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CEREAL OR LEGUME GRAINS AS SUPPLEMENTS FOR AN MALS GRAZI NG
STUBBLE OR DRY PASTURE

J. B. Rowe *, GD. Tudor**, R M Dixon and A R Egant

SUMVARY

A principal role of supplenents for grazing sheep and cattle in
Australia is to control |iveweight |oss when pasture is

avail able but of low quality. Mich of the information published
on supplenentary feeding is based on studies in which aninmals
have been fed in pens for noderate to high levels of Iiveweight
gain. This information is of limted applicability to
situations of animals |osing weight under grazing conditions.
This review di scusses sone of the practical factors associated
wi th ani mal responses to supplenments and the interpretation of
suppl enentary feeding experinents.

The cost of supplenentary feeding is an inportant factor
influencing the profitability of grazing |livestock enterprises
in Australia. For this reason it is inportant to review the
reasons for recommendi ng the nore expensive protein-based

suppl enent s. There appears to be little evidence that

i vewei ght loss in young animals can be reduced by additiona
absorbed am no acids when substrates for rumen m crobi al
fernentati on have been adequately provided. Suppl enents with
high levels of true protein (oilseed neals, grain |egunes) are
convenient to use since adverse effects such as acidosis are not
usual Iy encount ered. However, simlar responses can be obtained
with supplenents based on cereal grain provided sufficient NPN/S
are present and strategies are adopted to alleviate detrinental
effects associated with the presence of starch.

| NTRODUCTI ON

Wil e there is general agreenent that the nutritional value
of supplenents for roughage based diets cannot be described as -
function of any single paraneter such as netabolisable energy or
total protein, there are various schools of thought on the
relative inportance of factors such as the content and the form
of rumen degradable nitrogen and the need to supply specific
am no acids as undegraded dietary protein (UDP). The different
conclusions are in large part due to different experinental
condi tions between studies, and-differing perceptions of the
extent to which specific studies reflect conditions comonly
encountered in grazing situations. An interpretation of the
avai l abl e information on supplenentary feeding needs to take
account of the follow ng factors: (i) the nutrient
requirenents of the animal; (ii) nutrients provided by the basa
roughage; (iii) nutrients provided by the supplenmentary feed;
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and (iv) the effect of the supplenentary feed on the digestion
and utilization of the basal roughage.

In this review we have tried to define the inportance of
some factors which may affect the results of supplenentary
feeding experinents with particular reference to young sheep
| osing |iveweight when grazing dry pastures or cereal stubble.
Thi s approach is then used as the basis for discussing the
i nportance of high protein supplenents and the devel opnent of
nore cost effective alternatives based on cereal grains.

: . ' ihe animal

The single nost inportant factor affecting nutrient
requirement is the animal's physiological state since this wll
determ ne what nutrients. are required and the anpbunt of each
nutrient needed for optimal production. In the case of animals
l osing |iveweight and nobilizing body tissue to provide energy
for maintenance, any dietary nutrient which can provide
net abol i sabl e energy (ME) will be used in lieu of that derived
from netabolized tissue and will be used with an efficiency
reflecting its ability to provide ME. Wile it is evident that
different substrates are used with varying efficiencies for
tissue synthesis it appears that ME determ nes the efficiency
wi th which they are used for maintenance. Furthernore it is

likely that in young sheep losing |iveweight there will be a
consi derabl e amount of rmnuscle nobilisation since fat reserves
are relatively small (Dove et al. 1991). It is also likely that

requi rements for specific am no acids for netabolic processes
can largely be net by re-utilising nobilized amno acids. It

t herefore appears unlikely that in young sheep losing |ivewei ght
there would be a need for additional amno acids in the diet in
the formof UDP. This is supported by data presented by Di xon
et. al. (1989) where it was shown that cereal grain plus NPN/S
was as effective as oilseed neals (providing UDP) to decrease

l'i vewei ght loss in young sheep - although differences between.

t hese suppl enents were observed for sheep gaining |iveweight.

The requirenent for additional absorbed amno acid in
pregnant and lactating animals is likely to be rmuch higher than
in young sheep losing liveweight. Under these conditions
responses to supplenents providing UDP are nore |likely and have
been reported by Hall (1.989) and Lynch et al. (1990).

