ADVANCES | N PRACTI CAL FEED EVALUATI ON SYSTEMS FOR THE
RUM NANT PRCDUCTI ON | NDUSTRI ES OF AUSTRALI A

V. H ODDY*
I NTRODUCTI ON

Feeds evaluation refers to an assessnent of the capacity of a
feed to neet an animals nutrient needs, i.e. its nutritive value.
This is not a sinple characteristic of a feed as it is a function
of the ampunt of feed ingested, and the quantity and quality of
nutrients rel eased upon Its digestion. Mreover, nutritive val ue
shoul d not be considered a characteristic of a feed alone, as it
may be altered by ingestion of other feeds, the ph%S|oIog|cal
state of the animal, and is likely also to differ between runinant
speci es and perhaps genotypes within species.

~The purpose of feed evaluation is to enable farners,
graziers and advisors to answer questions |ike \Wat |evel of
production is possible on this pasture ?", "How can | inprove it,
and at what cost ?2". These sinple but searching questions tax the
best of us, and our response has been to try to devise systens
which, although sinplified, allow sone quantitative neans of
ranking feeds. To achieve this we have had to devel op sone _
rel ati onshi ps between nutrlent_su?ply and ani mal perfornmance (i.e.
a feeding system viz. hay equivalents, total digestible
nutrients, starch equival ents, metabolizable energy ﬁNE)t net
energy). It is inportant to realise that a feed eval uation system
and feeding system are interdependent. The basic rules which
relate nutrient supply to animal performance require description
of a feed in terms fromwhich nutrient supply may be cal cul at ed.
Thus, a system which expresses animal requirements in terns of M
requires an assessment of ME in a feed.

ENVI RONVENT | N WHI CH FEED EVALUATION SYSTEMS OPERATE

The type of feed eval uation system used depends on the
questions asked. Mst rumnant production in Australia is from
grazing animals. Here the role of feed evaluation is to determne
whi ch conponent of a feed may be limting animal production, and
to a | esser extent PrOV|de a prelimnary screening of new pasture
plants. A major difficulty inthis area is to determ ne which
plant species are grazed, and the factors which affect how nuch of
each can be eaten. The scope for aPpI|cat|on of laboratory feed
evaluation is limted wthout know edge of intake of the pasture
speci es under study; nonetheless a useful set of guidelines for
sel ection of nmore nutritious pasture plants has been suggested by
Bl ack (1987).

. Wiere the quantity and/or quality of pasture is [imting
ani mal production, the scope for feed evaluation increases, but it
Is not the only tool used. Assessment of nutrient deficiency
I s based on a conbination of paraneters; including current ~
ani mal performance conpared to that expected, and feed anal ysis.
Mneral deficiencies my be nmore readily determ ned from bl ood,
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tissue or urine anaIKsis fromthe suspect animals than from
pasture anal ysis al though this can at times be useful. The najor
feed anal yses carried out to determne nutrient deficiency include
an estimate of the amount of feed present, its digestibility,
protein, and sonetimes sul phur and phosphorus content, but the
Interpretation is fraught with difficulties in sanpling what the
aninals are eating, and in turn calculating the amount and pattern
of nutrients provided by the feed relative to the aninals
requirements. This latter area can be resolved, in part, from
conputer sinulation of the interaction between feed and ani nal
needs (see Black 1984), but the necessary information on the feed
ingested is rarely available.

~Under these conditions feed supplenents are often used to
provide rate limting nutrients. The selection of these feeds is
made on the basis of availability, cost, ease of use and
digestibility and/or protein content. Although good information is
often available on digestibility and protein content of feeds
likely to be used as supplements, information as to the
i nteractions between supplenents and pasture intake is not so
readily available. W have sone information on the content of
starch, fat and the form of ﬁrote|n in sone of the nore commonly
used supplenents, but don't have an adequate description of the
d|?est|on characteristics, or of the manner in which they
influence digestion of pasture. Mre inportantly we don'f have an
adequate picture of the behavioral factors which influence
suppl enent intake, and intake of pasture on which the suppl enent
is offered (see Doyle, 1987).

The situation in which feed eval uation systems are nost
useful, are those where no grazing is available (ranging from
feeding for production to survival). It is here that the questions
asked above are able to be answered wi th sone confidence, ‘although
the errors involved can be large, particularly where feeds behave
in non additive ways, and where the diet contains an inbalance of
ei ther energy or protein relative to the needs of the aninmal to
achi eve the desired objective. Metabolizable, Of hbt,.energy
systens, in conjunction with sone description of requirenents for
protein and major mnerals, provide a suitable way for rankin?
nost commonly used feeds, although there is additional scope for
consi deration of specific nutrients in special cases (e.g. starch
coqtért with grains, potential degradability of protein with sone
meal s).

