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DEVELOPI NG A PROTEI N FEEDI NG SYSTEM FOR RUM NANT ANl MALS | N AUSTRALI A

J.V. NOLAN* and J.L. CORBETT
SUWVARY

Conplexities in the protein nutrition of ruminants are outlined to
expl ai n why digestible crude protein does not describe adequately the
protein value of feeds for rum nants nor predict satisfactorily their
requirenents for and responses to dietary protein and non-protein nitrogen
An effective protein feeding systemnust recognize the requirenents for
energy as well as nitrogen in rumen nmicrobial growh, and that the quantity
and quality of protein actually absorbed by rum nants, a mx of mcrobial
and dietary, can differ substantially fromthe supply in the feed. These
criteria are met by a new systemthat is being devel oped by a Wrking
Party of the Animal Production Committee for the Introduction of
Nationally Uniform Feeding Standards for Livestock.

[ NTRODUCTI ON

In animal production systens dependent on hand-feeding it is inportant
to specify and provide for protein requirenents as precisely as possible
because protein feeds are generally the npst expensive conponents of
rations. This need occurs in Australian rum nant |ivestock industries
such as dairying and lot-feeding. In addition there are mjor problens
in the protein nutrition of grazing animals that include

Identification of a primary protein deficiency in animls grazing
poor quality feed such as tropical pastures -during the dry season
Medi t erranean-type pastures during summer, and native pastures

on the Tablelands during winter.

M ght the protein deficiency be made good by a non-protein nitrogen
(NPN) suppl enent such as urea, or is a protein feed required and
if so of what type and how nuch?

If the protein content of the feed is inadequate for cattle, is
it also inadequate for sheep which are able to select the nore
nutritious parts of the herbage (Langlands and Hol nes 1978)?2

Is it possible to specify a particular protein feed that woul d
pronote particular types of aninal production such as wool growth?

Resol ution of these and related probl ems requires detailed knowledge

"of the conplexities in the protein nutrition of ruminants (Leng et al.

1 9 7 7D)etary protein is broken down by the microbial population in

the rumen to an extent varying with the physical and chenica
characteristics of the protein and the time it remains in that organ.
Residence tinme in turn varies with the type and quantity of diet consuned,
with the physiological state of the aninal (e.g. pregnancy and | actation
Weston 1979) and with environnental conditions (e.g. |ow anbient tenperature,
Kennedy et al. 1976). The products of protein breakdown (peptides, am no
acids, ammnia) , and dietary and endogenous NPN, are utilized by the

m croorgani sns for their own growth which is dependent also on the

supply of substrates that supply energy and nutrients such as sul phur and
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cobalt. Energy is provided by a variety of conponents of the diet and
a particular feature of ruminant digestion that is so useful to man is
that cellulose, which is unavailable to mammals because these |ack
cellulolytic enzymes, is fermented and used as a source of energy by
"bacteri a; the steamvolatile fatty acids produced in the fermentation
processes provide the host animal with a substantial part of its total
energy gain fromthe diet. Experinents have shown that ruminants can
survive and produce on protein-free feed using urea and ammoni um salts

as the sole sources of nitrogen (Virtanen 1966), but in general sone
dietary protein is required for higher production (Preston and WIlis
1970; @rskovet al. 1973). Wth' feeds used in practice, some rum nal
degradation of the protein these contain is an inevitable cost in the
 fermentation of cellulose and other materials that yields substances
of direct use to the animal and thence products of value to nan.

An effective protein systemnust therefore take account of the
interactions in rumnal fernentation between the availability of energy
"as well as of nitrogenous materials for microbial growth, and recognize
that the amino acids absorbed by the animal fromits small intestine
are substantially of microbial origin with a varying adm xture derived
directly from the diet. It nust also take account of digestion and
metabolismin the animal as a whole in relation to such matters as
amino acid supply and feed intake, and parasitism

Devel opnent of feeding systens in Australia

An Expert Panel on Australian Feedstuffs was established by the
Ani mal Production Committee (APC) in 1974 and this Panel recomended t hat
standards for livestock feeding in Australia should be based on a
Met abol i sabl e Energy Systemsimilar to that in use in Britain. Upon
recei pt of these recommendations the Standing Conmittee on Agriculture
agreed to the establishment of a Working Party for Introduction of
National Iy Uniform Feeding Standards for Livestock with the 'follow ng
terns of reference:

