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ABSTRACT 

This publication presents the results of a Satellite Symposium held in Sendai, 
Japan, 28th August 1989, that focused specifically on recent advances on 
ruminant physiology and nutrition in Asia. It was held in conjunction 
with the VII International Symposium on Ruminant Physiology that was 
also held in Sendai, between 28th August - 1st September 1989. The 
Symposium involved the presentation and discussion of five key papers 
related to applied ruminant physiology and nutrition, comparison between 
buffaloes and cattle, goats and sheep, advances on the subject in Japan, and 
degradation of deleterious principles. Potential possibilities of increasing 
productivity from the ruminant resources are associated with the need for 
more understanding of special features concerned with the digestive physio- 
logy and nutrition of individual ruminants, and manipulation of dietary 
nutrients. 
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PREFACE 

The International Symposium on Ruminant Physiology provides a forum 
for the presentation and exchange of the latest results of research, as well 
as their discussion. It is also intended to promote future plans for the 
development of ruminants by specialists from around the world who are 

working in a variety of disciplines relating to ruminant physiology. 
The Symposium is held once every five years, and the seventh in the 

series took place in Sendai, Japan, for the first time in Asia. On this 
occasion, it was considered significant and appropriate that a number of 
problems peculiar to Asia should be discussed as a means to improve and 
promote ruminant production. 

Dr C. Devendra, Senior Program Officer in the International Develop- 
ment Research Centre, Singapore, was charged with the responsibility for 
organising a Satellite Symposium titled `Ruminant Physiology and Nutri- 
tion in Asia°. Representing the host nation, Dr E. Imaizumi, Research 
Coordinator at the Tropical Agricultural Research Center, Japan, shared 
the initiative with Dr Devendra in staging a very successful satellite meeting. 

The meeting took place in Sendai Civic Auditorium on the evening 
of 28th August 1989 and featured five invited speakers, all of whom are 
well known scientists in their respective fields in ruminant nutrition. The 
presentations were both impressive and important, and involved many 
questions and much discussion with the audience. Unfortunately, time 
limitations prevented more thorough deliberations. 

This volume reports the proceedings of the meeting. I believe it contains 
a wealth of information for persons interested in the development of 
ruminant physiology and nutrition in Asia. 

T. TSUDA 
Chairman of the Organising Committee 

VII International Symposium on Ruminant Physiology 
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Recent Advances in Applied Aspects of 
Ruminant Physiology and Nutrition 

R.A. Leng 

Department of Biochemistry, Microbiology and Nutrition, 
University of New England, 

Armidale, N. S. W., 2351, 
Australia 

ABSTRACT 

Recent advances in ruminant physiology and nutrition are discussed in relation 
to improving animal production in the tropics and comparing and contrasting 
research results from temperate and tropical sites. Improvements in the rates 
of animal production have been achieved by considering the ruminant as two 

systems; the fermentatiw digestion system in the rumen and the animal which 
largely depends on the nutrients that arise from digestion and absorption of 
end production of fermentation. An efficient fermentative digestion and an 
efficient anabolism of the nutrients absorbed is ensured by supplementation. 
Highly efficient utilisation of "low quality' forages has been achieved in 
ruminants by application of these concepts. However, there have been consid- 
erable differences in results between laboratories. It is suggested that the major 
differences in results have been between research carried out in temperate 
countries (or controlled laboratory conditions) as compared with tropical 
countries (uncontrolled laboratory conditions). The contrasting data may be 

rationalised to some extent by considering the requirements to oxidise substrate 
in cold stress conditions (i.e. any lowering of the temperature humidity index 
(THI) below that at which the animal minimises heat production). A few units 
drop in THI increases the oxidation of acetogenic substrate and will alter the 
protein to energy ratio and the glycogenic energy ratio in the nutrients available 
for synthesis and maintenance. A cold stressed animal therefore needs less 

precursors of protein and less glucose in the balance of nutrients available than 
an animal at thermoneutrality Conversely; an animal at thermoneutrality 
requires more glucose and amino acids in the nutrients available If these are 
supplied in supplements, ruminants in hot climates can eJjiciently utilise the 
excess acetogenic substrate for synthesis. Results of growth studies with cattle 
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in Australia, Thailand and Bangladesh using low quality forages (MID 6 - 
8.8) supplemented to ensure efficient rumen digestion and efficient metabolism 
indicate that the efficiencies of feed utilisation are equal to that of cattle fed 
"high quality feeds" (barley beef diets, MID 12.5). These results suggest that 
metabolisable energy values of feeds are misleading at least for the feed resources 
that are mainly used in tropical countries but it could also indicate that basal 
heat production for maintenance of ruminants may have been vastly overes- 
timated. Any manipulations of the diet that alters the PIE ratio in the nutrients 
available to ruminants from a diet are likely to improve feed conversion 
efficiency to a greater extent in ruminants in the tropics as temperate countries. 
Factors that alter the requirements of protein relative to energy in the nutrients 
available for anabolism include cold/heat stress, previous periods of protein 
undernutrition, physiological condition and previous parasitic infections. In- 
troduction of multinutrient blocks and by-pass protein feeds have resulted in 
levels of milk production in dairy cows in the tropics which approach those 
of cows in the temperate countries where they arefed high quality forages/con- 
centrate diets. This has been achieved on basal diets devoid of grains, of 
moderate digestibility but high in by-pass protein. 

(Key words. Buffaloes, cattle, climate, low quality forages, supplemen- 
tation, by-pass protein, climate, multi-nutrient blocks). 

INTRODUCTION 

Because of the predominance of tropical countries in Asia advances in 
animal production are discussed with emphasis on feeding of animals in 
hot environments. Emphasis is also placed on the divergence in feeding 
strategies that are needed for ruminant production in tropical as compared 
to temperate country conditions. 

The discussion will demonstrate that feeding standards and practices 
developed in temperate countries are often inappropriate for ruminant 
production systems in the tropics. This is particularly so in those countries 
where ruminants depend on crop residues, agro-industrial by-products or 
tropical pastures as the basal feed resource. These forages are low in 
digestibility, low in fermentable nitrogen and digestible by-pass protein and 
are often deficient in minerals (Sundstol and Owen, 1984; Preston and 
Leng, 1984). They are often below the minimum metabolisable energy 
content (M/D) regarded as being useful. These basal feed resources have 
been regarded mainly as diluents for "energy dense" grain based diets for 
ruminants in Europe and North America. 

Recent applied and basic research indicate that medium to high levels 
of production can be achieved on tropical feed resources at feed conversion 
efficiencies that are similar to those achieved on grain based concentrates. 
This conclusion is not solely dependent on research findings but rationalisa- 
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tion of the results of the application of research findings at the village, 
farm and institutional level in India. It is obvious that the need to conform 
to `modern feed evaluation systems and feeding standards' that depend on 
chemical analysis of the feed rather than responses of the animal have 
mitigated against the application of these concepts in the tropics and maybe 
even in the temperate countries (Review by Preston and Leng, 1987). 

The need to develop feeding systems for the tropics that are independent 
of the temperate-country norms results from the recognition that developing 
countries in Asia (and elsewhere) need to optimise, not maximise, the 
utilisation of locally available animal feed resources (Preston and Leng, 
1987) and that animals in the tropics can more effectively utilise the nutrients 
available from a feed since they require to oxidise little or no substrate to 
counteract cold stress. The data from research in the tropics also suggest 
that the metabolisable energy concept of feed evaluation is misleading as 
it over estimates basal metabolic requirements. 

PRINCIPLES OF FEEDING RUMINANTS IN THE TROPICS 

It is well established that the priority for improving the utilisation of feed 
resources by ruminants is to optimise the availability and efficiency of 
utilisation of nutrients to the animalfrom those materials which require to 
be digested by fermentation in the rumen. The principles involved are to: 

Ensure that the microbes within the rumen grow efficiently; extract the 
maximum amounts of nutrients from the feed and that the microbial 
protein that is synthesised in the rumen is available for digestion and 
absorption as amino acids from the intestines. 
Ensure that the available nutrients are in balanced arrays and meet precisely 
the animal's requirements for nutrients. These requirements for specific 
nutrients, and therefore the supplementary feeding strategies, depend on a 

number of factors which include physiological condition, previous disease 
and health history and husbandry conditions. The prevailing climate may 
have an overriding effect on the balance of nutrients that is available for 
productive functions. 

1) Ensuring an efficient rumen fermentative digestion : 

meeting the requirements for efficient microbial growth 

A deficiency of any nutrient in the diet that is required by bacteria and/or 
fungi in the rumen will result in a lowered rate of growth of these microbes, 
a decreased pool size and at times decreased rate and extent of fermentation 
of feed in the rumen. The most important repercussion of a deficiency of 
an essential microbial nutrient in a diet will be a decreased production of 
microbial cells relative to VIA (Leng, 1982) which has a marked effect on 
the efficiency of feed utilisation. 
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AmmoniaN and sulphur are the critical microbial nutrients that are 
most likely to be the primary deficiencies on low protein diets used to 
feed ruminants in tropical countries. A range of minerals and other growth 
factors may at times also be a constraint to microbial growth (e.g. amino 
acids, peptides, phosphorous and trace minerals). 

Molasses/urea multinutrient blocks are an effective means of providing 
a wide range of potentially deficient microbial nutrients (Preston and Leng, 
1984; Kunju, 1986; Leng and Kunju, 1988). 

a) Requirements for rumen ammonia 

Ensuring adequate ammonia N in the rumen is the first priority in op- 
timising fermentative digestion. Satter and Slyter (1974) suggested that 50 
to 80 mg ammonia-N/litre of rumen fluid was the optimum for maximising 
microbial growth and this has been widely accepted. However, recent 
studies from two laboratories in Australia have clearly indicated that the 
minimum level of ruminal fluid ammonia for optimum intake of low N, 
low digestibility forage by cattle is about 200 mg N/litre, even though the 
digestibility of the forage (in nylon bags) was optimised below 100 mg 
ammonia-N/litre (Krebs and Leng, 1984; Boniface et al., 1986; Perdok et 
al., 1988). 

The effects of increasing ruminal fluid ammonia by infusion of urea 
into the rumen of steers on intake of rice straw and the digestibility of 
rice straw in nylon bags in the rumen are shown in Figure 1. 

b) Free-choice molasses/ urea blocks 

Undoubtedly the level of ammonia in ruminal fluid (i.e. above 200 mg 
N/litre) is indicative of its sufficiency for microbial growth. There are 
indications from research carried out in India that ruminants given con- 
tinuous access to molasses/urea blocks control their intake of urea fairly 
closely. Once buffaloes were accustomed to molasses/urea blocks, they 
adjusted their intake according to the N content of the basal diet (Table 
1). 

c) Timing of ammonia supplements 

The introduction of starch in a diet fibre fermentation has been well 
categorised (Orskov and Frazer, 1975). However, the influence of sugar in 
the diet on fibre degradation is less well understood. Most forages are a 
mixture of sugar/fibre, which varies (eg. in pastures, according to tempera- 
ture/sunshine hours, night temperatures, and soil moisture conditions and 
in stored forages according to harvesting conditions and length and condi- 
tions of storage). 

In general, tropical grasses are lower in sugars than temperate grasses 
(Minson, 1982). Sugar cane is relatively low in sugar in the growing season 
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Figure 1 

THE EFFECTS OFTHE LEVEL OF AMMONIA IN THE RUMEN ON THE 
INTAKE AND /NSACCO DIGESTIBILITY OF STRAW BY CATTLE 

(Perdok et al., 1988) 
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400 

THE INFLUENCE OF THE CRUDE PROTEIN CONTENT OFTHE BASAL 
DIET GIVEN TO LACTATING BUFFALOES ON THE INTAKE OF A BLOCK 

LICKS BASED ON MOLASSES/UREA 
(Kunju and Leng, 1988) 

Group no. Diet N 
content 

(g N) 

Intake of 
block lick 

(g/day) 

Milk 
produced 

FC M (kg/day) 

Live weight 
changes 
(g/day) 

1. 0 586 4.3 -357 
2. 30 256 5.7 -455 
3. 83 293 6.3 +276 
4. 111 173 6.1 + 89 
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but represents 30% of the total stem dry matter when it is mature. Rice 
straw collected soon after harvest of the grain may be 55% digestible because 
of a high sugar level and will drop to 40 to 45% during storage as these 
sugars are lost. 

Sugar ferments almost instantaneously when it enters the rumen 
whereas fermentation of fibre may reach a peak at some 4 to 6 hours post 
ingestion of a roughage (Annison and Lewis, 1959). 

Supplements must provide adequate levels of ammonia in rumen fluid 
for continuous growth of both fibrolytic and saccarolytic organisms. The 
only satisfactory approach to meeting these changing requirements for 
ammonia is to make urea/molasses mixtures available continuously and 
allow the animal to take this as needed. 

The influence of rumen protozoa on ruminant production. The limita- 
tions to ruminant production on sugar/forage based diets are further com- 
plicated by the microbial ecosystems that develop in the rumen. Figure 2 
shows the changing pattern of fermentation in the rumen of sheep given 
various sugar/wheat straw diets. As sugar increased in the diet there was a 
marked stimulation of protozoal numbers in the rumen and a concomitant 
decrease in fibre digestibility as indicated by in sacco digestibility. The 
influence of such protozoal populations are likely to be detrimental because 
of the predation of bacteria by protozoa (Coleman, 1975). 

Protozoa in the rumen can be regarded as a major parasite of ruminants. 
This view was recently contested by Ryle and Orskov (1987), who based 
their objections on a review of the literature. These authors called for 
"careful examination of supporting evidence before accepting the conclusions 
that improvements are obtained" (in fauna-free animals). 

Figure 2 

THE EFFECTS OF ALTERING THE SUGAR TO WHEAT STRAW RATIO 
ON THE NUMBERS OF PROTOZOA FOUND IN THE RUMEN AND 

/NSACCO DIGESTIBILITY OF WHEAT STRAW 
(Navas and Leng, 1989 - unpublished) 
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Because of the prominence given to the review, some relevant results 
are presented here which clearly demonstrate the benefits of the fauna-free 
state on production of ruminants. 

It is now acknowledged that the presence of a significant population 
of protozoa in the rumen decreases the amount of bacterial protein leaving 
the rumen by up to 50% (Recommendations in Nolan, Demeyer and Leng, 
1989). In terms of the ratio of protein from microbes to VFA energy in 
the nutrients absorbed this may change that ratio from 25 g microbial 
protein per MJ VFA to below 12 to 14 g microbial protein per MJ VFA. 

The physiological research which has shown that there is an increased 
availability of microbial protein for digestion in fauna-free as compared to 
faunated ruminants (Veira et al., 1983; Jouany et al., 1989) has supported 
the applied research from these laboratories involving feeding trials with 
large numbers of animals (Bird and Leng, 1978; Bird et al., 1979, Bird, 
1989). In sheep on a sugar/fibre diet increasing levels of fish meal in the 
diet (Figure 3) increased wool growth (which is responsive to the quantities 
of amino acids absorbed from the intestines) (Reis and Schinckel, 1961). 
At all levels of fish meal supplementation wool growth was greater (Bird 
et al., 1979) in fauna-free as compared to faunated sheep. 

Fauna free cattle on a low protein, molasses/urea based diet grew 43% 
faster than faunated cattle on the same feed intake, indicating that the 
improved rate of production was entirely due to a higher efficiency of feed 
utilisation (Bird and Leng, 1978). 

The discussion to follow, on the implications of environmental 
temperature/humidity for nutrition of ruminants, will indicate why a major 

Figure 3 

WOOL GROWTH-AND LIVE WEIGHT GAIN OF FAUNATED AND 
FAUNA-FREE SHEEP GIVEN OATEN CHAFF/SUGAR BASED DIETS 

SUPPLEMENTED WITH INCREASING LEVELS OFFISH MEAL 
(Bird etal., 1979) 
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change in protein/energy (P/E) ratio in the nutrients absorbed (i.e. the 
major difference between faunated and fauna- free ruminants) will be more 
effective in improving ruminant production in the tropics as compared to 
temperate/cold countries. In the former countries the available feed are 
generally low in true protein and animals are rarely cold, but at times heat 
stress is severe. 

Increases in digestibility of fibrous feeds have been observed when 
protozoa are absent from the rumen of sheep on straw based diets (Soetanto, 
1986; Romulo et al., 1988) including those supplemented with substantial 
quantities of grain and/or by-pass protein (Habib et al., 1989; Forster and 
Leng, 1989). A typical response relation in wool growth and live weight 
gain to feeding both by-pass protein and maize to faunated and fauna-free 
sheep on straw based diets is shown in Figure 4. 

2) Ensuring an efficient metabolism in the animal 

a) The implications of climate 

The efficiency with which digestible feed is converted to ruminant products 
(live weight, milk, etc.) is dependent on precisely meeting the animal's 
requirements for individual nutrients required for the particular function 

Figure 4 

WOOL GROWTH AND LIVE WEIGHT GAIN OF FAUNATED AND 
FAUNA-FREE SHEEP GIVEN WHEAT STRAW BASED DIETS 

SUPPLEMENTED WITH MAIZE AND/OR COTTONSEED MEAL (CSM) 
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(Preston and Leng, 1987) and the demands brought about by climate for 
body temperature control (Blaxter, 1962). Graham et al., 1959 and Blaxter, 
1962 showed that the utilisation of nutrients depends on the degree of 
heat/cold stress of the animal. 

