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ABSTRACT ARTICLE HISTORY
Residual methane emission (RME) is a trait that has previously been Received 16 June 2023
identified as being independent of animal production traits. The Accepted 24 October 2023
objective of this study was to investigate the effect of ranking
grazing dairy cows by RME on animal productivity and enteric
methane (CH,) emissions. Milk production, dry matter intake
(DMI), liveweight (LWT) and CH, were recorded on grazing late KEYWORDS

lactation dairy cows at Teagasc Moorepark, Ireland. The dairy Enteric methane emissions;
cows were producing 352 g CH,/day, while consuming 16.6 kg residual enteric methane
DM. The mean methane yield was 20.79 g CH,/kg DMI. Residual emissions; grazing dairy
methane emission was calculated as the difference between cattle; lactating dairy cow;
measured CH, yield and New Zealand emission factor (21.6 g pasture based

CH4/kg DMI). These dairy cows were ranked based on their RME

and classified into groups. The low RME group produced 15% less

CH, than the high RME group while maintaining milk production

and feed conversion efficiency. The low RME group had lower

methane yield, and methane intensity. There are no significant

phenotypic correlations between RME and animal production

traits such as energy corrected milk yield, or LWT. These results

indicate that RME has the ability to select and rank low emitting

grazing dairy cows while being independent from animal

productivity traits.

HANDLING EDITOR
Rhiannon Handcock

Introduction

As the global population increases and is predicted to reach 9.1 billion by 2050, food
demand is expected to also increase by 60-70% (FAO 2009; van Dijk et al. 2021). This
is a huge challenge that the world is facing and with climate change altering growing
seasons this becomes more difficult to achieve (Ray et al. 2019). Along with these
challenges, reducing emissions is also a key target area for international and national
governments. Emission reduction targets have been set in order to lower the effect
that human activity is having on the climate. Within these targets sectors such as agricul-
ture have been given specific reduction targets to strive towards (United Nations 2016).
Enteric CH, is the major gas that is contributing to agricultural emissions in New
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Zealand and Ireland (Environmental Protection Agency 2022; Ministry for the Environ-
ment 2022). Enteric CH, emissions are produced as a by-production from fermentation
and digestion in ruminants (Ministry for the Environment 2022; Environmental Protec-
tion Agency, 2022). Within the agricultural sector, enteric CH, is the largest contributor
to greenhouse gases (GHG) in both Ireland and New Zealand (Ministry for the Environ-
ment 2022; Environmental Protection Agency 2022).

Residual CH, emissions (RME) is a relatively new trait that has been identified as a
potential selection index trait for animal breeding programs (Herd et al. 2014; Smith
et al. 2021). It has been reported that RME is independent of production traits and there-
fore is able to rank and select animals with low enteric CH, emissions with the same level
of productivity. This trait has not been assessed on grazing dairy cows and therefore this
study’s objective is to investigate the potential for RME to rank and select animals that are
low enteric CH, emitting animals while not effecting productivity, i.e. milk production,
dry matter intake, feed conversion efficiency.

Materials and methods

This study was conducted in Teagasc Moorepark, Co Cork, Ireland between 3rd August
and 18th October 2020 (10 week period). Enteric CH, emissions and animal production
traits were measured on forty-five late lactation grazing dairy cows. The mean lactation
number was 3.02 £ 1.67. There were twenty-seven Holstein-Friesian and eighteen Hol-
stein-Friesian Jersey crossbred cows ranging from first to eighth lactation. The average
stocking rate was 2.6 cows per hectare and these cows were managed in a rotational
grazing system. The sward composition consisted of mainly perennial ryegrass
(Lolium perenne; > 85%), and the remainder consisted of white clover and meadow
grasses (Poa, Festuca pratensis and Trifolium repens L., cv. Chieftain). All procedures
were approved by the Teagasc Animal Ethics Committee and the Health Products Regu-
latory Authority (HPRA).

