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ABSTRACT 

Breeding ruminants for low methane (CH4) emissions is an attractive mitigation approach for this 
greenhouse gas. During the last three years research has progressed at AgResearch to accurately identify 
individual sheep with contrasting low (Low) and high (High) methane yields. A study was conducted using 
these animal resources in order to explore the animal factors responsible for the observed differences between 
rankings. For this, the sheep were fed first on fresh pasture forage (pasture) and then on pellets containing 
lucerne hay and wheat grain (pellet). Methane emissions were measured in respiration chambers over two 
consecutive days. Feed dry matter digestibility (DMD) was estimated from a total faecal collection, whereas 
ruminal retention times of feed particles (PRRT) and solutes (SRRT) were estimated by single dosing of 
external markers. Methane yields from the High sheep were higher (P >0.05) than from their Low counterparts 
both the pasture and pellet diets. High emission ranking sheep had higher (P <0.05) DMD and SRRT than their 
Low counterparts, whereas PRRT was only numerically higher for the High sheep than for the Low sheep. 
Results of this study align with previous findings that retention time of digesta is implicated in animal 
differences in CH4 emission. 
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INTRODUCTION 

Globally, ruminant livestock are the single 
most important source of anthropogenic methane 
(CH4) emissions and this source represents a major 
share of New Zealand’s total greenhouse gas (GHG) 
emissions (Pinares-Patiño et al., 2009). Methane is a 
major GHG and as global demand for livestock 
products is rapidly increasing due to population 
growth and a shift in human food consumption 
patterns. As a consequence ruminant CH4 emissions 
are predicted to continue to increase. Currently, 
there are few technologies to mitigate CH4 
emissions from ruminants. For example, mitigation 
technologies based on feed additives and 
supplements have shown some potential to reduce 
emissions, but these approaches may be 
uneconomical and impractical for grazing systems 
where animals are not handled on a daily basis. 
Besides, grazed forage constitutes the cheapest 
source of energy and nutrients for the animal, and 
use of additives and supplements could potentially 
undermine the product safety and price 
competitiveness of the industry. Development of 
cost effective CH4 mitigation technologies suitable 
for pastoral farming systems is needed to ensure that 
these systems remain competitive in the global 
market. 

Methane emission measurements carried out in 
New Zealand over the last 15 years have shown a 
common feature of large animal-to-animal variation 
in emissions, which persists after accounting for 
individual differences in feed dry matter intake 

(DMI). Thus, a CH4 mitigation avenue by exploiting 
this natural variation to breed for low CH4 emission 
seems an attractive option (Pinares-Patiño et al., 
2011). However, the mechanisms responsible for 
animal variation in emissions remain mostly 
unknown. Enteric methanogenesis is carried out by 
archaea microbia housed in the forestomach of 
ruminants, and a relationship between rumen 
retention time of feed particles and the rate of CH4 
emission is a commonly accepted paradigm, which 
is based on the well established association between 
retention time and the extent of fibre degradation 
(Benchaar et al., 2001). However, studies directly 
addressing such a relationship are very scarce. 

Retention time has been shown to be a 
repeatable trait (Ørskov et al., 1988) and also 
heritable (Smuts et al., 1995). It has been shown to 
be responsible for a large proportion of the between-
sheep variation in CH4 emission (Pinares-Patiño et 
al., 2003). This study was carried out in order to 
explore whether rumen retention time is implicated 
in differences in CH4 emission between groups of 
sheep with known differences in CH4 yield, 
measured as emissions per unit of DMI. 

MATERIALS AND METHODS 

This study was conducted at the Ulyatt-Reid 
Large Animal Facility of AgResearch Grasslands 
Research Centre, Palmerston North. The 
experimental protocols followed were approved by 
the Grasslands Animal Ethics Committee. 
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TABLE 1: Mean ± standard error of mean of effect of methane (CH4) emission ranking of sheep as either Low 
or High, when fed either a Pasture or Pellet diet on CH4 yield, feed dry matter coefficient of digestibility and 
rumen retention times of digesta particulate and solute phases. Bolding of P values indicates significance 
(P <0.05). 

