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The current study (40 cows in a 2 × 2 factorial arrangement) compared methane (CH4) emissions from two dairy cow 
genotypes (Holstein-Friesian [HF], and Swedish Red × [Jersey × Holstein-Friesian] [Crossbred]) offered two levels of 
concentrate supplementation (3.0 or 6.0 kg/cow per day) while grazing. Enteric CH4 emissions were measured using 
the SF6 technique on three occasions over a 16 week period, while intakes were estimated using performance data. 
Increasing concentrate level increased milk and energy corrected milk (ECM) yields, had no effect on CH4 emissions 
(g day-1) and CH4 emissions per kg dry matter (DM) intake, while reducing CH4/ECM yield. Crossbreds produced milk 
with higher milk fat and protein contents than HF cows, but ECM yield did not differ between genotypes. Daily CH4 
production (g day-1), and CH4 production per kg ECM yield was unaffected by genotype. Methane yield (g kg-1 DM 
intake) was higher with the Crossbred cows, although DM intake was estimated in this study, and this result should 
be interpreted with some caution. Thus HF and Crossbred cows had similar CH4 emissions. 
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Introduction

As concerns about climate change continue to grow, global pressure to reduce greenhouse gas (GHG) emissions 
has increased. Agriculture makes a significant contribution to global GHG emissions, with ruminant livestock sys-
tems known to be a significant source of emissions. For example, globally dairying accounts for approximately 
21% of GHG emissions derived from the livestock sector, with 46% of these emissions attributed to methane (CH4) 
derived from enteric fermentation (Gerber et al. 2013). 

In recognition of this, much research has been undertaken to examine strategies by which to reduced CH4 pro-
duction from dairy systems, with the use of ‘genetic’ approaches of particular interest. For example, CH4 produc-
tion within individual animals of the same breed is known to vary (Pinares-Patiño et al. 2003). However, a small 
number of studies have examined if CH4 emissions from dairy cows of different genotypes also differ. For exam-
ple, early studies compared CH4 production from different strains of Holstein cows (Gordon et al. 1995, Ferris et 
al. 1999), while a small number of studies have examined emissions from different dairy cow breeds (Münger and 
Kreuzer 2006, Yan et al. 2006). In addition, Xue et al. (2011) compared CH4 emissions from Jersey crossbred cows 
and pure bred Holstein cows. In general, major differences between genotypes have not been observed to date. 
However, these studies were undertaken using respiration calorimeters, and normally involved small numbers 
of cows of each genotype. In addition, these studies involved dairy cows offered conserved forage based diets. 

Much less information is available on CH4 emissions from grazing cows of different genotypes. This is particu-
larly important for crossbred cows which have a proven role within grassland based systems. Indeed, interest in 
crossing the Holstein-Friesian with alternative breeds, including the Jersey, has recently increased. While stud-
ies by Prendiville et al. (2009) and Vance et al. (2012a, 2013) have demonstrated that crossbreeding does not 
increase milk production, there is evidence of improved fertility (Vance et al. 2012a), health (Logue et al. 1994) 
and longevity (Touchberry 1992) with crossbred cows. In addition, there is evidence that crossbred cows have 
different grazing behaviours, and a higher intake/100 kg bodyweight (BW) compared to purebred Holstein cows 
(Prendiville et al. 2010, Vance et al. 2012b). More recently, research has examined the performance of ‘three-
breed’ crossbred cows (Malchiodi et al. 2014, Ferris et al. 2018), with the benefits of adopting a three-breed cross 
breeding programme as a means of maximising hybrid vigour having been highlighted by Sørensen et al. (2008). 
These two studies both used the Swedish Red as one of the ‘three breeds’ within the cross, with anecdotal evi-
dence suggesting that ‘Scandinavian genetics’ are increasingly being used within crossbreeding programmes 
within the UK. This interest in Scandinavian genetics can, in part, be attributed to the fact that historical sire se-
lection programmes in these countries have been very different from those within most other countries, having 
incorporated fertility and health traits for several decades (Herringstad et al. 2000, Philipsson and Lindhe 2003).  
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Indeed, these very different selection programmes also raise the question of their impact on nutrient utilisation ef-
ficiency, including CH4 production, especially given differences in grazing behaviours observed with crossbred cows.  

