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FURTHER OBSERVATION ON THE EFFICIENCY OF FEED UTILISATION FOR
GROWTH IN RUMINANTS FED FORAGE BASED DIETS,

R A Leng
SUMMARY

Optim sing herbivore nutrition is discussed in the |ight
of the fernentative digestive system and the bal ance of
nutrients that arrive at tissues of rumnants for netabolism

The forages from uni nproved pastures available to
rumnants are often of low quality i.e. digestibility bel ow
55% and seldom 'deliver' for absorption the balance of -
nutrients required by the aninal

Primary mcrobial nutrient deficiencies in the rumen
often lower the ratio of the mcrobial cell protein available
to the aninmal relative to the volatile fatty acids absorbed.
Under ‘a nunber of grazing conditions forages are low in
protein and except for the early gromh stages rumnants tend
to consunme |ow quantities of dietary protein with little or no
protein that escapes the fernentative processes of the rumen.

P/IE ratios in the nutrients available for digestion and
absorption in rumnants consuming forage based diets can be
| ow t hrough conbinations of inefficient rumen m crobial growth
or a | ow rumen-bypass of protein.. |In all cases a |low P/E
ratio results in inefficient utilisation of absorbed nutrients
by the animal and may result in a high heat increnment of
feeding. The production of netabolic heat, at tines may | ower
feed intake where aninals are already experiencing a heat
stress because of climatic conditions, heavy coat insulation
or because of a high basal netabolic rate.

Recent reports of a heat stress syndrone in feed-| ot
cattle is tentatively related to a potentially high heat
increment of feeding coupled with a high environnental
tenperature/ humdity.

INTRODUCTION

Australian rumnant industries are mainly based on
pastures with little use of supplements except in drought.

Low quality forages (i.e. low in protein and
digestibility) support only low levels of production. In the
past, production per animal has been sacrificed for production
per hectare because of the relationship of stocking rate and
productive function shown. in Fig. 1.
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The production of rumnants on native pasture over a 12
nmonth period seldom rises above about 30% of the genetic

potential and has been sunmmarised by WAl ker (1987) see (Fig.
2).

(a)
Production/ha
———_ Production/animal
1 Stocking rate — X
Fig. 1 Li veweight gain in relation to stocking rate (after

Jones and Sandland 1974).
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Fig. 2 The relationship between stocking rate and
production per animal for cattle grazing native
pastures, inproved native pastures and tenperate

pastures (after Wal ker 1987):

In the last 20 years there has been a growing recognition
that forages and in particular low protein forages are .
inefficiently used for |iveweight gain because of an inbal ance
in the protein to energy ratio in the nutrients available for

absorption (termed the P/E ratio) (See for review Preston &
Leng 1987).

This author believes that the key to inprovenent of
i vestock production in Australia and the answers to many ill
thrift syndrones lies in finding ways to optimse the P/E
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ratios of the nutrients absorbed. Wen P/E ratios are
increased, surprisingly high efficiency of feed utilisation
are achieved by sheep and cattle on low quality forages wth
concom tant increases in productivity. These feed conversion
efficiencies are often 10 to 20 tinmes those predicted from
conventional feeding standards. This throws doubt on the
basis of nost feeding standards particularly those enphasising
t he netabolisable energy content of a diet.

Suppl enentation to achieve high P/E ratios in animals
usi ng supplenents have been discussed in previous Recent
Advances synposia (1987, 1989). In the present paper I w sh
to attenpt to rationalise sone of the conundruns that
inevitably arise when attenpting to manipulate the interactive
systens of the rumen mcrobial ecosystem or the aninmal's
met abol i sm or bot h.

The recent crisis associated with cattle deaths in
feedlots are discussed in relation to a possible interaction
between nutrition/nmetabolic heat production and climate.

CHEMICAL COMPOSITION OF LOW QUALITY FORAGES

The nutritional value of forages, is often categorised
from the crude chem cal conposition of the forage and its
nmet abol i sabl e energy (ME) content. The latter is often
obtained fromin vitro digestibility neasurenents. Al t hough
measurenment of digestibility and analyses that indicate cell
solubles and cell wall materials are highly useful for
studying the fermentative characteristics of a forage, they
often bear little' relationship to its feeding value (Preston &
Leng 1987). Feeding value is determ ned nore by the
efficiency of feed utilisation than the ME of a feed or even
ME i nt ake.

Efficiency of feed utilisation in rumnants is dependent

(1) the balance of nutrients available to the rumen
m crobes that digest the feed and

(2) the quantity and balance of nutrients available to
the animal fromthe digested feed in relation to its
requirements.

