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SUITIARY

The work in this thesis inwvestigates the use of a novel concentratsd
feed supplement (LS) which conteins urea, calcium,'phosphorus, sodium,
trace elemsnts and vitamins in az fully soluble liquid form with
principzally 1100 g crude prdtein, 30 g Ca and 15 g ®/kg. Such a
concentrated liguid supplement might have advantages over a solid in
that it could have a wide range of possible means of application to
feeds for both largé and sm&ll farm units., Considerable reliance is
presently placed on providing sudplementary-nutrients in the form of
free-access blocks or liguids in an effort to save labour on farms.
Experimental studies are discussed that show that for these materials
intake by ruminants in groupé is far from uniform, many consume none of
the materials offered. kethods of incorporating the liquid supplement
into ruminant diets are examined in relation to the voluntary intake of
oat straw, digestibility and animal performance and their subsecuent use
in production trials are investigated.

In Section 1, LS supplementation was assessed in conjunction with
alkali treatment of straw. Recent work has indicated tnat the addition-
of alkali to straw increasss its digestitility. However, when zlkali
tréatment is used to improve the energy velue of straw to allow a
greater consumption there should in turn te a reduced reguirement for
cereals. This results in a reduced protein and mineral content in the
diet and therefore the need for additional protein, mirnerzl and vitamin
supplementation., It was sﬁown that 1S sucplementation of straw (at
chopping) was both practical and nutritionally advantagsous and when
the straw was simultaneously trsated with XaCH the effect was additive,
in terms of improved intzke rather than i:éroved digestitility.

ng existin

|.-I-

dowever, because on-farm treatment ol strazw with 3zCH us

(1]

machinery and equipment currently avsilable is relstively expensive
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and presents some safety hazards to the cperator, Ca(OH)2 treatments
were investigated as an alternative. Ca(CH)2 treatment had no effect

on straw digsstivility, probably as & consejusnce of its relatively low
solubility. Subseguently the ensiling of Ca(CH)2 treated straw was
examined., The results were not promising and the treated materials were
completely unsuited for animal feeding.

In Section 2 various methods of oresenting LS to ruminants were
studied in relation to the voluntary intake and digestitility of straw-
based diets (these included : IS, in the drinking water; in a barley
cube; in a molasses lick and sgrayed on to.oat straw). All methods
of supplementation except LS wvia the water were found to be satisfactory
in increasing intske or improving the digsstibility of oat straw. In
terms of animal acceptance, response and practical application the most
practicaeble method of giving IS to ruminants was on the straw.

In Section 3 the effect of 1S subplementation on given production
parameters was examined, LS supplementation of whole oats given to
lactating ewes (suckling twin lambs) produced equivalent growth rates
of lambs to that recorded when soya tean meal was the supplementary
nitrogen source. The rate of use of 1S wzs geverned by the amount of

supplementary nitrogen required in a given particuler circumstance.

Therefore ths diet plus the LS addition may not provide the full =mounis

S

of calcium and phospnorus to meet current -.3.C. (1955) recommendations.

The adequacy of IS was exszmined when given to ruminants »eceiving less
Ca and/or P than the recozmmended intzkes. It was found that 1S was a

convenient and adeguate method of supplemsntation, wnhen given on

bruised tarley and sugar beet pwlp and that in genersl, although mineral

intakes were lower than ths current ~.%.C. (1955, rscommendations no
deleterious affects were noted in ths given production carameters that
were investigated over extended periocds with both pregnant and lactating



and groving ruminents.

It is concluded that the use of this fully soluble liquid
containing urea, minsrals and vitamins is a convenient and adequste
method of supplementing ruminant diets and has a wide range of uses

with regard to both nutrient content and method of incorporztion.
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GENERAL INTRODUCTICN

This thesis is primarily cencerned with the use of a novel,
concentrated feed supplement, which contains urea, calcium, phosphorus,
sodium, trace elements and vitamins in a fully soluble liquid form:.

A feed supplement is a material which is included in the diet at
less than 5% of the total ration. It supplies those dietary materials
vhich are inadequate in farm-mixed diets. To include a supplement at 5%
or less, adequate mixing is essential to achieve uniformity of intake of
the supplement by animals within a group. This is especially important
with urea, for example, because of its possible toxic affects at high
intakes. It is also important for phosphorus compounds due to their
rising costs. |

Ideally, the composition of a feed supplement should be such that
it correctly compensates for the inaedquacies of the whole diet.
Manufacturers of feed supplements can only reasonably provide a
restricted range of products considered suitable for use in the more
common hustandry systems. For unusual diets, additional supplementary
materials may be required. A product having a wide range of uses with -
regard to toth nutrient content and method of incorporation (e.g. into
cereals or into straw)} has obvious advantages.

In the present context it is assumed that the main purpose of a
feed supplement is to increase the sugply of protein in the form of urea
to ruminants. Additionally, the supplementary product may contain
calcium, phosphorus, salt, trace elements and vitamins. Wwhilst,
commonly, mineral/vitamin mixtures may be offered free-choice, urea-
containing products should preferably be presented in a controlled
manner and incorporated within a larger amount of other feed to prevent

over-consurmtion.



Under present legislation (The Fertilisers and Feeding Stuffs
(imendment) Regulations 1976) the presence of urea in animal feed stuffs
must be declared. A value of the crude protein equivalent of this may
be claimed using the normal factor of 625 which assumes 16% N in crude
protein . On this basis the crude protein eguivalent of urea is
L6 x 6+25 = 287+5% and this value has been used throughout this thesis.

There are currently three principal methods for providing feed
supblements containing prea-with or without varying proportions of
minerals, trace elements and vitamins to ruminants.

The first method is by the provision of urea in the form of urea/
mineral/vitamin mixture as a blend of powdered and crystalline materials.
Examples of the composition of these products are given in Table 1.

Within this range of products the urea C9ncentration varies from
about 300-500 g/kg. The use of these mixtures for free-access feeding
is not récommended due to the high urea content. The most desirable
method of inclusion of these materials would be by thoroughly mixing the
chosen product with rolled or ground cereal or similar substance to
increase the crude protein content from say abouﬁ 100 to 135 g/kg. -

The rate of use is governed by the urea content, Taking, as an
example a 450 kg suckler cow given poor roughage and limited cereals
requiring an additional say, 250 g CP from the given supplement the
amounts of associated minerals and vitamins provided will vary greatly.
For example, the amounts of calcium provided could range from about 13
to about 41 g/day and the amounts of phosphorus from about 4 to about
10 g/day.

The second method of providing urea to ruminants is by way of high
density feed blocks, offered on a free-access basis to cattle and sheep.
Use is normally restricted to animals grazing poor guality roughage

(e.g. in hill areas in Britain during winter or on range vegetation in



more arid countries), but they may be given in other circumstances.
Blocks contain up to 250 g/kg crude protein containing 80-190 g CP/kg
present as urea, The high salt content of many‘blocks may make them
unsuitable for feeding indoors, due to the effects of increased water

intake on the wetness of the bedding.

Table 1. Fxamples of commercial urea/mineral/vitamin mixtures supplied

as powders.

per kg A ) B c D
Crude protein as urea g 1000 1450 960 1400
Calcium g 165 71 153 71
Phosphorus g L2 25 26 25
Salt g 128 100 100 200
Magnesium g 8 3 14 16
Iron mg 1000 1500 1900 3300
Copper mg 150 1000 250 360
Cobalt mg 60 140 70 220
Manganese mg 770 3000 605 3500
Jodine mg 60 300 75 250
Zinc mg 700 2000 1100 1680
Selenium mg - 5 - -
Sulphur mg - - 8900 12500
Vitamin A 10CO iu 165 360 400 236
Vitamin D3 10CC iu L1 90 57 59
Vitamin E iu - 500 - -

Intakes when product supplies 250 g crude protein/day

Ca g 41°3  13.3  39-8 12-7
P g 10-5 43 6+8 Le5



Table 2. Examples of the composition of some feed blocks for ruminants.

per kg A B C D

Crude protéin total ‘g 243 176 170 204

as urea g 176 ‘ 90 87 190
Ether extract g 7 12 60 61
Salt g 169 123 145 142
Calcium g 22.0 240 20-1 235
Phosphorus g 2.8 “3-8 L8 3.2
Magnesium g 17.8 492 31.0 338
Estimated ME MJ 8.9 9-1 11-1 10.2

Intakes when product supplies 250 g crude protein/day

Ca g 22.6 340 296 28.8
P g 29 Se4 T-1 3.9

Examples of four block products are given in Table 2. Wwhen each block
is consumed to provide a total of 250 g CP/day, there is as wide a range
of additionel phosphorus proviced as there is with the mineral

supplements,
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Blocks must be designed to be weather resistant. One important
property is their hardness which results from the inclusion of a
binding agent within their cereal base and/or pressure during
manufacture, Their salt content may be at such a high level of
inclusion that it is an unpalatable ingredient, thus limiting
consumption, This is an advantage bscause it provides a safe method
of limiting urea intake on an ad libitum basis, but a disadvantage in
that it reduces the energy intake from the block, Due to the cereal
inclusion not all the protein in the blocks is in the form of urea.
Mineral inclusion, especially phosphorus is freguently very small and
the energy supplied is also small relative to cereals and many
compound feeds and may be expensive, .

Kendall (1977) recorded a wide variety of difficulties associated
with bloék feeding to a range of cattle and sheep at grass, Intake
was effected by several variables. Stocking rate greatly altered block
intake, a much higher proportion of sheep consumed no block when
grazed at 1 ewe/ha than 1 ewe/0.5 ha. Likewise the number of blocks
on offer at any one time, and/or the provision of alternative feeds
effected intake. Consumption was increased by 50% with continuous
rain. Snow cover also increased blocx consumption (when fresh blocks
were provided), Cold weather decreasea consumption, provably because
the blocks became very hard. High winds causing livestock to seek
shelter, also reduced intake.

Kendall (1977) zlso found a wids day-to-day variation in group
intake. For both catile and sheep individual consumption was always
more variatle than when the animals were provided with 2 similar
amount of dry matter (JM) given as a cubed concentrate in troughs. A

high proportion (~20%Z) of sheep in nrill conditions consumed no block



and equally a high proportion (~20%) consumed very large amounts in
relation to the overall mean intake.

The third principal method for providing supplementary urea is in
a molasses-containing liquid. These products normslly contain about
120-140 g/kg urea and about 500 g/kg molasses to give a crude protein
content of 340-400 g/kg. These products may also contain small amounts
of phosphoric acid (providing less than 3 g/kg phosphorus) to reduce
possible fermentation. Vitamins A and D are also commonly included in
the products. A major problem with such products is that sedimentation
of sludge like materials may occur in the farm storage tanks.
Calcium is specifically omitted because of serious precipitation
problems, There is ﬁo mineral inclusion and the additional provision
of free-access mineral/vitamin mixtures is generally recommended.
These products are usually delivered by bulk-tank to farms. They are
generally made available to animals on a free—access basis., The
molasses liguid is made available via liguid feed dispensers. These are
covered troughs into which at least two rotating balls or rollers are
fixed, so that the ball is half covered with the viscous solution and
the other half is uncovered protruding through an opening in the
trough cover. Intake is controlled by the licking action of the
animal on the rotating ball, Although the product is theoretically
available on a free-access basis this is seldom the case. In practice
the ball-licker is filled up once daily, and competition between
animals for the lick is high. The daily allocation is usually consumed
within a few hours. Individual consumption of these licks is as varied
as with feed blocks. MNolan, Ball, Murray, Norton and Leng (1974} have
recorded that in a situation where the mean intake of such a product

by a group of 48 Hereford heifers at grass was 850 ml, eight animals



had an intake of nil and individual %ntakas ranged from 30 ml to

2«4 1/day. WNolan, Norton, Murray, Ball, Roseby, Rohan-Jones, Hill and
Leng (1975) showed similarly with sheep that 97 out of a total of 20C
consumed none of the liguid., HMean overall intake was 105 ml, with a
range of consumption for individual sheep from 5 - 550 ml.

The major disadvantage of both feed blocks and liquid feeds is the
lack of uniformity of inteke of these products. Another important
point is the relatively high cost of the energy content of these
products, which is low in relaﬁion to cereals. The relatively high
~ cost arises partly from the mauufaéturing p;ocess, from the packaging
(blocks) and from the distribution cost of relatively low
concentrations of protein and energy in liguid feeds.,

There are few systems of animal hustandry that do not need anothér
form of energy additional to that supplied by feed blocks or liguid
feeds especially in winter grazihg and poorer roughage systems. They
may generally increase the intake of poor quality'roughage but by only
about 10-15%Z. It would seem reasonable to give a urea/mineral/vitamin
supplement that contained no appreciable energy, leaving the additional
energy reguired to be supplied (e.g.) from barley on the farm. There
are potential advantages in using a non-viscous liguid supplement
instead of a solid. A solid supplement is limited to the addition of
cereals., In contrast, a free-flowing concentrated liquid has a wide

range of possible methods of appnlication,



1. For application to straw.

Straw production in Britain is about 9 million tonnes/year. It is
estimated that 3.5 million tonnes is burned during‘the autumn (NFU,
1973) and about 3 million tonnes are fed. A report organised by The
Agricultural Development and Advisory Service (ADAS) (Anon, 1974)
recommended that the most effective way of using straw was to feed it
to ruminants. High straw diets are low in protein and phosphorus.
Supplementation with a‘liquid urea/mineral/trace element/vitamin
product would increase the feed §alue of the straw. The liguid could
be included at baling using existing applicators used for hay
preservatives. It could be poured over conventional or large bales at
or prior to feeding. The liguid could be easily incorporated- into
existing straw chopping systems or used with on farm cereal/straw
mixing machines. It could also-be added separately at the same time

as sodium hydroxide treatment of straw,

2. For application to cereals.

On British farms there are approximately 40,000 roller crushers
and 30,000 hammer or other grinding mills (A proportion of these
grinding mills may be associated with pig farms). In contrast, there
are only 11,000 mixers and 12,000 combiﬂed milling and mixing plants
(Compound Animal Feeding Stuffs Manufacturers National Association Ltd.,
1975). From this information it can be concluded that a large
proportion of cereals are processed on farms, but there may often be no
mixing facilities awvailable. In this situation solid supplements could
.not be mixed into processed grains other than by snovelling. However,
a liguid supplement could be added to cereals as they leave the roller
or bruiser by gravity or by a spray methoed. Dust would also be

suppressed by addition of such a liguid.

E



3. A liquid suppiement could be used with whole unground cereals for

sheep.

Le Other feeds.

The liquid could be pogred over and adhere to turnips, potatoes, or
molassed beet pulp. Malze silage is deficient in protein and phosphorus
and a liquid supolement could be added at the chopping stage as is

already the case with acids used for silage preservation.

5. Drinking water,
A liquid supplement might be incorporated in the drinking water at
an appropriate level. This method would ensure thet all animals

received the supplement unless it had a detrimental effect on taste.

6. Home-mix liquid supplements.

The liquid supplement could be diluted ;ith molasses and water to
form a free-access liguid for stock, of comparable urea concentration
to existing urea/molasses feeds.

However, to be capable of such a wide possible range of uses the
liguid must be concentrated so that it neither runs off straw before
it is absorbed and so that it does not mzke cereal grains toomoist
that they stick together.

An extensive review on liguid suppiements for livestock feeding
has been published by VWornick (1969). America was the fore-runner in
the use of liquid feed supplements, tut there have been problems in
finding suitable liquid wvehicles for the appropriate additives. The
first supplements contained urea and molasses, then came the further
addition of phosphoric acid. =r~lmost every lisuid supplement now
contains vitamins A and D and trace elemsnts, and some include
vitamin E. In addition to the phosphorus content (principally from
phospnoric acid and ammonium polyphosphates) it would be desirable to

add calcium to liquid supplements. However, at the rate of addition



of calcium required, it has teen impossible to keep it in solution,
massive precipitation occurs., More solutrle forms of calcium (e.g.
calcium chloride and calcium hydroxide) or chelating agents have been
tried but the problem has not been overcome. Some supplements wvere
developed in Americs, where the desired calcium required was added
resulting in a liquid supplement with calcium as a suspension. One
drawback is that agitation is reguired during transport and storage.
Frequently, the additipn of calcium to molasses-containing liquids may
result in the formation of hard, almost concrete-type precipitates.
More generall& there is extensive production of gelatinous-type.
flocculations in the presence of phosphorus added as ammonium
polyphosphate. |

Previous to this experimental work, Hem%ngway, Parkins, Fishwick
and Ritchie had developed and formulated a liguid supplement
(Hemingﬁay, Parkins and Fishwick, 1977; Fishwick, Parkiné, Hemingway
and Ritchie, 1978; Fishwick and Parkins, 1979) that fulfilled the
following desirable objectives. .
1. It should be free-flowing to aid mixing, store well, and be
stable end free of sedimentation over a long period and range of
temperatures.
2. It should be concentrated to reduce handling znd application
rates,
3. It should contain a high proportion of non-protein-nitrogen (X?N)
as supplementary protein is the most important additive to the
supplement.
Le It should be palatable, for this reason a proportion of molasses
is generally desiratvle.
5. A degree of acidity is necessary to stabilize the urea when in
contact with other feeds, and to minimise any protlems of palatability

and toxicity if urea were converted to ammonia.
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6. It should contain phosphorus, éssential in straw-based diets,
poor hay and root diets where phosphorus is deficient.

Te It should contain calcium in a fully soluble fofm as this is a
major inadequacy in diets containing a high proportion of cereals,
8. It should contain salt, trace elements, and vitamins in a fully

stable form.

Construction of a concentrated fully soluble product containing urea,

calcium and phosvhorus.

Under normal atmospheric pressure the content of urea in
saturated solutions is positively related to temperature i.e.
Temperature (°c) of saturated solution 8 17 26 36 L6 56 68 79 - 90
% urea by weight L5 50 55 60 65 70 175 80 85
At normal environmental temperatures of’8—17oC only 45~50% of
urea may be contained in a saturated solution. It was demonstrated by
Hemingway, Parkins and Fishwick (personal communication) that increased
solubility of urea (to saturation) was evident when calcium chloride
was present in solution. Fig.l shows the phase diagram at a qprmal
ambient temperature of about 1500 for urea, water and caléium chloride
(described as the anhydrous salt), All the proportions represented by
that part of the diagram (tending towards 100% water) above the line
A-C-B refer to the proportions which can form a solution free of un-
dissolved material. Below that line, undissolved material is present.
The highest proportion of urea for minimum water is at C with the
composition 60% urea, 15% anhydrous calcium chloride and 25% water.
D represents the lowest point for urea inclusion with 38% urea, 25%
anhydrous calcium chloride and 37% water, i.e. there is still a greater
amount of urea than the water which would have been needed to dissolve

it, if the calcium chloride had not been present.



Fig.l, ?Phase eguilibrium diagram of water/urea/anhydrous calcium

. - o . -
chloride compositions at 15°C and normal atmospheric pressure.






The amount of phosphoric acid which may be added to a urea/calciunm
chloride/water complex without the formation of a precipitate was found
to be dependant upon the urea and calcium chloride contents. Below 5%
calcium chloride the amount of phosphoric acid which may be added
becomes asymptotic with concentrations of phosphoric acid approaching
infinity. Between 21 and 25% calcium chloride the amounts of phosphoric
acid which can be added is practically too small (i.e.lfor ruminant
nutrition purposes).

On a percentage by weight basis the maximum amount of phosphoric
acid which may be present in a phosphoric acid/urea/calcium chloride/

water composition is given by:-

maximum % H3P0h included = .
2 anti log (18782 - 1.5652 UC x 107°)
where A is the % phosphoric acid by weight in the phospheric acid
solution used. (e.g. if 90% HBPOh ; A =90).
U is the € by weight of urea in the final composition.
C is the £ by weight of calcium chloride in the final
composition.

On a basis of many considerations (primary amongst which was to
obtain the most suitable amounts of urea, calcium and phosphorus to
supplement a range of practical diets) the following proportions were
adopted to form a suitatle fully soluble composition. This is
described as the urea/calcium chloride/phosphoric acid/ﬁater "mother
liquor®., It has the composition (¥ by weight) urea, 47; calcium
chloride (anhydrous), 113 phosphoric acid (88-9C%), 7; and
water, 35.

Subsequently, for practicai nutritional use it was found desirable

to add molasses (10%), sodium chloride (5%), magnesium and a

comprehensive range of trace elements (as their chlorides), iodine and
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vitamins A, D and E.
The firnal fully soluble product has the ceclared composition

o

s

Proteln eguivalent of urea 110

Calcium 3-0
Phosphorus 15
Salt 5.0
Sugars from molasses 50
Trace elements mg/kg
Magnesium . 680
Manganese 638
Zinc 800
Copper 152
Cobalt T 1.6
Iodine ’ 126
Selenium 0-1
Vitamins iu's/kg (3 months after
manufacture )
A 100, 0C0
D 10,000
E LO

The material is free flowing acidic (pH about 1+6) and has a
specific gravity of 1-3.

It 1s currently manufactured in 20-50 torne cuantities in a plant
used for the manulacturs of con;entrated licuid fertilisers, Delivery
to farms is normally bty tulk tank into 2C0 litre polypropyléne drums,

e
L

Dispension from the drum is sither ty tap or haand pump. ne precduct
stores well in toth cold and warm conditions and is not nazardous to

handle,
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The product is currently marketed by Impsrial Chanical Industries
Itd. {Agricultural Division), Billingham, Cleveland, under the trade-
name "Granstock". In the majority ol the expcrimental work describved
in this thesis the li-uid protein supplement (LS) used was manufactured
in bulk. For experimental purposes the amounts of nitrogen, calecium,
and phosphorus present in pﬁrticular batches were analysed before use in
the appropriate experiment. The other values were taken as being
present as declared by calculation from the amounts of contained
ingredients. '

The objectives of this thesis were to evaluate the uses of IS in
terms of animal acceptance, response and to investigate the most
practicable method of supplying the liguid supplement to animel diets.
The essential detalls of the experimental designs in respect of
proceedures, livestock and dietary treatments are described separately
for each experiment. The details of all the analytical technigues, time
lapse photography studies, nylon-bag techniques and the daily routines
for balance trials for sheep housed in metabolism czges are given in
a separate Appendix at the end of this thesis.

In general, only mean values together with their statistical errors
are presented in the thesis. Individual data are only quoted where they
seem to be of unusual interest. Details of the individusl values
appropriate to their guoted means are lodged in the Animal Husbandry

Department, Glasgow University.



LITERATURE REVIEY

The literature reviewed is divided into three main sections:
(i) Urea as a NPN source; (ii) Nutritional deficiencies in relation
to voluntary intake of food and (iii) iethods of processing low quality
roughages to improve their nutritive value, These topics cover the
area in which LS is investigated.

The first, urea as a NPN-source, discusses the principals and
uses of NrH in relation to animal metabolism and utilization.

The second, nutritional deficiencies in relation to voluntary
intake of food, summariges the effect on protein inadequacy and mineral
and vitamin deficiencies on voluntary food intake.

The third, methods of processing low guality roughages to improve
their nutritive value, reviews various method; of improving the
nutritive value of roughages with particular reference to chemical

treatments and their effect on rumen function/physiology and animal

performance.



The ability of ruminal bacteria to utilize NPH has been studied
and exploited for nearly a century. There are several reviews on the
history, development and acceptance of NFN as a protein replacer in
ruminant nutrition (Reid, 1953; Stangel, 19643 Briggs, 1967; waldo,
1968; Conrad and Hibts, 1968; Helmer and Bartley, 1971; Anon, 1977).
For this reason it is the intention to review only the literature more
directly involved with the experimental work of this thesis.

Historical tackeround.

Weiske, Schrodt and Danger (1879) were probably one of the first
group of workers to suggest using NPN. compounds as protein replacers
in ruminant diets. During the next fifty yéars numerous experiments
were reported, mainly from Germany, on urea utilization and feeding to -
runinants, By the early 1940s urea was being produced on a commercial
scale in Durope (Curtis, 1932) and in America. Research on urea
subsequently revealed that a readily available energy source was
essential for effective NPN utilization by the ruminant. Both the
total protein and level of natural protein in the ration were
demonstrated to influence urea utilization (Vegner, Booth, Bohstedt
and Hart, 1940, 194la, 1941b). It was in the late 1940s that urea
became acceptable in the commercial rearing of livestock, since then
research work has concentrated on increasing the efficiency of urea
utilization and minimising any potential risk of toxicity.

Helmer and Bartley (1971) have reviewed the use of urea in
ruminant diets. Urea is used in systems either to supplement poor
quality roughages or to replace a proportion of a costly vegetable
protein., Several factors are important in obtaining the optimal
utilization of urea to ruminants in differsnt feeding and production

regimes. The factors include (i), the solutility or degredation of



the feed protein by rumen micro-organisms; (ii), the proportion of
protein in the ration; (iii), the source of energy, (iv), microbial
protein synthesis and (v), the level of milk yield in lactating
animals, lany experiments have investigated the effect of different
levels of substitution of urea for crude protein in the production of
milk by dairy cows. The results are conflicting, however, as the
amine acid nutrition of high yielding daify cows is critical. At high
levels of milk production lysine, methionine and tryptophan may become
limiting., This suggests that rumen micro-organisms cannot éupply the
requirements for certain amino acids. It is in these circumstances
that supplements of NPN are not fully effective.

Reid (1953) reviewed the use of urea in calf rations. However,
in practice giving urea is generally delayed until the calf becomes

-

fully ruminant, A
Urea is of use for suckler cows, growing heifers and store beef
cattle given straw or poor quality hay and for supplementing vegetable

protein for fattening beef cattle rations.

Nitrogen metabolism in the rumen,

A schematic summary of nitrogen utilization by the ruminant is
presented in Fig.2. The primary source of nitrogen to the rumen is
from the dietary constituents. Ammonia is produced in the rumen by
the metabolism of proteins, peptides, aﬁino acids, urea, nitrates and
other NPN compounds. #eDonald (1948) showed that large quantities of
ammonia were precduced in the rumen under normal feeding regimes.
Ammonia concentration was shown to be dependant upon the type of
protein and carbohydrate present.

The second source of rumen N is urea which is known to enter the
rumen endogenously by salivary recirculation. The presence of salivary

urea was demonstrated by McDonald (1948). The concentration of salivary



Fig.2. Nitrogen metabolism in the ruminant (Adapted from Annison and

Lewis (1959)).
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urea was shown to be increased when higher rumen ammonia concentrations
occurred (Lewis, 1957).

The third method of entry of N into the rumen is by diffusion
across the rumen wall (Houpt, 1959). Cocimanoc and Leng (1966) showed
that entry of total endogenous urea into the rumen was a function of

blood urea concentration.

Urease activity.

Proteins are hydrolysed in the rumen to varying degrees depending
upon their individual solubilities and physical form (E1 - Shazly,
1958). Pearson and 4Smith (1943a) using in vitro techniques demonstrated
that rumen fluid has a high urease activity at all times. As urease
activity was minimal in the dietary consﬁituents and it was not
secreted into the rumen, they concluded that-urea was hydrolysed in
the rumen by bacterial urease ﬁfoducing ammonia and carbon dioxide.
Most of the work indicates that urea is rapidly hydrolysed, making
urea utilization almost synonymous with ammonia utilization. However,
Farlin, Brown and Garrigus (1968) have found evidence to suggest that
not all urea is converted to ammonia before utilization. They infused
either 1hC-1abelled urea or sodium bicarbonate into the rumen and
found thét the carbon of urea did not equilibrate with the carbon
diloxide pool, suggesting that urea is metabolized in the rumen without
complete hydrolysis to carbon dioxide énd ammonia, and that it need

not be hydrolysed for utilization of the contained N,

Ammonia atsoroption.

Ammonia absorption through the rumen wall is one pathway of N
disappearance from the rumen. cDonald (1948) was the first to
demonstrate this phenomenon. Lewis (1957) later demonstrated that

portal blood ammonia concentration increased as a curvilinear function



of rumen ammonia content. Ammonia zbsorption across the rumen wall is
governed by rumen pH (Hogan, 1961), and the concentration gradient
(Lewis, Hill and Annison, 1957; Hogan, 1961). Hogan (1961) found that
ammonia absorption was dependant on concentration gradient at pH 6-5,
but ammonia loss was nil at'pH Le5,

The absorbed ammonia is carriecd via the porﬁal circulation to the
liver where conversion to urea occurs. Lewis et al. (1957) found that
changes in rumen ammonia concentration of sheep on different diets were
paralleled by changes in portal blood ammonia concentration. On the
given dietary regime a maximum of 6C mM ammonia/l in the rumen was
observed. When the ammonia concentration in portal blood exceeded
0.8 m¥/1 the peripheral blood ammonia concentration increases as the
liver was unable to complete the conversion %0 urea effectively and
toxic symptoms developed. A major problem concerned with the efficient
utiliza£ion of urea is the rapid release of armoniza. Cooﬁbe, Tribe and
Morrison (1960) have expressed concern atout the important relation of
the increased rate of absorption of ammonia with increased pH to urea
toxdicity.

Part of the beneficizl effect of fesding a readily available
carbohydrate with urea may be due to the fact that acids produced by
microbial fermentation prevent a rises in rumen pH and thus reduce the
rate at which ammonia is absorved, Hence the reason for the practical
use of urea in molasses sclutions. Xolesses not only serves as a readily
available carbohydrate, but also as an excellent carrier,

Increased acidity may reduce the activiiy of urease and thus reduce
the rate of armonia release from ursa. =Xitchie, Parkins and
Hemingway (1972) administered urea phosphate or eguivalent amounts of
nitrogen and phosphorus in the form of urea and dicalcium phosphate

orally to overnight-starved sheep and cattle. Results showed that the



administration of urea phosphate produced lower concentrations of blocd
ammonia, rumen ammonia and potential toxicity was less than with urea.
These results were associated with the acidic properties of urea
phosphate which affected the rate and amcunt of ammonia produced in the
rumen. Similar results weré reported by Hemingway, Parkins and Ritchie
(1972). Urea-phosphate contains about 17% nitrogen and 20% phosphorus.
The results of Perez, Warner and Loosli (1967) indicated that urea-
phosphate can be used effectively as a nitrogen and phosphorus

supplement for ruminants.

Recycling of urea.

Urine is the major pathway for loss of urea in the ruminant, but )
not all blood urea is eliminated by the kidney. However, 70% of the
total urinary N is from urea (Livingston, Payne and Friend, 1962).

Wihen urea was injected intraven;usly into sheep receiving a low protein,
carbohydrate-supplemented ration, 52% of the urea was not recovered

in the urine, or in body fluids (Houpt, 1959) and was presumably
utilized by rumen micro-organismé. In'cattle 77% of the total N in
mixed cattle saliva is attributable to urea (Bailey and Balch, 1961).
Likewise Somers (1961) estimated that under normal conditions urea
represented 60-70% of the total N in sheep saliva, and the concentrations
of urea N in blood and in salive were well coréelated. Blood urea
concentration is also influenced by the N intake of the sheep. A
number of workers have shown that endogenous urea enters the rumen by
saliva (Houpt, 1959; Packet and Groves, 1965; Cocimano and Leng, 1967;
Houpt and Houpt, 1968).

However, urea alsc enters the rumen bty diffusion across the runinal

epithelium, Houpt (195?) estimated that transport of urea across the

rumen epithelium could account for up to 95% of the total transfer.



23.

Urea also enters the rumen by transference from the blood to sites
of microbial degradation in the digestive tract of sheep (Cocimano and
Leng, 1967). Houpt (1959) exchanged the rumen contents of sheep with saline
and measured the return of urea N to the rumen; 5.2 m moles urea N
returned per hour to the rumen., Of this only 0«3 m moles/h was in the
saliva. Thus he attributed the remaining 4-9 m moles/h to absorption of
urea through the rumen wall. Allen and Miller (1976) have queried the
extent to which urea is transferred to the rumen and the means by which
it is transferred. A maximum transfer'of blood urea to the rumen of
sheep of approximately 5g N/fay has been suggested by Weston and Hogan (1967).
However Nolan and Leng (1972) concluded that only 1.2 g N/day was
transferred in sheep given lucerne hay. Somers (1961) found that the -
secretions of urea in saliva contributes to the transfer of blood urea
to the rumen. While Nolan and Leng (1972) suggest that virtually all
urea transfer occurred in the saliva. Kennedy and Milligan (1978) found
that with sheep given brome grass, the rate of transfer of urea in the
rumen was not significantly correlated with plasma urea concentration in
the range 145-250 mg N/1. '

Similar plasma urea concentrations associated with maximal urea
transfer have been found by various workers (Weston and Hogan, 1967;
Vercoe, 1969; Thornton, 1970). From the evidence to date, urea
transport is dependent on rumen ammonia concentration., However, the
mechanism by which ammonia inhibits urea transport is uncertain.

Kennedy and ¥illigan (1978) postulate that this inhibition could be an
effect on diffusion, or active transport in the rumen epithelium,
changes of blood flow to the epithelium, or factors associated with
dietary differences.

Recycled urea is hydrolyzed by ruminal urease to ammonia, which may

be used to maintain an active microbial population (lioir and Harris,
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1962). Easily fermentable dietary carbohydrates improved the utilizatioa
of recycled urea (Houpt, 1959; Packet and Groves, 1965).

Urea which is not utilized in the rumen vpasses into the abomasum
and the intestine., However, this urea is not totally inaccessible to
the ruminant as urease activity has been found to be present in the
intestinal fluids (Sidhu, Jones and Tillman, 1968) and ammonia can be

absorbed from the intestine (Hecker, 1971).

Facters influencing urea utilization,

The balance between the amount and availabilities of N and energy
to the rumen microbial population has an important effect on the
utilization of nitrogen and energy. Schwartz (1967) reviewed the
factors affecting urea utilization. Low utilization of N and
carbohydrate results when N is limiting in the-rumen., Campling, Freer
and Balch (1962) infused 75 or 150 g urea solution daily into the rumen
of cows given oat straw containing 0.46-0.53% N and increased the feed
intake, rate and extent of fibre digestion and rate of particle passage.
The amount of urea which can be utilized, by the ruminant and the amount
of protein which it can replace depends upon the amount and nature of
the dietary protein, the amount and type of carbohydrate in the ration,
and the concentration of urea liable to cause toxdcity. Pearson and
Smith (1943%) found that certain amino acids promoted while others
depressed the in vitro synthesis of protein from urea by micro-organisms.

Goodrich (1965) has emphasised the importance of evaluating the
mineral contribution of rations that are supplemented with urea, since
the replaced high protein feeds are often excellent mineral sources.
Burroughs, Latona, De Paul, Gerlaugh and Bethke (1951) found sodium,

- potassium, calcium, magnesium, sulphur, chlorine, phosphorus and iron to
be essential for optimum cellulose digestion and urea utilizaticn in wvitro.
Other factors influencing urea utiligation include the extent of

rumen development and its microblal population,
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Methods of improving urea utilization.

The limiting\factor in the utilization of urea by ruminants is
the rapid Eydrolysis ofzurqa by microbiazl urease. A guantity of
ammonia may be absorbed from the rumen bsfore microbial synthesis. It
is perhaps for this reason that most performance studies conducted with
animals have indicated that urea N is inferior to that of vegetable
protein supplements when given in iso-nitrogenous guantities,

Much research has been conducted to minimize ammonia N loss
by attempting to reduce the rate of urea hydrolysis, to convert ureé
to less solunle forms, to increase the ability of micro-organisms to
utilize ammonia N, or to increase the amount of urea N recycled to the
rumeﬁ. Some feeding trials with N2H have showvm poor NPN utilization. -
Repp, Hale and Burroughs (1955) observed that NPN- supplemented rations
improved in value after a 2-3 weeks adaptation period. Since then
numerous studies have observed this adaptation response (Campbell,
Loosli, Wwarner and Tasaki, 1963; Schaadt, Johnson and McClure, 1966;
Caffrey, Hatfield, Norton and Garrigus, 1967). It is for this reason
that NPN compounds should be intrecduced to the feeding regime
gradually to allow the rumen micro-organism population to adapt to the
increased rumen ammonia concentration and to allow the liver to adjust
to the conseguent increase in blood ammonia concentration which may in
fact be quite rapid i.e. within one hour of feeding.

Bloomfield, Garner and Muhrer (1960) reported that the rate of urea
hydrolysis was nearly four times greater than the corresponsing uptake
of ammonia by rumen micro-organisms suggesting that it might be possible
to improve urea utilization by decreasing rumen urease activity. There
has been only limited work on improving urea utilization by reducing tns
rate of urea hydrolysis ty inhibiting ruzen urease. Tillmen and Sidu
(1949) have reviewed the work on inhitition of ureolysis and

proteolysis by chemical inhibitors, antitiotics and by producing
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circulating antitodies to urea.

Several attempts have been made to reduce the rate of ammonia
release from urea by aitering its physical form. Deyoe, Bartley,
Pfost, Boren, Perry, sanstaett, Helmer, Stiles, Snug and Heyer (1968)
developed a product "Starea'" by cooking urea with maize, wheat or
barley at a high temperature and extruding the gelatanized product in
pellet form. Subsequent growth trials showed "Starea™ to be superior
to urea as a protein supplement. Johnson, Bentley and Hershberger (1562)
coated urea prills with 20 different fat and wax type materials and .
succeeded in reducing the rate of ammonia release with some of the
materials. ward and Cullison (1970) compared urea with urea coated with
ethyl cellulose, The coated material was less toxic, more palatable,
but in nitrogen balance studies it did not increase nitrogen retenticnl
'Hemingw&y and Law (1975) coated urea phosphate and urea with urea-
formaldehyde to reduce their rate of water solubility. Coating with
urea-formaldehyde resulted in slightly lower rumen ammonia
concentrations (non significant). Fishwick (1978) coated urea prills
with sulphur or wax, and showed botn methods to be effective in
reducing the rate of hydrolysis of'urea to ammonia,

Other slow release compounds include isobutylidene diurea (IBDU),
a sparingly water soluble material conteining 32% nitrogen. Parkins,
Ritchie and Hemingway (1971a) have shown that the addition (via a
rumen fistula) of IBDU, produced negligible increases in rumen and
blood ammonia relative to eguivalent amounts of nitrogen in the form of
urea., In a feeding trial #ith.lambs a growth rate response equivalent
to using soya bean meal was obtained by IBDU supplementation (Parkins,
Ritchie and Hemingway, 1971b). Komatsu and Sakali (1971) suggested
thet during the release of urea from this compound, isobutyraldehyde
is formed which in turn is converted to iscobutyric acid, which is an

important energy substrate for microbial growth.



Biuret is another slow release compound, therefore it is a possivle
substitute for urea. Many workers have reported that biuret is less
toxic to animals than urea (Hatfield, Garrigus, Forbes, Neumann and
Gaither, 1959). Biuret is slowly hydrolyzed in the rumen (Bauriedel,
Craig, Ramsey and Camehl, 1971), this appears to result from low
biuretase activity in the rumen. Asmonia is the end product of biuret
hydrolysis, urease is only involved in the hydrolysis of biruet if urea
is an intermediate product,

Although these slow release materials effect the production of
rumen ammonia, animal production parameters are not appreciably
influenced and they are not widely used in ruminant nutrition because
of their expense relative to urea.

After Bloomfield et al. {1960) reported that urea hydrolysis was
four times more rapid than the uptake of ammonia N, Bloomfield, Velsch,
Garner énd Muhrer (1961) studied the effect of more frequent feeding of
less urea at one time to keep rumen NPN &t a minimum. Using wether
sheep they found that urea utilization, nitrogen balance and whole blood
albumin were increased and blood urea concentration was lowered when
the animals were given a diet containing 32 g urea/kg offered given 16
times a day compared with 2 times a day. One of the surposed
advantages of giving urea on a free access basis (e.g. in liquid form
or in a block to be licked) is that urea may be utilized more
efficiently when consumed little and often compared with once daily.
Campbell, Howe, Martz and Merilan (1963 ) showed similar findings using
dairy heifers given a diet containing 33 g urea/kg either 6 or 2 times
daily. Heifers receiving the supplement 6 times daily attained a 25%
greater dally liveweight gain than those animals receiving the
supplement twice a day. Other workers (e.g.) Goodrich, Meiske and

Gharib (1972) have found no advantage in giving urea freguently in
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terms of increased utilization. Kendall (1977) using beef cows compared
cat straw supolemented with urea containing blocks given once or ten
times daily with a barley/urea concsntrate and barley given once a day.
He found no response to the freguent intake of NPN, measured in terms

of increased voluntary intake of straw and/or improved digestibility
compared with the block or barley urea given once a day.

If the benefit of NPN supplementation to the diet is derived
primarily from the incorporation of ammonia into rumen micro-organisms,
it is essential to estéblish the concentrapion above which rumen
ammonia ceases to enhance microbial growth (Slyter, Satter and Dinus,
1979). Satter and Slyter (1974) found that at the concentration of
rumen ammonia-nitrogen of 5 mg/100 ml of rumen fluid that ammonia-
ﬁitrogen became limiting for microbial growth. Slyter et al. (1979)
using rumen fistulated steers weighing 183 t; 226 kg studied the effect
of rumen ammonia concentration on nitrogen utilization. Increasing
the ammonia-nitrogen content above 2.2 mg/100 ml of rumen fluid had
no effect on digestion in the rumen. Increasing the ammonia-nitrogen
content beyond 4+5 mg/i00 ml had no significant effect on the total
volatile fatty acid (VFA) concentration and nitrogen retention
increased as urea infusion increased until the rumen ammonia-nitrogen
concentration was 4«5 mg/100 mi. Their results support the view that
maximum microbial growth will occur at a concentration ranging from 2

to 5 mg ammonia-nitrogen/100 ml rumen fluid.
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NUTRITIONAL DEFICIZRICIAS IN RELATICH TO VCLUNTAZY INTAK

L

OF rCOD

As already discussed, control of voluntary intake in the ruminant
is governed by complex interactions of wvarious regulétory systems. It
is the intention to review only the literature related to nutritional

deficiencies and their influence on limiting voluntary intake.

Protein inadeguacy.

In ruminants there is cgnsiderable evidence that shows that the
intake of low protein content rations is reduced., Various workers have
conducted experiments in which feed intake'was specifically studied.
For sheep (Egan and Rbir, 1965; Elliot, 1967b; Weston and Hogan, 1948)
and for cattle (Campling et al., 1942; Elliot, 1967a; Lyons, Caffrey
and O'Connell, 1970), were shown to consume less of diets deficient in~
protein than of the same diets with supplemeritary protein or urea. The
decrease in volﬁntary food intake may have been due to decreased
ruminal fermentation (Campling et al., 1962) and partly to the metabolic
effect on the animal (Masters, 1963; igan, 1965). Egan and coworkers
in a series of experiments have endeavoured to establish the manner by
which low protein diets depress the voluntary feed intake by sheep.
Egan (1970) concluded that the regulation of feed intake is limited at
the lower end of the digestibility scale by mechanisms other than
reticulorumen fill, and that‘casein supplementation resulted in
increased intake that could be attributed to more rapid removal of
digesta from the rumen and an alteration of the "setting” of the fill
mechanism., Therefore protein metabolism could override the fill
mechanism or permit "resetting" at a higher level. Kempton and Leng
(1979) demonstrated that in lambs given a low-protein cellulose-based
diet, responses in food intake and growth were obtained to
supplementation with urea and casein, both of which are rapidly

degraded to ammonia in the rumen. However greater responses were
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obtained when protein was given in z form which escaped rumen
fermentation (e.g. formaldehyde-treated casein). In a further study
Kempton, Nolan and Leng (1979) concluded that the .primary factor
limiting voluntary food intake and growth of lambs given low-protein
cellulose-based diets appeafed to be the availability of amino acids
for absorption from the small intestine. The results of Kempton et al.
(1979) and cgan (1977) suggest that intake of low guality lignified
roughages may be stimulated by supplementing with rumen undegraded
protein.,

Protein, NPN, mineral or vitamin suvplementation will enhance
the utilization of poor quality roughages if they form an inadequate
diet in these respects. Poor guality roughages are deficient in

nitrogen, are low in mineral content and high in crude fibre (e.g.
barley straw about 40 g CP, 500 g CF, 4 g Ca and 1 g P/kg DM) and are
of low aigestibility. Any improvement in the quality and
acceptability of roughages resulting in increased voluntary intake by
the ruminant and higher performance is impdrtant from the

nutritional point of view. Due to the high cost of energy rich cereals
the practicality of utilizing these materials for protein reguirements
of runinants is limited. The alternative is to use NFY and/or mineral,
vitamin supplements. Nitrogen is the major limiting nutrient in low
cuality roughages, supplementation with PN to supply ammonia to the
rumen microflora is appealing eccnomically and ecologically. Hany
experiments on urea utilization with low cuality roughage diets have
been conducted. Increases in voluntary intake have teen reported with
urea supplementation given to ruminants on low protein roughage diets
(Morris, 1958; Beams, 1959; williams. Pearce, Delany and Tribe, 1959;
Campling et al. 1962; Coombe and Tribe, 1963; Hemsley and Moir, 1963;

Fishvick, Hemingway, rarkins and Ritchie, 1973; Fishwick, Fraser,



Hemingway, Parkins and Ritchie, 1974; Kendall, 1977; Innes and Kay,
1979; ibatya, Smart and Kennedy, 1979). HNot all workers have reported
increases in voluntary intake with urea supplementation. Kay,
Andrews, MacLeod and Wwalker (1968) found a slight depression with urea
supplementation of barley straw when given to pregnant beef cows,
however, the barley straw contained as much as 50-70 g CP/kg DM.
However, efficient utilization of urea N requires a higher level
of available energy than is found in most roughage diets. (Bloomfield,
Wilson and Thompson, 1964; McLaren, Anderson, Tsai and Barth, 1965;
Williams, Whiteman and Tillman, 1969). Substitution of NPN materials
for the normal energy and protein sources.in conventional production
diets at levels greater than 30% has generally led to substantial
decreases in productivity, (Conrad and Hibbs, 1968; Swan and Lambing,
1968), while diets based on low quality roughages plus NPN, mineral
supplements barley provide maintenance requirements for ruminants

(Coombe and Tribe, 1962; Coombe, Christian and Holgate, 1971).

