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ROLE OF SUPPLEMENTS I N THE UTILI SATION OF LOW QUALITY FEEDS

T.J. KEMPTON*

SUMVARY

Feed supplenents, for use under grazing conditions. to increase
ruminant production from low quality feeds should be formulated to

(i) be palatable to the aninal:
(ii)  increase the outflow of nmicrobial protein fromthe rumen;

(iii) meet the protein requirenents of the animal and balance
the ratio of absorbed nutrients:

(iv) increase ME intake; and

(v) increase the efficiency of utilisation of absorbed
nutrients.

The cost-effectiveness of feed supplenents will depend on the
extent to which the material satisfies each of these factors and hence
i ncreases production.

| NTRODUCTI ON

In Australia, the mmjority of rumnant production is from native
and inproved pastures, and at tines, because of variable pasture quality
throughout the year or between years, the only pasture available is dry
material of |ow digestibility and | ow protein content. Since the rate
of production of runinants grazing these diets is restricted by a short-
age of nutrients during these periods, various supplenentation strategies
have been developed in an attenpt to offset these effects. The nutrition-
al principles on which these strategies have been based are also applic-
able to rum nant production systems from|ow quality agroindustrial by-
products. The aimin devel oping production feeding systens for rum nants
fromlow quality diets is to use judicious amunts of supplenents to
alleviate nutritional'deficiencies in the basal diet, to maintain or
increase intake of the basal diet,. to increase the efficiency of
utilization of nutrients, and to increase production. However, not al
feeds added to a diet will act as a true supplenent, since often the
feed added will substitute part of the nutrient supply from the basa
diet.' Ideally a supplement should maintain or increase intake
of the basal dietary material. The inportant 'distinction therefore is
whet her the feed material has a supplementary effect or a substitution
effect.

CONDUCT OF FEEDI NG TRI ALS TO-asseEss PRODUCTI ON
RESPONSES TO POTENTI AL rEED SUPPLEMENTS

Feeding trials provide a relatively sinple, and yet effective
experimental means for defining production responses in animals to
specific feed supplements. A production. response in a feeding trial
however reflects the conplex interaction between many intrinsic and

extrinsic factors, and unless the experiment is well designed and con-
ducted, the observed responses may be unrelated to treatnment effects.

* Departnment of Biochemstry and Nutrition, The University of New England
Armidal e, NSW 2351
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Results from feeding trials nust therefore be interpreted in relation to
the methods used in that particular experiment. Al though the approach
adopted in a feeding trial must be nodified according to the specific
obj ectives -of each experinent, there are several basic principles which
must be applied to all feeding trials to ensure the results are applic-
able to production systens.

(i) Type of aninal In feeding trials designed to define pro-
duction responses to a particular supplenent, animls nmust be chosen
whi ch have a potential for increased production.. The potential for an

animal to increase the rate of production is not constant and varies with
age and physiological status, previous nutritional history, genetic
potential and mature bodyweight of that particular breed. For exanple

25 kg finewool Merino |anmbs would have a |ower potential for further
growth than would Merino x Border Leiceister lambs of simlar bodyweight.

(ii) Preparation of diet In feeding trials in which granul ated
suppl ements are mixed with roughage diets, it is relatively easy for the
animals to select against the supplenent. This' is particularly evident
with non palatable ‘supplenments such as urea,' or protein neals such as .
meatmeal or fishmeal. This problemis often overcome by pelleting the
complete ration, however, it is then difficult to determne if the
observed response is to the supplenent or to the effects of pelleting. Al so
the heat generated during the pelleting process can reduce the degrad-
ability of dietary proteins and change the site of nutrient digestion
(Coelho da Silva et al. 1972, Thonson 1972), both effects which can
i ncrease production

An alternative approach has been to spray water soluble supple-
ments such as urea onto the basal dietary material. The addition of
water to straws however can increase DM intake by reducing the effects
of dust on palatability (Chaturvedi et al. 1973). The rate of anmonia
rel ease may al so be reduced by spraying urea onto the basal diet. As a
result, the efficiency of NPN utilisation for mcrobial protein synthesis
may be consi derably increased by providing-a continuous source of soluble
N in the rumen as opposed to a single dose of urea (Meggison et al.
1979 a,b). Although these factors may ultimtely be beneficial to
production, they introduce further effects which will confound the inter-
pretation of the observed results in feeding trials. I deal Iy, the
suppl ements shoul d be offered in the same manner in which they are
intended to be used, i.e. as single daily neals, or as nmeals to be
consunmed continuously over the day.

