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Understanding variability and
repeatability of enteric methane
production in feedlot cattle

Karen A. Beauchemin*, Paul Tamayao, Christine Rosser",
Stephanie A. Terry and Robert Gruninger

Lethbridge Research and Development Centre, Agriculture and Agri-Food Canada,
Lethbridge, AB, Canada

Breeding ruminants for low methane (CH,4) emissions can be permanent and
cumulative, but requires a better understanding of the variability of CHy4
production among animals to accurately assess low-CH,4 phenotypes. Our
objectives were to: 1) investigate the variation in CH,4 production among and
within growing beef cattle, 2) identify low-CH4 emitters, and 3) examine
relationships between CH,4 production and intake, feeding behavior, growth,
and rumen fermentation. Crossbred beef heifers (n=77; body weight=450 kg)
were allocated to 3 pens and offered a finishing diet of 90% concentrate and
10% silage (dry matter (DM) basis). The study was conducted over 3 consecutive
6-week periods (126 days). GrowSafe bunks measured individual animal DM
intake (DMI) and rumen fluid was sampled orally each period. A GreenFeed
system measured individual animal emissions for 2 weeks/period. Methane
production was calculated by animal within period using visits that were >3 min
with fluxes compiled into six 4-h blocks corresponding to time of day, and
averaged over blocks to obtain an average daily emission for the period.
Animals with <12 visits and <5 blocks were omitted for the period and
animals with >2 periods of complete CH, data were used in the final analysis
(n=52). Animals were ranked based on CH, yield (g/kg DMI) from low to high,
and grouped as Very-low (<10% of animals), Low (11-25%), Intermediate (26-
74%), High (75-89%), and Very high (>90%) emitters (mean + SD, 12.6 + 2.16).
The CH, yield was 16% less (P<0.05) for Very-low compared with Intermediate
animals due to lower CH4 production (g/d, P<0.05), with no differences in DMI
(P>0.05). However, the period X grouping interaction (P<0.001) for CH, yield
indicated that the ranking of animals changed over time, although there were
no extreme changes in rankings. Total VFA concentration decreased as CH4
yield decreased, but molar proportions of VFA remained unchanged,
suggesting lower extent of ruminal digestion rather than a shift in
fermentation. There were no differences in feeding behavior or average daily
gain among groupings (P>0.05). The between-animal coefficient of variation in
CHy yield of 17.3% enabled identification of low CH4-emmitting finishing beef
cattle. However, accurate selection of low CH4-emitting animals should be
based on repeated CH, measurements over the production cycle.
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1 Introduction

More than 120 countries and interested parties recently
signed the Global Methane (CH,) Pledge to reduce CH, by
30% from 2020 levels by 2030 (www.globalmethanepledge.org).
Because CH, is a potent, but short-lived greenhouse gas, its
reduction is viewed as a highly effective means of limiting global
warming to 1.5°C. While much of the focus has been on the
energy sector, there is increasing interest in the potential to
mitigate enteric CH4 from ruminant livestock production.

Methane production (MP; g/d) is a function of dry matter
(DM) intake (DMI), diet composition, rumen fermentability and
the animal’s genetics, physiology and microbiome (Beauchemin
et al,, 2020). Consequently, it varies during the production cycle of
the animal (Rischewski et al., 2017; Coppa et al., 2021). Numerous
thorough reviews have discussed possible enteric CH, mitigation
strategies (e.g., Hristov et al,, 2013; Beauchemin et al., 2020). The
main mitigation solutions proposed are intensification of animal
production, dietary manipulation, alteration of rumen
fermentation using feed additives, immunization, and genetic
selection of low CH,-producing animals.

Many of the nutritional strategies are limited to highly
managed production systems that use total mixed rations, and
few mitigation solutions are applicable to grazing animals. One
notable exception is animal breeding programs that incorporate
selection for low-CH, emitting animals, which have wide
applicability as they are not limited to a particular production
system (Pickering et al., 2015; Rowe et al, 2019). Methane
production in cattle has been shown to have low to moderate
heritability (0.11 to 0.40; Pickering et al., 2015; Hayes et al., 2016;
Manzanilla-Pech et al., 2021), which allows it to be incorporated
within breeding goals. The objective is to exploit the natural
animal variation in CH, emissions among animals to make
permanent and cumulative reductions in CH, emissions (Hayes
et al., 2016), without negative effects on feed digestibility and
animal performance. A major constraint to incorporating MP in
genetic selection programs is the difficulty of characterizing the
CH, phenotype of a large number of animals. Furthermore,
genetic selection of low-CH, animals requires that this trait be
repeatable and maintained over time. Thus, understanding the
variability and repeatability of MP of animals is important for
genetic selection programs. Similarly, it is of interest for
development of dietary CH, mitigation strategies because most
nutrition studies assign animals to treatments without baseline
measurements of CH, for the individual animals. It may be
advantageous to first characterize the animals as high- and low-
emitters to better understand whether these animal phenotypes
respond similarly to mitigation.