PRESENT FEED EVALUATI ON SYSTEMS

Digestibility of feed is the primary currency of those feed
eval uation systens presently in use. |n sone cases this may be
extended to an estinmation of metabolizable energy val ue.

Addi tional measurements include the quantity of nitrogen, usually
expressed in terms of crude protein.

The published information readily available is a pot pouri of
data gathered over the past century, predom nantly from Europe and
North America-. Data on_dlgest!blllty of Australian feeds is less
conmprehensive, and available in scattered publications. Recent
attenpts to incorporate information on Australian feeds into a
national database by the Australian Feeds Information Centre (see
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Leche, 1983) are |ong overdue. Conprehensive information on crude
protein _and mneral content of Australian feeds is also in short
supply. The di sadvantage of using conpilations of such data is
that the large variations in nutritive value between feeds of the
same description are masked, and the use of tabulated values is
therefore prone to serious error in application, chiefly with
forages, and also with oat grain.

This deficiency is recognised, and |aboratories routinely
carry out analysis to nake some estinmate of digestibility of a
feed, either using proximte analysis, the nodified fibre
determ nations introduced by Van Soest, or iavitro procedures
(including incubation in rumen fluid (Tilley & Terry, 1963), or
pepsin/cellulase (O arke, Flinn & McGowan, 1982). Each of these

rocedures estimate digestibility, and the errors can be Iarge.

or instance, the RSD of the dry matter digestibility estinated
from ADF and N content of 64 feeds and their in vivo dry matter
digestibility (oddy et al, 1983) was 3.3%, and in routine use with
forages the error 1s even greater. The error (RSD) in prediction
of Zn vivo dry matter digestibility from rumen fluid Zzvitro
?rocedures I's about 4.5%1n a practising feed evaluation _
aboratory (J.F. Ayres, unpublished data). Factors contrlbutln?_to
the variation in the estimate of in-vitro dry matter digestibility
i nclude; type of feed offered to the animal from which rumen fluid
inoculumis obtained, time after feeding, between animal variation
(some ani mal s have better bugs than others) and variations in
rumen fluid activity between days. Pepsin/cellulase procedures
remove sone of these sources of variation. Carke et al (1982)
reported RSD of 1.2-1.8% for regression of pepsin cellulase
digestibility against iz vivo DMD, However, these procedures are
slow, taking up to one week for analysis.

~Accurate assessnent of the conponents which influence
nutritive value requires that any sanple of feed taken for
anal ysis has the same conposition as what the animal eats. The
tenperature at which sanples are dried can have a major effect on
many of the |aboratory neasurenents associated with nutritive
val ue (Table 1), as can the time between cutting of pasture and
cessation of respiration of the plant (Table 2.

TABLE 1. The effect of method of drying a sanple of feed
on nitrogen and acid detergent fibre content.
Data shown for fresh Clover/Ryegrass pasture
(§.G. Low, unpublished data)

drying method N % ADF %
Fresh 3.73

Microwave + 50C 3.46 26.7

50C 3.26 29.9

Microwave + 70C 3.41 25.8

70C 2.89 29.2

Microwave + 100C 2.97 43.2

100C 2.97 41.8

These results indicate that to obtain a sanple of pasture of
the sane conposition available to the animal, respiration of the
planf.nust be stopped (preferably by freezing) at the tinme of
sanpl i ng.
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TABLE 2. Tine between cutting and freezing of pasture
affects composition. A sanple of |ucerne pasture
was cut and frozen in liquid CO2 (Colebrook et al,
1984) at various times after cutting. Frozen
sanpl es were freeze dried prior to analysis. Values
for oven dried sanples shown for conparative
purposes (S.R. Edwards, unpublished data).