(iii) Level of feeding In most rumi nant production feeding
systens, the basal material is available ad libitum and the supplenents
are either nmxed with the basal diet, or given as a single neal. If a

production response is being nonitored, then the animals nust be given
free access to the basal diet to enable themto express their appetite
and growth potenti al

Skilful managerent, attention to detail, and patience are the bases
for inducing aninals to eat to appetite. The animals nust be accustoned
to animal house routine before an experinent commences, and they must be
fed as close as possible to the same tine each day. It is essential that
clean water be provided continuously, that feed refusals, be renoved each
day and that feed troughs be cleaned regularly to renove saliva and
feed contaninants
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Animal s can be enticed to express their voluntary intake of a diet
if the experiment is conmenced with the animals consumng restricted
anounts of the basal diet and the amount of food offeredis increased
slowy over the experinental period. The amunt of food offered should
be fixed for at least a three day period. If the animal consumed all the
feed offered for that period, then the anount of food offered can be .
increased by 50 - 100 g/d for sheep, or 300 - 500 g/d for cattle.. Wen
sheep are eating to appetite, the refusals should only be 50 - 100 g/d.
It has been observed in this laboratory that animals in feeding trials
will occasionally refuse to maintain food intake for no apparent reason,
and i f the amount of food offered.is not immediately reduced to an
amount |ess than the previous day's intake, their food intake will be
reduced further and it will take |longer for them to.return to appetite.

(iv) Measurenents It is necessary to conduct feeding trials for
at least 40 days with lanbs and 80 days with cattle to obtain realistic
estimates of food intake and |iveweight responses to the treatments- |f
gut fill is not a randomeffect but is related to treatment effects,
then the variance introduced by gut fill cannot be included in the error
termin the statistical nodel of analysis. Variation associated with gut
fill can be reduced to sone extent if animals are' weighed after a 16 hour
fast at the beginning and end of the feeding period. If the primary aim

of a feeding experinent is to define the production response to a
particular treatnent, then interference with the animals by taking blood
or runminal fluid sanples nust be avoided if possible.

SUPPLEMENTATI ON OF LOW PROTEIN DI ETS G VEN TO SHEEP
WTH NPN AND BYPASS PROTEI NS

The nutritional principles for the use of NPN and bypass protein
suppl ements in rumnant diets have been discussed in detail by Mller
(1973), Kempton et al. (1977), Lenq et al. (1977), Kempton and Nol an
(1978) and Egan (1981). The portion of a dietary protein that is
not degraded in the rumen and passes intact to the intestines is termed
a bypass protein, which is synonynous with undegraded dietary protein
(upp) adopted by Roy et al. (1977). A sunmary of the pen feeding trials
Wi th crossbred | anbs, conducted at UNE since 1973 to eval uate the
relative roles of NPN and bypass protein supplenents to |low protein diets
is given in Table 1.

(i) NPN supplenments ° Supplenentation of a low protein cellulosic
diet with 2.5%urea (calculated to provide 30 gN/kg OM apparently
digested in the rumen) i ncreased |iveweight gain by 67 g/d and increased
i ntake of the basal diet by 21%, although this was not significant
(Experiment 1). 'This is a typical response to urea supplenentation of
low quality diets in pen feeding trials (see review Loosli and MDonal d
1968).

(ii) Bypass protein supplenents Suppl enentation of a low protein
cellulosic diet with a source of soluble protein (casein) did not increase
i vewei ght gain or food intake above that supported by a NPN supplement
(Experinment 1). However., treatnent of the casein with 1% fornal dehyde
‘(Ferguson et _al - 1967) such that the protein was resistant to hydrolysis
in the rumen and passed intact to the intestines (Kempton et al. 1979),
increased liveweight gain by 60% (Experiment 1). |t was necessary
however for the NPN and bvpass protein supplenents to be provided
together to support this production response. These experinents indicated




TABLE 1

Experiment 1
Basal diet

Oat hulls, solka
Floc (70:30)