Traditionally, enteric CH4 has been measured using animals
fed controlled diets in respiratory chambers and expressed
relative to DMI as CH, yield (MY; g CH,/kg DMI) to account
for changes in feed intake and diet composition. However,
measurements in respiratory chambers are limited to a small
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number of animals, and do not represent the production
environment of the animals. In recent years other methods of
measuring enteric CH, have gained popularity, especially the
commercial GreenFeed (GF) system (C-Lock, SD), which can be
used for grazing animals as well as animals housed indoors or
outdoors, in groups or individually. Unlike respiratory chambers
that estimate an emission each day, the GF system estimates an
average emission over a number of days based on spot samples
spread over 24-h daily cycles (Hammond et al., 2016).

There is uncertainty as to the repeatability of CH,
production within animals over time. (Pinares-Patino et al.
2011, 2013) used respiratory chambers and reported that MY
for sheep was a repeatable trait across ages and diets. However,
Rischewski et al. (2017) concluded that the ranking of dairy cows
according to MY was not consistent over a lactation regardless of
whether respiratory chambers or GF was used. Similarly, with
dairy cows fed a range of diets with CH, yield measured over 26
weeks, Coppa et al. (2021) reported that the ranking of
individual cows as low-emitters using the GF system was not
stable over time within a diet. Furthermore, there was a lack of
persistence in the rankings even between two subsequent periods
of 2 weeks. Few studies have examined the long-term CH,
rankings of beef animals, thus further study of the variability
and persistency of the CH, trait is needed prior to incorporating
it into CH, mitigation research objectives.

The objectives of the study were to 1) investigate the variation
in CH, production measured using the GF system in a uniform
group of beef cattle fed a finishing diet, 2) identify high- and low-
CH, emitting animals, 3) determine the repeatability of CH, yield
of the cattle over the finishing period, and 4) examine factors
including body weight, DMI, feeding behavior, and rumen
fermentation end-products that may contribute to CH,
variability. We hypothesized that the variability in daily MY
among feedlot cattle fed a high-concentrate diet and managed
similarly, could be used to identify high- and low-CH, emitting
animals, and that these rankings would remain consistent
throughout the finishing phase.

2 Methods
2.1 Experimental design, animals, diet

The experiment was conducted at the Beef Cattle Research
Feedlot of Agriculture and Agri-Food Canada, Lethbridge
Research and Development Centre (Lethbridge, AB) in
accordance with guidelines of the Canadian Council on Animal
Care (2009) and was preapproved (protocol #ACC1913) by the
Institutional Animal Care and Use Committee.

The study was conducted as a randomized complete block
design, with body weight (BW) class as the blocking factor and
animal as the experimental unit. Measurements were conducted
over 3 consecutive 6-week periods for a total of 126 days.
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A uniform group of 75 crossbred heifers was purchased from
a single cow herd for the study. Several days after arrival at the
center’s Research Feedlot, the heifers were weighed (non-fasted)
on 2 consecutive days and stratified into 3 weight classes (mean
BW = SD): light (381 + 23 kg), medium (417 + 9.0 kg), and heavy
(452 + 14.1 kg) with 25 cattle per group. The groups were then
assigned to 3 feedlot pens (86 x 46 m, 158 m* per animal),
exceeding the minimum recommended space requirement (19-
28 m” per animal) of the Canadian Council on Animal Care
(2009) for feedlot operations. Each pen was equipped with 5
automated feeding stations (GrowSafe System Ltd, Edmonton,
AB, Canada) to measure individual animal feed intake and
feeding pattern daily. The heifers were ear-tagged with a radio
frequency identification transponder button (Allflex Canada, St-
Hyacinthe, QC), allowing them to be identified when using the
feeding station. The identification number of each steer was
transmitted when the radio frequency identification transponder
was within 0.5 m of the antenna and the feed bunk load cells
were read at 1-min intervals. Animals were fed once a day for ad
libitum intake (5% refusals) and refusals were removed weekly.
The cattle had free access to water and the pens were bedded
with barley straw away from the feed bunks as needed
throughout the study. Animal health was monitored daily.

A 5-week transition period was used to gradually adapt to
the cattle to the feedlot finishing diet that was fed to all animals
during the study. The transition period also enabled the animals
to become familiar with the CH, emission monitoring system
described below. A feeder wagon equipped with a mixing auger
and a weigh scale was used to prepare the diets as total mixed
rations (TMR). The diet was formulated to supply crude protein,
macro- and micro-minerals, and vitamins to meet the
nutritional requirements of finishing beef cattle
(NASEM, Table 1).

2.2 Measurements

2.2.1 Dry matter intake and feeding behavior

The DMI from the GrowSafe feed bunks was calculated by
summing the intakes of TMR at each feeding event during the
24-h cycle, corrected for the DM concentration of TMR. The
DM consumed as pellet in the GF system was calculated from
the number of pellet drops per 24-h multiplied by the average
weight of the pellets, corrected for DM concentration of pellets.
To determine DM concentration, samples of ingredients and
TMR were collected weekly and dried in a forced-air oven at 55°
C for 48 h. Weekly silage DM content was used to adjust the
ingredient proportions of the diets if DM deviated by >3% from
the average. The weekly samples collected were pooled by 3-wk
periods and stored at —20°C until analyzed. Samples of pellets
offered in the GF system were collected every period for DM and
chemical analysis.
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TABLE 1 Composition of the finishing total mixed ration (TMR) and
pellet delivered by the GreenFeed system (g/kg of DM).

