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Abstract
The objective of the current study was to determine the precision of CH4 emission estimates from simulated spot-samples of 
variable time length (0.25 to 3.0 h) and over time compared to 24-h measured CH4 emissions, both based on respiration chamber 
data of the same day within cattle. Respiration chamber methane data, recorded approximately every 3 min, from two experiments 
were used, each with 12 growing beef cattle measured over two or three consecutive days. The ~3 min CH4 emissions during 24 h 
per animal per day were averaged in time intervals (bins; i.e. simulated spot-sample duration) of 0.25, 0.5, 1.0 and 3.0 h (expressed 
as g/d) from morning and from afternoon feeding. Precision of each time bin was evaluated by determining between-animal 
coefficient of variation (CV) and Pearson correlation (r) with 24-h measured emissions. In general, the average CV increased 
and the CV became more variable over time when the bin duration decreased from 3 h to 0.25 h. The correlation was low (r of 
approximately 0.1 to 0.5) in the first 0.5 to 2 h after the start of a feeding, after which the correlations increased (r of approximately 
0.5 to 0.9) and remained relatively constant up to about 8 h after feeding. The overall trends observed suggest that the precision 
of a CH4 measurement improved with increasing simulated spot-sample (bin) duration from 0.25 to 3 h and the best time to take a 
spot-sample (based on any of the bin durations) would be between approximately 1 to 6-8 h after feeding. However, the best timing 
to perform spot-sampling was not fully consistent between the experiments and between emissions after morning and afternoon 
feeding, which warrants further investigation. 
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Introduction
Several methods to estimate methane (CH4) emitted by 

cattle based on short-term sampling have been developed 
in the last decade (Hammond et al. 2016). These methods 
estimate daily CH4 emissions by averaging CH4 emissions 
from multiple breath spot-samples (two to hundreds 
per animal) lasting from 3 to 60 minutes, collected over 
multiple days. These methods have some advantages over 
the ‘gold standard’ method, i.e., respiration chambers 
for measuring CH4 emissions from ruminants, being that 
they are generally cheaper, less laborious, have a higher 
throughput and can be used on-farm (Garnsworthy et al., 
2019). However, enteric emissions by cattle during the 
day are not constant and can vary two to six fold (Biswas 
& Jonker, 2019; Jonker et al. 2014). Therefore, timing 
and duration of a spot-sample might affect precision of 
the CH4 emission estimate from cattle. Several studies 
compared emissions from cattle estimated using spot-
sampling methods with those of respiration chambers, but 
measurements cannot be performed simultaneously (e.g., 
Difford et al. 2018; Jonker et al. 2016). Measurements 
have, therefore, been performed sequentially with different 
methods on different days. The actual emissions on those 
specific days might be quite different, which complicates 
comparison of methods. Furthermore, a 24-h CH4 emission 
estimate (g/d) by multiple spot-samples can be based on 
as little as 60 min of measurement time per animal. The 
objective of the current study was to determine the precision 
of CH4 emission estimates from simulated spot-samples of 
variable time length (0.25 to 3.0 h) and over time compared 

to 24-h measured CH4 emissions, both based on respiration 
chamber data of the same day within cattle.

Materials and methods
Data of two respiration chamber experiments with 

growing beef cattle (Hereford × Holstein-Friesian; aged 1.3 
and 1.8 years with an average body weight of 327 and 442 
kg, respectively) fed cut pasture (twice daily) were used. 
The two experiments were selected from 15 experiments 
carried out at AgResearch (Palmerston North) on the basis 
of having a very small or vary large diurnal variation in 
emissions (2.5 and 4.4 fold range; Biswas & Jonker, 2019). 
Both experiments were carried out with 12 animals to 
measure methane emission over two or three days.

 The measurements were performed in four open-
circuit respiration chambers (volume of 15.4 m3) which 
are linked to one CH4 analyser via a switching unit that 
directs the air stream of each chamber to the gas analyser 
in sequence, which takes approximately three minutes per 
cycle. Air flow rate through each chamber was 1.8 m3/
min. Doors of chambers were opened twice daily (approx. 
20 min) for feed refusal collection, feeding and cleaning, 
between approximately 0800 and 0900 h in the morning 
and between 1500 and 1600 h in the afternoon. There was 
no data recording during these events. 