(Kempton & Leng 1979)
(42 days) ’

n=>5

Experiment 2

Oat hulls, solka
Floc (70:30) +2.57%
urea

(Kempton & Leng 1979)
(42 days)

n=2=8

Experiment 3

Oaten chaff
(56 days)

n =4

Experiment 4

Bagasse,
(50:50)
(35 days)

sugar

n =5
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Treatment

Basal

+2.5%

+7.5%
+7.5%
+2.5%
+7.5%

+2.5%

o« J/o

+7.5%

urea
HCHO-casein
casein
urea

HCHO-casein

nroa
uL Sa

casein

SEM

Basal

+15% casein

+10% casein + 5%
HCHO-casein

+5% casein + 10%

HCHO-casin
+15% HCHO-casein
SEM
Basal
+27% urea
+27 urea + 10%
casein

+27% urea + 107
HCHO-casein

Liveweight
gain (g/d)
—40§
29b
67b
71

112¢

55°

14

égab

141
109

18

10
33

23ab

(o]

50

+2% urea + 5% casein

+57% HCHO-casein
SEM

Basal

+12.5% fishmeal

+25% fishmeal

+12.5% rice bran

+25% rice bran

+12.5% rice bran +
12.5% fishmeal

SEM

59
13

40
170°
192

64

127

197

o' o

13.

o

asal

ie

t D

507
614
609
610

(o]

732

582
45

634
606

634

724
676

48

493
525

463

553

509
41

452
592
587
442
498
583

31

Intake

(g/d)

Total
DMI (g/d)
a
507
6302P
654
657

o' o

807°¢

64220
47

634
695

726
830

776
49

493
536

519
620

570
43

451
665
734
497
622
728

Qo0 QoW

31
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Experiment 5

Intake
. Liveweight Straw Total
Basal Diet Treatment gain (g/d) DMI(g/d)
Barley straw + Basal 202 3932 4152
2.5% urea _ + 67 protein ' b b
Abidin & Kempton pellet* 332, 6042 65620
(1981) (42 days) +12% 50, 43370 51379
+18% 76, 4497 565,
n =7 +247, 84 ¢ 501, 657
+307% 102b SOBab 693Cd
+36% 83°¢ 421 627
SEM 4 28 35
Experiment 6
Barley straw + a
27% urea 10% protein pellet* 71b : 627 724§
Abidin & Kempton 20% 106c 622 784
(1981) (35 days) 30% 125 629 - 856
n=e A SEM 6 15 16

* Protein pellet (g/kg) cottonseed meal (800), meat meal (80), soyabean
meal (100), NaCl (10), minerals (10). :

that on these low protein diets, there was a need to supplement the diet
with 1) NPN to nmaximse the outflow of microbial protein fromthe rumen
and 2) a source of bypass protein to augnent the supply of amino acids
from mcrobial protein and to neet the amino acid requirement of the
animal for production. The increased production associated with these
suppl ements was attributed to an increased food intake.

Al t hough the protein supplenented diets in Experiment 2 were
i soni trogenous, liveweight performance of the |anbs was considerably
different indicating that food intake and growth rate in rumnants. is
not primarily a function of the crude proteincontent of the diet, but
rather a function of the tatal supply of amno acids at the intestines.’

In other growth trials in which lanbs were given various |ow
protein, cellulosic diets and supplemented. with either HCHO-casein or
various bypass protein neals, growh rate was increased by 50 - 150 g/d

and intake of the basal material was either maintained, or increased by

12 - 60% by NPN and bypass protein supplenents (see Experinents 3, 4, 5
and 6).

EFFECT OF NPN AND BYPASS PROTEIN SUPPLEMENTS ON FERVENTATI ON
AND NUTRI ENT SUPPLY

1. Rumen fermentation and nicrobial protein synthesis

Detailed metabolic studies in |ambs given the |ow protein cellulosic
diets used in mxperiments 1 and 2 have shown that the effect of

suppl ementation of these diets with NPN and an undegraded dietary
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protein was directly attributable to an increased food intake. Concomit-
ant with the increased food intake was an increase in the production and
absorption of fernentation end products. Digestibility of the basal
material was not increased by supplenentation (Kempton and Leng 1979).

Suppl enentation of the |low protein cellulosic diet with NPN
increased the outflow of microbial NAN(gN/d) fromthe rumen, (by 4 - 7
g Nd) above that on the basal diet. A though nmicrobial NAN flow to the
duodenum was increased by NPN and' protein supplementation, the net
efficiency of microbial synthesis (mcrobial N outflow fromthe rumen/kg
FOM) was not different between the basal and supplenmented diets (21 gN/kg
FOM) (see Figure 1).
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Figure 1. Qutflow of microbial NAN in relation to OMtruly fermented
in the rumen of lanbs given Iow protein cellulosic diets supplenented
with NPN and a bypass protein (from Kempton et al. 1979).

