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FEEDI NG STANDARDS AND FEEDI NG SYSTEMS FOR RUM NANTS
J. L. CORBETT *
A SUMMARY

The devel opnent of feeding standards is outlined. The standards
are bases for feeding systens which should allow effective and
profitable nutritional management of aninals appropriate to the
prevailing nutritional, econonmic and sociological environment.. It is
insufficient to equate a given animal production with a standard feed
requi renent; the converse, that nutrient intakes determ ne production,
is inplicit in feeding systems. Some aspects of and problenms in
defining animal responses to their feed supply are discussed, with
reference- to practical nutritional managenent.

| NTRCDUCT! ON

From Christmas to My
Weak cattle decay
Thomas Tusser (1573)
*Five Hundred Pointes of Good Husbandrie'

Cattle and sheep in Tudor England, as elsewhere in those tines,
existed through the winter in a state of sem-starvation. They were
sel dom fattened; meat came primarily from broken-nmouthed sheep, which
were valued for' their wool, from cows past mlk production, and from
oxen too weak or old for use as draught aninmals. The opportunity for
change was provided by, successively, the introduction of new crops such
as turnips and clover, the devel opnent by Jethro Tull of the seed-drill
and his "Horse-Hoeing Hushandry*, and vigorous adoption of these new
techni ques by 'Turnip' Townshend, Coke of Norfolk, and others. Crop and
l'ivestock production were superbly integrated in farmng systens
typified by the Norfolk four-course rotation, with the result that
ani mal s coul d improve in condition and even fatten during the wnter,
and not just survive. Mreover, with continuity of feed supplies
reasonably assured there could now be the continuity in the selection
and breeding of livestock necessary for their inprovenent. Though a
variety of ani mal di seases was endem c, progress in the feeding of
animals and in their breeding, notably by Bakewell and his followers,
was reflectedin the average weights of animals at Smthfield market
(Ernle 1936). In 1710 these were 370 Ib. for cattle, 28 Ib. for sheep
and 18 Ib. for lanbs; they had increased to respectively 800, 80 and 50
I'b. in 1795, the year after Lavoisier's death in revolutionary France.
Lavoisier and his contenmporaries (e.g. Priestleg, Davy) and successors
“during the next 50 years (e.g. Liebig, Lawes, .Gilbert) established basic
principles in the nutrition of both crops and |ivestock.

Wth the rise of agricultural chemstry, the relative nerits of
feeds could be defined nore objectively than as 'hay equivalents', which
have been attributed to Thaer but not wholly correctly (Tyler 1975).
Fromthe results of the first real digestibility trials with animals
made in the mid 19th century by Henneberg and Stohmann at \\eende near
Gottingen, WI ff at Hohenhei m devel oped feeding standards in terns of

* CSIRO, Division of Animal Production, Armdale, NSW 2350. Australia.
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digestible nutrients. By the early years of this century, Kellner and
Armsby had established net energy values for the digestible nutrients.
Protein feeding standards were established in ternms of digestible true
or crude protein, or the conpromise 'protein equivalent', and in Denmark
were linked to energy standards by Mgllgaard, but mineral needs were
related only in rather general terns to the amount and conposition of
the ash present in the animal's body and products.

CONCEPTS AND M SCONCEPTI ONS

Subsequent gains in know edge have increased the accuracy of
feeding standards but have not changed their basic purpose, nanely to
pronote the productivity of livestock by efficient use of feeds
Jackson (1981) states their purpose in nore restrictive terms: “to
ration the feed of animals to meet their nutrient requirenents”
Surprisingly, he defines those requirenents as "the anounts of nutrients
needed by aninals. to performat stated |evels which are usually close to
thei r maxi mum bi ol ogi cal capacity", and even nore surprisingly states
that "students the world over are taught that 'feeding up to standards*
is an essential feature of nodem scientific systems of |ivestock
husbandry". Political arrangements in some parts of the world may
encourage, by a scheme of guaranteed prices, the production of mlKk,
meat etc. without limt. Even in those areas, feedingstandards should
be applied in systenms that are dynamic and not static in concept. They
shoul d not be applied sinply by feeding animals according to their
observed production nor, for exanple, on the basis that a dairy cow
requires, and therefore nmust be'fed, X M} of metabolisable energy (M)
in order to produce Y litres of mlk. Level of feed intake deternines
| evel of production, and studies of input - output relationships in
dairy cows made nore than 40 years ago in the USA (Jensen et al. 1942)
and Britain (Yates et_al. 1942) denonstrated that optinal levels varied
Wi th econom ¢ circumstances. They-also vary with sociological and other
condi tions (Jackson 1981). Feeding standards are not in thenselves
feeding systens. They are bases for systems which should allow effective
nutritional management of aninals appropriate to and varying with the
prevailing economc circunstances and other conditions