Drying Time after Nitrogen ADF
Method cutting (hr) $ DM % DM
Freeze 0 4.53 17.6
Dried 0.5 4.46 19.3
1 4.50 19.3
2 4.27 22.1
4 4.39 21.2

Microwave then Oven Dried
@ 70C 0.7 4.45 22.5

_ An additional, and mjor, constraint on use of feed
information is to estimate how much of a feed is likely to be
eaten. Proposed nethods for estimating feed intake for prediction
of performance of grazing rumnants (sca, 1989 based on proposal
of Freer & Christian, 1983) require the user to determine the
amount and quality of pasture mass available. Froman estimte of
pasture mass, and the digestibility of green and dead fractions
Intake is calculated on the basis that the aninmal selects green
rather than dead material, young rather than old, and |eaf rather
than stem This is conputed bg_d!V|d|n% the pasture into pools of
pastures of differing digestibility and protein content, and
satisfying the animals needs first fromthe pool of greatest
digestibility, then fron1subsequent pool s of decreasing
digestibility until rumen load [imts intake (Christian et al,
1978). This procedure, which is incorporated within the conputer
program "Grazfeed" (Donnelly & Freer, 1988), provi des a reasonabl e
simul ation of the quality of intake of sheep on tenperate
pastures, but is less accurate with cattle on tropical pastures.

TOMRDS A BETTER FEED EVALUATI ON SYSTEM

_ Di gestibility is the result of conplex interactions between
ingested feed and nmany processes within the digestive tract of an
animal . Factors which influence dlgest|b|l|t Include; rate of
digestion of different fractions of the feed and their flow from
the rumen, mcrobial activity and the resulting pattern of
fermentation end products, and interactions induced by supply, or
lack, of nutrients utilised by rumen m cro-organisns. This latter
category includes amino acids, precursors of branched chain VFA
nitrogen, sulphur and phosphorus, and also the quantity and form
of long chain fatty acids Ingested. o

_ Digestibility of a feed-is not always a good indicator of the
likely nutrient supply and intake of that feed by rum nants.
Al though organic matter digestibility and intake of forages can be
correlated (Freer, 1981) there are notable exceptions. |ntake of

| egunmes is %reater than that of grasses at the same digestibility
(see e.g. Thornton & Mnson, 1973), but such differences are not
apparent when digestible organic matter intake is related to
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retention of organic matter in the rumen. Differences in pattern

of nutrient supply and flow from the rumen influence both the

efficiency of production, and the feed intake. They are not solely

attributes of the feed, but interact with the physiological state

?2 LPe gpinal to introduce significant variation in performance
able 3).

TABLE 3. Approxinmate variation in animal perfornmance
contributed by aninmal and forage diets (from
Van Soest, 1982)

Coefficient of variation %

Parameter Diet Animal
Digestibility 30 3
Intake 50 30
Efficiency (of energy use 50 20

for productive purposes)

- If digestibility is not an adequate neasure of a feeds
ability to supply specific nutrients or likely intake, what
| aboratory measurements add to our information on nutrient supply
and feed Intake?

A range of chem cal analyses and ani mal-feed interactions
whi ch could formthe basis of future feed eval uation systems have
been suggest ed %Preston_& Leng,1987; Black,1987). Bl ack (1987)
summari sed the characteristics of plants which were associated
with inProved nutritive value. These forma useful check list for

0

met hodol ogy |ikely to be required for any conprehensive |aboratory
feed eval uation schene.

* Cell wall constituents should be as |ow as feasible wthout
destroxlnP the structural |nte8r|ty_of the plant, and the cel
wal I shoul'd be easily fracture dur|ng mast i cation. Mreover, the
Ilgnln content of plant fibre should be low relative to cellulose
and henicel | ul ose. .
* Protein content should be appropriate for the form of
production. A high proportion of plant proteins should escape
fermentation in the rumen, while remaining readily digested in the
smal | intestine. The amno acid composition of escape plant
protein should be appropriate for the form Of animal production.
e.g. ¢|gh | evel s of sul phur-containing amino acids for wool

rowt h,
9 Tanni n content should be about 60 g/kg DM and of Mw "22, 000,
This will assist dietary protein to escape rumen fermentation,
* Storage and sol ubl e carbohydrates should be as high as feasible
and bal anced with amno acids for the formof production.
* Lipids should nmake up to 15% of the energy in the dry matter
because of their high efficiency of utilization
* Hgh levels of soluble ash to-stinulate outflow from the rumen,
i mprove protein flow to the intestine and enhance feed intake.

This |ist of desirable characteristics of feeds was devi sed

for guidance of plant breeders. If ruminant nutritionists are to
use these guidelines to resolve practical problens a nmeans of
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quantitativeI% assessing feeds in the terns described above, and
of relating the results of such quantitative assessment to anima
performance, is required. Integration of know edge, relating
ani mal performance to nutrient supplgj by conputer sinmulation is a
possi bly the best way of achieving this.