(a) to implement feeding systems for ruminants and poultry based on
metabolizable energy (ME):-

(b) to seek extension of these systems to pigs:
(c) to. develop corresponding standards for protein; and
~(d) to seek standards of analytical methods for feeds in connection

with the above:

Progress reports of the Working Party and of its specialist Sub-

Committees working to establish feeding standards for rum nants, for

poultry, and for pigs, wll be presented to the Biennial Conference of

the Australian Society of Animal Production at Perth in August 1980.

The Rumi nants Sub-Conmmittee discussed protein nutrition jointly with a

nunber of those in Australia expert in this subject when it was agreed
. that the digestible crude protein system (DCP) had serious failings and

that a new approach shoul d be devel oped and adopted for practical use

whi ch would, unlike DCP, nmeet the criteria for an effective systemthat
are outlined above.



Di gestible crude protein (DCP)

DCP is sinply the difference between the intake of crude protein
(N x 6.25) and the CP excreted in the corresponding faeces. Although
this concept has use in the feeding of non-ruminant animals it is inadequate
and has low predictive value for runminants. It does not distinguish NPN
in feed fromprotein and ot her nitrogenous naterials, nor between
proteins having different chem cal and physico-chemical characteristics.
It takes no account of the fact that the crude protein in faeces is
predom nantly microbial including some arising fromfernentation in
t he hind gut (caecum), not undigested dietary material, nor of the fact
that the type and quantity of the protein available to the aninal for
absorption often differs substantially fromfeed cp. At one extreng,
the protein reaching the duodenum may be virtually all mcrobial; this
occurs when the animal's diet is lowin true protein, or the proteinis
highly degradable, but the supply of fernentable substrates yields
sufficient energy for utilization of the available NPN. At the other
extreme, when the dietary protein is 'protected chenically or physically
fromattack by mcrobial enzymes nost of it nmay pass intact to the snal
intestines, and is often termed 'by-pass protein*. In this instance the
continuance of mcrobial activity at a level sufficient to maintain active
fermentation in the rumen contents, their passage fromthat organ and
thence maintenance of intake, will be heavily dependent on n recycled
inthe animal's body to the rumen via saliva and across the rumen wall.
This supply might be insufficient so that although the ration appeared

extravagant when judged on DCP content, additional 'DCP' in the form
of wpN woul d then have to be included to sustain the animal's feed
intake and production. In the former instance, low or readily degradable

feed protein, the quantity of protein entering the duodenumw Il be greater
than the quantity O CP in the feed if there is an insufficiency of dietary
NPN relative to the energy supply. Weston and Hogan (1973) reported that
this gain, fromutilization of recycled N, occurs with forage diets
containing |less than about 27g CP per 100 g digestible organic matter
(poM). At greater CP concentrations in boM, flow to the duodenum becones

| ess than intake because excess N, as anmonia, iS absorbed by the anim
and nmuch is converted inits liver to urea and is excreted.

Thus DCP is truly a 'crude' description of the protein value of
feeds. It bears only a tenuous relationship with the quantity of protein
absorbed, and with its quality which will resenble that in the diet
only when |arge amounts of the latter pass undegraded through the rumen.
In Britain,, the Agricultural Research Council in the first edition of
"The Nutrient Requirenents of Farm Livestock: Rum nants" (ARC 1965)
proposed a nodified DCP systemtermed Available Protein, As described
above the ingestion of feed results in the excretion in faeces of
considerable quantities of microbial N products; these conprise the
maj or part of the 'netabolic faecal nitrogen' (MFN) fraction which also
i ncl udes endogenous secretions into the gut that are not re-absorbed
and cellular detritus fromthe gut wall. The ARC discounted DCP by the
guantity of MFN that the ingestion of the feed entails, taken'to be 5g
per kg dry matter intake; to do this it had to express the MFN which was
taken to have a biological value (BV) of 100, in terms of DCP that had
sone lower BV

100
Available protein (%) = DCP (%) - 6.25 MFN (——-—BV - 1)
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Wiile BV is a useful neasure of protein quality for non-rum nant
animals (Evans. and Wtty 1978) and is appropriate if applied to the protein,
dietary and mcrobial, absorbed fromthe snall intestines of rumnants,
it-is clearly of dubious validity to assign a BV to the dietary proteins
apparently digested by the latter in their entire alimentary tract.

