Chromic

oxide was included in the concentrale cube at 5:45 g/kg DM. The
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concentrates were given in troughs with a generous space allowance of
83 cm/ewe,

Both groups of ewes also received ad libitum timothy hay (81 g CP,
295 g CF, 16 g EE and 58 g ash/kg DM) in V-shaped metal feeders. The
hay was usually introduced twice daily or when necessary and the amount
given recorded.

The ewes were equipped with faecal collection harnesses and nylon
mesh bags and a 6-day quantitative collection of faeces was made over
days 12 to 17 after introduction of the blocks. Faeces were sampled
according to Method (1) (page”7/ ). The RS feedblock was then removed
and a RHE feedblock substituted. The experimental procedure was not
changed except that the concentrates were now allocated at a fixed daily
input commensurate with the mean quantity of concentrate DM given before.
A 6-day quantitative collection of faeces was made 12 to 17 days after
introduction of the RHE feedblocks and changing the pattern of
concentrate administration, Thus the effect on individual variation of
giving concentrates at a fixed or irregular daily input could be made
and compared with the individual variation arising from feedblock
supplementation. The ewes were weighed upon completion of the

experiment.

Experiment 3.2, A comparison hetween ewes given Colborn feedblocks and

concentrates in troughs

In Expt 3.2 of 34 days duration an essentially similar experimental
procedure for Expt 3.1 was employed. Group C ewes were given a CSE
feedblock in a heavy-duty plastic container, which allowed access to
only the top surface of the block. The CSE feedblocks contained 9+69 g
chromic oxide/kg DM. Group D ewes received over the initial 17 days an
allocation of concentrate cubes 'pair-~fed,! on a daily DM basis,
commensurate with the total intake of CSE by group C ewes. Over the

second 17-~day period of Expt 3.2 the concentrates were allocated as in



104,

Expt 3.1 on a fixed daily DM basis (394 g DM/head). TFaeces were
quantitatively collected from both groups of ewes over days 12 to 17

and 29 to 34 to give 6-day composite samples.

IExperiment 3.3, The measurement of individual intake variation for ewes

given Wintawell feedblocks

In Expt 3.3 of 34 days duration, group C and D ewes were given
W291(7u) and W290(74) feedblocks9respectively;over the initial 17 days
of the experiment., Over the subsequent 17-day period the feedblocks
given to groups C and D,respectively, were W291(76) and W290(76). Chromic
oxide was included in the feedblocks (240 g, 2°39 g, Le51 and 821 g/kg
DM for the W291(74), W290(74), W291(76) and W290(76) blocks respectively).
No containers were used with any of the blocks in this experiment as this
was the recommendation of the manufacturers,

The experimental procedure employed was identical with the
previous Expts (3.1 and 3.2) with 6-day quantitative faecal collections

made over days 12 to 17 and 29 to 34 from both groups of ewss,

Computation of data

The individual intakes of feedblocks and concentrate were
estimated from the recovery of chromic oxide during the respective
sampling periods. The DM digestibility of the Colborn {CSE) and
Wintawell (W290(74), W291(74), W290(76), W291(76)) feedblocks used was
assumed to be equivalent to the valﬁes given in Table 7, the DM
digestibility of the concentrates was 83+0% and the DM digestibility
of the hay was 54+8%. No DM digestibility estimates could be given for
the Rumevite feedblocks for the reasons ouflined on page Th .

In Expts 3.2 and 3.3 the individual hay initakes of the ewes were
estimated by apportioning faeces according to the indigestibility of
the dietary components. The total DM intake of individual sheep was

also calculated,
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The individual vardiation in intakes of feedbiock, concentrate and
hay and total DM (Expts 3.2 and 3.3) were computed both in absolute
guantities and expressed per unit live weight. For the sake of brevity
only results expressed in absolute terms are presented here but comment
will be made on the data when expressed on a unit live-weight basis.
For the same reasons individual intakes will not be given apart from

Expt 3.1.

Results

In Expt 3.1 the mean daily DM intakes of ﬁhe RS and RHE
feedblocks by weighing were 65 T 7.7 and 66 T 15.0 gsrespectively, over
the experimental period. Group C ewes given RS consumed 41% more hay
DM than the 'pair-fed,' concentrate ewes (group D), the difference
(1113 82 v. 790 T 192 g) was not significant., When group C ewes were
given the RHE feedblock their intake of hay DM (1343 T 26 g) was
significantly greater (P<0.05) than group D ewes given concentrates
(828 T o1 g). The intakes of feedblock did not appear to increase with
time. The individual feedblock and concentrate intakes for Expt 3.1 are
presented graphically in Fig. 3.

The CVs for individual concentrate intake both for an irregular
(46%) and a regular (48%) concentrate inputs were below that for the
feedblocks (CV equivalent to 64 and 70% for the RS and RHE feedblocks
respectively). One individual ewe failed to consume any RHE and only
10 g/day of RS, the CV was reduced to 59% for the RHE feedblock when
this ewe was not included in the analysis.

The mean intakes of feedblock, concentrate, hay and total dry
matter for Expts 3.2 and 3.3 are given in Table 13, together with
respective coefficients of individual variation. In Expt 3.2 the mean
daily intake of CSE over the whole experimental periocd was 418 T 283 g
DM/head and a new block had to be intreduced on alternate days. When

both the C3L feedblock and the concentrate allocation were consumed on



Fig.3 Expt 3.1 The individual variation in the intake of feedblocks
RS and RHE and equivalent weights ol concentrate DM allocated on either
(a) 'pair-fed! or on an irregular daily inteke basis or (b) given

uniformly each day.
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an irregular hasis (days 1 t017) there was no difference in intake
variation (CV 53 v. 55%) for the two methods of giving nutrients.

However when the concentrates were given to group D ewes at a constant
allocation/day (mean intake 358 g) the CV was considerably reduced (31%).
There was only a small difference in CV (53 v. 60%) between the successive
collection periods when individual variation of the CSE feedblock was
measured, The individual ewe in group C which refused to consume RHE

also refused to consume the CSE feedblock., When this ewe was eliminated
‘from the data the respective CVs(45 and 52%) for collection periods (days 12
to 17 and 29 to 34) were reduced. The expression of intakes of the CSE
feedblock and concentrate (collection 29 to 34 days) per units live

weight did not alter the CV for individual intake and only a small
decrease was recorded (CV reduced from 55 to 49%)in the concentrate
variation for the 12 to 17 da& collection.

In Expt 3.3 ihe intakes over the total experimental period of
W291(7L), W291(76) (group C ewes) and W290(7L4), W290(76) (group D ewes)
were 175 * 21, 188 % 14, 441 T 28 and 408 T 33 g, respectively, The
pronounced 'first-~day'! effect resulting in an increased consumption. over
the initial 24-hr period for the housed ewes (Part A) given Wintawell {197.)
feedblocks was much less evident with the present ewes outdoors. The
individual variation in feedblock intake was especially large for the
harder W291(74) and W291(76) feedblocks (81 and 96%,respectively). The
absclute level of intake was the same for these blocks. The intake
variation (CV'= 47%) for the W290(74) block was relatively small and a
considerable improvement on the 76% measured for W290(76). The mean
intake from both blocks was approximately similar. The same individual
ewe in group C also refused to consume any of the feedblocks given in
Expt 3.3 and a second ewe in group C consumed none of the W291(76)
block. When these sheep wefe eliminated from the data the CVs for

W291(74) and W291(76) were reduced to 7k and 83% respectively. The



expression of intake variation in units of live weight did not
fundamentally alter the CVs obtained.

In Expts 3.2 and 3.3 the CV for hay and total DM intake were in
all'cases considerably below those calculated for either the feedblocks
or concentrates. In the extreme case of group D ewes given the W290(74)
feedblock the CV for hay intake (10%) was about 10 times below the value
for block intake (96%).

Discussion

In BExpts 3.2 and 3.3 when individual hay intakes were estimated by
spportioning faeces according to the indigestibility of the feedblock;
concentrate or the hay dietary component, no attempt was made to
calibrate any likely associative effect between the components,resulting
in a change in total digestibility of the diet. Also the contribution
from the grazing available in the paddocks was ignored. This seemed a
valid assumption lrecause on completion of Expt 3.1 the paddocks were
very bare and the ewes apparently relied almost totally on the hay given,
to supply roughage. Therefore the hay and total DM intakes given are
approximations but serve to show the much reduced individual variation
for the roughage component of the diet,compared with either giving
feedblocks or concentrates.

In all the experiments carried out here the individual variation
for feedblocks was greater than for giving equivalent amounts of DM as
concentrate cubes in troughs,with one exception, Iﬁ Expt 3.2 when the
concentrates were allocated on an irregular basis the CV for individual
intake was similar to that for the concentrates. This agrees with the
indeor findings in Expts 2.1, 2.2 and 2.3 where a more uniform
supplementation with feedblocks over 'hand-feeding' was not recorded,
which is contrary to the situation commonly imagined. Perhaps the most
interesting outcome of the‘outdoor experiments was that even when a

small amount (< 5% of the total DM intake) of feedblock was consumed
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(mean 50 to 60 g/day) such as occurred in Expt 3.1 from RS and RHE, the
ewes given an equivalent amount of DM as a concentrate in troughs still
showed less individual variation than the feedblock supplemented ewes,
Therefore even in the true supplementation situation, with these ewes the

tself~feeding,! of sheep with feedblocks did not produce a more uniform
intake than thand-feeding.!' This is rather surprising because the
concentrate allocation was literally consumed in seconds and the ewes
showed considerable disturbance at the troughs. Also unlike the indoor
experiments in part A, all the ewes employed in the present experiments
possessed a good dental status and in theéry should have been able to
consume block material if sufficiently motivated.

The ranking of thé sheep according vo their feedbleock or
concentrate intakes within their respective groups remained remarkably
constant regardless of feedbiock type or level of concentrate given.
One individual ewen completely refused to consume any of the feedblocks
given apart from a token intake (10 g/day) on the RS which was the
initial block provided for her group. This may have been a novelty
interest only. When the ewes were subsequently housed in late winter
for lambing it was observed that this ewe readily consumed concentrates
in a competitive situation. A éecond individual appeared to suddenly
stop consuming feedblocks when given the W291(74); the reason for this
could not be explained for the ewe seemed in perfect health and readily
consumed hay. All ewes competed at the troughs for the concentrates
given but in some instances,particularly in Expt 3.1,low individual
intakes were recorded,

The influence of giving the concentrates on an irregular input
basis on the magnitude of individuwal intake variation in Expts 3.1 and
3.2 seemed to depend on the level of concentrate allocated. When a
small allocation (66 g DM/ﬁead) was given (Expt 3.1) there was little

difference in individual variations regardless of method of concentrate
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allocation., When a larger amount of concentrate (394 g Dii/head) was
given {Expt 3.2),the individual variation in concentrate intake was
considerably reduced 1f the concentrates were allocated al a constant.
daiiy input {practical method of giving concentrates),than for a variable
daily input (256+to 513 g DM/head). Therefore at a supplemental level of
intake (< 5% of total DM intake in Expt 3.1) for both feedblocks and
concentrates it is doubtful whether the inter~day variation in total
quantity of DM on offer contributed materially to the magnitude of
individual intake variation. As the preportion of feedblock or
concentrate in the diet increased to 20 to 25% and individual intake
variation was reduced (Expt 3,2)9 the inter-day variation in total
concentrate or feedblock DM given,appeared to influence considerably thec
magnitude of individugl intake variation,by increasing it. At the low
level of concentrate allocation,consumption was extremely rapid and it
is likely that individual ewes were consuming concentrate in proportion
to the total amount on offer, thus the intake variation was independent
of the method of daily allocation of concentirates.

When the amount of concéntrate given was increased to 20 to 25%
of the Lotal DM intake, the consumption time increased accordingly to
several minutes. When the concentrates were now allocated at a constant
daily input the motivation and competitive ability of individual ewes
probably rewarded them with a relatively constant amcunt of concentrate
DM/day. However when the concentrates were allocated at an irregular
input it is possible that the motivation of some ewes waned when a large
amount of DM was given and they interrupted feeding before the more
greedy individuals., Similarly, on days when the allocation cf
concentrate was much reduced the motivation of the greedy ewes increased
and they increased intakes accordingly i.e. individual daily concentrate
intakes were no longer in proportion to the total amount of DM given.

The factors which affect inter-day variation in feedblock intakes,
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for instance weather, are examined in the next section of this thesis.
It is likely that a similar situation exists for feedblocks as with the
irregular allocation of concentrates in these experiments. With the low
intake supplement~type feedblocks,it is unlikely that inter-~day variation
in total group intake will profoundly affect the extent of individual
intake variation because of other 'masking' causesg;such as block hardness
and unpalatability of ingredients. With the more palatable substitute-
type feedblocks the inter-day variation in total group intake may be a
"significant contributory cause to individual intake variation. The
intake of substitute~type feedblock betweén days by individual ewes
appears to be no longer in proportion with inter-day total group intake.
Therefore an extra source of individual intake variation exists
which is peculiar to feedblocks and !'self-fed! systems in general., Even
when the more palatable substitutentype feedblocks such as CSE; W290(74)
and W290(76) are given to sheep with uniform dental status, the
individual variation is greater than for concentrates given at a constant
daily input. Therefore the claimed advantage of feedblocks over trough
given nutrients, that a more uniform supplementstion will be effected
appears to be unfounded. The amount of trough space per ewe for the
concentrate diets was generous (83 cm) and it is possible and indeed
likely that individual variation in concentrate intake would increase as
trough space became limiting., This aspect was examined in Part C of

Section 1.



¢ The effect .of trough space allowance on the individual variation

in concentrate consumption and a comparison with the giving of

nutrients in feedblocks and cobs for ewes in competitive

situations outdoors

The results of Parts A and B of this section demonstrated that if
sheep are given an adequate allowance of {rough space,a more uniform
consumption of the DM available by individuals in the group is likely to
occur for concentrate foods than is possible with '‘self-help' feedblocks.
Héweverﬁ when trough space is limiting, an increase in individual intake
variation may occur and it was one of the intentions of Part C to examine
individual variation at various trough space allawances and DM
allocations of concentrates, Several feedblock types representing
different block shapes, methods of intake control and philosophy of use
were also given as in Part B, to effect a comparison between 'hand-
feeding'! of concentrates and 'self-feeding,!' using blocks. A comparison

between the giving of cobs and concentrates or feedblocks was also made.

Materials and Methods

The experiments were carried out in the autumn and winter of
1976/77. A group of 36 Greyface ewes was allowed access to a permanent
grass paddock of approximately 4 ha. All the ewes possessed a full
compliment of permanent incisor teeth and were 3 or h-years of age,

Over the initial 4 weeks of the experiments 2 rams were running with the
ewes., The ewes had previous experience of consuming concentrates from
troughs and feedblocks but not cobs. The quantity of grazing afforded
by %he paddock was considered sufficient roughage for the ewes from
September 1976 until the beginning of Janvary 1977 when adequate hay

was made available in racks,
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Experiment h.l. The effect of trough space allowance and guantity of

concent.rate DM allocated on the indiwvidual intake variation of

concentrates given in troughs

A concentrate cube of similar composition to that used in Expts3.l
and 3.2 was made,incorporating 5-54 g chromic oxide/kg DM, The ewes were
given the following daily allocations of concentrate,progressively over
3 consecutive 24-day periods, 84, 252 and 504 g/head. The 2h-~day periods
were subdivided into three 8-day periods ﬁhen each allocation of
concentrates was given at 3 different trough space allowances, These
were 53 cm/head (4 troughs), 4O cm/head (3 troughs) and 33 cm/head (25
troughs). The trougﬁs measured 24 x 0-.-25 m and in calculating the trough
space allowances given,measurements of both sides of each trough have
been included, Metal struts partitioned off each trough into 8§
compartments and it is recognised practice to allow 12 sheep/trough of
this type. Therefore 4 troughs gave a generous space allowance, 3
troughs average and 23 troughs gave a tight space allowance.

Unlike the experiments carried out in Parts A and B of this section,
when total faecal collectionsAwere made from the ewes, in these
experiments resources only permitted the use of rectal grab samples to
estimate the individual intakes of the foods given. On day 8 of each
sub-period (following 7 days of intorudction to each permutation of
concentrate allocation and space allowance) the ewes were penned and

rectal grab samples obtained.

Ixperiment L.2. The individual variation of ewes given feedblocks or

cobs using rectal grab samples to estimate individual intakes

The experimental procedure was very similar and directly
consecutive to Expt 4.1. The following feedblocks were given 4o the 36
eﬁes over consecutive 12-day periods, RS, RHE, W290(76), W290(74),
W291(74) and CSE (Table 1 for typical feedblock compositicns). The

feedblocks contained 4<4O, 5.18, &-.21, 239, 240 and 9+69 g chromic
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oxide/kg DM respectively. On day 12 of each pericd the ewes were penned
and rectal grab samples obtained from as many ewes as possible, No
containers were used for the feedblocks., Two blocks of each respective
type were given to the ewes and replenished when less than the previous
days consumption of block remainédo Any residues were removed if
necessary.

Aboul 16 days before the onset of lambing 2 ewes were removed
from the experiment due to weakness. The remaining 3/ ewes were then
given 640 g DM/head/day of cobs (141 g CP, 39 g CF, 20 g EE, 125 g ash,
2016 g chromic oxide/kg DM) for a 7-day period.after which they were
rectally grab sampled., ZEach cob measured 4 x 4 x 1.7 can and weighed
a mean 25 T 0.7 g DM. During the week preceeding the expected lambing
date the ewes were given 960 g DM/head/day of similar cobs, The sheep
were again grab sampled and housed for lambing. When the cobs were

given they were spread out over a large area of clean ground each day.

Results

Experiment 4.1

The concentrates were totally consuned in about 3, 5 and 10
minutes for the 84 g, 252 g and 504 g DM allocations,respectively. ALL
the sheep came to the troughs irrespective of the quantity allocated or
trough space allowance, although at the lowest concentrate allowance
given with the tightest trough space, several individuals quickly
stopped competing.

The mean, range and coefficient of variation for faecal chromic
oxiée concentrations at the various trough space allowances and
allocations of concentrates during Expt 4.1 are given in Table 14.

The lowest CV for faecal chromic oxide concentration (26.8%) was
obtained when 504 g concentrate DM/head was given al a trough space
allowance of 53 cm/head (the largest allocation of concentrate given at

the most generous trough space allowance). The highest CV for faecal
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chromic oxide concentration (73.6%) occurred when the lowest allocation
of concentrate (84 g DM/head) was given at the tightest trough space
allowance (33 cm/head),

There was a tendancy for the CV for faecal chromic oxide
concentration to decrease,as amount of concentrate given increased at
all trough space allowancés, When the 3 grab samples for individual
sheep at each trough space allowance were combined ltogether,the
resulting CV for faecal chromic oxide concentrations were 42.4L, 34-1 and
' 29-4% for the 84, 252 and 504 g DM/head allocations of concentrate,
respectively.

