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The effect of incremental changes in metabolisable energy intake on the partitioning of
metabolisable energy in dairy cows
R. E. Agnew, F. J. Gordon, D. J. Kilpatrick, T. Yan and M. G. Porter
The Agricultural Research Institute of Northern Ireland, Hillsborough, Co. Down BT26 6DR, U.K.

Introduction The current energy (E) feeding standards (AFRC, 1993) have the objective of providing accurate feeding
of dairy cows when there is either zero tissue E retention or a given tissue E change. Such approaches are of limited
practical value in the real world in which we must be able to predict optimum feeding levels and strategies for animals
of differing milk yield potential producing in a range of physical and economic environments. In the latter context the
key economic factor is how the animal responds to additional increments of feed. This is primarily driven by how the
animal partitions that additional E between milk output and body tissue gain. The objective of this experiment was to
use calorimetric techniques to explore the impact of level of metabolisable E (ME) intake (MEI) on milk E output (El)
and tissue E gain (Eg) and hence partitioning of increments of MEI between milk and tissues.

Materials and methods Four Holstein-Friesian dairy cows were used in the study. At the commencement of the trial,
the cows had a mean lactation stage of 65 days (s.d. 19.3) and mean milk yield of 29 kg/d (s.d. 0.96). A total mixed
ration, based on concentrate and dried grass (0.40:0.60 dry matter (DM) basis), was offered throughout the study and
had the following composition: DM 894 g/kg, crude protein 158 g/kg DM, gross E 17.7 MJ/kg DM and metabolisability
of 0.588. Each animal was offered sequentially four levels of MEI, ranging from approximately 240 – 120 MJ/day in
equal steps. At each level of MEI individual animals were subjected to measurements of gaseous exchange in indirect
open circuit respiration chambers. Each calorimetric measurement period was preceded by a one-week dietary
adjustment period and three-weeks feed in period prior to transfer to the calorimeters for three days, with measurement
of gaseous exchange made over the final 48 hours. Regression analyses between MEI and El and Eg for each animal and
for all animals were undertaken.

Results  Mean energy metabolism data for the experiment are given in Table 1. The mean relationships between MEI
and El and MEI and Eg for the four cows are shown in Figure 1. The relationship between responses in El and Eg for
incremental changes in MEI alters considerably with level of MEI. At low MEI there is a high response in El and little
response in Eg yet at high MEI the opposite effect is obtained. Using these two relationships, and their differentials, it
has been computed that where Eg = zero (i.e. requirements are met) the marginal response in El (MJ) to additional MEI
(MJ) was 0.30 and in Eg (MJ) was 0.29. Using the data of Yan et al. (1997), which indicate that the efficiency of ME
use for Eg during lactation is 0.96 of the efficiency of use for El, the present results would suggest that when animals are
fed to meet requirements then an additional increment of MEI was partitioned approximately equally between El and Eg.
.

Table 1 Mean energy metabolism data (MJ/d)#

________________________________________

Period 1 2 3 4 s.e.m.
________________________________________

MEI 231.3 202.1 167.5 132.4 3.67

HP 126.1 121.1 106.8 91.6 3.74

El 74.8 70.8 62.7 49.4 2.94

Eg 30.4 10.2 -2.0 -8.6 4.45

________________________________________

# Effects of periods on all variables were significant
(p<0.001)

Conclusions The results of the present study
demonstrate that each individual animal follows a curvilinear response between MEI and El and in addition the
converse response is obtained for Eg. Therefore in practical terms the concept of optimum level of feeding hinges upon
the cost of feed relative to milk value, the degree of partitioning of the animal and the potential need to alter the body
tissue reserves of the cow.
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EXAMPLE  SUMMARY

Figure 1 Effect of MEI on El and Eg
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El=97.6-149.4*0.991MEI

R2 = 0.81, p<0.001

Eg=-21.8+3.5*1.012MEI

R2 = 0.61, p<0.001