Animal measurements

Individual cow milk yield and composition was measured throughout the study. Milk
yield was measured at each milking (Dairymaster, Causeway, Co. Kerry, Ireland), typi-
cally between 07.00 and 09.30 in the morning and again between 14.30 and 16.30 in
the afternoon. Milk composition samples were taken twice weekly on Tuesday afternoon
and Wednesday morning milkings using Dairymaster milk sampling equipment (Dairy-
master, Causeway, Co. Kerry, Ireland). These milk samples were analysed using the Pro-
Foss FT 600 (MilkoScan ™ FT) for protein, fat and lactose yields, as well as somatic cell
count and milk urea.

Liveweight (LWT) and body condition score (BCS) were also measured weekly.
Weighing and BCS took place the same morning every week after milking. LWT was
measured using electronic weighing scales (Tru-test, Auckland, New Zealand). Body con-
dition scoring was scored by a trained individual on a scale of one to five with 0.25 incre-
ments (Lowman and Scott 1976).

Individual dry matter intake (DMI) was estimated using the n-alkane technique
(Mayes et al. 1986) as modified by Dillon and Stakelum (1989). This occurred twice
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during the 10 week study (week 1 and week 10). All cows were orally dosed twice a day
for 12 days with a paper bullet (Carl Roth GmbH, Karlesruhe, Germany) containing
500 mg of dotriacontane (C32- alkane). After 7 days of oral dosing of C32, faecal collec-
tion begins. Faeces were collected twice daily before each milking for 5 days. These faecal
samples were bulked (12 g of each sample), dried for 48 h at 60°C and milled through a
2 mm screen then stored for chemical analysis. Two herbage samples of approximately
fifteen individual grass snips were manually collected with hand shears (Gardena,
UK). The herbage selected mimics the grazing pattern observed on previously grazed
swards. These herbage samples were frozen at —20°C and then bowl chopped (Muller,
Type MKT 204 Special, Saabrucken, Germany). Once chopped the samples were
freeze-dried at —50°C for 120 h and milled through a 2 mm screen. Concentrate
samples that were fed through the GreenFeed were also sampled. These samples were
dried at 60°C and milled through a 2 mm screen then stored for chemical analysis.
The herbage, concentrate and faecal samples were analysed for alkane content. The
ratio of C31 and C32 alkane present in these samples along with C32 dosage rates
were used to establish the estimated DMI using the equation stated by Mayes et al. (1986).

Enteric CH, emissions were measured using two outdoor GreenFeed systems (C-Lock
Inc, Rapid City, SD, USA). The cows had constant access to the GreenFeed’s allowing
them to visit at any time. Before the experimental period there was a training period
to ensure each cow had an adequate visitation frequency. Concentrate (Dairy pride con-
centrate, Dairygold, Ireland) was dispensed as 34 grams every 20 s for a total of 200 s.
During the study, cows were able to visit the GreenFeed and receive concentrate at a
minimum of every 4 h. The cows visited on average 2.21 times per day throughout
this study. Standard gas calibrations were carried out using span (20% oxygen and
80% nitrogen) and zero (10 ppm hydrogen, 500 ppm CH,, 5000 ppm carbon dioxide
and 21% oxygen and the balance nitrogen) gases. The calibrations occurred automatically
every 3 days at 04.00. Manual carbon dioxide calibrations were done monthly to ensure
the sensors did not drift away from the baseline concentrations over time.

Individual estimated enteric CH,4 production values were excluded from the study if
the average visits frequency was <1 visit per day for each 7-day period. The diurnal
pattern for the 10-week period was evenly distributed throughout the day and therefore
no adjustments had to be made. All data was averaged per week of the experiment.

Herbage mass measurements

Pre-grazing herbage mass was determined by cutting two strips 1.2 m wide by a known
length (approximately 10 m) using an Etesia mower (Etesia UK Ltd., Warwick, UK) in
the sward prior to grazing. The herbage from each strip was weighed and a sample of
approximately 300 g was collected. A sub-sample of 100 g was weighed, dried for 16 h
at 90°C to determine dry matter content.