SOVE ELEMENTS OF FEEDI NG SYSTEMS
Feed Intake

It is necessary to establish how much an aninmal could eat of the
feeds available, or can graze from pastures, if calculations on what it
should eat to achieve the desired production are to result in
practicable and economic nutritional nanagement. Freer and Christian
(1983) give details of a procedure they have devel oped for predicting
the feed intake of grazing sheep and cattle which can also be applied in
stall-feeding. In sumary, the potential intake (P) of any particular
class of animal is defined as the anount of feed that would be eaten
when abundant feed is offered and a diet with a digestibility of at
least 0.8 can be selected. P is related to the animal's current weight
expressed as a fraction of its normal mature weight, with adjustment for
effects of lactation and for |anmbs or calves not yet weaned. Actua
intake is the proportion of P that the animl can be expected to achieve
as deternmined by chemical and physical features of the feed. Oning to
|l ack of information on how chenical conponents of feeds are related to
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the rates of digestion in and passage fromthe rumen, which are probably
primary constraints on intake, the quality of a feed is described by its
digestibility. It should be noted that with herbage diets offered |ong,
or chopped, or grazed, intake is related directly to digestibility over
its whole range (Freer 1981) though this may not be sofor mxed diets
of concentrates and roughage (Conrad et al. 1964). Wth grazing
animals, the various physical features of a pasture that affect the
animal's ability to harvest the herbage wWithin the time it can spend on
grazing are described by the amount of herbage dry matter available (DV
kg/ ha); intake decreases as availability falls below a certain value
(about 1500 kg/ha for many types of pastures) as described by an
exponential relationship. The heterogeneous collection of plant
conponents of varying nutritional value on a pasture, the way in which
it is grazed by an animal would not be defined adequately by single
values for the availability and digestibility of the total herbage.
Instead, the total is viewed as conprising a nunber of classes, usually
five, each of defined anount (kg/ha) and digestibility, with the animal
grazing firstly from the nost digestible class and then from
successively lower classes until it has satisfied its potential intake
to the extent that availabilities and digestibilities allow  Sunmation
of the quantities grazed from each class yields a predicted intake of
digestible feed which can readily be expressed as ME

Suppl enents can increase pasture intake if they rectify a nutrient
deficiency in the herbage, but otherwi se they cause a reduction
Definition of this substitution effect is also inportant with housed
ani ml s when, as commonly occurs, they have ad |ibitum access to the
roughage conponent of their ration and concentrates are individually
rationed. Freer and Christian. (1983) allow for a reduction in pasture
intake on the assunption that a supplement will be eaten before herbage
of the same or lower digestibility. The predicted substitution rates,
that is the reduction in herbage DM intake (g) for each g of supplement
DM eaten, are in agreement with observation;, for exanple with a
suppl ement nore digestible than the pasture the substitution rate
approaches 1.0, though it decreases as the difference in digestibility
bet ween suppl ement and pasture increases, and decreases with decreasing
herbage availability.

Energy and Protein Value of Feeds

The generally preferred standard neasure of the energy val ue of
feeds is their ME content at the maintenance |evel of feeding, expressed
as Mi/kg DM (M D) or as a fraction of gross energy (qu= MEy/GE).
Prediction froma correlated and fairly readily determned variable,
such as digestibility in vitro, is perhaps the least problemin its
use. A practical problem which would also apply to other measures such
as digestible energy, is sanpling a barn full of hay or the pasture
grazed by animals. Data banks in the International Network of Feed
Information Centres should increasingly provide information on the
conposition of feeds of particular types from particular geographic
areas; information on grazed herbage is steadily increasing, even for
arid and noist tropical areas (e.g. Lorimer 1981; Walker et al. 1983).
Manuf acturers of conpounded feeds should ultimtely be required to state
ME content and will increasingly find it in their own interests to
volunteer this information. A further problemis definition of the
decrease from the standard ME value with levels of feeding (L) above
mai nt enance (L=1). Conpared with concentrates or ground forages, the
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decrease appears to be less with forages in long or chopped form (Reid
et al. 1980) and for these feeds there is no firmbasis for making
corrections for L Wiich, in anyevent, may not greatly exceed a value of
2, .MAEF (1975) nmakes no correction for any diet, but it may be
desirable t0 guard against overestimation of ME intake, and of predicted
animal performance, particularly with dairy cows which can have an
i ntake of concentrates plus roughage exceeding L = 3, and possibly with
cattle in feed-lots. The proposal to discount MD by 1.8% for each unit
increase in L (Van Es 1975) appears to be the best conprom se anong
various methods of correction reviewed by ARC (1980)