FACTORS EFFECTING MICROBIAL GROWTH IN THE RUMEN

On forage based diets, low in true protein, rum nants
depend alnost entirely on fernentation end-products for their
nutrient supply. In general the nutrients can be grouped into
gl ucogeni ¢ and acetogenic volatile fatty acids (VFA) and the
conponents of mcrobial cells i.e. amno acids and long chain
fatty acids arising in digestion within the intestines.
Dietary long chain fatty acids and protein are also available
from the |lower digestive tract in variable quantities
depending on the forage and supplenment. The ratio of
m crobial cells to VFA produced and the extent to which
dietary protein escapes to the lower tract are the nmajor
determnants of the protein to energy ratio in the nutrients.
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absorbed by rum nants fed poor quality forage. This ratio is
called here sinply the P/E ratio.

By definition mcrobial growh efficiency is the ratio of
m crobial cells synthesised per unit of ATP available to
m crobes from the conversion of plant conponents to VFA,

The factors that influence the efficeincy of net
m crobial gromh and therefore the P/E ratio in the nutrients
absorbed from forages are:

* an optimum availability of critical nutrients for
m crobial growth (determines efficiency of use of
ATP for synthesis of the conponents of m crobial
cells)

* the lysis of microbial cells within the rumen and
fernmentation of the conponents (determnes the
quantity of cells produced in the rumen that |eave
for digestion in the intestines).

Availability of critical nutrients for mcrobial qgrowth in the
rumen

Under the anaerobic conditions that pertain to the rumen,
the optinmum efficiency of mcrobial growh expressed as g dry
cells produced per nole ATP available (i.e. Y-ATP) is
theoretically about 30g/mole ATP. The efficiency of mcrobial
growmh is however related to the availability of the |east
[imting nutrient for the specific mcrobes present. In any
diet this mght be a mneral, a trace elenent, ammonia or sone
precursors of mcrobial cells. The actual requirenents wll
depend on the mcrobial ecosystem which in turn depends nainly
on the major carbohydrate conponent of the forage (see Meng
et al. 1989). There will be a critical level of a nutrient at
which microbial gromh efficiency will be decreased to the
extent where mcrobial pool size is dimnished. Above this
critical level progressive correction of the deficiency wll
increase mcrobial growh efficiency and therefore P/E ratio
in the nutrients absorbed to an optinum | evel. ,

The digestibility of a forage will probably be optimsed
at a mcrobial gromh efficiency which is |ower than that
which optimses the P/E ratio. For exanpl e stepwise increase
of amonia in the rumen of steers fed rice straw and infused
intra-ruminally with urea indicated that digestibility was
optimsed at 80-100mg anmonia N| of rumen fluid but feed
i ntake increased until the anmmonia |evel reached 200ng NI.
The increased straw intake as a result of treatnment, contrary
to previous suggestions (see Perdok etal 198)is now
believed to be a result of an inproved P/E ratio through
greater mcrobial growh efficiency (see Leng 1990).

The inplications of these observations (see al so Krebs &
Leng 1984; Boniface et al. 1986) are that for optinmm
utilisation of a forage, ammonia levels in the rumen shoul d
not fall below 200my N I. However, where a bypass protein is
supplenented it may only be necessary to achieve 100mg N | for
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optimum digestibility since it will be as effective to adjust
the P/E ratio by feeding a protein supplenment which bypasses
m crobi al degradation in the rumen.

Protein supplenments also invariably contribute to the
ammonia -N pool in the rumen through degradation of the
sol ubl e conponents in the rumen and from recycling of N to the
rumen Since a proportion of the absorbed am no acids are
deam nated in the animal. Urea is recycled to the rumen in
saliva and across the rumen wall (see Leng and Nol an (1984)
for review.

The point is again stressed that for optinmum utilisation
of a low quality forage fed alone to rum nants, rumen ammoni a
| evels in excess of 200ng N | are necessary. However, where
the feeding strategy includes the use of bypass protein
suppl enents the critical rumen anmmonia level is that which

optimses digestibility i.e. about 100mg NI. The need for
NPN when protein supplenents are given is lowered as the |eve
of protein supplenentation is increased and will often not be

necessary at high rates of protein supplenentation

The major factor involved in lysis of bacteria in the
rumen i S probably the activity of rumen protozoa which predate
bacteria (the effects of protozoa are discussed later).

P/E RATIO AND FEED CONVERSION EFFICIENCY

In the last two decades there has been a gradual
recognition that the efficiency of utilisation of forage by
rum nants for growth inproves progressively and substantially
as the P/E ratio in the nutrients absorbed increases (see Fig.