Data processing and analysis
Each respiration chamber recorded data at 

approximately 3-min intervals. Each ~3-min emissions 
measurement was expressed as g/d calculated as: CH4 
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(g/d) = [CH4 per ~3 min (g) / time (min) × 60 × 24]. Then 
all emission measurements within 24 h per animal were 
averaged to get one daily CH4 value (g/d). In addition, the 
~3 min CH4 emissions during 24-h per animal per day were 
averaged at time intervals (bins, i.e. simulated spot-sample 
duration) of 0.25 (15 min), 0.5 (30 min), 1.0 and 3.0-h 
from the start of a CH4 recording period, which started 
immediately when closing the respiration chamber doors 
after the morning and the afternoon feeding (separately). 
Only data of up to 6-h after morning feeding and up to 
15-h after afternoon feeding were included to generate time 
bins. Then the coefficient of variation (CV) was calculated 
for each time bin (0.25, 0.5, 1 and 3-h) over time within 
animal measurement day. In addition, Pearson correlations 
(precision of a relationship) of each time bin over time 
with 24-h measured CH4 was generated using the “cor.test” 
function in R version 3.6.1 (R Core Team, 2019) and 95% 
confidence intervals extracted for the correlations between 
total and periodic methane emissions. 

Results
Methane production over 24 h averaged 107 and 

148 g/d in Exp. 1 and 2, respectively, and the between- 
animal CV was 7.9% and 7.3%, respectively. The 24-h 
CH4 production was previously reported to be (mean±CV) 
106±6.6 and 147±7.5 g/d for Exp. 1 and 2, respectively 
(Jonker et al. 2017), which includes interpolation of data 
when the chamber doors were open. This is very similar 

to the values in the current analysis where 24-h emissions 
were defined by averaging all ~3-min measurements during 
the day (each first converted to g/d). 

In general, CV increased (on average 9.2-13.3 to 
12.5-16.7; Table 1) and became more variable over time 
(range, 7.5-13.8 to 7.1-22.8; Fig. 1) when the binning 
duration decreased from 3-h bins to 0.25-h bins, which was 
more pronounced after the morning feeding in Exp.1 and 
after the afternoon feeding in Exp. 2 (Table 1). The CV 
was relatively constant over time after afternoon feeding 
in Exp. 1 and after morning feeding in Exp. 2, while in 
Exp. 1 the CV increased between about 1.5 and 4.5 h after 
morning feeding and in Exp. 2 the CV steadily increased 
from about 5 h after the afternoon feeding (Fig. 1). 

Pearson correlation of a CH4 time bin with 24-h 
measured CH4 decreased (on average 0.67-0.78 to 0.55-
0.61) and became more variable (range, 0.62-0.81 to 0.55-
0.61; Fig. 2) when the binning duration decreased from 3- 
h bins to 0.25-h bins (Table 1). In general, the correlation 
was low in the first 0.5 to 2-h after the start of a feeding (r 
of approximately 0.1 to 0.5), after which the correlations 
increased to a plateau (r of approximately 0.5 to 0.9), which 
remained relatively constant after the morning feeding of 
both experiments. However, the correlation apparently 
decreased after about 8 h after feeding in the afternoon of 
Exp. 1. In Exp. 2, the correlation increased and decreased 
three times from 2 to 14 h after the afternoon feeding (Fig. 
2). In the latter case, 3-h bins resulted in more-constant 
correlations over time compared to the 0.25-1.0-h bins. 

Discussion
The main findings of the current analysis were 

that the precision (both CV and correlation) of a CH4 
measurement improved with increasing simulated 
spot-sampling duration (time bin) from 0.25 to 
3 h and the best time to take a spot-sample would 
be between approximately 1 to 6-8 h after feeding. 
However, the best timing to perform spot-sampling 
was not fully consistent between the experiments 
and between emissions after morning and afternoon 
feeding. The two experiments (selected from 15 
experiments; Biswas & Jonker, 2019) used for 
the current analysis were selected on the basis of 
having a very small or large diurnal variation in 
emissions (2.5 and 4.4 fold range for Exp. 1 and 2, 
respectively). Our thought was that this might affect 
the precision of a spot-sampling method at different 
times in the day, but it did not appear that there was 
a clear difference in precision for estimating CH4 
emissions between Exp. 1 and 2. 