This study was funded by the government of the United Kingdom (UK) as part of a project designed to help im-
prove the UK GHG inventory, and was designed to contribute information on emissions from grazing dairy cows, 
and from dairy cows of different genotypes. However, the data obtained allows us to further our understanding 
of CH4 emissions from dairy cows of two very different genotypes while grazing. It was hypothesised that CH4 pro-
duction would differ between pure bred Holstein and Swedish Red crossbred cows. Thus the primary objective 
of this paper is to examine the effect of dairy cow genotype on CH4 emissions, within low and moderate concen-
trate input grazing systems, typical of those found within many grassland based regions of western Europe. Two 
different concentrate levels were adopted in this study as concentrate supplementation of grazing cows has been 
demonstrated to reduce CH4 emissions per kg of milk (Jiao et al. 2014).

Materials and methods

This experiment was conducted at the Agri-Food and Biosciences Institute (AFBI), Hillsborough, Northern Ireland 
(54o27’N; 06o04’W).

Animals and experimental design
This four treatment experiment (2 × 2 factorial arrangement) involved forty dairy cows. Factors examined com-
prised two dairy cow genotypes, namely Holstein-Friesian (HF) and a three-breed crossbred (Crossbred) compris-
ing ‘Swedish Red × (Jersey × Holstein-Friesian)’, and two concentrate feed levels (3.0 and 6.0 kg/cow per day). The 
20 cows of each genotype comprised 6 primiparous and 14 multiparous cows. 

All cows used in the experiment were sourced from the Institute’s dairy herd, which is a predominantly Holstein-
Friesian herd. However, the Crossbred cows were the offspring of a breeding programme in which randomly se-
lected HF cows from the herd were bred to Jersey sires (described previously by Vance et al. 2012a, 2013), with 
the offspring of this breeding programme subsequently bred to sires of the Swedish Red breed (described previ-
ously by Ferris et al. 2018). The HF cows had a mean pre-experimental milk yield of 29.5 (s.d., 6.69) kg day-1, and 
were 116 (s.d., 20.7) days in milk at the start of the experiment, while the respective values for the Crossbred cows 
were 27.8 (s.d., 4.44) kg day-1, and 113 (s.d., 23.2) days. 

Cows were housed and offered grass silage based diets from calving (mean calving dates, 3 February and 7 Febru-
ary for HF and Crossbred cows, respectively) until late March, when grazing commenced, with full-time turnout 
achieved on 16 May. At this time (full-time turnout) cows were allocated to one of two concentrate treatments (10 
HF and 10 Crossbred cows per treatment: 3 primiparous and 7 multiparous cows within each genotype), and con-
centrate levels adjusted so that they were offered either 3.0 or 6.0 kg/cow per day at the start of the experiment 
on 30 May. Cows remained on these two concentrate treatments until the experiment ended on 18 September.  
Within each genotype, cows on each concentrate treatment were ‘balanced’ for lactation number, days-in-milk, 
and pre-experimental milk yield, bodyweight (BW) and body condition score (BCS). 

The ingredient composition of the concentrate offered (g kg-1, fresh basis) was as follows: maize meal, 200; soya 
hulls, 197; milled wheat, 135; rapeseed meal, 135; maize gluten, 135: soyabean meal (Hi-Pro), 51; Molaferm (Unit-
ed Molasses, Belfast, UK), 88; Megalac (Volac Ltd. Orwell, Herefordshire, UK), 20; calcined magnesite, 10; palm 
oil blend, 7.5; salt, 7.5; limestone (CaCO3), 7.0; trace minerals and vitamins, 7.0. Throughout the experiment the 
daily concentrate allocation for each treatment was offered in the milking parlour during milking, split between 
two equal meals.