3) .

In the past the effects of increasing the P/E ratio in
the nutrients absorbed has been confused by two effects which
may inpact singly or together depending on environnment. Most
of the early work on supplenmentation with urea and bypass
protein to inprove the P/E ratio indicated large effects on
voluntary feed intake. This appeared to explain the increased
production responses (see Leng etal 1977). However, as nore
research was reported sone results indicated that protein
suppl enmentation perseincreased efficiency of forage
utilisation and at tines did not effect forage intake (see
‘Kel l away and Liebholz 1981). This was extrenely confusing
since the effects of protein supplenentation appeared to be
contrary to the theories of appetite control in rumnants in
which distention of the rumen played the nost inportant role
in low quality forage based diets. Just as others have
surm sed (Ketelaars & Tol kanp, 99)the effects of bypass
protein supplenentation on forage intake appeared to be
related nore to the efficiency of feed utilisation than the
bul k distention of the rumen (see Leng 1989b).

Rationalisation of the different feed intake responses
beconmes critical to our understanding of nutrient requirenents
of ruminants. An explanation for the differences was first
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put forward by Leng (1989a) and devel oped further as nore
information has cone forward (see Leng 1989b and Leng 1990.)
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Fig. 3 A schematic relationship between netabolisable energy
content of a forage (in MI/kg DM M D) and feed
conversion efficiency (g |iveweight (Lwt) gain/M ©ME)
(from Webster 1989).The relationships found in practice
with cattle fed on straw or ammoni ated straw with
incremental anounts of bypass protein supplenents in
Australia (<>, 0O ., @) (Perdoketa 1988), Thail and
( A ) (Wanapat etal, 198)and Bangladesh ( [])
(Saadul | ah 1984). The results of Godoy & Chicco (1990)
( ) were obtained withcattle on tropical pasture hay
harvested in the dry season and supplenented with
cottonseed neal in Venezuel a. Hennessy et al (1989)
() used cattle fed on a poor-quality tropical hay
suppl emented with copra neal.

For conparisons simlar responses to bypass protein

suppl ement for cattle fed nolasses ( /) and sugar cane
(VW) based diets are shown (Preston etal 1976, Preston
& WIlis 1974). In these trials feed intake did not
increase with supplenentation. The results for silage
based diets supplemented with fish neal are from Icel and
(@) Aaffson and Gudnmundsson (1990) where feed intake
was increased by supplenents of fishneal.

In outline the explanation that devel oped hinged on early
observations by Blaxter and his colleagues (see Gaham et al
1959) whi ch apparently showed that acetic acid the mgjor
energy-nutrient absorbed by rum nants could be readily 'burned
of f' when added to all forage based diets and considerable

net abol i ¢ heat was produced.
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Rum nants appear to be highly sensitive to heat stress
(see Bl axter 1962). Evaporation of perspiration from the body
surface is the major physiological nethod of cooling, but the
rum nant has only 02of the capacity of humans to dissipate
heat by this route per neter of body surface. They are
therefore highly sensitive to an extra heat load if they are
in a hot/humd clinmate. Simlar heat sensitivity mght occur
if they have a highly insulative coat in a noderately warm
climate, and/or have a high netabolic rate follow ng
introduction from a cold environment into a warm ani mal house.
In support of the latter Farrell & Corbett (1970) denonstrated
that sheep follow ng shearing have a persistent and
substantial increase in basal heat production for up to 135
days post shearing long after the cold stress has been
aneliorated through increased fleece insulation

To rationalise the different observations of
suppl enentation on feed intake Leng (1989a) suggested that
suppl enentation of cattle wth a bypass protein stinulates
intake of low quality forage when aninmals are heat stressed
and have already reduced intake in the unsupplenmented state to
acconmodate this stress. The theory is that a netabolic heat
| oad superinposed on a hot environment reduces feed intake.
The netabolic heat load is renoved by balancing nutrients to
the ani mals needs by suppl enentati on. The research in
Australia from which this concept arose is shown in Fig. 4

P/E RATIO AND THE EFFICIENCY OF ACETATE UTILISATION.

The controversy that has surrounded research from various
| aboratories on the efficiency of utilisation of VFA for
growh in rumnants has absorbed the interest of anim
scientists since the early reports of a high heat increment in
sheep when exogenous acetate was added to a diet of dried and
cubed grass (see Gaham et a 199 Bl axter 1962). The heat
increment was assuned to be a "burning off" of the acetate
| oad which could not be used in anabolism because of the
i mbal anced nature of the nutrients available to the anim
(see Bl axter 1962).