Mineral and vitamin deficiencies.

Mineral and vitamin status in the ruminant is also important and
unless an adequate supply of minerals and vitamins are available
biochemical conditions in the rumen are not conducive to efficient
microbial protein synthesis and various deficiency symptoms may arise.
Various workers have reported that feed intake in ruminants was
decreased with diets deficient in, calcium (Underwood, 1966),
manganese (Maynard and Loosli, 1962), potassium (Telle, Preston,
Kintner and Pfander, 1964), phosphorus (Preston and Pfander, 1964;
Playne, 1969), cobalt, copper, vitamin A and vitamin D (NRC, 1976),
zinc (¥iller, Blackmon, Powell, Gentry and Hiers, 1966), riboflavin

(Weise, Johnson, Mitchell and Nevens, 1947) and vitamin B, ., (Somers,

12
1969).
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Minerals and vitamins are involved in many important physiological
functions in the body. However, for the purpose of this thesis the
review will be restricted to the influence of phosphorus in the diet.

Phosphorus is associated with the normal function of all animal
tissue, due to its role in the energy exchange processes. Therefore
any limitation in the phosphorus supplf will be reflected in general
impairment of body function. Symptoms of phosphorus deficiency in
ruminant animals include loss of appetite, reduced production,
depressed inorganic phosphorus in the blooq serun and reduced
reproductive performance. Continued depletion results in skeletal
disorders and pica. rhosphorus in the ruminant diet has been studied
by Tﬁeiler, Green, and Dutoit (1928); Eckles, Palmer, Gullickson,
Fitch, Boyd, Bishop and Nelson (1935); Kleiber, Goss and Guilbert
(1936); Hemingway (1967); Little (1970); ﬁemingway and Fishwick
(1976) and Hemingway (1977). The initial effect of phosphorus
deficiency is a depression of feed intake. Kleiber et al. (1936)
reported that growing heifers given a diet containing 0-8 g P/kg had
60% of the voluntary appetite of those given a diet with 4.0 g P/kg.
Little (1948) demonstrated a significant linear response in voluntary
intake of phosphorus deficient cattle when these were given graded
supplements of phosphorus to a diet adezuate in other respects.
Fishwick and Hemingway (1973a,b) reported that additional phosphorus
increased the voluntary intake by growing sheep of urea supolementied
molassed sugar beet pulp (8 g/kg P). Fishwick, Fraser, Hemingway,
Parkins and Ritchie (1$7L4) repdrted that increasing the total intake of
phosphorus from about 6 to 17gP/day did not increase the voluntary intake
of straw by pregnant beef heifers on & short term basis. However,
Fishwick, rraser, Hemingwey, farkins and Ritchie (1977) showed that

over a longer period of 22 weeks using cows in late pregnancy and early
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lactation the voluntary intake of oat straw was reduced to 34 kg/day
compared to 6.2kg/k$rwhen the phosphorus intake was about 12 g compared
to 28 g P/day. Theiler, Green and Du Toit (1924) observed reduced
efficiency of feed utilization by phosphorus deficient animals,

Riddell, Hughes and Fitch (1934) and Kleiber et al. (1936) reported that
the digestibility of feed was not impaired by phosphorus deficiency.
However, phosphorus deficiency has an adverse effect on the

utilization of energy (Kleiber et al. 1936) and nitrogen (Stewart,

1934; Forris and Ray, 1939).



MoTHODS OF PR0C.S3ING IOW TUALITY ROUGHAGSS TO IMPEIVE THEIR
NUTRITIVE VALUZ

Introduction.

Although this is a wide subject, for the purpose of this thesis
the discussion will be mainly confined to the processing of cereal
straw for ruminant feeding. Straws have a low crude protein content
(e.g. oat straw 20-50 g/kg DM, barley straw 20-65 g/kg DM and wheat
straw 20-30 g/kg DM (Ministry of Agriculture, Fisheries and Food,
Department of Agriculture and Fisheries for Scotland and Devartment of
Agriculture for Northern Ireland, 1975 (M.A..F.F. et al. 1975)})) and
are mainly composed of structural carbohydrates. Generally they have
low DX digestibility coefficients (c. 0.40) when fed to ruminants
owing to the high content of cell wall materials, Approximately 75%
of straw is cellulose and hemicgllulose whicﬂ.tOgether should apparently
constitute an excellent energy source for ruminants. However,
lignocellulose is a complex of lignin, cellulose and hemicellulose and
accounts for most of the cell wall constituent of plants (Pigden and
Heaney 1969). As a proportion of totazl DM, the lignocellulose content
of forages varies widely depending on the stage of maturity of the ‘
plant and the species. Cellulose and hemicellulose materials are
jmportant components of the diet to the ruminant animal, because they
can provide tactile stimulation necessary for rumen function (without
any particular regard to any nutritive contribution from lignocellulose)
(Baumgardt, 1949) and can be utilized as an energy source by rumen
microflora, As the plant matures the physical and chemical properties
of the lignocellulose complex alter rendering these and the other
cartohydrate constituent increasingly unavailable to the rumen

microflora,



(V8]
W
-

Guggolz, Kohler and Kloppenstein (1971) have defined the factors
which affect carbohydrate digestion in the rumen. (i) The lignin acts
as an inert barrier between the carcohydrate sources of straw and the
digesting enzymes of ruminants. (ii) Cellulose is too highly
crystalline and structured to be quickly avajilable to enzyme action.
(iii) Silica inhibits carktohydrate digestibility.

The voluntary intake of straw is low due to the poor digestibility
of straw. Biological, mechanical and/or chemical treatment may increase
digestibility and voluﬁtary intake. Supplementing straw with protein,
minerals and vitamins may te necessary to improve dietary utilization.
Howevef,supplementation alone does not overcome the problems of low
intake and the resultant low metabolisable energy (ME) provided.

| Wood (1974) and Palmer (1976a) have reviewed the feeding value of
straw to ruminants, However, untreated straw has its limitations.
Biologidal treatment of straw is based on the use of fungi that degrade
lignin. The following section, however, only reviews the physical and
chemical methods of improving poor cuality roughages with particular
reference to the alkali treatment of straws as they are currently the

only methods used in practice.

PHYSICAL TREATMZNTS

Grindinz and nelleting.

There are numerous substantial reviews on the effect of grinding
‘and pelleting roughages (Xinson, 1943; Eeardsley, 1964; lioore, 1946L;
Campling and ¥ilne, 1972; Xational Acadsxy of Sciences, 1973; Owen,
1978). Physical processing of roughages may affect the following
parameters, intake, digestibility, 1= and efficiency of utilization of
¥=, Reduction in forége particle size usually resulis in improved
animal performance whlchn is mainly due to the increzse in voluntary

intake of the animals (Y¥oore, 1964 ). However, apparent digestibility



can be reduced due to the reduction in retention time in the alimentary
tract. Gharib, Goodrich, Meiske and El Serafy (1975a) found no
increase in digestibility (D) from grinding poplar bark. Improvement
of roughage intake is affected by the quality of the roughage, the
poorer the roughage the greater the response to grinding and pelleting.
Campling and Freer (1966) found no increase in voluntary intake from
grinding and pelleting a good quality grass, but with oat straw the
voluntary intake increased by 26%. Levy, Amir, Holzer and Newmark (1972)
using Israeli-Friesian male calves found that although grinding and
pelleting straw decreased the apparent digestibility, the HE was used
with greater efficiency. Dehority and Johnson (1961) achieved extreme
reductions in the particle size of forages by ball-milling and recorded
large increases in in vitro digestion of cellulose.

Chopping, grinding and pelleting of straw are necessarily power
consuming processes, On the farm scale they also take a considerable
time and some of the machines may require tractor power beyond that

found on many predominantly livestock farms.

Steam and pressure,

Waiss, Guggolz, Kohler, walker and Garrett (1972) found that. the
in vitro digestibility of rice straw was improved by heating with steam
at 160°C. Garrett, Walker, Kholer, ¥aiss, Graham, Esst and Hart (197L)
compared rice straw diets treated with NaCH or steam under pressure
given to lambs. They found that rice straw steamed under 28 kg/cm2
of pressure for 90 s was not consumed in sufficient guantity for lambs
to maintain body weight, and that steam pressure treatments were

detrimental to digestibility.



Irradiztion

High levels of electron irradiation have been suggested for
increasing the in vitro dry matter digestibility (IVDMD) of straw (Lawton,
Bellamy, Hungate, Bryant and Hall, 1951; Pigden, Pritchard and Heaney,
1966; Huffamn, Kitts and Krishnamurti, 1971; Yu Yu and Emery, 1975)
Lawton et al. (1951) found that high levels of irradiation could
produce delignification, depolymerization and destruction of the
‘ crystalline structure of cellulose. Yu Yu and Emery (1975) found that
irradiation reduced all fibrous constituents of straw at dose levels of
7.66 log rads and above, High levels, (8.66 log rads) increased total
in vitro cell wall digestibility mainly due to the increase in
soluﬁility of the DM and not to an increase in microbial digestion.
Pritchard, Pigden and Minson (1962) used gamma radiation to treat wheat
straw with 5-9 log rads and found an increasé’in IVDMD., They also
found a sharp reduction in VFA production in vitro with 8 log rads
treatment and above, indicating a disintegration of nutrients.
McManus, Manta, Mcfarlane and Gray (1972) using in vivo methods
suggested that there was a formation of microbial inhibitory compounds )
in samples irradiated at high dosages. Yu Yu and Imery (1975) found
that rumen micro-organism cell wall digestion was dramatically decreased
at high levels of irradiaztion. Huffman et al. (1971) irradiated different
wood products, finding in vitro cellulose digestion to be similar to
those obtained as a result of liaCH treatment. However, ¥Millett, Baker,
Feist, iellenberger and Satter (1970) concluded that irradiziion costs

were too high for commercial agplication.

CHEMICAL TRIATMENT

Historiczl Zackeground.

The treatment of straw with chemicals to remove the factors inhirciting

digestion has been attempted since about 19C0, and was based on
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delignification processes used for manufacture of paper from wood and
straw. Most of the early work was conducted in Germany and as early

as 1890 Henneberg and Lehmann (cited by Archibald 1924) reported feeding
trials in which crude fibre was prepared from rye straw by the action
of sodium hydroxide. Godden (1920) soaked straw in NaOH solution (2~ 3%
by weight) and then washed it with water. Archibald (1924) reviewed
the early work which culminated in the wide acceptance of the‘Beckmann
process for treating straw. The process (Beckman, 1921) involved
soaking chopped straw in a 1.5% agueous solution of NaCH at a ratio of

8 parts solution to 1 part straw at atmospheric pressure and temperature
for at least 24 hours. The straw was then drained and washed with
water to remove residual alkali, Processing costs, by this method are.
expensive mainly due to the loss of nutrients (20-25%) by leaching
during the washing operation. However, the éigestibility of the straw
is increased from about 4O to 60-70% and the straw becomes more
acceptable to the animal. The limiting factors affecting the Beckmann
method are the large amounts of water needed for wasning the straw and
the subseqﬁent pollution problem, the labour involved, the storage as
the product is guite wet and the cost of the alkali treatment compared
with the low protein content of the product. The effectivenesslof the
Beckmann process was subsequently confirmed by Archibald (1924),
Ferguson (1942), McNally (1942), Sen, Ray and Talapatra (1942), Woodman
and Evans (1947). In recent years there has been a revival of interest
in the Beckmann process (Stone, Mossir, Glenn and Keller, 1966;

Ololade, Mowat and Winch, 1970; Saxena, Ctterby, Donker and éood, 1971;
Carmona and Greenhalgh, 1972). Iampila (1963) developed a method which
would simultaneously decrease the amount of water, alkali and labour
required. The total water consumption for both treatment and washing

was only 7 kg per kg of straw, which was considerably less than that
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required by the normal Beckmann process. Hart, Grazham, Hanni, Rockwell,
Walker, Kohler, %waiss and Garrett (1975) have improved the Beckmann
process by separating the liquor from the straw by pressure and re-
cycling it into the soaking bath.

However, all these methods reguire washing to remove the unreacted
alkali, resulting in a loss of water- and alkali-soluble nutrients.
More recent work has centred on the use of spray or soaking with more
concentrated alkali solutlons and with or without subseguent
neutralization of any residual alkali with either mineral or organic-
acids.

A simpler, cheaper and more effective metﬁod was a "dry" process
developed by Wilson and Pigden (1964). Roughage was sprayed with a
relatively small volume of a concentrated solution of NaOH (9 g NaOH

-~

in 30 ml H,O per 100 g straw) and the excess alkali was neutralized with

P
an organic acid. The moist product can then be fed immediately to
animals, without being washed., Other investigators have since increased
the digestitility of straw to about 60% bty spraying it with a
concentrated solufion of NaCH with or without neutralization of any
residual alkali (wilson and O'Shea, 1944; Donefer, 1968; Donefer,
Adeleye and Jones 19693 Singh and Jackson, 1971; Guggolz, et al.,
1971; Carmona and Greenhalgh, 1972). Fellowing the work by wilson

and Pigden (1964) there has been a world-wide revival in alkali
treatment of poor cuality roughages. Over the last fifteen years
numerous experiments and research reviews have been published {Donefer,
1972; Rexen and Moller, 1974;' Greenhalzh, 1976; Palmer, 1976b;

Rexen, Stigsen and Kristensen, 1976; Jackson, 1977; Jackson, 1978;

Owen, 1978).
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Effect of alkali on digestibility and chemical composition of treated

roughages.,

Alkali treatment of roughages disrupts the cell wall lignocellulose
complex by partially dissolving hemicellulose, lignin and silica by
hydrolysing uronic and acetic acid esters (Feist, Baker and Tarkow,
1970) and by swelling cellulose (Wwhistler and Teng, 1970). Cellulose
is not dissolved, as can be seen from Table 3 taken from Jackson (1977).
Tarkow and Feist (1969) showed that alkalis exerted their effect on
roughages by altering the binding between lignin and carbohydrates
(i.e. by breaking the esteric ties in the x&lene chains that bar water
absorption) thus rendering the cartohydrates more acqessible to enzyme

digestion in the rumen.

Table 3. The mean recovery of dry-matter cell contents and cell wall
components from paddy; wheat and ocat straws treated with
12-16 g NaOH/100 g straw. (g/100 g original untreated
straw DM).

(adapted from Jackson, 1977).

Treated Untreated
Dry matter 3 100
Cell contents 13 23
Cell-walls 60 77
Hemicellulose 12 26
Cellulose 38 38
Iignin 6 9
Silica L 7

Hence the major effect of alkali treatment on roughages is to increase

the digestibility (Beckmann, 1921).
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It has been shown that treatment of roughages with alkali
increases solubilization of hemicellulose (Ololade et al., 1970;
Summers and Sherrod, 1975). Alkali may elso exert its effects through
swelling of the cell (Tarkow and Feist, 1949) and possibly through
altering certain lignin-carbohydrate bondages.

When the alkzali treatment is followed by washing with water to
remove the residual alksli, large losses of DM occur (Sen et al.,
1942; Clolade et 2l., 1970; Saxena et al., 1971; Chandra and Jackson,
1971; Carmona and Greenhalgh, 1972). Saxena et al., (1971) found that
at high levels of HaCH treatment followed by washing, that crude protein
and lignin decreased and acid detergent fibre (ADF) content (cellulose
and lignin) increased. However, if alkali treatment is not followed
by washing there is no change in ADF content (Ololade et 2l., 1970;
Rexen and Thomsen, 1976). A decreased concentration of cell wall
constituents occurs following NaOH treatment (Ololade et al., 1970;
Rexen and Thomsen, 1974). This may be due largely to loss of
hemicellulose because both wo?kers found no significant changes in ADF
content. At high levels of alkali treatment lignin content tends to
decrease (Saxenz et. al., 1971; Chandra and Jackson, 1971; GCharib,
Meiske and Goodrich, 1972a). At concentrations of NaOHd lower than 8%

of roughage D}, the lignin content does not change.

Factors affsctinz the action of alkzli on ths composition and

digestibility of straw.

(i) Azount znd concentration of alxali used

Since the Eeckmann proces% there have been many experiments
conducted to improve the efficiency of this process, largely bty reducing
the wolume of water applied and increasing the alkali concentration.
wWork has been carrisd out to find the concentration of alkali to use to
treat stiraw to achieve maxiium animal perforrance and minimum labour

and costs,
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The Beckmann process reguires large amounts of alkali (8 to
10 g/100 g straw) and water. Jayasuria and Owen (1975) examined the
effect of volume and concentration of NaOH solution treatment of barley
straw on the digestibility and voluntary intake by sheep (68 kg body
weight). NaOH was applied at 45 or 90 g/kg straw in 2 or 8 litres of water
and then neutralized with hydrochloric acid. The results indicated
that the volume of water in which the NaCH was dissolved did not affect
the efficiency of treatment. over the range 60 to 8CO ml/100 g chopped
straw, However, by reducing the volume to 30 ml digestibility
decreased, Similar results were obtained by Donefer et al. (1969).
Jayasuria and Owen (1975) also found by in vitro experimentation that
the efficiency is improved by increasing the volume of solution from
60 to 120 m1/100 g straw. They found that when solution volumes were
not limiting that increases in digestibility were small when the NaCH
concentfation was increased atove 4-5 g/100 g straw. Singh and
Jackson (1971) also found that above 3¢3 g NaOH in 100 ml water/100 g
straw digestibility of the str;w was not significantly increased.
Carmona and Greenhalgh (1972) compared the Beckmann process with a
spraying process. The spraying method was found to be poorer, and
this was attributed to the difficulty of adequate mixing of the straw
with the NaOH solution. Donefer et al. {1969) suggested that the more
efficient mixing of alkali and straw obtazined by using larger volumes
of solution was the principal explanation for the increased response to
using increased amounts of liguid. Accordingly, when the volume of
water is large enough to ensure adecuate mixing the efficiency of the
alkali treatment will be independent of volume of the alkali solution.
A number of workers (iiilson and Pigden, 1944; Ololade et al., 1970;
Chandra and Jagkson, 1971) have found that with 12-15 g ¥aOH/1C0 g

straw the maximum increases in in vitro digestibility (=~ 40¥ units)
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are obtained., An increase in in vitro digestibility occurs with

—

increasing amounts of NaOH up to 10 g NaCH/10C g straw and a levelling
off thereafter occurs (Carmona and Greenhalgh, 1972; Rexen et al.,

1975; Levy, Holzer, Neumark and Folman, 1977).

(ii) Reaction time

The time for the alkali to completely react is important,
depending upon whether the treated roughage is to be fed immediately,
stored loose or processed (é.g. pelleted). In a commercial situation
it is expensive to extend the tihe of reaction. Chandra and Jackson
(1971) and Agrawal (1975) have found that the amount of residual alkali
continues to react at a slow rate after treatment. However, the in vitro
digestibility of roughages sprayed with NaOH was shown not to increase.
with time over a period of up to 5 days. (Agrawal, 1975) or up to 150
days (Gharib, Meiske, Goodrich and El Serafy, 1975b). Chandra and
Jackson (1971) suggested that the benefit from longer reaction times
(10-15 min) would be marginal and probably not economical on a
commercial scale. However, Ololade et al. (1970) found that over a
period of 24 h that the digestibility of sprayed barley straw was
significantly higher than when the straw had been treated for one hour.
Similar results were obtained ty Rexen et al. (1976), a reaction time

of 24, h increased the digestibility of treated roughage.

(iii) Temperature and nressure

Alkali treatment is enhanced by heat and pressure (XKlopfenstein,
Bartling and Wood, 1967; Ololade et al., 1970; Guggolz, et al., 1971;
Gharib, Meiske and Goodrich, 1972b; Umunna and Klopfenstein, 1972;
Klopfenstein, Graham, vWalker and Konler, 1974). Chandra and Jackson
(1971) found that increasing the temperature to 100°C without alkali

increased the digestibility of maize cobs, but not wheat or paddy straw.



Ololade et al. {1970) found that temperature affected the rate as well
as extent of the response to NaOH treatment of roughages.

The combined effects of temperature and pressure have been studied
by Rexen et al. (1976) on ground straw subseguently treated with NaOH
and subjected to a high pressure and temperature rise during pelleting.
Applying pressure for 1 min at room temperature, or raising the
temperature only had little effect. However, when the temperature was
increased and pressure raised to 50 atm, organic matter digestibility
(OMD) increased from 53% to 60% with 30 g NaOH/kg straw and 62% to 73%
when using 60 g NaOH/kg straw. Such a process is currently in use

commercially in both Great Britain and elsewhere.

RESPCNSES BY TH=Z ANIMAL

Differences between in vitro and in vivo results.

Discrepancies have been shown tetween the digestibility
coefficients obtained by methods in vitro and in vivo when the rate of
addition of NaCH increases above 40 g/kg of roughage (Guggolz, Saunders,
Kohler and Klopfenstein, 1971; Ulolade and Mowat, 1975; Rexen et al.,
1976; levy et al., 1977). Digestibility coefficients obtained from
in vivo methods are generally lower than expected from in vitro values
(e.g. Coombe, Dinius and wheeler, 1979; Acock, Ward, Rush and
Klopfenstein, 1979).

Chandra and Jackson (1971) found that the amount of residual alkali’
increased with increasing concentration of alkall treatment. Wilson
and Pigden (1964 ) showed tnat after 21 days wheat straw treated with
6% NaCH still had 30% unreacted NaOH present. Donefer et al. (1959)
neutralized the unreacted alkali with acetic acid. Chandra and Jackson
(1971) showed that wheat straw treated with 3% NaCH had only 8% of the
alkali unreacted and they postulated that there is no need to neutralize

the unreacted alkali unless more than 2-3% of alkali is used in the



treatment. Maeng, Mowat and Bilanski (1971) found that the digestibility
of energy in NaOH-treated straw was increased when the treatsd straw

was fed in combination with alfalfa silage thus reducing the concentration
of alkali fed.

Although the necessity or benefit of neutralization of unreacted
alkali has clearly been established, it can be seen that from work on
alkali-treated roughages the discrepancy between in vitro and in vivo
results is marked especially at high rates of addition of alkali. From
this it may be concluded that the residual alkali might interfere wiﬁh
microbial fermentation (either an effect of hydroxide or sodium ions)
and prove potentially detrimental to livestock health at high
concéntrations of alkali treatment. Residual alkali mey effect the
osmotic pressure of rumen fluid or increase the rate of passage of feed

through the rumen due to increased water intake (these points are to be

discussed later).

Water intszke.

NaOH treated straw contains high levels of sodium (up to 60 g/kg
DM). Although the ruminant has ade.uate mechanisms to deal with high
sodium intakes at higher concentrations of alkali treatment voluntary
intake is depressed indicating that the animals are under physiological
stress, Various workers have reported an increase in water intake with
animals given alkali treated rations (Donefer et al., 1969; Maeng et al.,
1971; Jayasuria and Owen, 1975; Rexen et al., 1976; Choung and
Mclanus, 1976; Rees, 1977; ~ririe and Greenhalgh, 1978).

Jayasuria and Owen (1975) have found that treated straw
significantly increased the total #ater intaxe of wether sheep. Faecal
moisture contents were not affected by alkali treatment. Urine pH was
9.09 wnen consuming straw treated wifh L*5 g XaCH/100 g straw anc was

significantly reduced to 8¢9 when consuming straw treated with



9.0 g NaCH/10C g straw. Present evidence indicates that the extra
sodium is excreted entirely inurine (without retention) and that
excretion in the faeces is not increased (Maeng et al., 1971; Choung
and McManus, 1976). Not only does water intake increase, but as a
result so does urine volume (Singh and Jackson, 1975; Pirie and
Greenhalgh, 1978). Rexen et al. (1976) reported increased water
intakes on diets containing NaCH, but as there were only minor
differences between the neutralized and unneutralized rations this
indicated that it is more the amount of sodium rather than the amount
of hydroxide consumed that determines the water intake.

Most reports agree that giving NaOH-treated straw increases water
consumption by about 30% per unit of straw intake. This would mean
that under practical farming conditions despite the greater efficiency
in the untilization of straw being fed a greater amount would be
required for bedding (where used) due to the increzsed urinary output.

The high content of sodium in treated straws could cause alkalosis
in cattle, If no signs of alkalosis are obvious, the acid-base
regularity mechanism has been able to excrete the amount of base ingested.
Bhattacharya and VWarner (19468) did not record a change in blood pH.

There is need for long term experimentation on the effects of
prolonged high intakes of sodium. Singh and Jackson (1975) fed
Sahiwal - Jersey cattle straw treated with up to 100 g NaOH/kg of straw
for 13 months and no adverse effects on animal health were observed.
vieeth and Haverland (1961) studied the sodium tolerance limits in cattle
and found that if sodium was given in the drinking water the limit was
2L0 g/day or 3.0 g/kg metabolic body weizht. Jackson (1977) in
concluding his review on the alkali treaiment of straws makes the
interesting remark that if a herd of 1CC animels were fed treated straw

for one year at a rate of 6-8 kg/day each would consume 300 g of sodium
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per day. Collectively, they would excrete 10 tonnes of sodium per year.

This could pose a serious pollution threat.

Effect of alkali on rumen function and vhvsiology.

(1) Rumen pH.

The pH of alkali-treated straw is about 12. Ingestion of large
guantities of treated straw could effect rumen pH and subsequently
effect metabolic pathways.

A rise in rumen pH hag generally been found when animals ingest
alkali treated straw (Bharrachar&a and Warner, 1968; Donefer et al.,
1969; Rexen et al., 1976; Miller, Johnson, Briggs and Kempsey, 1977).
However other workers (Levy et al., 1977; Garrett, Halker, Kohler and
Hart, 1979) have found no difference in rumen pH due to NaOH treatment‘
of roughages. Ololade and Mowat (1975) found rumen pH decreased with
alkali treatment of the diets. —It is possible that high rumen pH might
give rise to urea toxicity if large guantities of NPN are fed at the
same time (Rees, 1977). NPN sources are rapidly fermented in the rumen
to ammonia which is cquickly absorbed into the blcod. The rate of

absorption of emmonia is partly governed by rumen pH and at a high

rumen pH toxdcity may occur,

(ii) Rumination,

Piatkowski and Nagel (1975) examined the chewing and ruminating
activity of cows on rations with cereal straw after chemical treatment.
Rumination was measured electronically bty monitoring chewing and
regurgitation., They found that after NaCH treatment rumination was

reduced by 56% for each kg crude fiore consumed.

(iii) Rumen ammonia and blood urea.

Rumen ammonia concentrations have generally been found to be lower

with animels given alkali treated rations (Saxena et al., 1971;



Miller et al., 1971; Levy et al., 1977). Ololade and Mowat (1975)
found that the decrease in rumen ammonia was highly correlated with the
decrease in rumen pH. Lewis (1955) indicated that production of ammonia
declines as pH decreases, Blood urea concentrations have been found to
be lower when the straw was treated with NaOH. (Saxena et al., 1971;
Ololade and Mowat, 1975). Part of the reason for reduced ammonia
concentrations would be due to increased microbial synthesis made
possible by the provision of dihcreased energy available in the alkali
treated materials., Reduced blood urea concentrations suggest that
alkali treatment was. effective in‘enhancing incorporation of ruminal

NPN into bacterial protein.

(iv) Volatile fatty acids.

In general, giving alkali-treated straw results in a higher
concentration of total volatile“fatty acids in the rumen. (Klopfenstein,
Krause, Jones and Woods, 1972; 0Ololade and Mowat, 1975; Choung and
McManus, 1976). This would indicate that rumen activity had increased
and conseguently increased the availability of energy in the treated
materials. The effect on the concentration of individual VFAs in the
rumen varies between reports, but in general propionic acid concentration
increases and isovaleric and acetic acld concentrations decrease with
increasing levels of alkali. Saxena et al. (1971) only found small
changes in the concentration of individual VFAs with alkali treatment.
Ololade and Mowat (1975) found that the plasma concentrations of total
VFA were quite variable with no significant difference due to. NaOH
treatment. However Bhattacharya and Warner (1968) found that the total
blood VFA concentrations were significantly lower on alkali treated
group. When urea was added to NaOH-treated straw, the concentration
of propionate was reduced and the concentration of butyrate was

increased (Bolduan, Voigt and Piatkowski, 1974).



(v) Osmotic oressure.

Ololade and Mowat (1975) have reported that the osmolality of
rumen fluid showed a significant linear increase with increasing
concentration of NaCH treatment. NaOH in treated roughages may
increase the osmotic pressure in the rumen fluid (Ololade, Mowat, Yao,
Smith and Ashton, 1972), and hence reduce microbial activity (Bergen,
1970). Bergen (1970) reported that the feed intake by sheep was
depressed when rumen osmotic pressure was increased. High rumen
osmolality either increases water movement into the rumen or increases
the net digesta outflow, in turn adversely affecting microbial activity.
Cellulose digestibility may also be limited by a restriction of

microbial activity due to increased rumen osmolality (Bergen, 1972). -

(vi) Nitrogen retention. .

A number of workers have féund that nitrogen retention is higher
for animals on diets treated with NaCH (Koers, Klopfenstein and Wwood,
1969; Klopfenstein et al., 1972; Shultz and Ralston, 1974). However,
Levy et al, (1977) nas reported that with animals given roughages
treated with 80 g NaOH/kg roughage the isovaleric acid and amménia
éoncentrations in rumen fluid were high, indicating a more extensive
deamination process in the rumen and consequently lower nitrogen

retention,

(vii) Achieving maximum digestibility.

Table 4 shows the level of alkali required to produce the maximum
.increase in digestibility for a range of forages (adapted froﬁ Palmer,
1976b). The data substantiates the conclusions that the digestibility
of untreated straws should be considered tefore deciding whether ito use
alkali treatment (Jayasuria and Owen, 1975). There is, however, a

limited amount of published data involving treated straw in production
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situations. In general reported live-weignht gains of animals given
treated straw diet have been low, suggesting that the level of intake
and/or the crude protein and overall energy intake were limiting

potential performance.

Table 4. The amount of alkali required to produce the maximum increase

in digestibility on a range of forages. (Palmer, 1976b).

Organic matter

digestibility values (2) Alkali rate’
Straw type Untreated Treated (g/kg straw as fed)

Oat 16 69 108"
Barley, milled Ly T4 ‘ 99++
Barley, milled L5 6Ly 907"
Barley, milled 56 67 - 907"
Barley, chopped L5 — 71 90+
Barley, chopped L5 61 80+4.
Wheat, ground 53 62 33+
Wheat, milled 53 71 33+

+ Soaked

443prayed

Voluntary intake of treated rouchaze.

The voluntary food intzke by ruminants is controlled by
interactions of complex regulatory systems. These include physical
regulation and the rate of diséppearance of digesta from the reticulo-
rumen (reviewed by Balch and Campling, 1962; Conrad, 1966 and Campling,
1970). The role of physiological regulation has teen reviewed ty
Baile and lMayer (197C), Baumgart (1970). More general reviews of the

subject have been by Jones (1972), Eaile and Forbes (1974).
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The voluntary intake of diets consisting mainly of roughages is
related to the amount of digesta in the reticulo-rumen and is a
function of the rate of digestion of food and the rate of passage out
of the rumen (Balch and Gampling, 1962). The rate and extent of
digestion of straw are increased by alkali treatment (Rexen and Thomsen,
1976); hence voluntary intake is increased (Singh and Jackson, 1971;
Carmona and Greenhalgh, 1972; Garrett §E.§l-; 1974; Jayasuriya and
Owen, 1975). The optimum amount of NaOH to maximize voluntary food
intake of treated straw lies between 50-70 g NaCH/kg DM straw
(Jayasuriya and Owen, 1975); The amount of sodium ion left in the
treated material may be important to the voluntary intake of feed by
ruminants. Jayasuria and Owen (1975) found that as rate of addition of
NaOH increased, so was the voluntary intake of animals. Singh and
Jackson (1971) also found that the voluntary DM intake increased with
treatment to 3.3% NaOH then decreased with further additions of aOH.
Levy et al. (1977) reported that DM inteke (relative to body weight) on
LO g and 80 g NaOH/kg roughage was 8 and 21% lower respectively than
for rations containing untreated rcughages. Theyattributed the reduced
intake to an affect on palatability. Other workers have reported a
similar reduction in intake (Singh and Jackson, 1971; Rexen gt al.,
1975). However, when the taste of alkali-treated roughage was masked
by other feeds in a complete ration (Garrett et al., 1974) or when the
residual alkali was neutralized or washed out {Mowat, 1971; Carzona
and Greenhalgh, 1972; Rexen et al., 1975) voluntary intake was increased
compared with untreated roughaée. Terry, Spooner and Csbourn (1975)
found that the DM intzke by calves of a neutral mixture of straw,
treated with NaCH at 7% of the straw fresh weight, and a highly
digestitle grass silage was 15¢ greater than that of grass siiage alcre,

Similarly, Petchey and Mbatya (1977) fed grass silage alone or nixed



with untreated or MNaCH treated straw to supply 20 or 4LO% of the total
DM to steers. Their results differed from Terry et al, (1975) in that
addition of 20% straw to the diet significantly reduced DM intake and
LOZ addition caused a further reduction. NaOH treatment hovever
increased the digestible CM intake, The differences between these two
experiments may have been caused by differences in the grass silages or
the class of livestock used,

Putlished responses in voluntary intake and digestibility resulting
from NaQH treatment are variable owing to different experimental |
conditions. Some workers when undertaking digestibility studies on
straw treated with NaOH have either used milled or chopped straw.
Carmona and Greenhalgn (1972) found a sma2ll improvement in digestibility
and intake on treating coarsley milled (20 mm;screen) straw (Table 5).
However, Pirie and Greenhalgh (1977) did not find any further improvement

by milling treated straw.

Table 5. Digestibility and intake by sheep of barley straw given
various mechanical and chemical treatments. (Carmona and
Greenhalgh, 1972).

Untreated straw Treated straw

ct utt ¢t u

OM digestibility (% L5+ L9 60.8 63+5
Dry matter intake 2647 3602 L84 53+6

g/xg WO 1 faey

+ Chopped + Milled.



51.

Mitrogzen suonnlementation.

Nitrogen supplementation of low cuality roughages will increase
digestibility and increase voluntary intake (Campling et al., 1962).
The increased rate of disappearance of food substances from the reticulo-
rumen resulted from an improved cellulolytic activity when given
increased supplementary nitrogen. However, weston (1967) suggests that
an increase in voluntary intake of low protein roughages by ruminants
given supplementary nitrogen may also be due to an improved protein
status. 'when an adeguate substrate is present, protein synthesis is
determined by the quantity of energy released during organic matter
fermentation in the rumen (Walker, 1965). Also the quantity of bacterial
protein that passes from the rumen may be increased by reducing the mean
time spent by bacteria in the rumen (Hobson and Suzmers, 1967). 4s
already stated NaOH treatment increases the rate of passage of digesta.
Supplementing straws with various nutrients in which they are deficient
is in itself a method of improving digestibility and voluntary intake,
It is postulated that the effects of supplementation and chemical
treatment are additive. Therefore improving the nutritive value of -
low quality roughages by chemical treatmsnt should provide higher
intakes, higher levels of organic matter digestion in the rumen and
shorter residence times for exposure to nmicro-organisms,

Donefer et al. (1969) confirmed the postulation that the effects
of urea supplementation and NaCH treatment were acditive. However,
treated straw for production rations or long term experiments must
alvays be supplemented with otﬁer energy sources to provide an adequate
ration., Donefer et al. (1969) showed that urea supplementation increased
voluntary intake of toth untreated and alkali-treated straw. However,
voluntary intake decreasad when only alkali treatment was applied.

Although the delignificatiod effect of 1.aCH resulted in increased ensrgy



digestiblility, the low nitrogen content of straw was a limiting
nutrient. An adequate -supoly of nitrogen was necessary to increase
the rate of microbiegl protein synthesis and consecuently the voluntary
intake of the animals,

Saxena et 2l. (1971) obtained similar results, the intake of lambs
fed diets based on treated straw suoplemented with urea was 35% higher
than those on untreated straw. Miller et al. (1977) (Table 6) found
that both alkali treatment and urea increased DM digestibility of all-
straw diets when given to sheep and the combined effects were additivé.
- However, alkali treatment only increased DM intake in the presence of

urea, suggesting that nitrogen was limiting.

Table 6. The DM intake (g/day), DM digestibility and digestible DM
intake (g/dayj (Miller et al., 1977) of all-straw diets

given to sheep,

A B c D
Treatment Nil Nil+ Alkali  Alkali+ SEM Significance
urea urea
DM intake 568 870 129 1143 71-8  BoA GDsA"
DM digestibility 0:30 046  0e51  0-6k4 0:035  B,CoA |
Digestible DM 158 385 197 734 57.1  BeA 3 CSAiDmA

intake

Various workers have supplemented alkali treatsd roughages with
soya bean meal (SEY) and obtained greater increases in voluntary intake
than with urea supplementation (Hasimoglu, Klopfenstein and Doane, 19693
Saxena et al., 1971). Seaxena et al. (1971) attempted to explain the
diffegence tetween SEi and urea by suggesting that it was possibvle that
SEM supplied precusors for branched chain VFA needed for maximum

synthesis of bacterial protein., Saxena et sl. (1971) found that live-

welght gain was significantly increased by alkali treatment when



supplemented with SEM and urea. The resuits in Teble 7 suggest that

for lambs, treating straw with alkali can have a significant effect on
live~weight gains, but performance is much greater if supplemented with
a source of true protein. ¢fskov and Grubb (1978) when evaluating the
effect of urea supplementation on intake and digestibility of straw with
or without sodium hydroxide treatment have illustrated that in order for
the animal to benefit from making the carbohydrate of a feed more
fermentable by the rumen microbes, sufficient nitrogen for the bacterial

growth potential of the increased fermentation must be available.

Table 7. Performance of lambs given oat straw or alkali-treated oat
' straw supplemented with different nitrogen sources (Saxena
et al., 1971).

Diet Untreated straw Alakli-treated straw

Soya Urea Soya Urea
Feed intake (kg DM/day) 087 0.87 1.29 111
Live-weight gain (g/day) 61.5 53.1 1771 125-0

Animal verformance,

A few trials have been conducted with dairy cows. They have
invelved a wide range of inclusion rates, but even at the higher
concentrations of NaCH application no adverse physiological effects have
been noted. The present emphasis in dairy feeding regimes is to feed
high concentrate/restricted roughage diets in early lactation to obtain
the highest possible peak yield. Therefore it is probable that alkali-
treated straws might be fed to dairy cattle only in late lactation and
during the dry period. GCreenhalgh, Firie and Reid (1974) fad diets
(ad libitum) consisting of 50% barley straw, either treated with 8% HNaCH

or untreated and 50% concentrate mix treated with propionic acid (3:6%)



to high yielding dairy cows. DM intakes were 13°+4 and 1C.8 kg/day and
milk yield 19-0 and 17-6kgHay respectively for treated and untreated
diets. Milk composition was improved by alkali treatment of straw,
milk butterfat was 3.74 and 3+54% and total solids 1282 and 12-27%
respectively for treated and untreated diets. As already stated
ingestion of alkali straw could increase rumen pH. Armstrong and
Prescott (1970) have found that for dairy cows a mean daily pH greater
than 6.0 could increase butterfat concentrations. Under normal
conditions rumen pH for an animal on a high cereal or finely ground
straw diet would fall rapidly after ingestion to about 5.5, 30 min
after feeding, depending upon the quantity'eaten. However, Rexen et al.
(1976) using mature, dry cows found that when alkali-treated straw was -
- fed at either 50 or 95% of the diet, the initial reduction of pH did
not occur. This may be of benefit in maintaining butterfat levels in
high yielding dairy cows.

Braman and Abe (1976) gave 26l kg steers diets containing 50%
wheat straw treated (4% NaOH) or untreated. Steers given the treated
straw diet grew faster (P<0°+05) and had greater (P<0-05) Dl intakes
than untreated diets. The rate of gain of animals offered roughages
treated with 30 g NaOH/kg straw was not significantly increased and
that of animals offered roughages treated with 60 g NaOH/kg straw was
reduced significantly compared with the control. However, animals
given NaCH~treated straw had a significantly higher dressing-out
percentage and a greater fat trim than the control animals. Efficiency
of conversion of ME inte live weight or carcass weight was iméroved only
with the neutralized 30 g NaOH/kg treatment. Garrett et al. (1979)
conducted a comparative slaughter feeding trial with cattle and sheep
fed NaOH treated rice straw in a complete diet containing 72 or 36%

treated straw. The diet containing 72% treated straw had larger



intakes and less feed was reguired per unii of gain when compared to
untreated straw diets, The treated straw diets had higher net energy
values.,

Shin, Garrigus and Owen (1975) fed Qether sheep (52 kg) various
NaOH~treated straws as 60% of the ration. NaOH at 3g/100 g straw
increased daily gains from 43.8 to 153.4 g/day. However, at 9 g NaOH/
100 g straw daily gain was -4+Ogfiay, and as NaOH concentration
increased urine volume increased. Javed and Donefer (1970) gave
wether lambs NaOH-treated ocat straw at inclpsion rate of 77-5 to 85%
of the diet with molasses (7 to 16%) plus protein and mineral
supplements., The initial group of wethers offered the untreated straw
ration were not able to maintain body weight. The treated straw had a.
higher digestibility and intake and growth results approached those of
a control group of wethers given an alfalfa f;tion.

Experiments involving beef cattle have been reported by Cuthbert,
Thickett, Wilson and Brigstocke (1977). They included 0-30% of treated
straw in beef cattle rations. However, treatments did not differ
significantly with live-weight gains ranging from 0-94 kg/day (controll
to 0:97kgMay 30% inclusion of treated straw in diet. In anothér trial,
treated straw at an inclusion of 60% in the diet reduced voluntary
intake, Pirie and Greenhalgh (1978) fed cattle (300 kg) for a 12-wesk
period a complete diet containing 60% chopped or coarse-milled straw
either treated or untreated. The cattle given the treated straw gained
1+18kg/day(chopped) and 1.09kgflay (milled). 'ith the untreated straw
the gains were 0+7lkg/day and O-70kg/cay for chopped and coarse-milled
respectively. Holzer, Levy and Folamn (1978) gave cattle wheat straw
either untreated or treated with 30 g/kg or 60 g/kg of 1aOH and
residual HaOH was either left or neutralized with sulphuric acid. The

treated materials were then pelleted. Increasing the concentration



of NaOH to 60 g/kg straw reduced intake, digestibility increased at
both concentrations and neutralization had no effect.

