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UDP = Undegraded Dietary Prote n
VFA = Volatile Fatty Acids

WI = Water Intake
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Summary

The overall objective of the studies presented in this thesis was to define
nutritional strategies to improve productivity of ruminants under tropical conditions.
Because productivity is a function of intake of nutrients and the efficiency of their
utilisation, strategies to improve these two parameters have been studied. From a
review of literature, it is apparent that ther¢ has been a controversy over factors
possibly associated with the low efficiency of utilisation of metabolisable energy in
ruminants fed roughage-based diets.

Two theories have been videly discussed. The first suggested that high acetate
production on high-fibre, low-protein diets may create an imbalance between
acetogenic and glucogenic substrates, resulting in inefficient use of acetate for
production. Excess of acetate may then be oxidised and thus increase heat production
which would eventually reduce the amount of energy used for productive purposes
(see MacRae and Lobley, 1982: MacRze et al., 1985). In the tropics, where ambient
temperature and humidity are h gh and ruminants are commonly fed high-fibre, low-
protein diets, additional heat prc duction from any such ‘wasteful’ oxidation of acetate
may contribute to heat stress ¢nd to depression of feed intake (Leng, 1990). This
theory thus predicts that suppl:mentation of low quality roughage with bypass or
rumen undegraded dietary protcin may improve the utilisation of acetate. Additional
dietary amino acids and increased propionate production due to supplementation are
expected to increase glucose production which in turn might overcome an
insufficiency of NADPH for fitty acid synthesis. This theory has been used as the
basis for recommending supple nentation in the tropics, but evidence to support this
theory is limited. In fact, many studies have indicated that the contribution of heat
from substrate cycling during :.cetate metabolism is negligible (see Crabtree et al.,
1987, 1990).

The second theory, on thz other hand, suggested that high acetate production
does not increase heat product.on, and that excess blood acetate if it did occur in
practice, would be excreted in urine. The low efficiency of utilisation of
metabolisable energy on rovghage diets may be related to greater energy
consumption for activities associated with eating and digestion. Thus, by reducing the

particle size of the diets, enery expenditure for these activities may be reduced,
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resulting in more energy being available for production (see Orskov and MacLeod,
1990, 1993). This theory curreitly appears to be more acceptable because it is based
on more extensive studies in which extreme levels of acetate were applied and heat
production was directly measu-ed. However, all these experiments were conducted
under thermoneutral conditions and thus studies to assess any possible effect of high
ambient temperature were required.

To test these theories a scries of experiments was conducted. Two preliminary
experiments were carried out on Lombok, Indonesia, to study the effect of different
protein-rich supplements on productivity of Kacang goats fed native grasses or rice
straw basal diets. In Experime1t 1, Kacang goats fed a basal diet of mixed native
grasses supplemented with cop a meal, soybean curd byproduct, cracked kapok seed
and fish meal at a rate equivalent to 21 g crude protein per day barely maintained
liveweight. During weeks 1-5 o7 Experiment 2, when concentrates containing varying
proportions of copra meal to cracked kapokseed (100:0, 10:90, 20:80, 30:70, 40:60)
and a basal diet of rice straw were both offered ad libitum, almost all goats lost
weight. When the goats were fed the above concentrates but the basal diet was
changed to native grass (weeks 6-8), liveweight gain improved significantly to 112,
81, 30, 59 and 81 g/d for tle respective concentrate treatments. However, the
improvement in liveweight gain was probably a form of compensatory growth after
the goats lost weight during the first 5 weeks of Experiment 2. It was concluded that
dietary treatments during Expcriments 1 and 2 did not satisfactorily improve the
performance of Kacang goats. This lack of response of the goats to protein-rich
supplements was probably rela:ed mostly to the low digestibility of the basal diets
used, resulting in low DMI.

In subsequent experimen s, deficiencies in the preliminary experiments were
corrected by using animals of homogeneous genotype, supplementation of critical
nutrients and by conducting the work in temperature and humidity controlled rooms.
In particular, attention was paid to basal diets to ensure that they contained sufficient
NHj3 and minerals for rumen fur ction.

In Experiment 3, the effects of ambient temperature and CSM supplementation
were studied in 16 Border Leicester x Merino crossbred lambs. Eight of these animals
were housed at 17°C and the re nainder at 35°C (relative humidity was maintained at
60-70% in both environments) and animals in each ambient temperature were fed

wheaten chaff (2.4% N, 55-59% DMD when supplemented with 2% urea and
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minerals) ad libitum with or w:thout 100 g/d CSM supplementation. DMI and LWG
were significantly higher on C¢ M diet, but both were depressed significantly by high
ambient temperature. While a1 low temperature LWG was significantly higher in
lambs supplemented with CSMI, at high temperature, the lambs supplemented with
CSM did not perform any better thar controls. It was concluded that the lack of
response of the lambs to the additional amino acids from CSM at high temperature
was probably due to the fact that the constant high ambient temperature imposed too
much heat stress which could not be alleviated by supplementation with 100 g/d of
CSM.

When 8 animals (from tte high temperature treatment in Experiment 3) were
subjected to a constant 35°C day-time ambient temperature but night-time
temperature was reduced by [:°C every 3 days in Experiment 4, DMI increased
significantly and progressively with reductions in night-time temperature, and DMI
tended to be higher on the CSIM diet than on the control diet. Liveweight gain was
significantly higher on the CSM diet than on the control.