Research over the last 30 years, however, appeared to
di scount this thesis. The subsequent research did not however
repeat the work of Blaxter and his colleagues who fed sheep
cubed, dried rye grass. The feed description suggests that
the forage was dried at |ow tenperatures; the fibre was in a
long form and not ground and not subjected to a prolonged heat
i n cubing. Under these circunstances, the protein in the
dried grass could be expected to be soluble, and readily
fermented and the forage would also remain in'the rumen for a
substantial period allow ng conplete degradation (see MacRae
1976). This forage could also have supported a considerable
protozoal popul ation density within the rumen, which would
ensure a low mcrobial protein flow out from the rumen (see
for discussion on this point Bird et al190). The net
result of both a high dietary protein degradability and high
protozoal population in the rumen would have been a |low P/E
ratio in the nutrients absorbed. Acetate infusion into these
sheep could have created a severe inbalance in the ratio of
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VFA to amino acids at the tissue |level and nmay have
necessitated rapid renoval of the excess acetate in heat

produci ng netabolic cycles.
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Fig. 4 Intake of lowquality forage by cattle (studies are
only considered from Australia) in relation to intake of
the forage follow ng supplenentation with a bypass
protein neal or bypass protein neal plus urea in
different climatic zones (Leng 1989%a). The research of
Lindsay & Loxton (1981), () Lindsay et al. (1982) (()),
Lee et al. (1987) (A) and Hennessy (1984)(A) was done
at sites in the tropics or subtropics, mhereas t he
research of Kellaway & Liebholz (19) () and Perdok &
Leng (1990)(<>) were done under nore tenperate climate

condi ti ons.

A review of other reported studies, concerned with
testing the high heat increnment of feeding acetate have used
basal diets of hay or hay plus concentrates and often fed
protein meals which for reasons of physical form (i.e. ground
high protein hay) or the high content of potential bypass
protein would provide a high P/E ratio in the nutrients
absorbed by the aninals. Increasing the availability of
acetate to rumnants on diets with a high P/E ratio nay be
beneficial as the acetate availability from the rumen woul d be
relatively low and the excess acetate would be used in
oxi dative metabolism to provide ATP for tissue synthesis.
Therefore the netabolic heat |oad would not be so high. The
high P/E could also allow acetate to be utilised efficiently
in synthesis of long chain fatty acids.

In recent studies with sheep fed straw based diets
(adequately supplenented with urea and mnerals), the addi ti on
of a bypass protein neal, propionate or both, showed t hat
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t hese supplenents stinulated protein and fat synthesis
respectively (van Houtert and Leng, unpublished observations
1991) (see Table 1).

Tabl e 1Estimated conposition of fleece-free |ive-weight gain
of lanbs offered a basal diet of ammoniated barley straw,
suppl emented wi th HCHO-casein (HC) and Na- propionate
(Prop) over a period of 155 days (van Houtert, M and
Leng, R A unpubl i shed observations 199

Groups* Composition of body-weight gain+
Water Fat Protein Energy
(g/d) (g/d) (g/d) - (kJ/d)
Control 12.6 0.8 3.6 116
+Prop 8.3 6.2 2.3. 298
+HC 26.5 7.6 8.1 491

* HC and Prop refer to the supplements of formaldehyde-treated
casein (50g/d) and Na-propionate (20 g/d) respectively.

The inference that can be drawn is that acetogenic
substrate is used inefficiently on diets that provide a |ow
P/E ratio in the nutrients absorbed and a considerable
proportion is directed to heat production wthout
acconplishing work or coupling ATP to synthesis of tissue
conponents or fat.

This is supported by feeding trials in which the
efficiency of feed utilisation for growh is increased greatly
by increasing the P/E ratios by supplenmentation with a bypass
protein (see Fig. 3) or by manipulation of the mcrobial mx
W thin the rumen (i.e. defaunation) see Bird et a1990 also
Table 4).

The relationships between efficiency of feed utilisation
and netabolisable energy content of a diet is shown in Fig. 3
for a variety of diets where a supplenent had no effect on
intake or intake was deliberately kept constant (with the

exception of the silage based diet). It is interesting that
the trends shown also apply to a wde variety of basal feeds,
not only low quality forages. It is the diets that support

t he highest protozoal densities in the rumen of cattle that
are used with the least efficiency (i.e. sugar cane and
nol asses) .