Unlike in the current study, Robinson et al. 
(2019) observed relatively little variation in CV for 
40-min CH4 spot samples over time (0930 to 1400-h; 
new feed offered at 0800 h) for sheep immediately 
off feed (CV of 22 to 27%) or taken off feed at 
one hour before the CH4 measurement (CV of 23 
to 28%). Gunter and Bradford (2015) also found 

Table 1 Average and range of between-animal coefficient of 
variation (CV) and Pearson correlation of each time bin over time 
(after morning and after afternoon feeding) with 24-h measured 
emissions in two experiments with growing beef cattle fed 
ryegrass-based pasture in respiration chambers

Exp. 1 Exp. 2
AM PM AM PM

CV, average (min–max)
24-h 7.9 7.3

3-h bins 13.3
(12.8-13.8)

9.2
(8.5-10.3)

10.2
(9.8-10.7)

10.8
(7.5-13.6)

1-h bins 15.0
(10.7-19.1)

10.1
(7.6-12.8)

11.2
(10.5-12.6)

12.2
(7.7-17.9)

0.5-h bins 15.5
(9.9-19.8)

11.1
(8.4-13.7)

11.8
(9.9-13.7)

13.1
(7.1-19.4)

0.25-h bins 16.7
(11.6-21.7)

12.5
(9.2-18.1)

12.5
(10.0 – 16.4)

14.4
(7.1-22.8)

Correlation (r) of time bin with 24 h CH4, (lower – upper 95% 
confidence interval)
3-h bins 0.78

(0.60-0.95)
0.78

(0.61-0.95)
0.67

(0.45-0.89)
0.75

(0.57-0.93)
1-h bins 0.68

(0.45-0.91)
0.71

(0.50-0.92)
0.61

(0.36-0.86)
0.68

(0.47- 0.89)
0.5-h bins 0.65

(0.41-0.89)
0.63

(0.38-0.88)
0.58

(0.33-0.83)
0.62

(0.38-0.86)
0.25-h bins 0.61

(0.35-0.87)
0.57

(0.29-0.85)
0.56

(0.30-0.82)
0.55

(0.28-0.82)
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Figure 2 Correlation of each time bin over time (0.25-, 0.5-, 1.0- and 3.0-h time bins) after the morning (at approximately 
0800 to 0900 h) and the afternoon (at approximately 1500 to 1600 h) feeding with 24-h measured methane in two experiments 
with growing beef cattle fed ryegrass-based pasture in respiration chambers. The symbols indicate the mid-point of each time 
bin and error bars indicate half 95% confidence interval.

Figure 1 Between-animal coefficient of variation (CV) of diurnal methane emissions averaged in 0.25-, 0.5-, 1.0- and 3.0-h 
time bins, which started immediately after closing the respiration chamber doors after the morning (at approximately 0800 
to 0900 h) and the afternoon (at approximately 1500 to 1600 h) feeding, in two experiments with growing beef cattle fed 
ryegrass-based pasture in respiration chambers. The symbols indicate the mid-point of each time bin.
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little variation in standard error (SE) when 24 h CH4 data 
of growing cattle was summarised in six-hour time bins. 
Therefore, timing of taking a CH4 spot-sample did not 
appear to be very important in the studies of Robinson et al. 
(2019) and Gunter and Bradford (2015).

As in the current analysis, McEwan et al. (2012) also 
observed that correlation was lower for CH4 measurements 
in approximately the first 0.5 h compared to daily CH4 in 
sheep in respiration chambers, after which it increased 
and stabilised. This knowledge was implemented in the 
measurement protocol with 1-h CH4 measurements of sheep 
in portable accumulation chambers (PAC) with sheep being 
taken off feed at least 0.5 h before the first measurements 
began (Jonker et al. 2018). 

To our knowledge, little information is available in 
the literature on the effect of spot-sampling duration on the 
precision of a CH4 estimate from ruminants. The precision 
of a CH4 measurement improved with increasing simulated 
spot-sampling duration (time bin) from 0.25 to 3 h in the 
current study. However, an evaluation in Australia found 
that 1- and 2-h CH4 measurements using PAC resulted 
in similar precision (Goopy et al. 2011). Furthermore, 
Robinson et al. (2015) reported similar precision of CH4 
estimates from 1-h and 40-min PAC measurements. In the 
current analysis, however, 3-h bins appeared more precise 
than did 1-h bins, which in turn were more precise than 0.5- 
h bins and 0.25-h bins. In general, methane data of PAC 
had a greater CV than of respiration chamber data (Jonker 
et al. 2018; Robinson et al. 2019) and this greater variance 
will make it less likely that different sampling durations 
can be distinguished. On the other hand, using GreenFeed 
automated emissions monitoring systems, Arthur et al. 
(2017) found that precision of ranking beef cattle for CH4 
improved when spot-sample measurements shorter than 
three min were excluded from their analysis. However, 
in the latter case, many more spot samples were taken, 
randomly spread over the day, which would also be an 
effective strategy to improve the measurement precision. 

Altogether, the current analysis indicates that the 
precision of a CH4 measurement improved with increasing 
simulated spot-sampling duration from 0.25- to 3-h bins, 
while the best timing to perform spot sampling was not 
fully consistent between the experiments and between 
emissions after morning and afternoon feeding, which 
warrants further investigation. 
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