Item TMR Pellet
Ingredients

Barley silage 80.0 0
Barley grain' 901.8 789.0
Canola meal 0 57.0
Calcium carbonate 13.9 10.0

Salt 2.5 1.5
Vitamin and mineral premix* 1.0 0
Molasses, dried 0 135.0
Canola oil 0.8 7.5
Composition3 (mean + SD)

DM 822.4 +19.41 9252 + 11.11
Organic matter 932.9 + 34.05 949.0 + 46.03
Crude protein 113.5 + 19.15 116.5 + 19.97
Starch 508.4 + 30.52 4179 + 1343
Neutral detergent fiber 237.9 + 40.78 249.1 + 3347
Acid detergent fiber 557 +13.78 73.4 + 4.69
Gross energy, Mcal/kg 541 +0.207 5.47 +0.065

'Dry rolled barley was used for the diet and ground barley for the pellet.

*Formulated to meet the vitamin and trace mineral requirements of the animals
(NASEM, 2016). Monensin (Elanco Animal Health, Guelph, ON) was added to supply
32 mg/kg TMR DM.

*TMR, n = 14 samples for DM and 6 for TMR; GF pellet, n = 6 samples.

Eating behavior of individual steers was based on the
information from the GrowSafe feeding system. The behaviors
were described as feeding time (total amount of time spent each
day at the feed bunks), feeding rate (amount of DM consumed
per day divided by feeding time), number, size and length of
meals, and intermeal duration, as described by Koenig et al.
(2020). A meal was defined as a visit to the bunk followed by an
absence from the bunk of 300 s or more and meal size was the
amount of feed DM consumed per meal.

2.2.2 Methane

Enteric CH, was measured using a GF system (C-Lock Inc.,
Rapid City, SD, USA) that recorded individual animal CH,4
emissions for 2-weeks per group (pen) in each of the 3 periods,
such that measurements were separated by 4 weeks. A GF system
was placed in one of the pens, and fencing was installed to
permit only one animal to access the system at a time. Every 2
weeks, the entire group of animals within a pen without GF
system were exchanged with the group of animals in the pen
containing the GF system. This rotation of animals ensured that
each pen of animals had access to the GF system for 2 weeks each
period and access to all pens each period. Moving the animals
controlled any possible pen effects and allowed for CH,
measurements over the study using a single GF system. Details
on the use of the GF system in this manner were reported by
Alemu et al. (2021).
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The GF system allows free movement of animals (in and out
of the system) and gasses are measured when the animal’s head
is in the “head chamber” unit as determined by the proximity
sensor. The principles of measuring enteric CH, emissions using
the GF system in a pen of animals have been published in detail
elsewhere (Alemu et al., 2021). The infrared gas analyzer and the
air flux sensor were calibrated and the air filter was cleaned and
changed regularly (every 3 to 5 d). To entice animals to enter the
GF system, pellets were dispensed as bait from an overhead
hopper when their head was in close proximity to the head
chamber sensor (Table 1). The animals could visit the system
anytime during the day but they received a maximum of six
drops per visit (36 pellet drops per 24 h) to restrict the amount of
pellets consumed. Additionally, the animals had to wait for 4 h
between GF visits to receive pellets.

2.3 Body weights, fecal pH and
rumen fermentation

At the start of Period 1 and at the end of each period, the
cattle were weighed individually (non-fasted) prior to morning
feeding (double weigh days at the start, single day/period
thereafter). At the end of each period after the animals were
weighed, fecal samples (approximately 100 g) were collected
from the rectum of each animal. Rumen fluid samples
(approximately 100 mL) were also collected from each animal
at the end of each period using a flexible tube inserted through
the mouth and into the rumen. A vacuum pump was used to
extract rumen fluid. Rumen sampling was conducted for
approximately one half of the animals (same animals each
time) as it was not possible to sample all 75 animals. Each
sample was strained through a polyester screen (355 um pore
size; B & S H Thompson, Ville Mont-Royal, QC, Canada) and 5
mL of filtrate was preserved with either 1 mL of 5% (w/v)
metaphosphoric acid for volatile fatty acid (VFA) analysis or 1
mL of 1% (v/v) H,SO, for ammonia-nitrogen (NH;-N) analysis.
Samples were then stored at —20°C until analyzed.

2.4 Chemical analysis

The pH of fresh fecal samples was determined immediately
upon collection using a pH meter. Dried feed samples were
ground in a Wiley mill (Thomas Scientific, Swedesboro, NJ)
through a 1-mm screen. Analytical DM content of the ground
samples was determined by drying at 135°C for 2 h (method
930.15; AOAC, 2016). The neutral (NDF) and acid detergent
fiber (ADF) concentrations were determined sequentially using
an Ankom A200 fiber analyzer (Ankom Technology, Macedon,
NY), with heat-stable amylase and sodium sulfite used for NDF
analysis. Samples were ground to a fine powder using a ball
grinder (Mixer Mill MM2000; Retsch GmbH, Haan, Germany)
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before determining nitrogen and starch concentrations. The
nitrogen concentration (crude protein = nitrogen x 6.25) was
determined by flash combustion, gas chromatographic
separation, and thermal conductivity detection (AOAC, 2016,
method 990.03; Carlo Erba Instruments, Milan, Italy) and starch
concentration was determined by enzymatic hydrolysis and
colorimetric detection of glucose as described by Koenig
et al. (2013).