The individual faecal chromic oxide concentrations (mean of the
3 samples);when 8l g concentrate DM/head was given,were significantly
(P<0.01) correlated (r = O-44 and r = 048 respectively) with the
fascal chromic oxide concentrétions for individual sheep.when either 252
or 504 g concentrate DM/head was given. The individual faecal chromic
oxide concentrations when 252 g concentrate DM/head was given were also
significantly (P<0.01) correlated (r = 0:50) with those when 504 g
concentrate DM/head was given.

There was also a tendency for the CV for fgecal chromic oxide
concentration to increase as trough space allowance decreasedywhich was
most apparent at the lower levels of concentrate allocation (84 and
252 g DM/head). When 504 g DM/head of concentrate was allocated there
was little difference in the CV for faecal chromic dxide concentration
at either the 4O or 33 cm/head trough space allowances (379 and 34+3%
respectively), although both were greater than the 53 cm/head allowance
(CV = 26-8%). When the 3 grab samples for individual sheep at each
level of concentrate allocation were combined together, the resulting
CV for faecal chromic oxide concentrations were 32.3, 35-0 and 38.7%
for the 53, LO and 33 cm/héad trough space allowances,respectively.

The individual faecal chromic oxide concentrations {mean of 3

samples) when the concentrate allocations were given at a trough space
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allowance of 53 cm/head were significantly (P<0:00l) correlated
(r = 0.61 and 0-58) with those at trough sapce allowances of 40 and
33 cm/headsrespectively, The individual feaecal chromic oxide
concentrations when the ewes were given the concentrate allocatlons
(mean of 3 samples) at a trough space allowance of LO cm/head were
significantly (P<0:01) correlated (r = Q+54) with the chromic oxide

concentrations at the 33 cm/head space allowance.

Experiment 4.2

All the ewes given feedblocks or cobs appeared to have chromiec

" oxide in the faeces, albelt only a smsll amount in several instances.
The mean daily DM intake (Table 15) of the RS feedblock was 69 ¥ 9 g/
head which was significantly (P<0.01) below the intake of RHE (102 T
7 g/head). The mean daily intakes of the W290(7h), W290(76) and CSE
feedblocks were 407 T 23, 157 1 22 and 462 T 13 g DM/headgrespectively,
all approximately of the same order. For these substitute-type
feedblocks the level of intake attained by the 36 ewes required a new
feedblocks to be introduced daily. The mean daily intake of the
W291(74) feedblock (304 + 50 g DM/head) was intermediate in level,being
above that of the supplement-type feedblocks but below the substitute-
type blocks.

The mean, range and CV for faecal chromic oxide concentrations
for the various feedblocks or allocations of cobs are also given in
Table 15.

There was little difference in CV for faecal chromic oxide
concentration for the RHE, W290(74) and W290(76) feedblocks (537,

530 and 5k<4% respectively). The CV for the RS and W291(74)

feedblocks were also approximately similar (61-1 and 63+2%,respectively)
though higher than for the RHE, W290(74) and W290(76) feedblocks. The
lowest CV for faecal chromic oxide concentration (34°8%) was obtained

with the CSE feedblock., The (CVs for faecal chromie oxide cencentration
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Mean daily intakes of feedblocks or cobs and mean,

range and coefficient of wvariation fer faecal chromic oxide concentrations

(/100 kg faecal DM)

Feed blocks given intiigngdgﬁiiead coniiigiitggﬁgméilggiiz DM
Mean Range Cifm
RS 69+ 9 108 32)7 | 31 - 251 61.1
RHE 102+ 7 240 (33) 33 - 358 53.7
W291(74) 304 t 50 72 (31) 1l -~ 202 63,2
W290("74) wor T 23 183 (33) 50 ~ 542 | 53.0
W290(76) L57 T 22 528 (33) 91 ~1013 5lyel;
CSE 462 1 13 426 (27) | 121 - 686 34.8
Cobs 64,0 178 (27) 5l « 277 29.5
Cobs 960 251 (24) 143 - AOQ 27.1
+Num.ber of faecal samples analysed (Mean 36 for blocks, 34 for cobs).



(295 and 27.1% respectively) when the sheep were given either 440 or
960 g DM/head from cobs,were lower and consequently intake was
apparently more uniform,than when any of the feedblocks were gives.

The individual faecal chromic oxide concentrations when the sheep
received the RS and RHE feedblocks were very closely correlated (r =
0.8, )swhich was significant at P<0-.00L. The faecal chromic
concentrations when the sheep were given W290(76) were not significantly
correlated with the chromic oxide concentrations when the sheep received
" either W290(74), W291(74) or CSE, The faecal chromic oxide
concentrations for the W290(7l4) feedblock were significantly (P< 0-001)
correlated {r = 0.81 and 0-66) with the concentrations when the sheep
received W291(74) and CSE, respectively. The faecal chromic oxide
concentration for the W291(74) feedblock was significantly (P< 0-01)
correlated (r = Q+¢52) with thé concentrations for the CSE feedbloclk,

When the two, samples for the Rumevite type feedblocks (RS and RHE)
were combined together;the resulting faecal chromic oxide concentrations
were significantly (P< 0001 and P<0.0l) correlated (r = 080 and 069}
with the concentrations for the W29i(74) feedblock and the mean chromic
oxide concentration for the substitute~type feedblocks combined (W290(76),
W290(74) and CSE , respectively). The oorrelatioﬁ (r = 0:69) between
faecal chromic concentrations for the W291(74) and substitute-type
feedblocks combined was also significant at P<0-.001,

The correlation‘(r = 061) between the faecal chromic oxide
concentrations when the sheep received either 640 or 960 g DM/head of

cobs was significant at P< 001,

Discussion

Expts 4.1 and 4.2 consisted of 17 different permutations.of
giving extra nutrients to the same group of ewes., This enabled a
comparative assessment of individual variation in intake (faecal chromic

oxide concentrations) for thand-feeding! (9 different combinations of
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concentrate and trough space allowance and 2 allocations of cobs) to

be made with 'self-feeding!, when the ewes were given 6 different
feedblocks,embracing several manufacturing techniques and philoscphies

of use. The results of both experiments have been summarised in ¥Fig..h
which shows the relationship between the mean quantity of DM consumed for
the various methods of giving additional nutrients and the coefficient of
variation for individual intake. As the concentrates (different levels

of allocations and trough space allowances),individual feedblocks and cobs
were only given for short periods of time, any “training' or t!adaplbation! to
the particular system of giving nutrients was probably not allowed to

. oceur. There may also have been some carry-over effects from the previous
treatments, However the lowland ewes employed in Expts 4.1 and L.2 were
well used to receiving additional nutrients in concentrates or feedblocks
and the individual variation in intake would almest certainly be greater
for some or all of the permutations if less experienced ewes had been
used,

In general the results tended to agree with those of Parts A and B
of this Sectionythat the giviﬁg of nutrients as concentrates in tioughs
results in & more uniform type of individual intakg,than when similar
guantities of DM are taken from feedblocks. Only on one occasion was the
CV for feedblock intake less than 50% (CSE, CV = 35%), Conversely,only for
2 of the 9 combinations of concentrate and trough space allowance was the
CV greater than 50% (i.e. with the smallesty 84 g DM/head allowance of
concentratesggiven at the most restricted trough space allowances of 4O
and .33 cm/head)., There was little difference in individual variation
when cobs were givengcompared to approximately similar quantities of
concentrateqgiven at a generous trough space allowance (53 cm/head).

There was a tendency for individual variation in intake to
decrease inversely with increasing amount of DM particularly when 'hand-
feeding' was practised, This trend was probably not completely due to

biological reasons but may also reflect a reduction in the error
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variation inherent in the experimental technique. For example, as the
intake of nutrients containing chromic oxide increase, chromic oxide
content of the faeces increases in proportion and any analytical error
is diluted by the larger amount of chromic oxide in the faeces,

Also the inclusion rates of chromic oxide in the feedblocks but
not the 'hand-fed! supplements varied (2.39 to 9.69 g chromic oxide/kg).
Thus the supplement~type (Rumevite) feedblocks allowed a lower intake of
DM combined with a lower inclusion of chromic oxide compared to, for
rexample, the CSE feedblock. If possible it would be an advantage to
have chromic oxide inclusion rates standardised for the different
feedblock types. Nevertheless, the greatest proportion of this decrease
in individval variation with increasing intake must be attributable to
biological causes and reflect a real improvement in uniformity of
supplementation. The reasons for this improvement musi be intimately
concerned with the‘behaviour of the ewes. It was noticeable that when
only & small amount of concentrate (84 g DM/head) was given (especially
on a 'tight! trough space allowance) the inclination of some ewes to
compete, quickly waned and they walked away from the troughs and
recommenced grazing. However, when larger quantities of concentrate
were given (252 and 50/, g DM/head) the tinterest,' of all the sheep in
the food was maintained for a much longer period until virtuwally all
the concentrate had been consumed., Therefore, at the lowest concentrate
allocation the 'greedy! (more competitive) ewes consumed a
disproportionétely large amount of the total quantity given,whilst the
less competitive sheep consumed only small gquantities, the net effect
resulted in increased individual intake variation than when larger
guantities of concentrate were given.

In practice, it is seldom that a quantity of DM as low as 8L g/
head (3 ozs/head) is given to sheep as a concentrate and therefore

although a useful comparison with the feedblocks supplying equivalent



DM it is somewhat artificial in other respects.

As expected; individual variation in concentrate intake became
greater as trough space became limiting. At the lowest (84 g DM/head)
allocation of concentrate the individual variaticn at generous (53 am/
head) space allowance was superior to the supplement-type feedblocks,

At average (L0 cm/head) space allowance there was little difference and
at restricted space allowance (33 cm/head) the individual variation for
the supplement-~type feedblocks was less than for concentrates.

At the 252 g DM/head concentrate allocation there was less
difference in individual variation for the various space allowances bhut
the ranking for magnitude of individual variation still varied
proporticnally with space allowance, The individual intake variation
was much superior to the W291(74) feedblock which supplied approximately
the same mean DM intake (252 and 30/, g/head for concentrate and block,
respectively).

The importance of trough space allowance appeared to be
considerably less when the highest allocation of concentrate (50/ g DM/
head) was given, The generous space allowance (53 cm/head) gave the
most uniform type of intake but the restricted and average trough
allowances (33 and 40 cm/head respectively) showed little difference in
precision of intake (the restricted was in fact slightly superior to
the average allowance). Only the CSE feedblock of the 3 substitute~
type blocks allowed a uniformity in intake of the same order,as when
an approximately similar quantity of DM was consumed from troughs (462
and. 504 g DM/head,respectively)o Even then the generous space allowance
was superior in terms of uniformity to the (CSE) block.

The ‘'hand-feeding!' of additional nutrients as cobs was also
superior to the 'self-feeding' of approximately similar quantities of
DM as feedblocks (W290(76), W290(74) and GSE).

One of the objectives of Expts 4.1 and 4.2 was to discover if

the ranking of individual DM intakes when thand-feeding' was practised



was in the same order,as when similar total guantities of DM were
consumed by Lthe same group of sheep from feecdblocks. As it was shown
that the individuval intakes (faccal chromic oxide concentrations) of the
supplement-type (RS and RHE) feedblocks were closely correlated the two
samples were combined., Likewise because the W290(76), W29C(7h) and CSE
feedblocks gave mean intakes approximately similar in magnitude and the
individual intakes for the latter two blocks were cleosely correlated,
the faecal chromic oxide concentrations were combined,

There were no significant correlations between the individual

,intakeé (mean of 2 samples) of the supplement-type feedblocks (RS and
RHE) and when an approximately equivalent amount of DM (84 g/head) was
given as concentrates in troughs (mean of 3 samples). There were also
no significant correlations between the individval intakes (faecal
chromic oxide concentrations) for the W291(74) feedblock and the
intermediate amount of concentrate (252 g DM/head) given in troughs.,
The correlation between the individual intakes of the substitute-type
feedblocks and when 504 g DM/head wés allocated in troughs (both mean
of 3 samples) was also not significant. However the individual intakes
when 640 g DM/head was given as cobs was significantly (P< 0.01)
correlated (» = 0.54) with the intakes when the 504 g DM/head allocation
of concentrate was 'hand-fed.!

Therefore the factors which determine the ranking of individual
intakes in a group of sheep when 'hand-feeding! (concentrates or cobs)
is practised are completely different from the factors which influence
the ranking when 'self-feeding! is practised. This is in agreement with
Expt 2.1, When dental status was shown to be a very important factor in
determining the individual intake of feedblocks but oi little comnsequence
for Thand-fed' foods.

The results of the experiments described here again failed to
substantiate the claim that because 'self-fed' toods such as feedblocks

are constantly available to the animals they allow a more uniform tyvpe
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of intake to be effected than 'Thand-fed' nutrients. 1t was only when a
very small amount of concentrate DM was given and itrough space became
severely limiting that feedblocks gave a more precise type of
supplementaticn than concentrates given in troughs. As stated earlier
it is rarely desired to give such a small amount of concentrate in
practice and only when management is varticularly bad would the
restriction on trough space be as severe as the tightest' allowance
used here. Of all the feedblocks used the CSE appeared to be the most
likely to give a relatively uniform intake on par with ‘hand feeding.!
This is in agreement with Part B, Exolt 3.2 of this Section when CSE
feedblocks also gave more uniform intakes than the other feedblocks

studied.
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D The individual variation in feedblock intake for groups of sheep

containing mature and 2-year old ewes (gimmers) outdoors in late

pregnancy

A claimed advantage for the use of feedblocks is that they
encourage 'shy~feeders! particularly 2-year old ewes (gimmers) to consume
supplementary nutrients. .Traditionally a 'shy-feeder' is an animal which
refuses to compete for nutrients given in troughs and as a result may
seriously lose body condition. Hill breeds of sheep such as the Scottish
. Blackface, Swaledale and Welsh Mcuntain are notorious for their
reluctance to consume supplementary feeds; Even in cross-~bred flocks,
the gimmers are sometimes slow to make use of trough-given supplements
and the nutritional penalty imposed on the still growing sheep in late
pregnancy can be severe,

Several experiments were carried out with the objective of
measuring the indiyidual variation in feedblock intake for flocks of
ewes containing a propertion of 2-year old ewes. These were‘carried out

under both lowland and hill conditions,

Experiment 5.1, The individual intake variation for mature and 2-year

old ewes piven W290(76) under lowland conditions

Materials and Methods

The experiment was carried out during February and March 1976 on
the University of Glasgow Farmywhich is typical of many lowland units
in the area,with a flock of 100 Greyface ewes of which 20 were 2~year
olds. The expected start of lambing was approximately 8 March. The
ewes were allowed access to an area of approximately 17 ha, All the
ewes possessed a full compliment of incisor teeth for their respective
ages,

Four W290(76) feedblocks were made available on the 31 January
and new blocks were introduced to maintain a quantity of block material

available to the ewes well in excess of the previous days consumption.
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The W290(76) feedblocks contained 4.16 g chromium oxide/kg DM.
Fourteen and 28 days after introducing the feedblocks the ewes wore
penned and rectal grab samples obtained from as many individual ewes as

possible on each occasion,

Results
The mean daily intake over the duration of the Expt was 544 T 17-2¢g.
There was no progressive increase in feedblock intakes as the lambing

date approached.

Table 16, Fxot 5.1. Individual variation in feedblock intake for a

lowland flock containing a provortion of 2-vear old ewes

Mature ewes 2~vear old ewes Al). ewes

e g A

Sample 1+ Sample 2:F Sample 1 Sample 2 Sample 1 Sample 2
Nos. T7 64 1h 2 91 76

Faecal chromic
oxide Logtor 505%33 16961 171764 388%27 453132
g/100 kg DM

cvg 56 54 135 129 66 6k

% of individual

values < lg
chromic oxide/ 1.3 6.3 20 50 8.8 13

100 kg DM

+F 14 and 28 days,respectively.
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Fifty percent of the 2-year old ewes sampled, 7 and 6 individuals
for samples 1 and Z,respectively,had insignificant amounts of chromic
oxide in their faeces and were judged not be be consuming feedblocks
(Table 16). The proportion of mature ewes not consuming feedbloclks (1 and
6% for the respective samplings) was much lower. The mature ewes had
significantly (P< 0°001) higher faecal chromic oxide concentraticns than
the 2-year old sheep at both sampling periods., However, when the 2-year
old ewes which were evidently not consuming block were eliminated from
the data, the mean concentrations 330 ¥ 88 and 326 T 91 for samplings
1 and 2 respectively were not significantiy different from the values for

the mature ewes.

Ixperiment 5.2, The individual intake vardiation for mature and 2-year

old ewes given RS feedblock under hill conditions

Materials and Methods

The experiment was carried out on the West of Scotland College of
Agriculture hill ferm at Crianlarich, Argyllshire. Kirton Farm is
approximately 420 ha in area within a ring fence and rises from 222 to
740 m with a rainfall of LO cm per annum. The farm outwinters aboﬁt
600 Scottish Blackface ewes with a lambing rate of 94%. There was very
Jittle roughage available duriné the winter due to the two pasture
system being operated which removed most of the grass in the summer.
The analysis of a composite sample of the roughage gave 573 g CP and
3416 g CF/kg, |

RS feedblock was given on the hill during winter and the leaner
ewes were progressively drawn onto the lower ground for more intensive
husbandry. The blocks were sited at intervals over the hill and 3
blocks were put down at each site. New blocks were intrﬁduced when
necessary so that the ad libltum situation was maintained.

On the 15 March 1976, L12 ewes were left on the hill after the
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first draw of poorer ewes. The mean daily consumption of the RS block
was approximately 83 g DM/head with no other form of supplementaiion
given. RHE feedblocks containing chromic oxide (3:65 g/kg) were now
introduced.

On the 29 March, faeces were obtained from 80 of the ewes by grab
sampling and the faeces analysed for chromic oxide. At this time 50%
of the ewes were in too poor condition to stay on the hill and were
drafted to lower areas. An assessment of the body condition of the

“ewes was made and the ewes divided into two categories moderate and

thin condition.

The individual variations in faecal chromic oxide (indicative of
RHE feedblock intake) for both mature and 2-year old ewes in either
moderate or thin condition are given in Table 17. The overall CV for
faecal chromic oxihe variation was 137%. The ewes in moderate condition
had significantly (P< 0.05) greater faecal chromic oxide concentrations,
than ewes considered to be in thin condition., Two-year old ewes in
moderate condition had higher (64 v. 36) mean faecal chromic oxide
contents but the difference was not significant.