CLIMATE/NUTRITION INTERACTIONS

The data in Fig. 3indicate that on high digestibility
forages (silage, sugar cane) or energy dense diets (nolasses)
or low quality forage based diets (straw, treated straw or dry
native pasture hay) the efficiency of feed utilisation for
l'ivewei ght gain of cattle <can be inproved from between 4and
18 tinmes by correcting an inbalance in the P/E ratio in
nutrients absorbed.
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In a nunber of experinments, forage intake by cattle has
been reported to increase substantially in response to
altering the P/E ratio by supplenentation, this increase has
been from O to over 100% wth the highest responses often
comng from research trials conducted in the tropics (see Fig.
4) .

| nproved feed intake through supplenentation of cattle on
forage based diets with bypass protein has not however, been
restricted to research under tropical conditions. Wth cattle
on silage based diets in the UK and Iceland, supplenentation
with fish nmeal has at times elicited |large responses in feed
i nt ake. The research from lceland is extrenely interesting as
it showed a substantial increase in grass silage intake by
cattle to supplenments of fish meal but a depressing effect of
fish silage on intake (see Fig. 5. The latter effect could
be interpreted as a further inbalancing of the- P/E ratio by
the soluble protein source which when fernmented totally would
provide less mcrobial protein to VFA than an equival ent
amount of carbohydrate.

In studies fromthe UK the effects of increasing
increnents of grain on a silage based diet (which have m ninmm
effects on P/E ratio) and fish nmeal (which inproves P/E ratio)
on liveweight gain relative to netabolisable energy intake of
cattle had considerably different effects (Fig. 5). The heat
i ncrenent of feeding appears to be increased by feeding grain
with approximately 50% of the netabolisable energy of the
grain being unaccounted for (decreased feed conversion
efficiency) when no extra protein was made avail abl e. The
ot her observation is that the efficiency of utilisation of
nmet abol i sabl e energy by cattle is quite different at the
various research |ocations.

The decreased efficiency response to supplenentation with
grain may also be explained by an increased fat deposition in
the tissues of cattle on the silage diets with increasing
grain content. Simlarly the research of Silva etal (1989)
when examned in the sanme |ight showed a decrease in the
conversion of ME to liveweight gain in cattle when a
suppl enent apparently increased the overall digestibility of
the diet but had no effect on P/E ratio (the supplenent in
this case was sugar beat pulp). However, when P/E ratios were
i ncreased by adding a fish nmeal supplenent the efficiency of
use of ME was inproved (see Table 2. Recent studies by
Hennessy and W/ Ilianmson (1990) indicate that supplenentation
of cattle on poor quality forage diets with maize grain was
extrenmely wasteful when conpared to fish neal supplenents
(Tabl e 3

Anot her striking difference in results from feeding
trials is also highlighted in Fig. 5 The extrapol ated
intercepts of netabolisable energy requirenents for
mai nt enance of cattle are vastly different between research
institutes in different localities, as are the slopes of the
responses curves to adjusting P/E ratio with suppl enents.
These data indicate that where feed intake renained constant
when suppl ements were given, the inproved production was a
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response to increased efficiency; whereas where intake
inmproved with supplenmentation the increased production was a
conposite of inproved nutrient availability and inproved
efficiency of feed utilisation. It can however, be seen that
the dom nant effect of supplenmentation with bypass protein is
on the efficiency of nutrient utilisation.
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Fig. 5 The effects in cattle of feeding increasing |evels of
bypass protein neals on livewight gain in relation to
metabolisable energy intakes on (1) straw based diets
( A ), and ammonia treated straw ( /\ ) supplemented with
0.6kg rice bran/hd/d plus nol asses urea bl ocks and
various levels of cottonseed neal (Perdok & Leng 1990)
(2) grass silage (GS) plus 372¢ bariey/d ( () ) and three
levels of fish neal (0,41, 82g/d); (3) GS plus 9ig
barl ey and three levels of fish nmeal (@ ); (4) GS plus
478y barley/d and three 1levels of fish meal ([]) (Onen &
Ochoa 1982): (5 a silage based diet with 4 levels of
fish neal (<>) and (6) a silage based diet with 3 levels
of fish nmeal (4p) and one level of fish silage (0)

(A afsson and dmundsson 1990). The cattle in the three
studies weighed initially 275kg, 108kg and 180kg
respectively.