2.5 Calculations and statistical analysis

Daily DMI for each animal was calculated as the daily sum of
DM consumed as TMR in the GrowSafe feed bunks and DM
consumed as pellet in the GF system. Daily DMI were averaged
for the period by animal. Average daily gain (ADG) was
calculated by period for each animal using the start and end
BW divided by the number of days in each period (42 d).

Daily CH, emission of individual animals was calculated for
each period by aggregating the fluxes at each visit to the GF system
over the 2-weeks of measurement. Only fluxes from visits >3 min
were used. The fluxes were compiled into six 4-h time blocks and an
average flux was calculated for each block (Manafiazar et al., 2017).
The mean daily CH, production was calculated by averaging over
the time blocks to ensure the full 24-h cycle of emission was
represented. Animals with infrequent visits to the GF system (<12
visits) or those with missing data for 2 or more of the time blocks
were removed from the period. As visitation to the GF system is not
evenly distributed throughout the 24 h period, using the time block
method provides more accurate results, especially when frequency
of visitation is low (Manafiazar et al, 2017). Furthermore, only
animals that had complete CH, data for at least 2 of the 3 periods
were retained for the final analysis (n=52 animals).

The normality of distribution and homogeneity of variance
of the data were determined using the UNIVARIATE procedure
of SAS (SAS Inst. Inc., Cary, NC). The MY (g/kg DMI) data were
analyzed using the MIXED procedure of SAS using a model that
included the fixed effect of weight class (light, medium, and
heavy), period (as a repeated measure), and weight class x
period. The best time-series covariance structure was selected
on the basis of the lowest Akaike and Bayesian information
criteria and compound symmetry was used. The weight class was
found to be non-significant (P>0.05), thus the data were
combined over weight classes. The 52 animals were ranked in
ascending order from low to high MY within period and over the
study (averaged over the periods). The animals were then
assigned to groups as: very low (VL, 10% of the animals with
lowest MY), low (L, 11-25%), intermediate (IM, 26-74%), high
(H, 75-89%), and very high (VL, 90-100%) emitters. The data for
CH, production (g/d), DMI, feeding behavior, ADG, and rumen
fermentation were then analyzed using the MIXED procedure of
SAS (SAS Inst. Inc., Cary, NC) using a model that included the
fixed effect of MY grouping (VL, L, IM, H, VH), period (repeated
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measure) and MY grouping x period interaction. The best time-
series covariance structure was selected on the basis of the lowest
Akaike and Bayesian information criteria and compound
symmetry was used. Least square differences were used to
determine significant differences among MY groupings. Least
squared means are presented in the tables and statistical
significance was declared at P<0.05 with trends discussed at
0.05<P < 0.10. Pearson correlations among variables averaged
by animal for the study were determined in SAS using the CORR
procedure. The consistency of the ranking of individuals across
periods was examined to determine the stability of CH, emission
over time. The repeatability of MY over time was assessed by
calculating Pearson correlation coefficients (r) between
measurement periods. Additionally, the repeatability of MY for
high- (VH and H) and low- (L and VL) emitting cattle was
estimated as the ratio between variances of the 52 animals
(VarA) and the sum of variances of animals and residual error
(VarR), according to the following formula: Repeatability (R) =
VarA/(VarA + VarR) (Cabezas-Garcia et al., 2016). The VH and
H groups and L and VL groups were combined to provide
sufficient animal numbers for high- and low-emitting
groups, respectively.

3 Results

The 52 animals visited the GF system (mean + SD) 20.6 +
4.79 times per period in 5.7 + 0.39 time blocks (data not
presented), thus the diurnal pattern of emissions was
represented. The MY averaged (mean + SD) 12.6 + 2.18 g/kg
DM with a median of 12.5 g/kg DM. The between-animal
coefficient of variation (CV) for MY was 17.3% and the
within-animal CV (across periods) was 10.8%.

As expected, the MY of each of the five MY groups differed
(P<0.001). The MY of the VL and L groups were 26% and 12%

10.3389/fanim.2022.1029094

less than that of the IM group (12.4 g/kg DM, SEM = 0.22),
respectively, and the MY of H and VH groups were 17% and
40% greater than the IM group, respectively (Table 2). However,
the magnitude of the differences among the groups depended
upon the period (group x period interaction, P<0.001; Table 3).
The magnitude of differences among groups changed each
period mainly due to the H and VH cattle, for which MY
increased over time.