The nutritional history of the animal may also influence its
response to supplenents. From experinents sinulating drought
feeding rations and fromdirect neasurenents (Briggs et al.
1957; Gingins et al. 1980), it appears that maintenance energy
requi rements of animals which have had a prol onged period of
undernutrition is considerably less than for equival ent animals
which are well fed. In addition, aninmals which have had a
reduced rate of growth or a period of weight |oss may have a
different pattern of tissue deposition when inproved nutrient
intake allows net tissue deposition to resunme. Therefore
reduced netabolic rate and conpensatory grow h patterns can be
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inportant factors in any supplenentary feeding trial and need to
be considered in the design and interpretation of these studies.
The basal roughage diet

Wde variation in the nutritive value of senesced pasture
and stubbles are to be expected as a result of environnental
conditions, different pasture species and the conditions of
pasture grow h. Even within one pasture species w de variation
occurs in proportions of norphol ogi cal conponents contents of
essential nutrients and digestibility (Pearce et_al . 1987). The
ability of grazing animals to select certain plant species as
wel |l as different norphol ogi cal conponents within plants species
has an inportant effect on the actual nutritive value of a
pasture or stubble being grazed. The prediction of nutrient
supply froman analysis of the pasture is therefore very
difficult and can |ead to inappropriate conclusions (Hodgson
1982; May and Barker 1984; Hogan et al. 1987). Variation in
factors such as the leaf:stem ratio, resistance of various types
of fibre to prehension, large particle breakdown, m crobia
fernmentation and contents of es'sential nutrients can al
i nfluence the supply of nutrients to the aninal. Di scussi on
here is Iimted to the effect of digestibility and the effect of
substrates for rumen n crobes.

SubstratesS for rumen microbes Rumen m crobial substrates,
particularly nitrogen and sul phur, are essential for the rumen
fernmentation. Since they can be provided economcally if
necessary as NPN and inorganic S, it is useful to consider

whet her responses to concentrate suppl enents can be expl ai ned
simply by the fact that they al so provide these essentia
substrates. Under pen-feeding conditions the supply of nitrogen
and sul phur to roughages deficient in these mnerals has usually
had a greater positive effect on the intake of the basal diet

t han any other nutritional or dietary manipul ation. For 'exanple
in the experinents of: Bird (1974); Lindsay and Loxton (1981);
Hennessy (1987); and Lee et al. (1987), roughage intake was

i ncreased by between 25 and 150% through addition of rumen
degradable nitrogen (RDN') and S. This illustrates how ot her
effects associated with concentrate supplements nay be masked
by the effect of these substrates on rumen fernentation and feed
I nt ake. I n conducting supplementary feeding experinents using
pen-fed animals should the basal diet contain sufficient RDN and
S to renove these as possible confounding factors? To answer
this we need to ask whether or not adequate nitrogen and sul phur
woul d be avail abl e under the grazing conditions for which the
results will be applied. This question has been the subject of
reviews by Loosli and MDonald (1968), Leng et al. (1973), Round
(1976) , Mul hol  and (1980) and Fels (1986). In all of these
reviews it was concluded that there was no evidence for an
econom c response to supplenents of NPN. Based on the
conclusions of these reviews it is suggested that under dry-
season grazing conditions there is nearly always sufficient
"green pick" and seeds avail able which provide adequate |evels
of rumen nitrogen and sul phur for efficient rumen function.

There are exceptions to this general conclusion as responses to
NPN have been reported for cattle |osing weight (eg Wnks et
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alo79) . It is however suggested that in pen-feeding
experinments, to exam ne responses to concentrate supplenments,
adequate RDN and S should be provided to renove the possiblility
of this being a confounding factor. Preferably this should be
provided in.a form such as high-protein | egume or grass hay
simlar to that occurring in the paddock. ‘