Approximately half the ewes sampled appeared to be consuming
little or no feedblock. Most of the 2~year old ewes (88%) and a large
proportion of the mature ewes (53%) in thin condition had faecal
chromic oxide contents of less than 1 g/kg DM. Of the whole flock, the
percentage of ewes with faecal chromic oxide values less than 1 g/kg DM
was 32 and 70% for the ewes in moderate and thin conditions, respectively.
There was no significant difference in faecal chromic oxide values for
mature ewes in moderate condition and 2-year old ewes in moderate

conditiongsnor for the mature and 2-year old ewes in thin condition.
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Table 17. Tuot 5.2. Individual variation in feedblock intake for a

hill flock containing a proportion of 2-year old ewes

Moderate condition Thin condition
2-year N 2-year Overall
Ewes . Mature o1d All Mature old All mean
Nos 32 15 L7 17 16 33 80

Mean faecal chromlc

+ + + + + + o+
oxide g/lOO kg DM 82716 bLT1T7 76712 32.1L 36120 34713 4106

cvg 100 103 108 180 256 220 137

% of individual
values < lg chromic 31 33 32 53 88 70 48
oxide/kg DM

Discussion

In the lowland situation {Expt 5.1) most of the mature Greyface
ewes appeared to be consuming the W290(7,) feedblocks given but only
about half of the 2-year old ewes were conswaing block., In the hill
situation (Expt 5.2) when the Scottish Blackface ewes were given RHE
feedblocks,only half the ewes sampled appeared to be consuming feedblock.
These included a considerable proportion of both mature and 2-year old
ewes in the flock, There was a tendency for the majority of thin ewes
in both age groups to have lower faecal chromic oxide concentrations and

a greater proportion of individuals with an insignificant amount of
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chromic oxide in the faeces. However,it was not known if these ewes were
initially thin or they became thin because of their apparent failure to
consume the blocks. Similarly, for the hill sheep in moderate condition,
their superior condition might have been due to thelr appareatly higher
feedblock intake or alternatively they may have commenced the winter in
better condition and mainfained this independently from the block.

The findings of Expt 5.2 stimulated the extensive evaluvation of
different feedblock types on the performance of hill ewes,as briefly
outlined in the general discussion for this section.

Although no comparative studies were carried out in Expt 5.1 and
5.2 with similar ewes given trough supplements, the results indicated
that it is wrong to assume that feedblocks eliminate the problem of
'shy-feeders.! However in the few weeks before the start of Expt 5.1
it was observed that the 2-year old sheep were not consuming trough-
given concentratesywhich were readily accepted by the older sheep.

It is probable that a large proportion of the sheep not consuming
feedblocks,particularly in the hill situation also would not consume
supplementary nutrients from troughs. It is unlikely however that the
porportion would be in excess of the number of !'shy-feeders,;! recorded
here for the blocks. In the lowland situation (Expt 5.1) it was mainly
the 2-year old ewes which failed to consume blocks, for the hill
situation many of the mature ewes were also 'shy-feeders.!

It would be important to discover if by using é more palatable
block, particularly for the hill situation, a greater proportion of
the ewes would maintain condition and could therefore be left on the
hill, thus freeing the in-bye areas for other uses and for restricting
the purchase of brought in roughage. These aspects require further

study.
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E The individual intake variation for feedblocks and concentrates

given in troughs for cattle

The resulis of Parts A, B and C of this section failed vto
substantiate the claim that the 'self-help,! system of providing extra
nutrients in block form was a more precise means of supplementing stock
than competitive trough feeding. In fact the thand-feeding,' system
(troughs) showed invariably less individual variation in supplement
intake,than when equivalent amounts of DM were taken from feedblocks.
When the amount of trough space per head was restricted and competition
increased,the amount of variation for the concentrate supplemenied
animals increased, Even under these circumstances there was usually
less individual intake variation for trough given concentrates.

A1l this information was compiled using sheep. Part E of this
section was concerned with comparing the individual variation in intake
for the feedblock, concentrates (troughs) and cob techniques of
supplementing cattle. The proportion of any group of cattle refusing
to consume feedblock in a given situation was also studied in Part E.
Individual intake estimations and comparisons were made under a variety
of circumstances using cattle of different breeds, ages, live welghts
and physiological condition, In virtually all cases estimates of
individual supplement intakes were made using rectal grab samples.

The validity for using this technique and the likely degree of
accuracy obtained are discussed in Expt 1.4 (Introduction, materials
and methods). It was shown that the chromic oxide concentration in
even a single rectal grab sample was a very good indication of relative
feedblock intake within the group.

A series of small trials were carried out to record individual
variation in feedblock intake by cattle including the proportion of
animals completely refusing to consume feedblock. All the feedblocks

used contained chromic oxide (7-98 g chromic oxide/kg DM for V291(76),



9.51 g chromic oxide/kg DM for the CSE). The importent details of

these trials are presented in Table 18. Further dats on the individual
variation in feedblock intake by cattle are given later in the thesis
(see particuwlarly Section 2, Expt 7.2 and Section 3, Tables 1i.1 and
11.2). The results outlined in Table 18 suggest that it is incorrect

to assume that all cattle will consume feedblocks. For example nearly
50% of the suckler cows given W291(76) had faecal chromic oxide
concentrations less than 10% of the group mean and were consunbng

little or no block., At subsequent sampling date {Jan 1977) only 2 cows
had faecal chromic oxide concentrations less than 10% of the mean. In
every situation where an estimate of individual variation was made, one
or more individuals were apparently not conswuing feedblock. This
agrees with most of the sheep experiments and places grave doubts on the
efficiency of feedblocks as carriers of warble dressings, anthelmintics
and particularly supplementary magnesium as a prophylactic against
hypomagnesacmia. In some of the trials individual cattle occasionally
had exceptionally high chromic oxide concentrations and accounted for

a disproportionally large parﬁ of the mean. It may have been that these
individuals were grossly over-consuming feedblock or had eaten very
small quantities of roughage.

The results shown in Table 18 indicated that the individual
variaticn in feedblock intake could be extremely large (CV 66 to 148%)
therefore two, detailed experiments were carried out when individual
variation in feedblock intake for cattle was compared with giving

equivalent amounts of DM as concentrate pellets in troughs,

Expt 6,1, Individusl variation in intake of W290(76) by Friesian heifers

compared to concentrates given in troughs

Materials and Methods
Fourteen, 250 kg Friesian heifers were allowed access to a 7 ha

field with virtually no grazing. The experiment took rplace during
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Table 18, Individual vavriation in feedblock intake by cattle in a variety

of circumstances during winter

Description of cattle Feedblock used Mean faecdl Individuals with

and experimental and intake chromic oxide chromic oxide
conditions (kg DM/head/day) g/100 kg DM 10% of the mean CVZ
Indoors

7 pregnant W291(76) 200(1’7-~L-,Z+O)+ i 65.9
Friesian dairy 0.6, T 0.1

cows given hay
. plus concentrates

Outdoors

i2(Hereford cross) W291(74) 85( 1-575) 1 110.0
heifers. Grazing
(2ha) plus hay

22(Hereford cross) W291(76) 85( 3-486) 10 147.6
cows. (450-550 kg).

Poor grazing(5ha) 0.32 + 0.17

The same COWs. W291(76) 146(11~464) 2 83.2
Poor grazing

(20ha) plus hay 0.86 T 0.37

12 reared calves
Poor grazing(2ha)

plus hay 6 smaller (125 kg) CSE
0.68%0,1<322(48-551,) 0 59,4,

6 larger 290(43=426) 0 bl .2

Range in faecal chromic oxide,
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December 1976 and the weather conditions were in general cold with

periods of sleet and snow. The animals were given a W290(76) fecdblock

plus barley straw. The feedblock contained 4<40 g chromic oxide/kg DM,

Ten days after the introduc£ion of the blocks rectal grab samples were

taken from the heifers,

Over a subsequent 15~day period the heifers were given an

allocation (0+61 kg DM/head/day) of a barley soya-~bean meal pellet

(170 g CP, 33 g CF, 17 g kE, 88 g ash/kg) containing chromic oxide
(5429 g/kg DM). The trough space allowed was 340 cm/head,measured along

one side only (the other side of the trouéh was against a fence and

prevented the cattle from using both sides of the trough). On day 15

the heifers were again grab sampled.

Results

The mean faecal chromic oxide concentrations for the heifers were
100 and 170 g chrohic oxide/100 kg faecal DM for the feedblock and
concentrate samplings,respectively. The coefficient of individual
variation (57.3%) for the heifers when given blocks was considerably
in excess of the concentrate value (30°6%). Therefore the provisidn
of ngtrients in feedblock form under the circumstances of Expt 6.1 was

less precise than when an equivalent amount of DM was given in troughs.

Expt 6.2, Individual variation in intske of W290(76) and concentrates

given in troughs

Nineteen Hereford cross weaned (8 month old) suckler calves were
divided into groups (R and W) of 10 and 9 animals, respectively. The
mean live weight was about 215 kg. Group R and W animals were allowed
access to fields of size L+0 and 2+5 ha respectively.

The experiment was carried out over 6 consecutive weeks from 27 Oct
to 7 Dec. Duriﬁg the first 2 weeks the grass supply could be considered
lexcellent'!; during the second 2 weeks 'moderate! and during the third

2-week period 'sparse.! In the third 2-week period hay was given ( 1 kg/
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head/day). There were no marked changss in weather conditions between
the periods.

During weeks 1, 3 and 5 both groups of cattle were given W290(76)
feedblocks which were weighed daily and replenished when about 5 kg
of the block remained, The block residue was removed. During weeks 2,
L and 6 the cattle were given a fixed daily allocation of chromic oxide-
containing barley cubes with ample trough space (140 em/head). The
amounts given were the appropriate mean DM intakes of the block during
the previous week. These were 0.1, 0-26 and 0-27 kg DM/head/day
during weeks 2, 4 and 6.

A single faecal grab sample was obtained from each animal on the
last day of each weekly period,

Subsequently the cattle were housed and received individually a fixed
concentrate allocation (0.26 kg DM of & chromic oxide-containing barley cube)
but with group access to hay. A rectal grab sample was obtained from

each animal at the end of the 7-day feeding period.

Results

The mean feedblock intakes and concentrates given, faecal chromic
oxide concentrations and the respective coefficients of variations in
Expt 6.2 are presented in Table 19.

The intake of feedblock increased from about 01} kg DM/head in
period 1 when the grass supply was ample to 0¢27 kg DM/head in periods
3 and 5 as the amount of available grass declined. The mean intakes for
both group R and W were very comparable indicating that a group of about
10 animals gives a good duplicate, The inter-day variations in block
intake were also very comparable for each group and increased as the

grass supply declined,
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Table 19. JTopt 6,2. Supplement intakes and faecal chromic oxide

concentrations (g/100 kg DM)

W290(76) Feedblock Concentrates
Mean Mean
Mean faecal Mean faecal
intake chromic intake chromic
Period Group kg DM/day CV% loxide CVZ Period Group kg DM/day|oxide CV%
1 R 0.14 31,21 49 81.h 2 R 0,14 37 63.1
W 0.13 32.21 101 78.7 W Q.14 4O 50,0
3 R 0026 3598 108 10900 IJ,- R 0026 86 2}208
W 0,29  LbL.3| 124 '77.0 W 0.26 90 57.3
5 R 0.26 50,21 82 78.3 6 R C.27 105 66.4
W 0528 ,4,6.1 106 614.07 W 0027 119 l|.800

The analysis of the faecal grab samples showed that the
coefficients of variation for these two groups of 10 animals were
consistently in the same order. There was a greater mean CV for
feedblock supplementation (816 T 6.0%) than for the concentrates given
in trouvghs (54+6 ¥ 3+8%). This difference was significant P<0-05.

When the calves were housed and individually given 0.26 kg DM/head
of é barley cube containing chromic oxide and hay ad 1ibitum,the
coefficients of variation for faecal chromic oxide were 202 and 14+3%
for groups R and W?respgctivelyc Thus when the major factor influencing
faecal chromic oxide is removed (variation in chrowmic oxide intake) the
remaining variation can be attributed to errors inherent in the

technique and variation in roughage intake and diet digestibility. The
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results obtained when the calves received a constant daily input of
chromic oxide illustrate that a considerable amount of the variation
measured outdvors can be reasonably apportioned to variation in
supplement (chromic oxide) intake. Therefore the significantly greater
variation for giving nutrients in feedblock form is likely to be a real
effect and not confounded by errors in the grab sampling technique.

The results of Expts 6.1 and 6.2 were consistent with the data
obtained for sheep (Parts A, B and C of Section 1) i.e. in virtually
every circumstance feedblocks are a less precise means of giving
nutrients to stock,than concentrates given in troughs. In a further
trial a group of 20 adult beef-type .cows were given a daily allocation
of about 1-1 kg DM/head of cattle cobs (2.11 g chromic oxide/kg), the
CV for faecal chromic oxide concentration was 68% with a range in
concentrations 20 to 145 g chromic oxide/100 kg DM (mean 4/ g). This is
lower than for most feedblock comparisons but in excess of those for
'hand-fed! concentrates. Further work is reguired on the individual
variation in intake of cobs given to cattle relative to other methods

of giving additional nutrients,



General Discussion

The resulis of Section 1 clearly shcow that for both catile and
sheep it is incorrect to assume that when feedblocks are continuously
available to the stock a more uniform individual intake within the
group is achleved. In fact the opposite appears to he the true situatiocn.
In Part ¥ of this Section the mean CV for individual feedblcck intake was
significantly greater than when equivalent amounts of DM were given to
cattle as concentrates in troughs. When the resuvlts of Parts A, B and C
of the present Section are considered together, the mean CV for individual
feedblock intake by sheep (20 combinations of different feedblocks,
sitvations and levels of consumption) was 55¢1%. In these experiments
the same or similar sheep were also given 'hand~feeding' in 21 differing
ways,including various trough space allowances (generous to very
restricted) and amounts of concentrate aliocated (both on a regular and
irregular basis)., The mean CV for individual intake from troughs (39.2%)
was significantly (P< 0.05) less that for feedblocks. Therefore for both
cattle and sheep,‘'hand-feeding! using troughs is likely to allow a more
uniform individual DM intake within a group than 'self-feeding' using
feedblocks. It appears to be only when trough space allowance is
severely limiting and/or the amount of concentrate allocated is
unrealistically low, that feedblocks are superior to thand-feeding' in
terms of individual precision of intake. The limited amount of data
obtained for comparisons between cobs and either feedblocks or ‘trough-
given' concentrates shows that cobs are at least as precise as
concentrates (given in troughs) and invariably superior to feedblocks.

It camnot always be assumed that in practical farm situations blocks would
be continuously available, replaced when less than a full day's supply

was left and cleaned if required as was the case in these experiments.
Such factors could only tend to increase the individual variation in

intake,
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The factors which influenced the absolute amounts of feedblock
consumed by individuals within the group appeared to be completely
different from those which influenced the intake of ‘Yhand-fed!
supplements and vice versa. For example; the possession of horns and
above average body size (factors which generally contribute to an
elevated position in the ;peck order') enabled individuals to consume
thand~fed! nutrients well in excess of the group mean. Dental status
was however not important. When feedblocks were given, dental status
was of fundamental importance in determining the absolute amounts of
feedblock DM consumed by individuals. Characteristics required for an
above average intake in the ‘hand-fed! situation appeared to be of
little conseguence. Therefore the claim that concentrate 'shy-feeders!'
will acquire a fair share of the additional nutrients on offer when
these are given as feedblocks may perhaps be partly justified.

However, the results of Expt 5.1 showed that many of the 2-year old
ewes not competing for 'hand-fed!' nutrients were also not consuming
feedblocks. What is more important is that a proportion of the animals
readily consuming 'hand~fed! nutrients will.become 'shy-feeders! with
feedblocks for reasons connected with feedblock hardness and dental
status or the unpalatable nature of the blocks in general. The net
result appears to be an increased individual intake variation within
the group. This is a serious obstacle to the use of feedblocks as
carriers of special therapeutic agents such as anthelmintics or warble
dressings an& particularly their use as carriers of supplementary
magnesium, The evaluation of feedblocks in this latter role is
examiﬁed in detail in Section 3, Part C.

It was never the intention of the studies in Section 1 or for
this thesis in general to particularly compare individual feedblock
products from different manufacturers. One'of the principal objectives

however was to compare the 'self-fed! system of giving additional



140,

nutrients with the more tradiltional 'hand-fed! system. It was also the
intention to compare the suitability or otherwise of the low intake
supplement-type feecdblocks (e.g. Rumevite) with the more flexible
intskes offered by the substitute-type feedblocks (e.g. Wintawell and
Colborn-type blocks). Under the low ground circumstances of the
experiments of Parts B and C of this Section,the lowest individual
feedblock intake variations were obtained for the substitute-type
feedblocks CSE. That the CSE block gives a lower individual intake
variation,than the supplement~type feedblocks is not surprising as it is
inherently more palatable, Although a more palatable feedblock might
be overconsumed by certain greedy individuals, with a conseguenl increase
in individual variation within the groups the apparent superiority to
the other substitute-type feedblocks studied probably reflects a more
subtle difference in formulation and/or manufacturing process, The CSE
and W290-type feedblocks were usuvally consumed at about the same mean
level. The W290-type blocks however tended to be grossly overconsumed
by some individuvals and yet appeared to be very unattractive to other
sheep.

It is likely that most feedblocks given to sheep are used in the
hill situation,in the six to eight week period before parturition and
usually during the subsequent two to four weeks of lactation. The
results of Expt 5.2 showed that under a hill situation (March 1976),
where shortage of roughage was an underlying feature; the particular
feedblocks given (RHE) or the block system (i.e. allocation and
distribution on the hill etec.)in general, were unsuitable. Nearly half
the ewes sampled in late pregnancy had no or very smell amounts of
chromic oxide in their faeces; the 2-year old ewes (gimmers) in
particular seemed not to be consuming the blocks. The ewes with the
lowest amounts of faecal chromic oxide tended also to be in poorest
condition. At the time of faecal sampling 50% of the ewes (of a total

of about 400) were judged to be in too poor condition to remain cn the
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hill and were drafted to in-bye fields. Under these particular
circumstances the provision of additional nutrients in the particular
feedblocks was nét very successful. The shortage of roughage on the
hill was undoubtedly the major cause-of the poor condition of many of
the ewes, but the alarmingly high preportion of apparently ‘shy-feeders!
in the flock could only have exacerbated the variation in body conditiomn.

It is well appreciated that scarcely any two hill farming
situations are even remotely similar. There is a great diversity of
factors which influence individual flock perforisnce such as the
inherent fertility of the ground, herbage quality and guantity, climatic
factors, physical nature of the hill, management factaors etc.

Arguments exist concerning both the quantitative amounts of supplementary
mitrients (if any) required in the critical late pregnancy/early
lactation pericds for the hill ewe and alsc the qualitative composition
of these supplements. With so many dynamic factors involved such as the
amount and quality of the available roughage, the body condition of the
ewes in a given year and the expected lambing percentage, it is extremely
doubtful if these arguments can ever be satisfactorily resolved. Also
until more information is available concerning the diet selected by the
hill ewe, rather than what is left unconsumed, during these critical
periocds in both quantitative and gualitative terms, such arguments are
somewhat academic.