The changes in the utilisation of nutrients by sheep subjected to a 
range of temperatures (with little or no wool for insulation) are shown in 
Figure 5. The ruminant appears to oxidise fat or acetogenic (acetate and 
butyrate) substrate for heat production when cold stressed. The availability 
of acetogenic substrate (i.e. nutrients absorbed that are converted to fat, 
e.g. acetate, butyrate and long chain fatty acids) for synthesis and for 
maintenance, and to provide the oxidative energy for synthesis of products 
is therefore determined by the requirements for substrate for maintenance 
of body temperature. 

A cold stressed animal will oxidise acetogenic substrate for heat produc- 
tion and therefore the ratio of amino acids (and glucose) to energy in the 
balance of nutrients available for production will be higher than in an 
animal in its zone of thermoneutrality. 

The environment can thus alter the partitioning of nutrients into 
productive functions. The composition of supplements, to balance diets for 
ruminants therefore need to consider climate. 

It is recognised that cold stress in animals often increases voluntary 
feed intake, rumen turnover rate and increases microbial cells moving to 
the lower tract thus increasing the P/E ratio in the nutrients available for 
maintenance or production (Kennedy et al., 1986). 

As an example of how environmental factors can change the nutrient 
balance available to ruminants, a model used previously to predict the 
availability of nutrients to an animal (Leng, 1982) now includes the effects 
of cold stress. The model is based on the sheep (closely shorn) used in the 
studies of Graham et al. (1959) which were fed 600, 1200, or 1800 g of a 

Figure 5 

CATABOLISM OF NUTRIENTS BY CLOSELY SHORN SHEEP AT 
VARYING ENVIRONMENTAL TEMPERATURES AT HUMIDITY 50% 

(after Graham et al., 1959; Blaxter, 1962) 
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grass cube diet and subjected to periods at environmental temperature 
ranging from 8 to 40°C at a relative humidity of 50%. 

The data in Table 2 show that the need to maintain body temperature 
may require a considerable proportion of the digestible nutrients to 
be oxidised. The absence of a cold stress means that considerably more of 
digestible nutrients (and in particular more acetogenic substrate) is available 

Table 2 

THE EFFECTS OF ENVIRONMENTAL TEMPERATURE ON THE 
BALANCE OF NUTRIENTS AVAILABLE FOR ANABOLISM 

(Graham eta/., 1959) 

Ration (g dried grass/day) 
600 1200 1800 

Minimal heat production (MHP) 5.8 8.3 10.5 
Temperature at MHP (°C) 40 33 24 
Metabolisable energy intake (MJ) at MHP 5.1 9.8 13.7 
Heat production required to combat 51C below 

critical temperature (MJ) (1) 2.2 2.2 2.2 
Nutrients available (MJ) from: 

Acetic acid 1.9 3.80 4.75 
Butyric acid 0.27 0.54 0.74 
Propionic acid (G) 0.54 1.08 1.49 
Total VFA (E) 2.71 5.42 6.98 

Microbial protein available (g/day) 72 148 198 
P/E ratio (g/MJ) (3) 26:1 27:1 28:1 
Available P/E ratio (g/MJ) (5) 118:1 45:1 40:1 
G/E ratio (MJ/MJ) (4) 0.25 0.24 0.27 
Available G/E ratio (5) 7.71 0.48 0.43 

(1) The energy requirements for heat produced below the critical temperature 
were assumed to be 0.44 MJ/°C/24 hour (Graham et al., 1959). 

(2) The available nutrients are calculated assuming that all the digestible dry 
matter is digested in the rumen, that the rumen microbes have a YATP 14 
and that microbial cell synthesis and VFA production are stoichiometrically 
related as described by Lang (1982). No consideration is taken of a possible 
increasing dilution rate with increasing feed intake. 

(3) P/E ratio is the calculated microbial protein available (g) for digestion relative 
to VFA produced (MJ). 

(4) G/E ratio - this is the ratio of propionate (MJ) to acetate plus butyrate 
(MJ) available - the glycogenic energy ratio (Pre.ton and Leng, 1987). 

(5) The available P/E and G/E ratios are defined as the nutrient ratios after the 
acetogenic nutrients have been used for body temperature control.They are 
calculated assuming that the energy for heat production arises from the 
oxidation of acetate and/or butyrate. Graham et al. (1959) showed fat was 
the major source of heat and that metabolism of glycogenic or aminogenic 
substrate is unaffected by cold stress whereas fat (acetogenic substrate) 
oxidation accounted for the heat produced. 
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for maintenance and synthesis. However, if the acetogenic substrate cannot 
be utilised in synthesis because of a low availability of essential amino acids 
and/or glucose (i.e. imbalance in P/E or G/E) then the substrate must be 
either dissipated as heat, or the animal must reduce its feed intake. If the 
animal is able to oxidise the excess substrate with the production of heat 
but cannot dissipate the heat because environmental temperature/humidity 
is high, then it must also reduce its feed intake and if its body temperature 
rises, metabolic rate increases through the oxidation of protein (Blaxter, 
1962). 

b) Climate, supplementation and intake of low quality forages 

The vigorous debate on whether supplementation of sheep and cattle on 
low quality forage based diets with urea and /or by-pass protein increases 
intake of the basal feed resource may be rationalised by considering the 
influence of climate. This is illustrated when research results from Australia 
on the effects of supplementation of cattle on low quality forages are 
grouped according to climatic zones (Figure 6). The research of Lindsay 
and Loxton (1981), Lindsay et al. (1982) and Hennessy (1984) was done at 
sites in the tropics or subtropics, whereas the research of Kellaway and 
Leibholtz (1981) and Perdok (1987) was done under more temperate climate 
conditions. The important aspect here is that the largest responses in intake 

Figure 6 

INTAKE OF LOW QUALITY FORAGE BY CATTLE IN AUSTRALIA 
IN RELATION TO INTAKE OFTHE FORAGE FOLLOWING 

SUPPLEMENTATION WITH A BY-PASS PROTEIN MEAL OR 
BY-PASS PROTEIN MEAL PLUS UREA 

110r i (Leng, 1989) 
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of forage by cattle have occurred where the research site is in the tropics 
or subtropics (Leng, 1989). It is suggested that improving the P/E ratio 
under these conditions reduces metabolic heat production by partitioning 
surplus acetogenic substrate into synthetic reactions rather than oxidative 
reactions with a resultant decrease in heat production (Leng, 1989). 

The interaction of nutrition and climate may explain why there is a 
stubborn disbelief by some researchers from developed countries (temperate) 
of research carried out in developing countries in the tropics (e.g. studies 
from Bangladesh), which have clearly demonstrated that supplementation 
with a by-pass protein stimulates both the level and efficiency of production 
of milk (Figure 7) or live-weight gain (Table 3) in ruminants fed on crop 
residues. 

Figure 7 

RESPONSE IN MILK YIELD TO SUPPLEMENTS OF FISH MEAL OF 
NATIVE AND CROSSBRED CATTLE FED AMMONIATED RICE STRAW 

10 r IN BANGLADESH 
(Saadullah, 1984) 
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Table 3 

THE GROWTH RATE OF THE CALVES SUPPLEMENTED 
WITH OILSEED MEAL 

(Saadullah, 1984) 

Daily Straw Live weight Feed conversion 
supplement intake gain ratio 

(g/day) (kg/day) (g/day) (kg feed/kg gain) 
0 3.8 84 46:1 

200 3.8 371 11:1 

400 3.8 373 12:1 

600 3.8 508 9:1 
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Ruminants in hot countries have an advantage of not having to oxidise 
much acetogenic substrate (or body fat) to keep warm. This energy can be 
captured in products by balancing the diet, with supplements. In cold/cool 
countries supplementation with protein is less necessary, as the utilisation 
of surplus acetate for heat, decreases the need to balance nutrients (Table 
4). So long as feed intake is high (i.e. the diet is highly digestible) production 
remains high. 

Table 4 

THE EFFECTS OF COLD STRESS ON THE BALANCE OF NUTRIENTS 
AVAILABLETOASHEEPGIVEN 1200G/DAYDRIED GRASS CUBES 

WITH 60,50 OR 40% DIGESTIBILITY 

Temperature (°C) 
33 31.5 29 27.5 

1. Digestibility 60 50 40 60 60 60 
2. Metabolisable energy 

available (MJ/day) 9.8 8.1 6.5 9.8 9.8 9.8 
3. VFA oxidised to 

counteract cold 
stress (MJ/day) 0 0 0 1.1 2.2 3.3 

4. VFA produced 
(MJ/day) 5.4 4.5 3.6 5.4 5.4 5.4 

5. VFA available 
(MJ/day) 5.4 4.5 3.6 4.3 3.2 2.1 

6. Microbial protein 
(g/day) 148 123 98 148 148 148 

7. Available P/E 
ratio (g/MJ) 27:1 27:1 27:1 34:1 46:1 70:1 

8. Available G/E 
ratio (MJ/MJ) 0.25:1 0.25:1 0.25:1 0.33:1 0.50:1 1.04:1 

(1) Digestibility of this ration was (Graham et al., 1959). The theoretical 
availability of nutrients from a similar feed at 50 and 40% digestibility are 
also shown. 

(2) Metabolisable energy availability at minimum heat production by the animal 
(Graham et al., 1959). 

(3) Calculated assuming 0.44 MJ/day are required to counteract 1 °C drop in 
temperature below the minimum critical temperature i.e. 331C for sheep on 
this ration) (Graham et al., 1959). 

(4) Calculated from stoichiometric principles (Leng, 1982). 
(5) Assumes that only VFA are oxidised to counteract cold stress. 
(6) Calculated from stoichiometric principles (Leng, 1982). 
(7) Available P/E ratio is calculated assuming that the cold stress is met by 

oxidation of acetic and butyric acid and that amino acid catabolism is un- 
affected by cold stress. 

(8) Available G/E ratio is calculated assuming that the heat for counteracting 
cold stress is generated by the oxidation of acetate and butyrate and that 
propionate is not oxidised for this purpose. 
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Nevertheless increases in the efficiency of utilisation are obtained when 
low protein diets are supplemented with a by-pass protein even in temperate 
countries (Orskov, 1970 and for review, Leng et al., 1977). 

It can be concluded that ruminants in the tropics can produce at the 
same rate on a lower digestibility feed as an animal on higher digestibility 
feed unsupplemented in a cold environment. The reasons for this become 
apparent if some calculations of the available nutrients are made from 
stoichiometric considerations (Table 4). 

The average temperature humidity index (THI) which is an index of 
potential heat stress conditions for ruminants (Johnson, 1987) on a monthly 
basis for Cambridge (England), Dhaka (Bangladesh), Bangkok (Thailand) 
and Armidale (Australia) are shown in Figure 8. The critical THI (72) for 
high milk producing cows as determined by Johnson (1987) is included in 
the figure but this will obviously vary depending on, in addition to mean 
daily temperatures, the incidence of wind, rain and daily variations in 
temperature as well as level of feed intake. 

Figure 8 

TEMPERATURE HUMIDITY INDEX (THI) OF CLIMATES IN TEMPERATE 
COUNTRIES (CAMBRIDGE, U.K. AND ARMIDALE, AUSTRALIA) 

COMPARED TO TROPICAL COUNTRIES (BANGKOK, THAILAND AND 
MYMENSINGH, BANGLADESH) 

TEMPERATURE HUMIDITY INDEX (OC) 

S 0 D 

METABOLISABLE ENERGY AS AN INDICATOR 
OF FEED QUALITY 

There are considerable data which show that sheep and cattle on so called 
poor quality and high quality feeds often have comparable efficiencies of 
feed utilisation (Table 5). This is difficult to reconcile from a classical feeding 
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Table 5 

THE PERFORMANCE OF LAMBS FED HIGH AND LOW QUALITY DIETS 
(Leng, 1989) 

Basal Quality 
status 

Approx. 
digestibility 

Growth rate 
(g/day) 

FCR 

(%) (g/g 
LWO 

(g DOM/g 
LWO 

Cottonseed 
hulls (CSH)l 

CSH + formal- 
low 40 75 16:1 6:1 

casein (BP)1 
Rice straw (RS? 

low 40 138 8:1 3:1 

MUB 
RS + 120 g CSM 

low 42 50 50:1 21:1 

+ MUB low 42 90 8:1 3:1 

Clover/ryegrass3 high .80 143 8:1 6:1 

Grain/hay3 
Grain/hay + 

high 80 130 6:1 5:1 

fishmeal3 
Barley + 

high 80 253 5:1 4:1 

urea4 
Barley + 

high 80 224 4:1 3:1 

fishmeaP high 80 332 3:1 2:1 

1 Davis and Leng (1988);2 Sudana and Leng (1986);3 Geenty etal. (1987); 
4Orskovetal. (1970). 
MUB = Molasses/urea block 

standards base (i.e. from metabolisable energy (ME) values). That the ME 
of a feed (M/D MJ/kg feed) does not predict production levels with any 
degree of accuracy is illustrated by comparing the levels of production 
obtained in cattle on low quality feeds (supplemented to give efficient 
digestion and metabolism in the animal) with the classical data relating 
M/D ratio to efficiency of gain (g gain/MJ ME). The classical, schematic 
illustration of the effects of increasing fed quality (M/D MJ/kg) on the 
efficiency of conversion of ME into live weight gain in calves from Friesian 
cows (g gain/MJ) is shown in Figure 9. Some relationships found in practice 
where straw based diets have been given to cattle and supplemented with 
urea/minerals and varying levels of by-pass protein are also shown in Figure 
9. Webster (1989) points out that given a poor quality diet of hay (M/D 
8) the Friesian/Hereford cross achieves only 4 g gain/MJ rising to 14.5 g 

gain/MJ on a barley beef ration (M/D = 12.5). When this is compared 
with so called low quality straw (treated or untreated with ammonia to 
increase digestibility) and supplemented with optimum levels of by-pass 
protein so that it has an M/D of between 6 and 8.8 the efficiency of 
conversion of ME varied between 15 and 18 g gain per MJ in both Friesian 
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Figure 9 

A SCHEMATIC RELATIONSHIP BETWEEN DIET QUALITY 
(ME/KG DRY MATTER) AND FOOD CONVERSION 

EFFICIENCY (G LIVE WEIGHT GAIN/MJ ME) 
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and Zebu calves. These efficiencies are achieved despite growth rates being 
considerably less than that of cattle in a barley beef feeding system (i.e. 
500 to 950 g/day vs. 1200 to 1500 g/day respectively (Figure 9). 

It is tempting to suggest that the differences are a result of a cold 
stress in the animals in the United Kingdom relative to those in Australia, 
Thailand or Bangladesh. However, it is more likely that the high feed 
conversion efficiencies on-the straw diets are a combination of there being 
no requirement for heat production to counteract cold stress and an efficient 
utilisation of energy due to the more appropriate balance (from supplements) 
of nutrients in the animals (Perdok et al., 1988; Wanapat et al., 1986; 
Saadullah, 1984). 

The inevitable conclusion is that the metabolisable energy system is 
inadequate for prediction of levels of production particularly for the "low 
quality" feeds that may be "high quality" when supplemented to balance 
nutrients to the animal's needs. 

It is also possible that the heat generated in meeting maintenance has 
been massively over estimated in cattle in temperate countries. For this to 
have occurred, the maintenance heat production must have had a large 
component of heat generated wastefully. If so, this is most probably owing 
to an imbalanced array of nutrients. 

In the temperate countries, or with animals in laboratories in their 
zone of thermoneutrality this would not create difficulties as the animal 
can dissipate their heat. However, in a hot country with animals at THI's 
close to the upper limit of the zone of thermo- neutrality, this extra heat 
could cause a heat stress, resulting in a decreased feed intake. 
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PRACTICAL SYSTEMS FOR HIGH MILK PRODUCTION 

A number of well balanced feeding systems for milk production by Friesian 
and crossbred cows in the tropics or subtropics clearly indicate the potential 
for milk production that "balancing nutrition" can achieve on so called low 

quality feeds (Table 6). 

The moderate to high levels of milk production from Creole and 
Friesians cows and their crosses, given a basal diet mainly composed of 

sugar cane tops (Boodoo et al., 1988) supplemented with cottonseed meal 

has considerable implications for those countries with large land areas under 
sugar cane. 