Compressed sward height was recorded pre and post cutting on each strip by taking 10
measurement per strip using a rising plate metre (Jenquip, Fielding, New Zealand). This
was used to calculate the sward density (cut herbage mass [kgDM/ha]/[pre-cutting height
- post cutting height]). Post-grazing herbage heights were also recorded using a rising
plate metre (Jenquip, Fielding, New Zealand). Herbage mass was then corrected for
post-grazing sward height using the following equation described by Delaby et al. (1998).
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Corrected herbage mass = (pre-cutting compressed sward height - targeted residual)/
sward density.

Calculations

Energy corrected milk yield (ECMY) was calculated through the following formula
(Sjaunja et al. 1991):

Percentage of gross energy (GE) intake consumed through methane production (Ym)
was calculated using the following formula (Herron et al. 2021):

Ym = (((CH4755.65)/1000)/ GE;nae)x100

Methane yield =g CH, / kg DML

Methane intensity = g CH, / kg milk solids.

Methane production =g CH,,

Residual methane emissions (RME) = measured CH, yield - CH, yield estimated.

The estimated CH, yield is the same emission factor (21.6g CH,/kg DMI) that is used
in New Zealand GHG inventory calculations (Ministry for Primary Industries 2013).

The highest RME animals were classified as high, the lowest RME animals were ranked
low and the 15 animals that were in the middle were ranked medium. The herd was split in
3 groups with 15 cows in each group. This resulted in the range for each rank group being:

Group Range of residual enteric methane emission (g CHs/kg DMI)
High 0.4-8

Medium -1-04

Low =5to -1

Statistical analysis

All statistical analysis was carried out using SAS software version 9.4 (SAS Institute Inc,
Cary, NC, USA). MEANS procedure was used to calculate the descriptive statistics
(mean, standard deviation and coefficient of variation). Least squares means and stan-
dard errors for methane, milk production and composition traits, and live weight, dry
matter and feed efficiency traits for each for the RME groups were obtained with a
linear model that included the fixed effect of RME group and residual error. The least
squares means were used for multiple mean comparison using the Fisher’s least signifi-
cant difference test. Significant differences were declared at P < 0.05.

Simple linear regressions of CH,, energy corrected milk yield, LWT, and DMI on
RME were plotted using Excel (Microsoft Corporation, 2018). Partial correlations of
energy corrected milk yield, LWT, and DMI with RME were estimated with the GLM
procedure with a linear model that included the fixed effects of parity and breed.

Results
Herbage chemical analysis

The mean chemical quantities such as organic matter digestibility are shown in Table 1.
Herbage mass measured pre and post-grazing is also included in these graphs which were
sampled during the two intake measurement periods (week 1 and week 10). There is a
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Table 1. Pre and post-grazing herbage masses and herbage chemical composition of pasture eaten
during the study period.

Mean SD
Organic matter digestibility (9/kg DM)? 870 27.1
Crude protein (g/kg DM)? 193 27.9
Acid detergent fibre (g/kg DM)? 230 1.7
Neutral detergent fibre (g/kg DM)? 408 17.9
Ash (g/kg DM)? 89 12.7
Pre-grazing herbage height (cm)® 10.6 2.04
Pre-grazing herbage mass (kg DM/ha)® 3117 529.5
Post-grazing residual height (cm)® 4.2 0.25
Pre-grazing herbage mass removed (kg DM/ha)® 1615 2944
Daily herbage allowance (kg DM/cow) 15.5 1.07
Daily GreenFeed concentrate intake (kg DM/cow)® 0.83 0.07

?Results from herbage collected only during week 1 and week 10 (intake measurement periods).
PResults from the whole 10 week study period.

difference between DMI offered and measured (+ 0.27 kg). This is due to the sampling
periods as DMI was measured only during week 1 and 10 of the study period. The
mean daily herbage allowance and mean GreenFeed concentrate intake are from every
day throughout the study.

Descriptive statistics

Mean, standard deviation and coefficient of variation values for the different traits are
presented in Table 2. The average CH, produced was 352 g per day. When comparing
the CH, emitted against production traits such as milk solids (MS) or DMI, cow efficien-
cies can be identified. The methane yield (g CHy/kg DMI) is 20.79 g/kg, and methane
intensity (g CHy/kg MS) is 224g/kg. The coefficient of variation is relatively low for
enteric CH, production at 13%, in comparison to other animal production traits such
as milk yield and composition, and comparative to DMI, LWT, and BCS.

