SUOMEN MAATALOUSTIETEELLISEN SEURAN TIEDOTE NRO 28

Genetic tools to mitigate the environmental impact of milk production
systems. Experience with a multi-point individual cow methane

measur ement system
E. Negussie, A,-E. Liinamo, E. A. Mantysaari, M. Lidauer
MTT Agrifood Research, Biotechnology & Food Research, Biometrical Genetics, 31600
Jokioinen, Finland

Abstract

Methane is one of the most potent greenhouse gases with about 21 times the Global Warming
Potential (GWP) of carbon dioxide. Methane emission by dairy cows is not only a significant
concern for the environment but also represent a loss of energy for milk production. Dairy cows
lose 6 to 12% of feed energy and 95% of which is released through mouth as eructated methane.
The most important avenue for reducing methane emissions from dairy systems is by improving
the productivity and efficiency of dairy cows, through better nutrition and genetics.

Attempts to reduce the ecological foot print of milk production require a sound understanding of
the genetic basis of methane emissions. This requires reliable techniques for the measurement of
methane output from individual cows. Enteric methane from ruminants is an important but often
difficult sourceto quantify on an individual basis.So far, many of the availablemeasurement
techniquesare either slow, expensive,labor intensive and are unsuitable for large scale
measurementsvhich is a prerequisitefor geneticstudies.This study evaluateda non-invasive
Photoacoustidnfrared SpectroscopyPAS) techniquefor quantifying enteric methaneoutput

from the breath of individual dairy cows.

The studywas conductedat MTT experimentadairy herdin Minkid. A total of about40 first-

lactation Finnish Ayrshire cows wereincluded. Individual cow methanegcarbondioxide (COZ2),

acetone, ammoniautputs weraneasurectontinuouslyover 3 weeksperiod usinga multi-point

PAS gas analyzer fitted to two feeding kiosks (sampling points). Whenever a cow visits a feeding
kiosk, her breath was sampled and analyzed for the contents of the different gases. Measurements
were made alternativelybetweenthe two samplingpoints and every other minute a gas was

sampled and analyzed from each.

Recordsfrom continuousthree days measurementsvere analyzed. There were about 6-14
repeatedmeasurementsn eachof the different gasseger cow and a total of 1690 and 1908
measurementfrom samplingpoint 1 and 2, respectively. Ratio of CH4:CO2is concentration
independentand can be usedto quantify methaneoutputin dairy cows. Thus for eachcow,
CH4:CO2ratios were calculatedusing measurementsf thesegassesBasic statisticalmeasures

were calculated Betweenand within individual variability were quantifiedandthe repeatability

of CH4:CO2were estimatedusing the GeneralLinear Models (GLM) procedure.The overall
mean(sd) of CH4:CO2 from kioskl and 2 were 0.071(0.049)and 0.073(0.042)and the
repeatabilityof CH4:CO2were 0.56 and 0.57 for kiosk1 and 2, respectivelyRepeatabilitysets

the upper limit to heritability. Compared to other studies, repeatabilities from this study are on the
higher side and suggest the suitability of the PAS for individual cow CH4 measurements that is a
requisite in genetic studies.
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Introduction

Livestock production is an integral part of many farming systems. Historically, environmental
impacts of livestock production have been confined to more localized problems of overgrazing,
desertification, and pollution of water courses from poor waste lands. To date, the environmental
damage attributed to livestock and responsibilities for greenhouse gas emissions are the more
recent and growing concerns (Moran and Eileen, 2011). Methane released to the atmosphere by
domestic ruminant livestock represents the largest global source of methane which is a potent
greenhouse gas that contributes to the global warming. Methane has about 21 times the Global
Warming Potential of carbon dioxide

Finland is signatoryto the Kyoto treaty on Climate changeand hascommitmentsto reduceits

overall GHG emissionsfrom the different sectors.Agriculture is an important sector of the

Finnish economy and it is the third largest greenhouse gas emission source category. In Finland,
methaneemissionsfrom entericfermentationof dairy cattle accountfor more than 50% of the

total domestic livestock emissions and stands as one of the significant contributors to the Finnish
greenhousegas budget. Besides, methane emission from dairy systemsis not only an
environmental hazard but it is also a loss of animal productivity. This is because enteric emission
of methanerepresents loss of carbonfrom the rumen and thereforean unproductiveuse of

dietary energy (Hindrichsen et al. 2006). Dairy cows lose about 6 to 12% of their ingested energy
and of which about 95% is released as eructated methane. Thus, mitigation of methane emission
from dairy systems is required not only to help reduce Finland’s Kyoto Protocol liabilities — but
also to increase efficiency of dairy production.

The most importanavenue for reducing methane emissifmesn dairy systems is by improving

the productivity and efficiency of dairy cows, through better nutrition and genetics.
Understandinghe geneticand nutritional basisof dairy emissionsis thereforeessentialln this

regard, between-animal variations in methane emission has been indicated (Schenkel et al. 2004,
Hegarty et al. 2007) and may offer a novel opportunity to reduce emission of this greenhouse gas
from domesticruminantsby phenotypicand geneticselectionfor low emissions.For instance,
reduction of enteric methaneemissionsfrom livestock by selectionfor more feed-efficient

animals based on their estimated breeding values (EBVs) will offer a novel way of reducing feed
costs and methane production (Hegarty et al., 2007).