That the efficiency of mcrobial protein synthesis was not increased by
any of the supplements, even though voluntary food intake was 80% greater
in those |anmbs receiving the diet containing urea and HCHO-casein,
indicates that the supply of nmicrobial protein to the animal was directly
related to food intake.

2. Nutrient supply to the ani nal

Suppl ementation of the low protein cellulosic diet with 20 g Nd
froma soluble protein did not markedly increase the outflow of nicrobial
NAN from the rumen, and so the ngjority of the supplenentary N from the
protein was absorbed from the rumen as ammonia. This absorbed ammonia
"woul d either be recycled back to the rumen via salivary inputs, or ex-
creted as urea in the urine. Treatnent of the soluble protein with
fornmal dehyde to reduce the degradability of the protein in ruminal fluid
increased the total supply of NAN at the duodenum from 14 - 34 g Nd, and
reduced the loss of Nfromthe rumen as ammonia by 10 g Nd (see Figure 2).
It was apparent from these studies that supplenentation of these |ow
protein cellulosic diets wWith NPN and a bypass protein increased food
intake and consequently increased the production of fernentation end
products and the absorption of nutrients fromthe digestive tract.
Furthermore, the prinmary factor limting food intake and the growth of
| anbs given these diets was the quantity of amino acids of mcrobial and
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dietary origin that were absorbed from the small intestines (see Kempton
et al. 1979).

Basal + urea Basal + urea
Basal Basal + urea + casein + HCHO-casein

114

M 3

6 |2

A
Microbia’
s

Microbial Microbial
N
0215 1 9 10 l24

g g T K
Figure 2. Flows of nitrogen (g N/d) in the rumens of |anbs given a basal
| ow protein diet (A), plus urea (B) and either urea plus casein (C) or
urea plus formal dehyde-treated (HCHO)-casein (D). Only the nmajor pools
and pat hways of N transactions in the rumen are shown. NAN, non-ammonia-
N: NPN, non-protein-N (from Kempton et al. 1979).
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FOOD | NTAKE RESPONSES TO NPN AND BYPASS PROTEI N SUPPLEMENTATI ON

In the lanb growth experinments reported above, the extent to which
the intake of basal material was increased by NPN and bypass protein
suppl enentation varied from 0 - 60% Al though the intake of basal
material was not increased to the same extent in all experinments by NPN
and bypass protein supplenentation, it is of major inportancethat the
i ntake of the basal material was not reduced by any of the supplenents in
these experinents. By definition therefore, the bypass proteins acted as
true supplenents, and, not substitute feeds. By conparison, inclusion of
i ncreasing anmounts of rolled barley in a diet of field cured hay pro-
gressively decreased the voluntary intake of hay by the lanbs (Lanb and
Eadi e 1979), the barley acting as a substitute feed rather than a true
suppl enent .

In mature sheep given a variety of roughage diets, DM intake was
directly related to the balance of absorbed nutrients (ie g protein
digested in the intestines/MI ME (Egan 1977). In the studies reported
in Experiments 1 and 2, DMintake was increased when the ratio of protein
absorbed/ Ml ME was increased fromb5.5 to 11.6 g/M} ME by bypass supple-
mentation (Kempton et al. 1979). In lambs given highly digestible diets
such as barley grain, both DM intake and |iveweight gain were considerably
increased by supplenentation with NPN and a source of bypass protein
(fishmeal) (@rskov et al. 1973). Taken together, these. studies suggest
that in rumnants given diets of differing energy contents, there is an
optinum bal ance of absorbed nutrients at which maxi num intake of that
diet is achieved.

The disestibilitv of low aualitv rouchages is not increased bv:
bveass protein supplenentation (Kempton and Lena 1979, Hennessv 1981) and
so the animal nust derive additional energy to support production either
from an increased intake of basal naterial, or. from catabolism of the
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suppl enent (Abidin and Kempton 1981). Wth low protein, |ow digestible
forages, NPN and bypass protein supplenments increase the rate of particle
breakdown in the rumen and the rate of clearance of undigested feed

resi dues from the rumen enabling food intake to be increased (Egan 1974,
1977). However, the physical size of the rumen Wl restrict the extent
to which the animal can increase the intake of low quality roughages.