Measurement 

Low ranking High ranking P value 

Pasture Pellet Pasture Pellet Ranking Diet Ranking x 
Diet 

Methane yield (g/kg dry matter 
intake) 

21.7 ± 0.8 6.4 ± 0.9 24.6 ± 0.9 10.8 ± 1.0 <0.001 <0.001 0.41 

Dry matter digestibility (%) 59.5 ± 1.9 58.1 ± 2.0 62.9 ± 2.1 63.4 ± 2.2 0.05 0.81 0.64 
Particulate matter rumen 
retention time (hours) 

27.0 ± 1.8 36.4 ± 1.7 32.9 ± 1.8 37.3 ± 2.1 0.17 0.001 0.19 

Solute rumen retention time 
(hours) 

13.1 ± 0.7 14.1 ± 0.7 16.0 ± 0.7 15.0 ± 0.8 0.04 0.92 0.07 

Between July and September 2008 
measurements of CH4 emissions were conducted on 
105 ewe lambs belonging to the Central Progeny 
Test programme (CPT) of Beef and Lamb New 
Zealand, while housed in respiration chambers and 
fed on a standard diet. Then, 10 extreme low (Low) 
and 10 extreme high (High) CH4 yield individuals 
were selected and their rankings confirmed on 
subsequent repeated measurements, results of which 
have been published elsewhere (Pinares-Patiño et 
al., 2011). In January 2010 (Period 1) and March 
2010 (Period 2), two trials were conducted with the 
Low and High CH4 emission sheep, while fed first  
on perennial ryegrass (Lolium perenne) pasture 
forage (pasture) (Period 1) and then on a mixed 
forage:concentrate (40% lucerne hay:60% wheat 
grain, fresh basis) pelleted diet (pellet) (Period 2). 
The crude protein and neutral detergent fibre (NDF) 
contents of the pasture and pellet diets were 130 and 
638, and 203 and 280 g/kg dry matter (DM), 
respectively.  

The sheep were brought indoors from grazing 
and acclimatised to the forage and pelleted diets 
over 10 and 21 days, respectively, while group-fed 
in pens. Pasture forage was fed ad libitum, allowing 
for 15% refusal, whereas feeding of the pelleted diet 
was set at 2.2 times the maintenance metabolisable 
energy requirement (CSIRO, 2007). Daily feed 
allowances were delivered in equal portions twice a 
day at 08:30 h and 16:00 h. Following acclimatisation 
in pens, the sheep were housed individually in 
metabolic crates for feed digestibility and digesta 
kinetics measurements over a seven-day period. 
Then, they were moved to respiration chambers for 
measurements of CH4 emissions over two 
consecutive days. Due to the availability of eight 
respiration chambers, the sheep were allocated to 
three working groups of eight, eight and four 
animals, and groups staggered on time. Each 
working group contained equal number of Low and 
High CH4 emitters. 

Daily DMI was calculated from the amounts of 
feed offered and refused and their corresponding 
DM contents. Feed DM coefficient of digestibility 
(DMD) was estimated from the total collection of 
faecal output and DMI. Rumen retention times of 
feed particles (PRRT) and solutes (SRRT) were 
estimated using Cr-mordanted grass NDF and Co-
EDTA, respectively as external markers (Pinares-
Patiño et al., 2007). For this, the sheep received a 
single oral dosing of the markers with samples of 
faeces collected at pre-defined intervals of time after 
dosing, then a multi-compartmental digestive tract 
model (Pinares-Patiño et al., 2007) was fitted to the 
faecal excretions of Cr and Co to calculate PRRT 
and SRRT. 

Effects of CH4 ranking group, hereafter 
referred to as Low and High; diet, referred to as 
Pasture forage and Pellet, and their interaction on 
CH4 yield, DMD, PRRT and SRRT were analysed 
using a mixed effects model by GenStat (Payne et 
al., 2009). In this study, effects of diet and period 
were confounded. Consequently, given that effects 
of these factors cannot be separated, assumption was 
made that all effects were due to diet rather than 
period. Two animals belonging to the High emission 
ranking group could not acclimatise to the pellet 
diet, so they were removed from the trial. Data are 
presented as mean ± the standard error of mean. 

RESULTS 

As expected, CH4 yield was higher (P <0.001) 
for the High CH4 emission ranking sheep than for 
their Low emission counterparts (17.7 ± 0.68 vs. 
14.0 ± 0.62 g/kg DMI), and emission from the 
Pasture diet was much higher (P <0.001) than from 
the Pellet diet (23.2 ± 0.62 vs. 8.6 ± 0.68 g/kg DMI). 
No ranking × diet interaction effect on CH4 yield 
was observed (P >0.05), but on the Pellet diet the 
difference in CH4 yield between High and Low 
emission ranking sheep was much higher than on 
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the Pasture diet (69 vs. 13%) (Table 1). Feed DMD 
was higher (P = 0.05) for the High emission ranking 
sheep than the Low emission group (63.2 ± 1.5 vs. 
58.8 ± 1.4%). On the other hand, effects of diet and 
ranking × diet interaction on DMD were not 
significant (P >0.05) (Table 1). 