Treated straws have 2 role as partial replacers of cereals in farm
mixed concentrate diets for fattening both cattle and lambs. However,
the major role would be as 4 replacer for medium quality roughages
(e.g. hay and poor grass silages) with suitable NPN/protein and mineral/

vitamin supplementation.

PROCESSZS FOR CHERICAL-TREA%MENT OF STRAW.

Since the revival of intereét in alkali treatment of poor quality
roughages, several procedures for the chemical treatment of straw have
been developed. The first are industrial processes involving large
amounts of fixed quipment and machinery to produce a dry pelleted
product, usually employing heat and pressure, - The second are on-farm
processes, either involving adaﬁted or a range of purpose built machinery.
The material produced is usually compact and dry enough to store.

The development of industrial processes has been discussed by Rexen
and Moller (1974), Rexen et al. (1978), Robb (1976), Palmer (1976),
Walsh (1976), Arnason (1978) and Thomsen, Moller and Vibe (1978). Over’
the past few years straw processing plants have been built in the U.K,
Unitrition International Ltd. and B.P. Nutrition Ltd. (for example)
operates several plants each processing about 25,0C0 tonne/year (wilson
and Brigstocke, 1977). Most of the »rocessed straw is then used in the
manufacture of compoun& feeds for ruminants as a partial replacement
for cereals,

Various purpose-built machines have been produced which have
become available for on-farm processing of straw. The machines are
available from Farmhand (UX) Ltd., J.F. Farm ¥achines and Taarup, for
sale or hire, Baled straw is broughi to the machine which chops and
shreds the straw as a continuous process and applies the concentrated

alkali solution by a pump through a flow meter at very low volumes.
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On~farm treatments have been discussed by Jackson (1978), Greenhalgh
(1976), Owen (1978) and Arnason (1978).

The efficiency of on-farm treatments has not ret been assessed.
Disadvantages include their high cost as most machines require large
tractors to drive them. Some may produce only a little over 1 tonne/h.
The high concentrations of alkali and consequent low water volumes used
may possibly result in a fire risk due to the heat liberated during the
exothermic reaction beﬁween'the alkali and straw. NaOH is potentially
a very dangerous chemical and elaborate safety precautions are
necessary during handling and application. Protective clothing and
goggles must be worn during the operation.

Wide spread use of the on~farm processing has not been accepted
due to the high cost and safety factors. Thg‘use of low cost machinery
has been investigated by adapting existing farm machinery. Greenhalgh
(1976) énd Wilkinson and Gonzalez Santillana (1978b) have described the
use of mixer-trailers and Taylor, Lewis, Langley and Yates (1979) the
use of dump boxes. Greenhalgh, Pirie, Shin and Stewart (1978) used a
Iister Bearcat straw grinder., Alkali was applied to the chopped straw -
via the water jets on the machine originally invented for dust control.
The jet was enlarged to 6 mm and alkali wzs fed by a peristaltic pump.
Kellaway, Crofts, Thizgo, Redman, Leitholz and Graham (1978) have
described a new technique for alkali treatment under field conditions.
Alkali solution was sprayed into the chute of a forage harvester during
the harvesting operation.

Both industrial processes and on-farm treatments involve a double
handling of materials. The straw is baled then transported to the
processing plants or on-farm machinery. Kellaway et al. (1978)
described a process involving only one operation. whether the process
involves one or two operations, deficient nutrients can be supplied

at the same time of alkali treatment, to obtain a medium quality
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roughage from a nutrient-deficient low quality roughage.

TYPES OF ALKALI.

Various chemicals other than NaOH have been investigated, but none
have proved as effective in increasing the digestibility of roughages.
These chemicals include calcium hydroxide, calcium carbonate, ammonia,
sodium sulphide, sodium sulphite, sodium bicarbonate, calcium
hydrochlorite, hydrogen peroxide, sodium chloride, potassium hydroxide
and combinations of some of these chemicals (Bhattacharya and Warner,
1968; Nath, Sahai and Kehar, 1969; Chandf; and Jackson, 1970;

Waiss et. al., 1972; Anderson and Ralston, 1973; Barton, Amos,
Albrecht and Burdick, 1974; Gharib, et al., 1975b; Waller and
Klopfenstein, 1975; 0ji, Mowat and VWinch, 1977; Garrett et al., 1979;
Horton, 1979; Rounds, Klopfenstein, Wwaller and Messersmith 1979).

However, it is the intention of this thesis to review only the
effect of calcium hydroxide on roughages. Verma and Jackson (1975)
and Gharib et al. (1976) found Ca (OH)2 treatment to be less effective
than NaOH., If the Ca(OH)2 treated materials were allowed to stand for
150 days in vitro digestibility was increased and comparable to that oé
the NaOH treated material, Cellulose, hemicellulose and lignin
contents were also decreased. Nath et al. (1969) gave Kumaoni bullocks
paddy straw rations after Ca(OH.)2 or Ca003 treatment. The DM |
digestibility coefficients were not affected. However, more protein
was ingested from the Ca(OH)2 -treated straw and nitrogen balance
was significantly higher and calcium retention was improved. This
experiment was not conducted to physically improve digestibility, but
to determine if the treatments could combat the negative calcium
balances often encountered on paddy straw rations, Similarly

Bhattacharya and warner (1968) investigated the voluntary food intake



of pelleted diets as affected by alkali supplements to see if slightly
raising the low rumen pH of animals given high concentrate diets would
increase feed intake (Table 8). In this experiment the Ca(OH)2 wa.s

presumed to be acting as an alkaline buffer in the rumen.

Table 8., Effect of alkali supplements fed with pelleted feeds on the
daily feed and water intake of wether sheep and heifers
(Bhattacharya and iiarner, 1968),

Kind of pellets Feed intake (kg) - Vater intake (kg)
Wether Sheep Heifers Wether sheep
Control 092 141 1.89
36¢ i s
Control+ 2.5% 1-12 163" 2-39

Ca(OH)2 by weight

-

Ca(OH)2 appears to have promise as a partial replacement to NaOH.
Waller and Klopfenstein (1975) found a mixture of NaCH(3%) and
Ca(OH)2 (1%) to be more effective than NaOH (4%) alone in terms of daily
gain and feed efficiency of lambs and yearling heifers, However,
Ca(OH)2 treatment can be as effective as HaCH, as it is less soluble
it reacts more slowly. Therefore it must be allowed to remain in
contact with the straw for some time to react. From this it can be
seen the next step would be to ensile Ga(OH)z-treated straw for possibly
several months. The other advantages of Ca(OH)2 are that as a chemical
it is not as hazardous as NaCH it is less expensive and has the
advantage of supplying extra calcium and buffering the ration.

However, the very fine powder form may make it unpleasant to use.



ENSILI:G ALKS Ta=aTED STRAW

The most comron material for ensiling in the U.XK. is grass. Cn
ensiling, the water-soluble carbohydrates of the ensiled material are
fermented by lactobacilli under anaserobic conditions to produce organic
acids, mainly lactic acid. Acid production creates a preserving medium
of low pH (3.8 to 4+3). This low pH silage will remain stable as long
as anzerobic conditions are maintained. However, good preservation
does not occur when a2 wet crop with a low concentration of sugars is
ensiled, especially if the silage making is prolonged and the silo is
not airtight. Additives can be used in these situations, to assist the
inhibition of undesirable micro-organisms.Crawshaw (1977) has reviewed
the ﬁse of additives in silage making. .

However when straw is ensiled with alkali the pH is increased
therefore the mechanism by which alkeli presé;ves straw is of interest.
Various workers have reported that the addition of water will increase
the alkali reaction when treating roughages (Donefer et al., 1969;
Jayasuriya and Cwen 1975). Largebamounts of water are not desirable,
sufficient should only be used to ensure adeguate mixing of the alkali.
Producing large amounts of relatively wet material present storage
problems., On a far sceale alkali-treated straw would lend itself to
ensiling, Z=nsiling treated straw would result in an extension of the
reaction time, which in the case of Ca(CH)2 has led to an increase in
alkali effect (Gharib et 2l., 1975b; Rounds et al., 1976; 0ji et al.,
1977). Combinations of Ca(CH)2 and NaCH may be effective; Ca(CH)2 may
render the laCH more effective by reducing its conversion to sodium
carbonate (Mowat, 1974).

Greenhalgh et al., (1978) have found that a high silage pH can be
maintained during storage with low microbizal activity. However, with

materials treated with low levels of alkali or supplemented with solutle



carbohydrate or that are very wet, the pH will decrsase during storage
to pH 4 - 5 (Shultz, Ralston and Shultz, 1974). The microbial
popuiation of silos have not been estimated by many workers. However,
some have reported the presence of organic acids (Shultz et al., 1974;
Wilkinson and Gonzalez Santillana, 1978a) from this it can be assumed
fermentation has occurred.

Work to date, on the effect of zlkali treatment and subsequent
ensiling has produced silages of varying guality. On-farm ensilement
of alkali-treated straﬁ cannot be recommended until research has been
reported on the effect of alkali on microbial growth, on soluble

carbohydrates, the water content and degree of anaerobiosis in the silo.

Level of alkali and volume of solution on the composition of ensiled

straw, .
Wilkinson and Gornzalez Santillana (1978a) compared the effect of
NaOH, Ca(OH)2 and KOH treatments on chopped (~5 cm particle length)
barley straw when ensiled in labvoratory silos for 90 days., NaOH was
added at 0, 1.05, 210, 3+15 or 4.20 g-per 100 g straw TM or at O, 2.5,
5+0, 7+5 and 100 g per 1C0O g straw ZM in two experiments in solution
either 60 ml or 120 ml per 100 g strew DM, Straw composition was
comparable for each volume of solution and type of alkali applied.
The content of neutral detergent fitre decreased as the concentration
of NaOH increased with little effect in the contents of acid detergent
fibre or lignin, Ilactate and acetate were detected in all silages.
However, butyrate was present in silages made irom straws treated with
less than 5 g MaCH/100 g straw DM, litrogen content decreased as the
concentration of alkali increased. wilkinson and Santillana {1978b)
ensiled 2 tonnes NaCH-treated straw (application 7.5 g/1C0C g straw TM
in 120 ml water) which was stored for 76 days. Ther found the

composition to te similar to that for laboratory silos., Manda, Izuzi



and Tarkano (1976) found that the addition of water at ensiling to a
Jow-moisture rice straw increased the production of organic acid,

decreased pH and water solutle carbohydrates,

Type of alkali and digestibility after storage.

Mowat (1971) has demonstrated that the in vivo digestions of low
guality roughages can be improved by ensiling with hydroxide.
Wilkinson and Gonzalez Santillana (1978a) found that digestibility of
organic matter in the DM (DbMD) increases with increasing
concentration of NaOH. Volume of solution had little effect on
digestibility. KOH mixed with NaOH gave levels of DOMD in vitro similar
to those obtained with NaOH. Ca(OH)2 improved DOMD, but was less

effective than the other alkalis (NaCH and KOH).

-

Silo characteristics,

(i) Acidity.

Shultz et al. (1974) treated rysgrass straw with 45 kg alkali
(NaOH + KOH)4 and ensiled it with molasses. The pH was initially 11+6.
After 4 days it fell to 6-9 and after 2-3 weeks stabalized in the pH
range 4~ 5, However some of the silages contained up to 13% butyric
acid in the dry matter. Wilkinson and Gonzalez Santillana (1978a)
found that during storage pH decrezsed., This was associated with the
presence of crganic acids as Filpot, Mowat, rarkins and Buchanan-Smith
(1976) also found. Greenhalgh et al. (1978) found that the pH of the
straw immediately after treatment was 11-4. after 8 weeks of storage
the pH of straw stored in open sacks fell to zpproximately 10,

However, straw stored anaerobically remained above 11, A4fter 12 months
storage the pd of the ensiled straw had cdecrezsed to 10 and after

exposure to air for 24 hours it fell to 9.6.



Various types of Bacillus are able to grow at such a high pH
ranges of 9-11 (Ohata, Kiyomiya, Koyama and Nosh, 1975). Similarly,

Lie and Marth (1948) have found that Asvergillius flavus and

A, parasiticus can grow in pH 93 and 9°9 respectively and form

aflatoxins, growth being accompanied by a drop in pH.

(ii) Microbial and mould crowth.

Wilkinson and Gonzalez Santillana (1978a) found that alkali-treated
straw silages were well preserved. Surface mould growth was slight, -and
was more obvious in silos containing tregtménts involving higher
volumes of solution than for lower. Greenhalgh et al. (1978) found
that fungal counts increased during storage to reach a maximum of
3 x 108 propagules (water alone treated straw silage), 2 x 105
propagules (alkali-treated, sacks open) or 3 % 10™ (alkali treated,
sealed sacks)., In a second expériment NaOH-treated straw was allowed
to settle into a compact heap and loosely covered with a canvas sheet,
On opening there were dark patches of straw that were wetter, whereas
the rest had 1+2 x 105 aerobic bacteria/g of straw and fungal counts

at lower limits 6 x 10° propagules/g.

(iii) Temperature.

The slight elevation in temperature which often occurs early in
the ensiling process should increase the effectiveness of the alkali
(Ololade et al., 1970). Greennalgh et 2l. (1978) found that
immediately after treatment with,alkali the temperature of the stiraw
rose to 32°C (16°C atove ambieﬁt). when the treated straw was put
into the open sack the temperature incressed to 3500 returning to
ambilent temperature within 48 h, The maximum temperature rsachsd by
treated straw in sezled sacks was 3200. The temperature of water-
treated straw stored in an open sack rose to 33°C after 36 hours of

storage.
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Animal production from ensiled straws.

Wilkinson and Conzalez Santillana (1978b) fed NaCH-treated barley
straw which had been ensiled for 76 days and grass.silage plus
supplements mixed together in different proportions to young beef cattle.
Intake of ME and weight gain decreased with increasing levels of straw
in the diet, averaging 889 g/head per day for the control diet of grass
silage (91+7% of the total diet DM) and 749, 550 and 150 g/head per day
when the proportion of straw DM to grass silage DM was 33 : 656, 661 33
and 100: O respectively. They cencluded that grass silage and NaCH-
treated barley straw silage when both adezuately supplemented with
protein are not comparable in nutritional effeciency when given to
young growing beef cattle. However, weight gains greater than 500 g/day
can be reached if the proportion of ensiled tyeated straw is less than
half the total DM, Greenhalgh et al. (1978) fed diets containing 60%
of an enéiled alkali-treated straw and LO¥ of a concentraté mixture (DM
basis) to cattle and wether sheep. They recorded the intake and growth
rate of cattle and the intzke and digestibility of the sheep (Table 9).
The results suggest that the large differences in the digestibility of .
the diets fed to sheep could be due to the ensiling process having
enhanced the effect of the alkali.

Owen, Herrod-Taylor, Tetlow and wilkinson (1978) gave ensiled
alkali-treated straw and concentrates to pregnant sheep and found no
differences in ewe weight changes or in lamb birth weights when the
" treated straw was replaced up to 75% of gress hay in iso-caloric iso-

nitrogenous diets.
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Table 9. Intake and Growth rate of cattle, and inteke and digestibility
for sheep, with diets containing 60% alkeli-treated straw.
(Greenhalgh et al. 1578).

Type of straw SE and
significance
Cattle _ + Ensiled Freshly-treated of difference
Initial liveweight (ka) 369 374 -
DM intake (kg/day) 10.23 9.06 0:556
(kg/kgi®" °/day) 114 100 | -
Liveweight gain (kg/day) 1-08 1+00 0.128
Sheep
DM intake (kg/day) 1.56 177 -
(kg/kgi® P /aay) 80 . 90 -
DM digestibility (%) 6947 6245 0.73" %

»,

Energy digestibility (% 65+9 60-1 0-73*1

s



SECTICY 1

CHELICAL TREATVENT OF CAT 8TRAW wiTH CR WITHOUT
IS SUPPI==lTATICH

Introduction.

There is considerable current interest in impboving the digestibility
of poorer quality roughages such as cereal straws by alkali treatment as
already discussed in the literature review. Many workers have shown
marked improvements in digestibility when NaOH treatment is in the order
L to 6% of the DM (e.g. vilson and Pigden, 1964; Ololade and Kowat,
1975), and excellent reviews by Palmer (1976b) and Jackson (1977) have
discussed the topic in detail. Similarly NPN supplements have increased
both the voluntary intzke and digestibility of straw-based diets,
(Campling et al., 1962; Fishwick et al., 1973; Mbatya, Kay end Smart,
1978; @rskov and Grubb, 1978). - |

The novel LS solution described oy Hemingway et al., (1977)
suitable for such N supplementation of straws and initial trials
(Fishwick et al., 1978 and Fishwick and Parkins, 1979) demonstrated the
potential improvement in digestibility of straw. When the LS8 (Fishwick
et al., 1978) was injected into baled oat straw and given to beef cows
the resulting digestibility (0+572) of a diet of about 6.3 kg straw and
1+5 kg barley DM was signiiicantly greater than when comparable amounts
of urea and normzl mineral products (i.e. dicalcium phosphate and
calcium carbonate) were included in the barley (0.502). If by alkali
treatment of strew the additional enerzy input from the straw (containing
only about 20 g crude protein (C?)/kg) is used to reduce the amount of
cereal or other energy-rich source there will be a relatively increased
need for supplementary nitrogen &s cereals contain about 100 g CP/kz.Various
workers (Donefer et al., 16469; killer et al., 1977) have indicated that the
improvexments in digestitility for combined alkali and urea trea£ments for

low protein diets were additive. Miller et al. (1977) have indicated
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that the voluntary intake of digestible dry metter from straw by wether
sheep was increased from 158 to 197 g/day by a sodium hydroxide treatment.
It was, however, increased to 385 g/day by urea supplementation and to
734 g/day by a combination of both sodium hydroxide and urea additions.

On a farm scale the incorporation of NaOH solution into straw is
most practically and safely achieved if it is sprayed onto straw in a
closed container as it is chopped or ground., It would be convenient if a
NPN source (for cheapness) and minerals and vitamins could be admixed
with the straw at the time of NaCH treatment.

Although NaOH treatment of chopped stra# has been shown to
significantly increase the digestibility of the organic matter of straw
levels of addition of NaOH have varied between 1+5 to 10% with the
resulting mixtures having very considerable, variation in the amounts of
assoclated water applied. However, NaOH is a hazardous chemical to handle.
Ca(OH)z, although less effective in the improvement of digestibility
(e.g. Verma and Jackson, 1975) is less hazardous, less expensive and has
the advantage of supplying extra calcium to the diet.

This section of the thesis examines the use of IS with or without
NaOH treatment on the digestibility of the ration and performancé of
pregnant beef cows. It examines Ca(OH)2 as an alternative alkali to laCH
and methods of improving the reaction of Ca(GH)2 on straw with the

subseguent addition of LS.



Ixperiment 1.1. An assessment of the digestibility of an oat straw plus

ground barley diet by vresmant suckler cows as affected by sodium

hydroxide and/or IS treatment of the straw.

Introduction.

The objective of Zxpt 1.1 was to treazt straw on a farm scale with
NaCH and to admix IS with the.straw at the time of NaCH treatment,
keeping the amount of water added in the NaCH and LS solutions to a
minimum to avoid possible micro-organism spoilage and to make practical
handling of the final material acceptable, Ex;t 1.1 investigates the
separate and combined effects of a concentrated solution of NaCH and LS
applied to ocat straw at chopoing on the digestitility of the resulting
diets composed of about 3 straw : 1 barley given to housed, pregnant

beef cows.

Materials and methods.

Eigh£ adult pregnant beef cows, mainly Hereford cross,-of mean live
weight 472 kg and mean body condition score 2:3 (Lowman, Scott and
Somerville, 1973) were individually housed in a byre. The cows were 3
to L4 months from calving at the onset of the experiment. There were
also four adult non-pregnant rumen-fistulated Ayrshire ccws of mean
live weight 6CO kg. The pregnant cows were arranged in two groups each
of four animzls on a basis of live weight, body condition score and
expected calving date, XZach group and the group of fistulated cows formed
a separate L x 4 Iatin sguare, each treatment being given in appropriate
sequence in 21-day periods (84 days in total).

Chopped oat straw was supplemented in four different ways. The
treatments were (&) nil, (b) sodium hydroxide (X7a0H), (c) IS or (4d)
sodium hydroxide + LS (JaOH + LS,. Baled oat straw was chopped using a
Farmhand machine. (operated ty Mill Feed Services Ltd., Kirriemuir,

Scotland Plate 1) powsred by a farm tractor. The rate of chopping of



Plate la. ZXapt 1.1. Farmhand machine for chopping straw shown with

pipes in position to blow the straw into the loose box.

Plate 1b, =Zxpt l.l1. Farmhaend machine with operator in protective

garments necessary for applying NaOH, but not IS.
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the straw by the machine was calculateq by first processing the straw for
the nil treatment (about 1+7 tonne/h). Sodium hydroxide as a 272 g/kg
solution and/or IS were applied during the chopping process from pre-
weighed barrels, by two separate electrically powered pumps and their rate
of flow monitored by two flow meters. The amounts of the two products
actually added to the weighed amounts of straw were calculated by re-
weighing the barrels after treatment. It had been intended that diets B
and D should have the same NaOH additions and that diets C and D should
both have received the same adaitions of LS. However, due to very cold
weather on the date of application,' which al%ered the previously
ascertained flow rates, and to somewhat wvariable outputs of straw by the

machine, the actual rates of application were as given in Table 10,

Table 10, Expt 1.1, The amounts of sodium hydroxide and/or IS actually
added to oat straw and the amounts of treated straw given to
each cow/day and final sodium hydroxide additions as

determined by laboratory analyses.

Treatment A B C D
Addition Nil NaCOH s NaOH + IS
NaOH (g NaOH/kg straw Dif) - 27 - 23

1S (g liquid/kg straw DM) - - 41 38
Straw given/cow/day kg FM 6°5 b6 68 6.9
NaOH addition - 268 - 22.5

(g NaOH/kg straw Dil)

by analysis
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As the straw was treated it was blown from the machine into separate
compartments in weather proof buildings. The vigorous blowing action of
the Farmhand machine ensured that the treated straw was thoroughly mixed.
Sufficient guantities of each treatment were prepared at one time for haif
the experiment (i.e. 6 weeks). Table 10 details the mean amounts of NaCH
DM and LS solution actually applied to the chopped straw at the two
treatment times and the amounts of each of the treated straws (fresh
matter (FM) basis) given to each cow/day. The rates of application of
NaOH to the straw were checked by analyses of sixteen samples of treated
material taken over the whole period of the experiment. The mean rates
of addition were thus determined to be 26.8 (NaOH) and 225 (NaOH + LS)
g/kg straw DM respectively (Table 10).

The rates of feeding of each of the four treated straws (Table 10)
were such that each provided 6-5 kg/day fresh straw {(i.e. equivalent of
5.1 kg straw DM/day). This amount was chosen on the basis of previous
experience with these cows in the expectation that it represented
slightly less than the full voluntary appetite so that thnere would be
little, if any, residues of uneaten materisl. The amounts of contained
NaOH and/or LS solutions were additional to this. The straw was weighedr
out for each cow daily into separate polyoropylene bins and given in
two approximately equal portions at 08.00 and 16.CO h.

Additionally each animal received 2+0 kg ground and cubed barley
containing 15 g chromic oxide each day (07.30 h), Prior to the
commencement of the experiment it was calculated thzt these amounts of
straw (untreated) and barley, if fully consumed, would provide about
55 MJ ¥ and 200 g DCP/day. ‘when LS was given this would provide an
additionzl 2C0O g ZCP/dzy.

Samples of the oat straw were taken for chemical analysis .once

every week and daily throughout each of the four collection periods
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(days 15 to 21). The compositions of the oat straw and barley cubes ere

given in Table 11,

Table 11, Expt 1.1. The mean composition of the untreated oat straw,
barley cubes (g/kg DM) and LS (g/kg FM).

Oat straw Barley cubes 1S
Dry matter 85 .- 837 -
Crude protein 22 - 125 1076
Crude fibre LL2 | L3 -
Ether extract i2 15 -
N-free extract 456 785 o -
Ash 68 .32 -
Na 1-8 05" 205
Ca 2.5 13 277
P 0.6 2.9 16-0
pH - - 15

During the collection period straw residues (if any) were collec£ed once
daily. At the end of each collection period the residues were weighed
and a separate DM determination was carried out on a subsample of the
residue from each animal. During days 15-21 of each of the four fesding
periods rectal grab samples of faeces were obtained from all the cows at
08.00, 12,00 and 16.00 h. The faecal samples were bulked for analysis
for chromium, crude protein, ash, crude fibre and ether extract. The
results of the analyses were used to calculate the digestivility of the
diets, chromic oxide being used as a faecal indicator. A sample of
straw from each treatment was also taken to test for loss of ammoniz.

The armmonia was determined by drawing air for 24 h through a known weizght
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(10 kg) of straw contained in a large sealed polythene bag and passed
into acid, ammonia being{determined by back titration,

On the last day of each feeding period (day 21) blood sarples were
obtained from each of the pregnant cows (10.00 h) and from the fistulated
cows at 07.30, 10.00, 12,00, 14.00 and 16.00 h. All the blood samples
were analysed for urea, calcium and phosphorus. At the same times,
samples of rumen liguor were obtained from the four fistulated cows for
the determination of‘ammonia, volatile fatiy acids and pH. On the days
that rumen liquor samples were taken from the fistulated cows, the straw
ration was weighed into two egual halves for £he 08.00 and 16,00 h feeds.

Throughout the experiment two spare cows were kept, one on the LS
and the cther on the NaCH + LS treated straws but these were not requireq.

The body condition score and live weignt of the cows were recorded at

-

the start and end of the experiment.

Results.

Over the total 8/ days of the experiment the mean live weight of the
eight pregnant cows increased from 472 to 495 kg, but there was a mean
loss in body condition score from 2.3 to 1.6 by the end of the experiment.
Most of the apparent increase in live weight must have been due to the
increasing size of the foetus. In contrast, the mean live-weight change of
' the four fistulated cows was from 600 to 6C4 kg, with no change in body
condition.

The treatments which included NaOH caused an irmedieate yellowing of
the straw, and a slight smell of gmmonia could be detected from the stored
straw. The arount of armonia was very smzll, only 3 mg of ammonia being
detected/kg straw when air was drawn through a sample for 24 h.

Treatment with NaOH and/or LS altered the pH of the straw. The pH

of the ¥aCH and NaCH + 1S (10-43 + 10-38) trested straws was significantly
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(P<0:01) more alkaline than the nil (9.3) treatment. The LS-treated
straw was significantly more acid than both the nil (P<0+05) and the
NaOH (P« 0-00l1) treatments. The pH of the }§aCH + LS (10-38) was
significantly (P< 0+001) more alkaline than the LS treatment (9-02).

The barley/chromic oxide concentrate was readily and completely
consumed by all the cows. The rate of consumption of the straw varied
between treatments. Those cows which consumed the straw completely, ate
each half-daily allocation (& 3.25 kg) within 2 h. Eleven of the twelve
cows left some of the untreated straw and seven of the twelve cows left

some of the NaOH-treated straw (Table 12).

Table i2. =Zxpt 1.1. Individual straw residues (mean kg DM/day -
over day 15- 21 of each period).

Period Nil - NaOH 1S NaOH+ IS

Pregnant cows

Square 1
1 0+61 - - -
2 0-14 016 - -
3 0.12 079 - -
4 022 0.86 0-06 -

Sguare 2

. . - ) ) )
2 0495 - - -
3 050 . - - -
kL 0+20 1+83 0+08 -

Fistulated cows

1 0-82 034 - -
2 0.93 021 0.20 -
3 129 0.43 0-64 0.29
l{. 1-30 - O.lo -~



The

In contrast, six cows left residues when the straw was treated with either
IS or NaCH + 1S, Three of these six cows left cuite irivial amounts

(& 0-1 kg/day) during period 4. This may have been associated with very
severe winter conditions, when problems arose with frozen drinking water
although water was supplied adlibitwn by bucket. The four fistulated
cows left larger residues than the pregnant cows,

At each change of diet the pattern of consumption altered. Cows
going onto the nil or the NaOH treatment started to leave residues within
five days. In contrast, cows changing from the nil or the NaCH to theiLS
or NaOH + 1S treatment fully consumed the straw within five days. It must
be noted that by observation of their feeding habits that the cows when
given IS or NaOH + LS treated straw might almost certainly have consumed-
more, if it had been offered.

The straw DM consumed and the digestibility coefficients of the
total diet DM, OM, CF and N and straw alone OM, in vitro OHM, the
calculated Mt (¥J/kg) of the straw, and M intake (1J/day) from the straw
consumed are presented in Table 13. In all these calculations, as for the
intakes of straw given in Table 13 the amounts of added XaOH and LS have
been excluded, so that all the data refer to the original untreated straw
alone to ensure proper comparability,

The effect of the four treatments oﬁ each of the digestibilities for
total diet DM and UM and for the straw alone OM followed the same
general pattern, for both the preznant and fistulated cows. The lowest
value for the digestibility of the untreatesd straw was recorded in the

fistulated cows and the combined addition of NaGH + LS markedly and

significantly increased the digestibility.
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Statistical analyses of the resulis snhowed that the squares x
treatment effect for the 2 Latin sguares of pregnant cows, and for the
Iatin scuare of fistulated cows was non-significant for all comparisons.
For this reason and the fact that both the MaOH and NaCOH+LS treatments
increased the digestibilities, but by amounts which.were non-significant
for the pregnant cows, the results have alsoc been presented for all 12
cows given the experimental diets.

For the eight pregnant cows, the straw DM consumed when given the
1S and NaOH+ 1S (5-09 and 5-10 kg/day) treated straws was significantly
(P<0.05) greater than for the nil (4°76 kg) agd NaOH (4+65 kg) treated
straws and represents the full intake of the amount given. For the four
. fistulated cows the straw DM consumed when given the three treated straws
was significantly (P<0+0l1) greater than for the nil treatment. When the
results for the 8 pregnant and 4 fistulated cows were combined the
consumption of the IS and NaCH+ IS treated straws was significantly
greater than both nil (P<0-001) and laOH (P< 0+¢05) treatments.

For the eight pregnant cows, the differences in total diet DM
digestitility coefficients between treatments were not significant all
being atout 0¢56 - 0+59., For the four fistulated cows, the total diet.,
DM digestitility coefficient of the ¥alH+ L3 treated straw (0+62) was
significantly (P< 0¢05) greater than that for the nil treatment (0+52).
For all 12 cows considered together, the total diet Dl digestibility
coefficient of the Nald+ IS treated straw was significantly greater than
both nil {P<0+01; and LS (P< 0+05) treatcents. The total diet DX
digestibility coeificient of the NaOH-treated straw was also significantly
(P<:Of05) creater than the nil treatment.

For both the eight pregnant cows and the four fistulated cows, when
considered ssrzarately and togethsr, the total dist CM digestibility
coefficients for the four diets follow the same significance trencds as

for the total diet DM digestibility coefficients.



The digestibility coefficients for the siraw alone have been
calculated assuming that the DOMD of the barley given was 0+86 (M.A.F.F.
et 5&,,1975). For the eight pregnant cows CH digest?bility coefficient
between treatments for the straw a2lone was not significant. For the
four fistulated cows, the OM digestibility coefficient of the straw alone
for the NaOH+ LS treated straw was significantly greater than both the
nil (P<0.01) and IS (P<0+05) treatments. When the three Latin squares
were combined OM digestibility coefficient for the straw alone for the
NaOH+ 1S (0+53) treated étraw was significantly greater (P<0-01) than
both the nil (Os46) and LS (0+47) treatments, and the NaOH treatment
(0-50) was significantly (P<0¢05) greater than the nil treatment.

For the eight pregnant cows CF digestibility coefficient of the
toﬂal diet for the NaOH+ LS treated straw (0.85) was significantly
greater (P<0+05) than for toth the nil (0+81) and IS (0+80) treated
straws. For the fistulated cows only the nil treated straw (0«74 ) was
significantly different (P<0°05) from the HaOH+ LS treated straw
(0+87 ). When all 12 cows were considered the differences in the total
diet CF digestibility coefficients were similar to that of the eight
pregnant cows, However, the NaCH treatment became significantly greater-
than the nil treated straw.

For the eight pregnant cows, the Il digestibility coefficients of
the total diet for the three trezted straws were significantly greater
than the nil treated straw. While the NaCH treated straw wes significantl&
less than both the IS and NaCH+ LS treated straws. The N digestibility
coefficients of the total diet for the four fistulated cows were not
significant between treatments. vhen all the 12 cows wers considered
toth the total diet N digestibility coefficients of the LS (0+85) and
NaOH+ 1S (0.84 ) were significantly greater (P<0:COl) than both the nil

(0+69 ) and the iaOH (0+73 ) treated straws.
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The data cobtained for the digestibility of the OM in the straw given
in each treatment has been used to calculate (a) the apparent ME of the
straw DM (¥E = 0+15 x DOMDE, M.A.F.F. et al., 1975) and (b) the amounts
of ME provided by the actual amount of straw DM consumed. For the eight
pregnant cows there were no significant differences between treatments for
the calculated ME value of straw. For the four fistulated cows, the
calculated ME of the straw given the NaOH + IS treatment was significantly
greater than both the nil (P<0.01) and 1S (P< 0°05) treatments. Vhen the
three Latin sguares were combined, the calculated ME of straw given the
NaOH+ LS treatment was»significantly greater than the nil (P<0.01),

NaOH (P<0-05) and LS (P<0.01) treatments.

The combined effects of changes in straw consumption and OM
digestibility resulting from the treatments.are reflected in the calculéted
values for the ME intake obtained_by the cows from straw alone. For the
pregnant cows, the ME intake from straw consumed was significantly
increased from 33+3 (nil treatment) to 397 MJ ¥E by the NaOH+ 13
treatment, the values for the NaOH (35-3) and the LS (36+0) being
greater than the nil treatment, but not significantly different. The
values of the calculated ME intake reflect the combined effects éf changes
in straw consumption and OM digestibility resulting from the treatments.
For the fistulated cows, the ¥E intake from the straw consumed was
significantly greater for all the three straws than for the nil
treatment (NaOH < 0+01; IS < 0°05; NaOH+ LS < 0.001). The ME intake
from the NaOH+ IS treated straw consumed was significantly (P< 0.005)
greater than for the straw treated with either NaOH or IS separately.

For all twelve cows the ME intake when given the untreated straw (310 )
was increased to 355 when treated with NaCH+ IS (P< 0¢05) and to

40.7 ¥J (P<0-001) when both treatments were applied together.



Table 13 details the in vitro CM¥D of straw for the four treatments
(in vitro analyses undertaken by Alexander, R.H. The West of Scotland
Agricultural College).

Rumen pH was not influenced by treatment. At any given time the rumen
pH between treatmentswas not significant. Fig. 3 represents the changes in
runen pH during the day.

The mean VFA and total nitrogen concerntrations are detailed in Tables
14 and 15. Concentrations of individual V@A in rumen fluid were not
significantly affected until 4«5 h post feedaing. At 12.00 h the n-tutyric
acid concentration for the NaOH treatment was.significantly (P<0.05)
greater than for the nil treatment. At 14.00 h the concentration of
acetic acid was depressed for the NaCH treztment (299 mg/dl), being
significantly depressed compared with the NaOH+ 1S (384 mg/dl) treatment
(P<0+05), At 14,00 h the concentration of n-butyric acid for both the
NaOH and NaCH+ 1S treatments was significantly (P<0+05) greater than
both the nil and LS treatments. At 16.00 h the concentration of n-
butyric acid for the nil treatment was significantly less than for the
NaOH (P<0-001), IS (P<0+05) and NaOH+ LS (P<0°01) treatments. The
NaOH treatment had a significantly (P< 0.01) greater concentration of
n~-butyric acid than the IS treatment.

Total VFA concentrations (Table 15) were similar for each of the
treatments, except at the sample time of 14-00 h, when the NaCH+ IS
treatment gave a significantly (P<0¢05) greater concentraticn than the
NaOH treatment., The value for the total VFA concentrations appeared to
increase steadily from 07.30 h to about 12.C0 h, but the increases vere
not significant. However, the values tendsd to be lowest when the NaCH
treated straw was given and highest for the NaCH + IS treatment. ihen
the mean values for each of the 5 sampling occasions were considered,

there were no significant differences in the concentration of acetic acid,

but the concentration of propionic acid tended to be lowest when untreated
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Table 14. Expt 1.1,

81,

The mean concentrations of volatile fatty acids

(mg/dl) at five samplings between 07.30 and 16.00 h in the

rumen liquor of the fistulated cows.

A B

Treatment Nil NaOH

Time of sampling
(h)

Acetic
07.30 315 266
10,00 338 308
12.00 389 343
14,00 383 299
16,00 341 323
Propionic
07.30 80 92
10,00 102 102
12,00 104, 111
14.00 109 114
16,00 96 110
n-Butyric
07.30 43 64
10,00 54 70
12,00 51 79
14.00 53 70
16,00 L0 68
iso-Butyric
07.30 8 11
10.0C 6 8
12,00 12 14
14.00 7 10
16.00 7 9

C
LS

316
324
387
360
336

91
104
133
125

110

L7
59
57
53

O

10

D

NaOH + IS

325
355
375
384

- 341

56
61
6l
71
61

10
10
10
12
13

SE of

mean

30+3
327
217
242
274

75
7-6
58

2:3

2-1

2.1

3-1

1.7

NS

NS
NS

NS

NS
NS

Significance

B>A"

D,B>A,C

SR
3

<

~

2L

~S

¢,D"> A



Table 15. Expt 1l.1. The mean concentrations of total wolatile fatty
acids (mg/dl) at five samplings between 07.30 and 16.00 h,
the overall mean concentrations (mg/dl) of the constituent
volatile fatiy acids and the totzl nitrogen (g/litre) in the

rumen liguor of the fistulated cows.

A B ¢ D SE of
Treatment Nil NaOH 1S NaCH + IS mean Significance
Time of sampling
(h)
Total VFA ' ,
07.30 L7 433 L60 482 LO7 NS
10.00 500 488 483 537 465 NS
12.00 556 546 588 578 33+0 NS
14,00 552 49L 553 597 286 D>B"
16,00 48L 510 509 522 31°5 NS
Overall mean
Acetic 353 314 345 356 12-2 NS
Propionic 98 106 105 114 34 D>A"
n-Butyric 48 68 52 63 241, BD> 4G
iso~Butyric 8 10 9 11 0+9 D>A"
Total VFA 507 498 511 54, 1601 NS
Total N
07.30 55 60 8e7 9.0 116 NS
10.00 5.7 5.0 21-4 158 1.23 G.popes
12.00 39 3.9 91 547 1408 G>AB"
14.00 5.2 3.1 7.0 L8 107 c>B
16.00 3.2 28 547 5.5 0460 CD>AT,B

+ . . .
Five sampling occasions/day.



straw was given and highest for the combined NaCH + LS treatment.

There were, however, marked changes in the n-butyric and iso-butyric acid
concentrations. Both appeared to be increased by the NaCH + LS5 and ilaOH
treatments.

Preprandial total nitrogen concentrations were similar for all
treatments. However,at 10,00 h total nitrogen concentrations for LS
(21°4 g/litre) and NaOH+ IS (15-8 g/litre) treatments were significantly
greater (P<0-001) than for the NaOH (5.0 g/litre) treatment. Total
nitrogen concentrations for the nil treatment (5.7 g/litre) were
significantly less than for both the LS (P<:O;OOl) and NaOH + 1S
(P<0:01) treatments. At 12.00 h only the 1S treatment was significantly
(P<0+05) greater than the nil and NaOH treatments. At 14,00 h the total
nitrogen concentration for the IS (7 g/litre) treatment was significantly
(P< 0+05) greater than for the NaOH (3.1 g/litfé) treatment. At 16.00 h
(pre second feed) concentrations of total nitrogen had dropped for all
treatments, but the LS and NaOH+ LS treatments still had significantly
higher concentrations of total nitrogen than both the nil (P<0+05) and
NaOH (P<0.01) treatments.

Table 16 details the mean blood concentrations of urea, caléium
and phosphorus.

For the eight pregnant cows plasma urea (10.00 h) concentrations
for both the LS and NaOH+ LS treatments were significantly (P< 0.001)
greater than both the nil and liaOH treatments. This trend occurred with
the fistulated cows. At all sampling times the plasma urea concentrations
of the two treatments with the IS addition were significantly greater
than the treatments with no IS addition.

Both blood phosphorus and calcium concentrations remained
unaffected by treatment in the eight pregnant cows. For the four fistulated
cows the concentrations of blood phosvhorus and calcium remained

unaffected by treatment at all the sample times except at 12.00 h when



Table 16,

phosphorus (mmol/litre).

Treatment

Fistulated cows

Urea
07.30 (h)
10.00
12,00
14.00
16,00

Calcium
07-30
10.00
12.00
14.00

16,00

Phosphorus
07.30
10,00
12,00
14.00

16.00

Pregnant cows

Urea (10.00)

Calcium (10.00)

ot 1.1,

A
Nil

14
14
1-2

28
2+7
29
28

2.8

1.9
1.9
1-9
18

17
27

Phosphorus (10.00)2-1

8.

The mean concentrations of blood urea, calcium and

B
NaOH

28
28
2.8
27

29

1.9
1-9
1.7
1-8

1.7

1.2
26

22

C
s

249
2+8
247
2-8
2+9

2.0
2*0
2<0

1.8

Lel
247

2.1

D
NaOH+ IS

29
3.0
3.2
27

2e1

249
28 -
2+8
248

2.9

1.7
1-9
1.8
1.8

1.7

Lel
2.6

2+0

SE of
mean

0-25
Q.17
0«25

0.28

0-04
0-05
0-03
0.05

0-04

0-07
0.07
0.06
0«04
006

0.23
0-06

0.06

. Significance

C,D> A, B¢

C,D> At D> Btk
C > Bise#

C,D> 4,B¥*

C,D>A%¥;D  Bi;CoBs

C> A353D> A% D> By
C> B#+w

NS
NS
NS
NS

NS

NS
NS

C>D,B*
NS

NS

C,D> A, Bk
NS

NS



85,

the mean concentration for blood calcium for the LS treatment was
significantly lower than both the nil (P<0.01) and NaOH+ IS (P< 0.05)
treatments., At 12,00 h alsc the mean concentration of blcod phosphorus
for the LS treatment was significantly (P<0.05) greater than for both
the NaOH and NaOH-+ LS treatments. There were no differences in blood
phosphorus or calcium concentrations between periods. For the pregnant
cows concentrations were about 2.7 mmol Ca/litre and about 21 mmol
P/litre and for the fistulated cows 2-8 mmol Ca/litre and 1.9 mmol P/litre.
The mean intake of dietary constituents by the pregnant cows from the

diets consumed are summarized in Table 17.

Table 17. Expt 1.1. The mean intake of dietary constituents (per day)
by the pregnant cows from diets consumed and the current )

recommended requirements for 450 kg cows in late pregnancy.

Treatment A B C D Requirements
Nil  NaOH IS NaOH + IS

ME (MJ) 56 58 59 63 72
Crude protein (g) 314 311 546 530 -

DCP (g) 217 233 466 LLL, 400 '

Ca (g) 14-1 13+8 207 20+3 31

P (g) 746 7«5 111 10+9 31

Na (g) 94 81le3 143 813 9

The recommended daily intakes for a 450 kg cow in late pregnancy are

72 MJ ME (M.A.F.F., et al., 1975). 400 g DCP (ADAS, 1976), 31 g P, 31 g Ca
_and 9 g Na (A.R.C., 1965). All the diets supplied insufficient ME and
both the diets with no LS supplement supplied insufficient digestible
crude protein. All the diets supplied adequate sodium, but only one~third

of the phosphorus and one-third to two-thirds of the calcium requirements.
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Discussion.

