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SUMMARY

A method of evaluating fibrous feeds is proposed and discussed. The
method is based on determination of degradation characteristics of roughages
from experiments in which the roughages are incubated in the rumen for different
periods of time (t) and the relationship of time (t) to degradation (p) described
by a mathematical description p = a t b (1 - e-et). Further improvements to
this expression are suggested and the relationship to animal performance, and
in particular feed intake, is discussed.

INTRODUCTION

Feed evaluation systems developed in Europe and the USA during the
past century are based on either total digestible nutrients (TDN), metabolisable
energy (ME), starch equivalents (SE) or other systems of net energy (NE). While
for some feeds measurements are obtained in respiration chambers the values
are most often based on measurements of digestibility at maintenance energy
intake and the ME or NE calculated from established factors. These systems
have served their purpose reasonably well particularly production systems in
which the animals have been rationed to receive less than ad libitum  intake.
The systems have also provided reasonably good comparative values of feeds.

The greatest weakness of all the systems developed so far is that they
give no information on the amount of each feed the animals are likely to consume.
While as mentioned before this is not so important when animals are’ rationed
below their potential ad libitum intake, or are given high quality feeds which
induce little or no physical limitation to intake, it is a serious weakness when
the animals are fed ad libitum on roughage based diets. The poorer the quality
of the feeds and the more the production systems are based on ad libitum  intake
the greater the problems with present feed evaluation systems. While digestibility
of roughages is usually positively correlated with intake it generally accounts
for less than 50% of the variation.

Recognizing that the characteristics of feeds which influence rumen fill
and thus voluntary intake relate to rate and potential extent of fermentation
several attempts have been made to describe these characteristics of feeds (see
for instance Van Soest, 1982; Ellis et al., 1988; Kennedy, 1988). In this paper
an approach used by our group will be discussed in some detail and some
suggestions will be made as to how future feed evaluation systems for roughage
based diets may be developed.

The objective of the work was therefore to identify those characteristics
of roughages which had implications as far as rumen fill was concerned and to
determine how these characteristics contributed to the accuracy of predicting
intake and growth rate.
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CONTENT OF SOLUBLE MATERIAL

Almost all roughages contain a variable fraction of soluble materials or
cell content. This material will generally not intrude appreciably on space in
the rumen and so it is an important characteristic.

CONTENT OF INSOLUBLE BUT FERMENTABLE MATERIALS

The potential fermentation of the insoluble material is important as it
determines the potential amount which could be extracted by the animal and also
the minimum of materials which will pass through the gut as completely indigestible
and thus occupy space all the time.

RATE OF DEGRADATION

The rate of degradation is also an important characteristic as it determines
the amount of e’hergy that will be extracted during the time the material is
retained in the rumen and also the time during which the fermentable material
occupies space in the rumen.

RATE OF REDUCTION OF LONG TO SMALL PARTICLES

The rate at which long particles are reduced to particles which will leave
the rumen could also be an important characteristic determining rumen retention
time and thus voluntary intake.

EXPERIMENTAL APPROACHES

In order to determine some of the factors referred to and test the extent
to which these factors could predict intake and performance a large experiment
carried out in our laboratory, and published by Orskov et al., 1988 and Reid et
al,, 1988 will be discussed in some detail. Based on these observations some
suggestions as to future descriptions of feeds will be made.

The technique we used consisted of describing the degradation
characteristics using nylon bags incubated in the rumen and withdrawing bags
at different intervals of time. In the case described only disappearance of dry
matter with determined. Subsequently the data were treated mathematically
using the same procedure as originally used for description of protein
degradability (Orskov and McDonald, 1979) namely the exponential equation of
the form p = a t b (1 - e-1. The meaning of these factors are shown in Fig. 1.
In this instance a represents the extrapolated zero value which was taken to be
the immediate soluble material, b the insoluble but potentially fermentable material,
and c the rate constant of b.

Five types of straw which varied in rate and extent of degradation were
used. A portion of each straw was subsequently treated with ammonia. The
untreated straws were supplemented with urea to ensure that N deficiency did
not impair voluntary intake. Each type of straw was subsequently given ad
libitum  to 8 individually fed steers for periods of 2 months. In order to ensure
no live weight loss the steers were also given daily 1.5 kg of concentrate.

The straws were also fed to sheep in respiration chambers for determination
of the metabolisability at the maintenance level of intake. In Table 1 the results
are given for the description of the straws using the values of a, b and c from
the exponential equation and the performance of the animals. It can be seen
that there was a great deal of variation between the straws which was seen in

103



their a, b and c values. It is of interest that ammonia treatment consistently
increased the b value but had little effect on the rate constant. It can also
be seen that the varieties of barley straws varied considerably in degradability.