Wile the net availability of ME for maintenance (km) and |actation
(kp) varies with feed quality, the values can be predicted within fairly
narrow limts. Net availability for growth and fattening (kg) varies
mich more W dely, and the relationship with MD differs between types of
feed (ARC 1980). Wthin one type of feed, increases in energy costs
associated with digestion and metabolismin the gut, especially the
rumen, MY be an inportant cause of the reduction in kg with decreasing
feed digestibility (Wbster 1980). It can hardly account for the najor
difference in net energy val ue between spring and |ater grow hs of
pasture herbage of simlar digestibility (Corbett et al. 1966; Blaxter
et al. 1971). Arnstrong (1982) discussed possible reasons for variation
in kg, including variation in the ratio of gluconeogenic substances,
including amno acids, to non-gluconeogenic produced in digestion and
absorbed.  Sone support for this possibility is provided by the finding
of Corbett and Pickering (1983) that mcrobial protein synthesis
(non-ammonia N x 6.25) in grazing sheep was about 12 g/M of ME intake
fromthe spring gromth of pastures but considerably less, about 9 g/M,
when the same pastures were grazed later in the year. There was a
corresponding difference in total crude protein (mcrobial, undegraded
dietary, and endogenous) apparently digested in the intestines,
respectively 10.6 and 8.8 g/M of M

More know edge of the arrays of netabolites resulting from the
di gestion of feeds and delivered to the tissues of the animal is
required for clearer understanding and definition of the net energy
val ues of feeds. Mdem protein feeding systems do aimto predict the
supply, and requirenent, of anmino acid N at tissue level, but though the
conceptual bases of the systens are sound there is a nunber of problens
that at present hanper their application in practice. Problems in the
application of the ARC (1980) schene that are discussed by Cottrill
(1982), Filmer (1982), and Webster et_al. (1982) include uncertainties
in the extent of variation in the efficiency of utilisation of absorbed
amno acid N in the body, the extent of absorption fromthe smal
intestine of dietary protein that has not been degraded in the rumen
and, of central inportance, the extent to which a dietary protein wll
be degraded in the rumen. Black et_al. (1982) describe a conputer node
that integrates in an interactive manner the many variables that af fect
the N value of feeds for rumnants and their use of their protein
supply. There is as yet insufficient information on the properties of
feeds and other variables to allow general use of the nodel

For dried and fresh forages there are sone sinple enpirica
approaches to the definition of the amounts of protein these feeds
supply to the animal, which appear to be valid. Know edge of the extent
of protein degradation in the rumenisrequired first to assess whet her
there could be N limtation of mcrobial protein synthesis at the given
energy intake. Hogan (1982) suggests, however, that N limtation is not
likely to occur with dried and fresh forages until the ratio of
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digestible organic matter (DOV) to crude protein (CP = N x 6. 25)
approaches and exceeds 10:1. There have been reports of nilk production
responses to supplenmentary protein with cows grazing good quality
pasture, w th DOM:CP ratios nuch narrower than 10:1 (Stobbs et _al. 1977;
Rogers et al. 1980), but these reponses are probably not due to any
enhancement of microbial synthesis. Wen responses to supplenentary
protein by growing cattle on poor quality pasture have been reported,
the DOM:CP rati o in the herbage has generally exceeded 10:1 and there
has been evidence that the suppl ement caused an increase in the amunt
of feed 'grazed (e.g. Hennessy 1983).