Table 2. Number of observations (N) Mean, standard deviation (SD) and coefficient of variation (CV)
for enteric methane, milk production and composition traits, and live weight traits measured in late
lactation dairy cows in Ireland.

Trait N Mean SD CV (%)
Methane production (g/day) 495 351.77 45.67 13
Milk yield (kg/day) 495 17.56 3,51 20
Milk solids (kg/day) 495 1.62 0.29 18
Fat yield (kg/day) 496 0.92 0.18 20
Protein yield (kg/day) 496 0.70 0.13 19
Lactose yield (kg/day) 496 0.81 0.17 21
Energy corrected milk yield (kg) 495 21.00 3.67 17
Milk urea (mg/dl) 491 23.57 7.85 33
Somatic cell score® 469 6.30 1.82 29
Liveweight (kg) 494 540.16 59.37 1"
Body condition score 451 3.14 0.26 8
Dry matter intake (kg/day) 86 16.60 2.23 13
Methane yield (g/kg)” 86 20.79 3.12 15
Methane intensity (g/kg)® 495 224.14 59.06 26
Gross energy intake conversion (% GEl) 86 6.08 0.92 15

2Somatic cell score = log-transformed somatic cell count (Wiggins and Shook 1987).
PMethane yield = enteric methane emissions per kg dry matter intake.
“Methane intensity = enteric methane emissions per kg milk solid produced.
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Residual methane classification

Table 3 shows the least squares mean, standard error and p-values for each residual
methane classification and different traits. The cows were ranked as high, medium, or
low through their residual methane yield. The low group produced 15% less enteric
CH, than the high group. While producing less enteric CH, these animals in the low
group have equivalent milk yield, MS, milk urea, and BCS. There was no significant
difference between visits per day between each RME group; low 2.21, medium 2.20
and high 2.19 (low-high p-value = 0.171; low-medium p-value = 0.839, medium-high p-
value = 0.222). The overall mean visits per day was 2.21 + 0.248, with a mean animal
to animal coeflicient of variation of 11%. The low RME group have lower LWT
(—42kg) and higher DMI (1.5kg) in comparison to the high RME group. These groups
had the same proportions of Holstein-Friesian - Jersey crossbred animals (5-6 crossbred
animals per group). However, low RME group has a significantly greater mean parity of
2.65, in comparison to the high RME group of 2.02 (p-value = 0.036).

These high, medium, and low groups were analysed for measures of efficiency as
shown in Table 3. These results show that there is no difference in feed efficiency
between the groups, however there is a significant difference between enteric CH,
efficiency traits. The low group produced 17% less enteric CH, per kg MS produced
and 22% less enteric CH4 per kg DMI. Both the medium and low groups exhibit a sig-
nificant difference between the high group for these CH, efficiency traits. This indicates

Table 3. Least squares mean and standard errors (SE) for methane, milk production, live weight, dry
matter intake (DMI) measured in late lactation dairy cows classified into three groups of residual
enteric methane production.