_ Bl ack et al (1980-81) and Murphy et al ¢1987) outlined a
simul ation nodel l'ing apProach to prediction of nutrient supply.
Components of ingested feed required to drive these nodels were
essentially as described above. The nutrient supply thus
cal cul ated was then used to provide interactive Input into a nodel
of ani mal re?U|renents (Black & Faichney, 1981; GII| et al, 1984,
Bal dwin et al, 1987a,b). Mdels of rumen function include
simplifications of nore conplex relationships between chem cal
constituents of feeds and fermentation patterns described by
Bal dwin et al (1970). They incorporate relationships between flow
of digesta fromthe rumen and subsequent supply of nutrients to
the | ower digestive tract (Hogan & Weston, 15%6; Fai chney, 1975).

Mbst of the nethods of feed analysis required as inguts to a
rumen nodel have been described (Faichney and Wite, 1983). The
anal yses are |aborious and tine consunmng and unlikely to cone
into routine use in their present form although there is scope
for many to be carried out by near infrared reflectance analysis.
Met hods missing fromthe anal ysis schene of Faichney & Wiite
(1983) are; measurenent of the rate of degradation and the maximm
extent to which dietary protein and B-hexose could be degraded in
the rumen. In nost feeds starch is readily digested within the
rumen, but there are reports that rum nal degradation of starch is
i nconpl ete and glucose is absorbed fromthe small intestine where
diets with large proportions of grain are fed (Judson et al,

1968). It may also be inportant, at tines, to have a neasurenent
of the rate of starch degradation in the rumen.

Vi, anmong others, have been attenpting to estimate, from
| aboratory neasurements, the potential rate of degradation of feed
proteins in the rumen. Although 7z sacco procedures (Mehrez &
Orskov, 1977; O skov & McDonald, 1979; Orskov et al, 1980) are
recomrended for estimating rumen breakdown of Brotelns (ARC, 1984,
SCA, 1989), and appear to rank protein degradability in the sane
order as in vivo experinents, nylon bag estinates of protein
degradability are at times |ess than iz vivo val ues, even after
accounting for differences in fractional outflow rate fromthe
rumen (See e.d. Anan|n?-Kmarteng et al, 1986). This discrepancy
may not be inportant if a ranking of protein degradability is al
that is desired, but to acheive a quantitative description of
protein available to the animal requires greater precision -
particularly when amno acid supply is limting production.

In our laboratory, Steve Neutze has used a wool growth assay

ésee for exanple Ferguson, 1975; Leng et al 1984) to estimte
egradabi lity of ﬁrote|n (Neut ze, 1989; and Figure 1). The
procedure in our hands is of |ow precision and can be used only
for ranking protein supplenents. Lack of precjsion cones from
between animal variation in efficiency of wool growth, the snal
proportion of absorbed ami no acids incorporated into wool (9-12%,
see €.¢. Black, Robards & Thomas, 1973), the pattern of absorbed
amno acids and their utilization by tissues other than for wool
growt h. Routine use is precluded by the |arge sanple size, and
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ime - %/RI cally 8 weeks - required for an estinate.

tory methods, although indirect, offer the hest chance of
eval uation of degra ab|I|t%/ of protein in the rumen and are
to be descriptive of the feed rather than the interaction
he ani mal assay system
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FI GURE 1. Conparison of degradability of diet ar% protein
sugf)_l ements estimated by a wool growth assay, and
publ i

shed estimates of " in wivo runinal profein
degradability (Neutze, 1989).

Met hods enpl oyi ng bacterial and fungal proteases (Pichard &
Van soest, 1977; Mahadevan et al, 1980) have been investigated
(Figure 2). The procedure appears to rank feeds in an order.
simlar to that from published iz vivo experiments, but it is
difficult to obtain quantitative conpari sonf Wi t hQ[LH account i ng
for variation associated with the iz vivo val ues. € protease
procedure, however, shgvvs consij d_erablly nmore prom se than
estimation of protein degradability ffoman index of wool growh.
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FI GURE 2. Degradation of feed protein after incubation in
bacterial and fungal protease sol ution for 24 prs,

conpared to estinates of degradability of feed
protein in vivo (S. A Neutze,unpublished).
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Apart fron1deve|ognent of *methods. to determine rumen protein
degradabi ity with high' precision and accuracy, the responsiveness
of the animal to am no' aci d supply, and the errors associated Wi th
estimation of the-am no acid requirenents for various |evels of
production, should also be considered.