Characteristics of the basal roughage Among the characteristics

of basal roughages, digestibility has been associated with a

mar ked effect on the response in feed intake to supplenentation.
Fig. 1 sumarizes data from a nunber of experinments where

suppl enents were fed wth basal roughages of different
digestibility. When roughages of |low digestibility (around 45%
were used there were increases in roughage intake in response to
the additions of supplenent up to a' level representing around
20% of the total diet. This is quite a different pattern to

t hat seen when better quality roughages (digestibilities of
around 60% were fed. Wth better roughages there appeared to
be substitution even when relatively |ow |l evels of supplenment
were fed. This effect on feed intake is possibly explained by
the increase in digestibility of the whole diet (including that
of the roughage fraction) as a result of adding small anounts of
readily fernented supplenents to poor quality roughages. Ther e
is evidence (Dixon 1985, 1986 a, b) that poorer quality
roughages are nore affected than are better quality roughages by
| ow availability of mcrobial substrates and by starch/fibre

i nteractions. It is therefore possible that differences between
roughages of different quality may not only be due to
digestibility per se but also to other factors correlated with
digestibility. From Fig. 1, it appears that the major effect
of roughage quality on the substitution rate occurs when

suppl enents conprise up to 20% of the total diet which is the
range within which nost supplenents are fed under commercia
conditions and a closer analysis the relationship between
roughage quality and substitution rate when the intake of

suppl ement constitutes up to 20% of the total diet indicates a
positive relationship (RZ = 0. 80) between roughage digestibility
and substitution rate.

Al though there is obviously no universal answer as to what
is the nost appropriate type of roughage to use in supplementary
feedi ng experinents a roughage which is of better quality than
the "average™ conposition of pasture available for selection my
often be nost appropriate. In this way the roughage which is
of fered under pen feeding conditions may nore closely relate to
that which is ingested under paddock conditions.

Interval of feeding

Under nost field conditions supplenents are fed once or
twice a week. Daily feeding under commercial conditions
requires nore labour and transport and is also likely to be |ess
satisfactory in terns of achieving uniformintake of supplenent.
An obvi ous consequence of increasing the interval between
f eedi ng supplenments is that each time the supplenent is fed the
amount offered is far higher than that offered as part of a
daily ration. For exanple feeding sheep a supplenent at a |eve
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equi valent to 200 g/d (approximately 20% of the total diet)
twice weekly the amount offered is actually 600 to 800 g on the
day it is fed out (60 to 80% of the average daily intake). A
second i nportant consequence of an increased interval of feeding
is the uneven supply of nutrients to the rumen m crobes and to

t he ani mal .

Good quality hays

Poor quality hays

Substitution rate

_1 M 1 " 1 i 1 A

0.0 0.2 0.4 0.6

Proportion of grain in the diet

Fig. 1. The effect of roughage quality on the response to
different levels of grain supplenentation given daily or tw ce
daily. The data is taken from Eadie and Lanb (1976), (—o-
-o-) ; Suiter (1980) (-A-, -4-) Godfrey et _al. 1991 (-g -) and
Mul hol land et al. 1976 (-®-). Enclosed synbols indicate data
for roughages of 40 -45% digestibility and open synbols hay of
around 60% digestibility. Al diets represented here were

bal anced for nitrogen and sul phur and the suppl enents were
either mxed into the basal diet or fed daily.

Egan et al. (1987) exam ned effects on rumen fernentation
when suppl enents were provided daily or each third day. Rumen
pH was nore adversely affected by an anount of triticale grain,
| upi ns or sunflower neal supplenment when fed every third day
rather than daily. Rumen ammoni a substrate |evels were not
mai nt ai ned throughout the 3 day feeding cycle even by the high
protein suppl enents. In addition nylon bag digestibility
nmeasurenments indicated that, on average, roughage fernentation
was 17 per cent lower when triticale was fed each third day
rather than daily.

The effect of interval of starch or sugar based suppl enments
on substitution rate in several experinents is shown in Fig.2.
It appears that in nost experinents increasing interval of
feedi ng suppl ements was associated with increases in
substitution rate although this did not occur in al
experi ments.
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Fig.2. Rel ati onshi p between the interval of feeding a

suppl enent based on starch or sol uble carbohydrate and the |evel
of substitution which occurs. Data is taken from Lanb and Eadie
1979 (A, A), CGodfrey et al. 1991 (o) Miulholland et al. 1976 (e),
Leibholz and Kellaway 1984 (m ), Fredericks et gl. 1986 (+),
Lee et al. 1987 (x)and Rowe and Aitchison 1987 (x).