Overall, MY was highly correlated with MP (r=0.83, P<0.05),
but there were no correlations (P >0.05) between MY or MP and
the other variables measured, with the exception of fecal pH (MY,
r=0.30; MP, r=0.28, P<0.05) and prefeeding rumen pH (MP,
r=0.26) (Supplementary Table 1). Similar to MY, MP differed
among the five groups (P<0.01, Table 2), with a group x period
interaction (P<0.001; Table 3). Overall, the MP of the VL and L
groups was 19% and 11% less than that of the IM group,
respectively, whereas MP of H and VH cattle was 12% and 30%
greater than IM cattle, respectively. Similarly to MY, the interaction
for MP was mainly due to the H and VH groups because the
differences relative to the IM group increased each period.

Moderately strong relationships were observed between the
MY measured in periods 1 and 2 (r= 0.70), 2 and 3 (r=0.60), and
1 and 3 (r=0.82) (Figure 1). The rankings of the individual
heifers were examined by period to determine consistency of
rankings over time (Figure 2). Roughly half the animals ranked
overall as L and VL emitters were ranked IM in at least one
period (data not shown). However, none of the L and VL
animals ranked H or VH in any period (data not shown),
indicating there were no extreme changes in the rankings of
the bottom 25% of animals. For the high-emitting animals, the
VH animals ranked H or VH in every period, whereas all H
animals had at least one period ranked as IM (data not shown).
The repeatability of MY across periods was 0.57 and 0.66
for the high- (VH and H) and low- (L and VL) emitting
groups, respectively.

TABLE 2 Methane (CH,) emissions, dry matter intake (DMI), body weight (BW), and average daily gain (ADG) of heifers by methane yield (MY) group.

Variable MY group’
Very low Low Intermediate

No. of animals 6 7 26

CH,, g/kg DMI 9.2¢ 10.9¢ 12.4°

CH,, g/d 110° 1214 136°

DML kg/d

Total 118 105 10.8

TMR 11.0 9.9 103

GF pellet 0.65 0.64 0.69

BW, kg 580 572 575

ADG, kg/d 2.01%° 1.57° 1.64°

High

7
14.6°
153°

10.8

10.1

0.67
575
2.07°

SEM P value?
Very high G P GxP
6
17.4° 0.22 <0.001 <0.001 <0.001
178° 44 <0.001 <0.001 <0.001
10.6 0.56 0.31 0.60 0.106
9.9 0.57 0.53 0.39 0.19
0.69 0.045 0.69 <0.001 0.81
567 8.7 0.60 <0.001 0.44
1.68%° 0.177 0.082 0.098 0.014

! Animals were sorted in ascending order based on MY, and assigned to groups as very low (1-10% of the animals), low (11-25% of animals), intermediate (26-74% of animals), high (75-89%

of animals), and very high (90-100% of animals) emitters.
%G, MY group; P, period.
abede Neans within a row with different letters differ (P<0.05).
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TABLE 3 Methane (CH,4) production of heifers by period and CH, yield (MY) group.

Variable Period MY group’
Very low Low Intermediate
g CHy/kg DMI 1 8.7¢ 10.6° 1.7
2 10.3° 11.8° 13.5¢
3 8.78 10.5° 12.1°
g CHy/d 1 103! 7™M 131°
2 118" 1318 145¢
3 109" 116" 132¢f

SEM P value?

High Very high G P GxP
13.0¢ 15.6° 0.36 <0.001 <0.001 <0.001
15.5° 19.0° 0.36
15.2° 17.6° 0.36
1424¢ 158° 5.8 <0.001 <0.001 <0.001
164° 180° 59
154 196 5.8

' Animals were sorted in ascending order based on MY, and assigned to groups as very low (1-10% of the animals), low (11-25% of animals), intermediate (26-74% of animals), high (75-89%

of animals), and very high (90-100% of animals) emitters.
2G, MY group; P, period.
abedefehi Neang within variable with different letters differ (P<0.05).

The total DMI of the groups were similar (P=0.31) and
consisted of approximately 6% GF pellet and 94% TMR
(Table 2). The cattle weighed an average of 574 kg during the
study with no differences among the groups (P=0.60). However,
the ADG tended (P=0.082) to differ among the groups, with an
interaction effect (group x period, P =0.014). The interaction
occurred because ADG of the five groups was similar in Periods
1 and 2, but in Period 3, the VL, H, and VH cattle had slightly
greater ADG than IM cattle (data not shown).

There were no differences in feeding behavior among the
groups (P>0.05; Table 4). The cattle spent on average 50.0 min/d
feeding, consumed 224 g DM/min, had 6.8 meals per day of
1.6 kg DM/meal, each meal lasting 8.0 min, and with 218 min
between meals.

There was no effect (P=0.85) of MY group on fecal pH
(Table 5). However, prefeeding rumen pH was greater (P=0.047)
for VL compared with L, H, and VH emitters. Despite similar
DMI and feeding behavior among the MY groups, total VFA
concentration in rumen fluid increased with MY grouping, such
that the total VFA concentration was less for VL compared with
H and VH cattle and less for L than H cattle (P=0.043). There
were no differences in individual VFA molar percentages among
the MY groups (P>0.65), although there was a tendency for a
group X period interaction for acetate percentage (P=0.097)
because the period effect (P=0.036) was slightly inconsistent
among the groups (data not shown). The NH;3-N concentration
did not differ among the MY groups (P=0.60).