Grazing and grassland management
Cows grazed perennial ryegrass based swards throughout the experiment. Once full time grazing was achieved, 
cows grazed within a rotational paddock grazing system (24-hour paddocks), with paddock size being 0.22 ha 
and 0.20 ha, for the treatments receiving 3.0 and 6.0 kg concentrate per cow/day, respectively. These different 
paddock sizes were adopted in an attempt to achieve similar pre- and post-grazing sward heights with both con-
centrate treatments (target 5.5 cm), with this relatively high-post grazing sward height chosen so that herbage 
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intakes would not be restricted with either treatment. Cows were given access to fresh herbage daily, following 
afternoon milking.

Cows completed five grazing rotations during the course of the experiment with approximately 30, 25, 25 and 25 
kg nitrogen ha-1 (in the form of calcium ammonium nitrate: CAN) applied following rotations 1–4, respectively.

Cow performance
Throughout the study cows were milked twice daily between 0600 and 0800 h, and between 1600 and 1800 h, 
with individual milk yields recorded automatically at each milking. During each CH4 measurement period (de-
scribed below) milk fat, protein and lactose concentrations were determined on samples collected at each milk-
ing using a Milkoscan (Model FT 120, Foss Electric, Hillerød, Denmark). Cow BW was recorded after every milking 
with a mean BW calculated for each week. Body condition score was assessed fortnightly using a five point scale 
as described by Edmonson et al. (1989) (1 = emaciated; 5 = extremely fat).

Measurement of methane
Enteric CH4 emissions from all cows were measured during three separate measurement periods (18–22 June, 29 
July–2 August and 10–14 September), using the sulfur hexafluoride (SF6) technique (Johnston et al. 2007). Dur-
ing each measurement period, emissions were recorded during five consecutive 24-hour periods. The permeation 
tubes used within this experiment contained approximately 2.4 g of SF6 gas when they were filled during March 
2012, and were incubated at 39 °C until they were orally administered to cows on June 8 (10 days prior to the first 
experimental period). Prior to this, the release rate of SF6 from each permeation tube was determined via weekly 
gravimetric weighing over an eight-week period to produce an eight-point regression curve (R2 >0.999). The mean 
release rate of SF6 from the permeation tubes at the start of the experiment was 4.29 (s.d., 0.85) mg day-1. In order 
to correct for the known decline in the rate of release of SF6 from the permeation tubes within the rumen during 
the course of the experiment, ten ‘surveillance’ tubes, with similar release rates as the tubes used within the ex-
periment, were maintained at 39 °C in an incubator and monitored weekly until six weeks after the completion of 
the final measurement period. The release rate of SF6 from the surveillance tubes was found to decline by 0.05% 
per day, and this value was subsequently used to adjust the individual release rates of each of the experimental 
tubes during periods 2 and 3, as described by Lassey et al. (2001).

On day-one of each of the three measurement periods, each cow was restrained within a head-locking gate, at 
approximately 1400 h (prior to evening milking), and fitted with a halter (to support the ‘nose piece’ and CH4 sam-
pling line) and a Polyvinyl Chloride (2.5 litre) collection canister. The equipment was as described by Johnston et 
al. (2007), except that they regulated flow rate into the canister by inserting a stainless steel tube of given inter-
nal dimensions into the sampling line, while in the present study flow rate was regulated via a length (approxi-
mately 5.0 cm) of capillary tubing (internal diameter, 0.1 mm: Alltech Associates, Lancashire, UK) which had been 
crimped at several points. Crimping was part of the calibration process necessary to achieve the correct flow rate 
which was measured using a digital flow meter (Cole-Parmer Instrument Co., Illinois, USA). Prior to the cow exit-
ing the gate, the sample line was connected to the collection canister (which had previously been evacuated to 
over 900 mbar) using a quick connect fitting (Swagelok, Ohio, USA), thus allowing a gas sample to be drawn up 
into the evacuated canister at a rate of between 0.6 to 0.7 ml min-1 (approximately). The gas sample drawn into 
the evacuated canister was collected from the area around the cow’s nostrils, and contained a mixture of normal 
atmospheric gases, SF6 and CH4.