Table 6 

SOME PRACTICAL RESULTS FROM COMMERCIAL MILK 
PRODUCING SYSTEMS BASED ON "LOW QUALITY" FORAGES 

Basal feed 
Tropical grass/ 
maize silage 
or other crops 
plus 1-2 kg rice 
straw/day' 

Rice straw/ 
millet straw 
(8 kg/dayP 

Ad lib. mixture of 
cottonseed 
hulls (46%); 
molasses (17%); 
cottonseed 
meal (18%); 
sesame seed 
meal (15%); 
crude lecithin 
(4%) and 
10 kg freshly harvested 
kikuyu grass 
(2 kg DM/day)3 

Cane tops 
(50% more than 
daily intake) 
+ cut carry grass 
as available4 

Supplements Milk production 
Free choice molasses/ 5000 to 6500 
urea blocks + protein kg/305 days 
pellet (30% CP) 
(350 g/kg milk) 

By-pass protein pellet 251/day 
300 g/kg milk (at 3 months) 

6200 kg/300 days 

(2nd calf cows) 
5700 kg/300 days 

(1 st calf heifers) 

Cottonseed meal 2800(4) 
250 g/kg milk 

1 NDDB Anand; 2 Personal observations - in village system one animal only; 
3 C. E. Payon, V. (pers. comm.);4 Boodoo et al. (1988) 
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The research using sugar cane tops, as the major feed resource was 
done under village conditions in Mauritius where the cow keepers had 
developed their own system of feeding based on trial and error. The farmers 
select the cane tops, remove or discard low digestibility materials and the 
cows receive about 50% excess of their daily intake. The cows selected the 
sheath bundles and about half of the leaf blades. In studies using nylon 
bags the feed selected by the cow was found to have a digestibility (24 
hours in sacco) of 55% compared to 34% for the discarded (by the cow) 
leaf blades. The high digestibility of the selected materials apparently allowed 
the cows to consume 3.5 kg DM/100 kg LWt. This is a most exciting 
finding as it indicates the potentially high levels of ruminant production 
that can be achieved on cane tops in tropical countries where at present 
they are largely discarded or burned. The data in Table 6 obtained under 
commercial conditions clearly indicate that milk production from dairy 
cows of high genetic merit on "low quality feeds" (virtually no grain based 
concentrates) even in countries with extremely difficult climates can ap- 
proach that of cows under temperate country management. However, to 
do this, there is a high requirement for supplementation with by-pass 
protein. 

It is important not to take this out of context as the more adapted 
animals with lower potential milk yields (i.e. native or native crosses with 
European dairy cows) may have much better disease resistance and higher 
reproductive and survival characteristics than imported cows. The geneti- 
cally "inferior" animals for milk production have a lower requirement for 
by-pass protein meals to optimise production. A low level of supplemen- 
tation with protein meals per animal will be much more effective in 
increasing the country-wide milk production than if these resources were 
provided to only a few specialised dairy cows. 

THE EFFECTS OF PREVIOUS DIETARY AND HEALTH 
HISTORY ON REQUIREMENTS FOR NUTRIENTS 

Low protein undernutrition in early life has implications for subsequent 
animal performance. 

Ruminants are stunted by periods of protein undernutrition (Preston 
and Leng, 1987); the small size of mature ruminants in the tropics can be 
attributed to a number of influences on protein nutrition including lack 
of adequate milk supply in the dam, early weaning onto dry pastures, 
competition for milk by humans, parasite infestation or periods of low 
protein undernutrition following weaning onto drought affected pasture. 

That such periods of protein deprivation may have long acting carry 
over effects was shown by Elliott and O'Donovan (1971) (Table 7). Cattle, 
supplemented with cottonseed meal in the 3 month dry season as compared 
to those that were unsupplemented grew much more efficiently under 
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Table 7 

CATTLE GROWTH RATES IN ZIMBABWE 
(Elliott and O'Donovan, 1971) 

Dryseason Wetseason Feed lot 
Supplement Lwt gain Lwt gain Lwt gain Feed/carcass 
intake (g/day) (g/day) (kg/day) gain 

(kg/day) (kg/kg) 

0 -213 633 1.0 8.4 

0.45 114 520 1.1 7.3 

0.90 243 429 1.4 5.6 

1.35 326 423 1.2 5.8 

feed-lot conditions even though compensatory growth in the wet season 
(6 months) prior to the animals entering the feed-lot had apparently removed 
much of the differences between supplemented and unsupplemented 
animals. 

It is therefore apparent that the requirements of an animal on a low 
protein diet for protein depend on previous history of feeding. There may 
be protein reserves in the body which can alter the requirements for amino 
acids relative to VIA substrate and in this way effect the efficiency of feed 
utilisation. 

Parasites generally drain protein from the animal's system (Dargie, 
1980) and must therefore result in a similar negative carry over effect as 
described for cattle for a period of protein undernutrition as induced by 
grazing low protein, low digestibility pastures without supplementation. 

Reproduction/nutrition interaction 

There is an accumulating evidence that providing a high ratio of amino 
acid or glucose in the nutrients available for metabolism has a large effect 
on the reproductive function of both male and female ruminants (Preston 
and Leng, 1987). 

As a low reproductive rate is often the primary limitation to overall 
production of ruminants under tropical conditions, it is of major impor- 
tance. For example, in many developing countries where animals are fed 
crop residues or there is a marked dry season, when pasture protein levels 
decline to extremely low values, the age at first calving is about 5 years 
and the intercalving interval is often 18 to 24 months. Any feeding strategies 
that reduce the age at puberty to 2 years and intercalving interval to 12 
to 15 months will automatically double productivity of a herd. 

Some examples of the results of balancing nutrition on reproductive 
function of ruminants on low protein low digestibility feeds or pasture are 
shown in Tables 3, 8, 9, 10 and 11. 
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The data in Table 3 illustrate that growth rate can be stimulated and 
therefore puberty (which is weight dependent) can be reached at an earlier 
age; lactational anoestrous may be broken by improving the cow's protein 
status but not energy status (Table 7). It may be only necessary to improve 
the efficiency of rumen fermentative digestion by provision of a molasses/ 
urea block to animals on crop residue orpasture to ensure efficient reproduc- 
tive function (Tables 8 and 9). The effects of feeding to improve the protein 
status of cows in late pregnancy also have an effect on the potential survival 
capacity of calves (e.g. calf birth weight) (Table 10) and milk production 
in the dam (Figure 7). 

Table 8 

LIVE WEIGHT AND CONCEPTION RATES OF LACTATING CATTLE 
GRAZING DRY NATIVE PASTURE SUPPLEMENTED WITH EITHER 

ENERGY OR BY-PASS PROTEIN 
(Hennessy, 1986) 

Supplement Live weight (kg) Conception rate (%) 
Nil 302 10 
Molasses/urea 332 20 

Cottonseed meal mix 343 60 

Table 9 

THE EFFECTS OF FEEDING MOLASSES/UREA BLOCKS TO CATTLE 
AND BUFFALOES ON REPRODUCTIVE ACTIVITY 

(John, NDDB, PERS. COMM.) 

No. No. of animals coming into oestrous 
before 120 days after 120 days never 

Crossbred cow 12 11 1 0 
Adult buffalo 18 17 1 0 
Buffalo heifers 39 28 6 5 

Table 10 

THE EFFECT OF PROVIDING A MOLASSES/UREA BLOCK (MUB) TO 
GRAZING COWS ON THE POSTPARTUM OR LACTATIONAL 

ANOESTROUS PERIODS IN ETHIOPIA 
(ILCA, 1987) 

Post-partum anoestrous period (days) 
+ MUB No supplement Diff. 

Suckling calves 132 199 67 
Restricted suckling 114 159 46 
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Table 11 

MEAN LIVE WEIGHT CHANGE AND DRY MATTER INTAKE OF 
PREGNANT COWS FED HETEROPOGON CONTORT/UM HAY (H C) 
SUPPLEMENTED WITH UREA/SULPHUR (U/S) AND A BY-PASS' 

PROTEIN (BP) OVER THE LAST60 DAYS OF PREGNANCY 
(Lindsay etaL, 1982) 

Diet HC intake Live weight Calf birth weight 
(kg/day) change (g/day) (kg) 

HC 4.2 -810 22 
HC + U/S 6.2 -310 31 

HC + 1 kg BP + U/S 8.1 +750 32 

CONCLUSIONS 

Interpretation of applied nutrition research implicates the ratio of protein 
to VIA in the nutrients absorbed by ruminants as being a primary factor 
in partitioning the available nutrients into various functions (heat genera- 
tion, foetal growth, milk production or live-weight gain). 

Adverse climate, creating conditions which places the animal outside 
its zone of thermal neutrality will modify the availability of acetogenic 
nutrients relative to other nutrients for anabolic functions. Cold stress 
increases the requirements for oxidation of acetogenic substrate, whereas 
hot/humid climates increase the requirements of protein relative to VFA 
energy by ruminants. Therefore if protein is supplied to ruminants in hot 
climates, a low digestibility of feed need not be a major constraint to 
production. 

Amelioration of heat stress of animals, on feeds normally used in the 
tropics, may be achieved by supplementation with protein meals. This 
again allows a greater production response to supplementation then may 
be observed with ruminants in the temperate countries. 

Feeding trials with cattle on straw bsed diets (M/D 6 to 8) show that 
the efficiencies of utilisation of ME for live weight gain are higher (15 to 
20 g gain/MJ) than in cattle (14.5 g gain/MJ) on mainly barley based diets 
(M/D 14.5). This suggests that there must be major reservations concerning 
the accuracy of the estimates of maintenance requirements of animals as it 
is not conceivable that the differences are attributable solely to differences 
in climates. The usefulness of metabolisable energy as applied in feeding 
standards is therefore questioned generally but particularly for the countries 
in the tropics. 

Two major conclusions arise from this discussion: 
1) It is possible to obtain production levels from ruminants in the tropics 

similar to those of temperate countries - utilising feeds of lower digest- 
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ibility but with an increased need for supplements of by-pass protein (and 
glucose?). 

2) Heat stress in ruminants on low protein forage based diets even at high 
environmental temperatures and humidity may be ameliorated by a 
supplementation with by-pass protein. 
These conclusions did not arise solely from laboratory research, but 

have been rationalised from basic biochemical and physiological considera- 
tions when the author found that a high level of by-pass protein supplemen- 
tation to dairy animals fed tropical forages had resulted in high milk 
production in cows with high genetic potential (NDDB Report). 

Previous nutrition and parasite infestation of ruminants in early life 
may influence the level of productivity at the fattening stage. A period of 
protein undernutrition early in life may increase the requirements for 
protein supplementation at a later stage. 

Reproductive functions of ruminants on low protein diets are highly 
responsive to improved availability of amino acids. Reproductive efficiency 
is likely to be the function, which if improved, will lead to the greatest 
increase in animal production from available feed resources in the tropics. 
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ABSTRACT 

The paper reviews current research with reference to comparative digestive 
physiology and nutrition in water buffaloes and cattle. Research data actually 
obtained from comparative experiments using cattle and buffaloes appears to 
be rather scanty. However, based on the available data, several aspects in the 
two species have been found to be relatively different and are presented. Distinct 
differences exist between buffaloes and cattle, but specific features in favour of 
buffaloes which have been reported concern reticulo-rumen contraction, cel- 
lulolytic bacteria population, digestibility, nitrogen utilisation efficiency and 
carcass composition, particularly the fat content. In the light of the available 
information, it is suggested that more research activities are needed on com- 
parative aspects of digestive physiology and nutrition in both species. 

(Key words. Buffaloes, cattle, intake, digestibility, nitrogen metabolism, 
reticulo-rumen, rumen microorganisms, carcass). 

INTRODUCTION 

Water buffaloes and cattle are important sources of livestock raised in Asia 
and play vital role in the overall farming and for the well-being of the 
people. According to FAO (1988), the total numbers were 399.8 and 133.5 
millions in Asia-Pacific compared to 1277.7 and 138.4 millions in the world 
for cattle and buffaloes respectively (Table 1). 

An understanding of metabolism and nutrient requirements of 
ruminant species is necessary, if the required production levels and overall 
production efficiency are to be achieved. Several ruminant species have 
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Table 1 

LIVESTOCK POPULATION IN THE ASIA-PACIFIC REGION 
(103; FAO, 1988) 

Country Cattle Buffaloes Sheep Goats 

Bangladesh 23,500 1,900 1,130 10,800 
Bhutan 395 7 25 30 
Burma 9,912 2,189 300 1,136 
China 71,347 20,437 99,009 67,220 
India 199,300 74,260 55,482 105,000 
Indonesia 6,470 2,994 5,300 12,900 
Iran 8,350 230 34,500 13,600 
Japan 4,694 - 27 48 
Kampuchea 1,600 700 1 - 
Korea DPR 1,200 - 4 217 
Laos 593 1,050 - 74 
Malaysia 620 245 75 347 
Mongolia 2,480 - 13,194 4,401 
Nepal 6,374 2,890 821 0,070 
Pakistan 16,951 13,698 26,640 31,882 
Philippines 1,659 2,857 30 2,027 
Sri Lanka 1,807 1,008 28 502 
Thailand 4,931 6,350 73 80 
Vietnam 2,775 2,666 - 432 
Australia 23,260 - 159,177 552 
Fiji 159 - - 59 
New Zealand 8,250 - 66,400 800 
Papua New Guinea 123 - 2 17 
Samoa, W. 27 - - - 
Tonga 8 - - 11 

Vanuatu 103 - - 12 

ASIA-PACIFIC TOTAL 399,751 133,516 462,608 257,737 
WORLD TOTAL 1,277,729 138,374 1,157,643 501,726 

demonstrated differences in many aspects. Many of the misconceptions held 
about buffaloes are based on little data and much prejudice. For instance, 
it is widely believed that water buffalo meat is tough and less desirable 
than beef. However, when the animals are raised for meat, buffalo steaks 
are lean, as tender as beef, and in appearance it is difficult to distinguish 
the two (NRC, 1981). 

In recent years, there has been considerable attention to comparative 
aspects of differences in physiology and nutrition between buffaloes and 
cattle (Devendra, 1983; 1987; 1989; Castillo, 1981; Chutikul, 1975; Kennedy, 
1989; Pradhan 1989). This paper reviews the available research information 
pertaining to buffaloes and cattle with respect to microorganisms, fermen- 
tation, digestive physiology, metabolism and growth performance in order 
to obtain essential information for further development of the species in 
the region. 

28 



Compartive Aspects of Digestive Physiology and Nutrition in Buffaloes and Cattle 

RETICULO-RUMEN MOVEMENTS 

Not very much information is available in this regard. Bhattacharyya and 
Mullick (1965) carried out a comparative study in river buffalo (Murrah 
breed) and zebu cattle (Hariana breed). It was interesting to find out that 
the interval between primary waves if the reticulo-rumen in buffalo was 
significantly longer than in the ox, whereas the interval between the secon- 
dary waves in the two species showed no significant difference. Thus, it 
appears that lower frequency of rumen movement in the buffalo reflected 
on slower rate of passage of feed in the rumen which may allow microbes 
to mix and work on the feeds longer. 

RUMEN MICROORGANISMS 

Earlier studies have shown that Oscillospira numbers in the rumen fluid of 
river buffalo and zebu cattle were different (Ichhponani and Sidhu, 1965; 

Langar, 1964; Pant, 1966). Langar et al. (1968) further confirmed using deficient 

carbohydrate diets that the numbers of oscillospira and microiodopbd were 
significantly higher in the rumen of buffalo than in zebu cattle which may 
have attributed to a more efficiency in feed utilisation (Table 2). 

It was confirmed by Pant and Roy (1970) when they found, under 
identical management, that total bacteria counts of 25.5 x 109 and 21.8 x 

109/ml ruminal fluid of river buffalo and cattle respectively, and the total 
ciliates were similar. 

Abdullah et al. (1986) reported that there was no difference on ureolytic 
activity of bacteria on the reticulo-rumina of swamp buffalo and cattle. 
The types of epithelial bacteria were affected that ruminal NH3-N level 
seemed to exert a feedback control on urease activity of ruminal bacteria. 
In a latter experiment, Abdullah (1987), using scanning electron microscope 
to identify ruminal microorganisms. Based on this report, similar types of 
bacteria and fungi were found in both swamp buffalo and cattle fed fresh 
grass, coccal, straight and curved rods bacteria and spherical fungi were 
identified. With regard to microbial protein quality, Makkar et al. (1973) 

Table 2 

DIFFERENCES IN MICROBIAL CONTENT IN THE RUMEN 
OF BUFFALOES AND CATTLE 

(EXPRESSED AS PER CU. MM. RUMEN FLUID) 
(Langaretat, 1968) 

Type River buffaloes Zebu cattle 

Protozoa 194.6 156.8 

Oscillospira 1384 164 
Other microiodophils 8028 3341 

Other bacterial count 10.4 x 10 6 10.2 x 10 6 
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reported that there were existing variations among amino acids and found 
higher contents of proline, tyrosine and phenylalanine in protozoal protein 
of river buffalo than those in zebu cattle. However, in zebu cattle, their 
protozoal protein were rich in glutamic, valine and leucine. 

Singh et al. (1973) carried out on experiment using 35S sodium sulphate 
to study in vivo production rates of bacteria in the rumen or river buffalo 
and zebu cattle. It was interesting to find that bacteria concentration pool 
size of bacteria (g), t/2 (min) and production rate of bacteria (mg/min) 
were markedly higher in buffalo than in cattle (Table 3). In swamp buffalo 
and cattle, Wattanachantra et al. (1989) found total counts of cellulolytic 
bacteria to be 9.77 x 109 and 7.50 x 109/ml respectively; the concentration 
of bacteria varied according to types of feeds offered. 