For dried forages with ratios |ess than 10:1, Hogan and \\éston
(1981) reported that the CP (non-ammonia N X 6.25) entering the
intestine of sheep 'could be expressed as (0.36 CP intake + 160 g/ kg DOM
+ 6). The first termin this equation inplies a rumnal degradation of
about two-thirds of the CP intake. Corbett and Pickering (1983) found .
with sheep grazing a variety of pastures with DOM:CP ratios not
exceeding 4.5:1, that 0.87 # 0.02 of CP intake was degraded. Wth
substitution of the corresponding coefficient 0.13 in place of 0.36, the
equation of Hogan and Weston (1981) predicted values for CP supplies to
the intestine which were in good agreement with those neasured in a
| arge nunber of experinents with grazing sheep (Corbett et al. 1982a).
Measurements of microbial protein synthesis gave an average value of 161
g CP/kg DOM, essentially the same as the coefficient of 160 in the
prediction equation though, as noted above, there was sone variation
with season (185 g/kg DOM in spring decreasing to 140 g/kg DOM). In
agreenent with some other studies on fresh herbage (e.g. \Wlker et al.
1975), microbial synthesis was greater than the value adopted by the ARC
(1980). This value was 188 g/ kg OM apparently digested in the rumen
(OMADR), equivalent to 122 g/kg DOM on their assunption that OVADR was
a constant 0.65 of DOMintake. It was not a constant in the grazing
sheep, but varied with digestibility (D) of the pasture OM as described
by the equation: OVADR = 0.9(£0.02)D.

The third termin the equation of Hogan and Weston (1981) assumes a
contribution of 6 g/d of endogenous CP, or about 1 g Nd. The
suggestion of MacRae and Reeds (1980) that the contribution nmay be as
great as 6 g Nd is nisleading because it refers to all endogenous
secretions anterior to the duodenum and not to the quantity that
actually flows from the abomasum The ARC (1980) definition of protein
degradability does not allow for endogenous N. The degradation of
0.87%0,02 of CP in the pastures grazed by sheep (Corbett and Pickering
1983) was calculated with the assunption of 2 g/d endogenous N, when 1 g
N'd was assumed the nean degradation was 0.83%0.03. It can be expected
that the discrepancy would be greater for pasture fntakes with | ower N
content than those studied which, on average, contained about 33 g N kg
DM It can also be expected that protein degradability would decrease
with increasing maturity of herbage owing to increasing association of N
with cell wall constituents, which may also reduce availability to the
animal of the undegraded N that enters its intestine (Hogan and Lindsay
1980). Subtraction of the Nin the acid detergent fibre of forages from
their total N content may usefully indicate the amount of the forage CP
that is degradable, and reduce uncertainty about the availability to the
animal of the undegraded fraction (WIlson and Strachan 1980; Webster et
al . 1982; Krishnamoorthy et_al . 1982). _

Studi es have to be made with cattle as well as sheep grazing a
wi der range of pastures than has been used so far in order to establish
more firmy the nethod of Hogan and Weston (1981) for predicting the
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protein value of pastures. .
Ani mal Responses

Energy ' retention by an animal continues to increase with increasing
feed intake to the limt set by its appetite. The relationship is
curvilinear, and this is regarded by the ARC (1980) as being due to a
decrease inthe efficiency of utilisation of increments of feed given
above a constant mmintenance. There is, however, nmuch evidence that a
primary cause of the curvilinearity is a progressive increase in the
basal conmponent of the total heat production, the notional maintenance
requi rement (Gaham 1982). Thisresponse to increasing feed intake
whi ch occurs rather slowly, is probably a major reason why the observed
energetic efficiency (kg) of aninmals observed in long, term feeding
trials is generally less than would be predicted fromthe results of
short termcalorimetric experinents (e.g. Garrett 1980). Conversely,
when animals have been undernourished their maintenance requirenment
decreases (e.g. Gaham and Searle 1979). This probably accounts to some
extent for the conpensatory gain that occurs when they are again given
an adequate diet (Butler-Hogg and Tulloh 1982); the reduction in
mai ntenance requirenment continues for some tine during realinentation,
and during this period the fraction of the feed intake available for
body gain, and the gain, are greater than standard cal cul ations would
i ndi cat e.

It is inportant to recognise that there is variation in maintenance
requirement when animals are being fed for survival in drought; even
smal | reductions in the amounts of feed provided can accunulate into
large financial savings. The possible extent of such savings is
indicated by feeding trials with cattle (Mrris 1968) and sheep (CSIRO
1958) which showed that when not cold-stressed they could survive for
| ong periods on amounts of feed that provided 10 to 20 per cent lessME
than woul d be calculated fromthe results of standard measurenents of
fasting metabolism (e.g. ARC 1980). There is need to determnine the
mai nt enance energy expenditure of animals in avariety of practica
conditions of management for conparison with standard values. This
can be done with the carbon dioxide entry rate technique which has been
used todefine the energy requirenents of grazing sheep (Corbett et al.
1980, 1982). Muintenance requirements of those sheep appeared to vary
with feed intake, but were greater than those of conparable housed
animals to an extent that could be accounted for by the increased
physical activities at pasture and the known energy costs of those
activities. In general, the maintenance requirenents of animals not
col d-stressed are increased by about 20%when they graze smallareas of
good quality pasture, and by up to about 60%in extensive grazing
condi tions.