At approximately 1400 h on the following day, cows were returned to the ‘head locking gate’, and the sample line 
removed from the canister. ‘Used’ canisters were replaced with ‘new’ canisters on day-2 to day-5 of each measure-
ment period, while at the end of the final 24 h period, both the halter and canister were removed. On each day, 
used canisters were subsequently charged with nitrogen (a carrier gas) to a pressure of approximately 500 mbar, 
and analysed for concentrations of SF6 and CH4 by gas chromatography, as described by Johnston et al. (2007), 
using a Varian 3600 gas chromatograph (Varian Inc., Palo Alto, CA, USA). Background (ambient) concentrations 
of gases were measured during each 24 h period using four evacuated canisters attached to sample lines. Two of 
these were placed at each end of the two paddocks being grazed by the experimental cows, with the ‘open’ end 
of the sample line located approximately 40 cm above ground level.
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Feed sampling and analysis

During each CH4 measurement period herbage pluck samples were taken daily from within the areas being grazed 
by each of the two experimental groups (at 20 random locations within each area at a height of approximately 
5.0 cm above ground level). Each day one sub-sample from the grazing area for each treatment was analysed for 
metabolisable energy (ME) content using near infra-red reflectance spectroscopy (NIRS) as described by Park et 
al. (1998) (5 samples from each grazing area during each measurement period). A second sub-sample from each 
area was dried overnight at 85 °C for dry matter (DM) determination and the dried samples subsequently bulked 
for each CH4 measurement period (one sample per grazing area per measurement period). Bulked samples were 
analysed for concentrations of N, acid detergent fibre (ADF), water soluble carbohydrates (WSC) and ash. The 
concentrate offered during the study was sampled weekly, with the weekly samples bulked for each four-week 
period (5 samples over the experimental period). Concentrate samples were subsequently dried at 100 °C for 24 
h for oven DM determination, while a second sample was dried at 60 °C for 48 h, milled, and the dried samples 
analysed for N, ADF, NDF, ash and starch concentrations. Details of laboratory analysis used have been described 
previously by Purcell et al. (2016).

Sward heights were measured daily (pre- and post-grazing) throughout the experimental period using a rising 
plate meter (Jenquip, Feilding, New Zealand), with twenty sward-height measurements taken at random in a ‘W’ 
formation across each of the two paddocks being grazed.

Herbage intake
During each CH4 measurement period, herbage DM intake (DMI) for each cow was estimated from performance 
data, as described below. Milk energy content was determined from daily milk composition data using the equa-
tion of Tyrrell and Reid (1965), while mean daily BW change during each measurement period was determined 
by linear regression of weekly BW data for the four-week period prior to and including the CH4 measurement pe-
riod. Total energy required was determined using the equations contained within ‘Feed into Milk (FiM)’, the UK 
dairy cow feed rationing system (Agnew et al. 2004), as the sum of energy required for maintenance, milk pro-
duction, BW change, pregnancy (where appropriate) and activity. The ME content of the concentrate offered was 
assumed as 13.0 MJ kg-1 DM, based on published values (FeedByte, SRUC, Edinburgh, UK) for individual ingredi-
ents, with ME consumed from concentrate (MJ/cow/day) calculated as concentrate DMI × 13.0. The ME content 
of the herbage grazed was determined using NIRS, as described previously. Herbage DMI (kg day-1) was estimated 
by deducting ‘ME consumed from concentrates’ from ‘total energy requirement’, and dividing the remainder by 
the ME content of the herbage grazed.

Statistical analysis
Data from two cows (HF, 3.0 kg; Crossbred, 6.0 kg) were excluded from the analysis during all periods due to ‘mal-
function’ of their permeation tubes. Data from a further cow (HF, 6.0 kg) was excluded from period 1 due to mas-
titis, while another cow (HF, 3.0 kg) was removed from the study on completion of period 1 due to mastitis. Data 
on animal performance, feed intake and CH4 emissions were analysed using repeated measures Residual Maxi-
mum Likelihood (REML) analysis. The mixed model used included the following terms as fixed effects: constant + 
period + Genotype + Concentrate level + period × Genotype + period × Concentrate level + Genotype × Concen-
trate level + period × Genotype × Concentrate level, while cow and cow within period were fitted as Random ef-
fects. Correlations between time points were modelled using an autoregressive model of order 1. All data were 
analysed using Genstat 14.2 (Lawes Agricultural Trust, Rothamsted, UK). 