It is beyond the scope of this Section to enter into discussion
on these aspects of nutrition., Hypothetically, if the reqguired input
of additional nutrients in a given situation could be accurately
defined both quantitatively and qualitatively a further series of
arguments would ensue concerning the most efficient means of giving
these inputs. Ultimately this would involve 'hand-feeding' versus
'self~feeding,? In the final analysis the individual farmer determnines

how his stock are to be given supplementary nutrients (if any) and
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with agricultural labour becoming increasingly scarce and expensive
feedblocks are often chosen., Convenilence to the stockfeeder appears to
be the most important criterion regerding the system of giving nutrients

nd freguently, the nutritional well-being of the stock is compromised
to a greater or lesser extent in the realisation of this goal.,

In the winter of 1977 a series of farm trials were carried out
with the object of assessing the suitabllity of !'self-help! feedblocks
as carriers of additional nutrients to pregnant and lactating hill sheep.
Twelve different farms in Scotland were used in several dif ferent
geographical locations. (Ayrshire, Dumfriesshire, Argyllshire, Perthshire
and Stirlingshire)u ‘A common feature to all farms was the hill
situation (all qualified for full hill sheep subsidies). Most of the
sheep involved were pure Scottish Blackface although two farms had
cross-bred ewes (Scottish Blackface § x Swaledale &'). Some of the
farms were firmly established users of feedblocks; others were new to
block feeding. Feedblocks of either the Rumevite, Wintawell or Colborn-~
type were normally given and the trials were integrated with the minimum
disturbance into the normal ﬁanagement systems of the flocks. Expt 5.2
was a typical example of such a trial, Approximately seven days before
an expected gather of the ewes, feedblocks similar in every other way to
those normally given were introduced.apart from an inclusion of chromic
oxide (about 10 g/kg DM). Rectal grab samples (for chromic oxide) wer
subsequently obtained. Records were also kept of feedblock intakes,
method of dispersal of the blocks and pattern of block consumption. On
some of the farms performance data was concurrently being compiled by
the West of Scotland Agricultural College and it is intended to relate
this to the faecal chromic oxide concentrations.

In total, nearly 5000 rectal grab samples have been taken and the
results will be published in full when complete. Special emphasis will

be placed on proportion of a particular age group totally refusing the
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blocks and also individual varistion in block intake in general. To
date the results from only three farms have been analysed, and these
show widely constrasting amounts of individual variation. At one farm,
(Crookburn, Elvanfoot, Dumfriesshire), of a hirsel of about 180 Scottish
Blackface ewes, 124 rectal grab samples (15 Feb) were obtained. The
expected lambing date was about April 10th and the ewes were in excellent
condition (average body score 2 to 2%). Roughage was abundantly
available with a proportion of heather., The maximum altitude was 550 m
above sea level, The sheep had been gilven RS blocks for about 14 days
prior to sampling and were in their second season of receiving blocks.
Only 7 ewes (6% of those sampled) had chromic oxide concentrations less
than about 1 g/10 kg of faecal DM, The overall mean faecal chromic
oxide concentration was 186 g/100 kg faecal DM with an exceptionally low
CV of 48.8%. ‘

At a second farm (Lurg, Fintry, Stirlingshire) 130 Scottish
Blackface x Swaledale ewes which had been receiving CSE feedblocks for
several weeks were sampled (28 Feb)., The sheep on this particular hirsel
had received feedblocks during several previousAyears. The expected
lambing date was about 20 April and the ewes were generally in good
condition (body score 2). Moderate quantities of mainly grass roughage
were avallable and the maximum altitude of the hill was about 370 m,

Of the 103 grab samples obtained, 23 ewes (22.3% of the flock) had

chromic oxide concentrations less than 1 g/10 kg faecal DM and were
considered to be consuming little or no block. The mean concentration
was 95 g chromic oxide/100 kg faecal DM with a CV of 89.3%.

On the third farm (Upper Gattaway, Abernethy, Perthshire) which was
mere typical of an upland stock-rearing farm rather than a true hill unit,
W290(76) feedblocks were given to a group of 170 Blackface ewes (most
were over 5-years of age and some had broken mouths). The sheep had
never previocusly received feedblocks and apart from the week preceeding

grab sampling when ad libitum blocks were given,the supply was rationed
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for economic reasons., The amount of roughage available to the eves was
extremely small and hay was additicnally given. The expected lambing
date was about Apfil 20, These ewes were in very poor condition (average
body score 1 to 13) and the winter had been severe with prolonged periods
of snow cover, On the 15 March, 141 ewes were sampled of which 37 (26-2%
of those sampled)had chromic oxide concentrations less than 1 g/10 kg
faecal DM. The mean faecal chromic oxide concentration was 108 g/100 kg
faecal DM and the CV was 119%.

Together with the data obtained from Bxpt 5.2 it would be unwise
to emphasise these results under hill conditions until a full set of
data is available, For example, the RHE feedblocks given in Xxpt 5.2
seemed unsuitable for that particular situation where roughage was very
scarce. However, at Crookburn the RS feedblocks were apparently consumed
by virtually all the ewes and the amount of individual variation in intake
was exceptionally low. Roughage was here abundantly available but the
hirsel was unusual in being very long and narrow. As the blocks were
spaced along its length, this may have contributed to the exceptionally
uniform pattern of individual intake. Thus feedblocks of the same iLype
(supplement philosophy) have produced a contrasting resuvli in two
different situations. It is possible that this inconsistent pattern of
performance will be repeated on other farms and for the other feedblock
types studied, Careful examination of the various situations is then
required to didentify,if possibleythe factors responsible for the success

or otherwise of a particular feedblock-environment interaction,
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SEGTION 2

FACTORS AFFECTING THE TOTAL GROUP INTAKE FRCM FEEDBLOCKS

Introduction

The fundamental difference between the 'self-fed,' method of
providing nutrients such as the giving of blocks and the 'hand~fed!
method is that in the former case the stock per se ultimately determine
the total quantity of material to be consumed,if the total supply is not
restricted, This may be influenced by a whole variety of factors
inherent in the group of stock, the block itself, the external
circumstances,such as climatic variables;affecting both and the
manipulations made by the stockfeeder to effect a controlled level of
intake, When a hand-feeding' system of giving nutrients is practised
the situation is far less complex, providing the material given is
reasonably palatable and rapidly ingested, the total amount consumed by
any group of animals is governed precisely by the stockfeeder.

In Section 1, Part B it seemed that the inter-day variation in
total group intake was likely in some circumstances to be a contributory
cause of the high variation in individual intake within the grouvp. In
only one report (Ducker and Fraser, 1975), has any attempt been made to
define and quantify the factors influencing inter-day variation and the
absolute level of block intake attained in a given situation. They
showed that the intake of Wintawell (197L4)-type feedblocks decreazsed
significantly as ambient temperature dropped to around 0°C and that
ingéke of the blocks increased when there was snow cover,

The manufacturers of feedblocks give approximate recommendations
for the intake of their respective products. Examples”of these are given
in Table 20 for different classes of stock. Some manufacturers admit to
the imprecise nature of these estimatesywhile others are confident that

the actual intakes achieved in practice will coincide closely with their
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recommendations. It is possible and indeed likely that there are
instarnces when feedblocks are not on ad libitum offer and are
effectively rationed due to sitrict adherence to the manufacturers
feeding recommendations by the stock{eeder,

The major objectives of Section 2 were to define the factors
affecting the level of feedblock intake attained by a group of stock in

a given situation, and the extent of inter-day variation and factors

influencing this.

Table 20. Feedblock intakes as recommended by the manufaclturers

(g fresh matter/day)

Feedblock RS wW290(74)"  weon(7s)t CSE e

Class of stock

Hill ewes 100 110-130 20-100 110 -
Iowland ewes 130 210-270 130-160 170-220 -
Suckler cows 800 650-810 360400 - L50-900
Cattle 1~3

years old 650 54L0~650 4,00-1,60 - 450-680

* The recommended intakes of W290(76) and W291(76) are essentially the
same., .

The DM coefficients for feedblocks are usually in the range Q.82
to 0+84 and to maintain consistency with the rest of the thesis feedblock
intakes in this Section have been in future expressed as g DM/head.
Much of the information included in this section is ancillary data
obtained from other experiments or results of several small scale trials
which have been combined together. Some of the factors commented upon
which are judged to influence feedblock intake are nol supported by
objective scientific data due to the difficulties of accunulating facts

wnder extensive f{ield concditions and the limited resources available,
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Before any detailed investigations into the factors affecting the
total group intakes of feedblocks were commenced; the level of intake
attained by stock under a wide variety of circumstances was measured,in
order to assess whether a regular daily intake could be obtained from
feedblocks. This involved giving W290(7L), W291(74) and RS feedblocks
to cattle and sheep under housed and field conditions. Some of the
results obtained for sheep are presented in Table 21. Fach trial was
carried out over a period between 14 to 60 days.

Table 21 clearly shows that the absolute intake of feedblock by
any group of sheep depends principally upén the circumstances under
which it is given and that intake is not controlled precisely by the
formulation and manufacturing process of the block. A similar
variation in mean intake was obtained for other feedblocks; for example
the intake of RS feedblock wés negligible when given to suckler cows at
spring grass (Expt 11.1) but had exceeded 600 g/day over the preceeding
14~day period,;when the cows were yard-housed and given silage. The
intake of the RS feedblock was greater than 400 g/day for housed wethers
given straw alone (Expt 8.2) but less than 70 g/day for ewes outside at
grass in the autwm, Therefore, it is only when feedblocks are agtually
given to the stock that an intake level can be assessed., The
recommended intakes given by the manufacturers (Table 20) are only very
approximate estimates and may be totally misleading unless rationing of
feedblocks is carried out and the ad libitum situation dispensed with.

This jtself-is not conducive with some of the claimed advantages for
block feeding such as allowing the 'shy.feeders! the maximum opportunity
to consume feedblock nubrients. The rationing of blocks may be
particularly serious when the block is being used as a magnesium carrier,
where constant availability of magnesium is essential for the system to
be effective.

Table 21 also shows that although the absolute intake of a

feedblock varies greatly, the relative intakes for two different
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Table 21, A comparative assessment of the intakes of two feedblocks

differing in physical hardness (W29i(74) and W290(74)) under a variety

of circumstances under both housed and field conditions

Description of steck and
other feoods given,

Outdoors

50 Scottish Blackface ewes
poor grazing (0.5 hs), hay + concentrates

50 Scottish Blackface ewes, poor
grazing (1 hs) hay -+ concentrates

30 Greyface ewes poor grazing
(5 ha) + hay

16 Greyface ewes (Expt 3.3) poor
grazing (0.5 ha) + hay

Indoors

7 Suffolk cross wethers, distillery
siftings + concentrates

16 Greyface ewes (Expt 2.1) hay
ad libitum

Groups of 16 Greyface ewes in individual
pens (Expt 2.4) hay ad libitum

w291(74)

17t 2

L2t 13

t+

175 - 21

159 T 10

255 1 19

647 T 26

Ratio of
W290(74)  intakes

1+
o
'_‘l

L7 : 2.8

L1 T o2 1: 2.5

393 T 18 1 :

D
®
NI

626 1 L5 11 2.5

797 V51 1 s 1,23
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feedblocks (albeit manufactured by the same process) are surprisingly
constant. The intake ratio of the W291(74) to W290(74) was always
between 1 : 2.0 and 1 : 30 with one excepticn,when the feedblocks were
given under somewhat artificial circumstances, This was when ewes were
individually penned (Expt 2.4) and given W 290(74) or W291(7.4) feedblocks and
the intake ratio between the blocks narrowed sharply (1 : 1-2). This was
due to the high consumption of W291{(7k) rather than a low W290(74) intake.
The possible reasons for this ilncrease in intake have been discussed in

- Section 1, Part A but they probably reflect an increased provision of
block surface area per ewe and the boredom behaviour of closely confined
sheep.

Table 21 illustrates some of the other possible contributory
factors affecting the absolute feedblock intake in any sitvation. There
appears to be a reluctance of the Scottish Blackface ewes here to
consume blocks, whkich is consistent with the findings in Secilon 1 Part D
(Expt 5.2),when 50% of a flock of this breed under the particular hill
conditions seemed not to be consuming the RS feedblock. It may also be
partly due to the provision of concentrates which may have reduced the
appetite of the ewes for block. The intakes of both W290(74) and
W291(74) tend to increase as the size of the enclosure decreases, In
general, the intake of any feedblock is greater under housed against
field conditions. This was the case for all the feedblocks examined in
this thesis unless some overriding constraint was imposed,such as
restricting the surface area available to the housed stock by containers.

Within the mean intake data presented in Table 21 there was often
considerable variation in intake between days., The results of Ducker
and Fraser (1975) indicated that one possible cause of this was
fluctuations in the weather., Therefore in the present studies the
effect of climatic variablés on the intake of leedblocks under various

circumstances was investigated.



A The effect of climatic variables in the intakes of feedblocks

Most of the information on the effect of weather on block intakes
was gathered on the Unilversity of Glasgow, Veterinary Field Station,
Cochno Farm, Dunbartonshire, Latitude 560N, 230 to 280 m above sea level.
In many instances the feedblocks investigated were superimposed upon the
routine nutritional management of the commercial stock on the farm.
Therefore precise control of the experimental conditions was seldom
achieved because of other management factors. In many of these
experiments numerous other factors affecting feedblock intake hesides

‘climatic variables were isolated and have bsen mentioned when appropriate,

Experiment 7.1, Climatic factors influencing the intake of feedblock by

gheep

The following feedblocks were given to various groups.of Greyface
ewes during the winters of either 1975 or 1976, W290(74), W291(74), RS
and RHE (the chemical composition of the feedblocks used was as shown
in Table 1). The climatic variables measured were rainfall, days when
there was snow cover and meanvdaily temperature. A description of the
recording techniques used is contained in the Materials and Methods
section of the Introduction (page 70 ). The total group intakes of
feedblocks were recorded by daily weighing (09.00 to 10,00 hr) using a
25-kg spring balance. This coincided with the r eading of the temperature
and rainfall data. A new block was introduced when less than the previous
days consumption of block material remained,or when less than 5 kg of
material was on offer. Any block residues were removed. In some trials
(with chromic oxide containing blocks) the animals were rectally grab
sampled and the resulting faecal samples analysed for chromic oxids

content,



The inter-day variatlon in total group feedblock intake was
considerable for all the feedblocks examined,especially for the W290(74)
and W291(74) blocks. Even when mean intakes were expressed as o 3-day
rolling mean there were still considerable fluctuations in intake with
time. The description of the conditions under which the blocks were
given, the mean daily intakes and any effect of the climatic variables
on block intake are given in Table 22.

Table 22 shows that only for some feedblocks, and even then not
on every occasion, was & significant effect of rainfall and/or temperature
on feedblock intake recorded. There was no significant effect of either
rainfall or mean daily temperature on the intake of W290(7L) and W291(74)
feedblocks. However the mean intake of 259 + 17 and 135 £ 7 g DM/head
for W290(74) and W291(74) over the 2L-hr pericd immediately following the
introduction of a new block was significantly (P<0001) greater than the
mean intake over subsequent 2/4-hr periods (87 T 5 ang 37 + 11 g DM/head
respectively)., When two feedblocks instead of the single block were
given to these ewes,the mean intakes (250 T 28 and 97 T 10 g DM/head)
were increased by 90 and 35%,respectively, for the W290(74) and W291(74)
feedblocks. This difference was significant (P<0+001) for the W290(74)
feedblock,

In both winters when the effect of mean dally temperature on RS
intake was examined a significant,negative correlation was obtained.

The mean daily intake of RS appeared to decrease as the temperature

fell towards 0°C. In the trial during late winter (1976) the mean

daily intake of the RS feedblock on days when the mean temperature was
less than 2°C (52 ' 3 g DM/head) was significantly (P<0-001L) lower than
days when the mean temperature exceeded 2°C (105 % 7 g DM/head). A
significant (P«:O-Ol),positive correlation,between the mean intake of

RS and rainfall was obtained during February 1976 but not for the previous

year °
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The data on the effect of climatic variables con the intake of RS
feedblocks by sheep were then combined for both years and grouped into
days when there was no rain (dry days), days when the rainfall was less
than 1 mm (light rain) and days when the rainfall exceeded 1 mm (rainy
days). Linear regression eguations (Fig.5) of mean daily feedblock intake
against temperature for the dry days and days when light or substantial

rain fell were calculated, These were as follows

a) Dry days

y = 3-16}{ + 66'6 SE of b = 3’23 o
where x=Mean daily temp C
b)  Rainy days v = RS intake g DM/head

9:09x + 76¢2 SE of b = L.75

i

¥
c) ILight rain days

y = 2:10x + 74+1 SE of b = 3:20

The results for days when only light rain fell were omitted from
the comparisons involving the effect of rainfall on RS intake., The slope
of the regression line for rainy days was positiveywhile for dry days
there was a strong indication that the slope was positive. The mean
daily DM intakes of RS feedblock on dry days, light rein days and réiny
days were 75 £ 7, 79 ¥ 9 and 107 ¥ 8 days, respectively. The difference
between rainy days and dry days Qas significant at P<0-0lL and between
rainy days and days of light rain at P<0-:05,

The effect of the interaction between rainfall, temperature and
feedblock consumption was further examined by comparing the regression

lines for dry days and rainy days. There was a probability in excess of
098 that wet weather increased the intake of RS at all temperatures
between 2.8 and 10°C. Below 2.8°C the effect of wet weather was minimal.
and above 10°C was outside the range of temperatures studied. There
seemed to be no substantial dependence of feedblock intake on the

actual amount of rainfall, once the days when light rain fell had been

omitted,



N

Fig.5 Bkxot 7.1 The effect of mean daily temperature °C on the mean
daily intake (g DM/head/day) of RS feedblocks by groups of pregnant
ewes at winter grazing for dry days and days with light rain (<0.1 mm)

or wel days.
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Over the ﬁeriod studied there were no significant correlations
between any of the climatic variables and the voluntary intake of RHE
feedblocks,

The effect of snow cover on feedblock intake could only be
assessed in a few situztions due to the absence of a prolonged period
- of continuous snow cover. Therefore the data examined refer to single
days or short periods when snow cover existed, which have been combined
together and compared with days when the ground was clear, It was
noticed that the intake of all the feedblocks given to sheep,invariably
increased when snow prevented the stock from grazing. For example,the
combined mean intakes of RS and RHE from Expt 4.2 on days with snow
cover (105 * 4 g DM/head) were significantly (P<0.001) greater than

for other days (70 T 5 g DM/head).

Experiment 7.2. The effect of climatic variables on the voluntary
intake of feedblocks by catile

A series of trials were carried out with the intention of
assessing the effect of climatic variables and other factors on the
intake of feedblocks given to cattle of various ages under varying

circunstances.

Trial I

Thirty Friesian heifers (18 to 24 months old) plus a Hereford
bull were outwintered on an area (0.2 ha) of rock-strewn ground,
providing considerable natural shelter but virtually no grazing. The
trial was carried out between 25 February to 5 May 1976. The cows
received ad libitum good quality silage plus CC feedblock (Table 1
for chemical composition) until 23 April when an enclosure (6 ha)
of sparse grazing was made available. The mean daily intake of

feedblock was menitored by daily welghing and a new feedblock
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introduced when less than the previous 2i~hr consumption remained. The
feedblock residues were removed.
On 25 March the cattle were rectally grab sampled (the CC feedblock

contained 10.3 g chromic oxide/kg DM).