APPLI CATION OF FEEDI NG SYSTEMS

Cunul ative and residual effects from periods of over- and
under-feeding are especially inportant in lactating aninmals where
antecedent, as well as current, nutrition affects the immediate response
in mlk production to a change in feed intake, the partitioning of
nutrients between mlk and body reserves, and the subsequent course of
lactation (Broster and Thomas 1981). Wth current feeding systens,
however, nutritional managenent is essentially on a day-to-day basis
within a long-term pattern of feedingdetermned to a considerable
extent by practical experience of what 'works'. The systens are
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described in what can properly be called manuals; they contain a variety
of approximations, such as fixed values for kmand k; (MAFF 1975) and km
= kj (Van Es 1978) specifically to sinplify their use for initia

formul ation of rations and for sequential revisions in the light of
actual animal performance. This use of systems gives satisfactory
results, and errors introduced by the approximations can be corrected
when all or the major part of the feed intake is well controlled and
when the animal production can be neasured easily and accurately. These
conditions occur in intensive dairy production. The energy feeding
system of MAFF (1975), for exanple, gives good results provided that
account is taken of changes in cow body weight as well as in the nuch
nore readily determined mlk production (Broster and Thomas 1981)

Current feeding systens for beef production are less satisfactory.
Andersen and Fol dager (1980) reported the |iveweight gains that were
predicted with the systems used in several countries, and though the
types and amounts of feeds conprising a variety of rations were exactly
specified, the means of the predicted daily gains had coefficients of
variation (CV) as great as 41% |f the predictions made with Starch
Equi val ent systems were excluded, the CV were not much reduced. This
variation is due partly to the difficulty in allowing for change in gut

fill when expressing an energy gain in terms of |iveweight, but the
maj or problemis the variation in the relative amounts of protein tissue
and fat that are deposited and conprise the gain. Still nore detailed

specification than in the ARC (1980) of equival ences between predicted
energy gains and |iveweight increases for various breeds of aninals,
allowing for sex differences, current |iveweight and rate of gain, m ght
i mprove accuracy of prediction. This path, however, diverges from
devel opnent of feeding systems by progressive incorporation of know edge
of processes in the intermediary metabolism and utilisation of
nutrients. An alternative approach in the conputer nodels of sheep and
cattle nutrition and production of Gaham et al. (1976) and G aham
(1981) should ultimately be nore fruitful. Predictions are made of the
amount of protein tissue synthesised from absorbed amono acid N, and of
the amount of the ME available for production that is used for this
synthesis; prediction of the net gain of energy fromutilisation of the
remai nder of the ME available for production allows calculation of the
quantity of fat deposited. Liveweight gain is the sum of the predicted
protein tissue and fat gains, adjusted to allow for changes in gut fill

Feeding systems will increasingly be applied by use of conputer
progranmes rather than manuals. The conplexities are so great in
systens for effective and profitable nutritional management of aninals
when there is only partial control of feed input, that use of conputers
is inescapable. Wth grazing animals the essential first step of
predicting pasture intake and the substitution effect of supplenents
(Freer and Christian 1983) is not otherwi se practicable. Approxi mations
do not have to be used to sinplify use of the system There wll
inevitably be approximations in the inputs such asin the values fort he
availability and digestibility of the pasture being grazed, and
uncertainties inthe validity of functions such as those describing the
efficiency of utilisation of dietary N and energy. Wth a conputer
however, it is easy to obtain and conpare a nunber of solutions to a
nutritional problem based on, for exanple, nore or |ess pessinmstic
assessnents of the intake and nutritional value of the feed. In any
event, actual animal performance should be nonitored and conpared wth
prediction

The sol utions should predict the financial as well as the physical
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result of the nutritional nanagement. The ultimte requirenment of
feeding systenms is that economic benefits from the production of cattle
or other livestock, by individual farmers and on a national basis,
should not decay at any time of year but should be maxim sed.
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