Results

The concentrate offered had a mean (± s.d.) crude protein, NDF, ADF, ash and starch content of 192 (1.6), 297 (4.7), 
168 (3.9), 87 (2.7) and 249 (17.4) g kg-1 DM, respectively. The mean (± s.d.) pre- and post-grazing sward heights 
with the 3.0 kg concentrate treatment were 10.1 (2.09) and 6.0 (1.20) cm, respectively, while the respective  
values for the 6.0 kg concentrate treatment were 10.2 (1.94) and 5.9 (1.50) cm. Herbage offered with the 3.0 kg 
concentrate treatment had a mean (± s.d.) DM, crude protein, ADF, WSC, ash and ME of 156 (25.4) g kg-1, 221 
(23.5) g kg-1 DM, 237 (12.2) g kg-1 DM, 141 (32.6) g kg-1 DM, 83 (9.9) g kg-1 DM, and 11.3 (0.30) MJ kg-1 DM, respec-
tively, while the respective values for herbage offered with the 6.0 kg concentrate treatment were 157 (34.0) g 
kg-1, 188 (29.1) g kg-1 DM, 243 (13.8) g kg-1 DM, 161 (35.0) g kg-1 DM, 82 (10.8) g kg-1, and 11.3 (0.30) MJ kg-1 DM. 
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There were no concentrate level × genotype interactions for any parameter examined in this study (p > 0.05), and 
consequently only the main treatment effects (based on the mean measurements during the three CH4 measure-
ments periods) are presented (Table 1 and 2).

While grass DMI was reduced with the 6.0 kg concentrate treatment (p = 0.037), total DMI tended to be higher  
(p = 0.077) and ME intake was higher (p = 0.030) with this treatment (Table 1). None of the intake parameters were 
affected by genotype (p > 0.05). Milk yield (p = 0.026) and ECM yield (p = 0.020) were higher with cows offered 
the 6.0 kg concentrate treatment, while milk fat and milk protein content were unaffected (p > 0.05) by concen-
trate level. Similarly, neither BCS nor BW were affected by concentrate level (p > 0.05). Neither milk yield nor ECM 
yield were affected by genotype (p > 0.05), while Crossbred cows produced milk with a higher fat (p < 0.001) and 
protein (p = 0.015) content than HF cows. Crossbred cows had a higher BCS than HF cows (p = 0.019), but had a 
lower BW (p = 0.027). All parameters in Table 1 differed (p < 0.001) between periods, with most following normal 
lactation effects. For example, across period 1, 2 and 3, total DMI (16.3, 15.0, 14.9: standard error of difference 
(SED) = 0.33), daily milk yield (26.1, 20.5, 16.8; SED = 0.36), and ECM (28.2, 21.0, 18.0; SED = 0.46) decreased, 
while milk fat content (38.0, 42.5, 46.0; SED = 0.77), milk protein content (33.8, 35.0, 37.4; SED = 0.73) and BW 
(509, 504, 527; SED = 2.4) increased. In contrast, body condition score decreased across periods 1–3 (2.44, 2.37 
and 2.31; SED = 0.21, p < 0.001), while an increase might have been expected. There was a significant genotype × 
period interaction for milk fat content, with respective values for periods 1, 2 and 3 as follows: HF, 36.6, 39.3 and 

ECM = Energy corrected milk; SED = Standard error of difference; HF = Holstein-Friesian; Crossbreds = Swedish Red × (Jersey × Holstein-
Friesian)

Table 1. Effect of concentrate feed level and cow genotype on feed intake and cow performance (average of the three methane 
measurement periods)