- The cows were given a fixed daily allocation of 5.1 kg straw DN,
which was lower than they were expected to be capable of consuming based
on previous experience with the same cows given similar diets by Fishwick
et al. (1978). Even so, there were residues of 0«4 kg (mean) straw
DM/day by the pregnant cows when given straw not treated with LS
irrespective of any NaOH treatment. The residues for the fistulated cows
were 024 kg (mean) straw DM/day when either NaOH or IS were applied and
over 1.0 kg straw DM/day when untreated'straw;was given.

From observations.of the cows at feeding time it was inferred that
all the pregnant cows and 3 of the 4 fistulated cows would have readily
consumed more of the NaOH + ILS-ireated straw and that the pregnant
cows would also have consumed more of the LS treated straw. In Expt 1.2
conducted at the same time using the same treaged straws and concentrate
feeds two groups each of four comparable pregnant cows were group-fed
7+8 and 7+9 kg FM/head of the IS and NaOH+ LS-treated materials
respectively, The whole of both treated straws in this trial were
readily consumed, showing that the cows given these two treatments might
reasonably have conswned about 1 kg straw Fi{ more than was offer;d. |

Levy et al., (1977) reported that the voluntary intake of NaCOH-
treated roughage was considerably reduced, being directly related to the
amount of NaOH used., This may have been caused by a reduction in
palatability. In this current experiment the NaOH treatment (% IS)
significantly (P<0.001) increased the pH of the straw, while IS
treatment alone significantly (P<0-05) decreased the pH of the straw.
This phenomena may have affected palatability. Singh and Jackson.(1971)
and Rexen et al., (1976) have also reported similar reductions in inteake
with NaOH trested roughages. If the taste of alkali-treated roughage
was masked by inclusion with other feeds in a complete ration (Garrett

et al.,1974), or if the residual alkali was neutralized or washed out



(Carmona and Greenhalgh, 1972; Rexen et al. 1976) the voluntary intake
was increased compared with untreated roughages. However, Pirie and
Greenhalgh (1978) found that alkali treatment of strgw significantly
increased straw intake by 12%.

Both NaOH and NaOH + IS treatments increased the digestibility,
but by amounts which were non-significant for the pregnant cows. The
digestibility of the NaCH + ILS-treated straw was significantly greater
than the nil treated straw when given to the fistulated cows. When all
12 cows were considered fogether the MNaOH straw treatment significantly
(P<0.05) increased digestibility, but the IS treatment did not. For the
combined NaGH + IS treatment the digsstibilities were generally
significantly (P< 0+01) greater than either the nil or the LS treated
straws,

The effect of the HaOH and the LS treatmeﬂ%s on the straw appeared
to be additive in respect of the effective amounts of ME provided by the
straw consumed (Table 13), but only for the fistulated cows when the
increases due to the NaCH, IS and NaOH%'LS treatments were 9.6, 8+1 and
16+2 respectively. For the pregnant cows there were no significant
effects on the O digestibility and consequently the improvement in XE
intakes for the IS and aOH+ LS treatments was largely a reflection of
the higher straw intake., The differences in increases in ME intake with
treatment would have been greater if the animals had been allowed to
consume their full voluntary intake of straw.

These results, indicating a considerable potential further response
in energy intake resulting from the addition of a urea-containing
solution to sodium hydroxide treated stiraw azre consistent with the resuits
for all-straw dists giv;n to sheep previousiy reported by idller et zl.
(1977). Since this present work commenced grskov and Grubb (1978) have

also indicated that whereas the addition of urea in solution increased



the intake of digestible organic matter from straw by sheep from 180 to
211 g/day, a similar addition of urea to sodium hydroxide treated straw
increased intake from 134 to 301 g/day.

None of the treatments markedly altered the concentration of total
VFA or propionic acid concentrations in the rumen (Tables 14 and 15), but
écetic acid concentrations tended to te lower with the NaOH treestment
(not significant). When the overall mean values of the 5 sampling
occasions during the day were.considered the concentration of propionic
acid tended to be lowest when untreated straw was given and highest when
NaOH + IS treated straw was givent .

Alkali treatment has been found to increase the total VFA
concentration in rumen fluid (Koers, Woods and Klopfenstein, 1970;
Ololade and Mowat, 1975). Levy et al. (1977) found the total VFA in
rumen liquor to be 6 and 11% higher when given diets of roughages
treated with 40 and 80 g NaCH/kg than when given untreated roughages
(not significant). However, not all workers have found an increase in
total VFA concentration with alkali treatment (Verma, 1975). Ololade
and Mowat (1975) found that molar proportions of propionic acid increased
and acetic acid decreased when NaCH treated straw was given, bubt Levy |
et al. (1977) found no differences in the concentration of individual
VFA in rumen liquor due to NaOH treatment.

NaCH (:E 1S) treatment increased the concentration of both n-butyric
and iso-butyric acids ty as much as 25%. Cther workers (Xromann and Ray,
1967; Jackson, Kromann and Ray, 1971) have shown that excess sodium
ions in the rumen elevate buiyric and propionic acid levels. Saxena et zl.
(1971) investigated the effect of alkeli treatment of oat straw on energy
and nitrogen utilization for lamb growth when nitrogen was supplied from
soya bean meal, urea or diammonium phosphate. Butyrie acid concentration

in the rumen was higher only when 5BM wds included with either the
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treated or untreated straw. It is possible that SEM supplied precursors
for branched-chain VFA needed for maximum synthesis of bacterial protein
(Cline, Garrigus and Hatfield, 1946).

Allison, Bryant, Katz and Keeney (1962) have indicated that some
rumen micro-organisms have a specific reguirement for branched chain
fatty acids such as 2-methyl butyric and iso-butyric acid. The increase
in whole diet DMD (Table 13) was from O+54 to 0¢58 (nil vs. NaOH
treatment) and from 0+55 to C+60% (IS vs. NaOH + LS treatments) i.e.

a mean increase of 4+5 digestibility units due to NaOH., In a previous
communication (Fishwick et a2l., 1978) when thé same cows voluntarily
consumed about 6+4 kg oat straw DM and where'a fixed allocation of

2.0 kg barley was supplemented with either 60 g urea (450g N/kg) or 92 g
diureido-isobutane (DUIB 310 g N/kg) the significant increase in whole |
diet DMD was a similar 4O units i.e. 050 (urea) to 0+54 (DUIB).
Unfortunately Fishwick et al. (1978) did not determine the concentration
of rumen VFA in that experiment, but the similarity of these results
suggests that the effect of NaCH treatment of straw on concentration of
branched chain fatty acids might be of interest.

Although rumen pH was not influenced by treatment at any giéen time'A
the fall in rumen pH post-feeding tended to be greater when the treatments
containing LS vwere given and remained at a lower level for longer than thev
NaOH and nil treatments (Fig.3).

Ololade and Mowat (1975) found that with increasing levels of NaCH
treatment the pHd of the rumen fluid tended to decrease, but other
workers (Levy et al., 1977) found that rumen pH was not affected by NaCH
treatment of roughages.

Rexen et al., (1976) reported an experiment with mature dry cows which
vere given a series of diets of treated straw (with or without
neutralization) supplemented with urea and minerals. For an animal given

a high cereal or finely graund straw diet the rumen pH would normally fall



guickly after ingestion to a level of around 55 about 30 min later,
depending on the intake. It would then gradually rise to a normal level
of 6+5 to 7°0 after 3~/ h assuming no more feed was eaten. The results
of Rexen et al. (1976) showed that when alkali treated straw was fed at
either 50 or 955 of the diet, the initial depression of pH does not occur.
This phenomena may be a benefit in maintaining butter fat levels in high
yielding dairy cows.

In this trial when NaCH-treated straw was given the depression in
pH was not as great as the nil treatment, but'in both the treatments
containing LS the depression in pH was grezter than that with the nil
treatment.

Addition of IS to straw (f'NaOH) increased rumen nitrogen and blood .
urea concentrations, the values for which were otherwise low. Both the
IS and HaOH+ IS straw treatments caused large a;d significant increases
in the total nitrogen content of the rumen fluid but only for a restricted
period of about 2- 3 h after the straw being given, thereafter values
declined rapi&iy, but were generally about 30¢ higher than when no IS
was applied to the straw (Table 15),

Saxena et al. (1971) measured rumen az—onia nitrogen 4 h after
feeding. The rumen ammonia N levels were significantly higher with
untreated straw (ground before treatment) than treated, and those from
the urea-supplemented diets were significantly nigher than those
containing soya vean meal, Saxena et 2l. (1971) noted lower rumen ammonia
and blood urea levels for the cattle given RaCH-treated straw. The
reduced ammonia levels could be due in part to increased microbial
synthesls made possible by increased energy availability in treated
materials., Shin et al. (1975) and Ololade and Mowat (1975) have also

reported reduced plasma urea levels due to alkali treatment.



Satter and Slyter (1974) have found that levels of rumen ammnonia
greater than 5 mg/100 ml indicate a quicker release of N than energy
from the diet to allow maximum microbial growth, and as a result the N is
inefficiently used (Satter and roffler 1975).

As already discussed feeding alkali straw may arrest the initial
depression of rumen pH post-feeding, which may be an advantage in dairy
cow management, If treated straw was fed in a beef system and a NPN
source such as urea was used, "urea' toxicity may possibly arise because
NPll sources are repidly fermented in the rumen to form ammonia, which is
quickly absorbed into the blood stream.

The rate of absorption is in part reliant on”the rumen pH and at
high levels (as in alkali treated straw)could be fast enough to cause
toxicity symptoms. However, Miller et al,(1976)found that alkali
treatment only increased pH in the absence of urea.

Ololade and Mowat (1975) found that a decrease in rumen ammonia
was highly correlated with a decrease in rumen pH. Wwhile studies by
Lewis (1955) and Larner (1955) have indicated that production of armonia
declines as pH decreases. This present experiment does not give any
results to suggest a possible ammonia hazard at the rates of NaCH and 1S -
used.

Owen, Jayasuriya and Mwakatudu (1973) have suggested that the
determination of digestibility by an in vitro method is liable to over
estimate animal responses to alkali treated straws. In this experiment
only the digestibility of the YNalH itreated straw was found to be
slightly higher by an in vitro technique, the digestibilities of the
nil, IS and NaCH+ 1S treated straws were all slightly lower compared with
in vivo measurement (Table 13). There is limited information on the
accuracy of the in vitro technicues for predicting in vivo digestibility
of alkali treated roughages. any reports (Klopfenstein Eﬁ.él-;19725

Thomsen, Rexen and Kristensen, 1973; Jayasuriya and Owen, 1975) suggest



over-estimation of the response to treatment by in vitro determination.
Donefer et al., (1969) noted that cellulose digestion in vivo was higher
than that observed in vitro for untreated siraw, but‘the in vivo and

in vitro values obtained for NaCH-treated straw were similar. The
prediction of in vivo results from in vitro determinations are discussed
more fully in the literature review,

Table 17 shows the actual intakes of dietary constituents/day. It
is interesting to note that a}though in the two diets containing 1S the
intakes of Ca and P are ﬁearly twice those of the nil and laOH treated
diets, they are still not as high as the currently (A.R.C. 1965)
recommended intakes, However blood calcium and phosphorus
concentrations remained normal throughout the experiment.

Sodium intake was about equal to the A.R.C. (1965) recommended
intake for both the nil and IS treatments, but ;bnormally high for both
the treatments containing NaOH. This could have a serious physiological
affect on the animal, There is conflicting data on the effects of a high
dietary load of sodium. Singh and Jackson (1971) fed straw treated with
3+3% to 10% NaOH to cattle 8 to 18 months old over a 6 month period;
water intake did not increase significantly and no ill effects were
observed. However, other workers (Jayesuriya and Owen,.1975; Rees,’
1977) have reported increases in total intake of water up to 30% and
consequently a greater output of urine,

Jayasuriya and Owen (1975) noted that with increasing levels of
NaCH urine pH was significantly reduced, the urine pH being 9.09 when
consuming straw treated at L+5 g KaOH/100 g straw and 8¢9 when treated
at 9+0 g NaCH/100 g straw. In most observations whers no ill effects
were observed no detailgd opservations on urine were made. One
consequence of feeding high levels of sodium is that with increased

urinary output this will result in cattle requiring riore bedding material.



Table 17 details the total DCP (g/day) supplied by the four
treatment diets, in comparison with the highest published DCP reguirement
10O g DCP/day it can be seen that by adding IS to the diet the DCP intake
is increased to above the published requirement. While the ME intake
from all the four diets is below that recommended, no adverse affects in
cow performance were observed, but each diet was, of course given for
only a 3 week period and fixed allocations of feed were given to minimise
residue problemns.

Subsequent to the experiment all the cows calved normally. The cows
continued on a diet of barley (3 kg/day) plus-oat straw supplemented with
LS until transfer to grass with a bull about.8 weeks after calving.

Calf growth rate and the reproductive performance of the cows were both
satisfactory.

In practice if sodium hydroxide treatment 1s used to improve the
energy value to straw to allow gréater consumption, there should in turn,
be a reduced requirement for cereals. This results in a reduced protein
and mineral content in the diet and increases the need for supplementary
protein, mineral and vitamin supplementation., From this experiment it
can be concluded that the LS supplementation of oat straw at the same timé
of chopping, is both practical and nutritionally advantageous, and when
oat straw is simultaneously treated with sodium hydroxide the affect is
additive with respect to improved intake rather than due to improvements

in digestibility.
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Fxperiment 1.2, ?Performance of osregnant beef cows given oat straw treatsd

with ¥aCH+ LS or 1S and two lavels of ground barley to give ecual

metatolisable energv allowvmaces.

Introduction.

The objective of Expt 1.2 was, firstly, to observe the long-term
effect of feeding NaOH treated straw on animal health and bedding
requirements, Secondly, to compensate for the lowered reguirement for
ME from barley due to NaCH trea£ment increasing the ME of the straw and
observe animal performance. However, aé only a small number of animals

(4,/treatment) were used it is an "observation™ rather than an experiment.

Materials and methods,.

Eight pregnant beef cows, principally Hereford cross of mean
liveweight 515 kg and body condition score 2-h’kLOWman, et al., 1973)
were grouped on a basis of anticipated calving dete, body condition
score and liveweight, into two balanced groups each of four animals,

The cows were housed in a dutch barn in pens of equal size. At the start
of the experiment the cows were on average ten weeks from calving. For.a
preliminary period of 19 days the two groups were each given 25 kg of a
mixture of the four treated straws used in Expt 1.1. The animals were
given the dietary treatments for 6 weeks.

One group was given NaOH+ LS the other LS treated oat straw
(treatments as described for Expt 1.1) together with barley cubes (DM 805,
Crude protein 124, Ca 1.38 and P 2+31 g/kg) at one of two levels (Table 18).

Stﬁdies by various investigators to date have not inwvolved direct
determinations of the IE content of treated straw. Thus the values
available would have to bes estimzted from digestibility data, Effective
chemical treatment of straw with sodium hydroxide generally increasss the
digestibility coefficient from 0+40-0+45 to 0+55-0+60, An increase in

digestibility would be accompanied by an increase in IE, Both parameters



would be related to the original digestibiliiy of the straw. For the
purpose of this experimsnt it was assumed that the NaOH addition would
increase the I by 20% and that the addition of IS alone would not
affect the ME of the straw. On the assumption that the NaCH treatment
increases the ME of the straw, to enable both dietary itreatments to
have equal ME contents the amount of bzarley cubes provided in the HNaOH
treated straw diet would have to be reduced. Table 18 shows the
quantity of treated straw anq barley cubes given per head per day. The
concentrates were given at 08,00 h on a group basis. The straw was
group fed in ring feeders twice daily zt 08.00 and 16.00 h. The cows
were weighed and their body condition score assessed at the start and
at 4 and 6 weeks. Blood samples were taken from the jugular vein at

L and 6 weeks from the beginning of the experiment. The samples were

-~

analysed for calcium, phosphorus znd urea,
Table 18, Expt 1.2. Dietary treatments.

Diet

NaCH + 1S 1S
Barley cube (kg/head/day) 155 2.30
Treated oat straw + +
(kg/head/day) 79 78
© Total estimated ¥E
(MJ /kg/nead/day ) 70.7 706

+ .
each animal received 7+5 kg fresh strzw plus an allowance for the

additions of }NaCH and 1S,



Results.

The mean liveweights, live~weight changes, blood urea, calcium and

phosphorus concentrations are presented in Table 19.,

Table 19. Expt 1.2. The mean live welght, live-weight changes (kg),

blood urea, caleium and phosphorus concentrations (mmol/litre)

Iive weight
start
L, weeks

6 weeks

Live-weight change
5y weeks

6 weeks

Urea
l, weeks

6 weeks

Calcium
L, weeks

6 weeks

Phosphorus
L, weeks

6 weeks

NaOH + 1S

513
522

533

+ T4
+20+3

3.02

3492

2.73
273

1-54
158

IS

217
535
541

+18

+21

3-96
4+95

2+75
278

1.39
1.46

Poocled S=
of mean

L+56
772

0«25
0+55

0-06

0.04

0.11

017

Significance

NS

NS

*
IS>NaOH+ IS -

NS

NS

NS

NS

NS

At the end of the experiment the mean liveweight of the cows was

537 kg and the mean body condition score 1-9. The mean increase in body

welght was 22 kg over the 6 weeks of the experiment, this would largely



.be due to the increase in size of the foetus as they lost body
condition (2+4 to 1°9). The increase in body weight for the cows on each
treatment was similar an average increase of 24-0 kg and 20.3 kg for the
1S and NaOH+ LS treatments respectively (not signifiéantly different).

Both the barley cubes and treated straw were readily and totally
consumed by all the cows., Eoth blood calcium and phosphorus
concentrations were satisfactory an average of 2:76 mmol/litre calcium
and 1.52 mmol/litre phosphorus. Elood urea concentrations for the
animals given the LS treated ;traw tended to be higher than the
concentration for the animals giveg NaCH+ LS étraw, but only
significantly (P<0.05) different at the /4 week recording.

Throughout the experiment the améunt of bedding (barley straw)
required by each group of animals was recorded. The amounts given in

total were 780 and 730 kg for the NaOH+ LS and 1S treatments respectively.

Discussion.

Over a 6-week period no signs of animal ill health were noted for
the cattle given either of the dietary treatments., However, the bedding
requirements of the animals on the NaCH-+ LS treatment diet were
increased by 7%, indicating that their urinary output was greater. The
effect of NaOH on water intzke and urinary output has been discussed
previcusly in the literature review., ~ral and Negi (1976) nave studied the
kidney function in rams maintained on alkali-sprayed paddy/wheat straw
rations, supplemented with urea as the sole nitrogen supplement, for a
period of 10 months., They found no evidence of impairment of kidney
efficiency under the conditions of the experiment.

Over the 6 week period live-weign® changes and blood calcium and
phosphorus concentrations were all satisfactory. Blood urea concentrations
were lower on the aOH+ LS treated diet, but this would be as a

consezuence of the lower barley intake for this diet. The two groups of



animals performed equally well on each diet, demonstrating the use of a
NaOH treatment in lowering the reguirement of ME from a relatively
expensive cereal feed, However there are limits to how much ME can be
replaced by NaCH-treated straws. An adequate supply of nitrogen is
necessary on poor ¢uality roughage diets to maintain and increase the
rate of microbial profein synthesis and consequently the veluntary
intake., Although NaOH treatment causes delignification of the oat straw
resulting in increased digestibility and available energy, unless nitrogen
is supplemented the low nitrogen content of straw would be the limiting
nutrient. Therefore as the barley content of.the ration is lowered an
additional reguirement for a protein supplement is created,

Following the experiment the cows calved normally. They continued
to receive increased amounts of barley plus.oat straw supplemented with'
LS until the transfer to grass with a bull about 8 weeks after calving.
Subsequent calf growth rate and reproductive performance of the cows were

both satisfactory,



Experiment 1.3. The effect of caleciun hvdroxide on the digestibility

of IS-treated chooved oat straw bty non-productive Grevface ewes.

Introduction,

Much current research wviork is in progress regarding alkali
treatments of straws with speéific emphasis on NaOH treatment. However,
much less published data is available on the effectiveness of Ca(OH)2 as
a chemical treatment of straws. work by Verma and Jackson (1975) and
Gharib et al. (1975b) showed Ca(OH)2 to be much less effective in
increasing digestibility, probably as a conseguence of the relatively
low solubility of Ca(OH)Z. On-farm treatment of straw wiih NaOH using
existing machinery and eguipment currently available is relatively
expensive and presents some safety hazards to the operator. This
experiment examines the digestibility of ozt sp;aw treated with LS, with
and without the addition of Ca(OH)2 (Limbux, I.C.I. Ltd.) and the effect

of added water.

Materials and methods.

Diet prenaration.

Three oat straw treatments were prepared using & ¥ill-Feed Services.
Feedmobile machine, " The basal treatment for all three diets was milling
oat straw through a 3 inch screen and mixing it with 4 kg LS per 1CO kg
fresh oat straw. For diet A there was no azddition of Ca(OH)z. For
diet B there was a further addition of 5 kg Ca(CH)2. For diet C the
addition of 5 kg Ca(OH)2 was followed by an extra 10 kg water per 100 kg
oat straw. The addition of IS raised the nitrogen content of the oat
straw from 26 to about 73 g cP/kg OM. Each diet was bagged in hessian

sacks and stored for 21 days before the digestibility trial commenced.
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Animals and ration allowances.

Twenty-one non-productive Greyface ewes (mean live weight 70 kg)
were individually pennsd and assigned at random to one of three dietary
treatments A, B or C for a 1lh-day vpreliminery feeding period.

The daily ration allowances were;

A:~ (IS alone treatment) 750 g fresh treated straw plus 200 g bruised
barley Fi (mixed in with the treated straw);

B:- (IS plus Ca(OH)2)788 g fresh treated straw plus 200 g bruised

barley FI; |
C:~ (IS plus Ca(OH)2 end water) 863 g treated straw plus 200 g bruised

barley FNM.

The daily allowances of the treated straws were such that the total dry
matter intake of straw (minus any addition of LIS or Ca(OH)z) was almost
equal in each treatment, at about 630 g/day. ’

During the preliminary feeding period, diet B proved to be unpalatable
(because of the presence of dry powdered Ca(OH)2 or Ca CO3 formed
therefrom), large daily residues accumulgted and the treatment had to be
abandoned.,

The remaining 14 ewes given dletary treatments £ and C were housed
in standard metabolism cages (Duthie, 1959} and fitted with body
harnesses and nylon-mesh faecal collection bags., A further 5 days run-in
were allowed to accustom the animals to the metabolism cages before
faeczl collection comnenced. In a trizl of this kind it is important to
adopt a standard procecure for ths daily routine of feeding and collection
of faecal samples, the procedure is described in the chapter on
experimental techniques. The sheep were fed three times/day in order to
minimise spillage. Feed intakes and faecal outputs were measured during
a 7-day experimental period. Fasces were tulked for the week and

subsamples taken for dry matier, ash and calcium determination. Faeczl



slurries were prepared for nitrogen analyses. Table 20 details the
analyses of the barley, LS and straw (before treatment).

The results were calculated for digestibility of Dk, O, H, Ca for
the complete diet of straw plus barley and separately for the DOMD for

straw alone,

Table 20. Expt 1.3. The mean composition of the untreated oat straw,

barley (g/kg D) and 1S (g/kg Fl).

Dry Crude . Ash Ca

matter protein
Oat straw 876 26 63 17
Barley 851, 106 22 0+5
IS - 1023 ’ - 218

Results,

After milling and mixing the Ca(OH)2 addition to diets B and C
caused a yellowing of the straw. After bagging, the bags containing
diets B and C heated up (particularly diet C with added water) to such
an extent that the risk of spontaneous combustion was imminent. For this
reason the sacks were stored spaced apart. Eoth the physical effects of
heating and yellowing of the straw, confirm that a reaction had taken
place between the straw (and/or its contained water) and the Ca(OH)2.

Both diets A and C were readily consumed. Only one animal given
diet A left a trivial straw residue of 28 g DM/day.

The digestibility coefficients for DI, Cif, N and Ca in the complete
diet and OM for straw alone are presented in Table 21. The total diet
DM digestibility coefficient of diet A was significantly (P< (0.01)

greater than that for diet C. However, when the DI of the IS - Ca(CH)2
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additions are included in the total DM input, the differences in the
total DM digestibility coefficients between treatments are no longer
significant., The differences in the total diet OM and N digestibility
coefficients between treatments were not significant. The Ca digestibility
coefficient of diet C was significantly (P< 0+001) greater than diet A.

The digestibility coefficients for the straw alone have been
calculated assuming that the DOMD of the barley given was 0-.86 (M.A.F.F.
et al., 1975). There was no difference between diets.

4

Table 21. Expt 1.3. The mean digestitility coefficients of the total
diet dry matter, organic matter and for straw alone organic

matter and nitrogsn and calcium.

Diet A Diet C SED Significance
1S 13 +—Ca(CH)2
+ water
DM digestibility
Straw + barley 04538 0-480 0-0169 A>C
DM digestibility
Straw + Barley
+ Ca(OH)2 + 1S 0« 549 0.523 00146 NS
oM 0-563 0.533 0.0169 NS
N 0.463 O.424 0«0416 NS
Ca -0.031 04190 0+0449 c>A
OM of straw
alone 0.478 O« 44,0 0.0215 NS

Discussion.
Other workers (Verma and Jacxson 1975; Gharib et al., 1975b) have
found Ca(OH)2 to be less effective than NaCz in its ability to increase

the digestibility of roughages. Gharib et zl. (1975b) found that if
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Ca(OH)2 treated poplar bark was allowed to stand for 150 days its
digestibility was increased as nmch as the poplar bark treated with
NaOH, This phenomenon is probably attributable to the low solubility
of Ca(OH)2 and it was with this in mind diet C had a 10% inclusion of
added water above the 14%¥ already present in the straw.

Diet B was abandoned in the run-in period of the trial due to its
unpalatibility, which was probably due to the very dusty nature of the
diet.

Ca(OH)2 plus the additional water did not increase the digestibility
of the total diet DK, N and OM of straw alone. The digestibility of the
DM (straw and barley) of diet A was shown to be 0.058 units higher than
that of diet C. This result is an anomaly as when the extra DM
attributable to the additions of 1S and/or Ca(OH)2 are taken into
consideration, the DM digestibility coefficient; of the two diets were
not significantly different.

The results of the Ca digestibility are due to the vastly differing
amounts of Ca in diets A and C. The digestibility coefficient of Ca in
diet A (-0.031) is to be expected as there was no additional Ca iy the
diet (compared with diet C) and it reflects the endogenoﬁs loss of Ca.
The increase in the digestibility coefficient of Ca in diet C reflects
the increased input of Ca in the diet due to Ca(OH)z/CaCOB.

Although Ca(OH)2 reacted with the straw, as observed by the physical
effects this was not sufficient to be reflected by any increase in
digestibility of the straw by the sheep. These results, and the results
of other works (Verma and Jackson, 1975; Gharib et al. 1975b) suggest
that Ca(OH)2 treatment of roughages would be aided if it was allowed to

stand for a longer period of time,
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Experiment 1.4, The effect of ensiling chonoed oat straw with added water

and/or calcium hydroxide with subsesquent additions of LS on its digestibility.

Introduction.

In the previous experiment Zxpt 1.3, it was found that the addition
of Ca(OH)2 alone to chopped sﬁraw produced a dusty, unpalatable material.,
When 10% water (by weight) was added to the straw together with 5% Ca(OH)z
and the material stored in hessian sacks, there was a noticeable short-term
rise in temperature together with a distinct yellowing in colour of the
straw, confirming that some reaction had occurred. However, in a
digestibility trial using sheep in metebolism cages it was found that there
was no improvement in the digestibility of the treated straw. As already
discussed, there are advantages in leaving the Ca(OH)2 in contact with the
straw over an extended period to allow for a longer reaction time., As
Ca(OH)2 is.less soluble than NaOH it reacts more slowly, therefore
additions of water to ensure adequate mixing of the alkali with straw
would be desirable. The next step in Ca(OH)2 treatment would be to ensile
the treated straw resulting in an extension of the reaction time. The
objective of Zxpt 1.4 was to examine the effect of ensiling chopped oat
straw with added water and/or calcium hydroxide with subseguent additions

of LS on its digestibility.

Materizls and methods.

Three oat straw treatments were prepared using a iill-Feed Services
Feedmobile machine, The strew was passed through a half-inch screen in
the feed processor unit and any additions were added through the top of
the mixing compartment of the machine. The treatments for each silo were
as follows:-

1. Oat straw + an equal weight of water (100%) alone.

2. Qat straw + iOOf water + 5% Ca(OH)z.
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3. Oat straw + 60% water + 5% Ca(OH)z.
4. (Oat straw with no additions, chopped and stored dry).

Each of the treatmentsl- 3 were stored in an insulated model silo in
300 kg straw guantities. The silos were built with thermally insulated
boards in a loose box., =Zach silo was 1+5 m by 2.0 m and 2 m high being
enclosed on three sides. The treated straw was packed and covered with
polythene sheeting., The front of the silos were built up with bales,
which also were placed over the top of the silo in an attempt to exclude
the air. After settling the silos were on average 1+0 m high. The
temperature was recorded (daily for the first 50 days and twice daily
thereafter) at the centre of each silo using a long probe grass silage
thermometer. The pH values of the materials were measured weekly. Sixty
days after ensiling, samples were taken from each silo for mycological

-

and bacterioclogical examination.

Results.

The Ca(OH)Z-treated straws (treatments 2- 3) showed an immediate and
marked colour change compared to the straw which had added water only
(Lreatment 1). The colour became yellow-green and there was a distinctly-
noticeable, but not unpleasant "soapy" smell., The merked changes in
colour anc smell were subjectively much greater than those observed during
Expt 1.3 when only 10% of water was added to the fresh straw.

The temperatures recorded over a 20 wesk storage period in each silo
are given in Fig.4 and pH changes are shown in Fig.5. The temperature in
the wetted straw (treatment 1) rose comparaztively steadily to about 559G
after atout 3 weeks of storage. in contrast, toth treatments 2 and 3 with
added Ca(CH)2 had marked and rapid rises in temperature to TOOC after 10

o -\
r)
e

days of storage., Treatment 2 witn the higher water content (100% vs., 607)
had an iritial leg phase of some 8 days tefore an extremely rapid temperature

rise to 7OOC, thereafter the témperatures of treatments 2 and 3 were



Fig.h. Expt 1.4, Temperature at centre of treatment silos 1(100%

water), 2(1007 water + 5% Ca(OH),) and 3(60% water + 5% ca(0H),).

Fig.5, Expt 1.4. pH changes observed in treatments 1(100% water),

2(100% water + 5% Ca(OH)z) and 3(40% vater + 5% Ca(OH)Q).
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essentially similar,

Further distinct colour changes again occurred in the treated straws.
Treatment 1 (water only added) became visibly browny-green and clearly
heavily moulded by 21 deys after treatment. Treatment 3 became dark brown
by day 12 and tréatment 2 became similarly very dark brown 25 days after
storage began., Effluent appeared from both treatments 1 and 2 after 40
days (but not from treatment 3).

By day 50 it was apparent that all treatments were becoming heaviliy
moulded. The materials had an unpleasant smell and were clearly quite
unpalatable. Samples were taken frdm each tr;atment after 60 days of
storage for mycological and bacteriological examination, the results are
presented in Table 22.

All the treatments had extremely heavy.mould presence, Humicola
lanuginosa being the predominant ?ype. This is a thermophilic mould found,
in heated decaying vegetation and can thrive in qguite alkaline pH
conditions. Very heavy bacterial contamination was found in the N+ A
plates, although this was not typed, it would have been thermophilic and
an alkaline medium survivor. On an empirical basis treatment 1 (water
alone) was by far the most heavily contaminzted. Treatment 2 waé
carrying roughly 509 of the contamination of treatment 1, but treatment 2
(607 water, 57 ca(OH)Z) was appreciably the cleanest sample (mycologist's
report). Further tests using greater plate dilutions would have been
necessary to identify more types. However, due to circumstances beyond
control, these tests were not performed. The mycologist!s report states
that more "ictinomycete colonies would have become evident as probably

would have Polysporium fzeni (Farmers' lung) moulds."

Discussion.
The treated materials were completely unsuited for animal feeding

owing to the mould and bacterial contamination and severe spoilage., If
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this had not occurred it was the intention of this experiment to
supplement the ensiled straw with LS prior to feeding and perform a
digestibility trial with non productive Greyface ewes housed in
metabolism cages.

It was not unexpected that treatment-1 should have decayed under
such storage conditions, but treatments 2 and 3 with 5% Ca(OH)2 added,
giving a material with an initial pH of over 11 might have been expected
to have stored well. However, this did not occur, initially aerobic
bacterial fermentation must have occurred with some acid production as
might be concluded from the lowered pH to about 9 in both treatments 2
and 3 by day 12 and 4 respectively. Thereafter anaerobic mould and
bacterial colonies flourished under conditions of temperatures of 60-70°Q
and a pH of about 9.

The rise to alkaline pH of treatment 1 mayrbe the result of some
ammonia release as some thermophilic bacteria destroy protein material.
Considerable gross energzy was lost as heat from all three treatments in
store due to micro-organism activities and was manifested in the large
temperature elevations which occurred.

From the mycological examination it was clear that the wettest
materials were the worst contaminzted, however, Ca(OH)2 had some effect
on reducing colony numbers. aAs EZxpt 1.3 showed that 10% water addition
+ 5% Ca(OH)2 under aerobic conditions producad a material with no improved
digestibility further work is needsd to ascasrtain the minimum amount of
water to add to ob*ain the maximum effect of the Ca(CH)2 addition., This
would probatly be best done on a laboratory scale, examining additions of
15, 20, 25 and 307 water + 5% Ca(CH)2 to chopped straw to examine the
extent of spoilage which may occur. work (by previous workers) to date
on the effect of alkali treatment and subsecuent ensiling has produced

silages of varying quality (zs already discussed in the literature review).
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Chopping and processing straw on a farm scale produces large volumes
of material from which it can never be possible to fully exclude
entrapped air. Subseszuent storage conditions will almost inevitably allow
entrance of air. In the present experiment all reasonable attempts (short
of using sealed metal or concrete containers or vacuum packing) were used
to exclude air. Spoilage was probatly initiated by elther the entrapped
air or air which gained access and subsecuent heat generation probably
accelerated this, The prospects for a satisfactory treatment on a farm

scale do not appear to be very promising.
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SECTICY 2

METHODS OF PRESENTING 1S TO RUMINANTS

Introduction.

This section of the thesis examines the effect of different methods
of presenting IS to animals on their voluntary intake of high straw diets.
One advantage of a concentrated liquid supplement is that it can be applied
to numerous base materials. This section attempts to determine if any
particular method of presentation is more desirable in terms of practical
application, convenience, animal acceptance and animal performance. The
methods investigated for the presentation of LS were (a) in the drinking
water, (b) in a barley cube, (c) in a molasses lick and (d) sprayed onto
straw,

Supplying LS teo animals through the drinking water would appear to be
an easy and labour saving method. One advantaéé is that as all animals
drink water, therefore unlike other free-access situations all the animals
would receive an amount of the supplement perhaps in proportion to their

dry matter intake., However,this method of supplementation will depend on

the following facts:-

(i) The factors affecting total water intake.
a. Dry matter eaten.
b. Nature of the food.
c. Individual variation.
d. Freguency of drinking.
e. Physiological condition of the animal.
f. Ambient temperature and temperature of the water.
g. Live weight of the animal.
h. Distance betivieen feed and trough.

i. Trough sigze: animal number,



(1ii) Class of stock to be supplied.

(1ii) Whether different types of stock at different stages of growth and/or
producticn are to be supplied from the same water supply.

(iv) Type of water supply on the farm.

The factors affecting water intake and water reguirements have been
reviewed by various workers: e.g. Leitch and Thomson (19&4—45);
Winchester and Morris (1956); A.R.C. (1965); Forbes (1968); Church
(1979). Andersson (1978) has reviewed the physiological mechanisms
governing the regulation of water intake. 4 large proportion of the work
on water intake has been associated with dair& cattle: e.g. Craplet (1963);
Paquay, De Baere and Lousse (1970 a,b); Thomas (1971); Castle (1972);
Castle and Vatson (1973); Castle (1975); Thomas and Castle (1974);
Castle and Macdaid (1975); ILittle and Shaw (1978).

The knowledge of water requirements of sheep is not as critical in
Britain as the majority of graziné animals would obtain a high proportion
of their water recuirements from water in the food. However, in arid
areas where animals have to drink from piped supplies the water requirement
is important. Squires and Wilson (1971) examined the distance between .
the food and water supply and its effect on drinkingz freguency and food
and water intake of Merino and Border Leicester sheep. Vater intake and
feed intake was affected by the distance of the water supply from the food
supply, both food intake and freguency of visits decreased as the distance
from the water increased. In these arid areas, where ruminants are
restricted to dry, mature herbage which is deficient in protein, provision
of a IIPN supplement in the water would be an efficient method. Snook
(1958) and Von la Chevallerie and Coetzee (196L4) have added urea to the
drinking water. However, there were frequent cases of poisoning due to
the urea concentration gradually increasing in the water in the trough

over a period of time as a result of evaporation. It appeared that the
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water which contained toxdic levels was not sufficientily unpalatable to
prevent consumption in fatel amounts. Holzer and Levy (1971) provided
urea in the drinking water for beef catile given poor guality rougnzge
under controlled experimental conditions. The daily allowance of urea
was divided into 3 parts which were introduced 3 times per day into a
guantity of water that was judged to be approximately one-third of their
voluntary consumption., There were, however, no significant increases in
straw intake due to urea supplementation through the water.

Toxdicity resulting from.the consumption of large amounts of urea and
other NPN compounds is characterized ty an elevated concentration of
rumen ammonia and subseguent high concsntrations of armonia in peripheral
blood. The elevation of rumen pH has been shown to increase the rate of
ammonia absorption from the rumen and therefore increases the
susceptibility to toxicity. Wwhen urea is suppiied via the water system,
there is a potential risk of urea poisoning and because of this several
workers have examined the use of ammonium acetate as an alternative to
urea., Dilute acetic acid is often used in ammonia toxicity therapy to
neutralize ammonia and therefore reduce its rate of abosrption. Viebb,
Bartley and Meyer (1972) studied the nitrogen metabolism and arrmonia
toxicity from ammeonium acetate and urea in cattle. Azmonium acetate
administered through the drinking water has been found to increase the
content of butterfat in milk (e.g. frea 2.75 to 3+12, not significent,
(Kay, Walker and IicKiddie, 1967),. Various workers have successfully
given ammonium salts of short-chsin fatty zcids in the drinking water to
dairy cows (Jackson, Hodgson and Hook, 1962; Huttcn, Prescott, Seeley and
Armstrong, 1949; Prescott, El-Shobokshy and Armstrong 1949). Other
materizls have been added to the drinking water: e.g. ammonium
polyphosphate (Hemingway and Fishwick, 1975) and VFAs and vitamins (Kay,
Andrews, HacLeod.and welker, 1948). Various commercial enterprises

market magnesium supplements for use through the water susply. These
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involve a proportioner pump which automatically adds ths concentrated
supplement (at a pre-set rate) to the drinking water in the trough as the
water level falls on consumption.

The addition of L3 through the drinking water ié a possible method
of presentation to animals provided thzt ths problems already discussed
are taken into account. However, for the purpose of experimental design
all the dietary tresatments in this section have a fixed intake of the
supplement LS. Therefore in all the experiments in this section, LS
given in the drinking water i; allocated in a fixed concentration in a
fixed amount of water that the aniéals are knéwn to be able to consume,

Supplying IS to animals in a home-made free access licuid is another
possible method of presentation. A LS/molasses/water lick has been
formulated to the following proportions:~ molasses 3, LS 2 and water 1.
Throughout this section it will be referred to &s LS lick (LL).

The molasses serves as an excéllent carrier for urea in self-feeding
liquid systems. 1t increases further the palatability of wrea-conteining
diets and is a readily available sourcs of sulphur and energy which is
necessary for optimal urea utilization. 'Webb et al. (1972) have found that
by simultaneously administering molasses wiih urea reduced rumen ammonia ;
concentrations, rumen pH and blood ammonia were obtained. Blood urea
concentrations were also reduced, Molasses apparently increases nitrogen
utilization by rumen microorganiszs and decreases rumen pH thus reducing
the rate of absorption of amronia from the rumen.

Horton, Korris, Bierwirth and Raglend (1962) have reviewed the use
of ligquid urea/molasses preparations in rougnage diets. Karalazos and Swan
(1976) have reviewsd the use of molassss and the effect of the inclusion
of molasses on digestibility, microbial protein synthesis and the
utilization of energy aﬁd food intzke. Urez/molzsses ligquid supplements
have been used to increase tne intake znd digestibility (Beames, 1959) of

pastures by grazing ruminants.



11k,

In an attempt to ensure that urea/molasses solutions are not over
consumed by individual animals nor consumed at too rapid a rate they are
generally offered to groups of live stock via a ball-licking device.
However,the individual intake of ligquid supplements %rom ball-lickers by
animals in a group is very variable. For example Nolan et al. (1974)
presented such a supplement to 48 Hereford heifers (2-3 years old) at
grass. Right individuals consumed none and the intake of the others
ranged from under 500 to over 25C0 ml/day. The overall mean consumption
was 854 ml, but only 357 of the animals consumed within ¥ 504 of this
figure. Langlands and EBowles (1976) and Langlands and Donald (1978) have
similarly found with 2 year old Hereford heifers at grass that some 5%
consume none and some 107 consume excessive amounts. Nolan et al. (1975).
have also recorded that 97 of 200 Merino wethers at grass consumed none
‘of a urea/molasses lick, 12 consuzied under 100.£l/aay-and 70 consumed
50% more than the mean intake of 105 ml.

Jt is generally indicated that giving urea freguently in small
amounts may help to reduce the productiop of perhaps excessive amounts
of ammonia in the rumen (e.g. Armstrong and Trinder, 1966). As discussed
in the literature review some workers have found no advantage in giving |
urea frequently (in terms of increased utilization or voluntary intake of
straw) while others have found a response. However, giving concentrates
containing urea to beef cows more than once per day is not normally
practical.

1S given once daily in a barley cute and IS sprayed on the straw
available for the majority of the day are the other msthods of presentation

investigated.



WATER INTAKE

Introduction.

The objectives of the following experiments were to study patterns
of water intake and LS palatability by housed wether sheep. They were
also conducted to gain experience in the experimental technigues involved

in measuring water intake,

Experiment 2.,1. The effect of dry matter intake on water consumption

by wether sheeo,

Materials and methods.

Nineteen wether lambs (mean live weight 40 kg) were individually
housed in metabolism cages. One group of 7 animals was given 1.0 kg
grass nuts (870 g/kg DM, 174 g/kg crude protein and 224 g/kg crude fibre)
at 08,00 h and the other group of 12 animalg was given 1.5 kg grass nuts
at 08.00 h., Water was constantly available in buckets and intake was

recorded daily for one week at the time of the morning feed.

Results.

All the animals completely consumed their daily allocation of grass
nuts. The group receiving 1«5 kg of grass nuts drank significantly
(P< 0+05) more water (3+9 litres) compared with 3.2 litres for the group
receiving 1.0 kg of grass nuts (SED 0.30). Table 23 details the mean
individual daily water intakes of the sheep on both treatment groups.
There was considerable variation in daily water intake for individual
animals. This was expressed in the coefficient of variation of individual

mean water intakes, which ranged from 5°3 to 29-3%.



. Table 23,

Expt 2.1.

ilo,

The mean dally water intakes over a 7 day period

(litres/day).

Sheep no.