Table 3 

COMPARATIVE ASPECTS IN RIVER BUFFALOES AND ZEBU CATTLE 
(Singh et al., 1973) 

Species Conc.of 
bacteria 

Rumen 
volume 

Pool size 
of bacteria 

t/2 
(min) 

Production 
rate 

(mg/ml) (1) (g) (mg/min) 

Buffalo calves 2.40 27.8 66.8 4.32 107.3 
Buffalo calves 2.09 26.7 55.7 41.3 93.7 
Zebu calves 0.97 37.6 36.4 34.0 74.3 
Zebu calves 1.36 30.5 41.6 41.2 70.4 

INTAKE, DIGESTIBILITY AND RATE OF PASSAGE 

Ichhponani et al. (1962) attempted to study the digestibility between water 
buffalo and zebu cattle and found that digestion of cellulose using nylon 
bag technique was greater in rumen of buffalo. Total volatile fatty acids 
(TVFAs) and the rate of cellulose digestion were also enhanced using ruminal 
fluid from buffalo as compared to those in cattle. Ichhponani and Sidhu 
(1965) later found that not only TFVAs but propionic, butyric acids were 
markedly increased, hence, a ratio of acetic to propionic acid was narrower 
in buffalo than in cattle. 

Using ruminal fluid from buffalo and cattle as inoculum sources to 
study digestibility (in vitro) has been carried out by a number of researchers. 
Krishna and Pradhan (1984) found the in vitro true dry matter digestibility 
(IVTDMD) values were higher when using rumen fluid of river buffalo 
(Table 4) and confirmed again by nylon bag technique and regardless of 
particle size (Table 5) and in vivo digestion trial (Table 6). The high 
digestibility obtained was associated with low intake by river buffalo as 
opposed to zebu cattle. Using the nylon bag technique, Wanapat (1984) 
also found DM digestibility of leaf protein sources suspended in rumen of 
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Table 4 

IN VITRO TRUE DRY MATTER DIGESTIBILITY (IVTDMD) OF FORAGES 
USING RUMEN FLUID FROM CATTLE AND BUFFALOES 

(Krishna and Pradhan, 1984) 

Particle size Sample size Degradability (%) 
(sieve) (g) Oat Berseem 

Cattle Buffalo Cattle Buffalo 
Fine (0.5 mm) 0.2 573 77 69 74 

0.50 72 76 66 73 

1.00 71 75 66 71 

Medium (1 mm) 0.25 73 76 69 74 
0.50 72 74 66 72 

1.00 69 70 65 70 

Coarse (2.0 mm) 0.25 69 74 68 72 
0.50 68 72 66 69 

1.00 64 68 63 69 

Table 5 

DRY MATTER DEGRADABILITY OF FORAGE USING NYLON BAG 
TECHNIQUE SUSPENDED IN CATTLE AND BUFFALOES 

(Krishna and Pradhan, 1984) 

Particle size Sample size Degradability (%) 
(sieve) (g) Oat Berseem 

Cattle Buffalo Cattle Buffalo 
Fine (0.5 mm) 5.0 37.2 39.5 45.3 45.8 

7.5 36.2 39.0 43.9 44.7 

10.0 35.3 36.9 42.4 43.6 

Medium (1 mm) 5.0 37.3 38.5 40.8 43.0 
7.5 34.7 35.4 38.5 40.8 

10.0 32.4 33.6 35.6 37.3 

Coarse (2.0 mm) 5.0 32.7 31.6 35.4 36.0 
7.5 29.9 30.4 35.4 35.5 

10.0 27.7 29.7 33.7 34.6 

Average 33.7+1.10 35.4+1.18 39+1.42 40.2+1.45 

swamp buffalo was higher than in cattle particularly when fed in urea-treated 
rice straw as compared to untreated rice straw. Wanapat and Wachirapakorn 
(1986) fed agricultural crop residues to compare differences in digestibility 
between the two species using the nylon bag technique. Under identical 
feeding management conditions, it was confirmed that swamp buffaloes 
were able to digest the feeds much better than cattle (Table 7). The T,,, (h) 
of various crop residues were much less when the bags were suspended 
in buffalo rumen which implied that the rate of digestion in buffalo was 
faster. 
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Table 6 

DRY MATTER INTAKE (DMI/100 KG BODY WT) AND DIGESTIBILITY (%) 
OF DRY MATTER (DMD) AND ORGANIC MATTER (OMD) 

IN CATTLE AND BUFFALOES 
(Krishna and Pradhan, 1984) 

Collection DMI 
period 
(day) Cattle Buffalo 

5 2.4 2.1 

7 2.4 2.1 

10 2.4 2.0 

12 2.3 2.0 

15 2.3 1.9 

5 2.7 2.3 

7 2.8 2.3 

10 2.9 2.4 

12 2.9 2.4 
15 2.9 2.4 

Oat hay 
61.8 64.4 62.0 67.5 
59.8 62.9 60.7 65.7 
58.8 63.5 59.7 66.2 
59.3 63.9 60.4 66.5 
59.7 64.0 60.7 66.5 

Berseem hay 
53.0 55.1 52.8 57.8 
52.0 55.6 52.6 58.5 
53.6 56.1 53.0 59.1 

53.8 56.4 53.8 59.5 
54.4 57.0 54.9 60.0 

Table 7 

T,h AND REGRESSION EQUATIONS OF ORGANIC MATTER 
DIGESTIBILITY M OF VARIOUS CROP RESIDUES IN CATTLE 

AND BUFFALOES 
(Wanapat and Wachirapakorn, 1986) 

Crop residues T% (h) Mean Regression equation 

Cattle Buffalo 

Corn cob 65.5 

Bagasse 97.9 

Untreated rice 72.1 
straw 

Urea-treated rice 61.9 
straw 
Corn stover 73.7 

Cowpea stover 40.4 

Rice hull 223.5 

DMD OMD 

Cattle Buffalo Cattle Buffalo 

60.8 63.1a Y = 100-0.53(x), r=0.99 
Sy. x = 2.63, n = 8 

85.3 91.6b Y = 99.58 - 0.37(x), r = 0.99, 
Sy.x = 5.75, n =8 

57.4 64.7a Y = 93.63-0.52(x), r=0.99, 
Sy.x = 5.75, n=8 

49.3 55.6a Y = 92.32 - 0.61(x), r = 0.98, 
Sy.x = 7.18, n =8 

54.2 163.9a Y = 81.41 -0.53(x1, r=0.98, 
Sy.x = 7.78, n = 8 

35.1 37.8 Y = 69.72 - 0.88(x1, r = 0.99, 
Sy.x = 6.36, n =8 

205.9 214.74 Y = 100 - 0.16(x1, r = 0.99, 
Sy.x = 0.92, n=8 

Mean 90.7a 78.3b 

a,b,c,d,e Values in the same row and column with different superscripts differ 
(P > 0.01). 
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When low quality crop residue such as palm press fiber was treated 
with urea or NNOH, the increase in DM digestibility in the rumen of 
swamp buffalo, using nylon bag technique was also obtained (Vijchulata et 
al., 1986). 

Table 8 summarises some data on comparative intake and digestibility 
of certain nutrients in swamp buffaloes and cattle. Several groups have 
reported that higher digestion coefficients were found in swamp buffaloes 
particularly those of DM and CF digestibility (Johnson et al., 1987; Escano 
et al., 1969; Castillo et al., 1981). However, the values obtained by Wanapat 
et al. (1984, Cheva-Isarakul and Cheva-Isarakul (1984 were similar. Significant 
increase in intake was obtained in swamp buffaloes as compared to those in 
cattle (Cheva-Isarakul and Cheva-Isarakul, 1986. Moran et al.(1983) however 
reported that while voluntary feed intake, apparent digestion coefficients 
and mineral (Ca, P) balances were similar, water metabolism between zebu 
cattle (Ongole) and swamp buffalo was different. Devendra (1983, 1987) 
has reported and stressed in comprehensive reviews that water buffaloes 
consistently exhibit a greater ability to utilise nitrogen than cattle. Buffaloes 
have been shown to have higher nitrogen retention than zebu cattle, result- 
ing from a lower urinary nitrogen output and efficient glomerular filtration 
(Devendra, 1985) (Table 9). Norton et al. (1979) also reported interesting 
phenomenon that buffaloes had a greater ability for urea synthesis as found 
among other cattle breeds when fed on low-quality roughages. 

However, Moran et al. (1979) concluded that there are few differences 
between species of cattle and buffaloes in their ability to digest and utilise 
low quality roughage when comparisons are made between animals of 
similar live weight and feed intake. Chanthai et al. (1989) also reported 
that NH3N concentration was appreciably higher in swamp buffalo when 
given either untreated rice straw or urea-treated rice straw when compared 
to that produced by cattle. 

Recently Kennedy (1989) has reported studies on intake, digestion and 
rate of passage. It was found that differences between swamp buffaloes and 
Brahman crossbred cattle in relative voluntary intakes were not consistent, 
but there was evidence that cattle fed some diets could not maintain optimal 
microbial fibrolytic activity due to low rumen ammonia levels. However, 
there was little evidence of a major differential response between breeds to 
urea or protein supplements. In this study, buffaloes exhibited faster passage 
of rumen fluid accompanied by faster passage of particulate digesta from 
reticul orumen. Stronger ruminal contractions and extended rumination 
were also observed (Tables 10 and 11). 

GROWTH PERFORMANCE AND CARCASS COMPOSITION 

A comparative study was carried out by Kantapanit et al. (1972) who 
reported that the average daily gains of swamp buffaloes, native cattle and 
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Table 8 

COMPARATIVE STUDIES ON INTAKE AND IN VIVO DIGESTIBILITY 
IN BUFFALOES AND CATTLE 

Cattle Swamp buffaloes Reference 

Guinea grass, wet season 
Digestibility 

Johnson etal. (1967) 

DM 53.8 58.8 
CF 

Guinea grass, dry season 

60.8 66.0 

DM 51.0 55.8 
CF 59.2 64.2 

Napier grass soilage 
Digestibility (%) 

Escano et al. (1969) 

DM 59.7 61.5 
CF 63.5 66.1 

Trema orientalis CastilloetaL (1981) 
TDN (%) 67.1 69.6 

Ensiled rice straw 
and water hyacinth with urea 

Wanapateta/. (1984) 

Intake (g/kgW-75/d) 
Digestibility (%) 

89.4 92.1 

DM 54.1 54.7 
CP 29.9 32.8 
A D F 50.7 50.4 

Intake (g/kgW75/d) Cheva-Isarakul and 
Rice straw 46 70 Cheva-Isarakul(1984) 
Sweet corn stalk 

Digestibility (%) 
52 60 

Rice stra 
DM 51.2 48.7 
CP -27.7 -28.7 
A D F 67.6 64.5 

Sweet corn stalk 
DM 59.8 58.6 
CID 58.3 54.2 
ADF 51.8 49.9 
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Table 9 

MEAN NITROGEN UTILISATION OF SWAMP BUFFALOES AND KEDAH- 
KELANTAN CATTLE WHEN FED NINE DIFFERENT DIETS CONTAINING 

60-220 G CP AND 10.48 MJ.ME/KG DM 
(Devendra, 1985) 

Parameter Swamp buffaloesi Kedah-Kelantan 
cattle 

Total N intae (g/day) 128.8 89.5 
Total N intake (g/kg W 75/day) 1.24 1.18 
Total N in faeces (g/day) 50.1 34.1 
Total N in urine (g/day) 27.4 35.4 
Total N output (g/day) 77.5 69.5 
Total N balance (g/day) 52.5 19.8 
N balance as % N intake (%) 38.0 12.5 
Total apparently digestible N (g/day) 78.7 55.5 
Apparent digestibility of N (%) 59.0 62.0 

Mean of 9 animals per dietary treatment, based on ad libitum feeding i 

Table 10 

INTAKE OF DRY MATTER OF SWAMP BUFFALOES AND 
CATTLE FED AD L/B/TUM ( % OF BODY WEIGHT/DAY) 

(Kennedy, 1989) 

Buffaloes Cattle Species difference + 

Experiment 1 

Rhodes grass 1.17 1.31 

Rhodes grass + urea, mins. 1.31 1.58 
* C > B 

Experiment 2 
Spear grass 1.56 1.32 

Spear grass + 100g urea/d 1.95 .81 

**B >C 

Experiment 3 
Rice straw + leucaena 1.80 1.64 NS 

Experiment 4 
Rice straw + urea, mins. 1.87 1.52 

Rice straw + grain, urea, mins. 2.03 1.523 ** B >C + + Rice straw + grain, urea, 
protein + mins. 2.29 1.89 

Experiment 5 
Lablab 1.29 1.35 
Pangola 1.26 1.17 NS 
Verano 1.38 1.46 
Sorghum 1.71 1.73 

+ NS; P > 0.05; * P > 0.05; ** P > 0.01 
+' Results from two protein treatments combined 
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Table 11 

DIGESTIBILITY OF DRY MATTER 1%1 OF SWAMP BUFFALOES 
AND CATTLE FED AD LIBITUM 

(Kennedy, 1989) 

Buffaloes Cattle Species difference I 

Experiment 2 
Spear grass 33.7 39.0 

Spear grass + 100 urea/d 39.8 41.8 
NS 

Experiment 3 
Rice straw + leucaena 33.0 2.4 NS 

Experiment 4 
Rice straw + urea, mins. 38.5 47.4 
Rice straw + grain, urea, mins. 47.1 46.4 NS 
+ + Rice straw + grain, urea, 

Protein, mins. 49.2 50.1 

Experiment 5 
Lablab 44.4 42.3 
Pangola 49.1 50.7 NS 
Verano 45.8 48.9 
Sorghum 59.5 61.3 

+ NS; P > 0.05 
++ Results from two protein treatments combined 

crossbred Brahman were comparable ("600 g/h/d), but were significantly 
lower than those in crossbred Holstein and crossbred Brown Swiss (900 
to1,000 g/h/d). It was also reported in a later trial that dressing percentage 
of the buffalo was lower than that of cattle (43.6 and 52.8%). However, 
notably lower percentage of fat was obtained. Johnson and Charles (1975) 
reported that despite lower growth rate and dressing percentage, an increase 
in fat (20% of carcass weight gain) in swamp buffaloes in feedlot was 
tremendously lower among other cattle breeds (Table 12). The buffaloes 
therefore had a greater proportion of lean in their carcasses. However, in 
a mixed grass-legume grazing trial, comparison average daily gain (433, 430 
g/h/d) and total meat percentage (65 to 66%) in swamp buffaloes were 
obtained as compared to those in crossbred Brahman, respectively (Inta- 
ramongkol et al., 1978). A comparison of carcass characteristics in cattle 
and swamp buffaloes is presented in Table 13 (Intaramongkol et A, 1979). 
Percentages of different cuts were similar between the cattle and swamp 
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buffaloes and the carcasses were quite acceptable. Satisfactory average daily 
gains of yearling buffaloes in a feedlot trial have been reported and consistent 
live weight gains were obtained with 50:50; 20:80 ratio of roughage 
concentrate rations offered at 3% of live weight (Figure 1). 

Figure 1 

LIVE WEIGHTCHANGES OF GROWING BUFFALOES FED ON DIFFERENT 
TYPES OF ROUGHAGE IN VARIOUS LEVELS OF CONCENTRATE 

(WanapatetaL, 1989) 
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Ruminant Physiology and Nutrition in Asia 

CONCLUSIONS 

In the light of the available information, several aspects of the physiology 
and nutrition of buffaloes and cattle have been identified. It is suggested 
that more attention and intensive research on both species are required. It 
is necessary that animals of similar physiological conditions be used in 
comparative trials in order to obtain valid and relevant data. There are a 
number of research activities which need to be carried out further to 
compare digestive physiology and nutrition between the two species, in- 
volving both basic and applied sciences. Better understanding of differences 
between the two species would greatly promote cattle and buffaloes produc- 
tion in the Asian region. 
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ABSTRACT 

Comparative aspects of digestive physiology and nutrition in goats and sheep 
are discussed in the context of differences due to feeding behaviour, intake, 
digestive function, utilisation of nutrients, water economy and turnover rate, 
and digestive efficiency. Some of these differences are inherent, but others result 
from adaptation and interaction with various environmental factors. Present 
evidence suggests that goats are more selective, have a higher intake, rumen 
volume and gut fill, salivary secretion, rumen ammonia and urea recycling, 
but lower water intake and turnover rate compared to sheep. Increased salivary 
function and urea recycling may be associated with their ability to have a 
higher tolerance for tannins. Concerning digestive efficiency, the available 
evidence suggests that with good quality forages with organic matter digestibility 
values of about 60% and above, there appear to be no differences between- 
species. With poorer quality forages and roughages on the other hand, goats 
appear to digest fibre more efficiently than sheep. Precise reasons for these and 
a much better understanding of the real differences merit more thorough 
investigations, but are associated with particle size, salivary secretion, microbial 
activity, rate of digestion, partition of nutrients, water intake and turnover. 
These investigations are urgent and justified by the fact that both species are 
very valuable resources in the developing countries. The implications of the 
findings relate to factors that govern the choice of species and more ccomplete 
use of potentially important breeds of goats and sheep, the available feed 
resources, application of more appropriate feeding strategies, and increased 
productivity from both species in the future. 