In the research conducted in lceland the animals had a
hi gh heat generation which was different between aninmals on
experinents at different tinmes (also conpare these with the
results of Ownen & Ochoa (1982); Ochoa-Ortega (1983);, Per dok
and Leng (1990) whereas in the studies of Perdok and Leng
(1990), the intercepts for the response curves of growh of
cattle given various |levels of bypass protein and treated or
untreated straw diets were closely simlar. The concl usi ons
that can be drawn here are that in the Icelandic work the
animals had a high netabolic heat production which may have
resulted in a heat stress in the unsupplenented state and that
as the balance of nutrients was adjusted to requirenments the
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efficiency of feed utilisation inproved sufficiently to renove
the heat stress and allow substantial increases in intake. In
contrast supplenentation with fish silage further inbalances
the P/E ratio (as mcrobial growh efficiency on protein
substrate is about half that on carbohydrates) and resulted in
an increased heat increment, further heat stress and a further
reduction in silage intake. The animals in this case were
brought inside from grazing and nmay have had a high netabolic
rate and a highly insulative coat induced by cold conditions.

Table 2: The relationship between netabolisable energy content
of a forage (ve dry matter (DM (M D, M/ kg) and
efficiency of growth (g gain/Ml ME intake) in cattle fed
on wheat straw (US) or ammoniated straw (AS) with
suppl ements of fishmeal (FM 50g/kg straw) or sugar beet
pulp (SBP; 150g/kg straw) (adapted from Silva et a.1989
by Leng 1990).

LWt gain M/D Efficiency
(g/d) (g LWt gain/
MJ ME)
Treatment
Cattle Us -24 6.0
US + FM 176 6.4 5.3
US + SBP 183 7.1 4.5
US + SBP + FM 337 7.7 6.6
AS 198 7.0 4.6
AS + FM 423 7.4 8.6
AS + SBP 262 8.0 4.7
AS + SBP + FM 814 8.3 12.6

Table 3: Organic matter intake (OMI), liveweight gain (LWt)
and efficiency of liveweight gain of cattle (180-215kg)
fed a poor quality sub tropical native pasture hay (NP)
with a complete mineral supplement and supplemented with:
Group 1 - O(NP); Group 2 - 75g urea (U); Group 3 - 75g U
+ 400g maize flour (M); Group 4 - 280g formaldehyde
casein (FC) (adapted from Hennessy and Williamson 1990).

OMI LWt gain Efficiency
Group Diet (kg/d) (g/d) (g LWt gain
/MJ ME)
1 NP 4.02 100 4.0
2 NP + U (75g) 4.37 290 10.7
3 NP + U (75qg) ,

+ M (400qg) 3.99 . 340 11.7
4 NP + FC (280g) 4.29 600 20.0

The conclusions is that there appears to be a narked
interaction between climate and nutrient requirenents and
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between climate and the ability of an aninmal to consune |arge
quantities of forage. Even on unsupplenmented diets which
elicit a high heat increnment of feeding, unless the aninmal has
a highly insulative coat and/or is at an environnental
tenperature and humdity which does not allow it to dissipate
heat, the consequences of the extra heat |oad are not severe.
However, where these environnental conditions prevail animals
with inbalanced P/E ratio in their nutrients will need to
reduce feed intake to reduce netabolic heat load. Simlarly if
ani mal s have induced high netabolic rates fromliving in a
cold environment then when brought inside they could suffer a
maj or heat stress on an inbal anced diet.

P/E RATIO AND RUMEN PROTOZOA

The differences between faunated and fauna-free lanbs in
productivity from a wheat-straw based diet supplenented to
ensure no deficiencies of nutrients for the rumen m crobes and
with additional starch or protein supplenents is shown in
Table 4.

Clearly fauna-free animals use their feed nore efficiently
for |iveweight gain and wool grow h. Because wool growth is
an index of protein entering the duodenum (see Reis &

Schni ckel 1961, Ferguson 1975 Leng et a.1984), the
increased efficiency is consistent wwth a higher P/E ratio in
the nutrients absorbed in the unfaunated aninmals conpared to
control aninals,

Practical methods are presently being developed to
mani pul at e rumen protozoa, which should becone another nethod
to be added to a battery of nethods to be used to inprove P/E
ratio and therefore optimse forage utilisation by rum nants.

P/E RATIO AND REPRODUCTIVE EFFICIENCY

One of the major limtations to productivity of rumnants
on native pastures is the |ow reproduction rates. The effects
of supplenents to increase P/E ratios in the nutrients
absorbed have resulted in higher growh rates of young animals
shortening the tine to puberty by one to two years (Hennessy
1984)and it is possible to have cattle fed largely crop
resi dues but supplenented with protein neals calving at 2-3
years of age whereas 4-5 years of age is nore normal