EFFI CI ENCY OF FOCD UTI LI SATION FOR GROMH

Food conversion ratio (kg DMkg gain) is difficult to interpret
in rumnants as it is affected by digestibility of the diet and the |evel
of food intake relative to maintenance (XKempton and Nol an 1978). The
efficiency of utilisation of digestible DM above maintenance however. can
be determined from the relation (Figure 3) between digestible DM intake
(g/d) and |iveweight gain (g/d) for the results from the experinents

presented above,

and for lanmbs given barley based diets in the experi-

ments of @rskov et al.
(1974) .

(1973) , .@Prskov et

al . (1974) and Fraser and @grskov

It was apparent fromthis relationship that even though DDM and
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Figure 3. Digestible dry matter intake and |iveweight gain of |anbs
given diets of different energy content, and supplenmented with NPN and
a bypass protein (m) Kempton and Leng (1979), (A) Experinent 3, (0)
Abi di n and Kempton (1981), (A) grskov et al. (1974), (v) Fraser and
grskov (1974), (@) Orskov et al. (1973).

growth rates were higher in the barley fed |anbs 1) the efficiency of
utilisation-of DDM above mmintenance was relatively constant for all
diets and 2) liveweight gain is a function of total digestible nutrient
intake and that for animals on each diet, there is a response in both
food intake and liveweight gain to optimsing the balance of absorbed
nutrients by supplementing that diet with NPN and a bypass protein and
3) for production to be increased above that in response to the NPN and
bypass protein supplenents, the animal must further increase DDM intake.

Thi s maE\; not be possible if the animal is consuming diets of |ow
digestibility..
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EFFI CI ENCY OF NUTRI ENT UTI LI SATI ON FOR woor, GROMH

The rate of wool growth in sheep is principally determ ned by. the
supply of essential amino acids to the wool follicle, and in particul ar
to the supply of sul phur containing anmino acids methionine and cyst(e)ine

(Reis 1969). In turn the supply of amino acids to the follicle is
determ ned by (i) conpetiting demands for circulating amno acids as
deternmined by the physiological 'status of the aninmal i.e. the amno acid'
requirements for tissue growh., concepta gain or mlk production
(Kempton 1979), (ii) efficiency of utilisation of absorbed ami no acids
for wool growth (at nmost only 10 - 15%) (Hogan et al. 1979), (iii)
efficiency of absorption of amno acids from the small intestines
(us&ally 75%), (iv) degradability of dietary protein in the rumen,

(v) outflow of microbial protein from the rumen, and (vi) protein content
of diet and total protein intake.

Al t hough a wool growth response can be achieved by suppl ementing
sheep at pasture with a bypass protein, (Beger, Leng and Hill 1981) , the
response will nostly be unecononmic due to the low efficiency of in-
corporation of absorbed am no acids into the wool follicle.

FACTORS TO BE CONSI DERED | N FORMJULATI ON OF FOOD SUPPLEMENTS
TO MEET THE. LIMITATIONS TO PRODUCTI ON ON LOW PROTEIN DI ETS

Feed supplenents should be formulated according to the order in
which nutritional factors will limt production. The aim of supplenent-
ation should be to

(i) maxi m se the outflow of microbial protein fromthe rumen;

(ii) provide a bypass protein, if necessary, t0 augment the
supply of am no acids frommicrobial protein to neet the
protein- requirement Of the animal.

(iii) increase ME intake to nmeet the energy demands for the
desired level of production.

(iv) increase the efficiency of absorption of nutrients from
the rumen and intestines.

(i) Efficiency of mcrobial protein synthesis in the rumen The
primary aim of supplementing any feed should be to maxim se the outflow
of mcrobial protein from the rumen. There is a critical |evel of
ammonia in rumen fluid (20 - 50 ng N'I) bel ow which mnicrobial growh
may be inpaired or efficiency reduced (Satter and Slyter 1972, 1974).
Whenever ammoni a concentrations fall bel ow 20-50 ng N/1, which can occur
when ani mal s consunme |ow protein, |low quality roughages, the rumen
m croorgani snms may be anmonia deficient and may respond to NPN suppl enents.