Concentrate level (C) 
(kg d-1) Genotype (G) p-value

3.0 6.0 HF Crossbred SED C G C × G

Grass DMI (kg d-1) 12.3 10.7 11.6 11.3 0.66 0.037 0.721 0.695

Total DMI (kg d-1) 14.9 16.0 15.6 15.3 0.66 0.077 0.561 0.695

ME intake (MJ d-1) 173 189 182 179 7.6 0.030 0.548 0.691

Milk yield (kg d-1) 19.6 22.6 21.9 20.3 1.36 0.026 0.211 0.391

Milk fat (g kg-1) 42.2 42.1 39.4 44.9 1.41 0.930 <0.001 0.235

Milk protein (g kg-1) 35.9 34.9 34.4 36.5 0.86 0.191 0.015 0.483

ECM yield (kg d-1) 20.0 22.9 21.4 21.5 1.24 0.020 0.910 0.229

Body condition score 2.4 2.4 2.3 2.4 0.06 0.671 0.019 0.348

Bodyweight (kg) 505 521 533 493 17.9 0.395 0.027 0.694

ECM = Energy corrected milk; SED = Standard error of difference; HF = Holstein-Friesian; Crossbreds = Swedish Red × 
(Jersey × Holstein-Friesian)

Table 2. Effect of concentrate feed level and cow genotype on methane (CH4) emissions from grazing dairy cows 
(mean of the three CH4 measurement periods)

Concentrate level (C)
(kg d-1) Genotype (G) p-value

3.0 6.0 HF Crossbred SED C G C × G

CH4 (g d-1) 242 255 239 259 10.4 0.236 0.062 0.698

CH4 energy (MJ d-1) 13.4 14.1 13.2 14.3 0.57 0.236 0.062 0.698

CH4/milk yield (g kg-1) 12.8 11.8 11.4 13.2 0.56 0.052 0.002 0.446

CH4/ECM (g kg-1) 12.4 11.4 11.6 12.3 0.50 0.041 0.130 0.155

CH4/DM intake (g kg-1) 16.5 16.1 15.6 17.1 0.54 0.335 0.005 0.791

CH4-E/GE intake (MJ MJ-1) 0.049 0.048 0.046 0.050 0.0016 0.457 0.006 0.771

CH4-E/ME intake (MJ MJ-1) 0.078 0.075 0.073 0.080 0.0025 0.140 0.004 0.831
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42.5; Crossbreds, 39.3, 45.8 and 49.5: SED = 1.44, p = 0.025. In addition, there was a significant concentrate level 
× period interaction for milk protein content, with respective values for periods 1, 2 and 3 as follows; 3.0 kg, 33.4, 
35.2 and 39.3; 6.0 kg, 34.3, 34.9 and 35.5: SED = 1.13, p = 0.010. There were no genotype × period or concentrate 
level × period interactions for any other parameters in Table 1 (p > 0.05).

Increasing concentrate level from 3.0 to 6.0 kg/cow per day had no significant effect on CH4 emissions (g day-1: p = 
0.236), however CH4 emissions per kg milk tended to be lower (p = 0.052) while emissions per kg ECM were lower 
(p = 0.041) with the 6.0 kg concentrate treatment (Table 2). Emissions per kg DMI, CH4 energy/GE intake and CH4 
energy/ME intake, were all unaffected by concentrate level (p > 0.05). While total CH4 emissions (g day-1) tended 
to be higher with Crossbred cows (p = 0.062), emissions per kg milk were higher (p = 0.002), although emissions 
per kg ECM did not differ between genotypes (p > 0.05). Methane emissions per kg DMI (p = 0.005), CH4 energy/
GE intake (p = 0.006) and CH4 energy/ME intake (p = 0.004) were all significantly higher with the Crossbred cows.  
Across periods 1, 2 and 3, CH4 emissions (g day-1: 269, 247, 230; SED = 5.5, p < 0.001), CH4/DMI (16.7, 16.7, 15.6; 
SED = 0.46, p = 0.037) and CH4/ME intake (0.080, 0.078, 0.072; SED = 0.0021; p = 0.004) decreased, while CH4/
GE intake (0.049, 0.049, 0.046; SED = 0.0014, p = 0.099) tended to decrease. In contrast, CH4/milk yield (10.6, 
12.3, 14.1; SED = 0.33, p < 0.001) and CH4/ECM (10.9, 11.9, 13.1; SED = 0.36, p < 0.001) increased across periods 
1–3. There were no genotype × period or concentrate level × period interactions for any parameter presented in  
Table 2 (p > 0.05).