Evi dence is now building which denpnstrates that in sheep
fed poor quality forages inproving the P/E ratio with
supplenents leads to increased ovulation rates (Nottle et al
7 and in large rumnants nore of the herd becom ng
pregnant in a shorter mating season. Sheep and cattle on poor
quality forages often produce smaller |anbs and cal ves
(Stephenson and Bird 1987, Lindsay and Loxton 1981). Snall
| anbs are often observed in sheep under hot environnental
conditions and from the discussions above it appears that they
are possibly small through an interaction of nutrition and
climate rather then heat stress per se. Suppl ementation in
the last trinester with bypass protein resulted in nore norma
birth weights and greater viability of lanbs |eading to



Table 4 Cal cul ated netabolisable energy (ME) content

diets MD (M kg

DM ;

i nt ake of

ME and

efficiency of use of ME for liveweight gain in faunated (+P) and fauna-free (-P) | anbs.
The basal diet was wheat straw mnerals and urea. The treatnents were G oup 1; basal
diet; Goup 2; _ suppl enented with cottonseed neal (CSM, Goup 3; basal diet
supplemented with maize (M, Goup 4; basal suppl enented with maize plus cottonseed
meal .
Intake Intake of
of Supplements Total MJ from diet components M/D LWt Efficiency
Group Straw Maize CsM MI(D Straw CsM Maize Total J/kg gain of LWt
(gbM/4d) (gbM/d (gbM/d) (g/d (M) DM) (g/d) gain
(g/MJ)
1 +P 492 0 0 492 2.71 - 2.71 5.5 -18 -
-P 557 0 0 557 3.06 3.06 5.5 -2 -
2 4P 532 0 74 606 2.93 .89 3.82 6.3 +9 2.4
-P 576 0 74 650 3.17 .89 4.06 .2 +26 6.4
3 +P 499 147 0 644 2.75 - 2.16 4.91 7.6 +22 4.5
-P 540 147 0 684 2.64° 2.16 4.80 7.0 +45 9.4
4 +P 456 147 74 674 2.51 .89 2.16 5.56 8.2 +43 7.7
-P 516 147 74 734 2.84 .89 2.16 5.89 8.0 +58 9.9
Assumption
ME Straw = 5.5 MJ/kg
ME Maize = 15 MJ/kg
ME CSM = 12 MJ/kg
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significant inprovenents in survival of the young ani nal
(Lynch etal.1990).

The extent of the inprovenent in reproduction rate to
mani pul ation of the P/E ratio in rumnants requires
consi derable research particularly to define feeding
strategies, strategic supplenentation and econom c responses.
A 25hi ncrease in reproductive rate can be much nore economc
than all other benefits that accrue from feeding a protein
that escapes fernentative digestion.

IMPLICATIONS OF BALANCED NUTRITION FOR FEEDLOTS

Feedlot nutrition is based on a high proportion of grain
in the diet. There are two reasons for using high levels of
concentrates feeding. The first is logistic; such production
systens require the transportation of very large quantities of
feeds and to reduce costs these nust therefore be dense and
have a high digestibility. The second reason for the use of
grain is the concept that high growh rates and efficiency of
feed conversion required. in practice can only be achieved on
concentrate based diets.

There is a third reason for feedlotting which involves
certain tastes and odours in the meat from pasture fed
rum nants that are lost if the aninmal is fed grain based
concentrates for W0days.

The feedlot industry which probably began with the
devel opment of the Barl ey-Beef systens in Scotland in the
1950's has traditionally been used to reliably supply nmarkets
wth meat that is of a standard quality.

There are .nunber of factors that have assisted the
feed-hot industry to have |less rigorous nutritional standards.

These i ncl ude: -

* for logistic reasons nost feedlots are in cool areas or
areas that are hot but dry.

* mai ze and sorghum grain fed at a high proportion of the
diet allows some starch to escape fernmentation to a
variabl e but significant extent ensuring an adequate
supply of glucose to the animal at all tines.

* the protein of grain tends to be quite well protected
and bypasses the rumen (Klopfenstein eta 1991)
reducing the requirenents 'for bypass protein from other
sour ces.

The glucose and protein that is nmade available from grain
ensures that the nutrients available from such diets are
sel dom out of balance to the sane extent as on forage based
di ets. On the other hand starches of barley and wheat are
often well digested in the rumen and for dietary purposes
there are requirenents for inputs of soluble N and bypass
pr ot ei n.
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Concentrate based diets are at tines deficient in
fermentable N unless non-protein nitrogen and sol uble
fermentable protein are supplied in stoichiometric anounts.

