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Abstract

Methane emissions from ruminant livestock is a major source of greenhouse gases, accounting
for approximately two-thirds of anthropogenic methane sources. Methane yield from ruminants
(MY; g/kg DM intake) is known to be positively correlated with the mean retention time (MRT) of
rumen contents, and MRT in the rumen is largely controlled by the contractile forces of the
reticulo-rumen and the relaxing of the reticulo-omasal orifice. The discovery of immuno-reactive
endocrine and neural cells distributed throughout the epithelia and glands of the digestive tract
suggest that the endocrine system may play a key role in regulating digesta MRT and MY in
ruminants. The thyroid hormone triiodothyronine (T3), known to influence digesta kinetics, was
used to initiate our studies to modify digesta MRT and determine the impact that digesta MRT

has on the production of enteric methane and MY.

To investigate the influence digesta kinetics had on ruminant MY, it was necessary to develop a
kinetic model capable of accurately estimating the rate of flow of digesta through the digestive
tract. An extensive review of existing published mathematical models for ruminant digesta
kinetics was conducted and a model developed by Aharoni et al. (1999) for the estimation of
cattle digesta kinetics was selected and modified to produce a new multicompartmental double-

marker digestive tract model for use in sheep.

Significant reductions in digesta MRT (9%) and MY (14%) with no change in dry matter
digestibility (DMD) but increased concentration of ruminal VFA and microbial protein output
occurred when plasma concentrations of T; were elevated within the normal physiological
range (Free T3: 1 to 6 pg/mL) of the animal using exogenous Ts;. When plasma Ts
concentrations exceeded normal physiological levels, a negative feed-back loop designed to
maintain the animal’s homeostasis ensured no changes to either digesta MRT or MY resulted.
This study found that T3, which is known to influence digesta kinetics, can reduce digesta MRT

and MY in sheep but only when plasma concentrations are within physiological limits.



Noting that after administration of exogenous Ts, within a physiological range, digesta kinetics
was modified and led to a reduction in MY, the effect of inducing a natural elevation in plasma
T3 concentrations on sheep digesta MRT and MY was assessed. Exposing sheep to low
ambient temperatures naturally increased plasma Ts; concentrations, within a physiological
range, and a decrease in digesta MRT resulting in reduced MY was observed. Ruminal VFA
concentration and microbial protein output also increased with no change in DMD. Wool growth
over the experimental period was measured with cold exposure resulting in a 30% increase in
length. The results confirmed that elevating Tz within the physiological range does reduce
digesta MRT which results in a reduction in MY. Additional to the reduction in MY was an
increase in the animal’s productivity through increased wool growth and a significant (30%)

reduction in the emissions intensity associated with wool production.

With T linked to reductions in digesta MRT and resultant decreases in MY, the usefulness of
plasma T; concentration as a predictor of MY in sheep and, therefore, its potential as an
indirect genetic selection tool was assessed. Plasma concentrations of both free and total Ts
were found to be correlated with MY and, therefore, show potential as possible predictors of MY
in sheep. The correlation was small (r>=0.16) but only a small cohort of animals was used and

the relationship between T; and MY was found to be significant (P<0.01).

In conclusion, the thyroid hormone T3 does influence digesta kinetics leading to reductions in
digesta MRT and, consequentially, reductions in sheep MY. Triiodothyronine also shows
potential as an indirect genetic selection tool for MY, with its significant association with MY.
Understanding the key physiological factors which control digesta kinetics may provide new

opportunities for indirect selection for MRT and MY by this and other regulators of gut motility.
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