The disparity in resPonsiveness of animals on |ow energy /
| ow protein diets to supplenmentation with escape protein is
hol di ng back acceptance of the pr|ncbgle that amno acid supply
limts animal growth on such feeds. n¥_exper|nents_(e.g.
Hennessy, 1987) have denonstrated significant |iveweight responses
to escape protein, whereas others (e.g. Redmann 'et al, 1980) have
been unabl e to denonstrate any response (Table 3).

TABLE 3. Disparate growth responses to escape protein in
Hereford steers. Data from Hennessy, 1987 and
Redmann et al, 1980.

Tr eat nent DMI LWG Final LW

Hereford steers 340kg, 25 nonths ol d
basal diet chaffed carpet grass hay
505 g DOM 5.8 g N/ kg DM (Hennessy, 1987)

Nil 4.8 -129 ' 335
+casein 6.3 90 349
+urea+F-casein#* 6.6 329 364

Hereford steers 288 kg, 12 nonths old =
basal diet chaffed oaten ha%M
520-590g DOM 4.1 g N 7/ kg (Redmann et al, 1980)

Nil ‘ ’ 6.12 356 308

+urea o 7.41 798 334
casein:F-casein* ' ‘

100:0 7.32 843 336

50:50 7.63 842 336

0:100 7.41 805 334

* F-casein, casein treated with 1.5% (w/w) formaldehyde

One possibl e explanation of the difference in response to
escape protein is that the aninmals which responded were previously
under nourished as a result of long termgrazing of energy/protein
deficient pastures and weighed less at the sanme age than those in
the studies which did not show a response to escage protein, in
which previously "well grown" aninmals were used. The data which
suggests that this mght be the explanation was presented by
Orskov et al (1976). I'n that work sheep previously fed a [ ow
protein diet (12% cp), upon switching to a high protein diet (20%
Cp) whi ch contai ned substantial escape protein, increased their
rate of protein deposition relative to those fed the high protein
di et throughout (Figure 3).

I't is inportant that these observations be incorporated into
practi cal feed|n% %gstens. Present feeding systems (ARC
1980,1984; SCA, 1989) do not'accountfor responses to absor bed
nutrients other than energy. In many practical situations in
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Australia energy may not be the first limting nutrient, and
failure to account for this results in serious errors in
performance prediction, and in calculation of econonic response to
suppl enent s.
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FIGURE 3. Rate of protein accretion in previousty
undernourished, refed, lanbs Is greater than well
fed lanbs of same weight. Lanbs previously fed a
| ow protein (LP) diet were offered a high protein
(LHP) diet at 28 kg. The rate of protein accretion
of lanmbs fed high protein diet throughout is shown
for conparative purposes (Orskov et al, 1976).

Difficulties also surround our present application of

know edge on utilization of energy. The feeding systens presently
in use correlate eff|0|encg_of energy use in an animal with the
dlgeSthI|It¥ / metabolizability of the feed i.e there is a tacit
assunption that the mx of nutrients available does influence
efficiency of energy deposition, and this is largely predictable
froman estimate of the digestibility of the feed. While this is a
suitable first approximation, for many feeds this sinplification
is inadequate. There is now overwhel m ng evidence that a major
cause of variation in efficiency of ener%y utilisation is the
manner in which acetate is utilised in the body (see Preston &
Leng, 1987, for an extensive review). Utilisation of acetate is
dependent on both the supply of glucogenic nutrients, and the
physiol ogical state of the animal. Tyrell et al (1979) clearly
showed that efficiency of acetate utilisation by mature cattle,
"eating simlar amounts of metabolizable energy, could vary from 28
to 71%, depending on the conposition of the basal diet. The nore
efficient utilisation of acetate occurred on diets containing the
?reatest supply of starch and soluble cell contents, which on

ermentation give-rise to nore propionate in the rumen, and upon
absorption, glucose. It is inportant therefore that future feed
eval uation systems describe feeds in terms which allow prediction
of the pattern and quantity of VFA produced in the rumen.