Rumen retention time of feed particles (PRRT) 
did not differ (P = 0.17) with sheep CH4 emission 
ranking, but it was numerically longer in the High 
emission ranking sheep than in the Low group (35.1 
± 1.4 vs. 31.7 ± 1.3 hours). The PRRT of the Pasture 
diet was shorter (P <0.01) than that the Pellet diet 
(29.9 ± 1.3 vs. 36.9 ± 1.4 hours). In turn, SRRT was 
longer (P <0.05) for the High emission sheep than 
for their Low emission counterparts (15.5 ± 0.6 vs. 
13.6 ± 0.6 hours), and no effect (P >0.05) of diet on 
SRRT was observed. The ranking × diet interaction 
effects on PRRT and SRRT were not significant (P 
>0.05) (Table 1). 

DISCUSSION 

Using the same experimental animals, results of 
this study confirmed previously reported findings 
(Pinares-Patiño et al., 2011) that sheep selected for 
contrasting CH4 yields maintain their emission 
rankings across time and diets, and that difference in 
emissions between the Low and High CH4 emission 
ranking sheep is higher on concentrate-containing 
pelleted diets than on pasture forage. 

Results of the present study align with findings 
from an earlier study at AgResearch Grasslands 
(Pinares-Patiño et al., 2003) that CH4 yield is 
positively associated with both feed digestibility and 
PRRT. Structural carbohydrates are fermented at 
slower rates than non-structural carbohydrates, such 
as starch and sugars, and yield more CH4 per unit of 
substrate fermented (Holter & Young, 1992; Moe & 
Tyrrell, 1979). Thus, longer PRRT increases the rate 
of CH4 emission, most probably by increasing the 
extent of digestion of structural carbohydrates 
(Pinares-Patiño et al., 2011). The fact that in this 
study PRRT was only numerically different between 
the High and Low CH4 emission sheep reflects the 
higher variability of this variable compared to CH4 
yield and DMD. 

Results of the present study support findings 
from previous studies (Okine et al., 1989) that CH4 
emission is associated with SRRT. The solute 
fraction of digesta is responsible for the flow of 
small feed particles out of the rumen, and shorter 
rumen retention times of the solute phase are 
associated with shorter residence time of protozoa in 
the rumen (Michalowski et al., 1986) and 
potentially, also methanogens as there is a symbiotic 
association between these two groups of 
microorganisms (Ushida et al., 1997). 

A low CH4 yield from sheep fed the 
concentrate-containing diet was expected, and it 
probably was associated with decreased ruminal pH 
and higher rates of ruminal fermentation favouring a 
shift of fermentation from acetate to propionate 
(Martin et al., 2010). In addition, the physical form 
of the ground pelleted  diet may have favoured a 
rapid passage of particles throughout the digestive 
tract (Hironaka et al., 1996), contributing to a 
reduction in CH4 yield. However, the longer PRRT 
for the Pellet than the Pasture diet observed in this 
study was unexpected, but similar findings have 
been observed previously by other researchers 
(Faichney, 1983). In this respect, Bernard et al. 
(2000) concluded that the effect of grinding and 
pelleting of forages on retention time remains 
conflicting, whereas Faichney et al. (2004) 
suggested that grinding of forages may slow 
microbial colonisation on account of the destruction 
of the fibre matrix. Attempting to draw any valid 
conclusion on effects of physical form of diet on 
PRRT is not easy in the case of the present study 
given that the forages belonged to distinct families. 

This study, based on small sample size, 
indicates that differences in CH4 yield per unit of 
feed intake between sheep with known low and high 
CH4 emission rankings, was due to rumen retention 
time of digesta, with high CH4 emission sheep 
having higher CH4 yields due to longer retention 
times of digesta in rumen and therefore greater 
extent of digestion of structural carbohydrates. 
Although the above conclusion needs to be 
confirmed with a larger sample size, it implies that 
the possibility of exploiting animal-to-animal 
variation for mitigating CH4 emissions should be 
considered in relation to its association with net feed 
efficiency.  
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