There are only a few reports of production trials where
suppl enents have been fed daily or less frequently and the
results of these are inconsistent. Godfrey et al., (1991)
(Figure 3) observed decreases in |iveweight gain when
suppl ementation interval was increased for both barley or lupin
f eedi ng. The effect was greater in the case of barley than for
| upi ns and was not accounted for by roughage intake. Thi s
suggests that increasing interval of providing the barley
suppl enent was associated with |arger depressions in roughage
digestibility and/or inbalance of absorbed nutrients for
utilization in Iiveweight gain than when |upins were fed. Rowe
and Aitchison (1987) also observed nmuch | ower responses in
[iveweight gain with barley supplenents than | upin supplenents
whi ch were not explained by changes in roughage intake. In
contrast to these results Egan et al. (1987) observed greater
i mprovenent in |iveweight gain-and wool growth when cerea
grains were fed each third day rather than daily but no
di fference associated with |upins or oilseed neal suppl enents.
However in this latter experiment pasture availability was
[imted and may explain the fact that the results were different
fromthose of Godfrey et gl. (1991).

Ovexcomina th ver ff starch on e

It is well known (Terry et al. 1969; Ml holland et al. 1976;
Aitchison et al. 1986) that the inclusion of readily avail able

carbohydrate in the diet decreases the digestibility and intake
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of roughage. These effects appear to be particularly large in
gram neous roughages of low digestibility (D xon 1985, 1986a)
and could be markedly affected by the interval of feeding the
suppl enent . It appears that this interaction between interval

of feeding and the type of supplenent is a key factor affecting
t he ani mal response to high protein or high cereal grain

suppl ements.  Conpari sons of "protein" supplenents with "energy"
suppl ements is often difficult because the "protein" suppl enents
al so provide appreci able anounts of digestible energy. This

di gestible energy, even when rapidly fernmented, does not have
the sane adverse effect on rumen fibre digestion as is observed
in association wth the fernentation of cereal grains high in
starch.
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Fig. 3. The rel ationship between the interval of feeding a
suppl enent at a | evel equivalent to 200 g/d. Data are shown for
lupin ( —o- ) and barley (-e-). The figures in brackets

i ndi cate the substitution rate (supplement for roughage) for
each treatnment. (from CGodfrey et al. 1991).

There are a nunber of possible ways to alleviate the adverse
effects of the high starch supplenents. These include: (i) the
addition of urea to the supplenent in order to provide a nore
bal anced set of nutrients for the rumen m crobes; (ii)
mani pul ation of the rate of fernentation through processing;
(i1i) manipulation of the rate of cereal grain consunption by
using limters; (iv) treatment with fornmal dehyde; (v)
mai nt enance of rumen pH with buffering agents; (vi) 1noculation
of the rumen with fluid from animals adapted to a starch-based
diet; or (vi) through manipul ation of fernmentation away fromthe
pat hways associated with rapid starch fernentation and in
particular to avoid lactic acid accunul ati on. The group at the
Western Australian Department of Agriculture has undertaken a
nunber of studies on the use of buffering agents and the use of
conmpounds whi ch mani pul ate rumen fernentation and control the
end- products of starch breakdown (MDonald et _al. 1986;
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Aitchison et al. 1986). These studies indicated that
antimcrobial feed additives provided a far better control of
rumen pH and lactic acid production than that achieved with

bi carbonate or bentonite. Further work by Nagaraja et al.
(1987) and Rowe et al. 1989) identified virginiamcin as an
effective conmpound for controlling the adverse effect of starch
fermentation, particularly that of |actate production. The use
of this feed additive was investigated by Godfrey et al. (1991)
in an experinment where barley grain and |upins were fed as

suppl ements with chaffed hay. The barley was fed with or

wi thout virginianmycin (40 ng/kg) and all supplenents were fed at
a rate equivalent to 200 g/d daily, twi ce weekly, weekly and, in
the case of lupins and barley wth virginianycin at 14 day
intervals. The effect of the different supplenents on intake
and |iveweight gain are shown in Table 1.

TABLE 1 The effect of virginianmycin on the utilization of a
barl ey supplenent by sheep. The supplenent was fed at
a rate equivalent to 200 g/d at various intervals.
The |iveweight gains are for 9 weeks after a gradua
stepwise i ntroduction of animals to the suppl enent
which |lasted 3 weeks (CGodfrey et al. 1991).