Discussion
Cow performance

While the role of crossbreeding has been examined in many studies, few studies have examined the performance 
of three-breed crossbred dairy cows. Exceptions include studies by Malchiodi et al. (2014) involving Montbeliard 
× (Swedish Red × Holstein-Friesian) cows, Hazel et al. (2013) studying Montbeliard × (Jersey × Holstein-Friesian) 
cows, and Ferris et al. (2018) working with Swedish Red × (Jersey × Holstein) cows. Across the three measurement 
periods in the current study, HF cows produced 1.6 kg day-1 more milk than the Crossbred cows, while the latter 
produced milk with a significantly higher fat and protein content. The overall effect was that ECM yield was unaf-
fected by genotype, which is largely in agreement with the results of many previous studies evaluating crossbred 
cows within low-moderate concentrate input systems (Prendiville et al. 2009, Vance et al. 2013, Ferris et al. 2018). 
The similar yield of milk solids with both genotypes was achieved despite the Crossbreds being, on average, 40 
kg lighter than HF cows, and reflects the fact that estimated daily feed intake did not differ between genotypes 
in the current study. That lighter Crossbreds had similar intakes to Holstein cows has been observed in studies in-
volving both confined (Vance et al. 2012a, 2013) and grazing systems (Prendiville 2009, 2010). Studies involving 
Jersey × Holstein crossbred cows have attributed their intake potential to differences in feeding behaviour (Vance  
2012b, Prendiville et al. 2009, 2010).  

Increasing concentrate intake from 3.0 to 6.0 kg day-1 resulted in a 1.6 kg day-1 reduction in estimated herbage 
DM intake, representing a substitution rate of 0.6 kg herbage DM/kg concentrate DM. However, taking account of 
substitution, each 1 kg concentrate offered resulted in an additional ME intake of approximately 5.4 MJ/cow/day, 
which aligns closely with the mean milk yield response to concentrate feeding observed over the three measure-
ment periods, namely 1.0 kg milk/kg concentrate. 

There was no evidence of a concentrate level × genotype interaction for any of the milk production variables pre-
sented, with this in agreement with a number of previous comparisons of crossbred and Holstein-Friesian cows 
offered low-medium concentrate levels (Walsh et al. 2008, Vance et al. 2013, Ferris et al. 2018). 

Methane production
Mean CH4 emissions across treatments in this study (12.0 g kg-1 ECM and 16.3 g kg-1 DMI) were in line with those 
recorded in a number of previous SF6 based studies involving Holstein cows grazing temperate pastures, includ-
ing O’Neill et al. (2011), namely 13.6 g CH4 kg-1 SCM and 18.1 g CH4 kg-1 DMI, and Jiao et al. (2014), namely 12.3 
g CH4 kg-1 ECM and 18.8 g CH4 kg-1 DMI). Nevertheless, higher CH4 emission values have been recorded in other 
studies, for example, 26.0 g kg-1 SCM and 25.4 g kg-1 DMI (O’Neill et al. 2012), 26.3 g kg-1 milk and 23.0 g kg-1 DMI 
(Enriquez-Hidalgo et al. 2014) and 19.4 g kg-1 milk and 19.5 g kg-1 DMI (Foley et al. 2009), although these studies 
generally involved lower yielding cows than those in the current study. The high quality herbage grazed within the 
study, and its associated rapid rate of passage through the digestive system, will undoubtedly have contributed 
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to the low emission values observed. In addition, the loss in BCS observed across periods 1–3 suggests that cows 
were in negative energy balance for much of this time, and consequently part of the milk produced may have been 
derived from mobilisation of body tissue reserves, rather than DM intake, leading to lower emissions per kg milk 
produced. Furthermore, as this BCS loss was not reflected in data on BW change (likely confounded by rumen fill 
effects), and subsequently not accounted for within the estimation of DM intake, it is possible that intakes were 
over-estimated, thus reducing calculated emissions kg-1 DM intake. 