T e

Two groups of 6, 200 kg weaned (Hereford cross) calves were given
access to fields A and B. The experiment took place from 3 December
1975 to 8 Januwary 1976. TField A initially contained only sparse
grazing while field B contained good grazing which was quickly consumed
and by about 17 December 1975 it resembled field A. The groupsof cattle
were each given a W291(74) feedblock containing (2-51 g/kg) chromic
oxide. New feedblecks were introduced on 3, 11 and 16 December and
2 January to both groups. The feedblocks were weighed daily. On
11 December 1975 and 8 January 1976 the cattle were rectally grab

sampled.,

Trial 111

Twé groups of 200 kg weaned suckler (Hereford cress) calves were
given access to the same fields (A and B) as Trial II., The experiment
took place from 27 October 1976 to 21 January 1977. Both fields
initially offered good, clean grazing, Trial III included and was a
continuation of Expt 6.2 (Section 1) and a more detailed description of
the experimental procedure is included on page 134. On 1 December 1976
there was insufficient grass available for the calves and about 1 kg/
heéa/day of hay was given. At times during the experimental period both
groups of calves were given a W290(76) feedblock (no container) containing
chromic¢ oxide., The durations when blocks were given were, 27 Oct to 3 Nov,
10 to 17 Nov, 24 Nov to 1 Dec, 8 to 27 Dec and 27 Dec to 21 Jan (one group

only)e. The blocks were weighed daily and replenished as in Trial I.



Twelve beefl-type cows (mainly Hereford cross) all with calves at
foot (calving date, August 1975) were alternated around several fields
of permanent pasture from 12 Oct (1975) to 10 Jan (1976). On 7 Nov,four
additional cows with calves at foot were included in the group. From
2 Nov about 2-5 kg hay/head/day was given and increased to 3:75 kg/head/
dey from 22 Dec. Throughout the experimental period RHE feedblocks(in s
purpose-built container unless otherwise stated) were on offer. The mean
intake of block was monitored by daily weighing and the eventual level
of consumption required a new block to be introduced daily or on
alt.ernate days. On é consecutive days the blocks were weighed at six
approximately 4-hourly intervals (04.00, 08,00, 12,00, 16.00, 20.00,

24,.00 hrs) to determine pattern of feedblock consumption within a day.

This trial was carried out from 2 March to 21 April using the 14
remaining lactating suckler cows used in Trial IV. Throughout the
trial the cows were grazing a field (20 ha) containing generally sparse
grazing but with some patches of coarse roughage. In addition they
received about 3 kg/head/day of moderate quality hay and W291(76)
feedblocks., From 2 March to 9 March a single W291(74) feedblock was
made available in a circular tin which served to keep the block clean.,
From 10 March to 19 March the container was dispensed with and the
blocks still given singly. On 23 March, four W291(76) feedblocks were
put on offer (with no containers) which was equivalent to the feedblock
material consumed in 7 days when the blocks were provided singly. On
30 March (i.e. after 7 days) any residues remaining were collected up
and L new W291(74) feedblocks introduced. On 9 April (i.e. after a
further 10 days) the residues were again collected and a further 4 new
blocks put out,but now given in tin containers (with the intention of

keeping the blocks clean and allowing a stable base to prevent pushing
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of the block). On 14 April one block remained virtually untouched and
was left with the cattle and 3 replacement blocks (in containers) were
introduced. On 21 April the trial was discontinued.

‘Over the experimental period individual feedblocks were weighed
daily (between 09.00 and 10.00 hr) and mean daily feedblock intakes
calculated for when single blocks were given with or without containers
and when a weeks supply of blocks (put out in one day) was given with

and without containers.

Results
Trial I

The mean daily intake of the CC feedblock was 161 T 9 g DM/head
over the whole experimental period, On two days no block was consumed.
There were no significant correlations between rainfall or temperature
and feedblock intake. When the chromic oxide concentration of the
faeces was measured, 9 animals (33%) had values less than 10 g chromic
oxide/100 kg faecal DM indicating a very low level or total absence of
feedblock consumption. The mean for 27 cows sampled was 72 g chromic

oxide/100 kg faecal DM (range 3 - 157) and the CV for faecal chromic

oxide was 102%.

Trial IT
The mean daily intakes of the W291(74) feedblocks for the two
groups of cattle were 270 and 160 g DM/head., Throughout” the trial
there were only small amounts of rain (less than 0.l mm) each day,
except on 30 Dec and 2 Jan when about 20 mm was recorded. The mean
daily temperature was in the range 2 to IOOC, There was no frost or
prolonged cold periods. The intake of W291(74) feedblocks was not
signilicantly correlated with either rainfall or mean daily temperature,
On 5 and 12 Dec there were pronounced (Fig.6) iﬁcreases in

feedblock intake when the new block was introduced (Field A cattle only).
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Fig.6 Expt 7.2 Trial II. Changes in the mean daily W291(74)
- feedblcck intake of 2 groups of 6 yearling Hereford X cattle with an
initial difference in the herbage available during December and

January.
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Thereafter.this tfirst-day' effect was noticeable for both groups of
cattle, During the initial part (13 days) of the trial the intake of
W291(74) was highest (416 T 103 g DM/head) for the cattle on the bare
pasture (Field A). The mean daily intake (143 1 93 g DM/head) for the
cattle on Field B was significantly lower (P<0.05). There was a
tendency for W291(7L) intake,to increase as grass became scarce, this
was particularly noticeable from 2 tc 8 Jan (Fig.6).

When the cattle were rectally grab sampled, 1l Dec,the mean faecal
chromic oxide concentration (37 g/100 kg DM) for the cattle grazing
Field A was more than twice the mean valuve (15 g/100 kg DM) for the
cattle grazing Field B. This is consistent with the higher feedblock
intake and probably lower roughage intake of the former cattle. The
respective coefficients of variation for feedblock intake were 67 and
72%. One animal grazing Field B had a chromic oxide concentraticn of
below 10 g/100 kg faecal DM.

When the cattle were rectally grab sampled on 8 Jan there was
still over twice as much (122 v. 48 g chromic oxide/100 kg DM) chromic
oxide in the faeces of the cattle grazing Field A than Field B. There
was slightly more variation in faecal chromic oxide concentration for
cattle grazing Field B (CV = 119%) than for the cattle on Field A
(Cv = 92%).

Trial IIT

The pattern of daily intake for the W290(76) feedblocks given to
the cattle in Trial III is outlined in Fig.7. During the first 4
periods when blocks were given there was close similarity between
absolute level of block consumed and also {luctuations in block intake
between days for both groups. The increased consumption during the
2L~hr period following introduction of a new block was measured on

some occasions (for example 11, 25 Nov, 9 and 28 Dec) but not on others



Tig.7 Expt 7.2 Trial III. Mean daily intake of W290(76)
. feedblock (g Di¥/head/day) for 2 groups of 200 kg weaned suckler

calves during winter. During the periods 3.to 9 Nov, 17 to 23 Nov

and 1 to 7 Dec concentrates were given.
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(14 and 20 Dec, 3 and 10 Jan), when other factors appeared more important
in determining the level of feedblock consumed,such as a rapid thaw
following snow cover, The mean feedblock intakes are given in Table 19
(Section 1). There was a progressive increase in mean daily feedblock
intake reflecting inversely the amount of grazing available (an increase
of 130 to 290 g DM/head between periods 1 and 3). Subsequently the
level of intake attained depended very much on the presence or absence
of snow cover (Fign7)o The effect of snow cover could not he separated
from temperature as there was a prolonged period of cold from mid
December to mid January when mean daily temperatures were near or at 0.

There was a marked decrease in feedblock intake following a rapid
thaw and the reappearance of grazing for the cattle. The effect of snow
cover on feedblock intake was studied over the period from 8 Dec to
21 Jan when hay was given. The mean daily feedblock intake on 17 days
with snow cover (413 ¥ 26 g DM/head) was significantly (P <0-001) greater
than on 27 days with no snow cover (194 T 14 g DM/head).

There were no significant correlations between the intake of the
W290(76) and either rainfall (O to 9¢5 mm/day) or mean daily temperature
(-3 to +9OC) as these effects(if any) were obscured by the presence or

absence of snow.

Trial IV

Throughout Trial IV the weather was generally very wel and
relatively mild with only 10 days when the mean daily temperature
dropped below BOC.

\ The pattern of RHE intake over the whole trial from 12 Oct (1975)
to 18 Jan (1976)is presented graphically in Fig.8. Fluctuations in
absolute feedblock intake seemed to depend on the amcunt of grazing
available and perhaps also enclosure size. From 12 Oct to 7 Nov (A to
B, Fig.8) the 12 cows grazed a field of 3.2 ha. Initislly the grass

was very good but graduwally became iimiting in guantity. HHE intake



~

Fig.8 Expt 7.2 Trial IV, Mean daily intake of RHE feedblock

(g DM/head/day) given to a group of lactating suckler cows over 90

days during winter,
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increased progressively from about 170 g DM/head/day to about 840 g DM/
head/day by 24 Oct. When the grass was in very short supply (30 Oct),
feedblock intake reached 1180 g DM/head/day and the mean daily intake
over the 26-day period was 583 + 93 g'Dthead, Part of the inter-dey
variation in feedblock intake was probably due to the tendency of some
blocks to be ealten into a crescent shape,;which quickly disintegrated

in the bottom of the container, There was no ‘first-day'! eflect as
measured for the cuboid blocks,but it should be appreciated that the
level of intake attained necessitated the introduction of a new block
daily,on many dayse.

When the feedblocks were weighed at L-hourly intervels
throughout a 24-hr period,there did not appear to be any period when
intake was either markedly greatest or very increased or decreased, bub
the observations may have disturbed the cattle.

On 7 Nov (B, Fig.8) the cows were transferred to another field
of similar size,offering equally sparse grazing. Feedblock intake
rapidly decreased to 85 to 170 g DM/head/day during the initial three
days,when the cows appeared to be exploring the field. They started
to consume block readily again on day 4 after changing enclosures.

On 11 Nov (C, Fig.8) the cows were transferred to a larger field
of 25 ha which offered only very sparse grazing. The mean daily intakes
reached about 700 g DM/head but were very low on 17 and 19 Nov, These
days were characterised by frost during the night.

On 20 Nov (D, Fig.8) the cows were given access to another
enclosure of 20 ha with guite good grazing. Mean daily intakes were about
350 g DM/head (17 g Mg/head) until 28 Nov (by this time grass availability
was low),when there was a high wind and wet snow cover,causing the cows
to shelter. The cows were now receiving 25 kg hay/head/day (2 Dec).

On 4 Dec (E, Pig.8) two cows were found dead with signs of struggling

which suggested hypomagnesaemia (a cow in the next field died of
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hypomagnesaemia the same day). Faecal samples (for chromic oxide) and
blood samples (for magnesiwm) were obtained from all 1) surviving cows
on 15 Dec, The mean faecal chromic oxide concentration was 23 g/100 kg
DM (range 11 to 55)swith a CV of 58:8%. Faecal samples from the 2 dead
cows contained 11 g chromic oxide/100 kg DM, equivalent to the lowest
concentrations for the surviving animals. The mean plasma magnesium
concentration of all the cows was 1-.43 + 0,10 mg/100 ml, 8 cows had
values between 1+5 to 2.0 mg/100 ml, 5 cows had values between 1-0 to
1.5 mg/100 ml and one cow had a verylow value of 0.58 mg/100 ml. There
was no significant correlation between plasma magnesium and faecal
chromic oxide concentrations.

A1l the cows were now (4 Dec) given 2 magnesium bullets (Pfizer
Ltd.) and 850 g concentrate DM/head/day containing 50 g MgO,until
14 Dec. The overall mean RHE intake over 25 days was 234 + 29 g DM/
head/day. ‘

On 12 Dec (F, Fig.8) a further 20 ha of grazing were made
avalilable to the cows (40 ha in total) but of very sparse grazing and
the block was repositioned from near the hay feeder to 100 m distant,

No block was consumed for 2 days bub thereafter intake increased
progressively to about 700 g DM/head/day. On 22 Dec the hay allocation
was increased to 3-75 kg/day and this seemed to reduce block intake to
about 160 g DM/head/day. From 29 Dec to 3 Jan (G to H, Fig.8) there were
2‘very wet and then 2 very sleety days,combined with high winds,which
forced the cows to shelter, In an attempt to maintain block (magnesium)
intake the block was removed from its container. Consumption increased
for only one day and then declined to about 80 to 160 g DM/head/day (4 to
8 g magnesium). It was noticed that the sleet, though not heavy,
'cozted! the feedblock and it was not until the weather improved that
block intake increased to about 700 g DM/head/day (34 g Mg). Over the

26-day period when the cows were allowed access to about 40 ha ¢the mean
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daily intake of RHE was 375 i’Sl g Di/head,

A 36-day period from 2 Dec to 7 Jan when experimental conditions
were relatively constant was used to study the effect of climatic
variables on feedblock intake., There were no significant correlations
between feedblock intake and rainfall. The effect of mean daily
temperature on block intake showed a significant (P< 0.05),negative
correlation (r = 0+42) over a range in temperature O to BOC° This
relationship was expressed as a linear regression equation (Fig.%)

v = 53x + 127 (where y = feedblock intake g DM/head/day and x = mean

daily temperature °C).

Trial V

There were no significant correlatlons betwegn'the intake of the
W291(76) feedblock and either mean temperature or rainfall over the
periods studied. On 2 occasions when 'heavy! driving rsin occurred
together with strong winds, feedblock intake decreased to virtually zero
on one day and was very low on the other,

The pattern of W291(7L) intake over the experimental periocd is
given in Fig.10. The mean daily DM intakes were 7i2 1 58 and 637 i’?O g/
head,when single blocks were given with or without containers, A
respectively. The CV for inter;day total group intakes of block were
232 and 33»0%,respectivelyo When 4 blocks were put out,sufficient
to last for about a week (23 to 29 March, 30 March to & April),on a
single day in no containers,the mean daily DM intake of W291(76) Ylocks
over the 16-day period was 506 T 84 g/head. The CV for inter-day
variation in block intake was 66-6%. It was noticed that the cattle
preferred some individual blocks to others and once these were consumed,
intake on subsequent days decreased progressively., Fig.ll shows the
rate of disappeérance of the individual W291(74) feedblocks and an
impression of the order in which they were consumed, when given with or

vithout containers. For example?when L blocks were put out over the



1
Fig,9 IExpt 7.2 Trial 1V, The effect of mean daily temperature °c
on the mean daily intake of RHE feedblock (g DM/head/day) by a group

of 16 suckler cows at winter grazing.
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Fig.10 Expt 7.2 Trial V., The effect of giving W291(74) feedblocks
" either singly or four at a time on the mean daily intake (g DM/head/

day) of 14 cows at winter grazing.
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Fig.11 Expt 7.2 Trial V. Rate of disappearance of individual
W291(74) feedblocks when given to a gfoup of 1/ suckler cows at

winter grazing.,
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period 23 to 29 March in no containers, one block was consumed within 3
days (A), 2 further blocks (B and C) were consumed within 6 days,while
about 70% (14 kg) of the final block (D) was still left after 7 days.
A similar pattern of block intake when cattle showed a preference for
individual blocks was shown in the period 30 March to 8 April. One of
the 4 blocks was totally consumed by 4 days (E) and a further block by
8 days (F). The remaining 2 blocks weighed 9.6 (H) and 6.4 kg (G) (48
and 32% uneaten,respectively) even after 10 days.

When about a weeks supply of W291(76) was put out in containers
(9 to 13 April and 14 to 21 April) the mean daily intake was 566 T 120 g
DM/head with a CV for inter-day intake of 76-7%. During the first period
(9 to 13 April) when /4 blocks were given on 9 April, one block was
totally consumed after 3 days (1), a further block was consumed by day
IA (J) and a third block by day 5 (K). The remaining block (L) still
weighed 16 kg (80% uneaten) and was left with cattle., Duwring the second
period (14 to 21 April), one block was consumed by 2 days (M), 2 second
block was consumed totally by /. days (N),while the remaining two blocks
(including block (L),which reﬁained unconsumed from the previous period

and now weighing 9 kg) were still unconsumed even after 8 days.

Discussion

The effect of mean daily temperature on the intake of W290(74) and
W291(7A) feedblocks as reported by Ducker and Fraser (1975) was not
found to be very important in the present studies. There may well have
bggn an influence of mean daily temperature on feedblock intake but this
waé far less important in contributing to inter-day variation than other
factors, principally the elevated 24~hr intake when a new block was
introduced. This is consistent with the results of Expt 2.1 when a
similar !'first-day! effect was recorded for the W290(74) and W291(7L)
feedblocksygiven to groups of 16 ewes. When a larger group of ewes (30)

were given the blocks outdoors}the mean intake over the initizl 24-hr



period was 3 to 4 times greater than the mean intake over subsequent
days. This considerable variation in inter-day feedblock intake
completely masked any effect of climatic variables on intake (Fig.12).
The possible causes of this 'first-day'! effect for the W290(7L) and
W291(74) feedblocks were discussed in Section 1 Part A bui the main
reason appeared to be the fragiie exterior of these blocks, particularly
the corners,which accounted for the elevated intake. This may have been
exacerbated by poor storage of the blocks (in humid climates),resulting
" in molsture penetration and softening. A novelty interest due to the
provision of clean material uncontaminated with saliva may also have
contributed,but to a lesser extent.

In the experiments of Ducker and Fraser (1975) using equivalent
Wintawell (197/,) feedblocks,given to Dorset Horn ewes,the level of
intake achieved necessitated‘the introduction of a new block daily and
the withdrawal of & small amount of residue, Therefore, in their
trials the 'Iirst~day' effect was eliminated and not even recognised and
the influence of climatic variables then became an important contributory
cause,to inter-day variation in intake for the feedblocks.

A further interesting fact to emerge from the weather trials using
W290(74) and W291(74) feedblocks was that the mean intake of these
blocks could be increased {nearly doubled for the W290(74)) by providing
two blocks instead of one. This was also intimately concerned with the
greater provision of easily removed corner material and an increased
surface area of block material on offer.

In all the trials where the effect of climatic variables on
feedblock intake were measured, the blocks were never allowed to be
consumed to exhaustion (with the excepﬁion of cattle Trial V when one weeks .
estimated supply of block was given on one day) and a new block was
introduced in most cases wﬁen 25% of the block was still remaining.