Mean water
intake

SD

Group 1 (10 kg grass nuts/day)

Group

1

= o vt WD

N

10
11
12
13
14
15
16
17
18
19

3.9
27
Le2
37
25
2.9

23

(1.5 kg grass
Le3
3-8
L2
3.9
39
32
4+0
Lel
Le2
L2
3.9
34

0-83
0.0
1+00
0.81
0.33
0.52

-

0+56

nuts/day)

126

cv Z

213
14.6
238
21+9
133
178

29.3
13.2
1249
159
2046
20+0
16°8
15-8
11.2
17.0

543

215



Exveriment 2.2. The effect of dry matter intake and the time of

consurotion of fesed on water intake by sheepd.

Materials and methods.

The animals and housing conditions used in this experiment were
identical to those in ixpt 2.1. The animals were divided into 3 groups
and given grass nuts of the same composition as for ixpt 2.1,

Group 1l:~ 7 animals given 0.5 kg grass nuts at 08.00 h and 0«5 kg grass
nuts at 16.30 h. '

Group 2:~ 6 animals given Oo?S‘kg grass nuts at 08,00 h and 075 kg
grass nuts at 16.30 h,

Group 3:- 6 animals given 0+75 kg grass nuts at 08.00 h and 0+75 grass
nuts at 13.00 h.

Daily water intzkes were recorded for a period of one week. In the‘
second period the dietary treatments were reversed for group 2 and 3 and
after a change-over period of 4 days the daily water intakes were
recorded for a further week,

Results. .

All the animals completely consumed their daily allocation of grass
nuts. The mean individual and group water intakes are given in Table 24.
The two groups of animals receiving 1l+5 kg of grass nuts drank
significantly more water than the group receiving 1.0 kg grasé nuts/day
for toth periods. Giving the feed at 13.00 h instead of 16.30 h had no
effect on the total daily water intzke, either between group 2 and 3 or
between the same group for different periods. a4 large variation in daily
water intake for individual animals was also recorded for this trial.

The coefficients of variation of the individual mean daily water intekes

ranged from L4*9 to 35+4%.
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Table 24, Expt 2.2. Mean daily water intakes over a 7 day period

(litres/day).
Period 1 Period 2
Sheep no. Mean Mean
Group 1 intake SD Ccveg intake SD CVe
1 37 0.52 1h4e1 3.8 0+85 22s1,
2 2.5 0-32 12+7 243 0-32 13+9
3 3.7 0-66 179 3.6 1+20 33-2
L 3-2 0-40 125 34 049 144
5 2.8 0-48 17-1 243 0-26 113
6 31 . 0.39 126 247 0-26 97
v 32 1413 - 35+4 22 O-l; 202
Group 1 3.28€ O<Ll; 2.90bd 0-48
Group 2
8 6+0 0-91 15.2 59 0453 109
9 4,+0 0-61 152 3.6 0«6l 17+9
10 el 041 101 39 0-19 L9
1 L2 0.36 85 L2 0+49 116
12 3-8 0+90 237 37 025 67
13 35 045 127 3+0 0-62 207
Group 2 L,+33 0-89 : 3.9P 0«6l
Group 3
14  hel 0+37 9ol 3.9 0-62 159
15 L,+0 0-73 18.2 40 0-43 10-8
16 L5 0+94 20-8 Lol 0438 8.7
17 L3 G40 9.4 Ll 0.52 11.7
18 3.8 0-31 81 3.5 0+ 41 11.8
19 35 Ce4i5 12-9 33 0°29 8.8
Group 3 4,+0° 0:36 3-9d 0«45

Means followed by the same letter are éi&nificantly different a,b (F< 0:05)
c,d (P<0.01).



119.

iag)

ixperiment 2.3. The effect of tize of eatinz on water intake,

. Materials and methods.

In Ixpt 2.2 giving the second fesd of grass nut§ at 13.00 h instead
of 16,00 h had no effect on the total daily water inteke. It was
therefore decided to investigate different feeding patterns on water
intake during the day.

Five wether lambs, mean live welgnht 38 kg were individually penned
indoors. For the first week, the animals received 0+5 kg bruised barley
at 08.00 h and 0-75 kg hay at 15.00 h (hay 822 g/kg DM, 87 g/kg crude
protein and 3464 g/kg crude fibre, tarley 855 g/kg DM, 103 g/kg crude
protein and 25 g/kg crude fitre). Water was continually available in
buckets and intake was measured at 08,C0, 1C.00, 15.00, 17.00 and 19.30 h,
fof a period of one week. After this period the hay was given at 08.00 h

and the barley at 15.00 h. Following & change-over period of L days the

water inteke was measured for a further week.

Results.
All the animals completely consumed. the hay and bruised barley. The

mean daily water intakes are given in Table 25.

Table 25. Expt 2.3. The mezn daily water intakes over a 7-day period
(litres/day).

Barley given at C8,00 h and hay a2t 15.00 h.

Sheep no, 4 6 7 9 10 Significance

L
~

mean intake 242 1+9 2¢5 21 18 7>9,9>10,,>10 ,
7>6%:7>l&%*

SD 0.28 026 037 0-24, 026
Cvg 12+5 13«4 149 113 143
Hay given at 08.CO h and barley at 15.00 h.
mean intake 21 2.0 22 2.0 1.9 NS
SD 022 0.356 0.27 0.30 0«34

cvgE 10+3 18-1 123 15-2 179
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The total water intake/day of the same sheep did not differ significantly
when the feeding regimes were inter-changed. Considered individually,

the mean daily intakes of the sheep were not consistent (shesep no. 7:»96,

e

and 7>10

o,

1Y
LR o

9>10*, 4L>10 ‘., 7> 6} ’:-) when the barley was given at 08.COh.
The water intzke of the individual sheep was more uniformlyhen the barley
was given at 15.CC h., The mean daily water intakes expressed as water
intake/h &s a percentaze of the total (between the pericds recorded) are
given in Fig.b. Over 207 of the total water was drunk in the first 2 h

after giving hay irrespective of the time of day when it was offered..

omerizent 2.4. The palatabiliiy of IS ziven in trhe watsr to wethsr sheeo.

Materiels and mathods.

Seventeen wether lambs (mean live weight 40 kg) wers individually -
housed in metabolism cagss. One group of six animals was given 1+0 kg
grass nuts and another group of 11 animals was given 1°5 kg grass nuts
(of the same composition as for Expt 2.1). Fach animal was offered
ad lititum water or water containing C.5 or 1.0 LS. Two animals were
alloczted to each treatment from the group receiving 1+0 kg grass nuts/
day. Four animals were allocated to the water and 0¢5% treatment and 3
animals to the 1-07 LS treatment from the group receiving 1+5 kg grass

nuts/day, Aifter an initial treatmsnt acclimatization seriod of 7 days
: VA=Y

the individual water intakes wsre recorded for a period of 3-days.

The mean daily group water intzkes over a 3-ds
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in Tatle 25, There was no differesnce in daily water inteke testween
the trestments for those animals given 1+5 kg grass nuis/day (mean inteske

c. 31 litres/day). However, for trhose animels receiving 1+0 kg grass

nuts the addition of LS {of eithzr 1.0 or 0s5%) to the water significanil,

.

<

increeszd the water consurption,



Fig 6. Expt 2.3. The pattern of water intake throughout the day (%

of total) of wether sheep. The unshaded area represents the mean

water intake of animals given hay at O8.0d>h and barley at 15.00 h., -The
shaded area represents the mean water intake of animals given barley at

08.00 h and hay at 15.00 h. . . -
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Table 26. Ixpt 2.4. The mean daily group water intakes over a 3-day

period (litres/day).

Group 1 2 3 Significance
Water 0:5% 1S 1-0¢ 18

Animals receiving 1-0 kg grass nuts/day

e SR ML
L Eal W

mean intake 243 346 2.9 2>3"7;3>1 ;2>1°

SD 029 0-52 0-60

Animals receiving 1+5 kg grass nuts/day

mean intsake 3l 31 3.1 NS

SD 0-86 0-91 1-59

Experiment 2.5, The palatebility of IS given in the water to wether sheep.

Materials and methods.

Ten wether lambs (mean live weight 4O kg) were individually penned
indoors, The animals received the same diet as in Zxpt 2.3, the barley
being given at 08,00 h., In Expt 2.3 the mean daily water intake of
similar animals on the same dietary regime was 2.0 litres/day. It was
decided to restrict the water intake of the animals to a volume that would
be complestely consumed, Zach animal was offered 1¢5 litres of either
water or water containing 13, 27 or 4-0% 1S, Two animals were éllocated
to the weter and 4+CY% IS treatments, and 3 animzls were allocated to the

1.3 and 2+7% 1S treatments. Intzkes were recorded daily for one week.

Results,
The two animz2ls receiving water alone consumed thelr daily
allocation of water., Howsver, as the concentration of LS increased in

the water, water intake decreased. Tne mean water intakes are given in



Table 27. At all concentrations of LS the water intzke was depressed
significantly. However,drastic reductions were not recorded until the

1S concentration reached 2-7%.

Table 27. EIx»t 2.5, The mean daily group water intzkes over a 7-day

period (litres/day).

Group 1 2 3 L Significance
Water 1-3% IS 2:7% 1S, L+0% 1S
mean intake 1-5 1.2 0.5 02 122,3,L 53,0
SD 0+00 0.28 0+57 0+33
cv:é ) 23.1 11247 141-1

General discussion.

Water intzke was affected by the total DM intake. The higher the
DM intake the higher the water intake, Giving the feed at different
times of the day did not alter the total daily water intake., It did,
however, affect the pattern of water intake during the day. lore data is,
required before drawing positive conclusions on the palatability of LS/
water, It can be said that up to 1+0% LS addition in the water does not
decrease water consumption, but above 1¢3% LS water intake is impaired.
However, not until IS was added‘at a concentration ezual to or greater

than 2+7% did water inteake appreciatly decrease,
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Ixperiment 2.5, The effect of method of nrovision of 1S on ths voluntary

intake of ozt siraw by 240 kg Hersford-crcss cattle.

Introduction.

The objective of Ixpt 2.6 was to examine the effect of giving LS,
(1) included in a barley cube, (ii) in the drinking water and (iii) in a
molasses/water mixture (LL) on the voluntary intske of ocat straw. LS was
supplied at the rate of 100 g/head/day to housed 260 kg beef cross cattle
being over-wintered with a minimun guantity of cereals and a maximum

amount of straw.

Materials zn3d nmethods,

Sixteen beef cattle (9 heifers and 7 steers), principally Hereford
cross of mean live weight 263 kg were housed on a group basis. Following
an initial acclimatization period of 28 days wh§n the cattle were gilven
oat straw ad libitum and 1+5 kg of barley cubes from diet B, (to be
described) the cattle were arrangad into four bzlanced groups each of four
animzls, The groups formed a 4 x 4 Iatin sguare,

There were four dietary treatments
(A) 1+5 kg barlsy - no supplement
(B) 1+6 tarley including LS (100 g/d in 1+5 kg = 6+6¢
(C) 1+5 kg barley plus LS in the drinking water available throughout the

day (LOC g 1S in 60 litres water supplied to the group)

(D) 1+5 kg barley plus IL (1+2 kg/four cattle in a ball-licker (2 balls)

given as the cattle finished consuming barley at 08.00 .h),

The barley was ground and cubed and included chromic oxide to give
about 10 g for every 15 kg cubes; The concentrate ration was given
individually in locking feeders a2t 07.30 h.

Diets b, C and D gzve the cattle 2 possible mean daily allecation
of 100 g LS/nezd., The animels on diet E were given 1+5 kg tarléy cutes,

to 2llow for the LS suprlementzation.

I
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Cat straw was given ad libtitum on a group basis, being replinished
in the ring feeders twice daily (08.00 and 16.00 h).

In the preliminary period it was found that a group of four cattle
consistently consumed about 60 litres/day of water. On this basis LS was
offered at LOO g IS in 60 litres to the group/day (i.e. a 0475 solution).
If at any time the trough was emptied, fresh water was made aveilable for
the rest of the day. This ensured that their water intake (and hence
possibly their straw intake) was not restricted.

Time lapse photography was used to examine both the pattern of water
intake and consumption of 1LL. To supplement khe data obtained from the
time lapse photography, water intake was recorded during the day by means
of a calibrated dip stick. The time for the LL to be totally consuned
was recorded.

The four feeding periods were each of 21 ééys and straw inteke was
recorded separately for days 8-14 and days 15-21.

Blood samples were taken at 07.30 h from the Jjugular vein on day 21
of each period and analysed for blood urea.

Rectzl grab samples of faeces were teken once daily over days 15-21
of each period for chrcmium determinztion. Feecal szmples were obtainedr
because a reduced chromic oxide content mizgnt imply that an individual
animzl in a group was ezting more straw., This in turn might be related to
the blood urea concentration of the animals indicating more than normal
consumption of IS (especially for the treziments where LS intake wes
available on a group basis (i.e. in water or as 1L);. Daily meximum and
minimun temperatures were recordad.

The animals were weighed at the beginning of the experiment and at
the end.

Sazples of the ozt straw and barley cubes were taken daily over days
8-21, of eacn feszding period, -tulked end anelysed for Dif, crude protein,

crude fibre, ether extract, ash, calciwn, phosphorus and chromium.



i2z.

Samples of IS were analysed for crude protein, calcium, phosphorus and pi.

The results of the analyses are presented in Table 28.

Table 28, ixpt 2.6. The mean compositions of oat straw, barley cubes
(g/kg Dh), LS and molasses (g/kg Fii).

Cat straw Barley cubes 1s Holasses
Dry matter 789 , 838 - -
Crude protein 19 118 1090 32
Crude fibre 437 ' 38 - -
Ether extracﬁ | i5 15 . - -
N-free extract 469 802 - -
Ash 60 27 - -
Ca 2l 0.8 - 28-0 61
P 0«4 - 2«7 16-0 A 0.5
pH - - 15 Seb

Results,

Over the total 84 days of the experiment the mean live weight of the
16 animals remained constant being 263 kg at the start 262 kg at the end.

No difficulties occurred with adaptation to LS in the water and ILL in
the ball licker at =sach change of feeding period. However, ten of the
sixteen cattle left some of the barley,1S cubes offered. These animzls
consumed the barley/LS cubes more slowly than the unsupplemented barley
cubes. On dazys 8-1L of the periods nine animels left residues. Three
left quite trivial amounts (mean, 51 g/day); four left a mean 282 g/day
and two left a mean 840 g/day. On days 15-21 of the periods ten of the cattle
left residues, Four left very srell amounts (mean 52 g/day) and six left
a mean 163 g/day. The overall mean residue for days 8-14 wes 310 g/dzy

(mean of 9) and for days 15-21 was 118 g/day (mean of 10).
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In a comparable experiment by Fishwick et al. (1973) it was found

that when measuring the voluntary intake

have the customary 14 dzys run-in veriod

when straw was measured during days 8-14

of straw it was not necessary to

and valid resulis were obtained

of each period.

straw intake was measured separately during days 8-14 and days 15-21 of

each period. The voluntary intzke of the cattle and mean blood urea

concentrations are presented in Table 29.

For this reason

Table 29. Zxpt 2.6. Voluntary straw intake (kg DM/day), mean blood urea

mol/litre) and faeczl chromium concentrations {(g/kg Di).
( ) B

Treatment A
Nil

Straw intake

Days 8-1L 2-86
Days 15-21 2-90
Days 8-21 2-88
combined

Bloed urea
(day 21) 10
cve 507
Faecal chromium

277

cve 13-1

B
IS in
barley

326
329
328

22

31.6

C
IS in
water

3-03
341
3e22

1+9

38456

2459
8.8

326
315
321

1.8

364

2:48

160

SE of
mean

0+132
0+103

0+066

0.13

Significance

+ . . . . . . .
barley/1S residues, therefore chromium concentration incorrect.

The voluntary inteke of straw for days 8-14 was not significantly

affected bty treatment.

significantly (P< 0+05) increased the voluntary intake of the cattle from

For days 15-21 barley/1S cubes and LS in the water
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290 kg/day (nil) to 3+29 kg/day (barley/LS cubes) and to 3-41 kg/day

(1S in the water). When the combined results over days 8-21 are taken into
consideration the LL treatment significantly (P<0+05) increased straw
intake compared to the nil, and the significance for barley/LS cubes and
IS in the water was then P< 0.0l.

The blood urea concentrations when the supplemented diets were given
were all significantly higher than the nil treatment (1°0 mmol/ litre);
barley/LS cubes (2.2 mmol/litre) P<0+001; IS in water (1-9 mmol/litre)
P<0+01 and IL (18 mmol/litre) P<O0+Ol..

The mean faecal chromium concentrations Qere 2:77, 2459 and 2;A8
g/kg for the nil, LS in water and LL treatments respectively. The mean
chromium concentration of the faeces when the cattle were given the
barley/LS cubes is not guoted, as the variation between cattle was large
due to the animals leaving barley/LS residues and thus not receiving their
full complement of chromic oxide._

The data from the time lapse photography was analysed manually with
a fixed frame film projector. It became obvious after examining the
films, that although an animal may be in the frame with its head directly
above the water trough it was not necessarily drinking (nor had been -
drinking). Therefore, for the purpose of analysing the film, the frames
were divided into the number of positive drinks or number of possible
drinks per visit (a visit = 1 frame = 65 sec.). Using this informetion
and the data recorded for water intake it was possible to obtzin data for
both (a) litres consumed/per/hour and (b) the cumulative consumption per
group of four animals,

The data obtained from the water intake films was so immense that
only a proportion of the data has been presented (Figs. 7,8,9 and 10).

However, the results indicate that for the cattle in this current
experiment, there was no consistent pattern in the inteke of water., The

total time spent at the drinking trough for one animal varied from day-to-



day (e.g. Fiz.7). In cozparing the average drinking patterns of different
groups of cattle at 3-week intervals the drinking patterns for particular
2 hour periods varied considerably (Fig.8). In any given 2 hour period
on two consecutive days the freguency of drinking for given animals was
variable (Fig.7). In any 2 hour period on a given day there was
considerable variation between the freguency of drinking of the individual
cattle in one pen (Fig.7). Fig.9 detzils an example of the cumulative
consumption (litres/group of 4 animals) ané litres consumed per group of
4 animals per hour. It can be noted that although drinking activity
occurs during the night the majority of water'is consumed during day-
light hours.

Competition for LL at the ball licker was cuite high. However, there
was no set pattern of intake. LL intake was largely governed by the
pecking order in the group. Usually the strongést amongst the animals
obtained and kept access until sztisfied., The LL was generally consumed
within 2 hours. riz.10 details the total number of frames that each
animal was recorded as 1icking/ﬁay for different groups and days. The
freguency of visits by individual animals to the ball-licker varies from
day to day. Demonstrating that although on each day the same amount of
LL was available the LL was consumed in less total licks on ons day than
another. ‘

Fig.1l details the daily maxdimum and minimum temperaturesfor each

period,

Discussion.

Palatability croblems occurfed with the barley/LS cube dietary
treatment. <& large prooortion (43%) of the animals left resicues and
the animzls consumed the barley/LS cubes more slowly. with the szall

amount of cerezls given, to supply 1CC g LS/head/day mesans trat the IS

addition in the tarley is as much as 6.6%, at this hizh concentration



Fig.7. Zxpt 2.6. The total number of visits to the water trough
undertaken by individual animals over two conszacutive deys. The shaded
area represents the numbter of visits that the znimal was recorded as

positively drinking from the trough.
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Fig.8., Exot 2.6, The mean total number of visits/group of four cattle
to the water trough over two consecutive days, The shaded arez

represents the mean number of visits that the group was recorded as

positively drinking from the trough.
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Fig.9. Expt 2.6. The pattern of water inteke during the day (litres/

pen/h and litres/pen) (4 animals/pen).
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Fig,10. Izt 2.6. Frequency of visits by individual animals to the

ball-licker (no. of frames licking).
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Fig.1l., Dot 2.6, Daily temperature varistion for periods 1, 2, 3 and

. - )
4 expressed as meximum and minimum temperature ( C).
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it appears that the barley/LS cube is less palatable than a straight
barley cubs, One advantage of applying 1S to the barley at grinding and
subseguently cubing the mixture is that it produced a firm cube which
stored well, -However, the effect of LS in reducing the rate of consumption
may be an advantage in other production systems where much more cereal is
provided. It could reduce the hazards of rapid over-eating.

All methods of supplementation were egually effective for these small
groups kept indoors in small pens. From the results of straw intake it
can be seen that it was necessary in this trial to have a run-in period of
14 days before differences between ﬁreatmen&sgould be recognised. When
analysing the data between days 15-21, the dietary treatment IL was not
significantly better than the nil treatment. However, when days 8-21 are
considered the siraw intake with the LL treatment became significantly
greater for the nil treatment. This occurred because the nil treatment
intake was lower and the LL treatﬁent was higher for days 8-14 compared with
days 15-21,

It was anticipated that a reduced individual faecal chromium content
might imply that an individual animal was eating more straw. However,
both the mean faecal chromium concentrations and the coefficienté of
variation were similar for each treatment and thus no conclusions can be
drawn from the data, It can, however, be inferred that the lower
coefficient of variation (8+8) of faecal chromium for the LS in the water
treatment may indicate thet the animals in the group had a more uniform
intake of IS, The coefficient of varistion for the LL treatment was
slightly higher than for the nil treatment. It may thersfore be inferred
that the LL treatment gave a less uniform intake. For tlood urea, the
mean values for all the supplemented diets were significantly higher than
the nil treatment. The coefficients of variation were similear for blood

urea concentrations, therefore no relationship can be drawn between the
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urea and chromium concentrations (i.e. high blood urea concentration did
not correlate with low chromium). Due to ease of handling the blood
samples were taken preprandial, If however, they had been taken at 12,CCh
when most of the animals had consumed all or some LS‘supplement the
results may have been different.

The results of the time lapse phctography showed that calves kept
indoors on high straw diets do not have a set pattern of drinking. On a
group basis daily water intake was constant at approximately 60 litres/
day. Temperature had no effect on water inteke, Period 3 was markedly
colder (Fig.li, the mean minimum temperatures‘for Periods 1,2,3 and L
were + 1+0, + 00, - 2¢2 and + L+1 respectively) than the other periods
yet intzke remained relatively constant, this contradicts the work of
Bailey, Hironaka and Slen (1962) and Cunningham, Martz and Merilan (1964).
Their data indicated that a reduction in environmental temperature reduced
water intake. .

The cattle did however, when driniking remain at the trough for guite
a period of time. Part of this time was sﬁent drinking and part
apparently playing with the water. Thsi£ behaviour would probably be guite
different if fed at a set time of the day or if they were not housed. ‘

The drinking habits of varicus ruminant species have been investigated,
to only a limited extent. Castle, Foot and Halley (1$50) observed that
when water was readily available to dairy cows, they usually drank from
2-7 X/day with an average of 38 X/day. However, the observations of
numerous investigetors indicete that confined cattle tend to drink
frequently if water is readily aveilakle (Church, 1979). Eond, Rumsey and
Weinland (197%) found that confined stzers on different types of diets
spent 60-465% of ths total daily time at the water between 04,00 and 18.00 h.

Although supplemenﬁation of LS by the molasses/weter mixture increased

the straw inteke, the design of the exceriment vortreyed an artificial



sltuztion undsr the housing conditions that the animals were kept.

This was not comparable to the stiuation where a ball-licker is
positioned in a fisld., In the experizent the four animals in each group
could share 2 balls to lick and were zlways in close proximity to the
licker. They obviously also noticed the LL being replenished each
morning. These conditions are totally artificial and in a field
situation not all the animals would obtain any supplement, especially if
a restricted amount was supplied daily., However, this experiment does

show thet if enimals do conswme LL it can increase straw intzke.
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Experiment 2.7. Comnariscn tetween LS given in the drinking wat

t
1L on tn= voluntazrs intzke cof ozt straw by groucs of lactatinz beel cows

and yearlinz teef catile,

Introduction.

In Zxpt 2.6 LL supplementation increased straw intake between days 15and
21 by an amount which just failed to be significant whereas LS given in the
vater significantly increased straw intake., This present experiment was
designed to compare the two methods of giving LS to two classes of
animal, lactating beef cows (suckling single calves) and yearling beef -

-

cattle.

Materials and methods.

The same sixteen beef cattle were housed in the same four groups oi-
four animals as for Expt 2.6. Their mean livelyeight was 262 kg at the
beginning of the experiment. Twelve lactating beef éows (principally
Hereford cross mean live weight 470 kg) with their twelve suckling calves
of mean live weight 53 kg were housed on a2 group basis in two balanced
groups each of six cows and their calves, DBoth types of gattle had
previously been given diets high in straw, hence the initial .
acclimatization period to the new diet was relatively short (7 days).

There viere two dietary treatments for both cows and beef cattle
(dietery treatments replicated). Over successive 21-day feeding periods
(using a crossover design) LS was given either in the drinking water or &s
1L presented to the cettle in a ball-licker at 08.00 h after thelr feed

of barley. Tne barley was gound and cubed and given as follows:~

Yearlinz cattle 1+5 kg/head barley given in individual. locking feeders.
Lactating cows 3.0 kg/nead barley given as a group in a trough with
ample feeding space.

The amounts of 1S providsd were:-



Amount .
(a/day/enirel) Total water/group(litres) LL/group(kg)
L, yearling cattle 100 60 (0672 1) 1.2
6 lactating cows 250 250 (0-60% 1S) b5

Oat straw was given ad libitum on a group basis, being replenished
in the ring feeders at 08,00 and 16.00 h for the cattle and at 08,00,
12,00 and 16.00 h for the cows.

In a2 preliminary period it was found that a gfoup of 6 lactating
beef cattle consistently consumed about 250 litres/&ay of water., On tﬁis
basis LS was offered at 1+5 kg in 250 litres to the group of 6 cows/day
and 400 g in 60 litres to the group of 4 cattle/day. If at any time the
trough.was erptied fresh water was made available for the rest of the day.

Time lapse photography was used to exsmine the patitern of water
inteke and consumption of LL. To.supplement the data obtained from the
time lapse photography water intake was recorded during the day by means
of a calibrated dip stick and the time when the LL was totally consumed
was also recorded.

The two feeding periods were each of 21 days and straw intake was
recorded between days 15-21. Blood sauples were taken from the jugular
vein on day 21 of each period (10.00 k) and analysed for blood urea.

The animals were weighed at the beginning and end of the expesriment.

Sawrples of the ocat straw and barley cubes were taken daily over days
15-21 and anelysed for ZX, crude protein, crude fibre, ether extract, ash,
calcium and phosphorus. Szmples of 1S were analysed for crucde protein,
calcium, phosphorus and pH. The results of analyses are presented in

Tavle 30.
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Table 30. Expt 2.7. The mean compositions of oat straw, barley cubes
(g/kgli), LS and molasses (g/kg FM).

Oat straw Barley cubes Ls Yolasses
Dry matter 806 843 - -
Crude protein 15 105 1076 62
Crude fibre 438 32 - -
Ether extract 8 9 - -
N-free extract 482 821 - -
Ash 57 33 - -
Ca 2.8 1.2 277 61
P . 0+6 3ely 16-0 0.5

pH - - 1.5 5.2

Results.

Over the 6 weeks of the experiment the mean live weight of the 16
yearling cattle increased from 2462 to 277 kg. The mean live weight of the
suckling calves increased from 53 to 87 kg (a mean daily gain of 0.8 kg)
and the lactating cows decreased from 470 to 426 kg (a loss of 1 kg/day).
A1l these weignt changes were considered tc be appropriate to the diets
given. The barlsy cubes were readily and ccmpletely consumed by both the
yearling cattle and the cows., Although the cows were group fed, the
troughs were sufficiently long to allow all 6 cows to feed at once and
their appetite was such that the feed was cleaned up in 10 min by 211 cows,

At the change-over no difficulties occurred with adaptation to the rew
dietary treatments.

The voluntary straw intekes of fhe cowWs ana yearling cattle and mean

tlood urea concentrations are presented in Table 31.



Table 31. Ixpt 2.7. Tnhe mean voluntary straw intake (kg Di/day) and

blood urea concentration (mnol/litre).

A B SE of
Mean and
Treatment LS in LL SED Significance
water
Straw intake
Yearling cattle ' 3°74 3+Th
Cows 755 7+31
Mean of both groups 501 L+93 04269 NS
Blood urea (10,00 h)
Yearling cattle 1.7 1.3 01l AS B
| SD 0.58 0.40 -

Cvg 341 '30.8
Cows 1e4 1.1 0-18 NS

SD 040 031

CVZ 286 28-2

There was no difference in voluntary straw intakes resulting from
the different msthods of IS presentation. The blood wrea concentrations
were equally variable for both treatment diets (CV c. 30%). The blood
urea concentrations for the yearling cattle were significantly higher
when they received IS in the water thzn when giwven as LL. The data obtained
from the time lapse photography was ccmparable with that for Zxpt 2.4. Due
to the vast amount of information producsd from the time lapse photography
studies for this present experimsnt and -opt 2.5, no figures ere presented
for this present experiment, but 2 general conclusion wiil be given in the

discussion.
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Discussion,

The performance of both the cows and the yearling cattle was
satisfactory. There was no difference between treatments, both LS in the
water and LL produced similar voluntary straw intakes and mean blood urea
concentrations.

A striking difference in the drinking behaviour between the yearling
cattle and the cows was recorded. While a yearling animal would '"play!"
around when drinking this was not the case with the cows. Wwhen a cow
drank it took one long gulp and then left the trough. An example to
illustrate this is that on examining one filg in two consecutive frames,
the first frame showed the trough and water and the second the trough with
the water level about 10 cm lower, indicating that between the frames (655)
a cow had been and consumed a very large amount of water. In contrast;
when a yearling animal was record?d at the trodgh it could have been
present in up to 10 consecutive frames although not necessarily positively
drinking, However, a cow was never seen for more than 2 consecutive

frames and 9 times out of 10 was cbviously positively drinking.
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Experinmsnt 2.8, Ths effect of m=thod of srovision of 1S on the voluntzrw»

intake of oait strew ty 240 kg Hereford cross cattle.

Introduction.

In Zxpt 2.6 three methods of presenting LS were investigated,
(1) in a barley cube, (ii) in the drinking water and (iii) as LL.
Expt 2.6 had showm thét LS in the water and LL were satisfactory methods
of giving IS. However, although IS in the barley increased voluntary straw
consumption, palatability problems occurred. It was decided to repeat the
former two methods and to investigaﬁe epplying IS onto the straw. |

The objective of Zxpt 2.8 was to examine the effect of giving IS
either (i) in the drinking water or (ii) as 1L or (iii) on the straw on
the voiuntary intake of oat straw, LS was provided at the rate of 100 g/
head/day to housed 240 kg beef cross cattle being over-wintered with a

-

minimum quantity of cereals and & maximum amount of siraw.

Materials and nethods,

Sixteen beef cattle (8 heifers and 8 steers), principally Hereford
cross of mean live weight 243 kg and msan vody condition score 21
(Lowman et &l.,1973) were housed on a group basis. Following an initial
acclimatization period of 14 days Qhen the cattle were given ost straw
ad lititum and tarley in amounts gradually increasing to 1.5 kg of barley/
head/day, the cattle were arranged into four balanced groups ezch of four
animals on a basis of live weight, body condition and sex. The groups
formed & 4 x 4 Iatin sgquare,

There were four dietary tresztmenis
(4) 1+5 kg barley ~ no supplemen
(B) 1+5 kg berley plus 1S on the stfaw (L0 g 1S/day poured onto the

straw when in the racks with a small watering can. 4aAbout helf being
applied at 8.00 h and the rest at 14,30 h),

k

(C) 1-5

ot

rley plus LS in the drinking water, aveilatle all day (LI 2z

5 b

IS in 40 litres water),
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(D) 1°4 kg barley plus 1.2 kg LL/groun of cattle in a2 ball-licker (2
balls) given as the cattle finished consuming the barley concentrates

at 08,00 h.

The barley was ground and cubed and includea 10 é chromic oxide each
day. The concentrate ration was given individually to all the cattle in
locking feeders at 07.30 h.

Diets B,C and D gave the cattle a possible daily allocation of
100 g 1S/head. The animals on diet D were given 0+l kg less barley
cubes to compensate for the ehergy obtzined from the molasses in the IL.

' Oat straw was given ad libituﬁ on a groub basis, being replenished
in the racks twice daily (08.00 and 16.00 h).

In the preliminary period it was found that a group of four cattle
consistently consumed about 40 litres water/day. On this basis LS was
offered at 400 g IS in 60 litres to the group/dey. If at any time the
trough was emptied, fresh water wés made available for the rest of the dey.
This ensured that their water intzke (and in turm their voluntary straw
intaske) was not restricted. On one day in ‘each week the cattle were given
only 4O litres of water to ensure that all the i8S water mixture was
consumed. This ensured that a residuzsl amount of 1S did not build up in ’
the trough. On these days, after the LS/water mixture had been entirely
consumed, fresh uwster was made avzilable,

The four feeding periods were each of 21 days and straw intake wvas
recorded separately for days 8-14 and days 15-21. Elood samples were taken
at 12.00 h from tae jugular vein on day 21 of ezch period and analysed for
urez.

Rectal grab samples of faeces wers taxen oncedaily over days 15-21 of
each period for chromium determinztion,

The animals were wéighed and their body conditicn was assessed zat

the stert, and end of the experiment.



Samples of oat straw and bearley cubss were tzken daily over days
8-21 and analysed for DI, crude protein, crude fibre, ether extract, ash,
calciua, phosphorus and chromium. Samples of LS and molasses were

analysed for crude protein, calcium, phosphorus, and pH (Table 32).

Table 32. Expt 2.8. The mean compositions of oat straw, barley cubes
(g/kg DM), 1S and molasses (g/kg FH).

Oat straw Barley cubes IS Molasses -
Dry matter 821 841 . - -
Crude protein 19 104 1088 33
Crude fitre 504 53 - -
Ether extract 8 7 - -
N-free extract L27 803 ‘ - -
Ash 42 ' 33 - -
Ca 2.1 1.0 21,8 55
P 07 1.8~ 179 07
pH - - 15 50

Results.

Over the total 84 days of the exceriment the mean live weight of the
cattle changsd from 243 kg to 247 kg, and the mean body condition score
from 2.1 to 1.8.

The barley cubss were readily and ccmpletely consumed.

The data for voluntary strzw intake hes been analysed in thrse ways;
between days 8-14, 15-21 and 8-21 of each period (Table 33). The mean
voluntéry inteke of straw was very #imilar for days 8-14, 15-21, 8-21 and
between treatmesnts.

Blood urea concentrations‘(Table 33) were all higher on tresiments

with LS added. Giving IS in the drinking water or as 1L significantly
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increased blood urea concentrations (3489 and 333 mmol/litre respectively)
compared with the unsupplemented treatment (1.10 mmol/litre).

Application of LS to the straw gave an intermediate blood urea
concentration (2.71 mmol/litre).

Faecal chromium concentrations were similar for each treatment
(Table 33). A reduction in the faecal content of chromium might imply
that an individual animal in a group was eating more straw. This in turn
may be correlated to its blood urea concentration, indicating a less than
normal consumption of 18; The faecal chromium concentration was slightly
lower when LL was given due to the lower chrogic oxide intake, as the
animals given this diet were given 0+l kg less barley chromic oxide
cubes to compensate for the energy obtained from the molasses. However,
the faecal chromium concentration for the LL is in proportion to the
other treatments being 61% of the total chromium given while the mean of

the other treatments was 62%.

Table 33. Expt 2.8. Voluntary straw intake (kg DM/day), mear blood urea
(mmol/litre) and faecal chromium concentrations (g/kg DM).

Treatment A B C D
Nil IS on 1S in LL
straw water

SEM Significance

Straw intake

Days 8-~14 210 218 2°19 2418 0195 NS
Days 15-21 235 237 222 238 0«345 NS
Days 8-21 223 228 216 228 0139 NS
Blood urea " "

1410 2.71 389 3.33 0472  C>A 3D>4

Faecal chromium

3475 3e84 394 3447
cvg 13'6 ’ 128 18+6 1648

+ . . . - .
The faecal chromium concentration was slightly lower when LL was given

due to the lower chromic oxide intake, as when the animals were on this
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diet they were given 0.1 kg less barley chromic oxide cubes to compensate

for the energy obtained from the molasses.

Discussion.

The apparently similar cocefficients of variation around the mean
chromium concentrations further imply that the straw intakes for all
animals on whichever treatment were similar. The blood urea concentrations
on treatments with LS added were all higher, but not significantly so for
IS given on the straw. It musf Be noted that the blood samples were taken
at 12,00 h and that the cattle would ha;e corrsumed the whole daily supply
of LS given in the molasses, but not all that given/day in the water or on
the straw. The apparently similar mean coefficilents of variation for the
blood urea concentrations would seem to indicate that none of the three
methods of giving IS resulted in a greater &ar;ation in individual inteke.

None of the methods of supplying LS to these animals affected the
voluntary intake of straw. The crude protein content of the oat straw
was 19 g/kg DM (as in Expt 2.6 where increases in voluntary intakes were
recorded)., The overall crude protein content of the diet without 1S
supplementation would be about 43 g/kg DM and thus there might have been -
an expected increase in straw consumption.

Both the cattle in Zxpt 2.6 and this experiment were the same age
(9 months) and had comparable weights (mean 260 kg for Expt 2.6 and 2 mean
24,0 kg for this experiment). However the mean voluntary intake of straw
by the calves in this experiment was 2-33 kg/day (recorded between days
15-21) which was lower than the nil treatment intake for Ixot 2.6 (2-9 xg/
day recorded between days 15-21). The overall mean intake of straw on this
experiment was 27% lower than that for Expt 2.6 {319 kg/day) when
considering days 15-21. It could therefore be assumed that the maximum
appetite of the cattle was already fulfilled and no amount of PN
supplementation would be able to increase intake, or that some other

factor was restricting straw consumption.



Ixperinsnt 2.9. 4n assessment of the effect of method of provision of 1S

on the voluntarvy intake and digestitility of ozt straw by sucxkler cows in

oregnancy,

Introduction.

The results obtained in Ixpts 2.6 and 2.8 were inconsistent. It was
therefore decided to investigate individually fed animals as oppésed to a
group-fed situation. The objective of this present experiment was to
examine the effect of giving IS (i) in the drinking water (ii) on the
straw (iii) as LL in comparison with soya bean meal on the voluntary
intake and digestibility of oat straw by suckier cows in late pregnancy.

LS was given at the rate of 250 g/nead/day.

Materizls and methods.

Ten pregnant beef cows, principally Hereford cross of mean live
weight 500 kg and mean body condition score 2:7 (Lowman, et al., 1973)
were individually housed in & byre. The cows were on average 18 weeks
from calving at the onset of the experiment., Following an initial
acclimatization period of 2 weeks when the cows were given ocat straw
ad libitun and 2 kg barley cubes,the cows were arranged into two groups -
each of five animals according to live weight, btody condition score and
expected calving date. =zach group formed a separate 5 x 5 Latin szuare,
each treatment being given in appropriate seguence for 21-day periocds
(105 days in total).

Four of the five diestary treatments contained nitrogen supplements
such that each provided about eguivalent emounts of crude protein and Mz.

fach treatment received ad iibitum oat straw which was replenished
three times a dey 8.00, 12.C0 and 15.C0 h, and one of the five dietary

treatments.



Dietary treatmonts.

A 2.0 kg barley cubes,

E. 2:0 kg barley cubes + 250 g LS sprinkled on the straw.

q

C. 2+:0 kg barley cubes + 250 g LS in the drinking water.

D. 1+7 barley cubes + 750 g LL. (the molasses/ﬁater lick was
calculated to supply the same energy as 0.3 kg barley cubes).

B, 1+2 kg barley cubes and 0.8 kg soya bean meal (supplying the same
energy as 2:0 barley cubes).

The concentrates were given at 07,3C h,

For diet B half the LS was applied to £he straw at the time of
" feeding (The strzw ailocation was placed in a dustbin and the 1S was
poured over it from & small watering can. It was then allowed to stand
for 5 min to allow the LS to percolate through the straw) at 08.00 h and
the other half at 12.00 h, This ensured that straw residues (which were
largely derived from the furthef'untreated straw given at the 16,00 h
feed) did not contain LS.

For diet C, the water bowl of each appropriate animal was turned oif
and LS in the water was offered in buckets (wedged into the feeding
trough to prevent spillage). Prior to this present experiment it was
found that a cow in late pregnancy would drink at least 25 litres of
water per day when given similar high straw diets, In this experimental
situation it was imperative that 21l the L8 in the water was consuned.
Therefore the LS supplement was offered in the first 20 litres of water
provided to the cow, This gave a LS concentration of 1+257 and in
accordance with Zxpts 2., and 2.5 this concentrztion should have teen
palatatle., The water in the buckets was replenished (as required) four
times a day and when all the L3 water had teen consumed, the cows vere
allowed ad livitum water,

For diet D the LL was given at the same time as the concentrate in

the trough, i.e. it was poured over the concentrates (It would have teen



14k,

consumed rapidly in any event). Different amounts of barley were fed in
diets D and E in order that all the dietary treatments had the same 1E as
2 kg of tarley plus 250 g LS., The M of barley and soya were assumed to
be the same.

Chromic oxide (15 g) was-included in the cubed tarley concentrates
throughout the whole 105 days of the experiment.

Straw intake was measured in the last 7 days of each 2l1-day periocd.
Straw residues were collected once daily. This procedure allows for a
low error when.using this experimental design. For example Fishwick el al.
(1974) measured straw consumption on the last 7 days of each 21 day period
and achieved a satisfactory low error {SE of mean 0+115) for a similar type
of experiment, but using two 4 x 4 latin scuares. .

During the last 6 days of each period when straw consumption was being
measured, rectal grab samples of faeces were obtained from each cow at
three times during the day (07.30, 11.30 and 16,00 h). These samples of
faeces were bulked during the collection week for dry matter, nitrogen,
crude fibre, ether extract, ash and chromiua analyses. The results of the
analyses were used to calculate the digestibility of the diets.

A water meter was fitted below the header tank in the byre to record
the water intake of the eight (of the total of ten cows) drinking fresh
water. The water consumed when the cows were given diet C (IS in water,
provided in buckets) was also recorded,

On day 21 of each period blood sazples were taken at 10.C0 h from
the jugular vein, and analysed for Ca, ? and urea.

The cows were weighed and body condition scored at the start and the
end of the experiment.

Samples of oat strew, soya tean m=al and barley cubes were taken
daily over each collection period, bulked and analysed for Di, crude
protein, crude fibre, ether extract, ash, calcium and phosphorus. In

addition, the barley cube was analysed for chromium content. Samples of
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IS and molasses were analysed for crude protein, calcium, phosphorus and

pH. The resulis of anazlyses are presented in Table 34.

Table 3L, Ixpt 2.9. The mean compositions of cat straw, soya bean meal,
barley cubes (g/kg DM), LS and molasses (g/kg Fl).

Oat straw Soya bean meal Barley cubes IS  Nolasses

Dry matter 831 840 836 - -
Crude protein 36 - . 503 108 1057 30
Crude fibre 469 75 C48 - -
Bther extract 6 14 7 - -
N-free extract 451 338 805 - -
Ash 38 70 32 - -
Ca 2.7 37 < 1.1 283 6o ly
P , 07 7+3 2:8 17:3 04
pH - - - 1.7 53
Results.

Over the 15 weeks of the experiment the mean live weight of the cowsf
decreased from 500 to 491 kg and the m=an body condition score from 2-7.
to 1¢5. The concentrates and the straw were readily consumed by all the
cows. At each change of diet the cows given the IS in the water took
3~k days to become accustomed to the IS-containing water. OCne cow of
the 10 took 4 days before it would consume 21l the soya bean meal in the
soya bean meal/barley mixture.

The voluntary intake of straw, digestitility coefficients and blood

paramesters are presented in Table 35.