Group of residual enteric methane production

High Med Low
Trait Mean SE Mean SE Mean SE P-value
Enteric methane (g/d) 363.5° 7.21 341.4° 7.68 310.3° 7.87 <0.001
Energy corrected milk yield (ECMY) (kg/d) 8.61 0.30 8.72 0.32 8.93 0.32 0.768
Milk yield (kg/d) 15.64 0.65 16.80 0.69 17.13 0.71 0313
Fat yield (kg/d) 0.91 0.04 0.89 0.04 0.91 0.04 0.943
Protein yield (kg/d) 0.67 0.03 0.69 0.03 0.70 0.03 0.843
Lactose yield (kg/d) 0.75 0.03 0.80 0.04 0.81 0.04 0.498
Milk solids (MS) (kg/d) 1.52 0.06 1.53 0.06 1.56 0.06 0.868
Fat percent 5.68 0.18 5.26 0.19 5.30 0.20 0.277
Protein percent 4.12 0.08 3.97 0.08 4.06 0.08 0.413
Lactose percent 4.61 0.04 4.65 0.04 4.67 0.04 0.623
Milk urea (mg/dl) 23.33 1.13 25.74 1.20 23.12 1.23 0.207
ey 6.76 0.49 5.35 0.53 6.29 0.54 0.162
Live weight (LWT) (kg) 53476 11.11 521.04*° 1147 492.90°  11.61 0.039
Body condition score 3.19 0.07 3.07 0.07 3.07 0.07 0.433
Live weight change (kg) 0.70 0.06 0.66 0.07 0.42 0.07 0.121
Dry matter intake (DMI) (kg/d) 1517° 045 16.28*° 048 16.66°  0.49 0.107
Feed efficiency (kgMS/kg DM) 0.10 0.003 0.09 0.003 0.09 0.003 0.411
Feed efficiency (kg ECMY/kg DM) 0.56 0.01 0.54 0.01 0.54 0.01 0.328
Methane intensity® (g/kg) 24406° 697 227181 742 20281° 759 0.001
Methane-LWT? (g/kg) 0.68 0.02 0.66 0.02 0.63 0.02 0.182
Methane yield* (g/kg) 2402° 042 21.17° 0.45 18.84° 046  <0.001

'Somatic cell score = log-transformed somatic cell count (Wiggins and Shook 1987).
2Methane intensity = grams CH, per kg milk solids produced.

3Methane-LWT = grams CH, per kg liveweight.

“Methane yield = grams CH, per kg dry matter intake.

abMeans with different superscripts within the same row are significantly different (P < 0.05).
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that the low group were producing significantly less enteric CH, without any effect on
feed efliciency, or milk productivity.

Relationships between residual enteric methane emissions and animal
productivity traits

Dry matter intake has a negative linear regression trendline and a significant partial phe-
notypic correlation with RME. This means that as DMI increases it would be expected
that the RME decreases. Figure 1 demonstrates that there is a tendency for daily
enteric CH, production and ECMY to have a negative relationship with RME,
however both traits had insignificant partial phenotypic correlations with RME. Live-
weight has a positive trendline with RME, however an insignificant partial correlation.

Discussion

Reducing enteric CH, emissions from dairy cows within the agricultural sector has the
potential to play a large role in achieving the emission reduction targets set nationally
and internationally (Environmental Protection Agency 2022; Ministry for the Environ-
ment 2022). However, with reducing daily enteric CH, emissions it is likely that there
may also be a reduction in productivity as shown by a number of studies (Molano and
Clark 2008; Shibata and Terada 2010; Bird-Gardiner et al. 2017). Starsmore et al. (In
Review) reported that it would be expected that as CH, reduced, milk production,
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emissions in late lactation dairy cows.
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liveweight and dry matter intake would also be expected to decrease. Therefore,
when reducing CHj it is important that other traits and consequences are investigated
to ensure continued economic prosperity of farmers, sectors, and nations. Some
authors have proposed residual CH, production (RME) as a potential trait to select for
when aiming to lower CH,, while not affecting productivity (Herd et al. 2014; Smith
et al. 2021). Therefore, the objective of this study was to investigate the potential for
RME to select grazing cows with low enteric CH, production, without impacting
productivity.

Enteric CH, emission traits were evaluated in the current study. The average CH, in
this study was 352 g/day measured through the GreenFeed monitoring system. This is
comparable (278-384 g/day) to other late lactation grazing perennial ryegrass pasture
studies (Wims et al. 2010; O’Niell et al. 2012; Jonker et al. 2018). The daily visitation fre-
quency in this study (2.21 + 0.64) is comparative to other studies (2.4-1.6 times per day;
Manafiazer et al. 2016; Waghorn et al. 2016) in both indoor and outdoor systems. The
coefficient of variation reported in this study for CH, (13%) is lower than milk pro-
duction and composition traits and within 2% of DMI, LWT, and BCS. These two
factors indicate that the enteric CH, data has the same variation between and within
animals in comparison to other traits and also there is sufficient data points in compari-
son to other studies.