Table 1. Description of straws according to the exponential equation relating
degradation (p) to time (t) according to p = a t b .( 1 - I*). Also dry matter
intake and growth rate of steers.
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In Table 2 the factors of
predict performance and intake.

the exponential equation have been used to
Initially the total potential (a t b) was used

then the rate constant c was added and finally a, b and c were separated. It
can be seen that the accuracy of predicting intake and growth rate was impressive.
It is most important that addition of the rate constant c always improved accuracy
of prediction. Digestibility alone gave a correlation of 0.70 with intake similar
to metabolisability.

The use of the equation above assumes that the extrapolated value a
gives some measure of solubility. This applies generally to protein supplements
but for many fibrous feeds there is often a negative value for a, due to the
fact that there is sometimes a lag phase during which microbes colonize the
particles so that for a period there is no apparent loss of dry matter. It is
possible to overcome the problem of lag phase by determining solubility and use
this value as the zero time incubation. However, such procedure reduces the
accuracy of the equation and also obscures the meaning of the rate constant.

In another approach described by McDonald (1981) the solubility is
determined and denoted a’. The b’ value is then (a t b)-a’ while the rate
constant c is the same. The principle of this approach is given in Fig. 2, which
allows calculation of the lag phase L which also contributes to rumen retention
time. The improvement in accuracy of determining production parameters using
this approach is given in Table 3 in terms of correlation coefficients. Here it
can be seen that the accuracy of predicting dry matter intake was substantially
and significantly improved by separating a’, b’ and c, so that about 90% of
variation in intake could be accounted for by the degradation characteristics
compared to only about 50% from information on digestibility and metabolisability.
The required information was also obtained at a much lower cost. Inclusion of
lag phase in the equation did not further increase accuracy of prediction as
shown by no significant change in the correlation coefficients.
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Table 3, Accuracy (R) of estimating digestibility, dry matter intake, digestible
dry matter intake and growth rate from feed degradation characteristics, as
indicated by the multiple correlation coefficients.

The values for a’, b’ and c for some feeds are given in Table 4 which
represent a possible way in which future description of roughage feeds can be
made. Such values can be improved by describing organic matter disappearance
and even energy disappearance which may be important in feeds with a high
ash or lipid contents.

In some circumstances it may be desirable to represent the feed by a
single value such as an index which could be used to indicate the level of
production which can be achieved from the amount the animals could consume.
A possible approach to generate an index value here was to use the regression
equation which related voluntary dry matter intake to a’, b’ and c and which
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gave a multiple correlation coefficient of r = 0.93, Since the basis of this
calculation is to find the coefficients to the factors which result in the lowest
residual standard deviation it follows that the regression coefficients for each
factor will indicate their respective importance. In order to simplify, each
coefficient was divided by the coefficient for a so that the coefficient for a was
1 Using this approach the coefficient for b was 0.4 and for c 200. The index
values for the feeds in Tables 2 and 4 have calculated using this approach.
In Table 3 it can be seen that the correlation with intake was high which of
course was to be expected but a correlation of r = 0.96 with the independent
parameter of growth rate was impressive. It is also possible using this approach
to calculate the minimum index value which enables the animal to achieve a
defined level of production. For instance it was calculated that an index value
of at least 36 was required for the steers to meet their maintenance energy
need. It should be pointed out of course that such index values have no
biological meaning but it may be a useful number to give to roughage feeds.

While in the work here about 90% of variation in intake was accounted
for by degradation characteristics, this of course needs to be tested with a
wider range of feeds of different types. While the rate at which long particles
are reduced to small particles may also restrict intake it was possible to achieve
a high accuracy of prediction without that information. It cannot be assumed
that it is not important but the results here suggest that either the rate constant
for reducing particles is greater than passage rate or it was similar for the
feeds considered. For some feeds with very tough fibrous components such as
banana leaves or sisal pulp, this is likely to be important. The rumen retention
times of long and small straw particles were found to be 53 and 48 h respectively
by QIrskov,  Ojwang and Reid, 1988. In other words the difference was quite
small.

The description of feeds here, of course, assumes that the rumen
fermentation proceeds at an optimal rate and not impeded by lack of N or by a
rumen environment which results in less than optimal rumen fermentation. Our
approach is not considered to be the final answer to future feed evaluation
systems. It does, however, seem to be a possible route to a system which has
a greater relevance to ruminant production than conventional evaluation systems.
Laboratory methods need to be developed to generate the characteristics required.
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