However, the results of Experiment 5 showed that the DMI of lambs fed oaten
chaff (1.7% N, 51-57% DMD) ad libitum was not significantly improved by CSM
supplementation either at constant 35°C or at 35°C (day)/20°C (night) temperatures.
Liveweight gain, on the other hind, was significantly higher on the CSM diet than on
the control diet. It is possible that the quality of the basal diet used (oaten chaff;
9%CP) was sufficiently high as to allow relatively high DMI (2.5-3% of liveweight),
and that additional amino acids from CSM could have improved the balance between
protein and energy in the absort ed nutrients, resulting in a higher growth rate.

When a lower quality ryughage (barley straw: 1.5% N, 48% DMD when
supplemented with 2% urea) wes fed to Merino lambs (Experiment 6) housed at 36°C
with lower relative humidity (-/0-50%), increasing levels (50, 100 and 150 g/d) of
protein meal (“Norpro”) significantly improved DMI, microbial N supply and LWG,
which all appeared to have reached a plateau at 100 g/d supplementation. However,
it was not clear whether the imy rovement in the performance of the lambs was due to
additional amino acids, or rather to increased metabolisable energy intake. For this
reason, Experiment 7 was coiducted under similar environmental conditions to
compare the performance of the same lambs when fed the same basal diet as that of
Experiment 6 but supplementei with 100 g/d “Norpro” protein meal (A), 100 g/d
barley grain (B), A + 100 g B /c (C) and A + 200 g B/d (D). DMI and LWG of lambs
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on treatments A and B were very similar, indicating that the better performance of
lambs in Experiment 6 was partly an energy response for which additional dietary
bypass protein was not required. Increasing levels of grain in addition to protein meal
tended to increase DMI, and s gnificantly increased microbial N supply and LWG.
However the LWG achieved on treatments C and D were only 32 and 48 g/d
respectively. The fact that the estimated ME intakes appeared to be lower than those
required for higher growth rate indicated that the performance of sheep at such high
protein intakes may be improved if mcre non-protein, metabolisable energy is made
available.

In Experiment 8, to miniraise energy expenditure for activities associated with
eating and digestion of low qua ity roughage, and thus to improve energy availability
for productive purposes, a basa diet similar to that used in Experiments 6 and 7, but
was ground and pelleted. Sixteen similar sheep were fed ad libitum either chaffed or
ground-pelleted barley straw »asal diets, with or without 100 g/d CSM. DMI,
microbial N supply and LWG were significantly improved both by grinding and CSM
supplementation. CSM supplementation improved DMI by only 110 g/d when the
basal diet was chaff. On the othcr hand, DMI was dramatically improved (by 364 g/d)
by CSM supplementation whe1 basal diet was ground and pelleted. The primary
limitation to DMI in this experiinent appeared to be the particle size of the basal diet,
so that when the basal diet was zround, DMI was stimulated by provision of limiting
nutrients such as RDN and amino acids. The LWG of sheep fed the pelleted diet
supplemented with CSM was 1 3 g/d higher that that of sheep fed the chaff without
CSM.

Experiment 9 was carried out to determine whether the responses to amino
acids found in Experiment 8 we e due, in part, to effects on oxidation of substrates or
on the efficiency of utilisation f nutrients in host tissues, especially of acetate. The
net flux of CO, and the proportion of acetate oxidised were determined by continuous
infusions of '*C-sodium bicartonate and '*C-sodium acetate, and the net flux of
glucose was estimated using continuous infusion of *H-glucose. The estimated energy
expenditure (predicted from the net flux of CO,) was significantly increased in sheep
fed pellets with CSM, but the 1et fluxes did not differ significantly between other
treatments. Glucose production, on the other hand, was significantly increased both
by grinding and CSM supplemzntation. However, the increased supply of glucose

(which is has been suggested improves the rate of fatty acid synthesis due to
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increased supply of NADPH) did not reduce the rate of acetate oxidation. The
relatively high estimate of the proportion (67 - 78%) of acetate oxidised, which may
be under-estimated due to recycling of CO,, suggested that acetate was utilised to
meet the high energy requirerients of the animals when housed at high ambient
temperature. Thus, futile cyclin ; associated with acetate metabolism was not likely to
have occurred significantly in he present study, and if any related increase in heat
production would have made or ly minimal contribution to the level of heat stress and
thus to the depression in fecd intake that occurs in ruminants under tropical
conditions.

Results of the studies p-esented in this thesis indicate that bypass protein
supplementation to low quality roughage (that is already adequately supplemented
with RDN and minerals to elininate rumen deficiencies), is unlikely to improve the
performance of ruminants. On a very low digestibility basal diets such as barley
straw, gut fill will most likely be the primary limitation to DMI once nutrient
imbalances are corrected, for ¢xample by supplementation with rumen undegraded
amino acids. Under tropical conditions, low productivity of ruminants is more likely
to be related to low ME intake resulting from type of diet than to imbalances in
absorbed nutrients.

In terms of priorities for improvements in feeding management of animals in
the tropics, as the digestibility of most tropical forages is low, the rate of digestion
should first be increased, for example by grinding or alkali treatment.
Supplementation with nutrients will then be needed next to optimise rumen function.
More rapid microbial fermentition and growth is then expected to improve ME
availability in the rumen and to increase microbial amino acid supply to the intestines
up to the point when rate of ermentation or rumen emptying again becomes the
primary limitation to MEIL. Additional soluble energy supplements can then be
expected to support higher rate: of microbial growth. A combination of these dietary
treatments may improve P/E ratio, reduce energy wastage during eating, rumination
and digestion, increase the avai ability of ME and thus improve ruminant production.
Additional bypass protein wolld only be beneficial if the requirement for protein
relative to ME is higher than the rumen and minimal bypass can provide, for example

in high producing animals durir g early growth, late pregnancy or early lactation.