In addition the Available Protein system does not take account of the
close link between energy and protein and has been abandoned by the
ARC in favour of a new system The approach of Hogan and Weston (1974)
includes sone elenents of the latter type of system they reported
that the quantity of CP entering the duodenum as a fraction (possibly
greater than 100% of dietary CP intake could be predicted fromthe
ratio of DOMto CP in the feed.

New protein feeding systens

The new generation 'of protein feeding systens bring together the
results from work by. nutritionists, biochenists, bacteriologists, and
di gestive physiologists. The first schenes to be published included
t hose of Preston and Wllis (1970), Burroughs et al. (1972) , Mller (1973),
Egan and Wal ker (1975), Burroughs et al. (1975) and Satter and Roffler
(1975). The schene described by Roy et al. (1977) foreshadows its
adoption by the ARC in its new edition of 'Nutrient Requirenents of
Farm Livestock: Ruminants' now in press; the one described by verité
et al. (1979) is now adopted in France. These systems vary in matters
of detail; that of Roy et al. (1977) described here indicates the approach

conmon in all.

This system envi sages a demand for amino acids by the animal's
tissues that nmust be net by absorption of amino acids fromthe small
intestine. These anmino acids are provided fromtwo main exogenous
sources, hanely mcrobial protein and unfernented feed protein. There
are thus three general considerations:

1.  The quantity of amino acids that has to be absorbed to neet
the body's needs for mmintenance, defined as endogenous urinary
N losses and the N in hair, wool and fromthe skin, plus the
needs for the'required production (growh, mlk and
reproduction);

2. The supply to '"the small intestine and thence to the body of
m crobial am no acids; calculated froma know edge of the Me
intake comensurate with the required level of production;

and 3. The quantity of amino acids available fromunfernmented dietary
protein flowing into the small intestine.

This scheme is a classic devel opnent but enploys a nunber of
sinmplifying assunmptions involving use of a series of constant factors to
quantify a series of netabolic processes that are dynam ¢ and highly,
interactive as discussed by Faichney et al. (1980). Thus the calcul ation

of (2) above depends'on the assunptions that of total digestible
. OM intake, a constant 65% is apparently digested in the rumen (ADOMR)
and that per kg of ADOMR there is a net yield of (30 x 6.25) g of nicrobial
"protein. However, there is evidence that the ADOMR fraction is not a
constant; Uvyatt and Egan (19.79) showed it varied directly with the
digestibility of the feed OMand a similar relationship was found with
grazed pasture herbages (Corbett 1980) where apDOMR varied from4l to 75%
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over a range in oM digestibility from54 to 83% Values reported for the
efficiency of microbial synthesis also vary widely, fromabout 50 to
150% of the assumed 30g N per kg ADOMR. Some of this variation nay be
due to errors in the nethods for estimating mcrobial production
(Siddons et al. 1979), but nmuch will be real reflecting factors such

as variation in fractional outflow rates of digesta fromthe rumen; the
more rapid this is, in general the greater will be the net nicrobial
protein yield (Sutherland 1976). with grazing sheep, outflow rates were
substantially greater than usually reported for sheep fed dry forages
and yields were around 40g N per kg apoMrR (Corbett 1980); sinilar

val ues for sheep given fresh pasture herbage were reported by Walker

et al. (1975).