4 Discussion

The study examined the variability and repeatability of CH,4
emissions for feedlot cattle, as well as relationships between CH,4
and some related variables that potentially contribute to
variation in MY as these relationships are poorly understood
(Cabezas-Garcia et al., 2016). The study reports the between-
animal and within-animal variability of MY for 52 growing beef
heifers over an entire finishing period of 126 days. The analysis
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was limited to 52 of the 75 animals to ensure sound data were
collected from the GF system. In a feedlot setting with animals
fed ad libitum, it is typical that not all animals are frequent GF
users, as discussed by Hammond et al. (2016). The cattle were
selected from a single herd and fed a common diet to minimize
variation due to breed (Islam et al., 2021) and diet (van Lingen
et al., 2019).

To our knowledge this is the first study to examine the
variability and repeatability of MY for feedlot finishing cattle.
The findings from the study have implications for national
inventories reporting uncertainties of CH, emissions for
feedlot cattle, as well as for genetic selection and other CH,4
mitigation programs. While variability among and within
animals contributes to the uncertainty of estimating GHG
emissions, it can also be used in genetic selection programs as
a means of achieving long-term permanent reductions in enteric
CH, emissions (Pickering et al,, 2015). Nutrition-based CH,4
mitigation programs are also increasingly interested in
variability among animals.

4.1 Variability of methane yield
between animals

Using an intercontinental database of individual beef cattle
(n=139 animals) fed diets containing < 18% forage DM, van
Lingen et al. (2019) reported a mean MY of 15.2 + 4.29 g/kg DM,
ranging from 7.5 to 30.9 g/kg DM. Additionally, the refined
Tier 2 methodology of the International Panel on Climate
Change adopted a CH, emission factor (Ym, CH,4 energy as a
percentage of gross energy intake) of 4.0 for feedlot cattle
(excluding steam-flaked corn diets) based on a database with
mean MY of 12.99 g/lkg DM (n=33 treatment means; Gavrilova
etal, 2019). The observed mean MY (12.6 + 2.18 g/kg DM) in the
present study is consistent with these previous estimates of MY
for feedlot cattle, and equates to a Ym value of 3.8% (assuming
18.45 MJ/kg DMI and 55.65 MJ/kg CH,), confirming the refined
Tier 2 Ym value.
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FIGURE 1
Relationships between methane yield (MY) of individual animals across periods. R? = coefficient of determination.
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Methane (CH,) yield for animals ranked as very-high, high, low and very-low emitters during the study (intermediate animals not shown). Closed

circles indicate period measurements, diamond indicates the mean).

Numerous studies have reported that between-animal
variability in MP is greater in animals fed ad libitum versus
restrictively (Blaxter and Clapperton, 1965), hence the need to
scale CH, relative to DMI. Consequently, MY was the metric for
identifying low- and high-emitting cattle in the present study.
The observed between-animal CV of 17.3% for MY in the
present study is similar to reports for beef and dairy cattle fed
diets containing greater proportions of forage, and measured
using both respiratory chambers and GF systems. For example,
Donoghue et al. (2013) reported a between-animal CV of 14.0%
for MY measured in respiration chambers on 530 young beef
bulls and heifers fed a roughage diet at 1.2 times maintenance
energy requirements. Manafiazar et al. (2017) reported a CV of
16.7% for MP measured with the GF system for beef heifers fed a

TABLE 4 Feeding behavior of heifers by methane yield (MY) group.

Variable MY group’
Very low Low Inter-mediate

Eating time, min 53.6 50.3 52.0

Eating rate, g DM/min 222 213 216

Meals per day 6.9 6.8 6.6

Meal size, kg/meal 1.7 1.6 1.7

Meal length, min/meal 77 8.0 82

Intermeal duration, min 210 223 220

silage based diet. For lactating dairy cows fed ad libitum and
measured in respiration chambers, Yan et al. (2010) reported a
between-animal CV of 17.1% for MP and Grainger et al. (2007)
reported a CV of 17.8%. Using GF systems, Ramayo-Caldas et al.
(2020) reported a between-cow CV for MP of 13%, Arbre et al.
(2016) reported a CV of 17% for MY, and Coppa et al. (2021)
reported a CV of 17.1% to 20.5% for MY, depending upon
measurement period length. When using the GF system, some of
the variation in CH, production for individual animals can be
attributed to the measurement technique as MY is averaged over
multiple days of measurement. However, the 14-d measurement
period and time of day averaging used in our study would have
minimized the variation from the GF technique (Manafiazar
et al., 2017).

SEM P value®
High Very high G P GxP
44.6 49.3 4.35 0.41 <0.001 1.00
246 223 17.6 0.35 <0.001 0.62
6.8 6.9 0.48 0.96 0.139 0.98
1.5 1.5 0.11 0.51 0.004 0.43
8.4 7.7 0.67 0.20 <0.001 0.77
215 220 15.2 0.95 0.021 0.76

! Animals were sorted in ascending order based on MY, and assigned to groups as very low (1-10% of the animals), low (11-25% of animals), intermediate (26-74% of animals), high (75-89%

of animals), and very high (90-100% of animals) emitters.
G, CH, yield group; P, period.
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TABLE 5 Fecal pH and rumen fermentation variables of heifers by methane yield (MY) group.