Table 35, Expt 2.9.
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The mean voluntary straw intake (kg D¥/day), blood

parameters (mmol/litre) and digestibility coefficients of the

COWS,
Treatment
A B
Nil 1S on
straw

Straw intake

L 66 5.09

Total diet DM

0+598 0+599

Total diet OM

0+ 617 0+610

Straw alone OM

0531 Q.512
Total diet N

0+812 0.837

Total diet CF

0.814 0.817

Blood urea

2.87 5+35

Blood phosophorus

2°Oh 2-09
Blood calciun

2458 247

G D
IS in LL
water
el 521
Digestibility
0616 0598
0517 0.510
0+853 0815
0-824 0814
726 5483
192 189
252 2+50

Soya bean
meal

277

coefficients

0. 586

0607

0.535

0.831

0820

5.06

2+00

2452

SE of
mean

0-189

0.0136

0.0245

0.0250

0.0150

0+0164

0445

0.070

0-033

Significance

D>A";EA ;BC
D>C™;E>CTT

NS

NS

NS

NS

NS

NS

¢

A>B
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Suoplenmentation with soya bean meal had the largest and most
significant effect on increasing voluntary straw consumption (+ 1-11 kg
DM/day). LL also had a large and significant effect, intake being
0.55 kg D¥/day higher than that of the nil treatment. However, although
IS given on the straw increased the wvoluntary straw intake by 0+43 kg
DM/day, this was not significant. The inclusion of LS in the drinking
water marginally depressed straw intake (- 0+24 kg Dl/day). The straw
intake when the cows were given IS in the water was significantly lower
than for all the other supplemented diets,

None of the treatments affected any of the digestibility parameters.

All the sources of supplementary nitrogen gave significantly higher
concentrations of urea in the blood than were recorded when the
unsupplemented diet was given. Both the calcium and phosphorus
concentrations in the blood were satisfactory throughout the period of
the experiment., The blood calciuﬁ concentration when the cows were given
1S on the straw was sigrnificantly lower than (P< 0¢05) for the nil
treatment. There was no obvious explanation for this result and it may

be entirely fortuitous.

Discussion., R
Supplementation with soya and LL significantly increased the
voluntary intake of straw (by 23+8 and 11.8%) while LS on the straw
(increase of 9+2%) just failed to siznificently increase (ISD = 0.55 at
P<0+05) inteke. However, LS given in the drinking water did not increase
straw intake. One suggestion might be that the water intake was
restricted when IS was included,.as the 1S/water was given to the cows
in buckets for thzt feeding treatment only. From the data obtained from
the water meter, it was found that ezch cow wnsn given IS in the water
consistently drarnk atove the msan water intake of the rest of the eight

cows (28+0 compared with 24«4 litres/cow/day for ths first 3 feeding
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periods (After this the meter was broken by frost)). Accordingly
limitation of water intake would not séem to be the explanation. The
protein content of the oat straw (36 g/kg) was considerably higher than
that which had been used in a whole series of previous experiments

(e. 22 g/kg) (Hemingway, personal communication). The percentége increases
in straw inteke above the nil treatment were in the same order as has
previously been recorded for the same cows given similar diets., Generally
increases in the order of 10-15% have been found (Hemingway, Fishwick

and Parkins, personal communication) with these same animals in previous
NPN supplementation experiments, The increase of 23.8% with the soya
treatment is larger than has been normally fogpd. It was therefore
decided to measure the rumen degradability of the protein in the soya

bean meal,

One factor determining protein utilization in the rumen is the
extent of rumen degradation. In the past, work has suggested that protein
supplements are almost completely degraded in the rumen (e.g. Hogan and
Weston, 1967). However, it has now become accepted that protein
supplements are only partly degraded in the rumen (Miller, 1973). Amino
acids are absorbed from the small intestine, They originate from two
sources, microbial protein and undegraded dietary protein. It is
important to determine both the rejuirement of the ruminant animzl for
protein and the requirement of the rumen microbizl population for
nitrogen (Roy, Balch, ifiller, @rskov and Smith, 1977).

In the past th¢ use of digestible crude protein for formulating
rations for ruminants has been the normel. It is now being superceeded
due to the avove limitations. In the last few years different schemes have
been proposed for estimating the amount of degradable protein in ruminant
diets (Eurroughs, Trenkle and Vetter, 1972; Burroughs, Melson and Mertens,

1975a,b; Satter and Roffler, 1975; Roy et al., 1977).
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Several factors influence the extent to which dietary protein is
degraded in the rumen. These include protein solubility, and rations
contzining a high propor£ion of soluble protein tend to be readily
degraded. Protein solubility is governed bty the particle size and density
of the feed, the structure of the plant cell wall and whether the feed has
been treated with heat or chemical substances. It will be affected by
residence time in the reticulorumen, which in turn is influenced ty feed
intake and the physical features of the ingested food. It is for these
reasons that in vivo protein degradability can te very variable. This can
be furtner complicated as the yield of rumen microbtial protein/unit of
fermented organic matter can itself bz variable (Kennedy, Christopherson
and ¥illigan, 1976). Rumen retention time is probatly the most important
single factor in influencing the extent of rumen degradation. @rskov an&
Fréser (1973) showed that with a low level of feeding (below mzintenance
energy level) protein from soya bean meal appeared to be completely
degraded, while with a high level of feeding (more than twice the
maintenance energy level) the degradation appeared to be only in the region
of LO%.

The methods available for estimating microbial degradaﬁion of protein
have bees discussed by Satter (1978).

The method used in this experiment for estimating the protein
degradatility of the soya bean meal was the nylon bag technicue. (lehrez
and @rsxov, 1977). Four cows fitted with rumen fistula were given a
basal diet of 2 kg tarley plus oat straw ad lititum., The mean rumen
degradatility of the protein in the soya Tsan meal measured over & period
of 2, h was 0+75, This figure was in agreement witnh various viorkers
althougn slightly lower e.g. Kathers; Horton and Miller (1976) estimated
the rumen degradability of the protein in soya bean meal to be 0.95,
measursc over & period of 24 h using ruminzlly cannulated sheep given

840 g/day grass nuts. s alrsady discussed ¢rsk6v and Fraser (1972) found
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that with low ?rotein diets that soya bean meal appeared to be completely
degraded.

LS supolementation appeared to result in higher concentrations of blood
urea thaz did the soya addition. bDlood samples were taken at 10.CO h
following the giving of concentrates at 07.30 h. The cows given the LL
treatment would have consumed all the IS supolement by 10,00 h. However,
when given IS in the water or on straw the cows would only have been able
to consume up to one-half the full daily 1S allocation., Even so the cows
when given IS in the water treatment had significantly higher blood urea
concentrations, than when given &ll the other treatments. The blood urea
concentraticns when the cows were given the soya treatment may be

expected to rise throughout the day.



Foperiment 2.,10. An assessment of the effect of method of presentaticon

of I3 on the voluntarv intake and dizestibility of oat straw ty nen-

productive Ayrshire cows fitted with a rumen fistula,

Introduction.,.

In the previous experiment (Expt 2.9) it was found that the
voluntary straw intake for suckler cows in pregnancy when supplemented
with LS in the viater was significantly lower than for other methods of
supplementation. This had not been the case for ixpts 2.6, 2.7 and 2.8
which used 250 kg cattle and lactating beef cows. Having established
that the water intake of the cows was not restricted by the water
containing IS presented in a bucket regime, it was decided to examine the
effect of presenting IS to cows fitted with a rumen fistula either in their
drinking water or directly through the fistula and to examine the effecté
on voluntary straw intake, digestibility and rumen parameters. LS
supplementation given directly inéo the rumen was investigated because 1S
in the water may have stimulated cesphageal groove closure and therefore

the LS/water may have by-passed the rumen.

Materials and methods.

Four non-productive rumen fistulated Ayrshire cows of mean live
weight 587 kg were individually stalled in a byre. The cows formed a
L x 4 Latin scuare with each treatment being given in appropriate seguence
in 2l1-day feeding periods (84 days in total). There were four dietary
treatments given in addition to ad libitum oat straw and 2 kg cubed barley:

Dietary trestments

A, No supplement.

B. 250 g LS in the drinking water.

C. 250 g 1S through the rumen fistula,
D. 250 g LS on the straw.

The straw was replenished in the racks at 08.00, 12,00 and 16.00 h.



‘The barley cube included chromic oxide (2 kg barley cubes supplied 15 g
chromic oxide)and was given at 07.30 h.

VWhen diet B was given the water towl of the animal was turned off and
1S was offered in buckets {as previously described in Expt 2.9). The
water in the buckets ﬁas replenished 4 times/day and when all the IS~
containing water had been consumed the cows were allowed ad libitum fresh
water., The LS was given in the first 2 buckets of water offered (~ 10/
litre/bucket) to ensure that the daily allocation of LS was consumed.

For diet C, one half of the daily allocation of LS was poured
directly into the rumen through the-fistula, at 08,00 h and the other
half at 12.00 h,

For diet D, half the LS was poured onto the straw at each feeding
time (08,00 and 12,00 h). This ensured that straw residues (which were
largely derived from the 16.00 h feed) did not contain residues of LS.

Faecal grab samples were obtained 3 times/day during the last 6 days
of each period and bulked for chromium analysis and hence indirect
asséssment of digestibility. Food samples were taken throughout each
collection period and analysed for DM, crude protein, crude fibre, ether
extract, ash, calcium and phosphorus (Tatle 36). In addition thé barley.
cubes were analysed for chromium. Blood and rumen liguor samples were
taken on the last day of each period at 07.30, 10.00, 12.00, 14.00, 16.CC
and 18,00 h for determination of blood urea and ammonia and rumen amnonisa,
total nitrogen and pH. The straw intake was recorded for days 14~-20 of

each period and blood and rumen samples were teken on day 21.

Results,
Over the 12 weeks of the experiment the mean live weight of the cows
increased from 587 to 601 kg. The barley and the straw were readily

consumed by all the cows,
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Table 36, Expt 2.10. The mean compositions of oat straw, barley cubes
(g/kg DM) and 1S (g/kg FH).

Qat stiraw Barley cubes Is
Dry matter 799 815 -
Crude protein 25 98 1068
Crude fibre 599 55 -
Ether extract 6 6 -
N-free extract 412 809 -
Ash 58 .32 -
Ca 22 1-1 31-8
P 0.7 - 29 1445
pil _ - 16

Supplementation with 1S either in the water or directly into the
rumen, increased voluntary straw intake significantly compared with the
non-supplemented treatment by 22.5 and 19+1% respectively (Table 37).
Addition of LS to the straw just failed to increase the intake
significantly. The increase was 13+1% but due to one cow having an
exceptionally low intake when that treatment was given it reached
significance at only P<0-1. None of the treatments affected
digestibility parameters (Table 37).

The data obtained for the digestibility of the straw OM for each
treatment has besn used to calculate the apparent Mﬁ of the stiraw DM
(ME=0-15 x DCMDZ M.A.F.F. et 2l., 1975) and from this the amount of ME
provided Ty the actual amountis of straw DM consumed (Tatle 37). The ME
intske from the straw consumed although markedly higher for treatimsnis
B and C {43.0 and 40+6) failed to be significantly grsater than for the
diet without IS supplementation (34+8).

© 1S supplementation resulted in signiiicantly higher concentrations

of urea in the blood (Table 38) compared with the unsupplemented diet
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at all times except 07.30 h (where the LS in the water treatment just
failed to reach significance).

Rumen ammonia concentrations (Table 33) were higher when the cows were
given the supplemented diets at all times of the day, but because of the
large variation between animals the concentrations were not always
significant. At 16.00 h the rumen ammonia concentration of the animals
when given LS via the fistula were significantly higher than for the
other treatments.

Rumen pH (Tabtle 39) results did not differ markedly, but giving 1S

via the fistula had the most effect on increasing rumen pH.

Table 37. Ixpt 2.10. The mean voluntary straw inteke (kg DM/day),
digestibility coefficients and o intake from straw consumed
(}J) of the cows.

-

A B C D

Treatment Nil IS in 18 in IS on SEM Significance
water fistula  straw

Straw intake 4k 5°34 5029 5.02  0.198 B,C> A"

Digestitility

coefficients

Total diet DM 0553 0594 0+580 0585 0-0235 NS -

Total diet Ol 0579 0609 05714 0+601  0.0274 NS

Straw alone OM  0«481  0+527 0515 0+518 0-0358 NS

ME intake from
straw 358 L3-0 LO«6 385 L 07 s
consuned
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Table 38. ZIxpt 2.10. The mezn concentrztions of urea (mmol/litre) and

ammonia ug/dl in the blood of the cows.

A B C D

Treatment Kil IS in IS in IS on SEM Significance
water fistula straw

Elood urea

07.30 h 149 2+40 253 248 0.270 C,D>a4a%

10.06 146  2:71 280 255  0e159  B,D>.aww;C> Awit
12.00 129 279 29 2¢30  0-201 D>A%;B,C> A%
14.00 128 2:80 3426 2:3L  0e258 D> a%;B,C> Ak
16.00 1-18 3+01 2:96 2453 0.367 B,C,D> A%

18.00 129 2:91 393 2:56  0+272 D>A¥,B> A%

C> A%, 0> B, D¥

Blood amnonia

07.30 h L6 53 54 58 8+6 NS
10,00 53 5% 72 61 9.8 NG
12.00 57 67 41 49 86 1S
14,00 32 56 73 63 15-9 s
15,00 43 71 61 71 6.3 B,D> A%

18.C0 28 62 73 70 18+9 I'S



Table 39.

Zxpt 2.10.

The mean concentration of ammonia (mg/ﬁl),

total nitrogen (g/litre) and pHY in the rumen of the cous.

Treatnent

Rumén ammonia
07.30 h

10.00
12.00
14.00

16.00

18,00

Rumen total
nitrogen

07.30 h
10.00
12,00

14.00

16,00

18. OO

Rumen pH
07.30 h

10.00
12,00
14,00
156,00

18,00

A
Hil

2+03
3.08
2452
364

225

22l

0-188
0168
0-153
0C-175

0158

0240

6499
6+91
679
6+85
686

B
LS in
vater

725"
10-92
8-68
8496,
'7-00

6 4y

0+2L40
0°-299
0+258

0241

0-239
0-273

7+03
6+89
672
6+66
6+80
689

C
IS in
fistula
5¢61
1167
700
1288

10:36

594

0-221
0+346
G-268

0+335

G+291

0-259

712
6+87
&89
6+93
6-90

D

1S on S
straw

561 0e262
78L 2734
l;'Oé 1‘14,35
beL1, 24632
5-88. 0.GL1
LeT79  1.401

0+211 0+0137
0+218 0-0487
0-205 00162

0-245 0°+01%45

‘0-23L  0-0243

Q-245 00230

7+01  0.018
6+91  0-053
675 0-115
676  0.085
6-71  0-043
6°70 0065

Significance

B,C,D> a¥¥*; B> CD**
Ns

B> A¥

C> 4%

B, D> A%;0> Atd;
C> BD¥®

NS

NS

C> Ak
C>4,B,D%
NS

nS
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The total nitrogen concentration in the rumen licuor (Table 39) of
the cows receiving no LS supplementation was consistently lower than for
those cows receiving LS supplementation by each of the three methoas.
However, there were no real changes in total nitrogen concentration in the
rumen with time during the day for any of the treatments.

The blood ammonia concentration (Table 38) for the LS supplemented
diets did not change with time over the day. However, the ammonia
concentration on the unsupplemented diet began to fall from 12.00 h until
18.00 h., Results indicated that the nil treatment did have the lowest
value, but this was not significant; All the values recorded lie within
the normal range for bovines (Parkins, 1972). HNone of the various
methods of LS supplementation resulted in the production of excessive
ammonia, which was indicated by the low concentrations of blood ammonia

-

. recorded. Accordingly there was no risk of toxicity.

Discussion.

This experiment was designed to confirm if LS presented in the
drinking watef did not improve straw intzke (as was recorded in Expt 2.9)
and to attempt to elucidate the reasons for this occurrence. One
possibility was that LS in the water may have stimulated oesphageal groove
closure and therefore the LS/water may have bLy-passed the rumen. For this
reason rumen parameters were studied, and treatment C (LS via the fistula)
allowed the parameters to be measured knowing that the full allocaﬂion of
LS had been put directly into the rumen. However, the results of this
expefiment contradict those reported in ixpt 2.9 as IS given in the water
has significantly increased straw intake., Gesphageal groove closure did
not occur as rumen total nitrogen concentrations for the LS/water
treatment are higher than for the nil treatment and comparable with those
for 1S put directly into the rumen through the fistula,

In the previous experiment (Zxpt 2.9) 2ll the cows given LS in the
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water took 3-4 days to beconme accustoned to full consumption of the
supplemented water, This acclimatization period did not occur during
this experiment.

IS supplementation did not result in the producgion of ammonia abtove
that produced from the basal diet. The sensitivity of the analytical
technique is low at such low concentrations of blood ammonia (10—?0)1g/dl)
(Parkins, 1972), which resulted in large variations tetween periods and

a relatively high standard error of the mean.

.
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General discussion,

The majority of work comparing urea with other NPN sources has been
concerned with predominantly cereal based diets. It is possible that any
differences in the efficiency of utilization of NPN sources may be more
apparent when animals are given liN in association with predominantly
straw-bazsed diets, Ozt straw was used throughout the work in this thesis
because oI its lower and more regular protein content which meke it & more
suitable experiment al material.

The response to feeding urez by cattle given high roughage rations
has not alweys teen consistent and depends eséentially on the protein
content of the ration. OChicco et al. (1972) supplemented a mature grass
(60 g C2/kg) with urea/molasses and improved daily gain (275 vs - 15 g/day)
in cattle. Bond and Rumsey (1973) found no response in dry cows, yearlings
or calves allowed access to & low nitrogen (90 g CP/kg) urea/molasses
mixture, '

The amino acid complement of the diet may be limiting for growth on
certain diets. lethionine and threonine appeared to be limiting for
growth of calves given urea or soya bean meal as a supplement (Liebholsz,
1976) and the sulphur-contzining amino acids were the most limiting for
sheep given urea containing diets (Owens, Znight and Nimrick, 1973). with
high straw diels performarce tends to be less with urea than soya bean
meal (Bhattacharya and Khan, 1973). Various workers have studied
ruminant growth on diets where virtually &l11 of the dietary nitirogen was
supslied bty 24 (Oltjen, 1949). If vegetatle protein supplemsntation
is complstely replaced by 5PN ths rate of growth and feed efficiency are
gens*aléy lower than when soya bezn protein is used (Oltjen, Sirny and
Tillman, 1942; Goodrich and Tillmen, 1968).

Table 40 summarizes the response of the yearling cattle, the beef

cows and the {istulated cows to the different methods of LS



supplementation,

Table 40. The responses to different methods of supplementation of LS

(% increase/decrease in straw DM intake).

Method of supplementation

Experiment IS in IS in  LL IS on IS via SEM
barley water straw fistula

. Yearling '

Expt 2.6 cattle +13 +18 +9 - - -

Expt 2.7 EZiﬁfg - equal  equal - - -
lactatin

27 beef cow§ - equal  equal - - -

Expt 2.8 zsiiizng - No response - -

Expt 2.9 ziggnant beef _ -5 +12 +9 a 21
Fistulated :

Expt 2.10 57 - F23 - +13 +19 -

+ Soya bean meal.

When IS was given in a barley cube (Expt 2.6) although this‘method
of supplementation increased the voluntary intake, it probably fell short
of the maxdmum possible effect due to palatability problems. The ration
was predominantly straw-based with the minimum amount of concentrate,
which resulted in the concentration of 1S in the barley cube being high
(6'6%); Fishwick and Parkins (1979) have given pregnant beef cows a diet
of oat straw and cubed barley containing 4% IS. At this concentration of
LS the barley cube was readily accepted by all the cows. LS mixed in with’
a concentrate feed up to 4% addition would seem & satisfactory method of
including IS into the diet.

Supplying LS to animals in a home-made free access liquid was

experimentally satisfactory. In Expt 2.6 the cattle were in a confined
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space (compared with grazing animals) and 4 animals had access to 2 balls
to lick. The results of the time lapse photography showsd that each
animal took some LL each day. In Ixpt 2.9 the cows were individuazlly
fed and therefore had their assigned zllocation of LL. As already
discussed in the introduction to this section, in a field situation the
individual intake of any liquid supplement from ball lickers is very
variable,

In both experiments Expt 2.9 and 2,10 the increase in straw intake
achieved bty the addition of IS to the straw just failed to be significantly
greater than no supplemesnted intake (9 and 132 respectively). However,
these were positive increases.

The results obtained from supplementing IS via the water supply are
contradictory. In Zxpt 2.6 the LS was supplied to the cattle at a
concentration of 0679 in Zxpt 2.7 to the catile at 0+67% and the cows
0607, in Ixpt 2.9 to the cows at 1+25% and in Expt 2.10 to the fistulated
cows at 1.25% . MNo palatability problems occurred with any of the animels
except in Expt 2.9 where on changing to LS in the water the cows took about
3 days to becoms accustomed to its taste. In Ixpt 2.9 the straw intake for
the IS in the water treatment was significantly lower than that of all tﬁ;
other suwplemented diets, and marginally lower than the non-supplemented
diet. However, although Expt 2.10 was designed to confirm the findings of
Expt 2.9 it in fact, demonstrated to be the opposite. The suprosition
that at a concentration of 1.25% 1S oeasphageal grooveclosure may have
been stimulated wes disproved, =s rumen total nitrogen concentrations for
the IS/water treatment were comparable with those for LS put directly into
the rumen through the fistula and higher than for the nil treatment. At
the moment no expl=anation can te offered for the failure of LS in the
water to incresse voluntary straw intzke of the cows in -xpt 2.9.

It is concluded that in terms of animal acceptance/response and

practical application that the most acceptable methods of LS application
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are either LS on the straw or in the tarley (or other concentrate feed).
The practical uses of these methods have already been discussed in the
general introduction to this thesis, LS in a molasses lick would be
acceptable in situations where the animals are not given other
supplementary feeds (e.z. straw or concentraztes), but it would have to be
accepted that up to about 40% of the animals may receive little or none of
the liguid supplement. Before it could be recommended that LS be provided
via the water supply more work would be reguired to investigate animal
responses to the supplement. The gther difficulties with this method have
been discussed in the introduction to this segtion and would also have to
be considered on an individual farm sczle. These include the type of _
water supply on the farm (piped or natural) and the classes and

physiological states of the animals to be supplemented.

-
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SECTION
THE rfFFECT OF LS SUXPLETNTATION C THE 2raf ZANSE OF JURINANTS

Introduction.

This section of the thesis deals with LS supplementzition to
ruminants and its effect on given production parameters.

The rate of use of any feed supplement containing principally non-
protein nitrogen and additionally varilous minerals and vitamins will be
primarily governed by the amount of supplementary nitrogen reguired in a
given particular circumétance. Therefore the conteined amounts of
" minerals provided by the feed plus supplement may not alﬁays be adeguate
to meet current (A.R.C., 1965) recomendations for minimal intakes.

A number of feeds do not provide adeguate mineral intakes for
animals of differing physiological states. For exarple 2 high
proportion of straws and hays provide much 18;8 phosphorus than
recommended for maintenance of adult cattle (Hemingway et al, 1968;
Hemingway, 1971). Diets composed principally of cereals may be low or
marginal in the amount of calcium required by growing lambs and
especially beef cattle unless a supplesmented calcium source is added to’
the ration,

The dietary standards for ruminent feeding published by the A.R.C.
(1965) and the I.R.C. (1974) are widely used and accepted by those
concerned with ruminant nutrition. However, various workers have shown
that the standards applying to dietary phosphorus (e.g. little, 1980)
and calcium (e.z. Hodze, 1973) requirements are too high. At the moment
the A.R.C. are currently revising the A.R.C. (1965) reccmmendations and
it is telieved that the reccmmended mineral intakes will be re&uced.

This section of the thesis monitors the effect of giving less
calciun and/or phosphorus than the A.R.C. (1965) recommerdations in

differing production trials :- growing lambs and cattle, lactating ewes
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and their lambs and pregnant and 1ac§ating beef cows,

1S contains 152 mg copper/kg. Adult cattle appear to be able to
tolerate the continuous intake of relatively large amounts of copper
without 111 effects. Sheep are much more susceptible to copper
poisoning than adult cattle, and doses of 20- 110 mg of copper/kg body
weight produce copper poisoning. The normal range of copper in the
blood of sheep lies between 07 to 1.2 mg/kg (MacPherson, Brown and
Hemingvay, 196L). Although copper is essential to maintain life an
excess can be fatally toxic. Sheep are peculiar in the way in which
copper is handled metabolically. increased.absorption is not easily
achieved, but abnormzally high excretion is more difficult still so that
there is the general tendency for copper to accumulate in the body of
sheep (Neethling, Brown and De Wet 1968). . Excess copper is stored in the
liver. When it reaches a critical concentration copper is released into
the blood producing haemolysis (24 h before symptoms appear blood copper
concentration can rise to 250 mg/kg).

If copper-supplemented diets are to be given great care should be
taken to ensure that the recommended level is not exceeded, that mixing
is adequate and that none of the supplemented diet is fed to shéep
(Todd, 1962). Over a period of time copper accumulates and results in
poisoning. Animals will show normal health until the haemolytic crisie
occurs, Chronic copper poisoning is characterized by hepatic and renal
cell degeneration, haemoglobinuria, acute anaemia and Jjaundice. Serum
enzyme activity increases just before the haemolytic crisis. In sheep
serum glutamic-oxalacetic transaminase (GOT) incregse with & rise up to
880 S.F. (Sigma Frankel) units/ml up to 6 weeks before obvious clinical
signs appear (MacPherson and Hemingway, 1949).

It is for the above reasons that supplementary copper is not
recormended for use in diets for sheep. (The Fertilisers and Feed

Stuffs Regulations, 1973) and therefore LS cannot be recommended. In
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three of the experiments in this section LS was given to sheep and/or
lambs. In these cases either blood GOT or copper concentrations were

monitored.



Experiment 3.1. Soya bean meal, crystalline urea and LS as nitroczen

sources for lactztinsz ewes given whole ocats.

Introduction.

The objective of this experiment was to compare IS with crystalline
urea afdsoya bean meal as protein supplements for lactating ewes, and
as a secondary object to monitor the effects of supplying less calcium

and phosphorus than the A.E.C. (1965) recommendations.,

Materials and methods. ¢

Experiments were conducted in each of the years 1978 and 1979
involving similar numbers of ewes, dietary treatments and housing
conditions. As the results of each year were essentially similar, the
data are presented as a combined work.

The experiment involved a total of 138 adult female sheep (ewes)
of mixed ages of which 94 were Greyface (Border Leicester male x Scottish
Blackfacé female) ewes which had been mated to Suffolk males and 4/ were
Finnish Landrace x Dorset Horn ewes mated with Texel males: A larger
number of ewes than this had been mated-at grass and this number was
selected from those lambing within a four-week period. About three .
weeks before lambing, which occurred from February to March, the ewes
were housed in open~fronted buildings and given, on a group-basis, 1 kg
hay and 1 kg of egual parts of a mixture of the four diets offered in
lactation to enable them to become accustoried to consuming such mixtures. .
At lambing, the ewes were individually penned with their lambs for two
days and appropriate husbandry measures were employed to ensure intake of
colostrum and the development of the ewe/lamb relationships. Thereéftef‘
the ewes were allocatsd to one of the four dietary treatmesnts on a basis
of ewe breed, live weight and body condition score and the number of
lambs suckled. There were a total of 51 ewes with single and 87 ewes
with twin lambs. Thereafter the ewes received the experimental diets

on a group-feeding basis. The ewes were grouped according to dietary
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treatment in pens containing 10~ 12 ewes which had lambed within a one-
week period. Each pen contained ewes wiih single and twin lambs in
appropriate proportions. mwes were given concentrates in trougns at
08.00 h and hay in racks at 16.00 h each day. No other feeds were
given separately to the lambs.

A11 the sheep were given 1.0 kg hay (FM)/day. Three of the four
concentrate diets used were each formulated to have the same amount of
crude protein (FM basis) and the fourth contained no additional protein.
The compositions of the hay, oats, soya bean meal and LS used are given
in Table 41. The amounts of feeds given/day are detailed in Table 42.
Diet A consisted of whole oats to which was added LO g 1S/kg followed by
uniform mixing. Batches of LO kg were made by hand mixing in
polypropylene containers., Absorption of LS by the oats was rapid. A
sufficient cuantity was made at one time to lést the ewes for one week
and there was no sigﬁ of run-off at the base of the conteiners. Diet B
consisted of whole ocats to which crystalline urea was added, followed
by hand mixing as atove. Diet C was composed of whole oats and soya bean
meal., Diet D was whole oals with no protein adaition. Dicalcium
phosphate, calcium carbonate and sodium chloride were aaded to diets B,.
C and D to provide the same amounts of calcium, phosphorus and salt as
vere added to diet A by LS. A trace elerent/vitamin supplement
identical to that used in IS (supplied by the manufacturer) was also
added appropriately to diets B, C and D.

The total nutrient intakes of the ewes are given in Table 42. The
overall mean amounts were calculated (M.A.F.F., et al., 1975) to be
about 16+7 4J ¥E, about 100 g digestible crude protein (oep)
(unsuprlemented) and about 145 g DCP (as supplemented with the various

additicns) and (by analysis) atout 4+1 g Ca and L4+7 g P.
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Table 41. xpt 3.1. The mean compositicns of hay, oats, soya (g/kg Dil)
and LS (g/«g Fi).

Hay | Oats Soya JIN)
1978 1979 1978 1979 1978 1979 1978 1979

Dry matter 796 786 - 823 773 858 840 - -

Crude protein 75 73 107 134 513 512 1090 1087
Crude fibre 342 352 121 128 63 97 - -

Ether extract 9 8 53 59 - 10 12 - -
N-free extract 523 512 694, 663 348 340 - -

Ash 51 55 25 26 66 71 - -

o
A

Ca 3.9 243 0.9 06 3.3 253  26+8

P 15 18 34 34 65 70 13.8 145
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The ewes and lambs were weighed at birth and 3 and 6 weeks after
lambing. At the same three times bléod samples were also obtained from
the ewes for the determination of urea, calcium, phosphorus and coppers

The data for the parameters measured for all the sheep combined for
both years were analysed by separate t-test comparisons for the four
treatments, Only the differences between treatments within single and

twin lambs have been considered and indicated in the tabulated results.

Results,

All the four concentrate mixtures were palatable and were readily
and completely consumed by the ewes. As the lambs reached 3-4 weeks of
age they showed interest in the concentrate mixtures, but the rate of
consumption by the ewes was such that the lambs were able to eat little
if any. The hay was eaten by the ewes within 2 h of feeding.

The principal results regarding mean ewe,and lamb live weights are
given in Table 43. The Finnish Landrace/Dorset Horn ewes weighed on
average 4 kg less than the Greyface ewes throughout the six week period
(not significant). The overall mean live-weight gain of the single lambs
to 6 weeks was about 11 kg. There were no significant differences
between treatments. However, for the twin lambs, those reared by ewes
given diet C (oats/soya) and diet A (cats/LS) grew significantly faster
than those given diet D (unsupplemented oats) as determined at both 3
and 6 weeks of age (Table 43). Lambs reasred by ewes given diet B (ocats/
crystalline urea) had an intermediate growth rate which was significantly
greater at 3 weeks, but not at 6 weeks, than for those lambs reared by
ewes given unsupplemented cats. |

There were consistent and progressive reductions in the live weignht
of the ewes. The overall mean losses to & weeks were £-0 and 8.9 kg
respectively for those suckling single and twin lambs, Live-welght
losses were least for those ewes given diet C (oats/soya) and greatest

for those ewes given diet A (oats/LS) for both those with single and twin

lambs.
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Bwes given diet D (unsupplemented oats) had significantly lower
concentrations of urealin the blood than for any of the supplemented
diets (Table L4). The blood of the ewes given either crystzlline urea
or LS generally had higher concentrations at 6 weeks, but not at 3
weeks after lambing than those given soya. None of the supolementary
nitrogen treatments influenced the concentrations of calcium and
phosphorus in the blood of the ewes which would be considered normal
throughout (Table 44 ). Ewes with both single and twin lambs given IS
appeared to have lower concentrations of phosphorus in their blood 3 -
weeks after lambing relative to the other tfeatments. There is no
obvious explanation for this and by 6 weeks after lambing the difference
had largely disappeared. The overall mean concentrations of copper in
the blood of the ewes (1979 group only) were normal 097 (at
parturition), 1+00 (3 weeks) and 0:95 (6 week$) mg/kg and there were

no differences between treatments,

Discussion.
The ewes were given diets supplying about 17 ¥J ME and 140 g

~—

digestitle crude protein/day. The amount of }ME provided was lower than.

the mean feed allowances of 208 and 26+56 MJ ¥E currently recommended
(M.A.F.F. et al., 1975) over the first two months of lactation for 67 kg
ewes, The amount of P provided was also lower than the 215 and 282 g
ested for 67 kg ewes with single and twin lambs in

.DCP respectively sug

3
early lactation (.iDAS, 1974). Gonzalez, Robinson and McHatiie (1979a)
ve dexmonstratesd that when ewes in lactation are given less T eir
have demonstrated that wh lactatio gi 1 than thei
full feed 2llowance for snergy, milk production cdifferences associatea
Tt D -
with-alternative dietary protein sources can be observed, The amounts of

toth = and ZJZ2 »rovided were in the same order as have reviously bteen

3

- on

given to housed ewes which demonstrated differences in growth of lzmt

sucklinz ewes offered feeds with a mixture of ground nut/cotton seed
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meals or urea as protein sources. (Ducker, Fraser and Hemingway, 1974).
The overall mean live-weight gain of the single lambs to 6 weeks of
age was 11°0 kg. This was considered to be satisfactory and compares
with a mean gain of about 12+0 kg recorded for similar ewes and lambs in
a previous comparable experiment by Ducker et al. (1976). There were no
differences between treatmentsnor any indication of response to any form
of nitrogen supplementation. However, the ewes with single lambs given
LS or urea lost more live weight (mean 6.5 kg) than those given soya
(3-8 kg). Ducker et al. (1976) similarly recorded a greater live-weigh
- loss for ewes with single lambs when given garley with urea (110 kg)
than when given barley with ground nut and .cotton seed meals (6-1 kg).
The twin lambs reared by the ewes given LS or soya gained comparable
and significantly more live weight to 6 weeks than those given no
nitrogen supplement. Those reared by ewes giVen crystalline urea had
intermediate growth rates. The Qean live-weight gain of those lambs
given either IS or urea (7+3 kg) was about 0«5 kg less than those given
oats/éoya. Previously, Ducker et al. (1976) have recorded live-weight
gains of twin lambs to 6 weeks of avout 81 kg (barley with urea)
compared with about 9.6 kg (barley with ground nut and cotion seed mealé).
Parkins (197h) has demonstrated that the addition of urea to low-
protein diets given to ewes in late pregnancy significantly increased
nitrogen retention, but there are very few references to the comparative
effects of urea and various protein sources on milk yields in ewes.
Jordan (1952) and Pope, Gallup and Read (1952) have indicated that urea
was comparable to soya bean meal and cotton seed cazke as a source of
nitrogen for ewes in late pregnency and early lactation. Similarly,
Parkins, Fraser, Ritchie and Hemingway (1974) found that the addition of
urea to molassed sugar beet pulp was as effective as the addition of
decorticated ground nut cake, but Ducker gt al. (1976) considered that

urea was significantly less efficiently utilized than a mixture of
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decorticated ground nut and cotton seed meals by lactating ewes, In a
series of papers McHattie, Fraser, Thompson and Robinson (1978), amd
Gonzalez, Hobinson, Xciattie and llehrez (1979b) have concluded that the
milk yield of ewes suckling twin lambs is related to the proportion of
the supplementary scurce of protein which is degraded in the rumen,
They concluded (Conzalez et al., 1979b) that in relation to urea,
ground nut and soya bean meals both with rumen degradabilities of 0«47
increased milk yields by 7 and 19% respectively. In contrast, meat and
bone, fish and blood meals with reduced rumen degradabilities (0.37 -
0+1) increased milk vields by 15 and 35%,

In the present experiment the mean rumen degradability (the fraction
of the total nitrogen lost) of the protein in the soya bean meal (1979
only) measured over a period of 24 h by a Nylon bag technigue in the
runen of four cows was 0+75. The growth of t;in lambs to 6 weeks of age
of ewes given soya was 9% grezter than that of ewes given crystalline
urea. This increase seems {0 be in the same order as those reccrded by
Gonzalez et al. (1979b). Ducker et al., (1976) also found performance
of twin lambs to be 17% better when given.a mixture of ground nut and
cotton seed meals compared with urea,

Both Greyface and Finnish Landrace x Dorset Horn ewes were used in
this experiment, which were respectively mated to Suffolk and Texel males.
For this reason the live-weignt gain to 6 weeks for both crosses of lambs
has been calculated and is sumerized in Table 45. The mean live-weight
gains of the 2 breeds of laembs to 6 weeks for bvoth singles and twins

irrespective of treatment were 'similar (not siznificantly different).
> 4 &
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Table 45, ZExpt 3.1. Mean live-weight gains to 6 weeks of the Greyface
and Finnish Landrace x Dorset Horn cross lambs irrespective

of treatment.

Number tean SE Significance
Singles
Finnish Landrace x ‘12 11.. Q75 NS
Dorset Horn
Greyface 39 11-9 0-81 NS
Twins
Finnish Landrace x 64 T2 - 028 NS
Dorset Horn
Greyface 110 T2 033 NS

For each particular dietary treatment ewes rearing twin lambs lost
considerably more live weight over the first six weeks of lactation than
those rearing single lambs, For ewes rearing twin lambs the live-weight
losses of those given LS or crystalline urea were significantlf greater-
than for those given soya (although the live-weight gains of their twin
lambs were comparable)., Ewes with twin lambs given no nitrogen
supplement lost an intermediate amount of weight, but their lambs grew
significantly more slowly (Tatle 43).

The loss in live weight of the ewe contributes to the effective
MS available for milk production, Gardner and Hogue (1964) have
indicated that the energy value of 1 kg live-weight loss of the
lactating ewe is 25.5 MJ. If it is assumed by analogy with the lacteatinz
cow that the efficiency of conversion of live-weight loss to energy for
milk production is 0-82 and the efficiency of utilization of HE for milk

production is 0:62 it may be calculated (M.A.F.F. et al., 1975) that



each kilogram live-weight loss in ths ewe is eguivelent to 337 I
dietary ¥E. It may then be speculated (Table 46) that the total ME
availatle for milk oproduction (i.e. the mean overall feed intake given
of 16+7 MJ plus that calculated from the mean live-weight loss to six
weeks after lambing for each group of ewss) can be related to the total
live~-weight gain of the lambs/day to six weeks. From these have been
derived the ratio qf the live-weight gain: unit of KE available for milk

production,

Table 45. Expt 3.1. The total live-weight gain (ILWG) of the single
or twin lambs (g/day) and the effective amounts of
metabolizable energy (MJ ME/dzy) available for milk

production.
Diet A B C D
Additional nitrogen source IS Urea Soya Nil

twes with single lambs

WG 269 L5 256 276
ME available | 2343 2001, 19+6 2247
LiG : KE ratio 1145 12.0 131 121

Ewes with twin lanbs

LG 357 338 369 305
ME available*ﬁ‘ 250 2449 21.9 23+3
L4G : ¥E ratio 143 136 168 13«1

Suggested ME reguirements for &7 kg ewes for the first 2 months of
lactation. TSingle lambs 19+8;  Twin lambs, 253 (i.i.F.F., et al.

(1975) less the 5% safety margin).
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The overall mean effective daily ME thus calculated to be available
for milk production for ewes with single lambs was 21«5 XJ ME compared
to the 19+8 ME/day given as the suggssted mean feed allowance for 67 kg
ewes over the first two months of lactation (M.A.F:?. et al. (1975) less
the 5¢ safety margin). In this situation where the nitrogen supply did
not influence lamb live~weight gain and thus, by implication, the amount
and gquality of the milk available, the ratio lamb live-weight gain : unit
ME was constant at about 12.2.

In contrast, none of the groups of ewes with twins were calculated
- to have attained the effective total ME available for milk production
of the suggested (M.A.F.F. et al. (1975) less the 5% safety margin)
intake of 253 MJ for 67 kg ewes. The mean live-weight gain of twin
lambs given soya bean meal to 6 weeks was 369 g/day achieved with an
effective Mb available of 219 }¥J i,e. 16+8 g live-weight gain/unit KE.
The corresponsing effective ME a%ailable to ewes given LS or urea were
about 25 MJ and the ratios of lamb live-weight gain/unit ME were about
14.0, This reduction in the efficiency of the use of the effective }J
available to the ewe of some 20% suggegts that IS and urea supplied
nitrogen of either inadequate guantity or quality relative to soya.

This i1s supoorted by the still further reduced efficiency of 131 g live-
weight gaiﬁ/unit ME for the ewes with twin lambs given no supplementery
nitrogen even although their effective ME intake was comparable to the
other groups.

During lactation the concentration of urea in the blood of the ewes
given no nitrogen supplement was lower (for both sirgle and twin-
suckling ewes) than for other groups. For those ewss with twin lambs
" the mean value of about 2¢2 mmol/litre approached the concentration

(17 mmol/ditre) velow which Perkins et zl. (1974) considered a
reduction in ewe performance became apparsnt. However, the absence of

any difference between the overall msan concentrations for the three
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methods of supplementation for either single or twin lambs tends to
suggest that supplementation of the diet to give a total of about 14+5 g
DCP/day was not markedly inadequate.

During the last three weeks of pregnancy and the first six weeks
of lactation, the ewes received totals of about 41 g Ca and 47 g P/day
of which atout 1 g Ca and O<6 g P were provided by LS or the mineral
supplements. These intakes were very low in relation toc the A.R.C.
(1965) recommended minimal intakes for 67 kg ewes with twin lambs of
about 12 g Ca and about 8 g P in late pregnancy and about 18 g Ca and
about 12 g P in early lactation. There was no indication from the blood
samples obtained froi the ewes that the concentrations of calcium or
phosphorus were abnormally low or that there was any progressive
reduction during the course of lactation. Further evidence to suggest
that these intakes were adequate during the period of the experiment,
is that the overall mean conceﬁtrations of calcium and phosphorus six
weeks after lambing were identical for ewes suckling elther single or
twin lambs,

The overall mean copper intake of the ewes from the hay and oats
was about 11 mg/day and this was increased by a further 6 mg to about
17 mg ty the copper present in the LS or the trace element additions
present in the other diets. 4gain over the nine week period there were
no suggestions of abnormality or a progressive increass in the
concentration of copper in the blood.

It is concluded that under the circumstances of this experiment LS
was a convenient and adeguate method of supnlementing whole oats given
to lactating ewes with twin lambs. The growth rate of twin lambs was
equivalent to that recorded when soya bean meal was the protein source,
but there was an accompanying larger reduction in ewe live weight

during early lactation.



1 \C’-

— . - + . .
Experiment 3.2. Sova bean meal and 7S (- limestone) as orotein znd

mineral sources for crowing lambs given whole btarley,

Introduction.

The purpose of this experiment was to assess the adequacy of LS
supplementation to growing lambs with particular reference to the
calcium content of the diet. Whole cereals are freguently given to
ewes, However, there has been increasing interest in giving lambs.
whole cereals (e.g. @rskov and Grubb, 1977). Giving whole cereals would
provide a feed with no physical processing costs. @grskov, Fraser and.
IcHattie (197L4) have shown that the digestibility of whole cereals given
to lambs was rather higher than when they were ground and pelleted
beforé feeding. The mixing of crystalline or prilled urea with whole .
cereals is, however, potentlally hazardous because of possible
segregation. @rskov, Smart and Xehrez (1974)’have showvn the benefits
of adding urea in solutiocn to whole cerezls given to lambs in terms of
greater feed intake and a reduced tendency to increase the concentration
of ammonia in the rumen liguor. @rskov and Grubb (1977) suggested that
for most sheep production systems in wnich concentrates are used, the use

of wnole cereals supplemented with the necessary nutrients is all that

is required to achieve optimum results.

Materials and msthods,

The lambs were weaned at & weeks and housed in open fronted
buildings and given an ad libitum mixture of whole barley supplemented
with LS and soys bean meal (SBi) and mixed (50 : 50) with lamb creep
(BCCH Silcock, Lembwena), the oroportion of creep decreasing with time,
This'preliminary feeding regime aliowed the lambs to become accustomed
to consuming the expserimental diets. During this preliminary (3 week)

period an outtreak of coccidiosis occurred which was suitably treated

with sulphamezathine., Although no deaths occurred the coccidiosis
38 g
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outbreak increased the lambs post-weaning growth check.