(Key words: Goats, sheep, intake, digestive physiology, nitrogen meta- 
bolism, digestive efficiency, water turnover, tannins). 
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INTRODUCTION 

When considering the production of goats and sheep, it is especially im- 
portant to keep in perspective their particular abilities in the context of 
variations in management and environmental conditions, and the effects 
of thesse on levels of productivity. Since the latter is greatly influenced by 
feeding and nutrition, particular attention to this factor is justified. As- 
sociated with this, is the fact that goats and sheep account for approximately 
94 and 52% of the respective total world populations in the developing 
countries (F.A.O., 1986) of which about 56 and 16% are found in Asia. 
They make a significant contribution to food production, supplementary 
income and other miscellaneous functions (Devendra, 1987a; 1988). How- 
ever, efforts to increase the contribution from these production resources 
are generally constrained by inadequate attention and priority for research 
and development within national programmes with specific attention to 
feeding and nutrition. 

Additionally, there is also the point that until relatively recently, most 
studies especially on digestive physiology, feeding and nutrition have tended 
to focus on one or the other species, rather than experiments that involve 
both species simultaneously. In this context, comparative experimentation 
on nutrition offers considerable potential for making much more rapid 
progress (Devendra, 1987b), and providing for much better understanding 
of the significance of nutrition on -productivity in goats and sheep. Good 
justification for this approach is reflected in the fact that goats and sheep 
are often herded and managed together in the developing countries, and 
that their feeding and nutrition are quite complementary. 

The intent in this paper is to make a comprehensive review of current 
understanding of comparative digestive physiology and nutrition in goats 
and sheep, draw attention to mayor attributes in both species and allude 
to the direction for continuing research in this field. 

COMPARATIVE DIFFERENCES IN NUTRITION 
Goats and sheep do have differences that are characteristic of the species. 
The differences relate to feeding behaviour, aspects of digestive function 
and utilisation of nutrients. Many of these features, and especially the 
aspects related to digestive physiology are not well understood. The dif- 
ferences are nevertheless sufficient to warrant a different standard on 
nutrient requirements for goats (N.R.C., 1981) compared to sheep. Similarly, 
the differences in feeding behaviour and utilisation of nutrients suggest that 
although they may be herded together for grazing, management and feeding 
strategies need to take cognisance of the apparent and real differences in 
order to ensure high performance in both species. 

Table 1 brings together comparative differences in feeding behaviour 
and nutrition, based on the available knowledge. Some 16 main differences 
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Table 1 

COMPARATIVE FEEDING BEHAVIOUR AND DIGESTIVE PHYSIOLOGY 
IN GOATS AND SHEEP 

(Devendra, 1989) 

Characteristics Goats Sheep 

1. Activity Bipedal stance and Walk shorter 
walk longer distances distances 

2. Feeding pattern Browser, more selective Grazer, less selective 
3. Browse and tree Relished Less relished leaves 
4. Variety in feeds Preference greater Preference lesser 

5. Teste sensation More discrening Less discerning 
6. Sailvary secretion Greater Moderate 

rate 

7. Recycling of urea Greater Lesser 

in saliva 
8. Dry matter intake: 

-for meat 3% of B.W. 3% of B.W. 
-for lactation 4-6% of B.W. 3% of B.W. 

9. Digestive efficiency With coarse roughages Less efficient higher 
10. Retention time Longer Shorter 
11. Water intake/unit DMI Lower Higher 
12. Rumen NH3 Higher Lower 

concentration 
13. Water economy More efficient Less efficient 

-Turnover rate -Lower -Higher 
14. Fat mobilisation Increased during Less evident periods 

h f f d t o ee s or ages 
15. Dehydration 

-Faeces Less water loss Relatively higher 
l water oss 

-Urine More concentrated Less concentrated 
16. Tannins More tolerance Less tolerance 

are identifiable, but these are by no means exhaustive or meant to be 
complete. The list does provide however, the main differences, inherent, 
and in response to the environmental factors. 

Several differences are worth emphasising. These include in the goat, 
the bi-pedal stance (Malachek and Provenza, 1981), relatively higher activity, 
distinctly greater preference for more variety of herbage, but is reduced 
with increasing intensification. Under stall-feeding conditions, goats and 
sheep are also selective, but the former had a greater intake of roughages 
(Waked and Owen, 1987). Other differences are related to taste, water 
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economy, dehydration, salivary secretion, recycling of urea and digestive 
efficiency. 

Goats are essentially browsing animals, and by comparison, sheep are 
grazing animals. Goats have a competitive advantage over sheep in woodland 
and shrubland, are generally more active, selective, walk longer distances 
in search of feed and relish variety in feeds (Devendra, 1987c). Thus they 
are natural leaders of mixed goat and sheep flocks in many developing 
countries. Sheep are less selective and utilise pasture more effectively. 
Another feature of the feeding behaviour of goats is their discerning ability 
to taste. Goats can distinguish between bitter, sweet, salty and sour tastes, 
and show a higher tolerance for bitter taste than do sheep and cattle (Bell, 
1959; Goatcher and Church, 1970). Additionally, some desert goats such as 
the Egyptian Zaraiby are known to have lower resting metabolic rate than 
would be predicted from the known equations relating body weight, me- 
tabolic rate and surface area (Salem et al., 1982). Such an adaptation is 
advantageous of life in and zones where water and feeds are scarce. 

Comparative observations on browse between goats and sheep in the 
arid zones of Mexico concerning 1728 goat bites in a mixed brush-grass-forb 
community revealed that 83% of the bites were on browse and forbs, and 
17% on grass (Carrera, 1971). It appears likely that the higher nutritive 
value of some browse accounts for a greater net daily intake of nutrients 
by goats than by cattle or sheep (Short et al., 1973; Cardova and Wallace, 
1975; Rector and Houston, 1976). By comparison in Australia, Wilson et 
al. (1975) used oesophageal fistula to study the food preferences of captive 
feral goats compared with sheep at three grazing pressures (0.5, 0.25 and 
0.17 animals per hectare). At low stocking rates, sheep ate 80% herbs and 
20% browse, while goats ate the reverse. At medium and high stocking 
rates, availability of herbs governed intake. Goats tended to select diets 
with appreciably higher nitrogen content than sheep, but in vitro digest- 
ibility of the nitrogen was not always as high. 

Recently, studies have been reported on dietary selection by goats and 
sheep in deciduous woodland in northeastern Brazil. During the dry season 
(May-Dec) sheep and goz.ts selected similar diets. During the wet season 
(Jan-Apr), sheep selected mainly grasses and forbs, while goats rapidly 
shifted among grasses, forbs and browse (Pfister and Malechek, 1986). In 
Kenya (Field, 1979) reported that the following forage fractions were eaten 
as percent in the diet by goats and sheep respectively: trees 14.9 and 2.6, 
shrubs 37.5 and 30.4, herbs 22.0 and 29.6 and grass 25.0 and 36.9%. 

In high quality pastures, where browse is not present, there is increased 
competition between species for components of the sward. Sheep appear 
to prefer clover much more than goats, and Clarke et al. (1982) have 
suggested that sheep eat white clover in proportion to that on offer in the 
sword while goats reject white clover. However, Hughes et al. (1984) have 
not been able to demonstrate this in limited diet selection studies, but adult 
goats have been observed to have a lower proportion of clover. 
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DIGESTIVE FUNCTION 

Associated with the differences in feeding behaviour and nutrition, are a 
number of aspects related to digestive function. Of particular importance 
in this connection are comparative patterns of rumen digestion, salivary 
secretion, nitrogen and ammonia transactions, possible differences in 
microbial populations, water intake, fflow through the digestive tract and 
turnover. It is appropriate to review these aspects briefly. 

Fundamental to any differences in digestive function is intake. The 
general conclusion that emerges from a review of the literture is that goats 
have a relatively higher intake than sheep. One example of this result is 
shown in Table 2. Not all the differences were significant, and the ratio 
of digestible organic matter intake (DOMI) goats compared to DOMI sheep 
indicated that differences greater than 15% began to occur at organic matter 
digestibility below 60%. The relatively higher intake also supports the 
finding based on a review of the literature (Devendra and Burns, 1983) 
that adult meat goats in the tropics had a dry matter intake of up to 3.8% 
of body weight and dairy goat breeds up to 4.7% of body weight. These 
data are generally higher than corresponding values for adult sheep in the 
tropics. 

Recent findings by Tan (1988), indicate that the higher intake of goats 
compared to sheep was not due to a higher rumen digestion rate, but was 
accompanied by a significantly higher rumen volume (0.23 w 0.14 1/kg 
live weight) leading to a larger rumen fill of dry matter (25.8 vs 15.7 g/kg 
live weight). The significantly higher rumen volume in goats confirms a 
similar report in Australia (Watson and Norton, 1982), which was accom- 
panied by a longer mean retention time. With high quality forages, it was 
concluded that there may be little difference between-species in partitioning 
of nutrients, digestion of dry matter, neutral detergent fibre and non-am- 
monia nitrogen (Alam et al., 1985). The same studies also showed that 
there were no major differences between species in the site of protein 
digestion. 

The higher intake of dry matter is associated in turn with nitrogen 
utilisation, and in goats, there appears to be higher rumen ammonia levels 
compared to sheep (Watson and Norton, 1982; Alam et al., 1987, Tisserand 
et al., 1986; Tan, 1988), and is probably related to a longer retention time 
of digestion in the rumen and lower water intake. It has been suggested 
that this might be advantageous in the digestion of low quality herbage 
(Watson and Norton, 1982). Tan et al. (1989) have recently concluded that 
higher rumen ammonia levels in goats did not confer any advantage in 
terms of digestion rate and duodual protein supply. 

There also appear to exist differences in saliva secretion between goats 
and sheep when given the same feed, with production rates of 848 ml and 
502 ml/day respectively (Seth et al., 1976). Differences in saliva secretion 
are likely to influence urea recycling, an important factor in fibre digestion. 
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Harmeyer and Marten (1980) have shown that sheep and goats have a 
much superior capacity to recycle urea then cattle. Additionally, the rela- 
tively higher secretion of saliva and urea recycling, together with reduced 
water intake in goats predispose this species to nitrogen conservation. The 
latter aspect is likely to render the species more tolerant to poor quality 
feeds with low nitrogen content and is consistent with their ability to 
utilise these more efficiently than sheep. There appear to be important 
breed differences in urea recycling; Black Bedoiun goats recycled 0.18 g 
N-urea/kg live weight which is twice that produced by Saanen goats fed 
the same diet (Silanikove et al., 1980). 

WATER ECONOMY AND TURNOVER RATE 

The water economy, flow through the digestive tract and turnover rate are 
important indices of adaptation to various environments by a species and 
even breeds within a species. Water turnover is influenced mainly by species, 
age, environmental temperature, feed supply and lactation. 

In semi-arid and arid climates, water supply is minimal and dehydration 
is inevitable. Water is conserved by ability to resist dehydration and by 
producing concentrated urine, dry faeces and reducing evaporative water 
loss. Goats, camels and asses show tolerance of dehydration up to 20% of 
their body weight and this is associated with their ability to maintain 
constant plasma volume and hence also circulation. Khan et al. (1978) found 
that after four days of absolute water deprivation, goats lost body weight 
at the rate of 1.5%/day, compared with 8% for cattle, 4 to 5% for Merino 
sheep and 1% for camels, suggesting that goats are better adapted to water 
deprivation than sheep or cattle. 

Goats and camels have an efficient mechanism to conserve water 
through resistance to dehydration and reduced water loss in faeces and 
urine. In both species the urine is concentrated. Bedouin goats can replenish 
all their water loss in a few minutes by consuming up to 40% of their live 
weight (Maltz and Shkolnik, 1980). 

Awassi sheep and the German Mutton Merino sheep breeds have been 
shown to reabsorb water from the alimentary tract at about the same rate. 
However, the Awassi excreted more concentrated urine and retained 84% 
of their plasma volume compared to 75% in the Merino. It was also reported 
that the Awassi retained 97% of the water consumed in a single drink 
compared with 64% in the Merino (Degen, 1977a; 1977b). These results 
suggest that there are breed differences. 

Total water intake in goats (free-water plus feed-water) appear to be 
lower in goats compared to sheep. The implications of a reduced water 
intake in goats are not entirely clear, but appeal to be associated with 
nitrogen conservation and utilisation, higher rumen NH3N concentration, 
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longer retention time and digestive efficiency. Alam et al. (1987) concluded 
from a comparison of kids and lambs, that a lower water intake in the 
former was associated with a greater net addition of water to digestion 
across the rumen and omasum-abomasum. The greatest net water absorption 
occurred in the small intestine of both kids and lambs, with about 24% 
of that entering the small intestine being absorbed in both species. 

The lower water intake in goats is consistent with a lower water 
turnover rate and is apparently advantageous to lactating animals. In the 
Negev desert of Israel, Black Bedouin goats have been reported to produce 
80 to 90% of their body weight in milk per lactation which was associated 
with the water turnover rate being twice as high as in non-lactating goats. 
This was achieved by the goats increasing their total body water by 35% 
over the non-lactating period. During dehydration, milk yield was only 
affected 48 hours post-dehydration for which reason these goats are only 
watered every 2 to 4 days (Maltz and Shkolnik, 1980). During dehydration, 
plasma volume decreased in proportion to total body fluids indicating 
ability to balance both gain and loss of body fluids. Repeated periods of 
water deprivation had no effect on the Bedouin goat's ability to resume 
full milk production, which within three days of rehydration returned to 
normal. Brosh et al. (1986) also showed in the same goats that four days 
of water deprivation reduced the rate of fluid flow through the reticulo- 
omasal orifice by up to 80% The animals maintained 'feed intake during 
dehydration (Shkolnik et al., 1980) and it has been suggested that the rumen 
also served as a water reservoir. 

DIGESTIVE EFFICIENCY 

This subject and possible differences between-species was first discussed 
over a decade ago (Devendra, 1978). It has since been reviewed in detail 
(Devendra and Burns, 1983), involving 32 comparisons between goats and 
sheep, goats and cattle or buffaloes. Of these, 22 showed statistically 
significant differences in favour of higher digestive efficiency for cellulose 
by goats, three showed higher efficiency in sheep, and in one, steers were 
the more efficient. Since this review, a few additional comparative studies 
have also been reported on intake and digestibility between goats 
and sheep (see for example Alam et al., 1984; Tisserand et al., 1986; Tan, 
1988). 

Tables 3 and 4 present results from Watson and Norton (1982) and 
Tisserand etal. (1986). In the former case, although there were no significant 
differences in intake, goats digested the acid detergent fibre (ADF) to a 
significantly greater extent (P > 0.05) than sheep. The results of Tisserand 
et al. (1986) on the other hand show a higher intake, conspicuous differences 
in the disappearance of ADF and total anaerobic flora. 

52 



T
ab

le
 3

 

M
E

A
N

 V
A

LU
E

S
 F

O
R

 T
H

E
 I

N
T

A
K

E
, 

D
IG

E
S

T
IB

IL
IT

Y
 A

N
D

 N
 U

T
IL

IS
A

T
IO

N
 O

F
 

P
A

N
G

O
LA

 G
R

A
S

S
 H

A
Y

 A
T

 T
W

O
 S

T
A

G
E

S
 O

F
 R

E
G

R
O

W
T

H
 

(W
at

so
n 

an
d 

N
or

to
n,

 1
98

2)
 

S
he

ep
 

G
oa

ts
 

S
E

 o
f 

M
ea

n 
I
 

M
 

I
 

M
 

0 
M

 
In

ta
ke

 
4
7
.
8
a
*
 

3
1
.
9
b
 

4
9
.
5
a
 

3
2
.
6
b
 

2
.
8
 

A
pp

ar
en

t 
di

ge
st

ib
ili

ty
 1

%
) 

- 
O

rg
an

ic
 m

at
te

r 
61

.4
a 

53
.3

b 
63

.O
a 

58
.3

c 
0.

7 
- 

N
D

F
 

73
.4

ac
 

63
.5

b 
75

.3
a 

71
.3

c 
1.

2 
- 

A
D

F
 

63
.O

a 
52

.5
b 

66
.9

c 
63

.3
ac

 
1.

2 
-
 N
 

6
0
.
O
a
 

2
4
.
4
b
 

6
3
.
7
a
 

2
9
.
5
b
 

2
.
3
 

F
ae

ca
l 

N
 
(m

g/
kg

07
5/

d)
 

4
2
6
a
 

2
4
5
b
 

4
0
2
a
 

2
3
6
b
 

2
2
 

U
rin

ar
y 

N
 

(m
g/

kg
0.