The 30g N per kg ADOMR in the new ARC scherme is the quantity of N
that should be supplied to the microorgani sns by degradable feed protein
plus NPN, collectively terned rumen degradable N (RDN) or rumen
degradabl e protein (RDP = RDN x 6.25). The quantities of RDN provided
by the proteins in various feeds are described by listing these in
cl asses with rumen degradabilities of <31% (e.g. dried sainfoin, which

. contain tannins that confer sone natural 'protection' to its protein),
40% (e.g. fish nmeal), 60% (e.g. flaked nmize, cooked soya bean neal)
and 80% (e.g. hay, silage, barley). The RDN supplied by a ration is
the sum of the quantity of protein in each conponent feed multiplied
by its assumed degradability; the remainder is termed undegraded dietary
protein (UubP). The assigned degradability values are only approximtions
to the true values which can vary anong feeds of the same type from
different sources if there has been variation in processing and thence
in effects on their chenical and physical characteristics, and the
protein in a single sanple of a feed will vary in degradability with
its residence tine in the rumen as discussed above.

When the digestible OMin a diet is expressed as Mg, the reguirement

of RON for the microorganisns is taken to be 1.25g per M} of Mg, or

7.8g RDP per MJ. If the diet supplies Iess RDN, no allowance is made for
N recycling and the additional amount that has to be supplied as urea is
cal cul ated on the assunption that its net efficiency of conversion to
mcrobial Nis 80% The (30g N x6.25) per kg ADOMR, or.7.8 g CP

per MJ of ME, is also the net quantity of microbial crude protein that
beconmes available for digestion by the aninmal, It is recognised that
part of the microbial CP, taken to be 20%, is nucleic acids of little
protein value to the animal. The remaining 80% is assumed to be 70%
digestible in the small intestines; the resulting net 56% of microbial
protein absorbed as anmino acids is then assunmed to be used with 75%
efficiency by the animal to neet its needs for maintenance and production
as defined in (1) above. The supply of am no acids of microbial origin
to the animal it will now be seen is calculated in relation to dietary
energy content as (7.8 x 0.8 x 0.7 x 0.75 = 3.3g per Ml of M). | f

this supply is less than the aninal's defined need the ration nmust be
refornulated to include additional UDP, also taken to be 70% di gestible
~and used with 75% efficiency. Cearly the outcome of these calcul ations
to match the animal's feed intake with its requirements will be incorrect
if any one of the factors used is erroneous, and even quite snal

i naccuraci es in these can substantially alter the estinmate of additiona
UDP required. There. does appear to be less real variation around the
70% digestibility factor than occurs, forexanple, with degradabilities
and mcrobial yields. Variation in the profile of am no acids absorbed
is at present ignored, and the N in the total is unlikely to be used



always with 75% efficiency; for example, Hogan et al. (1980) estimated
efficiency of use for wool growth was only about 12%

A protein system for Australia'

The new approaches provide a sound conceptual basis for prediction
and evaluation of nitrogen requirements. Roy et al. (1977) stated/It
is fully recognized that the cal culations involved in the proposed system
necessitate the use of average values for factors; for which the
supporting evidence is sometimes neagre and often very variable. Mreover,
there are insufficient data to permt statements of requirenents to be
made in terns of individual amno acids, although data for essential
am no aci ds could be incorporated into the systemas they becone
available. The proposed system shoul d be regarded, therefore, as a
framework for future research' efforts and as a neans of focussing
attention on those factors for which additional data are required".

The Rumi nants Sub-Committee of the APC Working Party has consi dered
the approaches and conclusions of Roy et al. (1977) .and proceeded from
that basis. To overcome the criticisns which can be levelled at the use
of constants in 'the ARC scheme, it is evaluating. the dynanic nodel of _
rumen function devel oped for conputer simulation purposes by Black et al.
(1980). In this nodel, account is taken of the dynamc interactions in
rum nant digestion and netabolismwithout recourse to constant factors.
For its application, information is required on the quantity and quality
of feed consumed, including definition of its physical and chemni cal
properties that govern the rates and extent of breakdown of its
conponents in the rumen, and their rates of flow fromthat organ.
Predicted outputs fromthe rumen then have to be matched with the various
needs of animals. The Ruminants Sub-Committee is establishing nmeans
for predicting the feed intake of animals,and is evaluating results from
Australian studies on supplenentation of grazing animals with protein
feeds which indicate these feeds effect greater intake and production
fromlow quality forages. Another Sub-Committee (Chairman, Dr D.J.