Concentrate levels and methane production
Methane production per kg ECM decreased with concentrate feeding, which agrees with the findings of Jiao et al. 
(2014), and the reduction in CH4 kg per fat corrected milk observed by Lovett et al. (2005). When a large milk yield 
response to concentrate feeding is achieved, this can simply dilute CH4 per kg milk production, as observed in the 
current study. However, concentrate supplementation had no effect on CH4 as a proportion of estimated DM in-
take, in agreement with the results of a number of other studies (Jiao et al. 2014, Muñoz et al. 2015). While DM 
intake is known to be a key driver of CH4 production, higher concentrate diets are normally associated with an in-
crease in diet quality, and an associated change in rumen fermentation patterns (reviewed by Johnson and Johnson 
1995). In addition, concentrate inclusion can increase rumen fermentation rate, with a subsequent reduction in 
rumen pH, inhibiting growth and activity of methanogens and protozoa (Hegarty 1999). The absence of an effect 
of concentrate feeding on CH4/DMI was reflected in the absence of an effect on CH4/GE intake and CH4/ME intake. 

Genotype and methane production
While total CH4 emissions were unaffected by genotype (p > 0.05), emissions per kg milk were higher with the 
Crossbred cows. However, this simply reflects the much improved milk composition with the Crossbred cows, and, 
when emissions were expressed per kg ECM, there were no differences between genotypes. Likewise, Vance et al. 
(2011) found no difference in emissions (per kg fat plus protein yield) between grazing Holstein-Friesian and Jer-
sey × Holstein-Friesian cows, while Xue et al. (2011), with the same genotypes (offered silage and concentrates) 
found no difference in CH4 energy per MJ milk energy. Thus the results of the current study are in agreement with 
the findings of previous studies involving crossbred cows, namely that CH4 production per unit of ‘composition 
corrected’ milk is unaffected by genotype.  

While intakes did not differ between genotypes in the current study, CH4 emissions per kg DMI (and as a propor-
tion of GE and ME intake) were greater with the Crossbred cows. This is contrary to the findings of previous studies 
comparing Holstein and crossbred cows (Vance et al. 2011, grazing: Xue et al. 2011, offered silage), and compari-
sons between Holstein and other dairy breeds (Münger and Kreuzer 2006). This difference is important as DMI is 
normally one of the main drivers of CH4 emissions, although a number of mechanisms exist by which CH4 emis-
sions might be increased at a given DMI. For example, it is known that Jersey crossbred cows have a similar mass 
of reticulo-rumen as HF cows, despite the former’s smaller body mass (Beecher et al. 2014), while differences in 
grazing behaviour (fewer but longer grazing bouts each day, a greater number of grazing bites, and a longer to-
tal grazing time each day: Vance et al. 2012b) have been observed with crossbred compared to purebred cows. If  
either of these differences were to result in an increased rumen retention time, this would likely increase CH4 
emission at a given daily intake of DM (Huhtanen et al. 2016). In addition, Shi et al. (2014) have proposed that a 
longer retention time of digesta in the rumen changes the expression of methanogenesis pathway genes leading to  
increased CH4 production. Furthermore, it is possible that differences in the rumen microflora between genotypes 
may have contributed to these differences. For example, it is known that populations of methanogens can differ 
between different breeds within the same herd (King et al. 2011). However, despite the differences observed in 
this study, which suggest higher emissions per kg DMI with crossbred cows, it is important to acknowledge that 
intakes in the current study were derived from production data rather than direct measurements. 

Genotype × concentrate interactions and methane production
A further objective of this study was to establish if interactions exist between Genotype and Concentrate level, in 
relation to CH4 production. The results clearly demonstrated that no interactions existed, and that the two geno-
types responded similarly to increasing concentrate level.
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Conclusions

Methane production (g day-1) and CH4 production per kg ECM did not differ between Swedish Red × (Jersey × Hol-
stein Friesian) crossbred cows and Holstein Friesian cows, suggesting that the adoption of Swedish Red genetics 
do not offer a strategy to reduce direct CH4 emissions. Indeed, CH4 emissions per kg DMI (g day-1) were higher with 
the crossbred cows, and it is speculated that this might be due to differences in rumen size, grazing behaviour, or 
rumen microflora between genotypes.
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