A total of 84 lambs (Greyface x Suffolk) were grouped on the basis
of live weight and sex ( ~ 50 : 50 male : female) into 21 groups of 4
lambs. The groups were individually housed in open fronted buildings
and dietary treatments allocated to them. The dietary treatments and
number of lambs on each treatment are presented in Table 47. The diets
were given ad libitum in feed hoppers which were replenished when
necessary, Dicalecium phosphate, calcium carconate and sodium chloride
where added to the diets not given LS to provide the same amounts of
calcium, phosphorus and salt as was added iﬁ the IS supplemented diets.
A trace element/vitamin supplement identical to that used in IS (supplied
by the manufacturer) was also added appropriately to the diets not givgn
IS. In addition all the lambs were given.100 g hay (FM)/day (on a group
basis). Four of the diets were formulated to have the same amount of
crude protein (FM basis) (Table 48) and the other two contained no
additional protein, Dietary mixes were made in baitches of 4O kg by hand
in polypropylene containers, The compositions of hay, barley soya bean
meal and LS used are given in Table 49. The lambs were weighed at 3, 4
and 9 weeks. At the same three times feed intakes were recordéd and .
blood samples were also obtained (10.C0 h) from the lambs for the
determination of urea, calcium, phosphorus, copper and glutamic~
oxalacetic transaminase (GOT).

However, during this experiment a number of serious illnesses
occurred. Table 47 details the numbers of lambs that were removed and
that died whilst on the experiment. Although the lambs were housed in
open fronted, well ventilated buildings and bedded frejuently on dry
wvheat straw this did not prevent the occurrence of pneumonia, Six laxmbs
died of pneumonia and a total of 17 were removed throughout the
experiment. Of these 2 had cerebro corticzl necrosis and /4 had rectal

prolapses, The lambs were removed when they were seen to be ili, or
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wnen they were not gaining weight. The veterinary surgeon on duty had
strong views about the use of whole tarley and believed the rectal proizpses

to be caused by the diet.

Table 17. Expt 3.2. The original number of animals/treatment, number
of animals that were removed and that died and the total

remaining animals,

No. at start of No. Ho. No. used on
experiment dead removed experiment

Treatment
Nil 16 2 2 12
IS (at 4%) 16 1 3 12
SEM 16 - L 12
Nil + . -
1% limestone 12 . - L 8
IS (at 4%) +
1% limestone 12 2 3 7
SBEM -+
1% limestone 12 1 1 10

Taeble 48. Exot 3.2. The proportions of LS, Soya, minerals/vitamins and

whole barley in the dietary treatments.

No limestone With 1¢ limestone
'Nil LS sEM ' T Nil IS SE !
Oats (kg) 1.0 140 0-87 1.0 1.0 0+87
Soya bean meal (kg) - - 0-13 - - 0-13
1s (g) - 40 - - 40 -
Limestone (g) - - - 10 10 10
Minerals/vitamins + - + + - -

+ s . . . . .
3¢4 g dicalcium phosphate, 1+1 g calcium carbonate, 2¢0 g sodium chloride,

trace elements and vitamins teo provide eguivalent supplementation to the

amounts present in 40 g IS,
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Table L9. Zxpt 3.2, The mean comp&itions of hay, bvarley, soya (g/kg D)
and 1S (g/kg FM).

Hay Barley Soya is
Dry matter 8.9 841 861, -
Crude protein . T4 102 5L82 1040
Crude fibre 279 33 59 -
Ether extract 10 14 13 -
N-free extract 587 830 385 -
Ash 50 21 . 61 -
Ca Lol 06 34 2647
P 17 3.6 6.2 16-8
pH | ~ - - 16

-

The remaining 61 lambs (mean initial live weight 14+4 kg) continued
on the experiment. When a lamb died or was removed the other lambs were
weighed and the feed intake recorded for that group. The amount of food
that the removed lamb consumed was calculated on the assumption that each
lamb, whether ill or not, consumed an egual proportion of food as the
others in the group. It was on this assumption that the feed intakes
were calculated., Although the above is not necessarily correct, this
method was used to standardize the situation as no alternative was
available., It would have been eguzally practicable to assume that the

removed lamb only ate half the amount of the others in the group.

Results and discussion.

The six concentrzte mixtures were eguall alzatable., However
4 3
preferential selection of the StM occurred on both the SEMd-supplszented
diets. The hay was consumed rapidly within 30 min of being offered.
The totzal DM intakes, live~welght gzins and fecod conversion ratios are
> ) >

presented in Table 50, The results were not analysed statistically cdue
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to the nature of the experiment and the problems encountered.

Table 50, Expt 3.2, Total DM intakes (g/day), mean live-weight gains
(g/day) and food conversion ratios (kg/kg ILWG).

No limestone With 1€ limestone
Nil IS SBM Hil 1S SBM
Total DM intake 590 570 825 615 679 735
MG 90 124 197 190 222 200

FCR 656 60 419 320 3+06 3.68

There were clear responses in live-weight gain to additional
protein (either vegetable protein or 1IPN) and improvements in food
cénversion ratios. Giving extra calcium (in the form of limestone)
increased live-weight gains (two fold) and improved the food conversion
ratios for both the nil and LS treatments. Additional calcium did not
increase live-weight gains, but improved the food conversion ratio for
the SHMY treatment.

The total nutrient intakes of the lambs are detailed in Table 51.
The ME and DCP of the dietary constituents were taken from M.A.F.F. et zl.
(1975). Tne lambs in the present experiment were given diets supplying
a mean of 8.5 MJ ME which was adeguate, the feed allowances of 6+8 and
10.4 ¥J ME are currently recommended for 20 kg lambs growing at 100 and
200 g/day respectively (ii.:.F.F. et zl., 1975). The currently
recormended intakes for DCP for 20 kg lamets growing at 1C0 and 200 g/day
are 57 and 81 g/day (A.D.A.S., 1976). The amounts of DCP from the nil
and nil plus limestone treztiments were lower than the recommended intakes
for the lambs at their given daily gein. It is therefors interesting to
note that the adiition of 1% limestorns doutled live-weight gzins while

the LIP intake remained constant. LS supplsmentetion produced live-weighi



gains, intekes and food conversion ratios intermedizte to the Sk and
non supplemented dists.
Blood ccpper and GOT concentrations were normal throughout the

experiment (Table 52).

Table 51. Expt 3.2. The calculated daily intakes of metabolizatle

energy, digestible crude protein, calcium and phosphorus.

No limestone With 1€ limestone
'Nil IS SEIM | " Ri1 LS SEp
ME (1J) 7°5 72 106 7.8 8e5 93
DCP (g) 41 63 95 43 75 82
ca (g) 1.3 1.3 19 3:8 349 2
P (g) 2e2 2.2 3l 2.3 2.6 3.0

The recommended daily intakes of calcium and phosphorus for 20 kg
lambs gaining 1C0 and 200 g/day are 2+4 and 3+6 g Ca and 1+5 and 1.8 g ?
respectively (A.R.C., 1965). The intakes of calcium on diets without
additional calcium were very low (about 1+5 g Ca/day) in relation to thé
recommended mineral intakes for growing lambs, The phosphorus intakes
were more than adecuate, all diets supplying 2.2 g P anc above per day.
There vwas no indication from tne blood samples obitazined from the lambs
(Teble 52) that the concenirations of calcium or phosphorus were
abnormally low or theat there was any orogressive resduction during the
grovith period., Additional calc;um to the SBY treatment did not increzse
live~weight gains although the daily calcium intake was below the A.R.C.
(1965) recommendation. It did, hoéever, improve the food conversion ratio.
This may suggest that the additional calcium was noit exsrting its effect

S & rMmiten

W

ty merely suznlying extra calcium, to the ration, tut by acting
tuffer against a lowered pd in the digestive tract., This is a mzjor

problem assogiated with feeding high concentrate diets to ruminants,
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Table 52, Zxpt 3.2 Xean concentrations of urea, calcium, phosphorus
(mmol/litre) copper (mg/kgz) and GOT (u/litre in the blood

of the lambs.

Weeks Yo limestone Tith 19 limestone
Foil s Sh | I'wNil 1s SBI |
Urea
3 15 37 2e4 1.5 346 27
6 19 33 2.7 1.1 2.8 343
9 246 L7 3.7 2.0 L2 Le3
" Calcium
3 _ 246 T2l 2+l 246 246 243
6 2+5 26l 1+9 28 247 26
9 2l 2+3 1.7 7 2.7 25
Phosphorus
3 2.1 243 21 2l 243 23
6 22 2.1 247 25 25 25
9 22 2el 2el, 2.7 2¢6 2¢5
Copper
3 1.2 1.1 11 1.0 1.0 1e2
6 | 12 12 iel 11 1.2 1.0
9 1.2 1.2 1-0 10 10 | 1.0
GOT
3 63.8 718 517 55-8 969 60«2
6 5647 53¢1 b4l 376 37+8 6547

9 826 611 602 39+0 L0+9 L2e2
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Digestive disorders are often associated with cereal grain fesding
of sheep and cattle, These disorderé are related to an increased acid
concentration in the rumen resulting from the rapid breakdown of the
soluble carbohydrate in the grain. Attempts to overcome these acid
conditions have included the use of feed additives. lost commonly these
have been mineral buffers. Their use has resulted in varied responses in
animal productivity, but recent experiments.feeding of supplements composed
of mixed buffers have shown significant improvements in wheat intakes and
live-weight gains of lambs (Xcifanus, Bingham and Edwards, 9172).

The addition of starch or some other form of readily available
carbohydrate to a ruminant diet usually decreases the digestibility of
the fibrous portion of the ration (e.g. Summers, Baker and Grainger,
1957). White, Grainger, Baker and Stroud (1958) showed that the additi‘on
of calcium to lamb diets alleviated the depressing effect of corn oil on
digestibility. Davison and Hbods (1961) reported that addition of CaCO3
to sheep rations counteracted the depressing effect of starch upon
cellulose and organic matter digestibility. These observations infer
that calcium levels are important in diets when conditions are
favourable for depressed cellulose digestion.

Buffering agents have been used to modify rumen pH for a number of
years. Results, however, are contradictory. bBhattacharya and warner
(1968) have discussed the literature on the use of buffers in ruminant
diets. Shelton, Husﬁon and Calhouri (1969) have showed improvements in
the feedlot performance of lambs given high concentrate diets when a
1 : 1 combination of sodium and potassium cartonates were given as 2%
of the diet. Saville, Davis, Willats and McInnes (1973)have also shown
the use of buffers to be beneficlal when included in high concentrate
diets, Herod, Eechtle and Eartley (1977) tested the buffering ability
of 23 combinations of compounds in vitro and reported the carbonates and

bicartonates in proper combination were the most promising of the
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buffers investigated. Varner and Woods (1972a) used 4O steers and

measured the effect of added Call,, starch and CaCO3 plus starch upon

3

the digestibility and rumen fermentation when a 30% roughage diet was

given. The effect of adding CaCO3

in the basal ration. They suggested that although the function of

was to increase cellulose digestivilitz

calcium is not understood it appears to be altering microbial metabolitiss
as judged by the alteration in the proportion of VFA. The addition of
CaCO3 decreased protozoa concgntraticns, increased molar cencentrations
of rumen acetate and decreased melar concentration of propilonate.
Wheeler, Noller and Lowrey (1976) reported that steers given all-
concentrate rations had large quantities of starch in the faeces with
intestinal pH values below neutrality. In contrast Kern, Slyter, Leflfel,
Weaver and Oltjen (1974) found that steers given an all timothy hay diét
"had intestinal pH values between 7+0 and 7+3.” These observations
suggested to wheeler and Noller.(l976) that decreased starch digestion at niz-
intakes may be related in part to a reduced activity of pancreatic alphz
amylase in the small intestine due to pH values below the optimal 6.9.
Therefore if the intestinal pH of cattle given high energy diets is belcw
6+9 the addition of buffers capable of increasing intestinal pi should ’
reduce the loss of starch in the faeces and improve feed efficiency.
Vheeler and HNoller (1976) added limestone buffers to high energy diets
for dairy cattle, and found that giving limestone increased faecal pH

and feed efficiency énd decreased starch losses in the faeces.

In conclusion, it is suggested that the calcium intake from the
three treatment diets was probably adequate (in terms of growth
requirements), but due to a protatle lower pH in the digestive tract,
the early age of weaning and the use of whole barley in this experiment

that the addition of 1% limestone assisted by its buffering action in

increasing live-weight gains and improving food conversion ratios.
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£ additiornal limsstone on the live-welgni gains

Experimant 3.3, Zifect
t

and focd convsrsion ra s of zrowing lambs given bruised barley

[;n

suoplemsnted with IS,

Introducticn.

At the end of Expt 3.2 a group of 10 lambs were changed from whole
barley diets and were given a mixture of the six dietary treatments but
based on bruised barley. The general acceptance of the bruised barley
was much better thaﬁ the whole barley. The purpose of this present
experiment was to assgess the adeguacy of L3 supplementation of bruised
~barley and the effect of additional calcium.in the form of limestone on

the growth rate of lambs,

Materials and methods. )

The lamts were weaned at .6 weeks and hpused in open fronted
buildings and given ad libitum lamb creep (BOCH Silcock, Lambwena; and
hay for 3 weeks., They were then introduced to the experimental diet
over & furtner period of 2 weeks where the lamb creep ﬁas gredually
replaced by bruised barley supplemented with LS (4%

A total of 42 lamts were selected (Greyface x Suffolk) and grouped .
on the basis of live weight (mean initial live weight 18 kg) and sex into
2 groups of 21 lambs (12 females and 9 males/group). The groups were housed
in open fronted btuildings. One treztment consisted of bruised barley
plus LY LS. The other treatment was bruised barley plus 4% IS plus 1%
limestone. Eoth diets were ziven ad libitum in feed hovpers which were
replenished when necessary. In addition, 211 the lambs were given 140 g
hay (F4)/day (on 2 group basis). The dietzry mixes were made in tatches
of LO kg ty hand in volypropylene containsrs. The composiéicns of hay,
barlsy and LS used are given in Table 53,

The lazts were weighed at 2 and 6 weczks. Fesd inteke wes recorded

at 3 and 6 weeks. Elood calciun was monitored at the time of weighing.
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Table 53. Expt 3.3. The mean compositions of hay, barley (g/kg DM)
and LS (g/kg FM).

Hay Barley , IS
Dry matter 823 821 -
Crude protein ' 86 1) 1065
Crude fibre 325 51 -
Ether extract 11 12 -
N-free extract 527 810 -
Ash | 51 . 21 -
Ca 3.2 0.7 30-6.
P 19 3-1 147
pH - - 1+8

Blood samples were taxen from a representative number of lambs from
each groﬁp (at the start of the experiment 10 lambs/group were picked
at random and their blood calcium monitorsd at 3 weekly intervals).

During the experiment two lambs contracted pneumonia (both on the
1S treatment), these were removed from the experiment. The same

procedure for estimating food intake was followed as in Expt 3.2.

Results,

The two dietary treatments were egually palatable and readily
consumed., The hay was consumed rapidly within 30 min of being offered.
The total DX intakes, live-weight gains ard food conversion ratios are
presented in Tavle 54. There were no differences in live-weight gains
or food conversion ratios. The total nutrient intekes of the lambs are
detailed in Table 55, The E and DCP of the dietary constituents were

taken from M.A.F.F. gﬂ al., (1975).
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Table 5. Expt 3.3. Total DM intake (g/day), me.n live-weight gains
: > (g/day g
(g/day), food conversion ratios (kg/kg LwG) and mean blood

calcium concentration (mmol/litre).

A B
IS Is + Pooled Significance
limestone SEM
Total DM intake 978 925 n.a.*l
WG 164 151 11-1 NS
FCR 596 6012 n.a. -
Blood calcium
3 weeks 2*3 2«0 . 0-12 NS
6 wecks 23 247 0+06 B> A

.i.

n.a. Not applicable as group-fed.

~

Table 55, Expt 3.3. The calculated deily intakes of metabolizable

energy, digestible c¢rude protein, calcium and phosphorus.,

LS IS +
limestone
ME (¥J) 12«4 114
DCP (g) 105 97
Ca (g) 202 6+0
P (g) 3+4 3+2

The lambs in the present experiment were given diets which supplied
a mean of 11.9 MJ ME which was above the currently recommended allowance
of 8+6 1iJ LE for 20 kg lambs growing at 150 g/day. The currently
recommended intake for DCP for 20 kg lambs growing at 200 g/day is 81 g
DCP/day (4DAS, 1976). Both the dietary treatments provided more than
adeguate intakesof DCP, The recommended daily intekes of calcium and
phosphorus for 20 kg lambs geining 100 and 20C g/day are 2+4 and 3+5 gca

and 1.5 and 1.8 g P respectively (&.2.C., 1965). Eoth groups of lamts
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were growing at about 150 g/day and therefore requirements would be
intermediate. The phosphorus iniakes were more than adequate both

diets supplying a mean of 3+3 g P/day. Thae calcium intake on the LS olus
limestone treatment was 6+0 g/day, and 2-2 g/day on the LS treatment.
This smaller amount was adeguate as there were no responses either in
live-weight gain or food conversion to the additional calcium supplied
by the limestone.

There was no indication from the blood samples obtained (Table 54)
that the concentrations of calcium were abnormally low. However, by 5
weeks the blood calcium concentrations of tﬁe lambs given the LS plus
limestone treatment were significantly higher than the group without

limestone.

Discussion.

In this experiment there was no response to additional calcium in
either increased feed intake or increased food conversion ratios, bothn
were similar. The A.R.C. (1965) recommendations are 2+4 and 3¢6 g
Ca/day for 20 kg lambs gaining 100 and 200 g/day. The lambs on this
experiment received 242 and 6<0 g Ca/day for the IS and LS plus 1%
limestone treatments respectively and gained about 150 g/day. Calciun
intakes were, therefore, adequate on the LS supplemented diet which
partly explains the reason for no response to extra calcium in the forz
of limestone,

Recent work with lambs from 5~ 70 days of age has defined the
calcium requirements in these animals. Hodge (1973) found that an
intake of 250 mg Ca/kg body weight/day was adeguate for young lambs
slaughtered at an early age. The estimated rezuirements for calcium
(Hodge, 1973) for young lembs gaining at a rate of 1C0, 2C0, 300 &nd
LOC g/day were 1+0, 149, 29 and 3+9 g/day for 10 kg lambs and 1.2, 2-4,

3¢6 and 4+8 g/day for 18 kg lambs., These are lower than the A.R.C.
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(1965) recommendations, and within the range of intake received by the
lambs in this experiment.

In Zxpt 3.2, it was discussed how ths limestons may haves acted as a
buffer resulting in increased live—weight gains and improved food
converslion ratios., +when high grain diets are given an increased acid
concentration cccurs in the rumen resulting from the rapid breazkdowm
of soluble carbohydrate in the grain., It would be expected that the
soluBle cartohydrate in bruised grain would be broken down more rapidly
than when whole grain was given and, thersfore calcium buffers would
have a greater effect when given to animals'receiving bruised grains
as opposed tc whole grains. However, in this present experiment and
Ixpt 3.2 the opposite happened., Calcium requirements are related to a
pumber of factors which include phosphorus and vitamin D status, density
of the ration (if Ca reguirement is expressed'in terms of £ of dietary
intake), level of performance (rate of gain, or amount of milk produced),
age of animal, amount of fat in the diet, species of animal and the
solubility and digestibility of the Ca source (milk vs., mineral
supplenentation vs. plant sources). It is the latter fact which is
believad to be important in explaining why additional limestone geve a
response in zZxpt 3.2 and not in sxpt 3.3. In =Zxpt 3.3 the total DX
intakes for IS and LS plus limestone respectively were 978 and 925 g/dsy
while for Expt 3.2 570 g/day and 679 g/dzy. The mean initial live
weights for Ixpt 3.3 were 18 kg and for ot 3.2 1A+4 kg, both being
weaned at 6 weeks. This difference in initial live weight could not
have teen the sole reason for the difference in the total I} intekes of
the lambs on toth the experimsntis.

-In Expt 3.2 due to the lower intake of barley less Ca was present
however, it can be postulated that the lower intake was due to the naturse

of the tarley. Thez general acceptance of the bruised barley was much
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better than the whole barley. Although no whole barley grains were
evident in the faeces of lambs in Expt 3.2, the whole barley would be
less digestitle to the animals at such an early stage in ruminant life
and the calcium therein less available., This is probably why a response
in increase live-weight geins and food conversion ratios occurred in Expt
3.2 and not Expt 3.3. This would exclude the possibility that the
limestone was acting as a buffer in either this experiment or Expt 3.2.
However, these assumptions are speculative due to the nature of Txpt

3.2 and the disease problems encountered.
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Experinant 3.L. The =2ffect ol limestone addition unon the growth rate

and voluntary intake of LS sunclemented tarley by Hereford cross catile.

Introduction.

Cereal diets are low in the amount of calcium they provide. To
maintain an adeguate intake of calcium growing beef cattle reguire a
supplementary calcium source if the diet contains a high proportion of
cereal,

The purpose of this experiment was to assess the adeguacy of IS
supplementation to growing steers with particular reference to the

calcium content of the diet.

faterizls and methods.

Twenty Hereford cross steers were brought in from grass and weaned
in late October (mean age 9 months). The animals were eventually to be
given ad libitum one of two différently supplemented bruised barlsy
diets. Due to the digestive disorders associated with an abrupt change
_to a cereal diet the animals on housing were given ad libitum hay and
individually given progressively increased amounts of concentrates, the
hay being gradually cdecreased over a period. This dietary change over )
is sumrarized in Table 56. |

Once the animals had tecome accustozed to the experimental diet,
they were paired into two balanced groups each of ten animals (mezn live
weight, 280 kg).

Each group of 10 steers was given 0-75 kg hay (FM)/day on a group
basis together with one of the two differently supplemented bruised
barley (treated with propionic acid) diets. One group received bruised
barléy plus 4% LS, while the other'received truised barley plus 4% 1S
and 1% limestone. The composition of the cat straw, barley and 1S are

3 L

detailed in Table 57. The diets were hand mixed eana made up in batches

of 80 kz and stored in bins holding up to LOO kg at one time. The



animals were bedded on poor guality wheat straw., The concentrate
mixtures were given in ad lititum hoppers which were replenished 2 to
3 times/day so that at least 20Y more than the anticipated ad libitum

consumption was available,

Table 54, Zxpt 3.4. The feeding regime for the graduazl change over to

a cereal diet from a high roughage diet.

Intake
Day Hay (kg/nead/day) Concentrates (kg/head/day)
group fed givén individually+
1-5 ad libitum nil
5-9 2.0 0«5 - 10
9-14 240 10 - 240
14-19 1-0 - 240 - 3.0
19-23 10 340 = 45
23-26 1-0 Le5 = 5+0
27 1.0 Changed to full
ad libitum feeding
29 1.0 ad lititum

35 0-75 | !

Fsplit into 2 to 3 feeds/day.
Between days 1-35 the concentrate mixture began at 60F barley,
20% SEP and 20% siftings + 1% LS and was gradually changed to

100% barley + 4% LS.

Feed inteke was recorded at 3 wesxkly intervals, at the same time
the anir=ls wesre weighed and tlood samples were teken for analysis for

HiaT

calcium, phosphorus and urea,
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Table 57. ZIxpt 3.4. The mean compositions of hay, barley (g/kg D)
and 1S (g/kg Fi).

Hay Barley 1S
Dry matter 775 732 -
Crude protein 88 103 1073
Crude fibre 423 75 -
Ether extract 6 9 -
N-free extract 385 788 -
Ash 98 .25 -
Ca 2.9 0.7 297
P 2.8 3-6 146
pH - - 16

Results,

The two experimental diets were well consumed. There were clear
and significant responses in live-weight gains to the addition of
limestone and improvements in food conversion ratios (Tavle 58), over a
15 week period. Fig.l2 details the growth rate of the animals to 15
weeks, aAfter 15 weeks 7 steers wers removed from the experiment and
sold as finished cattle. it Z1 weeks the experiment was terminated and
the remsining 13 steers were sold, a further 8 as finished cattle and 5
as stors cattle, Table 59 details the mean live weight and nwaber of
animals sold as finished or as stores for each dietary treatzent.

At the end of 21 weeks a total of 9 stesrs (zean live weight
LLO kg and 5 steers (mean live weigat 427 kz) which had received the
15 +'limestone and IS treatmsnts respectively had teen sold as finished

cattle,



Table 58, =Zxpt 3.4. The mean initizal live weight (kg), live-weight
gains (kg/day) and food conversion ratios (kg/kg LiwG) (on a
total D basis).

A B

s IS+limestone SED Significance
Initial live weight 280 280
Live-weight gain/day  0+87 1-18 0.088 B>A"

Food conversion ratio  6°76 5+85 n.a.t

+h.a. Not applicable as group-fed.

Table 59. Expt 3.4. The mean live weight (kg) and number of steers

s0ld as finished or store animals.

A . ] B
IS 1S + limestone
no, live weight class no, live weight class
15 weeks 2 L26 finished 5 L37 finished
21 weeks L Lz27 finished L L4L3 finished |
L 379 store 1 380 store
Overall 6 127 finished 9 LLO finished
4 379 store 1 380 store

The mean concentrations of calecium, phosphorus and urea in the blood
of the steers are presented in Table 60. Additionzl limestone did not
influence the concentrations of calcium or phosphorus in the blood of
the steers which would be considered normal throughout, There was a
progressive increase in blcod urea concentrations during the experimsnt.

This was reflected in the increzse in barisy consumption as the



Fig.12., Expt 3.4. Iive-weight gains during the first 15 weeks of the

experiment (mean of 10 animals), -
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experiment progressed. st 9 and 12 weeks the blood urea concentrations
of the animals given the IS + limestone diet were significantly higher

‘than for the animals given the IS treatment.

Table 60. Expt 3.4. The mean concentrations of calcium, phosphorus

and urea (mmol/l) in the blood of the steers.

Weeks
Blood Supplement o 3 6 9 12 15
Calcium 1S 2+6 2.5 25 246 2+5 2.7

ISt+limestone 246 245 246 247 2+5 2.6

SED 0.06 005 0:04 0+05 0+0L 005

Phosphorus IS8 1.7 2l 26 27 2+9 27
IS+limestone 20 2«4 25, 246 2+8 25

SED 0<13 0-16 0.12 0.10 0+16 013

Urea IS 3.0 L3 5.0 5.5b  5.9% 4.9
I1S+Hlimestone 28 4O 542 7.2 6.92 5.7

SED 0«36 0+36 0+42 0.27 039 0486

Means followed by the same letter are significantly different:

a (P<0+05); b (P<0.001).

Table 61 details the calculated daily intakes of digestible crude
protein, calcium and phosphorus and the current recommended
requirements. The requirements for digestible crude protein gnd
phosphorus are adeguately met by the given intakes. However only the
calcium intake from the 1S + limestone trzatment met the currently
recomnended intake. The LS treatment supplied 1446 g/day, while the

recommended intake for the given live-weight gain (A.5.C., 1965) is

31 g Ca/day. The }E intakes were 75 and 87 kiJ/cay (calculated using



M.A.F.F. et al., 1975) for the LS and LS + limestone trestments
respectively. Using the eguation Total ¥ME allowance = ¥m + Mg

(where ¥m = kE maintenénce allowanée and Mg = ¥5 for body gain)
(K.A.F.F. et &al., 1975), the calculated ¥E allowances for the fattening
cattle were 60 and 74 HJ/day for the 1S and IS + limestone treatments
respectively. These requirements were calculated using the actuazl daily
live-weight gain and energy concentration of the ration for each
treatment. Applyihg these ME reguirements it can be concluded that the

i

daily live-weight gains were adeguate for the »E intakes.

Table £1., Expt 3.4. The calculated daily intakes of digestible crude
protein, calcium and phosphorus (g) and the current
recomnended reguirements for 300 kg growing cattle for the

attained live-weight gains.

1s 1S + limestone
Intake Requirement+ Intake Reguirement
at 0.87 kg LvwG at 1+18 kg LuG
DCP 753 512 885 570
Ca 146 31 52.2 35 -
P 2546 19 w2848 2

*nep requirements Roy (1958); Ca and P requirements A.R.C. (1965).

Discussion.

There wvere significant responses in live-weight geains to the addition
of limestone and improvements in fesd conversion retios. at the end of
21 weeks 90% and 60T of thes stesers had been sold as finished frox the
LS + limestone and LS treatments réspectively.

Fig.12 details the growth rate of the steers to 15 weeks. During
weeks O to 3 the mean live weizht of the steers given the IS ;nly

treatment rezzined relatively constant, & growth rate of 0+05 kg/day
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compared with 0+97 kg/day for the LS + li:estone group. Fig.1l3 dstails
the totzl barley plus supplemsnts (Fif) consumed/animel during the first
15 weeks of the experiment. Throughout the experiment the LS group
consumed less barley than the group given the _S + limestone supplement.
If the growth rates of the steers are calculated between weeks 3 to 15,
the growth rates are 1-10 and 1.23 kg/day compared with 0-87 and 1.18
kg/day for the 1S and LS + limestone treatments respectively. The
growth rates betweén weeks 3 to 15 are not significantly different.

The question arises as to why the LS supplemented animals failed to
grow in the first 3 weeks of the experiment: Barley (plus supplements)
intakes for the first 3 weeks for both trsatmentswere similar 119 and
148 kg F/head for the IS and IS + limestone treatments respectively.
After 3 weeks the 1S + limestone consistently consumed more barley and

th

[0]

dif'ference in intake increased throughout,the experiment (Fig.13).
The method of dietary change-over at the teginning of the experiment
was such that the stesers were gradually introduced to LS., It would
therefore be assumed that if any dietary up set was to occur it would
have been the LS + limestone group, as thsy were abruptly changed to
limestone at the beginning of the experiment. However, there were
significant responses in live-wsight gains to the addition of limestone
and improvements in feed conversion ratios, and 90% of the steers were
sold as finished from the LS + limestone compared with only 60% for the
LS treatment., whether these responses wotld have Dbeen as large if the
"initial V"lag' period had not occurred for the 1S group, is & matter of
speculation, which could only b= answered by repeating the experiment.

Table 61 details the intzkes and curreni recommended reguirements
of digestitls crude protein, calecium and chosphorus. The rezulrements
for digestible cruce protein and phosphorus were adeguately met bty the
-

given intzkes., The proportion of the intzke of digestible crude protein,

calcium and ohosphorus supplied by 1S and the proportion supplied by the



Fig.13. Expt 3.4. Total intake (Barley plus supplements kg FM)/animal

during the first 15 weeks of the experiment (mean of 10 animals).
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rest of the diet are presented in Table 62. The rest of the diet (i.e.
barley, hay, t limestone) provided adeguate phosphorus intakes for both
groups of animals. The rest of the diet only provided adeguate calcium
for the animals given the 1S + limestone treatment. Eoth the treatment
diets provided about 70 g DCP less than the current reccmmended
reguirements for the given live-weight gains. Supplying 1S at 4% to
both treztment diets supplied about 50 ¢ mere DCP than the current
recommended reguirements. Therefore the addition of A% 1S was wasteful
in respect of the digestible crude protein and phosphorus additions,

- and the calcium content only increased the £otal daily intake to 50% of
the current required intake. Further work - is reguired to ascertain
whether the addition of L3 is necessary in respect of supplying
additional protein and at what concentration the addition would be
optimal, It is apparent that the LS addition is inadequate in supplying
calcium in this kind of production diet. The addition‘of limestone (1%
supplies adequate calcium which is necessary for optimum growth as

demonstrated by the response in growth rate.

Table 62. Ixpt 3.4. The proportion of the intake of digestible crude
protein, calcium and phosphorus (g) supplied by LS and the

proportion supplied by the remainder of the diet.

Diet Ls IS+limestone
DCP 18 312 370
Remainder L1 515
Ca 1S 86 10+3
.Remainder 6+0 419
P 1S L3 5.1

Remainder 213 237
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The M.R.C. (19756) reported that finishing steers require from 0-18
- 1°04% calcium in the dry matter of their diet depending on the energy
concentration of the feed given. Varner and woods (1972b) reported that
steers given a high concentrate diet containing 0-31% Ca had higher
mean daily live-weight gains and food conversion efficiencies than
steers given a basal diet conteining 0°20% Ca. Increasing the calcium
levels to 0+41% resulted in further increases in animal performance.

In this present experiment the steers recsived 0¢25 and 0-76% Ca in the
total dry matters of the LS and LS + limestone treatments respectively.
Bushman, Embry, Luther and Emerick (1967) reported no significant
differences in mean deily gains when cattle were given all-concentrate
diets containing 0.15, 030 or 0.60% calcium.

The use of buffers in high concentrate diets have already been
discussed and the report of Vhseler et al. (1976) which discussed how
steers given all concentrate rations had considerable guantities of
starch in the faeces with intestinal pH values below neutrality.

Wheeler and Noller (1976) found that the addition of megnesium limestone
decreased ths starch in the faeces from 5+60 to 1+14% when given to
dairy heifers. However, at 15 weeks in the present expsriment random
samples of faeces were taken from each group and tulked for starch
analysis. The conceatration of starch present in the fazces was 0°+37
and 0+53% for tne LS and LS + limesicne treatments respectively. This
extremely low concentrztion of starch in the sample from both trsatments
would indicate that the 1% limestone addition was improving feed
conversion efficiency and daily gain by supplying extra calcium and not

by acting as a tuffer., a future experiment would be to have four

-----

treatments, in addition to the present 2 treaiments one group with no

o . . - . +
addition of 1S and one group given sodium bicarbonate - 1S,



Experinent 3.5. The effects of diestary nhosthorus inadecuacy during

pregnancy and lectation on the voluntary intake and digestibility of

oat straw by beef cows and the performance of their calves I.

Introduction.

The purpose of this experiment was to examine the adeqguacy of the
phosphorus content of LS in supplementing a diet which was low in
phosphorus when given to pregnant and lactating beef cows and its
effect on the voluntary intake-and digestibility of oat straw and the
performance of their calves. Iolassed: sugar beet pulp (SBP) is an
ideal concentrate to provide a low.phosphorus diet. SBP is a
carbohydrate-rich by product of the sugar industry, it is high in fibre
for a concentrate and deficient in fat, phosphorus, carotene and
certain B-vitamins (Morrison, 1959).

The first evidence of phosphorus inadequécy is a reduction in
plasma phosphorus below the normal values of about 19 to 26 mmol/litre
for young cattle and about 1+2 to 1+9 mmol/litre for adult cattle.
Later the mineral content of the bones may be reduced, The joints
become stiff and lameness may develop. However, reduced appetite may
often be the first clinical symptom of phosphorus deficiency. 'Reduced
roughage intake due to phosphorus deficiency has been demonstrated, for
example, by Playng (1949) with sheep given low-phosphorus lucerne,
Little (1968) with cattle and Fishwick et _@;.‘ (1977) with beef cows given
straw, N

The bhosphorus requirement of any animal would depend upon the
phosphdrus status sf’that animal (Cohen (1980) a review). Phosphorus
turnover is an impoftant factor in calculating the phosphorus
reguirement of an énimal. Fhosphorus turnover is governed by 4
mechanisms, I Salivary phosphorus:- The daily turnover of phosphorus

in puminent saliva is similar to or greater than daily pnosphorus

inteke. II fhosphorus absorption:- The main site for absorption being



the small intestine and transport is both active and passive diffusion,
III Phosphorus excretion:- In the non-lazctating ruminant, the faeces
are the major vehicle for the excretion of phosphorus (Earrow and
Lembourne, 1962). However,in the lactating ruminant the major source
of loss of endogenous phosphorus is in the milk, because the phosphorus
content of milk is independent of phosphorus intake, phosphorus
concentration in the milk remains constart, IV Accretion and
resorption of phosphorus in bone:~ The rate of bone deposition is
adjusted in response to changes in nutrition and in response to the
onset of lactation (Ramberg, Kronfeld, Phang and Berman, 1970). In
normal circumstances, the accration and resorption of phosphorus in a
well nourished animal is in dynamic equilibrium. In phosphorus
deficiency the mature animal appears to lose its ability to adjust its
rate of bone accretion (Braithwa;te, 1975). Thus there is & higher
rate of phosphorus turnover in the mature animsl when given a low
phosphorus diet. In cases of severe phosphorus depletion atout LOZ of
the bone mineral of ewes can be mobilised in pregnancy and lactation to
meet the animals phosphorus rezuirements (Benzie, Eoyne, Delgarno,
Duckworth and Hill, 1959).

’

Materizls and lethods.

Ten beef cows, principally Hereford cross of mean live weight
L77 kg and mean btody condition score 2¢5 {Lowzan et al., 1973) wer
individually housed in a byre. The cows were on average 15 weeks from
calving at the onset of the exgeriment. Following an initial

acclimatization period of 2 wesxs wnen the cows were given cat straw

ad libtituw and 2 kg 1 SE?, the cows wers arranged into two groups each
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ding to live weight, body condition scoreg and

expescted calving date,
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Each group of five cows were given cat straw ad libitum together
with one of two differently supslemented SBE? concentrates. Dietary
treatment A consisted of 2 kg Fil SZP supplemented with an ecuivalent
amount of minerals/vitamins/trace elements and urea to that present in
250 g 1S, but excluding phosphorus. Dietary treatment B consisted of
2 kg FM SBP supplemented with 250 g of 1S (poured onto the SEP at the
time of feeding). The amounts of SBP which the cows received were
increased during tﬁe experiment from 2 kg FM/day (during pregnancy) to
3 kg F¥/day (during lactation).

In each case the minerals in diet A we;e supplied as calcium
carbonate and sodium chloride plus urea and a trace element/vitamin
supplément identical to that used in LS (supplied by the manufacturer)a
The SBP concentrates were given in one feed/day (07.30 h) and the oat
straw three times/day (08.C0, 12,00 and 14.00 h) or as required.
Voluntary straw consumption was recorded on three occasions during
pregnancy (between weeks 12- 11, 6~ 5 and 3- 2 before calving) and twice
during lactation (between weeks 2-3 and 5- 6 after calving), straw
residues being collected daily. At the same time estimates of
digestibility were made using chromic oxice. Chromic oxide (10 g) was
added to the Sz? for 7 consecutive days prior to and on each of the
subsequsnt 7 days when straw intake was recorded.

Samples of oat straw, SBEP and LS were taken weekly. In addition
samples of oat straw and S22 were taken daily over each collection period.
The results of analyses are presented in Tavle 63, During the last 6
days of each recording period rsctal grab samples of faeces were
obtained from each arnimal at 07.30,_11.30 and 16.00 h. The faeces were
bulkea during the coliection period,.the results of the analyses were

used to calculate the digestibilities of the diets.
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Tabtle A3, Expt 3.5 The mean compositions of oat straw, sugar beet pulpd
(g/kg Dif) and 1S (g/kg F¥).

Ozt straw SBP 1S
Dry matter 830 846 -
Crude protein 34 106 1080
Crude fibre L43 136 -
Ether extract 6 L -
N~-free extract L65 676 -
Ash 52 78 -
Ca 247 . Le3 30.5
P 0+7 0-7 153
pH - - 16

The cows were weighed and an assessment made of their body
condition score at the start of the experiment and at 3 weekly
intervals, when blood samples from the jugular vein were also obtained
(for analysis for calcium, phosphorus and urea). Additionally, the
cows were weighed 2- 3 days before and 2- 3 days after calving.

Before calving the cows were removed from the byre and placed in
individual loose boxes, where they calved., The cows remained in the
loose toxes for 2- 3 days and appropriate husbandry measures were
employed to ensure intake of colostrum ané the development of the cow/
calf relationship. The cows and calves were then returned to the byre.
The calves were tied individually benind the cows, on raised slets
(Plate 2). The calves were released to suckle to satiation three times/
day, in adcition to tnis a minimum awount of hay was provided to help
stimudeate rumen function. The live weighis of the calves were rscorded
at birth, 3 and 5 weexs, when tlood sampiss from the jugular vein were

also obtained. The cows continued to receive thelr approprizte diets



Plate 2a. Ekxpt 3.5. The calves tied individuzlly btehind the cows on

raised slats .

Plate 2b., Expt 3.5. The cows in their indiviiual standings, (08.00 h) .
the straw residues have been r=moved, the SBP given and the calves

released to suckle.






until trensfer to grass in late lay. This occurred at & mean of &3
days after calving. On transfer to grazing a Hereford bull fitted with
a chin-tall marking device (Universal livestcck Services, Eanbury,
Oxfordshire) was introduced and service dates were recorded. Blood

samples were taken twice weekly for the first fortnight at grass, then

once a week for a further 2 weeks.

Results.

During pregnancy, at -12 to -11 and -3 to -2 weeks before calving
there were no significant differences between treatments in either the
voluntary intzke or the digestitility of the oat siraw (Table 64).
However during weeks -6 to -5 the ihtake of ozt straw by the animals
given the IS supplement was 5+82 kg which was significantly (P<0.01)
greater than the animals given no supplementary phosphorus (5-00 kg).
During lactztion there were no significant diiferences between
treatments in either the digestibllity or voluntary intzke of oat
straw, However, thers was a ccnsistent trend in that the straw intske
of the animals given the LS supplemsnt was greater than that of the
no-P-supplémented animals, The difference was non significant because -
of large individual differences in intake. In late pregnancy the
digestibility of the diet tended to decrease. After calving this effect
wvas reversed for both treaiments.

Supplementation with extra phosphorus (in the form of LS) had no
effect on thes wvoluntary intake or digestibtiliiies of ths diet. The
anounts of crucde protein, phosghorus and calcium trovided ars detailsd
in Tatle 45. |

"It was apperent after 3-4 days a2fter ths commencement of the
experimsnt that one animzl on the no-P-sypplexrented diet wouid not

consume tne alloted axount of 322, TFor ihis rezscm the animai Was

removed leaving L animals receiving the low phosphorus diet.
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Table 64, Expt 3.5. lean voluntary intakes of oat straw (kg DM/dzy)

and the digestibility coefiicients of the DM and ClIi,

weeks before (-) or after (+) calving
-12 to =11 =6to =5 =3 to -2 42 to +3 45 to +4

Straw DM intalke

No-P-supplement Le L8 5+002 5.19 5.33 5627
LS supplement L.87 5.828 L+89 653 686
SED 0-161 Q224 O'AZQ O«5,8 0943

Digestibility of DM

~ Complete diet

No-P-supplement Q.48 oLl 039 0«46 O«L7
IS supplement Qe 47 0.53 039 O« 47 Q.47
SED 0-051 0+067 0044 0050 O-OSi

Digestibility of OM -

Complete diet

No-P-supplement O+ 49 046 O-41 0«48 C+48
1S supplement 0-48 0«55 0«41 0-L49 O+48
SED 0-167 0-068 0-046 0+050 0.086

Straw aloneT

No-P-sipplement 0-36 0+34 0+27 0-33 042
IS supplement 043 0«47 027 0.35 0-35
SeED 0- 658 0087 0056 0070 0-078

Means followed by the same letter are significantly different

a (P<0-01)

Thigestibility of the Cli of SE? taken as 8L%.
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Table 65. ixpt 3.5. The amounts of crude protein, phosphorus and
calciun supplied by the SBP, oat straw supplements and

recommended recuirements (g/dey).

Wweeks before (-) or after (+) calving

-12 to ~11 +5 to +6
J A B ! A B
No-P~ IS No-P-~ I8
supplement supplement suppolement supplement
Crude protein 607 617 724 773
Phosphorus L3 - 8.4 545 | 10+4
Calcium 268 280 . 32+6 37-0
Requirements
Month of pregnancy Tactation _
6 9 . (7.5 xg milk/day)
Phosphorus+ 264, 335 ’ 35.0
Calcium+ 202 33-3 390
pept T 4,30 827

Ta.R.C. (1965); TTaup.h.s. (1976).