Variable MY group"
Very low Low Inter-mediate

Fecal pH 6.87 7.03 6.99

Prefeeding rumen pH 7.11* 6.75" 6.85"

Total VFA, mM 62.5° 66.6" 66.5°

Acetate, mol/100 mol 46.7 46.6 48.0

Propionate, mol/100 mol 38.6 39.4 37.8

Butyrate, mol/100 mol 9.1 7.6 7.8

A:P 1.35 1.26 1.30

NH;-N, mM 6.04 5.02 5.98

SEM P value?

High Very high G P GxP
7.22 7.12 0251 048 <0.001 0.76
6.70° 6.58" 0.130 0.047 0.68 0.074
80.5% 86.2° 6.92 0.043 045 026
485 480 1.50 0.86 0.036 0.097
396 374 2.06 0.84 042 034

7.3 8.2 0.99 0.65 0.005 021
1.22 1.38 0.157 0.94 0.73 0.41
5.10 621 0.751 0.60 038 0.68

! Animals were sorted in ascending order based on MY, and assigned to groups as very low (1-10% of the animals), low (11-25% of animals), intermediate (26-74% of animals), high (75-89%

of animals), and very high (90-100% of animals) emitters.

2G, MY group; P, period.

VFA, volatile fatty acids; A:P, acetate:propionate; NH;-N, ammonia-nitrogen.
2b< Means within a row with different letters differ (P<0.05).

The between-cow variability enabled the cattle to be
individually ranked creating 5 groups that differed significantly
in MY. Others have ranked dairy cows according to MY using
the GF system (Rischewski et al., 2017; Coppa et al., 2021), but
we are unaware of other published studies that report MY
rankings of beef cattle. The 36.6% difference in MY between
the top and bottom groups substantiates the variation reported
by Difford et al. (2018) for 750 lactating Holstein dairy cows
from commercial herds using infrared gas analyzers installed on
automatic milking machines. In that study, the very-low
emitting cows (bottom 10% of cows) produced 41% less MP
than the very-high emitting cows (top 10% of cows). It appears
that the between-animal variability in beef cattle fed a finishing
diet is similar to that reported for cattle fed mixed and high-
forage diets, and allows for identification of high- and low-
emitting animals.

4.2 Variability and repeatability of
methane yield of individual animals
over time

Selection of low-emitting animals requires consistent
characterization of animals for MY, and thus if MY
substantially changes over time, the ability to identify
divergent individuals weakens. The within-animal CV for MY
of 10.8% supports previous studies that showed variability of
CH, within animal was less than between-animals (Grainger
etal., 2006). However, most studies report day-to-day variability,
such as variability over consecutive days in respiratory chambers
(Grainger et al, 2006). In the present study, within animal
variability was examined over the long-term with MY of
individual animals determined over 2-weeks in 3 measurement
periods that were separated by 4 weeks. Pinares-Patino et al.
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(2015) reported in sheep that the repeatability of MY
measurements in respiratory chambers over adjacent days was
3-times greater than the repeatability of measurements separated
by 2 weeks. Using the GF system, Coppa et al. (2021) reported
that longer measurement periods further improved repeatability
of MY estimates, with repeatability increased from 0.39 to 0.62
for dairy cows when using two 8-wk periods rather than sixteen
1-wk periods.

The correlation coefficients between Periods 1 and 2
(r=0.70), Periods 2 and 3 (r=0.60), and Periods 1 and 3
(r=0.82) indicates that overall, the MY of the individual
animals across the three periods was relatively consistent
(Figure 1). The relatively high correlation coefficients were
supported by relatively high repeatabilities (0.57 and 0.56) of
MY for high and low groups. In contrast, Oddy et al. (2019)
reported relatively low repeatability of MY in sheep (correlation
coefficients of 0.02 to 0.24), but the measurements were taken
over different ages and physiological stages.

Despite relatively high repeatabilities and correlations
between periods in the present study, the rankings of
individual animals for MY by period were not always
consistent. However, the changes in rankings from period to
period were relatively moderate to minor, and there were no
extreme changes in rankings. These results contrast with
findings for dairy cows measured using the GF system where
the MY ranking of individual cows was not stable in 2
consecutive 8-week periods or even between 2 consecutive
periods of 2 weeks (Coppa et al., 2021). These authors
reported that the extreme cows changed ranking in the
periods, which was not observed in our study. Similarly,
Goopy and Hegarty (2004) reported that the ranking of beef
steers as high- and low-emitters when fed a high concentrate diet
was not maintained when a forage diet was fed. They concluded
that an assessment of an animal’s CH, phenotype is diet specific.
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Further assessments are needed as it is evident that there is
inconsistency in the conclusions about CH, repeatability within
animals, which may be due to the protocols used in the
various studies.

Had the CH, measurements been made in only one period,
with the objective of identifying the bottom 25% of animals (L
and VL), 15% to 23% of the animals (2 to 3 of the 13 animals) in
each period would have been misidentified because they ranked
as IM. Alternatively, 15% to 23% of the animals would have been
identified as L and VL, when in fact they were IM animals when
ranked over all 3 periods. To select low CH,-emitting animals on
a larger scale (e.g., as part of a genetic selection program), the
potential error rate would have to be weighed against the added
labor and expense of making repeated CH, measurements over
longer durations.