75
/d

) 
4
0
4
a
 

1
1
2
b
 

4
2
6
a
 

1
1
5
b
 

1
9
 

N
 

ba
la

nc
e 

(m
g/

kg
07

5/
d)

 
2
3
8
a
 

-
3
1
b
 

2
9
2
a
 

-
1
7
b
 

4
1
 

(g
/k

g 
D

O
M

) 
8.

1a
 

-1
.8

b 
9.

4a
 

0.
9b

 

* 
M

ea
ns

 w
ith

in
 a

 
fin

e 
w

ith
 d

iff
er

en
t 

su
pe

rs
cr

ip
ts

 d
iff

er
 s

ig
ni

fic
an

tly
 (

P
 
>

 0
.0

5)
 

1
.
2
 



Ruminant Physiology and Nutrition in Asia 

Table 4 

COMPARISON BETWEEN RUMEN ACTIVITY IN GOATS AND SHEEP 
FED SODIUM HYDROXIDE TREATED STRAW 

(Tisserand et al., 1986) 

Parameter Goats Sheep 

Level of intake (g D.M./kg 53.7 36.0 
Disappearance of A.D.F. 59.0 13.5 

Volatile fatty acids (m mo1 / 1) 60.8 27.1 

Total anaerobic flora 9x 108 5 x 108 

Protozoa 4x 105 1.3 x 105 

The results together lead to the following conclusions: 
1) With good quality forages, with organic digestibility values of about 

60% and above, there appear to be no differences in digestibility values 
between goats and sheep. The digestibility data derived from one or 
the other species can therefore be mutually applied. Evidence for this 
is seen in the data on tropical feeds (Sharma and Murdia, 1974; El 
Hag, 1976; Devendra, 1977), and also temperate forages (Jones et al., 
1972; de Simiane et al. 1981; Gamble and Mckintosh, 1982; Watson 
and Norton, 1982; Doyle et al., 1984; Brown and Johnson, 1984; Alam 
et al., 1985). 

2) With poorer quality forages and roughages, including browse and tree 
fodders, present evidence suggests that goats are more efficient than 
sheep in their utilisation. In these circumstances, the digestibility data 
derived from one species cannot be applied on the other. This feature 
is reflected in the results of Hossain (1960), Devendra (1975), Wilson 
(1977), Gihad et al. (1980) and Carvalho and Bueno (1987). 

3) In many parts of Asia, as well as other developing countries, poor 
feeding regimes involving low quality forages and roughages is the 
norm rather than the exception. In these situations, it is probable that 
the ability of goats to make more efficient use of the feeds, makes 
them potentially more important animal in terms of resource use and 
contribution. For this latter reason and also differences in feeding 
behaviour,'there are differences n the allocation of nutrients for these 
species. 
It is stressed however that the first two conclusions await elucidation 

and discussion through more concerted research, especially on aspects of 
digestive function. Clearly, several factors are involved to explain the 
apparent improvement in digestive efficiency with poor quality forages, 
including their interactions. These include inter alia: feed particle size, 
amount of salivary secretion, rumination, concentration of cellulose splitting 
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micro-organisms, fermentation rate, absorption capacity, recycling of urea, 
rate of digestion and passage, retention time, flow through the digestive 
tract and turnover. 

TANNINS 

Tannins and other deleterious principles are common in many shrubs and 
tree fodders. The problem is more acute for browsing animals like goats 
which thrive on these feeds much more than sheep. However, goats appear 
to be more tolerant of tannins than sheep, but real reasons for this are not 
fully understood, but it has been suggested that the increased salivary 
function produces mucins that bind tannins and spare the protein for 
digestion (Hoffman, 1987). 

CHOICE OF SPECIES 

Given the foregoing, the rapid growth of the goat and sheep populations 
in Asia, and competition for feed resources, the question that can be asked 
is what is the future for small ruminant production and their potential 
contribution in the future? Clearly some careful planning and direction 
for development is necessary in the context of efficient ,utilisation of the 
available resources. In analysing this, one important consideration is the 
choice of species and their relative importance in individual countries, and 
situations within the country. 

The following issues are considered important in the choice of species: 
1) Feeding bebavioun goats are inquisitive animals and essentially browsers 
(Devendra and Burns, 1983; Devendra, 1987). This feature enables a greater 
selection intensity than sheep which by comparison, are grazing animals. 
In situations where there is less grass and a higher proportion of shrubs 
and other forages, goats are likely to make more efficient use of this herbage. 
Sheep are generally more docile than goats. Quite often, both goats and 
sheep are run together to enable maximum utilisation of the available 
herbage. 
2) Relative price of meats. the relative price of either goat meat or mutton. 
has an important bearing on the choice of animals. Presently, the price of 
goat meat is very much higher and approximately 2 to 3 times than that 
of mutton, simply because of inadequate supply. 
3) Availability of animals. the availability of animals for breeding and 
therefore for slaughter, is an important consideration. Sheep are more easily 
imported than goats currently, which favours the former in development 
programmes. On the other hand, there is a high demand especially for 
good quality breeding goats at high prices. 
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4) Survivability : survivability is an important characteristic and is breed 
specific. It is an important component of biomass production and life time 
productivity. 
5) Market for meats : both goat meat and mutton have a high income 
elasticity of demand and this is particularly apparent in the Near East 
markets. The attendant factors that merit consideration are type of meat 
required (goat meat or mutton); methods of slaughter, processing and costs 
of transportation, live animals or frozen carcasses; carcass quality and taste 
preferences; and economic benefits of the export trade. 

CONCLUSIONS 

Present evidence on comparative aspects of digestive physiology and nutri- 
tion in goats and sheep suggests there exist distinctive differences between 
the species. Some of these are inherent, while others are due to adaptation 
and also interaction with environmental factors. Progress has been made 
to seek a better understanding of the differences due to intake, rumen 
conditions and function, rate and digestion of nutrients, nitrogen transac- 
tions, microbial activity, water intake, flow through the alimentary tract 
and turnover. Differences due to digestive efficiency relate only to low 
quality forages and roughages, and although the results are inconclusive 
and occasionally conflicting, goats appear to utilise these feeds much more 
efficiently than sheep with a concurrent higher threshold for tannins. 

The implications of understanding these issues and promoting im- 
proved feeding and nutrition in both species is that more efficient resource 
use can be identified with increased economic productivity. Comparative 
digestive physiology and nutrition offers considerable scope for striving 
towards this objective, and in turn, this would also enable much more 
effective use of several potentially important breeds of goats and sheep, 
throughout the developing countries. 
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ABSTRACT 

Progress in the field of evaluation and utilisation of feed resources, energy 
metabolism and environmental physiology is reviewed. Successive enzymatic 
analysis to fractionate forage organic matter have given a better understanding 
of forage nutritive value. Improvement in digestible nutrients of birch and oil 
palm trunk by steaming or steam-explosion treatment was tried by a new 
analytical method. Energy metabolism research has clarified energy use by both 
beef and dairy cattle. Equations of energy expenditure and energy value of 
feeds for cattle also have been developed. Physiological and production responses 
to environmental modifications have been studied as well as the relationship 
among feed, heat production and thermal balance of cow in a hot environment. 
Physiological research on blood glucose kinetics and volatile fatty acids utilisa- 
tion in heat-exposed goats has resolved uncertainties of metabolic functions in 
a hot environment. These results will contribute to the development of feeding 
systems in Japan. Additionally, the role of hormonal regulatory system in 
metabolism and productive function of cattle, and conditions within each 
segment of the gut for optimum rate of fermentation, digestion and absorption 
need further studies. 

(Key words: Feed evaluation, energy metabolism, environmental 
philosophy, cattle, digestibility, oil palm by-products, heat stress). 

INTRODUCTION 

Systematic research in the assessment of nutrient requirements of cattle 
and the feeding value of feedstuffs in Japan started in 1957. The first feeding 
standard on dairy cattle was published in 1965 and that of beef cattle was 
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in 1970 from the results of these experiments. These feeding standards have 
been revised twice by 1987 based on up-to-date information about ruminant 
nutrition and physiology. 

The trends in dairy cattle husbandry in Japan have been subject to 
drastic changes since 1970 and are shown in Table 1. The number of dairy 
farms has decreased to a quarter since 1970. Since there has been a 14% 
increase in the number of cows in the same period, the number of cows 
per farm has increased about four and half times. Simultaneously, the 
productivity of dairy cows has been markedly improved in this era. Milk 
production per cow has increased to 5818 kg, which is 126% of that 11 
years ago. Milk quality such as milk fat and solids-not-fat (SNF) also has 
improved. Requirements for this improved productivity have been met by 
an increase in the amount of total feed supply, especially by a 62% increase 
in concentrate supply. Research in ruminant physiology and nutrition has 
played an important role in promoting an understanding of many factors 
concerning improved productivity of cattle. 

Although ruminant physiology and nutrition has been studied exten- 
sively, this review deals with the evaluation and utilisation of feed resources, 
energy metabolism and effects of heat stress. 

EVALUATION AND UTILISATION OF FEED RESOURCES 

The Weende system of proximate analyses has been widely used. However, 
fractionation of carbohydrates and lignin is incomplete with respect to the 
chemical characterisation and nutritive availability. 

Table 1 

TRENDS IN JAPANESE DAIRY CATTLE HUSBANDRY 
Ministry of Agriculture, Forestry and Fisheries (1988, 1989) 

Item 1970 1980 1987 

Farms (X 103) 308 115 75 

Number of dairy cattle (female) 
total(X 103) 1804 2091 2049 
per farm 6 18 27 

Milk, total (X 103tonnes) 4761 7138 7335 
per lactating cow(kg/305 days) 461a 5160 5818b 

Milk fat (%) 3.44a 3.55 3.65b 

Solids-not-fat (%) 8.18a 8.40 8.54b 

Feed Supply (Fiscal year, X 103tonnes TDN) 
Concentrate 13739 19989 22296 
Roughage 4656 5118 6006 

a 1975; b 1986 
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Abe et al. (1979a) investigated the properties of various organic fractions 
obtained by successive enzymatic analyses with glucoamylase, pronase and 
cellulase. As shown in Figure 1, organic matter (OM) was divided into 
two fractions, organic cellular contents (OCC) and organic cell wall (OCW) 
which represents total fiber. Moreover, OCW was divided into two frac- 
tions, organic a (Oa) which was hydrolysed by cellulase, and organic b 
(Ob) which was resistant to cellulase treatment. Each fraction is nutritionally 
more uniform than whole OCW. The fraction Oa has properties similar 
to those of OCC. 

Figure 1 

SEPARATION OF FEED ORGANIC MATTER CONSTITUENTS BY 
ENZYMATIC ANALYSIS 

(Abe, A.) 

Feed organic matter 

Alpha amylase (Glucoamylase) and 
pronase digestion or pronase digestion only 

Organic cellular contents 
(OCC) 

Sugars, starch, organic 
acids, soluble protein, 
non-protein, nitrogen 
compounds, lipids and 
other soluble substance 

Cellulase digestion 

Organic cell wall 
(OCw) 

Cellulose, hemicellulose, 
lignin and insoluble 
protein 

Digested fraction Undigested fraction 
(Oganic a; Oa) (Organic b; Ob) 
Not lignified and low Lignified and high 
crystallised region crystallised region 
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With regard to carbohydrates, Abe et al. (1979b) proposed the new 
term, "Nitrogen Cell Wall Free Extracts (NCWFE)" to compensate the 
defect of nitrogen-free extract (NFE). It represents nonstructural car- 
bohydrates group such as sugars, starch and organic acids. NCWFE was 
calculated by the following equation: NCWFE = OM - (Crude protein 
in OCC + Crude fat + OCW). 

These new analytical techniques have made important advances in the 
evaluation of the nutritional value of feeds. Since both OCC and Oa have 
high or complete availability and nutritive uniformity, digestible OM or 
forage can be predicted by the determination of `OCC plus Oa". Enzymatic 
analyses also could be used to predict metabolisable energy (ME) contents 
of feeds. Terada et al. (1988) developed an equation to predict the ME 
content of feeds from chemical composition or digestible nutrients. 

Attempts have been made to utilise wood as cattle feed by steaming 
or steam-explosion treatment (Takigawa, 1983). The steaming treatment is 
done under high-temperature, high-pressure saturated steam of 150 to 200°C. 
The steam-explosion treatment involves saturated steam at 2201C or higher 
temperature and a high-speed discharge of steamed wood into the air. These 
treatments solubilise hemicellulose. Cellulose turns easier to be decomposed 
by enzymes, while lignin degenerates and a part of it becomes soluble in 
an organic solvent and a rare alkali after these treatments. However, the 
effects of these treatments vary considerably from wood to wood (Takigawa, 
1983). Therefore, the enzymatic system to estimate OM digestibility of 
feeds is an useful tool to select better wood as animal feed and to determine 
the optimum conditions of treatments. 

Birch was selected as a cattle feed as a result of screening by enzyme 
treatment. The digestibility of OM, crude fiber, NFE, acid detergent fiber 
(ADF) and energy of birch increased remarkably by steaming or steam- 
explosion treatment. Total digestible nutrients (TDN) content on a DM 
basis increased from 8.0 to more than 65% (Terada et al., 1986). 

The technique to estimate OM digestibility was also applied to assess 
the potential value of palm oil by-products as cattle feeds in Malaysia. The 
Tropical Agriculture Research Center (TARC) and the Ministry of Agricul- 
ture, Food and Fisheries (MAFF), Japan are carrying out the cooperative 
research on the utilisation of palm oil by-products with the Malaysian 
Agricultural Research and Development Institute (MARDI). Shibata and 
Abu Hassan (1988a and 1988b) showed that oil palm by-product rations 
composed of palm press fiber, palm kernel cake and palm oil with effluent 
were useful for Kedah-Kelantan cattle weighing approximately 250 kg. 
However, the nutrient content needs to be increased for extending the 
value to cattle of higher nutrient requirements. The project is now proceed- 
ing to assess the effects of alkali or steam treatment on the nutritive value 
of oil palm trunk and fronds. According to Oshio (1989), oil palm trunk 
showed remarkable improvement of digestibility by alkali or steaming 
treatment. 
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ENERGY METABOLISM 

In 1952, the respiration chamber for mature cattle was constructed at 

National Institute of Animal Industry (NIAI) and energy metabolism re- 

search was started with dairy and beef cattle. 
Table 2 shows the results of energy balance trials conducted at NIAI. 

Fasting heat production per unit metabolic weight (kg-75) of Holstein cow 
was higher than that of the Japanese Black cow. The efficiency of ME of 
diets consumed in excess of maintenance was 68.2 to 74.0% for milk plus 
retained body tissue energy (Hashizume et al., 1965). It was also higher 
than that for retained body tissue energy of Japanese Black cow (Hashizume 
et al., 1969). The comparative study on the energetic efficiency for growth 
of Holstein and Japanese Black steer (Terada et al., 1989) showed that no 
breed difference with efficiency was observed although ME requirements 
for maintenance of Japanese Black steer was lower than that of Holstein 
steer. Iwasaki (1986) also reported the results of 142 energy balance trials 
with pregnant Japanese Black cows. The amount of ME required at late 

pregnancy was described by the equation ME (Mcal/day) = 
0.105Wo.75 + 

5.787x11 t4.45601 on day t (t > 220) of gestation, where W = body weight. 
These data indicate 15% efficiency of ME for foetal gain. 

Embryo transfer is becoming popular in Japan as a technique to 
increase beef production by increasing the frequency of twin or multiple 
births. In most cases, Holstein cows are given Japanese Black cow embryos. 
A research project has therefore been started to clarify the nutrient re- 

Table 2 

RESULTS OF ENERGY BALANCE TRIALS WITH HOLSTEIN 
AND JAPANESE BLACK CATTLE 

Cow Steer° 
Item 

Holsteins 
Japanese 
Black b 

Japanese 
Holstein Black 

Fasting heat production 76.0 54.3 
ME for maintenance 116.3 95.4 131.4 99.6 

Eff iciency of ME for 
production (%) 68.2-74.0d 54.9e 54.3 52.2 

Hashizumeeta/. (1965) 

Hashizume et a/. (1969) 
Terada etal. (1989) 

Milk energy + Retained energyMME - ME for maintenance) 

Retained energy/(ME - ME for maintenance) 
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quirements of Holstein cows during twin or multiple pregnancy given 
embryos from Japanese Black cows. 

Energy metabolism research with calves has been extensively conducted 
at Hokkaido University. Sekine et al. (1987) reported the results of 214 
energy balance trials with growing calves weighing 55 to 195 kg. ME 
requirements for maintenance were 438, 482 and 513 kJ/kg-75 and those 
for a kilogram of gain were 520, 575 and 483 for 55 to 99, 100 
to 149 and 150 to 195 kg of live weight, respectively. The results also 
showed a decrease in the efficiency of utilisation of ME for growth from 
51.6 to 36.2% as calves grew. 