A recent review conparing concentrate and forage based
diets in ternms of the efficiency of use of netabolisable
energy concluded that the high heat increnent associated with
forage based diets may be due to the extra energy needed to
chew, swallow and nove digesta along the tract as conpared
with simlar processes in cattle on concentrate based diets
(prskov & Macleod 1990). The explanation for |ow heat
increment on grain based diets is not supported by evidence
fromone of the authors own publications which shows contrary
results (see Table 2.Fig. 3 also shows that feed conversion
efficiency on straw based diets supplenmented with protein
meals can be nuch higher then predicted for grain based
concentrates (see \Webster  1989).

Undoubtedly cattle on grain based diets can be inbal anced
and have a relatively high nmetabolic heat production at tines.
The situation where this'would arise is where a basal diet of
grain (7-12% CP) contains little non-protein-nitrogen and
bypass protein.

The postul ated reasons for a high heat increnent in
cattle on grain that is low in protein are the same as
di scussed earlier. A |ow rumen ammonia (or sone ot her
mcrobial nutrient e.g. S P.) leads to an inefficient
m crobial gromh in the rumen and a low P/E ratio in the end
product produced (i.e. mnicrobial cells and VFA) which
increases the requirenents for bypass protein. If the N
deficiency in the. rumen is extrene and bypass protein | ow or
absent the P/E ratio may not neet the requirenents and the
net abol i ¢ heat increnment can be high

Heat stress and feedlot nutrition

In a hot/hum d period the high heat increnment of feeding
may be sufficient to create a heat stress which normally
causes animals to reduce feed intake. A heat stress,
however, would only lead to death of the aninmal under a
particul ar set of circunstances. It could arise for instance,
if prior to a high anbient tenperature/ humdity the animals
had been cooled by rain, (which may reduce feed intake
tenmporarily) and then fed in the cool ness of the norning. The
period of Iow feed intake followed by a cool period early in
the norning, would allow a large voluntary consunption of
grain which could be ingested quickly. This would be
fermented in the rumen reaching a maxinum rate at 4-6h after

feeding (12-2 pm. If there was an inbalance on the nutrients
then netabolic heat production would also peak at 4-6 h after
f eedi ng. If this coincided with a hot/humd period in which

animals would normally only just be able to mmintain body
tenperature then a heat produced by a depression of feed
conversion from say 6:1to 7:1 could raise the body
tenmperature from 10-15°C. Death would result at a 6-7°C rise
in body tenperature.
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Diets that are now commonly used in feedlots have all the
prerequisite characteristics. i.e. 50-80% barley, 10% cotton
seed hulls or 20% corn silage,, 3-5% nolasses with 4% ninerals,
2% tallow and often |ess than 5% cotton seed neal

Chi cken nmnure/ heat stress

Chi cken manure is a source of many critical nutrients
which will ensure an efficient rumen fernentation, these
nutrients include mnerals, non-protein nitrogen and even
amno acids all or any of which, might be deficient in a feed-
lot diet and could lead to a low P/E ratio in the nutrients
absorbed from the gut of cattle.

Undoubtedly the inclusion of chicken manure in a diet of
grain could reduce the postulated high heat increment and
t herefore possibly heat stress. The ban on the use of chicken
manure in feedlot rations needs to be re-exam ned-and possibly
be rescinded provided certain safeguards are put in place to
ensure the absence of toxins.

Death from heat stress in rumnants would require an
extrenely high tenperature/humdity for a prolonged period or
a set of circunstances |leading to thermal enbarrassnent as
i ndi cated above. In the authors research in India with dairy
cows , levels of production of 25-35 1 of mlk per day have
been maintained in diary cows at environnmental tenperatures
exceedi ng 45°C when fed diets high in bypass protein. \Wil st
t hese animals showed signs of heat stress they continued to
produce at a rate which is at |east equivalent in nutrient
demand to that of cattle being fattened in a feedlot.

CONCLUSI ONS

Over the past 30 years a body of research has enphasised
that it is the efficiency of feed utilisation which largely
determ nes the |evel of production of a rum nant on forage
based- di et . Inefficiency of feed utilisation may be a result
of a low P/E ratio due to (1) an inefficient mcrobial growh
in the rumen through [imtation of mcrobial nutrients in the
diet or (2) to a low |l evel of rumen bypass of dietary protein
or (3) both. Inefficient utilisation of feed owwng to a |ow
P/E ratio may at tinmes result in significant netabolic heat
which may enbarrass rum nants under high humdity/tenperature
conditions leading to heat stress which in turn lowers feed
intake and results in |ow productivity.

There is considerable circunstantial evidence that grain
based diets fed to cattle may not be used at tines as
efficiently as possible because of low P/E ratios in the
nutrients absorbed. Met abol i ¢ heat production in such
circunstances could be a factor in severe heat stress of
cattle in feed-lots.
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