Clearly this is somewhat artificial compared to the practical situation,
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when it 1s customary to put out a weeks supply of feedblocks on one day.
When observations were made on the consumption of W290(74) and W231(74)
to exhaustion with sheep,there was a tendency for the final 25% of each
block to remain uneaten for a long period {(up to 4 to 5 days).
Conseguently, although in theory the block was on ad libitum offer it
became unattractive to the stock (perhaps by soiling)squite independently
from any climatic influence. In the case of the W290(74) and W291(74)
it 1s very likely that this would result in a highly irregular pattern of
 feedblock intake, with perhaps 50% of the weeks allowance consumed within
2L hours and a progressive reduction in feedblock intake over subsequent
days. The conseguences of this, particularly when feedblocks are relied
upon to supply a significant part of the total nutrient intake or, for
example magnesium as a prophylactic against hypomagnesaemia would be
extremély serious., On some déys the majority of stock probably might
not consume any feedblock, and on others a wasteful overconsumption would
occur,

In Expt 7.2, Trial V, beef-type cows were given an estimated 7
days supply of W291(76) feedblocks on a single day (with or without
containers), or blocks singly throuéhout the week (also with or without
containers), with the blocks replaced when less than the previous days
total consumption remained. When the weeks supply of blocks was given
on a single day, compared to giving blocks singly throughout 7 days, the
coefficient of variation for block inteake between déys was increased about
3 and 2 fold for blocks given with and without containers,respectively.
There was also a noticeable tendency for the cows to prefef individual
blocks when given a choice between several. Some blocks wefe refused
or consumed only very slowly,even when the more attractive blocks had’
been totally consumed. Most of the block material on offer was
consumed (15 to 35% of the‘botal supply) during the 24-~hr period

following introduction. The nei effect was to give an exponential and



166,

non-uniform pattern of feedblock intake throughout the 7~day period and
a slightly lower level of intake,compared to giving blocks singly, because
of the unacceptability of some individual blocks;which remained
unconsumed even after 7 to 10 days.

The preference of the cows to consume certain blocks and reject
others probably reflected differences in block hardness. The most
useful indication of block hardness for the W291(76) feedblock was block
length, The harder the block the shorter its length and vice versa.

Very hard blocks measured 31 to 32 c¢m in length,whilst soft blocks were
35 to 37 cms,although their weights were identical. It was noticed that
the blocks remaining uneaten after several days,were short in length
(physically hard) and those rapidly consumed were longer and phyéically
softer.

Whether this difference in block length/hardness was a quality
control aspect pecduliar to this batch of blocks or reflected normal
differences in blocks of this type could not be ascertained. Nevertheless
it is clearly an undesirable feature which may add to the already
imprecise nature of feedblock intake. There were accordingly differences
in rate of consumption within the life of a particular block (the corner
meterial is relatively easy to consume) and also between blocks,due to
variations in physical hardness. The particular containers used in
Trial V served mainly to keep the blocks clean and gave a small
(6 and 12% respectively when single blocks or A4 blocks were made
available) but not significant increase in intake compared to no
containers,

The effect of climatic variables on the intake of W290(74)
W291(74), W291(76) and other rectangular-cuboid feedblocks,although
important under some circugstances,appears to be of much less
significance than the fluctuations in mean group intake due to the

number of blecks available, variations in block hardness, whether
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protection is afforded to the corners by a container and how freguently
new blocks are introduced. Therefore the inter-day variation in intake
and also the absolute level of intake attained,depends principally on
the management routine adopted by the stockfeeder. If Ducker and Fraser
(1975) had not removed the block residues each day but had still
introduced a new feedblock each day, a situation would eventually have
. been reached when sufficient, block material was on offer,to exceed the
previous days consumption without the introduction of a new feedblock,
The effect of weather on feedblock intake would then be secondary to
the amount and character (e.g. + contamination) of the block residues
present and manipulations made by the stockfeeder would mainly dictate
inter~day variation in intake,

The supplement RS (for sheep Expt 7.1; Table 22) and RHE (for
cattle Expt 7.2; Trial IV) feedblocks did not show any consistent
1first-day! effect,on days when a new block was introduced. Therefore
the degree of inter-day variation due to how the blocks were given,was
mach less pronounced than for the W290(7L4) and W291(74) feedblocks.
Climatic variables and other factors such as herbage/roughage availability,
now became perhaps the mosi important determinates of inter-day intake
variation. The intake of both the RS and RHE feedblock (cattle only)
was significantly lower when the mean daily temperature approached 0.
In one study (Table 22) when the RS feedblock was given to pregnant ewes
in February 1976,the mean daily intake on days when mean temperature was
below 2°C was only 50% of the mean intake on days when mean temperature
exceeded 2°C. The intake of the RS feedblock was also significantly
influenced by rainfall under the circumstances studied. The intake was
greater on rainy days (>1 mm rainfall),particularly over the temperature
range 3 to 10%. It magy also have been influenced at higher temperatures
but these did not occur during the periods of study. Below 300,
temperature appeared to be the most important climatic influence on

feedblock intake. Perhaps a more sensitive climatic parameter affecting
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feedblock intake would be relative humidity,which was not recorded in
experiments in this Section.

On very wet windy days it was noticed that the intake RHE by
cattle (Fopt 7.2; Trial IV) decreased due to the animals seeking shelter.
In such weather conditions the siting of the blocks is of utmost
importance because it is at these times that animals, pariicularly
suckler cows, are predisposed climatically to hypomagnesaemic tetany.

In Trial 1V the deaths of two suckler cows coincided with a period of
heavy driving rain when total reliance for supplementary magnesium was
placed on the feedblock. On other occasions it was almost impossible

to maintain feedblock intake,when the weather was exceptionally cold or
heavy driving rain occurred;at a level where about a mean 60 g MgO/head/
day was being consumed.

The reascons for a decrease in feedblock intake during cold, dry
weather conditions are perhaps less obvicus than under conditions of
heavy driving rain. There are several possible explanations. Firstly,
a physical change in the block migﬁt possibly occur,leading to a harder
external surface., This is perhaps very unlikely becavse all the blocks
used,contained appreciable inclusions of salt which would prevent the
block from !freezing.! Also, the reduction in intake occurred even
when the mean dalily temperature was 200, although at times during the
24, hr period the temperature may have been below 0°C. The most Yikely
explanation for this reduced intake is probably intimately concerned
with the water consumption of the stock, The intake of any salt-
containing supplement depends almost certeinly on water availability,
salinity and intake. It is well known that ruminants drink less water
on cold, dry days when there is alsc less moisture in the herbage,
therefore a decrease in water intake would probably result in a
concomitant reduction in salt/block intake., This is consistent with the
observation that even housed sheep consume less feedblock on cold, frosiy

days.
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When the temperature increases and/or rain occurs,the intake of
feedblocke usually increases (unless another overriding constraint is
operating). This may be directly attributable to the stock drinking
more water on dry, warm days and thus being able to excrete a greater
quantity of salt from the feedblocks. On warm, rainy days a second,
indirect mechanism encouraging feedblock consumption may be in operation.
When stock are allowed grazing,it is possible that after each visit to
the feedblock the unpalatable taste of the block material (salt or
otherwise) is diluted by the moisture contained in a few mouthfuls of
wet herbage and thus block consumption is enhanced.

On very hot, dry days (mean daily temperature > 20°C) it was
noticed that the intake of feedblocks was drastically reduced. This
may reflect a change in behaviour of the stock in that they seek shade
for a large proportion of the day and spend less time in eating Dblock.

It may also reflect a change in physical nature of the feedblock so
that it develops a hard, 'baked! exterior. A third contributory cause
is a possible reduction in water availability either directly or
indirectly to the stock.

The intake of the CC feedblock was nol significantly influenced
by the climatic variables examined,under the conditions described in
Expt 7.2, Trial I. There was a tendency for the intake over the
initial 24-hr period to be higher than on subsequent days but this
trend was inconsistent and considerably less pronounced than for the
W290(74) and W291(74) feedblocks. Although cuboid in shape the CC
feedblock had bevelled corners and was more generally robﬁst than the -
Wintawell(74) blocks. There was considerable inter-day variation in
intake of the CC feedblock and on two days no block material was consumed.
This coincided with the cattle being allowed access to an extra enclosure
of approximately 6 ha. Previously they had been confined in a small area

(0.25 ha) of rock strewn ground almost completely devoid of grass.
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Although in theory outwintered, the cattle given CC block were in a
situation effectively similar fo cattle wintered in part-open yards.
Neo single contributory cause could be ascribed to the inter-day variation
in total group intake of block and it is likely that a combination of
factors including quantity of silage available, weather, 'age' of the
bleck, as well as changes in the area allowed, influenced block intake,

The effect of complete snow cover, preventing access to grazing,
was to enhance feedblock consumption in nearly every situation. This
was observed to be the case for all the fgedblocks examined,with both
cattle and sheep., The principal reason for this increase in intake is
likely to result from hunger in the stock,due to absence of nutrients in
any form other than from the block. The animals appeared to spend far
more time at the block on days when snow cover existed,unless roughage
was made available such as hay. Nevertheless,even when hay was given
over a prolonged period (Expt 7.2; Trial ITI) block intake was
significantly higher on days where snow cover existed.

Undoubtedly climatic variables are a contributory factor
influencing both inter-day variation and absolute level of feedblock
intake in any situation but their relative importance may often be
overshadowed by other criteria. . These include management factors such
as the number of feedblocks available, when new blocks are introduced

’

the shape of the blocks and whether they are placed in containers.
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Centre, W290(7L) feedblock weighing 22.7 kg. Left, partly
consumed W290(74) feedblock weighing 10 kg and right, a similar
block weighing 16.0 kg. Both partly consumed blocks show a
tbattlement' type of appearance due to the presence of hard,

11ime spots! which arise from uneven mixing of the ingredients.

Right, W291(76) feedblock (20 kg) and left, a partly consumed
W291(76) feedblock (10.5 kg) showing a non uniform pattern of
consumption. The 'bullei! shape arises from uneven compression
being applied to the block, creating a soft and hard end to-the

block. The soft end is eaten in preference to the hard end.

W290(76) feedblocks intact and after 24, 48 and 72 hours
consumption by a group of 30 sheep. The block residues weigh

12.0, 5.5 and 2.0 kg respectively from lefu to right.






Rumevite standard feedblock (22.7 kg) and purpose-built container.

Right, partly consumed RS3 feedblock weighing 15 kg.

Top left, CSE feedblock (26 kg) and bottom left partly consumed CSE
feedblock (9 kg) showing typical shape when consumed without a l
container. Top righp, purpose built plastic container for Colborn
blocks. Bottom right, typical shape of a CSE feedblock (15 kg)

after consumption by sheep from a contéiner.






B The effect on containers on the intakes of feedblocks

The advice given to the stockfeeder by the feedblock manufacturers
on whether a container should be employed with their products is
somewhat arbitary and perhaps speculative, Of the blocks used in this
thesis the RS, RHE, CSE and CC feedbiocks were usually recommended to be
‘glven in containers., Containers may be purpose~designed or improvised
form old tyres, wooden boxes, oil drums etc. The W290(7L), W291(74),
W290(76) and W291(76) feedblocks were recommended to be given without
a container in most circumstances., 1t is not usually appreciated that
a container can affect the intake of any particular block in both a
positive as well as a negative manner., Containers are principally
employed to protect the weaker parts of a block such as the edges and
corners and also reduce the surface area available to the stock. They
may also alter the method of prehension of block material by encouraging
licking rather than biting. Accordingly in many situations containers
are intended to restrict block intake. Containers may increase
feedblock intake by providing a stable base for the block and thus
afford animals a greater opportunity to exert prehensible force,
particularly wnen oﬁly a small mobile proportion of the block is
remaining. Containers also probably encourage feedblock intake by
keeping the block free from mud and faeces. Xt was noticed that with
cattle in particular, that contamination of a block at any stage with
faeces is a potent inhibitor of consumption and this cccurred much less
frqguently when the block was in a container,

In several small trials (not described in detail here) when the
same feedblocks (W290(76)) were given in containers of various
descriptions or without containers,there were no significant differences
in daily intake, which were 196 T 57, 219 ¥ 31 and 191 * 32 g DM/head
vhen the block was given in a solid based container, a perforated based

container and without a container, respectively, The feedblocks were
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given to a group of 10 mature Dorset Horn ewes and both containers were
15 cm deep,which protected only a limited portion of the edges. The
perforations in the base of the container were designed to allow water
to drain awsy but due to the low rainfall over the trial their efficiency
could not be assessed., It was observed that when containers were
employed with cuboid—shapéd feedblocks,which allowed only the top
surface of the block accessible to the stock (CSE feedblock-contaiaers
GSpecially),feedblock consumption was decreased., When the wheel-shaped
RS and RHE feedblocks were given in their purpose-built tins to sheep
no consistent effect on pattern or level cof intake was recorded,which
differed from the intake when no containers were used, With catile
however, intake accelerated when a container was used over the last
approximately 25% of the feedblock life,due to the animals being able
to bite at the block against a stable base. It aiso was noticed that
during periods of‘high rainfall the drainage holes in the tin container
became blocked and the base of the block became very soft and water
accunulated in the container.

In the final analysis it is usvally the stockfeeder who determines
the type of container to be used,if one is employed at all,
Undoubtedly containers can and do alter the level of feedblock
consumed in any situation., They alsc influence the inter-day variation
in feedblock intake by reducing the !'first-day' effect and the
consequent overall intake for the cuboid-shaped feedblocks. However
in scme insténces they may encourage feedblock intake particularly for
the wheel-shaped feedblocks with cattle. Therefore the influence
containers exert over feedblock consumption in any sitwation is highly
variable and depends on the type and shape of both feedblock and -
container. One possible ngtritional application for containers with
the cuboid-shaped feedblocks is to initially commence giving feedblocks

in containers and then as nutritional requirements increase (for example



during the last L weeks of pregnancy in the ewe) the blocks can be

removed from the containers and intake should be increased.

c The effect of quality and cuantity of other dietary components on
the intakes of feedblocks

The claim that ruminants given feedblocks will regulate their
intakes according to both the qualitative and quantitative nature of the
other dietary components is examined in comsiderable detail in Section 3.
However it is appropriate here to mention some of the observations gained
from giving feedblocks to stock under a variety of circumstances,where
changes in other dietary components have been made.

The provision of alternative nutrients in a more palatable form
such as spring or abundant other clean grazing, good hay or concentrates,
usually effects a reduction or complete cessation of feedblock
consunption, This was particularly evident where cattle (suckler cows)
had been consuming appreciable quantities (Expt 11.1) of the RS
feedblock (500 g DM/head),under conditions of winter management (indoors),
but uwpon turn-out te lush spring pasture no interest was shown in the
same block whalsoever,for over about 30 days. ZEventually the cows
started to consume the blocks,but only after the grass became scarce and
the areas of fouled and unacceptable grazing increased. A similar
observation was made a year later,when the same cows were turned out and
given access to an experimental CC feedblock (Expt 11.2). 7he previously
high intakes ( >500 g/head),when the cows were housed,were not recorded
under grazing conditions until mid-June,when herbage availability
declined,although a low mean level of intake was maintained during the
immediate post turn-out period,

Further obsefvations (e.g. Expt 7.2; Trial III) which suggest

that ruminants will consune nearly all other foods in preference to
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blocks are firstly that after a period of snow cover {increased
feedblock intake) when grazing becomes accessible to the stock again
feedbleock intakes decrease. Secondly, the provision of swedes to
pregnant ewes in late February (Expt. 7.1) reduced the mean intake of
RS from 82 T 11 to 38 Tsg g/head. The difference was significant
(P<0.01). The ewes were receiving RS feedblock plus access to bare

winter pastures.

General Discussion

The results and observations of Section 2 illustrated the
imprecise nutrition of providing nutrients in block form to stock. It
is only when the feedblocks are actually given to the animals that
level of intake can be assessed. Within any mean group intake of block
there were considérable fluctuations in intake between days and over
extended periods., Therefore the system of giving nutrients in block
form is imprecise in two ways; firstly, because there is little
control over the absolute intake attained and secondly, the absolute
intake is liable to fluctuate markedly in response to a whole variety
of factors. When the results of Section 1 (individual variation in
feedblock intakes) and this Section are considered together,it is
perhaps somewhat optimistic to expect feedblocks to effectively act as
carriers of special therapeutic ingredients,such as anthelmintics,
warble dressings or even magnesium compounds,as prophylactics against
hypomagnesaemia, The latter case is examined in detail in Section 3.

The factors which can affect and contribute to the intake of a
feedblock in any situation are outlined diagrammaticelly in Fig.13.
There may well be several gther factors which are not shown that may
be important in some situztions but in general the factors affecting

feedblock intake can be divided into three categories., These heing



the feedblock per se, the stock and the environment affecting both.
The diagram (Fig.l3) does not attempt to illustrate the vast number of
interactions between the various factors. For example block hardness
and dental status, frequency of feedblock replacement and shape of
block (!'first-day'! effect with cuboid blocks), animal species and type
of container etc. Most of these interactions have been discussed in
detail earlier in this Section. In any given situation it is doubtful
if a single envirommentel factor is ever solely responsible for level
of feedblock intake attained. It is also unlikely that the factor
contributing most significantly to intake level is even remotely
constant from situation to situation,

In theory, animals given feedblocks can themselves determine
the quantity of nutrients taken from the block, 1In practicé, NWRerous
factors modulate the actual amounts taken, by placing constraints upon
the maximum intake in a given situation, Some feedblock manufactwers
claim that despite these constraints, individual animals given access
to feedblocks can regulate their intakes according to nutritional
requirements, both qualitativély and guantitatively and thereby
alleviate any dietary imbalances., This stimulated the detailed
investigations carried out in Section 3 into whelher physiological
factors, such as productive state (pregnancy or lactation) also affected
the individual feedblock intake attained in a given situation.
Alternatively, was it still possible for a metabolic constraint on
feedblock intake to operate within the limits defined by the considerable

number of other potential constraints enumerated in Section 2,
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SECTICN 3

THE VOLUNTARY INTAKE OF FEEDBLOCKS IN REIATION TO THE NUTRIENT
REQUIREMENTS OF RUMINANTS

Introduction

One claimed advantage (Weir and Torrell, 1953) for the tself-feed!
system of giving nutrients,is that the animals themselves have the
opportunity to determine the quantity of material consumed. The results
of Section 2 indicated that this is not strictly correct for feedblocks.
The intake attained in a given situation may be influenced by a wide
variety of factors,which can be categorised as those inherent in either
the animal, or in the block and other external factors influencing both
feedblocks and animals to a considerable extent. In some circumstances
these external factors such as'climatic variables, guantity of herbage
available and size of enclosure may be the principal determinants of
feedblock intake. Therefore the statement that the animals themselves
have the opportunity to determine the quantity of feedblock consumed
should be qualified to the extent that this can only occur within the
range of intakes where other constraints are not operating, or are not
yet sufficiently severe to influence the motivation of the animal to
consume feedblock., There is a much narrower range cof intakes before
these constraints apply for the supplement-type feedblocks than for
the substitute-type blocks. The situation is dynamié for both block
types in that the limits of these intake ranges are continually
changing in response to changes in the external factors (weather,
herbage availability, enclosure size etc.) and animal factors including
behavioural patterns of the group,; the dental and perhaps even the
physiological status of the animal.