Yamamoto et al. (1979) investigated the relationship between heat 
production and heart rate as well as the method to estimate heat production. 
Shibata et al. (1981) showed the energy cost and estimation equation of 
energy expenditure of walking on the level and on gradients. Heart rate 
measurement gave the best estimate of energy expenditure while walking. 
Under more practical field situations, this can be estimated from walking 
speed or the number of steps for horizontal walking and from walking 
speed and sine of an angle of inclination for walking on gradients. 

EFFECTS OF HEAT STRESS 

The decrease in productivity of cattle, especially decrease in milk production 
is a serious problem in a hot and humid area. Japan also has such a problem 
in the summer season from June to mid-September. The decrease in milk 
production in summer is around 20% or more (Shibata et al., 1982). Many 
studies have been done about effects of heat stress on productivity of 
dairy cow with reference to physiological, nutritional and management 
aspects. 

Since there was a highly significant correlation between the degree of 
increase in body temperature and the rate of decrease in milk production 
under high temperatures, the means of maintaining high production was 
to minimise the increase in body temperature of dairy cattle (Shibata and 
Mukai, 1979). However, body temperature is the result of the balance 
between heat production and heat loss. Thus, the study to present the 
reduction of productivity of cow in a hot environment has to be done 
through the three ways: 

1) Lowering environmental temperature. 
2) Increasing heat loss of animals. 
3) Reducing heat increment due to feeding. 
From the above viewpoint, effects of air conditioning (Shibata et al., 

1982), mist and fan system (Ail et al., 1988) and water sprinkling to cow 
(Mukai et al., 1970) as well as the relationship among feed, heat production 
and thermal balance have been studied at Kyushu National Agricultural 
Experiment Station. 
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Experiments with dry cows by Shibata and Mukai (1982) showed that 
heat production with no change in feed intake increased above environ- 
mental temperature of 26°C. Consequently, the thermal balance of these 
cows was upset and the body temperature increased significantly at 32°C. 
Shibata (1983) also studied the effects in dry cows given hay alone or a 
high concentrate diet, and showed that ruminal volatile fatty acids (VFA) 
concentrations were higher at high temperatures than at low temperature 
in cows given only hay but this tendency was the reverse in cows given 
high concentrate. The contribution of ruminal VFA to the energy meta- 
bolism of cows seemed to be relatively small in cows given high concentrates 
compared to those fed only hay. The results of multiple regression analysis 
suggest the possibility that differences in the composition of ruminal VIA 
produced by fermentation due to feeding of various types of ration could 
decrease body temperature of cows in a hot environment. 

In experiments with lactating cows injected with thyroxine, Shibata 
(1983) found a negative effect of calorigenesis on 4% corrected milk (FCM) 
production under high temperatures (Table 3). Other study (Shibata and 
Mukai, 1979) also showed that the higher in heat production, the more in 
milk production and gross efficiency for milk production in a "comfort 
zone', but the converse was true at high temperatures (Table 4). 

The results of physiological research showed that net ruminal absorp- 
tion rates of VIA, except for n-butyric acid, increased (Sunagawa et al., 
1988) although acetate utilisation did not change in heat exposed goats 
(Sano et al., 1985b). Sano et al. (1985a) found the whole-body turnover of 
blood glucose decreased and mammary glucose uptake tended to decrease 
during heat exposure. The reduction of mammary glucose uptake caused 
decrease in milk lactose production. 

Table 4 

CORRELATION COEFFICIENTS BETWEEN HEAT PRODUCTION 
AND FCM OR GROSS EFFICIENCY 

(Shibata and Mukai, 1979) 

Item Treatment Correlation coefficient 
Heat production 30°C r = -0.53* (n =12) 
and 180C r = 0.67** (n=18) 

FCM production Pooled r = 0.25NS(n=30) 

Heat production 30°C r = -0.83** (n =12) 
and 18°C r = 0.43NS (n =18) 

Gross eff iciency Pooled r = 0.21 NS (n = 30) 

* : P > 0.05; ** : P > 0.01; NS : Not significant. 

67 



T
ab

le
 3

 

H
E

A
T

 P
R

O
D

U
C

T
IO

N
 A

N
D

 R
E

LA
T

E
D

 F
U

N
C

T
IO

N
S

 O
F

 C
O

W
 A

S
 

IN
F

LU
E

N
C

E
D

 B
Y

 T
H

Y
R

O
X

IN
E

 A
N

D
 E

N
V

IR
O

N
M

E
N

T
 T

E
M

P
E

R
A

T
U

R
E

 
(S

hi
ba

ta
, 

19
83

) 

E
nv

iro
nm

en
ta

l 
te

m
pe

ra
tu

re
 

Ite
m

 
18

00
 

30
0C

 

B
ef

or
e 

A
fte

r 
B

ef
or

e 
A

fte
r 

in
je

ct
io

n 
in

je
ct

io
n 

in
je

ct
io

n 
in

je
ct

io
n 

H
ea

t 
pr

od
uc

tio
n 

(K
ca

l/h
r-

75
) 

6.
62

 
7.

01
 

7.
86

 
8.

05
 

B
od

y 
te

m
pe

ra
tu

re
 (

°C
) 

38
.6

1 
38

.6
5 

39
.9

3 
39

.9
6 

R
es

pi
ra

tio
n 

ra
te

 (
no

./m
in

) 
25

.4
 

25
.8

 
74

.5
 

71
.5

 

P
ul

se
 

ra
te

 (
be

at
s/

m
in

) 
66

.7
 

71
.9

 
73

.7
 

72
.3

 

M
ilk

 y
ie

ld
 (

kg
/d

ay
) 

19
.5

 
21

.3
 

18
.2

 
18

.3
 

F
C

M
 y

ie
ld

 (
kg

/d
ay

) 
17

.0
 

19
.6

 
17

.0
 

16
.1

 

M
ilk

 f
at

 1
%

) 
3.

13
 

3.
45

 
3.

55
 

3.
17

 

T
ot

al
 s

ol
id

s 
(%

) 
11

.3
0 

11
.7

8 
11

.7
3 

11
.5

2 

S
ol

id
s-

no
t-

fa
t 

(%
) 

8.
17

 
8.

34
 

8.
18

 
8.

35
 

B
od

y 
w

ei
gh

t 
(k

g)
 

48
7 

47
1 

49
8 

48
1 

T
re

at
m

en
t 

D
iff

er
en

ce
 

ef
fe

ct
s 

(P
>

0.
5)

 

**
 

0.
58

 

**
 

0.
20

 

**
 

3.
7 

**
 

2.
2 

1.
8 

**
 

1.
4 

0.
30

 

N
S

 

**
 

0.
12

 

**
 

6.
0 

D
M

 i
nt

ak
e 

(%
) 

14
.6

5 
14

.7
5 

14
.7

7 
14

.0
3 

N
S

 

D
ig

es
tib

ili
ty

 o
f 

D
M

 (
%

) 
- 

64
.3

2 
- 

64
.0

4 
N

S
 

* 
: 

P
>

.0
5,

 
**

 : 
P

>
.0

1,
 

N
S

 
: 

N
ot

 s
ig

ni
fic

an
t 



Ruminant Physiology and Nutrition in Asia 

CONCLUSIONS 

The need for reducing production costs and improving the quality of 
products has become more critical for both beef and dairy farmers. Im- 
provements are inevitable in feeding and nutrition based on the advances 
of nutritional physiology. The importance of research work for clarifying 
the factors affecting nutrient utilisation by ruminants is therefore em- 
phasised. Also, the role of hormonal regulation system in metabolism and 
production of cattle, and conditions within each segment of the gut for 
optimum rate of fermentation, digestion and absorption must be investigated 
further. 

Research on microbial metabolism in the rumen has not been detailed 
in this review. However, some investigations are currently undertaken 
which include rumen protein degradation (Abe et al., 1985); nitrogen 
kinetics and urea metabolism (Obara and Shimbayashi, 1988); significance 
of protozoa in the rumen (Itabashi et al., 1984) and absorption of nutrients 
from post- ruminal alimentary tract (Fujihara et al., 1980). 
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ABSTRACT 

The ability of ruminal microorganisms to modify toxic dietary substances is 
well established. This review discusses recent advances in the degradation of 
mimosine, 3-hydroxy4(1H)-pyridone (DHP, nitropropyl glycosides and 
cyanohydrin glycosides by ruminal microbes. Factors that determine rates of 
glycoside hydrolysis and rates of mimosine, DHP and aglycone degradation or 
detoxification are considered. The rumen microbiota from sheep and cattle 
and microbiota in the oesophageal sac of voles fed concentrate diets degraded 
mimosine and DHP rapidly in vitro, but inocula from animals fed roughage 
diets only hydrolysed mimosine to DHP. The transfer of rumen fluid from 
Indonesian goats adapted to leucaena was successfully achieved and DHP- 
degrading microorganisms survived in cattle and water buffalo. Bioactivation 
of the nitropropyl and cyanohydrin glycosides was initiated by microbial 
0-glucosidase, an enzyme that is widely distributed among rumen bacteria. 
The detoxification of the aglycone, 3-nitroproganol could be enhanced by diet 
manipulation and by supplementation. Diet, postprandial time and the chemical 
structure of the glycoside had a combined impact on the rates of cyanogensis 
in bovine rumen fluid. Rumen bacteria were also capable of hydrogen cyanide 
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detoxification. In rumen fluid, the dissociation of hydrogen cyanide (HCN) 
from the aglycone occurred rapidly at pH > 6 but the rate of dissociation was 
much slower at pH 5. 

(Key words. Degradation, mimosine, DHP, P-glucosidase, miserotoxin, 
cyanogenic glycosides). 

INTRODUCTION 

In this review, degradation will be defined as the enzymatic process whereby 
the complexity of a chemical compound is reduced by rumen microor- 
ganisms. The emphasis will be on the microbial degradation of naturally 
occurring deleterious principles and the discussion will be restricted to 
mimosine (0{N- (3-hydroxy-4-pyridone) ]-a-aminopropionic acid), 3- 
hydroxy-4-(1H)-pyridone (DHP), the cyanohydrin glycosides and the 
nitropropyl glycosides all of which are toxic to livestock. 

For general review on the ruminal metabolism of other natural toxins 
and synthetic substances, the reader is referred to reviews by James et al. 
(1975) and Allison (1978). Specific reviews on oxalate-degrading bacterial 
{Allison, 1985) are also available. Studies on the degradation of the 
phytoestrogens formononetin and biochanin A in bovine rumen fluid were 
recently reported (Dickinson et al., 1988). Recent advances on the ruminal 
metabolism of other plant toxins were reported at the Third International 
Poisonous Plants Symposium in July 1989 at Utah State University, U.S.A. 
(James et al., 1989). 

DEGRADATION OF MIMOSINE 
Leucaena is widely grown in tropical and subtropical countries. The plant 
is potentially an excellent source of crude protein. However, its use as feed 
has been limited because it contains mimosine, a toxic amino acid that 
causes low weight gains, poor health condition and hair loss in both 
ruminants and non-ruminants (Hegarty et al., 1976). Mimosine toxicity is 
more acute in non-ruminants owing to the absence of endogenous microor- 
ganisms capable of enzymatic detoxification. Mimosine is hydrolysed in 
the rumen by microbial enzymes to DHP, a potent goitrogen (Hegarty et 
al., 1978) and sometimes to 2-hydroxy-3- (1H)-pyridone, a structural isomer 
of DHP (Ford et al., 1982) which is probably as goitrogenic as DHP (Lee 
et al., 1980). 

Our Canadian study on in vitro metabolism of mimosine in rumen 
fluid from cattle fed a concentrate diet showed that degradation of mimosine 
did not occur if the rumen fluid was centrifuged to remove microbial 
populations (Kudo et al., 1984). This was confirmed with Indonesian goats 
which have more potentially ability to detoxify mimosine (Tangendjaja et 
al., 1985). However, Shiroma and Akashi (1976) reported that the super- 
natant fraction from goat rumen fluid had the capacity to hydrolyse 
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mimosine to DHP. Significant differences in rates of mimosine disappearance 
in vitro (P > 0.01) were observed among animals when rates of mimosine 
disappearance were compared in cattle fed concentrate diets (Table 1). Two 
animals (120 and 127) showed much lower rates of mimosine disappearance 
and this could be solely attributed to mimosine hydrolysis with no destruc- 
tion of the heterocyclic ring (Megarrity, 1978). This suggests that not all 
of the cattle contained active microorganisms capable of mimosine 
detoxification. The degradation of mimosine occurred most rapidly at 2 
to 4 hours (Table 1) and this early metabolism could be partly due to a 
facile hydrolysis of mimosine to DHP (Jones and Megarrity, 1983). 

In contrast, differences were not detected among animals when in 
vitro rates of mimosine disappearance were compared in sheep fed alfalfa 
hay. With this diet, the average rate of mimosine metabolism was much 
slower and the disappearance could be solely attributed to mimosine 
hydrolysis to DHP (Table 2). In a crossover experiment with sheep, animals 
showed a uniform response and differences between diets were clearly 
discernible (P > 0.01) as shown in Figure 1. Mimosine disappeared much 
more rapidly in rumen fluid when sheep were fed the pelleted diet containing 
40% barley than when they were fed cubed alfalfa hay. When we examined 
the rate of mimosine degradation in the rumen fluid of cattle fed five 
different diets, significant (P > 0.01) differences were seen between the highest 

Table 1 

CONCENTRATION AND IN VITRO RATE OF 
DISAPPEARANCE OF MIMOSINE IN RUMEN FLUID FROM 

CATTLE FED A CONCENTRATE DIET 
(Kudoetal., 1984) 

Concentration (pg. ml-l)* Disappearance rate* 
Animal Oh 2h 4h 8h 24h (pg. ml-1 h-) 
119 198 193 194 191 151 1.99 

120 202 198 191 191 180 0.84 
121 196 197 183 182 133 2.72 
122 196 86 83 169 108 3.64 
123 192 182 175 155 84 4.49 
124 203 196 181 173 132 2.87 
125 195 191 159 108 68 5.30 
126 201 201 192 188 115 3.71 

127 206 208 205 198 188 0.80 
128 202 204 196 188 142 2.66 
129 198 199 184 179 127 3.05 
130 212 207 205 197 153 2.48 

Mean 200 197 187 176 132 2.88 
Standard error 2.20 0.381 

Each value represents the average of values for 6 days and each daily value 
was the average of duplicate samples. 
These rates were determined from the slope of the linear regression of 
mimosine concentration (pg.ml-1) on time W. 

75 



Ruminant Physiology and Nutrition in Asia 

Table 2 

CONCENTRATION AND IN VITRO RATE OF DISAPPEARANCE OF 
MIMOSINE IN RUMEN FLUID FROM SHEEP FED ALFALFA HAY 

(Kudoeta/., 1984) 

Concentration (µg. ml-t) * Disappearance rate 
Animal Oh 2h 4h 8h 24h (µg. ml-th-t) 

1 203 193 198 192 189 0.43 
2 201 200 192 194 189 0.44 
3 198 193 197 191 190 0.26 
4 206 202 201 196 192 0.50 
5 203 199 196 197 191 0.41 

6 192 190 188 185 182 0.39 

Mean 201 196 195 192 189 0.41 

Standard error 0.706 0.03 

* Each value represents the average value for 7 days and each daily value 
represents the average of duplicate samples. 

** These rates were determined from the slope of the linear regressions of 
mimosine concentration (µg.ml-1) on time (h). 

Figure 1 

DEGRATION OF MIMOSINE IN RUMEN FLUID OF SHEEP 
FED TWO DIETS: , CLUBED ALFALFA HAY. PELLETS 

CONTAINING 40% BARLEY 

O 4 8 12 16 20 24 
TIME (H) 
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rate (mean 1.86 µg.mll hr:l; blue grass-molasses diet) and the lowest rate 
(0.28 µg.mll.hr-1; corn silage diet). The highest rate obtained with bluegrass 
(Poa pratensis)-molasses suggests that high rates of metabolism can also be 
associated with inocula from diets other than concentrate feed. Intermediate 
rates were obtained with alfalfa hay, fresh alfalfa herbage and orchard grass 
(Dactylis glomerata) hay but these were not significantly different. 