4.3 Relationships between methane yield
and other variables

The differences in MY for the groups were due to differences
in MP rather than differences in DMI. The implication of this
finding is that animals fed a common diet and standardized for
growth stage and BW can be identified as low-and high-emitters
based solely on MP. This approach simplifies the process of
identifying low CH, emitters as measuring DMI of individual
animals is not practical in most commercial beef operations.

There is interest in identifying simple biomarkers to
eliminate the need to measure MP of individual animals on
farm due to the difficulty and cost of CH,; measurement
(Negussie et al., 2017). It has been suggested that animals with
a faster eating rate, would have shorter retention time of feed in
the rumen, resulting in lower CH, production (Pickering et al.,
2015). However, the lack of relationship between eating rate and
DMI (r=0.06, P>0.05) and between eating rate and MY (r=0.08,
P>0.05) indicates that DMI and feeding behavior cannot be used
accurately to identify low- and high-emitting cattle. This finding
is consistent with Jonker et al. (2014) who offered cattle a silage
diet at different feeding frequencies and reported that MY yield
was not affected.

Cabezas-Garcia et al. (2017) concluded based on a meta-
analysis of dairy cow studies that variation in diet digestibility
and rumen fermentation pattern did not markedly contribute to
between cow-variation in MY. In the present study, the lower
total VFA concentration observed for VL compared with H and
VH emitters, despite similar DMI, suggests less organic matter
was fermented in the rumen of VL cattle possibly indicating
shorter retention time of digesta in the rumen or decreased
ruminal digestibility. Reduced organic matter fermentation in
the rumen of VL emitting cattle is also supported by the
observed higher prefeeding rumen pH for that group. Shorter
retention time of digesta can occur due to faster rate of passage
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as a result of greater DMI, animals having smaller rumen
volumes, or both. However, the lack of differences in DMI
among the MY groups would suggest that faster passage rate
may have been due to animals having smaller rumens, although
rumen volume was not measured in our study. The lack of
differences in DMI among the MY groups was not surprising
given that metabolic rather than physical factors control feed
intake of cattle fed high-concentrate diets (Allen, 2014). For
sheep, Oddy et al. (2019) reported a positive association between
rumen volume and MY and Pinares-Patifio et al. (2003) reported
an inverse relationship between rumen particulate fractional
passage rate and MY, explaining 57% of the total variation. In
the study by Pinares-Patifio et al. (2003), shorter retention times
of feed in the rumen were also associated with decreased total
tract digestibility of cellulose. We did not measure digestibility in
the present study, but the lack of difference in ADG between the
MY groups, coupled with no differences in DMI, suggests no
difference in diet digestibility. Lower VFA concentration in the
rumens of the low emitting cattle could also be due to differences
in their rumen microbiome, thereby altering the fermentation of
organic matter (Ramayo-Caldas et al, 2020). As total VFA
concentration in the rumen is a result of both VFA production
and absorption, it is also possible that the lower VFA
concentration of the low emitting cattle was due to more rapid
VFA absorption from the rumen.

The lack of differences in molar percentages of VFA among
MY groups was unexpected as it is well known that inhibiting
methanogenesis (e.g., using feed additives) shifts rumen
fermentation from acetate to propionate (Beauchemin et al,
2020). An inverse relationship between MY and the ratio of
propionate: (acetate + butyrate) has been reported by others
(Pinares-Patifno et al., 2003; Oddy et al., 2014). Thus, the lack of
differences in the individual VFA proportions among the CH,4
groups, and the lack of significant correlations between MY and
individual VFA, was not anticipated. This lack of association
between MY and individual VFA molar proportions may be
related to the high concentrate diets fed in the study and the
resulting high overall proportions of propionate (= 37.4 mol/
100 mol) observed. Alternatively, it is possible that the low
emitters had a different ability to absorb propionate from the
rumen compared with the high emitters.

5 Conclusions

The 17% CV for MY among beef cattle fed a high-grain diet
was similar to variability reported for other ruminant livestock
fed a range of diets. The variation allowed animals to be ranked
into five groups that differed in MY with a 36.6% difference
between the top and bottom 10% of animals. The MY rankings
of the individual animals fluctuated moderately throughout the
study with no extreme changes in rankings. Therefore, selecting
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low-emitting cattle (bottom 25% of cattle) based on a single 2-
week measurement period using the GF system resulted in 15%
to 23% of the animals being misidentified. Accurate selection of
low CH,-emitting animals should be based on repeated CH,
measurements over the production cycle. However, the added
labor and expense of making repeated CH, measurements over
longer durations needs to be weighed against the impact of
misidentification of low-emitting cattle when using a single
measurement period. The variability of MY was associated
with differences in total VFA concentration in rumen fluid,
without differences in DMI, supporting the notion that low-CH,4
emitting cattle may have less organic matter fermented in the
rumen due to faster rate of passage of digesta from the rumen.
Further research is warranted to ensure that selection of cattle
for low CH,4 production does not negatively affect digestibility
and animal performance.
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