Provision of readily soluble NPN supplenents such as urea will
i ncrease rumen ammonia levels for a short period immediately post .
feeding, however the amonia |levels may be below the critical |evel for
a period of time until the next intake of supplenent (see Figure 4).
Under these conditions the outflow of microbial protein may be consider-
ably reduced (Helmer and Bartley 1971) and may contribute in part to the
| ack of response to urea in the mapjority of grazing studies (Leng et al;
1973). Initial studies have shown that the efficiency of utilisation of
NPN for microbial protein synthesis' in sheep can be considerably increas-
ed by providing urea continuously in the rumen, as conpared with providing
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Fiqure 4. Duirnal variation in ammonia concentrations in rumnal fluid

of Zebu bulls given a basal diet of derinded sugarcane and urea (A) and .
suppl emented with cottonseed neal and sweet potato forage (A). The
animals were fed once per day. The dotted line represents the critical
concentration of rumnal amonia, below which mcrobial protein synthesis
may be reduced (from Kempton, Nolan, Rowe, G ll, Leng, stachiw and
Preston, wunpublished).

the sanme quantity of urea in a single dose (Meggison et al. 197%9a,b).
Consi derabl e effort has therefore been directed to develop sustained re-
| ease urea products which 'release NH3 over a 12 - 24 hour period as
energy is made available from fernentation (Helmer and Bartley 1971,
Bartl ey and Deyoe 1975). Potential nethods for controlling the rate of-
urea release include th use of clay-like materials such as sodium
bentonite to absorb anmoni a rel eased during the hydrolysis of urea
(Martin et al. 1969). Also, when starch and urea are heated together
under pressure and fed to ruminants, rumen amMmDNi @ concentrations are
mar kedl y reduced and microbial protein synthesis increased (Helmer and
Bartley 1971). Protein neals which are slowy degraded in the rumen
may al so act as a slow rel ease source of ammonia. Fornulation of

suppl emrents in which the rate of ammonia and carbohydrate release. are
synchronised With the rate of energy release in fernmentation may give
production responses where no previous response has been achieved to
NPN suppl enent s.

(ii) Protein requirements for production The protein requirenents
of ruminants varies with the physiol ogi cal status of the animal such that
during early growth, late pregnancy and lactation, the supply of amno
acids from microbial protein Will not meet the amino acid requirenents of
the animal (@rskov 1970). In these cases, it is often necessary to
augnent the supply of protein of mcrobial origin with a source of bypass
protein. The need to supplement a diet with a bypass protein nust be
assessed fromthe supply of microbial protein and dietary protein in
relation to the protein requirenent of the animal and can be cal cul at ed
by the nethods of Roy et al. (1977).
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The quantity of bypass protein containing meal to be fed to neet
a protein deficit can be determined from a know edge of the protein
content and rumen degradability of the protein neal. The ruminal degrad-
ability of protein nmeals can be deternmined from the loss of N fromthe
meal in solvents (Craig and Broderick 1981), or from nylon bags suspended
in the rumens of the sheep or cattle (Mehrez and @rskov 1977, Kempton 1980).

(iii) ME requirement for production

The energy requirenents of rumnants for maintenance, or for a
desired level of production, can be calculated with a degree of precision
from the relationships outlined by the Mnistry of Agriculture, Fisheries
and Food (MAFF) (1975). These cal cul ati ons however make no al | owance for
the effects of supplenentary feeds. For instance there are no allowances
made for substitution or supplementary effects of feeds on food intake;
nor are there allowances for the increased efficiency of utilisation of
energy for production when the energy supplenments are di gested postrumin-
ally (Preston and Leng 1980). At present,, therefore, it is necessary to
cal culate the ME requirements for production from methods such as outlined
by MAFF (1975), and then to use the nutritional principles of supplenmentary
feeding to fornulate feeds which will increase ME intake to the extent
required to support the desired |evel of production.

As discussed above, the intake of |ow protein roughages wWith a low
ME content (7 MI MEfkg DM can be maintained or increased by supple-
mentation with NPN and a bypass protein. However, the aninal may be
unable to consune sufficient DM to provide the required anount of ME to
achi eve maxi mum production, unless the digestibility of the basal diet is
increased, or the energy density increased by including an energy supple-
ment in the diet.

Digestibility of low quality roughages can be increased by grinding
or pelleting, or treating the roughage with materials such as alkali
(NaOH, or NH3, see Jackson 1977) or so, (Ben-Chedalia and Mron 1981).
Al though these techniques increase digestibility, ME intake and production,
they have linmted practical application to the grazing rum nant industry
in Australia.