Several feedblock manﬁfacturers promote the claim that in any

situation feedblocks are effectively self-regulating, for example one
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organisation states that the formulation and manufacturing processes
ensure that the intake of their blocks will be regulated according to
the animalt®s body weight and the digestibility and availability of
roughages and grass, What is exactly meantby self-regulating is not
clearly defined but the results of Section 1 (Fxpts 2.1, 3.1, 3.2, 3.3)
did not support the claim that live weight was an important contributory
factor to individual variation in feedblock intake. Herbage
availability did appear (Section 2) to be an important factor
.influencing feedblock intake in some situations. For example the intake
of RS feedblock was negligible for suckler cows on lush spring pastures.
Feedblock intakes gradually increased in June and July, as herbage
availlability declined. The pattern of feedblock intake also tended to
coincide with changes in digestibility of the grazing,as well as herbage
availability (low feedblock intake in April and May, high herbage
digestibility; lovler herbage digestibility in June and July; increased
feedblock intake). Outwintered cattle and sheep gradually 'weaned!
themselves off feedblocks as herbage growth occurred in the spring, but
again the exact reasons for this reduction and eventual cessation of
feedblock consumption were confounded by the concomitant increase in
herbage digestibility with herbage availability.

One of the objectives of Section 3'(Part A) was to investigate
changes in feedblock intake in response to changes in diet in both

qualitative (digestibility) and quantitative (availagility) terms.

A regulation of feedblock intake according to the qualitative nature
of the diet would seem a reasonable supposition in the extreme sense
because when offered a choice, animals invariably select against the
unpalatable feedblocks,if alternative more palatable foods are freely
available. However the qﬁegtion whether a more subtle quantitative
regulation of feedblock intake can occur within the intake range for a

particular block and feeding environment has not been examined. If
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such a regulatory mechanism did in fact operate for feedblocks it would
have wide-spread impllcations for animal hushbandry. For example one of
the problems facing the shepherd is at what level to give supplementary
nutrients in troughs when the flock is expected to contain non-pregnant,
and single and multi-gravid ewes. If the nutrient allocation is set
according to the requirements of twin-bearing ewes, a wasteful over
allocation is offered and vice-versa. In practice it is doubtful if
this dilems is of much conseguence because of the considerable variation
in intake for trough given nutrients,as measured in Expts 2.3, 3.1 and
3.2.

When ewes in 1a£e pregnancy are given 'hand-fed! nutrients from
troughs, it is unlikely that individuwal consumption bears any relation
whatsoever to their requirements and this system of giving nutrients is
alweys likely to be imprecise. However it might be possible for eves
to correct an energy deficit if feedblocks as well as 'hand-fed!
nutrients are given. One possible application of this would be to
allocate supplementary nutrients to a flock,with a lambing percentage
150 to 200 on the basis of all ewes carrying single lambs. Any multi-
gravid ewe or undernourished single-bearing animal might then be able
to make good its energy deficit from the block.

Foot, Russel, Maxwell and Morris (197L) reported that when
nutrients were given to a group of ewes of mixed age group the 2-year
old animals (gimmers) were at no disadvantage compared to their older
counterparts,in terms of nutrients consumed. However, a proportion of
the‘multiugravid ewes were penalised nutritionally in the competitive
situation irrespective of age.

In Section 1, the individuval variation in intake hy sheep given
feedblocks (Expts 2.1, 3.1, 3.2 and 3.3) was invariably more than when
equivalent amounts of DM were consumed from feedblocks. The sheep used

in all these experiments were in the early stages (first 110 days) of
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pregnancy and therefore their nutrient requirements were unlikely to be
much in excess of the non-pregnant state. Also alt no time were they
under any pronounced nutritional. stress. It would be important to
establish if animals suffering nutritional stress.especially in terms of
energy,are able to consume nutrients from feedblocks according to their
nutritional needs. A situation could possibly arise where animals
motivated by hunger were prepared to spend more time at the block cach
day and raise theilr tolerance to unpalatable feedblock material, for
'example by drinking more water. Alternatively, it may be that in
special circumstances such as late pregnancy and lactation the
constraints on feedblock intake inherent in the block per se and the
environment can be overcome due to adaptation by the animals ﬁnder
nutritional stress,

One of the main objectives of Section 3 (Part B) was to discover
whether physiolegidal factors were the principal determinants of
individval feedblock intake, when nutrient requirements (pariticularly
energy) were high and alternative sources of nutrients limited; as
opposed tc the feedblock palatability and other factors unrelated to
the physiclogical and nutritional state of the animal. This took the
form of two experiments using ewss in the last 6 weeks of pregnancy.

It appears to be a popular belief that ruminants have the ability
to select, among the materials available to them, those which contain
specific nutrients in which they may be deficient. fhe feedblock
manufacturers and the manufacturers of free access minerals have done
much to encourage and foster this belief. For example it is inferred
that those animals having the greatest demand for calcium, phosphorus
or magnesiwa will consume supplements containing these elements
accordingly. The published‘literature on this topic will be reviewed
later in this section but in general, taste rather than need appears

to be the major determinant of consumption, Most feedblocks usually
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contain an inclusion of magnesium (usually magnesium oxide). In some
cases special formulations are available for use at times when
hypomagnesaemic tetany is likely to occuwr. Perhaps the most frequent
period when clinical tetany occurs is in the spring. It is claimed
that animals will consume sufficient magnesium~containing feedblock to
prove effective against 'staggers,! which is contrary to the observations
in Section 2 and also inconsistent with the claim that feedblock intakes
will be regulated according to herbage availability and digestibility.
Both herbage availability and digestibility are high in spring.
Therefore a contradiction in terms is being made; feedblock intakes
are stated to be verj low or negligible in spring,yet it is claimed
they will provide sufficient supplementary magnesium,to prove effective
against hypomagnesaemic tetany. Also the individual variation in
feedblock intake measured in Section 1 and the variation in total group
intake between days measured in Section 2,indicate that it is somewhat
optimistic to expect feedblocks to be effective carriers of msgnesium
compounds

Section 3 (Parﬁ C) was concerned also with an evaluation of feed-
blocks as carriers of magnesium and whether ruminants consume feedblocks

sccording to taste rather than need.
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A An investigation into the ability of sheep to repulate feedblock

intalke according to the gualiiy and quantity of accompanying foods

In Section é reference was made to the preference of ruminants to
consume virtually any more palatable foodstuff rather than feedblocks.
It was also shown that there were numerous possible factors which could
modulate the intake of feedblock in any given situation. Amongst these
were the quantity and perhaps the quality of accompanying foodstuffs, A
sometimes claimed advantage for the use of 'self-help'! systems such as
feedblocks is that animals will regulate their iﬁtakes according to
dietary need rather than taste,

In Part A of this section the effect of altering either the quality,
guantity or both of nutrients not derived from the feedblock on feedblock

intake was examined.

Exot 8.1, The effect of variations in amount of nitrogen (urea or

vegetable protein) in the basal diet on the intake of various feedblocks

Materials and Methods

Eighteen, non-lactating, non-pregnant, Dorset Horn ewes were
divided into 2 groups (C and D) each of 9 animals and housed in small
pens. The ewes received a daily allocation of approximately 750 g DM/
head of distillery siftings plus 215 g DM/head of sugar beet pulp nuts,
containing either no urea SBP (group C) or SBPU (320 g CP/kg of whi.ch
220 g CP/kg was derived from an about 8% inclusion of urea) given to
group D ewes., In addition, both groups of ewes were given the following
feedblocks for successive periods of about 7 days.

1, CSE (146 g NaCl, 26 g urea/kg DM).
2. W290(76) (58 g NaCl, 51 g urea/kg DM).

3e RHE (123 g NaCl, 30 g urea/kg DM),
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L, W291(76) (32 g NaCl, 50 g urea/kg DM).

The total group intake of feedblock was monitored by daily weighing.

The allocations of sugar-beet pulp nuts were then discontinued and a
similar quantity of either barley pellets (B, 90 g CP/kg) (group G) or
barley~vegetable protein pellets (BV, 260 g CP/kg) (group D) substituted.
The sheep were then given CSE (5) and W290(76) (6) feedblﬁcks for further
weekly periods., TFinally the sheep received W290(76) feedblocks plus their

respective allocations of either SBP or SBPU for a further period (7).

Results

The mean daily intakes of feedblock DM, salt and urea are given
in Table 23 for groups ¢ and D, The mean daily intake of the substitute-
type CSE feedblock was 78% higher (period a)} for group D ewes given the
SBP alone than SBPU. This difference was significant (P<0.005),
Similarly, the intake of the substitute-type W290(76) feedblock was 110
and 89% hiéher for group D ewes given SBP (periods b and g respectively)
than group C ewes recelving SBPU, The differences were highly significant
.(P<:0,00l), There were no significant differences in the intakes of the
above blocks,when either barley (B) or barley-vegetable protein (BV)
pellets were given to the two groups.

The intake of W290(76) by group D ewes given SBP (1382 and 1048 g/
head for periods 2 and 7 respectively) was significantly (P< 0,001 and
P<0.05) greater than when the ewes received barley pellets (838 g/head).
Group D ewes however consumed 29% less CSE feedblock when given SBP (684 g/
heag),compared to the intake when barley was given,838 g/head . The
difference was not statistically significant,

There were no differences in mean daily feedblock intakes of elther

RHE or W291(76) feedblocks,irrespective of whether SBP or SBPU was given
to the sheep. The levels of intake attained on these blocks were

considerably below the intakes for W290(76) in all periods and CSE,except



when SBPU was given (period 1) to group C ewes.
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The highest intakes of salt were recorded for group D ewes during

periods (1) and (2) (99 and 80 g/head respectively), when the CSE and

W290(76) feedblocks were given,

The lowest salt intakes occurred dwing

period (4) (11 or 12 g/head), when the ewes received the W291(76)

feedblock.

Table 23 Expt 8.1. The effect of increasing nitrogen intake by urea or

vegetable protein from extraneous sources on the mean intake (ISE) of

various feedblocks (9 ewes/group)

Intake
g/head/day
Period Feedblock Group DM
1 CSE ¢ syt 38y T o5y
SBP 68l + 85
2 W290(76) C SBPU 656 T 68
SBP 1382 + sg™ "
3 RHE C SBPU 269 T 39
SBP 263 T 37NS
I W291(76) C SEPU 347 45
SBP 395 + 70M°
5 CSE C BV gan T 73
D B gg3 T 758
6 W290(76) ¢ BV 830 ¥ 52
\ B g38 T 57
7 W290(76)  C SBPU 555 F 33
D SBEP 1048 T 630

supplies approximately 20 g urea.

Salt

56
99

38
80

33
32

11
12

120
128

L8
49

32
60

10
18

34
71

18
20

22

23

43

28
b

Total
urea

28

18

71

28

83

20

22
23

L2
43

L8
54
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The intake of urea from the feeablock and also total urea intake,
was greatest (71 g/head) for group D ewes given the W290(76) block (period
2). Group C ewes given SBPU had higher total urea intakes than group D
ewes in periods (1), (3) and (4), when receiving CSE, RHE and W291(76)
feedblocks,respectively. The lowest total intakes of 8 and 20 g/head
respectively occurred during periods (3) and (4) when group D ewes

received SBP.

Discussion

The response of the sheep to the provision-of additional nitrogen
varied depending on whether NPN (urea) or preformed protein (vegetable
protein) was given., When urea in the SBPU nut was made available to
sheep also receiving high-intake (substitute-type) feedblocks (CSE and
W290(76)),the feedblock intake was considerably reduced. When preformed
protein in the barley-vegetable pellet was given to the same sheep and
supplying approximately similar quantities of crude pfotein,the feedblock
intake was no different from ewes receiving barley alone. This tends to
suggest that no nitrogen regulatory mechanism was operating and the
decrease in substitute-type feedblock intake when extra nitrogen was made
available was pecullar to urea.

The most likely explanation for this decreased intake is that the
ewes receiving SBPU,in addition to a large input of urea from the
feedblock, suffered whag can best be called a subclinical urea toxicity
which discouraged further feedblock consumption.

The ewes in this experiment weighed about 70 to 90 kg,which gave
a total urea intake of 0.3 to 0.4 and 0.6 to 0.8 g urea/kg live weight,
for group C sheep (SBPU) on CSE and WR290(76) feedblock, respectively.
However group D ewes given only SBP had higher urea intakes,0.8 to

1.0 g/kg live weight on the W290(76) block.
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Urea toxicity is more likely to result when urea is given sudaenly
as by drench (e.g. Dinning, Briggs, Gallup, Orr and Butler 1948; Clark,
Oyaert and Quinn 1951) or if the diet is deficient in digestible
carbohydrate or if animals have been étarved or fasted. Toxdiec guanitities
" of urea given as a drench to sheep have been between 0.28 and Q.44 g/kg
live weight. (Oltjen, Waller, Nelson and Williams, 1968). The sheep in
the present experiwent were receiving far more urea during periods 1, 2
and 7,than has been shown to be toxic when given in dremch form,but over
a 2L4-hr time interval.

Therefore it appears not te be the guantitative intake of urea
per se but how the ures is consumed and over what time interval, which
affects the extent of appetite depression ( subclinical toxicity),when
large amounts of urea are given. When sheep are given feedblodks under
housed conditions the frequency of individual visits to the block was
shown to be considerable (Expt 2.1). Therefore the pattern of urea
intake was likely to be 'little and. often! for the sheep given feedblock
in this experiment, However group C ewes received an allocation of
wrea (20 g/head) in one daily feed,in addition to the urea from feedblocks,
Tt was noticed that after receiving the SBPU, group C ewes ceased to show
interest in the feedblocks and spent several hours lying down. This is
consistent with the hypothesis that the relatively large amount of urea
(mean = 20 g/head) consumed in a short time period,depressed appetite
(metabolic depression) of group C sheep and lowered feedblock intake.
Whilst consuming more urea in period (2),group D sheep were protected from
subclinical toxicity by the frequent pattern of urea intake.

Although group D ewes consumed significantly more W290(76)
feedblock when given SBP (period 1) than barley (peried 2),this probably
reflects the daily introduction of a new feedblock during period (1) and
only every second day during period (2), rather than a difference in the

nature of the foods. The intakes of CSE when either 3BP or barley were
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given to the sheep (group D) were not significantly different.

The total urea intake (28 g/head) by group C sheep (period 1)
recelving CSE feedblock at which feedblock intake was reduced (384 g/
head), was only half the urea intake (54 g/head)during period 2, when
the same sheep consumed 656 g/head of W290(76) feedblock. Therefore
absolute intake of urea was not the only criterion of appetite
regulaticn,nor probably a very significant one in this particuiar case.,
Salt also appeared to be importantly involved in the mechanism. The
respective salt intakes when 1 g of urea was consumed f{rom the CSE
(feedblock) and W290(76) feedblocks were 5.6 and 1.1 g. It would he
" reasonable to expect éalt to be more important in restricting CSE
intake at any intake of urea than for the W290(76) feedblock.
Alternatively, the W290(76) has a greater intake potential.

The consumption of the lower intake (supplement-type) feedblocks
(RHE and W291(76)) was not affected by the provision of additional
nitrogen as urea. This suggests that maximum feedblock intake had
already been reached and constraints other than salt and/or urea intake
had limited intake. The salt intakes for these supplement feedblocks
were only about 11 to 33 g/head compared with 30 to 130 g head for the
substitute feedblocks. The most probable first limiting constraint on
the intake of the supplement feedblocks used here (discounting factors
inherent in the animal or external influences) was block hardness.

The hardness of W291(76) is determined by pressure imparted during
extrusion and the use of a binding reaction (molasses and calcium
hydfbxide) to form calcium surcosate. The hardness of RHE is imparted
by moderate compression,allied to the use of EC feed (a distillery by-
product possessing excellent binding properties). Both calcium sucrosate
-and EC feed may also influence feedblock intake indirectly as both can

be shown to be unpalatable to ruminants.
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The results. of Expt 8.1 failed to show how any consistent nitrogen
regulatory mechanism for feedblock intakes. However, assuming that the
sheep and environmental factors were relatively constant between
experimental periods some of the factors inherent in the block per se
which regulate intake were identified. For example physical hardness
appeared to be the first limiting intake factor, total salt intake the
second and then perhaps unplalatability of other feedblock nutrients

such as urea and EC feed.

" Expt 8.2 The effect 6n feedblock (RS) intake of varying the gualitative

and quantitative intake of other dietary constituents

Introduction

In Expt 8.1 it was shown that the intakes of both the substitute~
type W290(76) and CSE feedblocks were not affected when extra nitrogen
was given as preformed vegetable protein but were significantly lowered
when a single feed of urea in molassed sugar beet pulp was introduced.
The intake of the supplement-type RHE and W291(76).feedblocks was
slightly but not significantly lowered when additional urea was glven in
a single meal. The mean daily intake of about 20 g additional urea,
appeared sufficient to 'metabolically! depress feedblock intake. The
sheep in that experiment received the urea~containing food in a
competitive group situation and it is possible that the distribution of
the total amount given was very unequal between individuals. Therefore
the\decrease in feedblock intake may have been due to a proportion of
individuals completely ceasing to consume feedblocks,rather than a
uniform decrease intake by all the sheep in the group.

To overcome this possible complication (unecgual nutrient
distribution), additional nutrients were given to individual sheep in

Expt 8.2 by drenching for several of the treatments. The msin objective
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of the experimenﬁ remained unchanged in that the effect of up-grading
the nitrogen and/or energy status on feedblcok intake was examined.
Only one type of feedblock was used in Expt 8.2 (BS),which aims
principally to improve the utilisation of roughages. The intake of
this block is claimed to be regulated in a menner reflecting roughage

quality (high guality roughage, low feedblock intake and vice versa).

Materials and Methods

Thirty mature Scottish Half bred (Border Leicester ¢&”'x Cheviot 9)
or Greyface (Border Leicester 0’'x Scottish Blackface g) wethers,initially
weighing between 41 to 87 kg were divided into 2 groups (C and D) on the
basis of breed and live weight. The wethers were housed and bedded on
poor guality barley straw.

Fach group received a single RS feedblock (Proximate analysis given
in Table 1) with no container. The blocks were weighed daily at 09.00 hr
and a new block introduced when less than the previous days consumption
remained,and the residue was removed. The sheep were additionally given
the treatments outlined in Table 2l for periods each of 17 days duration
(136 days in total), when appropriate an approximate estimate of roughage
intake was made by recording the total group consumption over days 11 to
17. Long roughages were given in Norwegian box feeders to minimise
wastage. The intakes of RS feedblock over days 8 to 17 of the various
treatment periods were compared for each group of sheep. |

The sheep were weighed on the last day of each treatment period.

The fish meal, urea and sucrose doses were prepared and
administered by mixing or dissolving in about 0.5 to 1.0 1 of warm water.