Residual methane in this study is the difference between measured CH, yield (g CH,/
kg DMI) and estimated CH, yield. When classifying animals by RME it is evident that
there is a large variation of RME between animals ranging from 8 to —4 g CHy/kg
DMI. The cohort of dairy cows in this study were split into 3 groups, according to
their RME: high, medium, and low. These RME groups did not exhibit any significant
difference in any milk production and composition traits. However, there were signifi-
cant differences in LWT and DMI. The animals in the low RME group were 42kg
lighter and consumed 1.49kg more than the high RME group. This is showing that
these low RME animals are able to maintain productivity, reduced CH, production
while being lighter and consuming more DMI. These RME groups did show a significant
difference between CH,, with the low and medium groups both having significantly
lower CH, than the high group. These same trends (CH, differences but no performance
differences) were also reported by Smith et al. (2021) in beef cattle. Methane efficiency
traits also indicated that animals in the low group produced less CH, per unit of milk
solids produced and per unit of DMI. Therefore, these animals identified in the low
group are more enteric CH, efficient. In previous years, feed efficiency (kg MS/kg DM;
kg ECMY/kg DM) has been a key metric in breeding systems to maximise utilisation
of feed into outputs (Waghorn and Hegarty 2011). It has been thought that animals
with improved feed efficiency may have a reduced CH, (Yan et al. 2010; Waghorn and
Hegarty 2011; Lovendahl et al. 2018). Within the current study, there was no significant
difference between each RME group for feed efficiency. This finding is consistent with
Flay et al. (2019) study where residual feed intake and enteric CH, production were
not correlated in dairy heifers. This indicates there are other factors that influence low
emitting animals to be producing less enteric CH, than expected.

As RME was calculated as the difference between measured CH, yield and NZ inven-
tory emission factor (21.6 g CH,/kg DMI), this study has highlighted the difference
between animal efficiencies. There were animals producing as little as 16 g CHy/kg
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DMI and as high as 30 g CHy/kg DMI. The overall mean CH, yield is 20.79 g CHy/kg
DMI, indicating that the NZ inventory emission factor may be overestimating national
enteric CH, emissions. The NZ inventory factor is established by the International
Panel of Climate Change using Tier 2 methodology. Studies that have been carried out
during late lactation also indicate that the 21.6 g CHy/kg DMI emission factor used in
the inventory calculations is too high and reducing this value would better reflect what
is occurring (Wims et al. 2010; Waghorn et al. 2016). Based on the current NZ inventory
equation it would be expected that these animals are producing 359 g CH, per day from
16.60kg DMI. This formula is resulting in a slight overestimation of enteric CH, pro-
duction. Therefore, this emissions factor should also be assessed for its accuracy as
other studies also indicate that dairy cows are producing less than 21.6 g CHy/kg DMI
throughout lactation (O’Niell et al. 2011).

The results in this study showed tendencies for lower RME animals to have lower
LWT, greater ECMY and greater DMI. There is a significant partial correlation
between RME and DMI, therefore as DMI increases it is expected that RME will decrease.
Smith et al. (2021) reported no significant correlations between RME and production
traits. These results are indicating that RME yield is highly related to DMI as expected,
but independent of milk production, LWT and enteric CH, production. Therefore, if
RME vyield was used to rank and select animals for breeding schemes, these results indi-
cate that there would be little effect on overall animal productivity as LWT and milk pro-
duction, are not correlated with RME. However, the results in this study only capture
phenotypic associations and therefore further work need to be done to establish
genetic relationships between these factors and RME yield.

Conclusion

Ranking dairy cows based on RME resulted in a 15% reduction in CH, between the high
and low RME groups. The results in this study show that the RME trait is phenotypically
independent of milk production, and liveweight, however genetic associations have not
been established in this study. The cows that are classified as low RME also are producing
less enteric CH, per kg milksolids and per kg DMI. These are two key metrics that milk
processing companies and governments will be interested in going forward to market
products and calculate national emissions. The explanation behind the differences in
RME is not identified in this study. Additional analysis should be conducted to discover
what is causing this difference in RME between animals.
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