In vitro tests for mimosine and DHp degradation using ruminal con- 
tents were conducted in Malaysia during 1988 (Kudo et al., 1989). Rumen 
contents taken from seven Kedah-Kelantan cattle and three water buffaloes 
fed on Guinea grass and eleven sheep fed on roughage diets showed only 
a small degree of mimosine degradation (mean 5.3%, range 0 to 9.1%) in 
24 hours (Table 3). Three cattle showed no detectable degradation of 

Table 3 

CONCENTRATION AND IN WTRO RATE OF DISAPPEARANCE OF 
MIMOSINE IN RUMEN FLUID FROM MALAYSIAN RUMINANTS 

(Kudo et al., 1959) 

Concentration (µg.ml-1) 

Animal O h 5 h 24 h 
% of 

Degradation 

Cattle 
KK 1 (UPM)* 198 188 185 6.6 
KK 2 (UPM) 202 203 202 0 
KK 3 (UPM) 195 194 195 0 

Water Buffalo 
WB 1 (UPM) 195 181 178 8.8 
WB 2 (UPM) 201 190 195 3.0 
Sheep 
S 1 (UPM) 209 204 200 4.4 
S 2 (UPM) 196 184 189 3.6 
S 3 (UPM) 198 189 183 7.6 
S 4 (UPM) 194 181 186 4.2 
S 5 (UPM) 208 199 196 5.8 
S 6 (UPM) 196 172 178 9.2 
S 7 (UPM) 199 193 190 4.6 
S 8 (UPM) 195 189 182 6.7 
S 9 (UPM) 202 189 187 7.5 
S 10 (UPM) 196 185 181 7.7 
S 11 (UPM) 200 189 183 8.5 
Cattle 
KK 1 (MARDI)** 209 209 209 0 
KK 2 (MARDI) 198 180 185 6.6 
KK 3 (MARDI) 194 186 184 5.2 
KK 4 (MARDI) 199 189 186 6.6 
Water Buffalo 
WB 1 (MARDI) 205 197 193 5.9 
Mean 199 190 189 5.3 

* Universiti Pertanian Malaysia 
** Malaysian Agricultural Research and Development Institute 
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mimosine or DHP. All rumen samples from 21 animals produced no 
disruption of the heterocyclic ring, suggesting a complete absence of DHP 
detoxification. This was confirmed with an in vitro degradation test with 
DHP using the same rumen samples (data not shown). 

In 1989, the active rumen fluid from Indonesian goats fed on Leucaena 
was infused into one of the same cattle. Not only the infused animal but 
the untreated animals gained the ability to degrade DHP at least one week 
later (Kudo et al., 1989). During this study, we established that the ability 
to detoxify DHP is very rapidly passed from treated to untreated neigh- 
bouring cattle and buffalo and that DHP-degrading microorganisms from 
goats can survive in the rumen of cattle and water buffalo. The rate of 
DHP degradation was much higher with rumen fluid of goats fed leucaena 
than from the goats not fed leucaena. The increase in the rate of DHP 
degradation after adaptation to leucaena presumably is due to increasing 
numbers of microorganisms which are able to degrade DHP (Tangendjaja 
et al., 1985). To date, only the rumen microorganisms in Hawaii (Henke, 
1958; Jones, 1981), Indonesia (Kraneveld and Djaenoedin, 1947) and the 
Bahamas (Owen, 1958) are able to detoxify mimosine in vivo and protect 
the animals from any ill effects of the plant. 

Features in the esophageal sac of the non-ruminant vole (Microtus spp.) 
suggest that digestion and metabolism may be similar to the pattern found 
in ruminants (Kudo and Oki, 1981; 1984). The metabolism of mimosine 
by microorganisms from the sac contents of the vole (Kudo and Oki, 1981) 
is ecologically unusual (Kudo et al., 1986). Although voles inhabit boreal 
regions of North America, Europe and North Asia where leucaena does 
not usually grow, the concentrate diet enriched the population of microbiota 
capable of mimosine degradation in voles. 

DEGRADATION OF NITROPROPYL GLYCOSIDES 

Glycosides of 3-nitropropanol are found in at least sixty species and varieties 
of Astragalus (Leguminosae) primarily from the temperate regions of North 
and South America (Williams and Gomez-Sosa, 1986). Miserotoxin, 3-nitro- 
1-propyl, O-D-glucopyranoside, has been positively identified in twelve of 
the species and varieties of Astragalus including A. miser var. serotinus 
which occurs in southern British Columbia, Canada (Stermitz and Yost, 
1978). The latter has also yielded three other glycosides of nitropropanol 
including gentitoxin (3-nitropropyl O-D-gentiobioside), laminaritoxin 
(3-nitropropyl Q-D-laminaribioside) and 3-nitropropyl O-D-allolactoside 
(Majak and Berm, 1988; Majak et al., 1988; Benn and Majak, 1989). 

The first step in the degradation of glycosides is the microbial 
hydrolysis of the glycosidic bond and the second step is the microbial 
modification of the aglycone. The hydrolysis is a form of bioactivation 
because the glycosides themselves may be innocuous (Majak et al., 1983; 
Carter et al., 1980). The susceptibility of these glycosides to hydrolysis by 
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0-glucosidase (EC. 3.2.1.21) was examined. Only the allolactoside resisted 
hydrolysis (Benn and Majak, 1989) but it was susceptible to hydrolysis 
through the action of 0-galactosidase (EC 3.2.1.23) (Ma)ak et al., 1988). 
This prompted us to determine the relative activities of the two hydrolytic 
enzymes in bovine rumen fluid using nitrophenyl glycosides as sub- 
strates. The results showed that in comparison to the high level of 
Oglucosidase activity, the activity of 0-galactosidase in rumen fluid was almost 
negligible (Bern and Majak, 1989). This indicated that in rumen fluid, 
galctosides would resist hydrolysis and consequently, this would inhibit 
bioactivation of the galactosidic aglycone and reduce the likelihood of 
poisoning. 

The crucial role of microbial 6-gglucosidase in rumen fluid was further 
examined with nitrophenyl glucosides to determine the pH optimum of 
the enzyme and to investigate its diurnal variation (Majak, 1989). The 
enzyme showed a broad pH optimum in the normal pH range of rumen 
fluid but significant decreases in activity occurred at the extremes of pH 
5 and 8. Diurnal differences were also detected but these were not a function 
of pH because the different inocula could be adjusted to the same pH and 
differences in rates of hydrolysis were still observed. 

/3-Glucosidase can also be a component of forage tissue but it should 
be reiterated that rapid hydrolysis can occur in rumen fluid in the absence 
of plant enzymes (Coop and Blakely, 1949; Majak and Cheng, 1984) and 
that is unlikely that solubilised plant enzymes participate in the ruminal 
hydrolysis of glycosides. It should also be noted that the glucose esters of 
3-nitropropionic acid, which are more abundant in nature than the 
nitropropyl glycosides, are also very susceptible to hydrolysis by rumen 
microorganisms (Gustine et al., 1977). However, with these conjugates, 
hydrolysis would be effected by the action of ruminal esterase and not 
0-glucosidase. 

The aglycone, 3-nitropropanol, can be anaerobically degraded by nine 
species of rumen bacteria (Majak and Cheng, 1981; 1983) and since these 
bacteria are also capable of nitrite reduction (Figure 2) (Cheng et al., 1988), 
detoxification of the aglycone is the end result. The sequence of events in 
the degradation appears to proceed as follows : A reductive cleavage releases 
nitrite from the aglycone and the nitrite is then rapidly converted to 
ammonia (Figure 3) thereby resulting in its detoxification. Under field 
conditions, our objective has been to enhance the microbial rate of 
detoxification through diet manipulation and supplementation. Early results 
showed that diet variation can produce a sixfold difference in microbial 
rates of detoxification (Figure 4) (Majak et al., 1982) and more recently the 
range has been extended to a tenfold difference. The dietary factors that 
enhance the rates of degradation have not been elucidated but high rates 
of detoxification appear to be associated with the new growth of grass 
forage or high quality orchard grass (Dactylis glomerata) hay as compared 
to forage of advanced maturity of poor quality hay. Nitroethane, a relatively 
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inexpensive and innocuous nitroalkane at dilute concentrates, has also 
provided a practical approach for the enhancement of nitropropanol 
degradation by rumen microbes (Majak et al., 1986). This analogue of 
nitropropanol appears to adapt rumen microorganisms to the aliphatic 
nitro moiety thereby inducing capacity to detoxify nitropropanol can be 
transferred naturally to untreated cattle is not known, but a passive transfer 
of activity has been achieved with mimosine-degrading bacterial (Quirk et 
al., 1988) and with nitrite-and nitrate-degrading bacteria (Cheng et al., 1985). 
Thus, induction and the enhancement of microbial detoxification may 
provide not only protection for the treated animals, but this protection 
may be transferable to other animals at risk. Other aspects of detoxification, 
including the inhibition of 0-glucosidase and the elimination of nitrotoxins 
by excretion, were reviewed earlier (Majak et al., 1985; Majak and Pass, 
1989). 

Figure 2 

INCUBATION OF FOUR BACTERIA IN SCOTT AND DEHORITY'S (1965) 
MEDIUM MODIFIED WITH NITRITE. (A) BACTERIAL GROWTH AT 

OD600(------ ) AND DISSAPEARANCE OF NITRITE ( I WITH 
COPROCOCCUS PEI 3 AND PEI 5 (v); (B) BACTERIAL GROWTH AT 

OD600 (------) AND DISAPPEARANCE OF NITRITE () WITH 
MEGASPHAERA ELSDENII T81 (o) AND B 1591 W. 
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Figure 3 

AMMONIUM PRODUCTION (,L) DURING NITRITE (o) METABOLISM 
BY EARLY STATIONARY PHASE CULTURE OF 

MEGASPHAERA ELSDENII J1 AND NITRITE LEVEL (0) 
IN CULTURE MEDIUM WITHOUT BACTERIA. 
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DEGRADATION OF CYANOHYDRIN GLYCOSIDES 
Over 25 types of cyanogenic glycosides have been found in nature and 
these include the cyanohydrin («-hydroxynitrile) glycosides such as prunasin 
(d-mandelonitrile Q-D-glucoside) which occurs in wild cherry (Prunus sp.) 
and serviceberry (Amelanchier sp.), amygdalin (d-mandelonitrile a-D-gen- 
tiobioside) which occurs in apricot, peach and apple seeds and linamarin 
(2-methylpropanenitrile O-D-glucoside), a major component of cassava 
(Manihot esculenta) and white clover (Trifolium repens) (Poulton, 1983). 

In rumen fluid, two steps are involved in cyanogensis or the production 
of hydrogen cyanide (HCN) from cyanogenic glycosides. In the first step, 
the glycosidic bond linking the sugar to the cyanohydrin is hydrolysed by 
microbia enzymes and then the HCN dissociates from the unstable aglycone 
non-enzymatically. As stated in the previous section, the enzymatic 
hydrolysis is catalysed by microbial Q-glucosidase and plant enzymes are 
not required for the biotransformation. Rumen bacteria capable of amyg- 
dalin (Figure 5), prunasin or linamarin hydrolysis have been identified 
(Ma)ak and Cheng, 1984; 1987) and presumably these would also hydrolyse 
other glucosides, such as miserotoxin. Rumen microorganisms may also 
have the capacity to modify the products of cyanohydrin dissociation such 
as HCN, benzaldehyde (derived from mandelonitrile) and acetone (derived 

Figure 5 

INCUBATION OF BACTEROIDES RUMINICOLA GA 33 IN SCOTT AND 
DEHORITY'S (1965) MODIFIED MEDIUM CONTAINING 200 µG/ML 
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from 2-methylpropanenitrile or acetone cyanohydrin). The anaerobic con- 
version of HCN to thiocyanate was detected both in vitro and in vivo 
indicating that rumen bacteria are capable of HCN detoxification, probably 
through the action of microbial rhodanese (Majak and Cheng, 1984). How- 
ever, acetone was not significantly metabolised in rumen contents 
(Czerkawski and Breckenridge, 1972) and the fate of benzaldehyde is not 
known. Benzaldehyde might be reduced to benzyl alcohol under anaerobic 
conditions but extensive cleavage or reduction of the aromatic ring by 
rumen microorganisms has not been reported. Thus, the acetone and espe- 
cially the benzaldehyde may further contribute to the toxicity of the 
cyanogenic forage ingested by ruminants. 

Rates of hydrolysis of amygdalin, prunasin and linamarin were com- 
pared in vitro using rumen fluid from cattle on different diets (Majak and 
Cheng, 1987). The slowest rates of hydrolysis were obtained with amygdalin 
and this was attributed to its disaccharide structure which probably requires 
a two-step sequential hydrolysis to liberate the aglycone. The fastest rates 
were obtained with prunasin, a monosaccharide, and these were significantly 
higher than those obtained with linamarin, also a monosaccharide. We 
concluded that rumen microorganisms can distinguish the glycosides on 
the basis of their aglycone moieties and that prunasin is the preferred 
substrate. 

The study on ruminal hydrolysis also revealed that elevated rates of 
hydrolysis were associated with cattle on fresh diets or good quality hay 
where naturally occurring O-D-glycosides were more abundant. The natural 
abundance of these compounds in forage might proliferate the rumen 
bacterial capable of hydrolysis of the conjugates may induce the microbial 
enzymes involved in hydrolysis. 

The non-enzymatic dissociation of the aglycones, acetone cyanohydrin 
and mandelonitrile, was then examined in vitro and the dissociation was 
found to be pH-dependent (Majak et al., 1989). Higher rates of dissociation 
occurred at pH > but the degree of HCN dissociation was almost negligible 
at pH 5. The rates of cyanohydrin dissociation varied diurnally with the 
pH of rumen fluid. Higher rates of dissociation were observed in fasted 
animals where the pH was elevated and lower rates were observed at early 
postprandial times when the pH was < 6 during digestion and rapid fermen- 
tation. 

The pH dependency of the dissociation step prompted us to re-examine 
the diurnal variation in the overall rate of cyanogenesis in bovine rumen 
fluid (Majak et al., 1989) since earlier studies had focused mainly on the 
hydrolytic step. Accordingly, the highest rates of cyanogenesis were obtained 
with rumen fluid from cattle that were fasted for 24 hours. The pH of 
the inoculum at that time was sufficiently elevated for rapid dissociation 
of the aglycone and the level of microbial 0-glucoside was also sufficiently 
high for rapid hydrolysis of the glycoside. Grain diets yielded the lowest 
rates of HCN production and the highest were obtained with fresh alfalfa 
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(Medicago sativa) herbage or cubed alfalfa hay. This diet effect was quite 
opposite to that of mimosine detoxification described in the first section. 
Prunasin also showed much higher rates of cyanogenetis than linamarin 
or amygdalin (Majak et al., 1989). 

In conclusion, these results indicate that diet, postprandial time and 
the chemical structure of the glycoside have a combined impact on the 
rate of glycoside degradation in ruminants. The susceptibility of ruminants 
to toxic glycosides can be further predicted if these factors are taken into 
consideration. 
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CONCLUSIONS 

The Symposium programme involved five papers that provided a com- 
prehensive coverage of the advances that have been made concerning 
ruminant physiology and nutrition in Asia. A brief summary of the main 
issues as well as highlights of the discussion is reported. 

In the opening paper, Dr Leng provided an excellent background about 
the recent advances in ruminant physiology and nutrition, and the con- 
trasting research results from temperate and tropical situations. In particular, 
he addressed the issue of the balance of nutrients in the context of ther- 
moneutrality, and possibilities of the impact of manipulating the protein 
to energy (P/E) ratio to increase the efficiency of feed utilisation in the 
tropics. Any manipulation of the diet that alters the P/E ratio in the 
nutrients available to ruminants is likely to improve feed conversion ef- 
ficiency to a greater extent in ruminants in the tropics compared to those 
in the temperate countries. 

The following two papers addressed comparative digestive physiology 
and nutrition between buffaloes and cattle, and goats and sheep. These 
clearly indicated that inherent differences, as well as specific responses to 
varying environmental conditions existed in all ruminants. With all species, 
good progress has been made in understanding the factors influencing 
digestive function as well as the interaction of these with the utilisation of 
poor quality roughages. Both papers emphasised the need for continuing 
research on digestive physiology and nutrition. The importance of this 
task is associated with potential possibilities of making more efficient use, 
and productivity from, these ruminant resources in the face of their inability 
to meet current and projected demand for animal proteins. 

The next paper reported progress in the field of ruminant physiology 
and nutrition in Japan, with a focus on the utilisation of feed resources, 
energy metabolism, environmental physiology, and the role of the hormonal 
regulatory system with specific reference to beef and dairy cattle. Clearly, 
much progress has and is being made, and one manifestation of this is the 
development of equations relating energy content in feeds and utilisation 
in both cattle dairy and beef cattle. 

The last paper dealt with the capacity of rumen microorganisms in 
coping with deleterious principles in feeds, and in particular, recent advances 
in the rates of hydrolysis and degradation to deal with these toxic substances. 

All five papers generated much discussion not only in respect of the 
inherent characteristics in individual species, but more particularly also on 
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those areas that merit increased research focus in the future. There were 
three major conclusions from the discussion. Firstly, special features as- 
sociated with digestive physiology and nutrition in individual ruminant 
species merit more documentation. Secondly, potential possibilities of in- 
creasing the performance of these animals by a better understanding of 
intake and efficient utilisation are distinctly feasible through manipulation 
of the diet with reference to the totality and quality of available feeds. In 
this context, supplementation especially with dietary protein sources and 
multi-nutrient blocks offers many benefits. Thirdly, issues of research 
relevance, methodology and resource allocation are all important in promot- 
ing continuing efforts with digestive physiology progress as well as the 
impact of the results. 

This has been a very timely and useful Symposium to assess the present 
situation, as well as emphasise the importance of making more efficient 
use of the ruminants in the context of increasing productivity from them 
in Asia. 

We would like to thank all the speakers for their individual paper 
presentations and all of you for the excellent discussion and participation. 
With these words, we will like to bring this meeting to a close and say 
"Sayonara". 
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