Bottles of appropriate size were used for drenching,

Results
Most sheep progressively lost live weight (Fig 14) during periods

1 to 5 when the only roughage available was barley straw, The magnitude



Fig.14 Ixot 8.2 Live-weight changes during the various treatment

periods.
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Table 24 Foot 8.2 Description of treatments used and their sequence

Pericd Group G Group D

(1) Ad libitum barley straw’ Ad libitum barley straw

(2) Ad libitum barley straw plus Ad libitum barley straw, plus
94 g DM fish meal (700 g CP/kg 22 g urea, equivalent to mean
DM) equivalent to mean CP CP intake (62 g) from RS
intake (66 g) from RS during during Period (1). Given in 2
Period (1). Given in 2 doses doses (08.00 and 16,00 hr) of
(08.00 and 16.00 hrs) of L7 g. 11 g.

(3) Ad libitum barley straw plus Ad libitum barley straw plus
148 g (1.88 MJ ME) sucrose 133 g (1.69 MJ ME) sucrose,
(ME = 12,7 MJ/kg) equivalent equivalent to mean ME intake
to mean ME intake from barleyww from barley in RS during
in RS during period (1). period (1)

(%) Period (1) repeated Period (1) repeated.

(5) Periods (2) and (3) Periods (2) and (3)
combined combined

(6) Ad libitum hay L Ad libitum hay

(7) Ad libitum dried grass Ad libitum dried grass

%

cubes cubes

(8) 1.1/, kg DM/head/day of dried 1.05 kg DM/head/day of dried

grass cubes. (50% of ad

libitum level in Period 7)

grass cubes. (50% of ad
libitum level in Period 7)

* 30 g cP, 381 g CF/kg DM

a7 ¢ P, 366 g CF, 12 g EE, 63 g Ash, 472 g NFE/kg DM.

¥
42 g CP,

221 g CF, 25 g EE, 76 g Ash and 536 g NFE/kg DM.

&%
The RS feedblock was assumed to contain 500 g barley/kg (Sarif-Sarban

and Menke 1970).
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of this loss was greatest for group D,when the live-weight loss (23¢%
over periods 1 to 5 was significant (P<0.01). The respective change in
live weight (7%) for group C was not significantly different from the
initial live weight. There was a significant (P<§0.05) reductlion in live
weight for group D sheep during period 4,when block plus straw only was
given. The live weight of group D sheep increased when hay replaced

the barley straw,

The mean daily intakes of feedblock and roughage DM, CP and ME
for the various treatment periods are given in Table 25.

The mean daily intakes of RS during periods 1 and ', when barley
straw alone was given,were not significantly different for both groups
C and D. The estimated intakes of bvarley straw were however 12 and 35%
greater in period 1 than period 4 for group C and D,respectively.

The mean daily intake of RS by group C was significantly (P<0.,05)
increased (26 and 20% greater than periods 1 and k,respectively) when
fish meal was given (period 2). The RS intake by group D was significantly
(P<0.,01 and P<0,05) reduced (31 and 26% less than periods 1 and k4,
respectively) when urea alone was given (period 2). When both urea and
sucrose were given (period 5) the mean feedblock intake (163 g/head) was
also significantly (P< 0.01) below the intakes when block and straw only
was given (periods 1 and 4).

The feedblock intakes (274 and 191 g for groups C and D,respectively)
when sucrose alone was given to the sheep (period 3) were not significantly
different from the intakes in periods 1, 4, 5 and period 2 (group D only).
In period 3 the RS intake by group C was reduced significantly (P<0.05)
from 344 g/head in period 2 to (274 g/head) a level equivalent with
period 1 (273 g/head).

The mean daily intakes of barley straw over periods 1 to 5 did
not appear to vary consistently with the treatments imposed.

When hay was given (period 6) the RS intakes (120 and 120 g) were

57 and 9% less for groups C and Dyrespectively,than the mean of periods
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1 and 4 (280 and 236 g) when straw alone was given. The mean daily DM
intakes of hay (1020 and 1055 g for groups C and D,respectively) were
only slightly greater than the mean intakes of barley straw DM for
periods 1 and 4 combined (980 and 890 g).

When dried grass cubes were given ad libitum (period 7) the mean
daily intakes of RS feedblock (81 and 61 g/head) were 71 and 74% less
than when straw was given (periods 1 and 4) and also 33 and 49% less
than when hay alone was given (period 6), for groups ¢ and D,respectively.
The difference was significant (P<0.001) between straw and dried grass
cubes but not significant for hayor dried grass cubes. When driled grass
cubes were given at 50% the ad libitun level (1.1 kg DM/head)sthe mean
daily intakes of RS were increased (215 and 253 g/head) (165 and 315%
for groups C and D,respectively) above the intakes (81 and 61 g/head)
when dried grass cubes were provided ad libitum. These increases were
significant (P< 0.0l and P<0.,001). The consumption of RS feedblock

was now no diiferent from when straw plus block alone was given.

Discussion

The data quoted for straw intakes in particular were only
approximate values due to the difficulty of minimising wastage. When
hay was given the wastage was less bul still considerable, but little
wastage occurred with the dried grass cubes. Nevertheless, roughage
intake tended to increase with roughage quality (digestibility) as
expected, For group C sheep the highest barley straw intake coincided
with the giving of fish meal plus sucrose. The CP content of the diet
for both groups of sheep from a combination of feedblock and barley straw
was never less than about 80 g CP/kg DM and it was therefore unlikely
that the additional nitrogen from the drenches of urea or fish meal would
increase straw intake further. In the periods when either hay or dried

grass cubes were given the CP in the total diei was always more than



adequate i.e. about 80 g CP/kg DM.

The calculated intakes of ME varied between 7.2 MJ ME (period i,
group D) to 25.0 MJ ME (period 7, group C). The ME content ¢f the RS
feedblock was assumed to bs 8.9 MJ/kg DM (MEF = 0,012 CP + 0,031 EE +
0.0005 CF + 0,014 NFE), the ME contents of the barley straw, hay and
dried grass cubes were assumed to be 7.3, 8.2 and 10.7 MJ/kg DM,
respectively. The ME of the latter was calculated from the results of
an in vivo digestibility trial (MEF = 0,15 DOMD%). The ME maintenance
-requirement (MAFF et al., 1975) for housed sheep of 64 kg live weight
is 7.2 MJ. Therefore the mean ME intake was always at least equivalent
to the mean reguirement. However, particularly when barley straw plus
feedblock only was given a considerable live-weight loss was recorded.
This may be due to several reasons such as an overestimation of straw
intake because of wastage or an unequal distribution of the total straw
or feedblock consufhied between sheep (although virtually all sheep lost
weight when straw plus block alone was given). Also because of the very
soft faeces produced by the sheep indicative of a digestive upset, &
depressing effect of salt and/or other feedblock ingredients on roughage
utilisation (as was recorded with RHEin digestibility trials, Page 75)
cannot be disregarded. Even when the sheep were consuming a mean ME
intake from dried grass cubes of above 12 MJ/head (period &),plus a
considerable amount of feedblock,the live-weight gains were considerably
less than anticipated.. |

Whenever the daily intake of RS exceeded about 150 to 200 g DM/head,
the bedding became very wet.and it was almost impossible to keep the
sheep clean without using a ridiculously large amount of straw. This is
almost certainly due to the increased water consumption required to
excrete the considerable salt intakes (up to 55 g/head/day or nearly
L3 g salt/kg diet DM) from feedblock alone. Clearly this situation would

be very undesirable and costly in practice.
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The effect of glving additional urea (22 g) in this experiment,in
two equal daily drenches was consistent with the results of Expt 8.1,
with the substitute-type W290(76) and CSE feedblocks (20 g urea given in
sugar beet pulp). In both experiments feedblock intake was probably
reduced due to a subclinical urea toxicity (metabolic depression). In
Expt 8.2 the urea given in a single drench (11 g) was between 0.15 to
0.33 g urea/kg live weight, whilst the total urea intake from both the
feedblocks (60 g urea/kg) and 2 daily drenches (22 g) varied between
0.43 to 0.97 g urea/kg live weight. Toxic guantities of wrea given as

a drench to sheep have been between 0.28 and O.44 g/kg live weight
- (O1tjen, Walker, Nelson and Tillman, 1963 and Russel, Hale and Hubert,
1962).

When the nitrogen (protein) status of group C sheep was upgraded
using fish meal,the effect on feedblock consumption varied depending on
whether sucrose was given. Fish meal alone significantly increased
feedblock intake but fish meal and sucrose together had no effect comparcd
when neither were given. No satisfactory explanation can be offered for
this response to fish meal alone (sucrose alone had no significant effect
on feedblock intake for both groups of sheep) from the limited data
available. As in Expt 8.1, the provision of additional nitrogen as
preformed protein (fish meal) did not result in any reduction of
feedblock intake, indicative that no protein regulatory mechanism appeared
to exist,

The introduction of small amounts of ME as sucrose (1.7 to 1.9 M¥J)
andkfish meal (about 1.0 MJ ME),to increase total ME intake by about 32
and 18% for groups C and Dyrespectively did not significantly alter
feedblock intake. However, when a more fundamental upgrading of energy
status was made by changing the guality of the roughage given, feedblock
intake decreased with increasing roughage quality (Fig 15). The sheep

in both groups consumed most block when a poor quality roughage (barley



Fig.15a Ixpt 8.2 The relationship between CP consumed (g/head/day)
from RS feedblocks and CP consumed from rest of the diet, comprising
various roughages given alone or with drenches of either fish meal (FM)

or urea with and without sucrose (5U),

Fig.15b The relationship between ME consumed (MJ/head/day) from RS

feedblocks with ME consumed from rest of the diet.

Fig.15¢ The relationship between consumed (g/head/day) from RS

feedblocks with DM consumed from rest of the diet.
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straw) was given, an intermediate quantity when mediun quality roughage
(hay) was given and only a small quantity of block with high quality
roughage (dried grass cubes). An approximate regulation of feedblock
intake according to the gross gualitative nature of the diet did appear
to operate. This is consistent with the observations made in Section 2
that ruminants at 'lush' spring grass (very high quality roughage)
refuse to eat feedblocks. When the quantity of dried grass cubes
allocated was halved feedblock intake increased appreciably uwntil the
sheep had probably reached the upper intake limit,imposed by constraints
within the blocl,

These fluctuations in feedblock intakesreflecting either roughage
quality or quantity (perhaps the same thing,because a limited amount of
high gualiby roughage is approximately similar to providing ad libitum
poor quality roughage,in that total nutrient intake is reduced) are in
most cases not likely to prejudice the health or productivity of the
animal. The exception is that when feedblocks are used as carriers of
magnesium to combat hypomagnesaemic tetany in the spring (Part C of this
section). |

The critical question to be answered and alsc the major objective of
this sectlon is are these changes in feedblock intake motivated by
nutritional need or do they reflect differences in palatability (taste)
and the ability of animals to reach a satiated state;with a conseguent
feeling of 'well-being.!

In the case of the bafley straw and hay,the appetite limit is
almost certainly governed by the physical constraints of the roughage
bulk., It would also be reasonable to assume that the hay would be more
palatable than the barley straw and allow a greater nutrient (ME) intake.
The animals would then have less desire to consume relatively unpalatable
feedblock material. The intake of the dried grass cubes when offered ag

libitum would be limited by metabolic constraints on voluntary food intake,



19%.

and the sheep would become satiated on palatable material without
recourse to the less palatable feedblock, The low level of consumption
with ad libitum dfied grass cubes probably reflects a novelty interest
onlyyor desire for salt,which is one ﬁutrient clearly shown to be
consumed according to need, Denton (1967, 1969).

In some respects the intake of feedblocks does appear Lo be
regulated in gross terms according to the quantity and palatability
of the other consumable DM available to animals. Alternatively,
ruminants consume feedblocks in greater amounts wnen they are hungry.
There does not however appear to exist any more subtle physioclogical
mechanism whereby feedblock intake is regulated to equate nitrogen or

ME intakes with needs.
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B An investigation inte the ability of ewes to consume feedblock

material according to their energy requirements,over the final

6 weeks of pregnancy

Introduction

Two experiments were conducted to examine whether a guantitative
regulation of feedblock inéake for energy was possible amongsl groups of
ewes containing non pregnant, single and multi-gravid animals,during the
final 6 weeks of pregnancy. In both experiments feedblocks of the
substitute~type were used,to allow the widest possible range of intakes
before constraints inherent in the feedblock and external factors strongly
inhibited feedblock consumption. The feedblocks used were also
relatively high in ME, affording in theory the opportunity for multi-
gravid ewes to consume a large proportion of their.total ME requirements
from feedblock.

The first expériment was carried out indoors to obtain maximum
control over the experimental conditions. Only two dietary components
were made available, dried grass cubes and feedblock. In the second
experiment the sheep were allowed access to a 4 ha paddock which
initially offered a small amount of grazing., Subsequently the only

major dietary components were hay and feedblocks.

Exot 9.,1. FEnergy regulation asvects of feedblocks using pregnant noused

sheep

Materials and Methods

The experiment was carried out during Februvary and March 1975,
over the last 30 days prior to the expected date of parturition., Thirty
six mature Greyfaﬁe (Border Leicester o x Scobtish Blackface 2) ewes,
weighing 56 to 90 kg live weight were assumed to be pregnant following

matingﬁsubsequent to oestrus synchronisation using intra-vaginal pessaries.
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The ewes were divided into two groups (E and F) of 18 animalsgon the

basis of live welght and body condition score. Group E contalned ewes

in heavier (Mean live weight = 81 kg) and better condition than ewes in
group F (Mean live weight = 65 kg). The dental status of the ewes was
variable and some individuals had their ceantral incisor teeth absent., The
ewes were bedded on sawdust.

Both groups of ewes were given individually (by penning for 15
minutes daily at 09.00 hr) an allocation of dried grass cubes (930 and
760 g DM for groups E and F?respectively) of composition 137 g CP,

207 g CF, 21 g EE, 76 g Ash and 559 g NFE/kg DM. The DE and DCP (13.0 MJ
and 92 g.respectively) contents of the dried grass cubes were determined
using 8 mature Greyface wethers in metabolism cages. The ME value of the
grass cubes (10.5 MJ/kg) was calculated using the equation MEF = DOMD%

x 0.15. The ME intakes from the dried grass cubes were 9.8 and 8.1 MJ/
head for groups E and F,respectively,or 13 and 11% in excess of the

MAFF et al. (1975) requirements for maintenance (8.7 and 7.2 MJ)ﬂfor

ewes of these live weights.

Fach group of ewes was a&lso given a single W290(74) feedblock of
similar mean composition to that shown in Table 1. The ME and DCP
contents of the feedblock (8.0 MJ and 168 g/kg DM,respectively) were
determined in vivo using mature Greyface wethersj,using the technique
described on page 7L, . The total group intake of feedblock material was
measured by daily weighing and the level of intake aftained by both
groups of ewes necessitated the introduction of a new block each day.

The feedblocks containing chromic oxide (2.42 g/kg DM).

The ewes were equipped for total quantitative faecal collections
using harnesses and nylon mesh bags. Four collections each of 4~days
were made during each of th§ final 4 weeks of pregnancy. The daily
faecal outputs from individual ewes were sampled according to Method 1

(Page 71 ). The individual feedblock intakes for the respective
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collection periods were calculated from the total chromic oxide recovered
in the faeces and the concentration of chromic oxide in the feedblocks,

Blood samples were obtained from eqch ewe at 10.00 hr on day 3 of
the collection periods for the determination of total ketones, plasma FFA
and urea.

Upon completion of the 4th collection pericdgsubjective reassessment
of dental status was made,with individual ewes being allocated to one of
5 categories (A to Ezyusing the criteria outlined in Expt 2.1.

After lambing the ewes and their lambs were weighed. In the
computation of the results the data from both groups (E and F) have been
combined. The total ME intakes from dried grass cubes and feedblock
were calculated for individual ewes and compared with the theoretical

requirements (MAFF et al. 1975).

Results

On several days the feedblocks given were totally conéumed after
about 20 hours,particularly for the heavier (group E) ewes and a new
feedblock was notintroduced until 24 hours elapsed,because the faeces {rom
the ewes were already very soft and a higher feedblock intake might have
made guantitative collection of faeces impossible. The allocations of
grass cubes given were readily consumed within 10 to 15 minutes,with the
exception of one ewe in group  E,which refused to consume the grass cubes
rapidly.

The mean feedblock intakes, litter weights and percentage change
in live weight for the various collection periods are given in Table 26,
for groups E and F separately and when combined on the basis of number
of lambs born. The number of ewes in both groups non-pregnant or producing
1, 2 or 3 lambs was 3, 12, 17 and Lerespectively. One ewe carrying
triplets (group E) died lambing and the data for this ewe is not

included in the litter weight or percentage change in ewe live weight.
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During each collection period the heavier ewes in group E consumed more
feedblock per head (17% over all 4 collections) than group F ewes, the
difference however was not significant. The CV for feedblock intake (27
to 39%) with 18 ewes per group were of the same order for groups of 16
ewes on W290(74) in Expt 2.1, All ewes consumed feedblock. The minimum
daily feedblock consumption by any ewe was 227 g DM/head. There was a
progressive increase in feedblock consumption (34 and 30% for groups E and
F respectively) from collection 1 (121 to 124 days of pregnancy) to
collection 3 (135 to 138 days of pregnancy)o This increase was
significant (P<0,05) for group E ewes. In the final collection before
parturition (days 14) to 142) the mean intakes for both groups of ewes
decreased.,

The mean feedblock intake (1035 g DM/head over 4 collections) for
ewes carrying triplets was 69% greater than that for barren ewes (612 g
DM head), but the difference was not significant because of the small
numbers of sheep in each category. .There were no significant differences
in feedblock intake,between ewes carrying twins {mean over ) collections
= 796 g DM/head) and ewes carrying a single foetus (850 g DiM/head) in any
of the collection pericds, the ewes with single foetus in fact consumed
slightly more feedblock. The four ewes carrying 3 foetuses,consumed a
mean 22 and 30% more feedblock over all collections than the ewes
carrying single or twin foetuses,respectively. The differences were not
significant due to the small number of animals with triplets.

The heavier group E had a significantly (P<0.001) higher mean
litter weight (9.0 kg) than the lighter group F ewes (6.1 kg). This
largely reflected the greater number of twins and triplets in group E.
However the ewes in group E lost significantly (P< 0.01) more live weight
over the experimental period. There were no significant differences in
live weight change%irrespective of the number of foetuses present over

the experimental period, although those ewes with 2 or more feetuses lest
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more weight than single or barren ewes (Table 26). The percentage change
in live weight for all ewes from déy 117 of pregnancy to after
parturition was significantly (P<0,01) correlated (r = 0.449) with the
mean overall feedblock intake/kg live weight (on day 117 of pregnancy).
The data are presented graphically in Fig 16. There was no significant
correlation between the litter weight of ewes with a single foetus and
feedblock intake. The block intake of ewes carrying 2 or more foetuses
was significantly correlated (P<0.01) with litter weight (r = 0.595).
The relationship between feedblock intake and 