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The digestion of roughages (forages and browses, hays and straws) by ruminants begins with, and is mainly due to, a
microbial fermentation in the reticulo~-rumen. The difficulty of duplicating this process in the laboratory is illustrated
by the multitude of analytical techniques which have been developed in attempts to evaluate roughages. Thus the.
original proximate analysis definition of fibre as the residue remaining after boiling in acid and alkali has been
refined and modified to give (for example), NDF (Neutral Detergent Fibre), ADF (Acid Detergent Fibre) and MADF
or MAD Fibre, (Modified Acid Detergent Fibre). Other technigues have been developed in which samples are
incubated with cellulases, or in vitro with rumen liquor (eg the Tilley & Terry method) and dry matter loss measured,
More recently incubation of the sample in vitro with rumen liquor, and measurement of gas production over time,
has increasingly been used. This measurement of in vifre gas production is sometimes with measurement of dry
matter or organic matter loss. Incubation of samples contained in bags of nylon filter cloth in continuous fermenters
has also proved useful.

All these methods attempt to mimic the microbial rumen digestion processes. None, with the important exception of
the gas production techniques and the continuous fermenters simulate the important factor that normal digestion
within the reticulo-rumen is a time related process. This microbial degradation, can be measured directly by means
of the Polyester or Nylon Bag Technique (in sacco or in situ). Samples contained in bags made from polyester
(nylon) filter cloth are incubated in the rumen of a rumen fistulated animal for a range of times, and the degradation
loss for each incubation time measured. A 'degradation’' curve is drawn from this data which is characteristic of the
material being incubated, and of the rumen environment in which the bag is incubated. The incubation of samples in
the rumen has a long history (@rskov, E.R., Hovell and Mould, F. (1980). However in most of this early work
samples were incubated for only one or two fixed times. However the main value uf the technique is realised when a
series of incubation times are used, and a progressive degradation curve described.

The original models proposed by (@rskov and McDonald, 1979) and McDonald (1981).provide excellent tools with
which to analyse the degradation data so obtained. Yet misunderstanding of these equations (i.e. what is truly
described by the constants ‘a’ and ‘b?), is all too common (e.g. AFRC, 1993). This paper is an attempt to correct this
misunderstanding.

The complete degradation curve is sigmoid in shape. This simple is shown diagrammatically by Figure 1.
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However this a complex shape to handle, and in any event, most of the curve is described by first order kinetics,
namely a simple negative exponential. The part of the curve handled by the exponential is shown by the solid line
(=), the remainder of the sigmoid by the (+++++) line. The extrapolation of the simple exponential to zero time is
shown by the dashed (- ) line.

The exponential is described by Equation-1 (@rskov and McDonald, 1979)

P=a+b(l-ep %)
Equation-1
When ‘P’ is the degradation loss after ‘t’hours and ‘a’, ‘b’ and ‘¢’ are constants.

‘a’ is the zero time intercept (i.e with the x axis) of the fitted curve. It is NOT the soluble component. . In fact
‘a’ can sometimes be negative. The true water soluble component (Sp) has to be measured separately.

‘b’ is the asymptote of the curve, and would be reached if t was infinite. That is when the expression (1 - exp) = 1.
In practice the asymptote (b) is normally very nearly reached by about 30-50 hours with protein concentrates, and
70-90 hours with roughages. ‘b’ is not the insoluble matter which is potentially degradably.

Both ‘a’ and ‘b’ are mathematical constants, neither of which directly relates to the degradability of the food
material.

‘¢’ is the degradation rate constant, i.e the rate at which the amount of insoluble material degraded per unit time
declines with time. ‘¢’ does relate more directly to the degradability of the food material. However it is a fractional
rate constant, and therefore has to be scaled by a value for the insoluble potentially degradable material. This is given
by ‘B’ shown in Figure-1, and will be further discussed below.

The potential degradability of the food material is given by ‘a + b’ and is the amount of material which would be lost
from the bag by degradation if 't' was infinite. In practice, about 50 hours (concentrates) and about 70 hours
(roughages) will be close to the asymptote.

Note that the exponential begins at the point of inflection of the sigmoid curve (shown by the arrow in Figure 1).
This means that when the curve is fitted mathematically (Equation-1), only points which properly belong to the
exponential should be used, i.e those after the point of inflection. The inclusion of data before the point of inflection
will distort the exponential, and in particular will reduce the value of ‘¢’. For roughages, the inflection point occurs
at about 6-8 hours, and for protein concentrates at about 2-4 hours. The period up to the inflection point is sometimes
known as the lag phase and is the time taken for the micro-organisms to colonise the bag and sample.

The simple model for the degradation curve described on the previous page and as originally proposed by @rskov
and McDonald (1979) (Equation-1) was developed to describe protein degradation. However it works well even with
the less homogeneous forages and browses With all materials there is an initial 'lag phase' shown by the first part of
the sigmoid curve. With roughages, and particularly with poor quality roughages, the lag phase can be significant.
This was recognised by McDonald (1981) and Dhanoa (1988) who proposed a modified model in which the time at
which the exponential intercepts the 'degradation' value given by the zero time washing loss. This is given by
Equation-2:

P=A+ B(I - exp“{"'”)
Equation-2
The advantages of this model are that a measure of the lag time is given (L hours). The lag time 'L’ is the time at
which the degradation curve extrapolated back in time, intercepts the value for zero time washing loss ‘Wg’ as

described by McDonald (1981). Wg = A as is shown by Figure-2. ‘Wg’ (A”) is measured by washing a sample in a
bag without incubation. ‘B’ can then be calculated, since (Equation-3)

(a+b)=(4+B)
Equation-3