Alternatively the basal diet can be supplemented with NPN, a
bypass protein and a source of energy which when ferenmented does not
inhibit intake of the basal material. The growth responses obtained to
heat treated plant protein nmeals (Hennessey 1981, Abidin and Kempton
1981) may in part relate to the additional energy provided by the supple-
ment, since the plant protein meals used in those studies, contained at
nmost only 40 - 50% protein. 'The protein in these neals would be
sufficient to maintain or stimulate intake of the basal diet, whereas the
energy in the supplenent would support increased production.

In a prelimnary experiment to differentiate the effects of various
suppl enents on food intake and production, |anbs were given a basal diet
of oaten chaff, sugar and urea (60:37:3) and suppl enmented with isocaloric
anmounts of various supplenments. Each supplenent was calculated to
provi de equivalent to that in 100 o meat neal. Suppl enmentation
with meat neal increased intake of the basal diet and increased growth
rate by 73 a/d (Figure 5). Conversely supplementation with cereal grains
(maize, sorchum, oOats) reduced intake of the basal diet and vet naintained
the sanme qrowth rate as in the control aninmals indicating ME intake was
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Figure 5. Dry matter intake and |iveweight gain of lambs given a |ow
protein diet of oaten chaff, sugar and urea and supplenmented wth
i soenergetic amounts of various feed supplenents

unchanged by supplementation. By conpagison, feeding of ground naize

treated with 4% oil and extruded at 150 maintai ned intake of the basa
material and increased ME intake as indicated by the additional 61 g/d
growth rate in lanbs on this diet. These results suggest that the neat

meal acted as a bypass protein supplement and that the cereal grains
were substitute feeds-

The substitution effect of these cereal grains on intake apparently
is a function of the increased, volatile fatty acid production and absorp-
tion associated with the fermentation of these grains in the rumen, since
Baile and Mayer (1970) have denonstrated that the quantity of feed eaten
by ruminants can be reduced by a concentration change of acetate in
rumnal fluid. By conparison intravenous injections of equicaloric
anounts of acetate had no effect on appetite indicating the presence of
i ntake controlling receptors in the rumen Wall which are receptive to
concentration changes in acetate in runminal fluid. Therefore, provision
of energy supplenents which do not increase the concentration of acetate
in rumnal fluid will enable runminants to maintain intake of the basa
material. The extruded maize/oil supplenent used in the experiment
reported above was apparently less degradable in runminal fluid than was
whol e mai ze, and therefore nmintained intake of the basal material
increased ME intake and increased production. Further research is
necessary however to define production responses to providing energy
postrumnally and to devel op processing nmeans to reduce the rumina
fermentability of energy containing supplenents

(iv) Buffering of intestinal digesta

Provision of energy yielding nutrients such as starch postrumnally
may require specific buffering of intestinal digesta to induce anyl ase
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activity. This is indicated by the studies of Weeler et al. (1981) in
whi ch steers were given high starch diets and suppl enented with various
|l evel s of calcium carbonate. Inclusion of up to 1.5% caco3z with a high
aci d neutralising capacity increased growth rate, pH of intestinal
digesta, faecal pH and reduced faecal starch content (Weeler and Noller
"1977, Ferreira et al. 1980, Weeler et al. 1981). Eval uation. of other
buffers such as sodium bentonite and the site Of action of these buffers
need to be defined to enable formulation of supplenents which contain a
buffer suitable to increase the efficiency of utilisation of the supple-
mentary nutrients.

CONCLUSI ON

The rate of production of rumnants from low protein diets is
restricted by the low intake of digestible nutrients. Supplenmentation
with a source of NPN and bypass protein will increase amno acid
supply to the animal and increase food intake. Intake of low quality
diets is ultimately restricted by the physical size of the rumen such
that the animals may be unable to consune sufficient DMto meet the
energy requirenents for nmaxi mum production. Since the efficiency :
of microbial protein synthesis in the rumen (¢ N/kg FOM and the
efficiency of nutrient utilisation for growh (g gain/g digestible DM
intake) is not increased by supplenentation, ME intake nust be increased
by alternate nmeans. Under these conditions ME intake can be increased
by increasing the digestibility of the basal dietary material, or by
suppl ementing with an energy form which does not suppress intake of the-
basal material.
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