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Appendix C
D er i v a t i on  o f  T ie r  2  Ent er i c  Ferm ent a t i on
E q u a t i on s  F or  Met h a n e
This appendix summarises the derivation of the relationship between net energy (NE) and
digestible energy (DE) that is used to estimate total feed-intake requirements for cattle.
This derivation is drawn from Gibbs and Johnson (1993).

As described in the main text, the relationship among the energy values of feed consumed
by cattle can be summarised as follows:

Digestible Energy = Gross Energy - Faecal Losses

Metabolisable Energy = Digestible Energy - Urinary and Combustible Gas
Losses

Net Energy = Metabolisable Energy - Heat Increment

-------------------------------------------------------------------------------------------------------
----

Net Energy = Gross Energy - Faecal Losses - Urinary and
Combustible Gas Losses - Heat Increment

NRC (1984) presents the following quantitative relationships among these energy values:

ME = 0.82 x DE (C.1)

NEm = (1.37 x ME) - (0.138 x ME2) + (0.0105 x ME3) - 1.12 (C.2)

NEg = (1.42 x ME) - (0.174 x ME2) + (0.0122 x ME3) - 1.65 (C.3)

where:

DE = digestible energy in Mcal/kg (dry matter basis);

ME = metabolisable energy in Mcal/kg (dry matter basis);

NEm = net energy for maintenance in Mcal/kg (dry matter basis); and

NEg = net energy for growth in Mcal/kg (dry matter basis).

Using these relationships, the ratio of NEm and NEg to ME or DE can be derived as
follows:

NE/DE = 1.123 - (4.092 x 10-3 x DE%) + (1.126 x 10-5 x (DE%)2) - 25.4/DE%
(C.4)

NEg/DE = 1.164 - (5.160 x 10-3 x DE%) + (1.308 x 10-5 x (DE%)2) - 37.4/DE%
(C.5)

where:

NE/DE = the ratio of net energy consumed for maintenance, lactation, work and
pregnancy to digestible energy consumed;

NEg/DE = the ratio of net energy consumed for growth to digestible energy
consumed; and

DE% = digestible energy as percentage of gross energy, expressed in per cent
(e.g., 65%).
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Graph C-1 shows the relationships in graphical form.  As shown in the graph, the ratio of
NE to DE is non-linear, with an increasing slope with decreasing DE.  These relationships
imply that at lower values of DE, cattle are able to recover a decreasing portion of the
energy to use for maintenance or growth.

For the purpose of estimating methane emissions from cattle, applying these relationships
to cattle consuming relatively low-quality feeds (such as cattle in many tropical countries)
may be inappropriate because the relationships were developed based on analyses of the
higher-quality feeds typically found in the United States temperate agriculture system.
Consequently, the experimental basis for extrapolating the non-linear relationships to low
levels of DE is not very strong.

In examining other energy systems, it is seen that they also indicate that the rate of net
energy retention declines at lower values of digestible energy.  Unlike the NRC system,
however, many imply a linear relationship between NE and DE.  The UK energy system
(ARC, 1980), which is typical of the energy systems used in Europe, has a slope for the
linear NEm:DE relationship that is similar to the slope of the non-linear NRC relationship
in the range of 65-70 per cent digestibility.  In the same way, the slope of the UK NEg:DE
relationship is similar to the slope of the non-linear NRC relationship in the range of
60-65 per cent digestibility.

To avoid possible biases in estimating feed-intake requirements in this study, the
relationships were extrapolated linearly for DE values below 65 per cent using the
average slopes of the NRC relationships between 60 and 70 per cent DE.  The derived
equations are as follows:

NE/DE  =  0.298 + 0.00335 x DE%(C.6)

NEg/DE = -0.036 + 0.00535 x DE%(C.7)

Graph C-2 shows the extrapolated linear relationships along with the non-linear
estimates.  As expected, the linear extrapolations fall above the original non-linear
estimates.

The implication of making this adjustment to the NRC (1984) relationship for the global
emissions estimate is relatively minor.  Gibbs and Johnson (1993) report that using the
non-linear relationship to estimate global emissions from cattle increases the 1990
emissions estimate by 1000 Gg, from  58,100 Gg to 59,100 Gg.  Considering the wide
range of factors that contribute to uncertainty in the estimates, including characterisation
of animal populations, this adjustment has a minor influence on the estimates.