M nson) has responsibility for coordinating definition of nethods for
anal ysing feeds and evaluating themin such terms as their degradability.
Sone probl ens associated with estimating degradability are discussed

by T.J. Kempton (these Proceedings)'.

REFERENCES
ARC (1965). "The Nutrient Requirements of Farm Livestock: Rum nants".
~ Agricultural Research Council: London.

BLACK, J.L., BEEVER, D.E., FAICHNEY, GJ., HOMRTH B.R and GRAHAM
N. McC. (1980). Agric. Systems (in press).

BURROUGHS, W., NELSON, D.K. and MERTENS, D.R. (1975). J. Anim. Sci.
41: 933.

BURROUGHS, W., TRENKLE, A H.‘ and VETTER R.L. (1972). lowa State Univ.
coop. Ext. Serv. Leaflet EC-777i, Anes: |owa.'

CORBETT, J.L. (1980). Proc. N Z Soc. Anim Prod. (in press).

EGAN, A.R. and WALKER, D.J. (1975). Proceedings III Wrld Conference on
Ani mal Production, p.551 (R.L. Reid, editor), University Press:
Sydney.

EVANS,. E. and WTTY, R (1978). wld Rev. Nutr. Diet. 32': 1.

FAI CHNEY, G J., BEEVER, D.E. and BLACK, J.L. (1980). Publs Eur.

Ass. Anim Prod. (in press).




44

HOGAN, J.P., ELLIOT, N.M. and HUGHES, A.D. (1980). In "Physiological and
Environnental Linmitations to Wol Gowh" (J.L. Black and
pP.J. Reis, editors). University of New England Printing Unit:
Armidale NSW (in press).

HOGAN, J.P. and WESTON, R H (1974). Int. Gassld Congr.; X, Mscow,
Pre-conf. vol. p.260.

KEMPTON, T.J., NOLAN, J.V. and LENG R A (1977). Wd Anim Rev.
22. 2.

KENNEDY, P.M, CHRISTOPHERSON, R J. and MLLIGAN, L.P. (1976).
Br. J. Nutr. 36: 231.

LANGLANDS, J.P. and HOIMES, C.R (1978). Aust. J. Agric. Res. 29: 863.

LENG R A, KEMPTON, T.J. and NOLAN, J.V. (1977). AMRC Review 33: 1.

MLLER, E. L. (1973). Proc. Nutr. Soc. 32: 79. T

@gRSKOV, E. R, FRAZER, C. and PIRIE, R. (1973). Br. J. Nutr. 30: 361.

PRESTON, T.R and WLLIS, MB. (1970). "Intensive Beef Production”,
Permagon Press: xford.

ROY; J.H.B., BALCH, c.C., MLLER E.L., ¢grskov, E.R. and SM TH, R.H.
(1977). Publs Eur. Ass. Anim Prod. No. 22, p.126.

SATTER, L.D. and ROFFLER, RE (1975). J. Dairy Sci. 58 1219.

SIDDONS, R.C., BEEVER, D.E., NOLAN, J.V., McALLaN, A B. and MACRAE, J.C.
(1979).  Ann. Rech. vét. 10: 286.

SUTHERLAND., T.M (1976). In "From Plant to Animal Protein", Reviews
in Rural Science Il, (T.M Sutherland, J.R. McWilliam and
R A Leng, editors), University of New England Printing Unit:
Armdal e, NSW

ULYATT, MJ. and EGAN, A.R. (1979). J. Agric. Sci., Camb; 92: 605.

VIRTANEN, A.I. (1966). Proc. Int. Gassld Congr. X, Helsinki, p.9.

VERITE, R, JOURNET, M and JARRIGE, R  (1979). Livest. Prod. Sci.
6: 349.

WALKER, D.J., EGAN, A.R., NADER, C.J., ULYATT, M.J. and STORER, G B.
(1975). Aust. J. Agric. Res. 26:. 699.

WESTON, R H. (1979). Proc. Nutr. Soc. Aust. 4: 128.

VESTON, R H. and HOGAN,. J.P. (1973). In "The Pastoral Industries of
Australia", p.233, (G. Alexander and O B. Wlliams, editors),
"University Press: Sydney.




	contents_1980
	home