~ The m ni num measurenents required of a feed to allow
estinmation of VFA supply are content of cellul ose, hem cellulose
and lignin -(cell wall or B-hexose), a-hexose (starch and pectins)
and soluble carbohydrates, and an estimate of degradation of the
B-hexose fraction. Linmtations with nethods for estimting
degradation of B-hexose are simlar to those for estimation of
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rum nal degradation of protein, although there may be correl ated
conponents of feeds which are nore easily nmeasured (Smth et al,
1972). The theoretical basis for predicting amunt of VFA
produced requires further work, for although there is reasonable
agreement between cal cul ated and observed proportions of VFA in
the rumen, the sinulations are as yet unable to consistently
estimate total VFA production (Mrphy et al, 1986). A practica
difficulty with not know ng the pattern of VFA produced can be
illustrated by the results of Tudor & Mnson (1982). These workers
estimated efficiency of energy use for %rommh and fattening (kf)
i n pangol a and setaria grasses to be 0.28 and 0.17 re%pectlvely,
despite simlar chem cal conposition of the grasses. They
presented evidence that nore propionate was produced on the
pangol a grass than the setaria. To account for such a difference,
I nformation about the feed additional to that |isted above may be
required, for exanple the content and digestibility of various
sugars of hem cel lul oses may vary (Nandra et al, 1983), and this
wi Il influence the ratio of propionate to acetate produced. In
addition a neasurenent of the ease of breakdown of a feed, and
packing density in the rumen nmay be required to account for
di fferences between feeds of simlar chem cal conposition.
Practical application of description of a feed in terms which
al | ow VFA supﬁly to be calculated wll ultimately depend on the
ereC|S|on with which we can estimate the effects of variation in
FA pattern and supply on ani nmal performance.

There is no cpnFIete description of the interaction between
supply of energy yielding nutrients and amno acids and growth of
rumnants. |t has been believed that the major influence of an

i ncreased efficiency of acetate is on fattening, but Tyrell ﬁ1979)
found acetate infusion could both enhance, and decrease N bal ance
depending on the basal diet. Part of this inter-relationship has
been incorporated into a conputer nodel of the ener é - protein
interactions affecting the efficiency of fattening P Il et al,
1984). This sinulation nodel, which requires inputs to be .
described in terms of quantity of acetate, propionate, am no acids
and lipid, accounts for variations in efficiency of fattening in a
more realistic manner than feeding systems presently in use %see
Bl ack et al, 1987a,b).

If we are to obtain quantitative relationships between
chem cal constituents in a feed and ani mal performance, there
still remains the question of what feed and how much of it is
likely to be eaten by the freely grazing rumnant. It is here that
i ndi vidual aninmal preferences for feeds confounds our ability to
predict nutrient intake. This nay not be such a problemif
performance can be calculated in a stochastic manner with the
"mob" as the aninmal unit. Arnold (1982) indicated that while
i ndi vidual animals may show wi de differences in preference for
feeds, as a nob the variation in individual preferences irons out
the bumps and the general principles that animals eat |eaf in
preference to stem young to old as currently inplied in the
principles enbodied in SCA (1989), is sound. It Is inportant _
nonet hel ess to consider that sheep can be nore selective in their
grazing habits than cattle. Sonme of the principles by which sheep
m ght sel ect between forages have been recently clarified (Black
et al, 1987c), and the potential rate of intake of a feed has been
shown in Iaboratorx studies to have a major influence on
preference, with those feeds of higher intake rate being

118



preferred. Intake rate was found to be influenced by water content
(Kenney et al, 1984), sward characteristics (height and density,

Bl ack & Kenney, 1984) and palatability (Gherardi et al, 1987),

al though differences in Ra!atablllty did not influence the overal
intake if there was no choice of feeds available.

I nclusion of neasurenents which influence preference for a
feed in a feeds evaluation systemw || provide an interesting
challenge to rumnant nutritionists.

CONCLUSI ON

Measurenment of digestibility and protein content of a feed
are no Ionger a sufficrent description of its potential to pronote
ani nal production. Future nethods of rum nant feed eval uation
shoul d aimto describe feeds so that the supply of major energy
yielding nutrients, and amno acids to the intestines, may be
calculated. Utilisation of this information dictates that animal
requi rements be expressed in conplenentary terns. Practical .
application wll alnmost certainly be through integration of this
information in the form of conputer sinulation nodels.

Assim lation of this methodol ogy into industries as diverse
as the rumnant production systens in Australia will be a patchy
process, with at times the pace being frustratingly slow The
maj or factor affecting uptake b¥ industry will be immediate need.
I f the nmethodol ogy solves readily definable problems it will be
accepted. However, if feed information is not available in the
appropriate form then users will have no option but to fall back
onto ol der, well established, but |ess accurate systens. It is
I nportant that as nutritionists and animal scientists we work
t owar ds ﬁFOVIdIng i nformation and technol ogy for future problens,
rather than rely upon the efforts of our predecessors.
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