Interval of

Feeding Barley Barley + Lupins
(days) Virginiamycin
Roughage intake (g DM/d) SED 46.7 Control
1232
1 1084 1026 1078
3.5 939 1038 1086
7 927 974 934
14 950 948
Liveweight gain (g/d) SED 7.9 Control
48
1 86 85 91
3.5 68 81 93
7 43 70 73
14 56 62

The results of this experinment indicate that if the adverse
patterns of fernentation can be controlled by virginianmycin then
barl ey may be as good a supplenent as lupin grain in terns of
its effect on roughage intake, the digestion and utilization of
nutrients and the convenience of feeding at |ess regular
intervals than daily or twice weekly. The inproved response to
feeding a high-starch grain in conbination with virginianycin
provi des further evidence for the inportance of starch and other
sources of readily fernmentabl e carbohydrate as negative factors
in traditional "energy"™ supplenents and provides anot her neans
of determ ning whether protein is such an inportant conponent in
suppl ements for grazing animals. More work is needed to explore
the use of virginianycin in other dietary situations and to



80

investigate other options for the control of the adverse effects
of the readily fermentable carbohydrate.

'S PROTEI N | MPORTANT | N SUPPLEMENTS FOR GRAZI NG ANI MALS?

Responses to high protein supplenents have been w dely
observed in pen feeding experinments and grazing trials. The
guestion asked here is whether these responses as alleviation of
wei ght | oss are due to supply of nutrients for rumen m crobi al
fermentati on or whether there has been a response specifically
to additional amno acids derived fromUDP. The avail able
evi dence suggests that supplenents based on readily fernentable
carbohydrates, w th adequate RDN and S, can be as effective as
hi gh protein supplenents in feeding to maintain |iveweight. It
appears that practically all situations where superior responses
are reported in favour of the high protein supplenments this is
associated with one of the following: (i) inadequate RDN and S
provi ded under pen feeding conditions; (ii) discontinuous supply
of high-starch, or soluble carbohydrate supplenments; or (iii)
suppl enents being fed to achieve growh rates or mlk
producti on. It is suggested that since RDN is avail abl e under
nost grazing conditions and/or it can be economcally supplied
in inorganic fornms this should not be a reason for feeding the
nmor e expensi ve protein-based supplenents. On nost farnms in
Australia animals are only fed supplenents for survival - not
producti on. It is suggestedthat the main problem with
suppl enents containing high levels of starch and sol uble
carbohydrate is the negative effect associated with the interval
of feeding and not the fact that these feed are low in protein.

CONCLUSI ONS

Conditions in supplenentary feeding experinents should
obviously reflect as closely as possible the field situation of
i nterest. We suggest that in the interpretation of experinents
there has often been insufficient attention given to variables
such as the selection of roughage of higher quality than the
average of the pasture on offer, to the consequences of feeding
suppl enments 'at intervals of twice or once per week, and to the
type andnutritional history of animals used in the experinents.
Much of the disagreenent in the literature about the responses
to be expected fromgrazing aninmals to various suppl enents
appears to be associated with assunptions on the extent to which
speci fic experinments reflect "normal" conditions for grazing
ani mal s.

When suppl enents are fed under grazing conditions to prevent
an excessive rate of |iveweight |oss there appears to be no
evi dence for UDP being essential to stinulate feed intake or to
make nutrient utilization nore efficient. It appears that this
belief has arisen fromthe negative effects of starch or sugar-
rich supplements on the digestion and utilization of the basa
diet and from experiments where insufficient nitrogen has been
included in the basal diet to reflect the true status of the
feed actually ingested under grazing conditions.

There are significant differences in the cost of high
protein supplenents and energy supplenents such as nol asses and
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the cereal grains. Research in the area of supPI ement ary
feedi ng shoul d concentrate on devel opi ng ways of feeding these
| ow cost energy supplenents in order to overcome the problens
associated with the intermttent intake of l|arge quantities of
readily fermentable carbohydrate. The use of virginianycin
appears to offer a practical and econom cal starting point for
this line of research.
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