The mean live-welght gain of the cows during the 15 weeks before
calving was 14 kg (no-P-supplement) and 12 kg (LS supplemented) and
this difference betwsen treatmentswas not significant (Table 46).
Table 66 also details the calf live weight data. There was no
significant difference between treatments in mean calf birth weights
which at atout 34 kg were greater than the live-weight gain of the
‘cows during pregnancy. This infers that the live-weight zain of the cows
during pregnancy was inadequate., This is further supported by the declins
of abtout 09 ~ 1°2 in vody condition score waich was similar for both

groups, However, during the first 6 weeks of lactation the cows given
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live

LS lost a total of 25 kg live weight compared with a loss of 36 kg
weight where no-P-supplementation waé provided., The marked reduction in
live weight (non significant) during lactation of the.cows given the

diet with no-P-supplementation was associated with a continuing (but non

significant) reduction in body condition score. In contrast the animals

given LS started to increase in condition after calving.

Table 66. Expt 3.5. Changes in live weight (kg)and body condition
score of ths cows and birth weight and live weight gain (kg}

of their calves to 6 weeks.

leeks before(-)or Cow live weight Cow body condition score
after(+) calving Ho-P- 1s ' No~P- 1S
supplement supplement supplement supplement

-15 572 482 2+5 25
~12 L76 495 | . - ' -

-6 L4 " 4,89 - _ -

-3 477 488 - -

At calving 485 L94L - -
After calving 431 L7 1.6 1+3

+ 3 412 L28 . - . -

1+ 6 395 L22 14 1-5

Change in live weight and body score

SED
-15 to calving +1/ +12 63 -0+9 =12
Calving to +6 -36 - -25 14+0 ~02 +0e2

Calf live weight

Birth 33+8 337
+ 3 L85 517
+ 6 655 &7+7

Live-weizht gain

31-8 340 38.9



Table 67. oxpt 3.5.

urea (mmol/litre) in the blood of

and lactation and in thes blood of

Cows

Phospherus
No-P-supplement
LS supplement
SED

Calcium
No-P-supplement
. LS supplement
SED

Urea
No-P-supplement
1S supplement
SZD

Calves

Phosphorus
No~-P-supplement
IS supplement
SED

Calcium
No-?-sﬁpplement
13 supplement
SED

Urea
No-2-supplement
IS supglement
SED

Weeks before (~) or after

-15

173
1-55
0+277

2460
255
0-05L

L35
L4776
0554

-12

1-31°®
1+91°
0+132

2462
257
0.085

645
582

G733

The mean concentration

-6

1-53
1-81
0174

25"
247
0.050

5468
6+26
0-876

-3

1-13%
1-73%
0207

2+59%
2+45%
0042

6el1
6+ 51,
0941

the calves,

(+) calving

0

0.98
1-31
0+259

2449
2+46
0+140

T34
5+60
0-907

286
238
0+309

3.11
282
0-163

5+31
L &7
0-761

13

112

S 148

0+269

2.66°¢
2¢51¢
0.058

Lel2

0603

301

268
0180

3408
2:92
0+127

4
263

3.81

0863

Means followsd by the same letter are significantly different

a,b,c (P<0.05);

e,f (P<0-01).

the cows during pregnsncy

2+ 6L
229
0-17C

558
030
0+795

255
2482
0-177

295
261

0+23C
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The mean daily live-weight gain to 6 weeks of the calves in the
no-P-supplemented group was 076 kg/dey and in the LS supplemented group
was 0+81 kg/day (not significantly different).

The mean blood concentrations of phosphorus, cslecium and urea for
the cows in pregnancy and lactation and for the calves are given in
Table 67, Normal blood phosphorus concentrations were maintained
throughout both pregnancy and lactation when additional P was given.
Blood phosphorus concentrations on the no~-P-supplemented diet were
normal, but lower than the other animals until 6 weeks after calving.
At 9 weeks after calving blood phoéphorus céﬁcentrations were beginning
to fall, However at 9 weeks the animals were turned out to graze to
allow re-mating with the bull. Blood phosphorus concentrations were
significantly lower, but normal at -12, -3 and +9 weeks than for the IS—
supplemented animals. At grass the blood phoéphorus concentrations of
all the cows increased steadily. After 4 weeks at grass the blood_
phosphorus concentrations were 2+12 and 1+93 mmol/litre for the cows that
had previously received the no-P-supplemented and the 1S supplemented
diets.

Blood calcium concenirations remained normal throughout thé
experiment, However at -3 and +3 weeks the blood calcium concentrations
of the no-P-supplemented cows were significantly higher. This normszlly
reflects the change in blood phosphorus concentrations in that when tleod
phosphorus concentrations are rgduced because of dietary ? inadecuacy
there is an associated increase in calcium concentrations. However, in
this situation although the tlood phospnorus concentrations were lower
on the no-P-supplemsnted diet they were still normal.

Blood urea concentrations were similar for both treetments.

Blood calcium, phosphorus and urea concentrations were normal and

similar for both groups of calves.



None of the cows were ovulating prior to transfer to grass, a~Iter
a mean period of 20 days (LS supplemented) and 22 days (no-P-supplement)
following introduction of the bull, 21l the cows had been served., =~11
four cows which had previously been given the no-P-supplement conceived
to one service comparsd with four cows given the LS supplemsnt. Cne cow
in the LS-supplemented returned to the bull, but was successfully mated.
One cow given the low phosphorus diet apparently conceived to one service,

was diagnosed pregnant, but later lost the foetus,

Discussion.

The mean amounts of oat straw and SBP eaten/day by the cows over
the 2/ week experimental period were such ﬁhat their total phosphorus
intakes were about 4+6 g P/day (no-P-supplement) and 8+6 g P/day (IS
supplement) during pregnancy and 5+5 g P/&ay (no-P-supplement) and
10+3 g P/day (IS supplement) during lactation. In comparison, the
recommended (A.R.C., 1965) intake of phosphorus for a 480 kg cow in ths
6th -~ 9th months of pregnancy is 26-4 increasing to 335 g P/day with
35 g P/day during lactation (assuming a daily milk yield of 7+5 kg). In
spite of the greatly reduced phosphorus intake of the cows given both
the diets, digestibility or voluntary inteke of oat straw were not
adversely affected during the last 15 weeks of pregnancy and the first
9 weeks of lactation. This is in direct conflict with the findings of
Fishwick et al. (1977). Thighgroup of workers gave two groups of nine
pregnant beef cows similar diets composed of_ad libitum ozt straw
together with one of two differently supplemented SEP concentrates curirz
the last 16 weeks of pregnancy and the first 6 weeks of lactation. Ths
mean amounts of oat straw and SE? eaten/day by the cows over the 22
week experimental period were such that their total phosphorus intskss
were about 27 g 2/day and 12+5 g ?/day during pregnancy and 29 g P/cz;

and 12 g ?/day during lactation for a phosphorus supplemented and non-
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supplemented diet respectively. They found that during pregnancy that
both diets, even the one with the severely reduced phosphorus intake did
not reduce either calf birth welght or the digestibility and voluntary
intake of the straw. However, the low phosphorus diet ( ~12 g P/dey)
resulted in a significant decline in voluntary straw consumption and
digestibility during lactation. This was accompanied by an increased
weight loss in the cows and a depression in their milk yield such as to
significantly reduce calf live-weight gein. The low phosphorus diet
also resultéd in a significant reduction in the concentration of
phosphorus in the blood.

The low phosphorus diet of Fishwick ég al. (1977) supplied the cows
on average 12 g P/day, while the present IS supplemented diet only
supplied a maximum of 103 g P/day during lactation, The cows on both
the diets in this present experiment did not show any signs of
phosphorus inadeguacy even thougg they were given the diets over an
extended period of 24 weeks,

Straw intake was not significantly depressed by the low phosphorus
diet. However,by 6 weeks after calving the LS supplement had increased
intake by 30% compared with the un-supplemented diet.

The intake of about 5 g P/day (no-P-supplement) and 9 g P/day (1S
supplement) over the whole exveriment was only atout one-seventh and one-
guarter of the current requirements suggested by the A.R.C. (1965). In
spite of the extended period of severe phosphorus inadequacy there was no
significant effect on digestibility, voluntary intake of oat straw, cow
live-weight changes, calf growtn rates, tlood parzmeters and subsezuent
reproductive performance. However, it can be noted that by 9 weeks aiter
calving the blood phosphorus concentrations on the no-P-supplemented
treatment had decreased, but wﬁether blood concentrations would have
decreased further and digestibility and intake decreased, if the cows
had been given the diets for a more extended period is a matter for

speculation.
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Call, Butcher, Elake, Smart and Shupe (1978) used Hereford heifers
which had been individually fed for é years on & basal ration
containing 0+14% phosphorus on an ‘as fed basis! which approximated to
66% NRC recommendations. Fourty-eight animals were limifed to this low
phosphorus diet. Another 48 received sufficient monosodium phosphate
added to the basal ration to elevate phosphorus intake to 0+36% on an
tas fed! basis (174 HRC recommendations). The average daily live-
welght gain for both groups was 0+45 kg and feed efficiency was similar,
There was no evidence of lack‘of appetite or depraved appetite in either

group. There was no difference in age of puberty, and the low

phosphorus cattle hadva 965 pregnancy rate with 91% live calves compared
to 1005 and 93¢ respectively for the high phosphorus cattle. Many
scientists have associated reduced reprodgctive verformance with a
phosphorus deficient diet., Ovarian dysfunction and reduced fertility
in cattle were reported by Higneft and Hignett, (1951); Short and Bellows,
(1971); Theiler (1928). Reduced weight gains were reported by iinks and
Iaing (1972).

Other scientists have reported that phosphorus supplementation
had little effect on reproductive efficiency (Zckles et al., 1935;
Palmer et al., 1941). In this present experiment there was no
evidence to suggest that the long-continued low phosphorus diet had
impaired reproductive efficiency, but it is appreciated that the cows

were changed to a grass diet when the bull was introduced.
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Ioomerizent 3.5, The =ffects of dietzry ohosphorus inadezuacy during

pregnancy &end lactaticn on the voluntary inteke and digestibility of

oat straw bv beef cows and the nerformance of their calwves 1I.

W

Introcuction,

The purpose of this experiment was to repeat Lxpt 3.5 in an attempt

to achieve a significent depression in the voluntary iniake of oat straw

on a diet low in phosphorus and to examine the adequacy of the

phosphorus content of LS supplementing ths diet.

Iaterials and methods. .

Sixteen beef cows, principally Zereford cross of mean live weight
5CL kg and mean tody condition score 2.5 (Lovman et al., 1973) were
individually housed in a byre. The cows were on average 19 weeks from °
calving. The housing, dietary treatments and feeding regimes werse
exactly the same as described in ifxpt 3.5. The composition of the oat

straw, SBP and LS are detailed in Tatle 68.

Table A8. Zxpt 3.56. The mean compesitions of oat siraw, sugar beet
pulp (g/kg DH) 2nd LS (g/kg FX).

Oat straw SBP LS
Dry metter 797 853 -
Crude protein 25 105 1057
Crude fitre 1495 161 -
Ether extract 7 N -
M-free extract 416 652 -
Ash ‘ 57 78 -
ca 2.6 L6 2949
P Q.8 0.8 14-5
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The method of grouping the animzals into two paired sets differed
in this experiment. &After the initiel acclimatization period, all sixteen
animals were given the LS-supplezented diet for 3 weeks and the straw
intake recorded. The cows were then arranged into ‘two grouos each of
eight animals according to voluntary straw intske, live weight, body
condition score and expected'calving cate. Thereafter each group
received one of the two dietary treatments described in =xpt 3.5.
Voluntary straw consumption was recorded on two occasions during
pregnancy (between weeks 15°'to 14 and 4 to 3 before calving) and twice
during lactation (between weeks Z2- 3 aad 5--6 after calving). The
sampling technigues and husbandry of the cows and calves were identical
to Expt 3.5. Additionally milk samples were taken at 3 and 6 vieeks
after calving and analysed for vhosphorus and calcium.

The cows continusd to receive their apﬁrgpriate diets until transfer
to grass in late May. This occurred a2t a mean of &0 days after calving.

Five days before transfer to grass the tail bone of each cow (mid
region of the coccygeal vertabrae) was X-rayed, this occurred at a mean
of 55 days after calving. Assessmentis of radiographic density were made
by means of comparison with a standardized aluminium sten-wedge. -

On transfer to grazing a Hereford bull fitted with a chin-ball
markinz device {Universal iivestock Services, Eantury, Cxfordshire)
was introduced and service dates wers recorded. Elood samples were
taken once each week for 5 weeks while the cows were at grass and
analysed fgr shosphorus.
Results.

Althéugh each treatment originaiiy hsd 8 animals one cow died in

t n inexperiencea rectal

calving, one cow aborted (pesrhezs du

@]
m

{H]

xamination) and one cow d¢id not hold to her expected calving date and
therefore was removed from sxperiment. Unfortunetsly alil 3 arnimels

belonged to thes no-7-supnlzmenited group. Therefors all the results aftsr

calving presented in the Tatles refer to 8 anrimels for the 13 supplemented
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group and 5 for the no-P-supplemsnted group.

During pregnancy there were no Qignificant differences between
treatments in either the voluntary intake or digestibility of the oat
straw (Table 69).

During lactation there were marked treatment differences in respect
of voluntary straw intake and apparent digestibility. Supplementation
with LS significantly (P< 0.01) increased the intake of straw DM during
weeks 2 to 3 and 5 to 6 after qalving {Table 69). The amounts of crude
protein, phosphorus and calciﬁm provided by the diets are detailed in
Table 70. During weeks 2 to 3 the straw DM intakes were L4+4l and
6*73 kg and between weeks 5 to 6, 5-20 and 6+90 kg for the no-P and LS-
supplemented diets respectively. However, these results give an
incorrect impression, from the data it could be inferred that the straw‘
intake had actually increased by 6 weeks after calving for the no-?-
supplemented treatment. Twenty four days after calving the voluntary
straw intake of one cow had been depressed to such an extent, that it
was decided to remove her from the experiment. Hence this cows
extremely low straw intake is included in the mean intzke and
digestibility data for weeks 2 to 3, but not 5 to 6 after calving,
therefore altering the mean results for this period,

After calving this cow gradually became weak and had difficulty in
getting up from a lying position. The straw intake dropped to 259 kg
DM/day (2- 3 weeks after calving) from 644 kg DM (-4 to -3 weeks befores
calving). The gait of the animal was slow and lethargic. Twenty one
days after calving the animal was examined by a veterinary surgeon.

She was found to be bright and both respiratory and cardiac rates were
normal. However, the animel was showing signs of anaemia, the mucus
membranes being palid. The btlood was thin having a packed cell volume
(PCV) of 157 (normal range 24 - 46%). The blood phosphorus concentraticn

was 0+38 mmol/litre having decreased from 1«4k mmol/litre at the start



of the experiment. o detrimental effect was observed in the growth

or health of the calf. It was found‘that the animal had been suffering
from post-parturient haemoglobinuria, a metabolic dissase often associated
with diets low in phosphorus (especially in the early lactation of high
vielding dairy cows (Blood, Henderson and Radostits, 1979)). No signs of
pica were observed. The hip bones had running sores,

The cow was removed from the experiment, and for observation her
diet was changed to the LS-supplemented treatment. Thereafter PCV values
were obtained weekly from all the cows, so as to monitor whether
haemoglobinuria was imminent in any of these animals.

During lactation there were marked treatment differences in respect
of apparent digestibility of the DM, OM and the OM of straw alone
(calculated by difference assuming the OM of SEP to be 84% digestible).
Supplementation with IS significantly preventéd the depression of
digestibility of Di, OM and OM of straw alone which occurred on the
no-P-supplemented diet (Table 69) at 2 to 3 weeks.,

At 5 to 6 weeks after calving the differences in the digestibility
of the DM and O of the two treatment diets just failed to reach
significance even though the digestibilities of the LM and OM for the
LS supplemented treatment were greater than 50% than the values for the
no-P-supplemented treatment. For the straw alone there were marked
significant reductions in the calculated OM digestibility for both weeks
3to 4 and 5to 6 (from about 0«4k to 0+16).

During pregnancy the estimated iﬁtakes from straw of the cows
(calculated from the ¥ digestible OM in the DM of the strew x 0+15
M.aJF.F. et al., 1975) were similar for both diets. In lactation the :E
intake from straw of the cows given the LS supclemented diet was

significantly higher than the no-?-supolemented diet (by about 27%).
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Table 49, :xpt 3.5. Mean voluntary intzskes of oat straw (kg Li/day)
the dizestibility coefficients of the DI and CM and the
amounts of & consumed as straw,.

weeks before (-) or after (+) calving
=15 to =147 -4 to -3 42 to 43 45 to 46

Straw DM intake

No-P-supplement 56l 586 h-&lf 5-2Og++
LS supplement 5497 5490 6.73% 6+908
SED 0+325 0376 0725 0+ 457

Digestibility of DM

Complete diet

No-P-supplement 045 017 . 0-23% 0«24
LS supplement O<lLly 0-148 0542 0°52
SED 0-146 0+043 0-124 0+139

. Dugestibility of OM
Complete diet

No-P-supplement 0e47 0+50 0-23° 0-19
1S supplement 047 0-50 0+ 56° 54
SED 0032 " 0+047 0+118 0-215

Straw alone

No-P-supplement 0-35 039 0.15¢ 0-164
LS supnlement 0+36 0-38 0+45¢ 0+ 424
SZD 0-048 04060 0-109 0.107

Calculated *E of straw DM (kJ/kg)

No-?-supplement 5.3 59 2'3i 2¢1°
1S supplement 543 547 6o 7L 61,8
SED 073 0.90 0+89 161

ME intzke from straw (¥J/day)

No-P-supplenent 3046 3449 12.10 1319
1S supplement 318 3442 67 1,5+0J
SED 4+92 . 6eib 10445 10-16

KMeans followed by the same letter are significantly different
a,b,c,d,e (P<CeC5); f£,z,h, (P<0Cil); i,3 (P<0-001).

-+ y .

Both groups giwven IS supplement, *2 reduced to 4+%28 if initaks of
cow with hazemoglobinuria included, thad
taken as 84%.



Tarle 70. Z=xot 3.5, The amounts of crude protein, phosphorus and
calcium supprlied by the 352, ozt straw, supplaments and

recommended requirements (g/day).

FaLR.C. (1965);

ireeks before (-) or after (%) czlving

++A.D.A.s. (1976).

-4 to -3 +5 to +6
A B A B
Ho-P- LS No-P- s
supplement supplement supplement supplenent
Crude protein 593 594, 666 708
. Phosphorus 61 9-8 6+3 113
Calcium 304 3C«5 3246 3649
Reguirsments
Month of pregnancy Izctation
6 9 (7.5 kg milk/dey)
Phosphorus+ 26+l 335 384
Calciwm' 20-2 33+3 3940
_’_.l_
DCP 430 827
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One cow given the low phosphorus diet consistently refused about
O<L kg of its daily allocation of concentrates during lactation.

The mean live-weight change of the cows during the 15 weeks before
calving was -21 kg (no-P-supplemented) and +15 kg (1S supplemented)
this difference being significant (P< 0+05). Table 71 details the chenges
in live weight and body condition score of the cows and birth weight
and livé—weight gain of their calves., There was no significant
difference between mean calf birth weights which at about 34 kg were
greater than the live—weigh£ gain of the cows during pregnancy. This
infers that the live-weight gain'of the cowsduring pregnancy was
inadeguate, this is further supported by the decline in body condition
score by 0+6 for voth grougs. However, during lactation the cows given
IS lost a total of 31 kg live weight compared with & loss of 14 kg when‘
given the no-P-supplemented treztment. -

The mean daily live-weight gain to 6 weeks of the calves in the
no-P-supplemented group was 0°82 kg/dey and in the IS supplemented
group was 083 kg/day (not significantly different).

The mean blood concentrations of phosphorus, calcium and urea
for the cows in pregrancy and lactation arnd for the calves are
detailed in Table 72. Normal blood phosphorus concentrzations were
maintained througnhout both pregrancy and lactation when additional
phosphorus was supplied in the form of LS., Blood prospnorus
concentrations were significantly lower on the no-P-supplemented diet
than the LS supplemented diet throughout the experizment.

Blood phosghorus concantraiions on the no-P-sucplemented diet
remained stavle during pregnancy at ab&ut 1-2 mmol/litre, but dropped
to a mean of O+71 mmol/litre after calving.

Blood calcium concentrations remzined normal for both dietary
treatments throughout the sxperiment, Howsver, at calving the blood
calcium concentration of the LS-supplementzd cows was significantly

higher,
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Table 71. ZIZxpt 3.6. Changes in live weizht (kg) and body condition
score of the cows and birth weight and live-weight gain (kg

of their calves to 6 weeks.,

] Cow live weight Coir body condition score
ieeks before (~)or
after(+) calving o-P- LS lio~P- 1s
supplement supplezent suoplement supplement
—15+ 506 502 26 2l
-12 L97 500 - -
-9 L9L 502 -~ -
-6 192 499 . - -
-3 504 523 _ -
At calving L93 517 - -
After calving L56 L7h 2+0 1.8
+3 455 451 _ -
+ 6 L4l  h42 ’ 1.8 1-8
Change in live weight and tody score
SED
-15 to calving -21% +15%  13.9  -0e6 ~0:6
Calving to +6 ~14 =31 146 =02 0.0
Calf live weight
Birth 329 34-8
+3 519 543
+6 674 69+5
Live-weight gain 345 3),8 2455

SED
0-15

0-16

Keans followed &ty the same letter ars significantly different, a(?<0.C5).

Eoth grouss given LS supplzment.



Table 72. Expt 3.5. The mean concentraitions of phosphorus, calcium
and urea (mmol/litre) in the blood of the cows during

pregnancy and lactaiion and in the blood of the calves.

Weeks before (-) or after (+) calving
+

Cowus -15 -12 -9 -6 -3 o) +3 +6
Phosphorus

lo-P-gipplement 148  1+07¢ 1.14% 1.123 1.185 0.85T7 0-498 o-78d
IS supolement  1-39  1.60% 1.72% 1719 170k 1.20f 1.168 1e207
SED 04156 0-132 04118 0¢093 0°116 0+134 O0+149 0+143

Calcium

No-P-supplement 2¢41  2+44  2:49  2:59 © Z.46 20290 2434 2442
IS supplement  2°47 242 242 253 2645 2:46° 2445 2459
SED 0+032 0-029 0°047 0+052 04039 0055 04094 0-227

Urea
No-P-supplement 3+74  heli 401  5.03% 5.05 6e46 3439 2459
IS supplement  3+61  3+240 3441 4es9C Le76  5.95  3.55  3.13

SED 0°265 0-28L 0°3356 0«24 0-355 1°075 0°313 0-502
Calves

Phosphorus

No-P-supplement 2.82 2:96 280

LS supplement 3.26  3-.23 293

SED 0+310 0-156 0-178
Calcium

No-P-supplement 2086  2+75 2462

1S supplement 283 283 2483

SED : 0+105 G053 0+209
Urea

No-rP-supplement Le729 3435 2452

LS supplement ' 3-369 3456  3.38

SED 0335 Q=247 0354

. .
Both groups givsn IS supplement.

Means followed by the same leiter are significantly different-

<

a,b,¢,d (P<G+05); e,f,g,h (P<C-01); 1,3,k (P<C-001).
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Blood urea concentraticns were significantly higher for the no-pP-
supplemented diet than the 1S supoplexented diet at 12 and 6 weeks before
calving, for which there is no obvious explanation., However, after
calving the blood urea concentrations for both groups were lower than
during pregnancy.

Blood calcium, phosphorus and urea concentrations were normal and
similar for both groups of calves. However, blood urea concentrations
at birth were significantly higner (P< 0-.05) for the calves on the no-P-

supplemented diet,

Table 73. Expt 3.5. Radiograpghic data of the tail bones and
concentrations of phosphcrus and calcium (mg/dl) in the

fat free milk of the cows,

Weeks after No-P-~ 1S
calving supplement supplement SED
Tail bone density

(equivalent thickness 8 37 49 1-32
of aluminium)

Milk phosphorus 3 " 55.8 661 663

6 £5+1% 6372 6440
Milk calcium 3 1165 130.2 8.89

6 G0+0 123+8 1539

Keans followed by the same letter are significantly different a (P< 0-05).

Table 73 details the radiographic data of the tail bones and
concentrations of phosphorus and calcium in the milk of the cows. There
were no significant differences in tne mezn concentration of calcium

in the milk of the cows, However, by 6 weeks after calving the milk
caleiun concentration of the cows given the no-rP-suonslement was

consideratcly lower (90+0 mz/dl) as comparsd with ths LS-supplemented
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animals (123+8 mg/dl). Milk phosphorus concentrations were lower for
the no-P-supplemented treatment at both 3 and 6 weeks after calving
(being significant (P<0+05) at 6 weeks). |

The assessment of the radiographic density of the tail btones of
the cows indicated the density was less in the absence of phosphorus
supplementation (not significant).

None of the cows were ovulating prior to transfer to grass. After
a mean period of 21 days (LS supplement) and 23 days (no-P-supplement )
following introduction of the bull all the cows had been served., There
were three exceptions, one cow from the 1S éroup became lame and was
not put to the bull, while another had a cystic ovary.

It was alsoc decided that the cow that had haemoglobinuria would
not be served again, but was kept to rear her calf and would be later
culled. However, both this latter animal and the lame animal were
cycling normally. ’

It is not possible to present any further pregnancy data, because
at the time of this thesis being written it was too early to obtain

positive pregnancy diagnoses.

Discussion,

The mean amounts of oat straw and SEP eaten/day by the cows over
the 26 week experimental period were such that their total phosphorus
intakes wers about 4.0 g 2/day (no-P-supplement) and 9+8 g P/day (IS
supplement) during pregnancy and 6+0 g P/day (no-P-supplement) and
11-2 g ?/day (LS supplement) during laéﬁation. In comparison, the
recommended (A.R.C., 1965) intake of phosphorus for a 500 kg cow in
the 6th - 9th months of pregnancy is 26¢4 increasing to 33«5 g P/dey
with 38+4 g P/day during lactation (assumingz and daily milk yield of
75 kg). In spite of the much reduced phosphorus intakes of the cows

given both the diets, this did not appear to adversely effect either
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The digestibility or voluntary consumption of oat straw during the
last 18 weeks of pregnancy.

During lactation phosphorus inadequacy markedly reduced both the
digestibility of thc diet and the voluntary straw conéumption.

The apparent lack of effect of a reduction in phosphorus intake
during pregnancy on voluntary straw consumption is reflected in the
similarity of the estimated IXY intakes of the cows (calculated from
the ¢ digestible CM in the DM of the complete diets x 0.15 M.A.F.F.
et al., 1975) which were 52 aﬁd 57 ¥J/day (no-P-supplement) and 54 and
57 MJ/day (Ls supplement) for weeks 15.to 14 and 4 to 3 before calving
respectively. The suggested iE allowance including a 57 safety
margin (i.s5.F.F. et al., 1975) for 500 kg cows in the éth - 9th months
of pregnancy is 61 increasing to 74 iiJ/day. However, although both
groups had similar losses in body conditién only the no-P-supplemented
cows had a reduction in live weight (21 kg) during pregnancy (i.e. from
15 weeks before calving to just before parturition).

During lactation the ME intakes of the cows were 24 and 22 iJ/day
(no—P—suéplement) and 78 and 77 ¥J/day (LS supplement) for weeks 2 to
3 and 5 to 6 after calving respectively. The suggested Mg allewance
including a 57 safety margin (X.A.7.F. et al., 1975) for lactating
500 kg cows (assuming & milk yield of 75 kg/day of average composition
and vith no live-weight change) is 93 4J/day. The calculated X intakss
during lactation for the cows given no supplementary phosphorus were
severely reduced compared with the L intekes for the 1S supolamented
animals, =«~t such low »I intekes it would have been expected that cow
live-weizht losses would have been marked and that their calf live-
weight zains would have teen severely recduced due to lower milk yislds,.
However, the cows given the LS supplement lost more weight, 0.7 kg/dzy
compared with 0+3 kg/day for the no-P-supnlemented animels during the

first % weeks of lactation, and both groups of calves had similar -live-
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weight gains. The results of the analyses were repeated to confirm the
severe reduction in digestibilities for the low phosphorus group in an
attenpt to explain the discrepancy of the low IE intakes that were noi
accompanied by reduced performance. The original results were confirmed
by the repeat analyses.

The resulis obtained in this present experiment where severe reductions
in ME intakes were recorded over a 5% week period on & low phosphorus diet
are questionable as the performance of the cows and their calves was not
impaired,

The cows given supplementary phosphorué in the form of LS
maintained normal coﬁcentrations of blood phosphorus throughout the
experiment although their total phosphorus intakes were generally about
27 g P/day below the recommended (4.R.C., 1965) level of minimum intake‘.
Blood phosphorus eoncentrations of the cows given no-f-supplement were
significantly lower than the LS-éupplemented animéls throughout
pregnancy, although within the normal range. It was not until after
calving that the blood phosphorus concentrations of the cows given the
no-P-supplement were severely reduced. Their intake at 6+0 g P/day was
only about one-sixth of the minimum requirement suggested by the £.R.C.
(1965). The blood phosohorus concentrations were compazrable with those
found by Fishwick et a2l. (1977), using animals on similar diets (as
already discussed). They foun2 that in lactation blood phosphorus
concentrations were 148 and 0+52 mmol/litre at 3 weecks after calving
and 1+65 and 0+42 mmol/litre at % weeks after calving for diets that
contained 29 and 12 g P/day respectively. However, tneir low blood
phosphorus concentraztions were obtained from a diet that provided 12 g
P/day while in this present experiment the phosphorus (LS) supplemented
diet only provided 11*2 g ?/day and severely reduced concentrztions were
not obtainsd until the diet contained about 4¢0 g P/day. In Lxpt 3.5

blood phosphorus concentrations remained normal although slightly lower



on the no-P-supplemented diet, throughout pregnancy and lactation, even
though the experimental diets only pfovided 5+5 g P/day (no-P-
supplement) and 10+3 g P/ﬁgy (1S supplement) during lactation.

It is interesting to note, that after the animal, wnich had been
suffering from haemoglobinuria had been changed over to the 1S~
supplenented diet marked improvements occurred, ¥Within four days the
blood phosphorus concentration had risen from 0+38 to Q<64 mmol/litre
and within 3 weeks to 030 mmol/litre. After 3 weeks of 1S
supplementation the voluntarylstraw inpake increased from 259 to
5+59 kg DI/day and the packed cell volumed of the blood rose to 25%.

At the level of straﬁ intake of 2¢59 kg Dii/day the animal would have
been receiving about 4 g P/day, the addition of LS provided a further
3¢6 gP and with the increase in straw consumption phosphorus intake
was about 10 g/day after 3 weeks of LS supplementation. The PCV values
obtained from all the other animals remained within the normal range of
2L~ L6%. The guestion arises as to why this one animal suffered from
haemoglobinuria and not any of the other animals on the low phosphcrus
diet. However, although the mean body condition score of the cows of
the no-P-supplemented group was 2+¢6 at the start of the experiment,
this one individual animal had a body condition score below the mean
(1-5) and was in poorer condition than any of the other animals.

There were differences in the mean concentrations of celcium and
phosphorus in the milk, concentrations being lower for the no-r-supplemesnted
treatment. It would be expected that, the growth rate of the calves
would have been impaired, tut this was not so. The growth rates of the
calves were almost identical (0.82 and 083 kg/day for the no-P-
supplement and IS supplement groups respectively). It can therefore be
assumed that the milk yield of the cows given both diets was similar.
The reduced intake of calcium and phosphorus in the milk might have

resulted in lower calcium and phosphorus concentrations in the blood of
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the calves. However, it must be noted that the calves had access to
a minimun armount of hay (to help stimulate rumen function, and to avoid
scour ty encourzging tﬁem not to consume their bedding).

The assessment of radiographic density is a general method of
assessing tone mineral mobilisation. Fishwick et gl. (1977) found a
decrease in the radiographic density of the tail bones by cows on 2 low
phosphorus diet (12 g P compared with 29 g P/day)cduring lactation but
not in late pregnancy. Although in this present experiment the
density of the taill tones of the cows given the low phosphorus diet
was lower than that of the LIS supplemented tows. It cannot correctly
be inferred taat this reduction was due to the absence of phosphorus
supplemantation as unfortunately ne X-rays were taken at the start of
the experiment.

After 5 weeks at pasture the mean blood phosphorus concentration
of both gréups was 1e+4 maol P/litre which would be considered normal.
The atility of beef cows to recover from the effects of dietary
phosphorus inadecuacy during late pregnancy and early lactation is
evidenced by the results of this present experiment.

In Zxpt 3.5 the animals received 5.5 g P/day (no-P-supplement)
and 10-3 g ?/day (1S supplement) during lactation and these severe
phosphorus inadeguacies did not significantly effect straw intake or
digestitility. In this present experiment they recesived 6-0 g P/day
(no-P-supplemsnt; and 112 g P/cay (IS supplement) and straw intake and
digestibilities were significantly affected by the low snosphorus diet.
This eifect was similar to Fishwick et zl. (1977), these workers found
that an inadequate phosphorus intake dwring lactation (29 compared witn
12 g P/day) resulted in a significant decline in voluntary straw
consunptions and digestibility.

These worxers showed tnat the digestibility coefficients‘of Ci of

strew alone were 050 (29 g P/day) and 0+34 (12 g 2/day) at 5 to 6



weeks after calving, In the present study comparable digestibility
coefficients were O<42 (11+2 g P/day) and 0+16 (6°0 g P/day).

It is also intereéting to note that the calf live-weight geins
recorded by Fishwick et al. (1977) were C-70 and O+4k kg/day for the
diets supplying 29 and 12 g P/day in lactation respectively. In this
present experiment the calves grew at 082 and 083 kg/day when the
diets supplied 6+0 and 11+2 g P/day in lactation respectively.

It is evident from the results of this present experiment that
the A.R.C. (1965).recommendations for the ohosphorus reguirements are
over estimeted. This is further substantiated by the response of the
cow which had haemoblobinuria. The addition of only 3+6 g P to & basal
inteke of 4 g P increased straw inieke from 2-59 to 595 kg Di/day in
Jjust 3 weeks,
| Other workers have suspected that the standards applying to
dietary phgsphorus requirements were too high. For example, Little (1980)
sugzests that the recormendations of the A.R.C. (1965) and N.R.C. (1975)
for the inteke of phosphorus by yow:g growing cattle over estimate .
requirements by anproximately 35%.

In this present study and fxpt 3.5 the low phosphorus intakes did 3
not appear to adversely affect either the digestibility or wvoluntary
consuzption of oat straw during the last 16 weeks of pregnancy. It
would be interesting to determine, if a reduction of voluntary straw
intake could be achieved in lactation if both groups were kept on a
phosphorus supplemented diet until calving. This would depend upon
the phosphorus status of the cows; This aspect has bteen discussed in

a review ty Cohen (1980).
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APPENDIX I

EPE3TEnTAL TSCHULIUES

I Analytical methods,

All the analytical methods used were established procedures.

(i) Drv matter.
The dry matter (D) in the food and faecal samples was
determined by heating 0.2 to 10 kg guantities in a hot zir oven at

90°C for 36 to 48 h until a constant weight was attained.

(ii) Total nitrogen.

The total nitrogen in food and faecal samples was measured by an.
Automated Kjeldahl technigue (Kjel-Foss automatic 16210). Before

analysis faecal samples were macerated with distilled water and a small

amount of toluene, (Grassland Research Institute (C.A.B., 1961)).

(iii) Ether extract, cruds fibre and ash.

The ether extract (EZ), crude fibre (CF) and ash contents of the
food and faecal samples were determined tv the standard methods (The

Fertiliser and Feeding Stuffs Regulations, 1976).

(iv) Chromium.

The chromium content of food and fascal samples was determined
by atomic absorption spectrophotometry accerding to the method of
williams, David and Iismza (1942)}. The szmples were initially dry

ashed,

(v) Calcium and mammesiu.

The calcium and magnesium contents of blood, food and faecal
samples were determinsd by sAtomic atsorption spectrophotometry (Psrkin-

Elmer, 1974). Prior to analysis, sazmples of facces and food were



prepared by dry combustion and the solutle mineral constitusntis in the
ash were dissolved in dilute hydrochloric acid. Calcium in the fat free
nilk was estimated by atomic absorption spectrophotometry after

precipitation of the milk protein by trichloracetic acid.

(vi) Phosphorus

Phosphorus in food and faecal samples was determined by a
modification of the colormetric method of Cavell (1955). Phosphorus
in the blood was determined by the colormetric method of Fiske and
Subbarow (1925). Phosphorus in fat-free milk was anzlysed by a

modification of the above method.

(vii). Sodium,.
The sodium content of food samples was determined by flame
photomstry. Prior to analysis samples were prepared by dry combustion

and the solutle mineral constituents in the ash wers dissolved in dilute

hydrochloric acid.

(viii)Blood ursa.
The urea content of blood samples was determined by a urease-

Nesslerization method (modified Twort end ircher, 1923).

(ix) Cooner.
The copper content of food and blood samples was determined
colorimeirically following acid digestion by means of zinc

dibenzyldithiocarbomate (Erown znd Hemingway, 1962).

(x) Glutsmic-oxalacetic transiminsse.

The glutamic-oxzlacetic irsnsaminase (GCT) (Aspartate

Yt = . oA A Lo i P S S ~ o oA o o
sminotraznsferzse Z0 Z.6.1.1.) conternt of tlood was determinsd using a
. .- v s C s - .- A = c b -

Eoehrinzer lznnheim CGCT optimised UV-systsm (Wzllnofer, Schridt end

Schmidt, 1974).



(1) vVolestile fativ zcids.

Juentitative analyses for volatile fatty acids (VFA)
concentration in rumen liguor samples were determined by ges/liguid
chrometography following treatment with 207 w/v metaphosphoric acid
by a modification of the method of iahadevan and Stenross (1967) using

150-200 mesh untreated Porapsk Q.

(:di) Totzl rumesn nitrozen.

Rumen liguor samples were filtered through muslin and
centrifuged to resmove particulate matter., Total nitrogen was
determined in ths supernatant licuid using an automated Kjeldahl

technizue,

{>dii) Bumen liguor arzmonia.

-

Rumen liguor samples were filtered through muslin and ammonia
was determined following deproteinization with acidified sodium

'

tungstate using a modificztion of the method of Waite and ‘ilson (1948),
o <O

(xiv) Flood amronia,

fmmonia~li in whole tlood was deterimined using the cation

exchange mathod of Hutchinson and Labby (1962) in which the ammonium

g
is exchanged for sodium and potassiwm jons. The exchanged ammonia
was subsequently determinsd directly by colorimeiry after resaction

with Yessler's reagant (Parkins, 1972).

(xxv) oH.
The pH of fOOd runen anc 18 szmplas was determined usin a rye
Fs 3

b

Unicam Ltd. pH meter with a combined glass and reference electrode,

Determinations of pi on samples of L3 and lizuor from ths rumen were
made cirectly ty irmersing the electrode into the fluid. A given

weizht of cach food samnle (25 g) izs left to soak in 300 =1 of
=) EY o

distilled water for 30 min., The mixture was then agitated and ihe



electrode placed in ths mixture and the pH value obtained.

(xvi) Sterch.

The determination of starch in the faeces; starch in 50 g
samples was determined using a modification of the method of Hassid
and Neufeld (1964) using phenol sulphuric acid in the place of

anthrone.
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TOZ LSS ZHCTOC-.-PHY STUDIE

The camera fitted with & time lapse mschanism and & flash unit was
mounted on a noveable platform about 5 m above the ground. The camera
was e uipped with a wide angled lens so that the water trough/ball-
licker and the surrounding area could be photograched. The camera
and attzchments were totally encesed to protect them frcm the weather.
However, during a trizl run the mean ambisnt temperature dropped below
freezing and the camera ceased to function. This was rectified by
fitting 2 heater into the camera box, Esch film lasted 2.75 days and a
frame wzs teken every 545 sec. For sach pesriod the camera was positioned
to run for 2 days above the water trough and for 4 h above the ball-
licker, This was ample time as from previous,observations all the
allocated I1I. was consunmed within approxirmzately 2 hours.

For the purpose of animal identificziion on the film, each animal

wore a different coloured collar. In the event of one of the collars

coming off a record was kept of the animzls colour markings,
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A NYICY-BAG TECXIINUZ #CZ ZSTLL.TIC! CF PRCTZIN DEZRLDATION IT THE RUEY

The nylon-bag technigue is an alternative method for estimating
protein degradation in the rumen. It is & short cut method which only
provides relative estimate of onrotein degradation.

The test material is suspended in a permeable bag in the rumen
and the disappezrance of the test materizl from the bag contents is
measured over a period of time. This technicue is only useful as a
guide for measuring the disappearance of nu%rients from the rumen as a
number of variatles affect the results. lkehrez and grskov (1977) found
that -the most important factor determining variability in the
disappearance from bags incuvbatsd together was the sample size in
felation to the bag size., They also concluded that there was a large
variation between animals and fér the same animzl on different days.
The length of time that a bag is lefi suspended in the rumen is
important and will influence thz dezradability value observed (Neathery,
1969). The length of time in the rumen may not accurately reflect the
length of time the test meterizl would have been in the rumen if it had
been ingested. Van feuren and Heinsemann (1942 reported that as the
amount of test materizl increased, dry matter dissppezrance values
decreased, The position of ths bags in the rumen is important., =alch
and Johnson (195C) showed that the test material dry matter loss was
almost twice as much in the ventral as in the dorsal sac of the rumen.
Van keuren and Heinermenn (1962} emphasized the importance of the pore
size of the bag in rsgulating the passage of solid particles. The
movement of ingestia particles in énd out. of the beg is an importeant
factor in estimating the disappearance of the test material. The
basal diet of ths animal used for estimeting the test materizl
disappearance can have significant effects on the results (lieathery,

1949).



The method of processing the bag and contents after removal from
the rumen can greatly effect thsz reliability of ths values obtained.
MeManus, Manta and McFarlane (1972) studied the effect of time-of
rinsing of the tag on the values obtained. As the washing time
increased, dry matter disappearance increzsed.

The above discussion emphasises the importance of standardizing
the procedure of the nylon bag technigue,

The technicgue employed threoughout this thesls was as follows.

Fach bag was 14 x 12 cﬁ,square of nylon clioth having a pore size of
2hp or L3 p. A nylon cord 80 cm long was sewn to one side of the bag.
After the test material was placed in the bag the open end was folded
over twice and stapled closed., The free end of the cord was tied .
around a short length of rubber tubing (te¢ which a number of bags could
be attached)., Each cord was tied so that eaég bag would be suspended
in the rumen to a depth of 40 ca.

After removal of the bags from the rumen at the allotted time, the
bags were immediately washed. =Zach bag was individually washed in 10
litres of water being constantly agitated for 30 sec. The bags were
then dried {o a constant weight when samples were weighed and protein
determinations were csrried out., Degradsbilities were &assessed over a
period of 4, 8, 12, 24 and 48 h (although results for 24 h have only
been quoted in the experimental text)., The degradability values for
the dry matter and protein of the materizl tested were found to be

equal whether & 23 or hB)l bag was used.
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APPINDIY IV

THE DaAILY ROUTIMES FOR paladCE TRLLLS FOR SH:EP HCUSED I METABCLISH
CAGES,

Weichine of foods,

The food reguired by the sheep for the whole trial was weighed into

paper bags at the beginning of the experiment.

Feeding and watering,

The food was given 3 x/day to minimise spillage. uater was

provided in containers which were replenished twice per day.

[

Faecal collection.

The ewes (clipped free of wool around the hind guarters) were
fitted with a standard type of harness which included a chest strap.
An open mesh canvas bag (to allow urine to pass) was attached to the
leather harness by four guick-release, spring loaded scissor-grip
hooks, for colleétion of faeces. The bags were removed daily, emptied
into numbered bags behind each cage and refitted to the animal., The
faeces for the separate 7 days of collection were bulked, thoroughly
intermixed and an approériate sub-sample was dried and ground for

analysis.