Direct selectionfor methaneoutput requiresaccurateand large scale measurementf the gas

from individual cows. arge variations have been postulated in methane emissions between
animals at the same level of performanceand diet. In trials with Friesian Jersey
crossbredsherds, significant variationwas found betweencows for this phenotype
(PGgRC2004). Goopy and Hegarty (2004) identified somesteersas ‘high’ and ‘low’
emitterson identical feed and feed intakes.In sheep,Robinsonet al. (2010), reported

large betweenindividual variationsin 1-hr methanemeasurement iran experiment
involving 708 adult non-pregnanewes.They found a repeatabilityof 0.3 and0.53 with

and without adjustmentfor body weights,respectively However,so far informationon

the geneticbasisof between-animavtariation in methaneemissionand its heritability

from dairy systemsare lacking. Any attempt toreducethe ecologicalfoot print of milk
productionvia selectionrequiresa soundunderstandingf the geneticbasisof methane
emission. However, the lack of reliable techniquesfor the measurement ofmethane
output from large number of individual cows has been a hindrance to this. The ability to
accuratelymeasuranethaneoutput from individual cowsis thus essential tggaugeour

ability to mitigate its emissions. So far, many of the available measurement techniques
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are either slow, expensive, labour intensive and are unsuitable for large scale
measurements which is a prerequisite for genetic stuthesobjective of this study was
therefore to test the suitability of a non-invasive individual cow methane measurement system
that is based on Photoacoustic Infrared Spectroscopy technique as a means to quantify the
methane out put on the large scale.

Material and methods

The study was conducted at MTT experimental dairy herd in Minkio. A total of about 40 first-
lactation Finnish Ayrshire cows were included. The cows are part of the high genetic merit
ASMO ET cows which are fed and managed similarly. Apart from all productive and functional
traits, the individual feed intake of these cows are also regularly monitored and recorded during
the early lactation phase. In the future, this will give ample opportunity for simultaneous
recording of CH4 and other traits for subsequent analysis of genetic and phenotypic associations.
Individual animal methane out put could be estimated from concentrations of CH4 and CO2 and
their ratio in cow breath samples. Madsen et al. (2010) presented a simple, fast, reliable and cheap
method to estimate the CH4 and CO2 concentrations in air near the animals combined with an
estimation of the total CO2 production from information on intake of metabolizable energy or
heat producing units. By using gas analysers to quantify the concentration of CH4 and CO2
gasses and CH4:CO2 ratios in the breath of cows it is possible to calculate the proportion of the
carbon that is not metabolized to CO2, but excreted as CH4. For this accurate quantification of
CH4, CO2 gasses, CH4:.CO2 ratios and determining the repeatability of these measurements are
essential. For this purpose, a non-invasive Photoacoustic Infrared Spectroscopy (PAS) gas
analyzer has been selected and procured from the Finnish company GASERA Ltd. The F10
multi-gas analyzer is based on the principle of Photoacoustic Infrared Spectroscopy utilizing
GASERA'’s patented ultra-sensitive cantilever sensor and pulsed IR source (with no mechanical
chopper). It has high sensitivity with low sample volume (only few millilitres), suitable for the
measurement of difficult gas mixtures (e.g., with high humidity) and requires no consumables
(Figure 1).
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Figure 1. F10 Multi-gas analyzer from GASERA Ltd.

Using the F10 multi-gas analyzer, individual cow methane, carbon dioxide (CO2), acetone,
ammonia outputs were measured continuously over 3 weeks period using a multi-point PAS gas
analyzer fitted to two feeding kiosks (sampling points). Whenever a cow visits a feeding kiosk,
her breath was sampled and analyzed for the contents of the different gases. Measurements were
made alternatively between the two sampling points and every other minute a gas was sampled
and analyzed from each. The two-point F10 multi-gas analyzer set-up and a cow in feeding kiosk
1 getting her concentrate supplement while the sampling and measurement of the gases are
carried out is given in Figure 2.
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Figure 2. A two-point F10 Multi-gas analyzerset-upin operationwith a cow in feedingkiosk
getting her concentratesupplementwvhile the gas samplingand measurementare madeat the
MTT Minki6 dairy barn.

Repeatedecordsfrom continuousthree days measurementen CO2, CH4, NH3, acetoneand
CH4:CO2 ratios from the two different sampling points were analyzed. The ratio of CH4:CO2 is
concentrationindependentand could be usedto quantify methaneoutput in ruminants.The
betweenandwithin individual variability were quantifiedand the repeatabilitiesvere estimated

using the General Linear Models (GLM) procedure.

Results and discussion

The suitability of a non-invasive gas analyzer that is based on Photoacoustic Infrared
Spectroscopy (PAS) technique is being tested for identifying phenotypes essential for quantifying
enteric methane output from the breath of individual dairy cows in a multi-point sampling setup.

Resultsfrom our preliminary analysisof the data showsthat the meantSDH20, CO2, CH4,
Acetone and Ammonia concentrations in the breath of cows from sampling pointl (Kiosk1) were
20771(1759),6801(4935),591(232),4.51(2.27),1.52(1.12),0.071(0.032) respectively.On the

other handmean+SDH20, CO2, CH4, Acetoneand Ammonia concentrationsn the breathof

cows from sampling point2 (Kiosk2) were 18062(899),3543(1381),292(152), 4.41(2.13),
1.59(1.14),0.073(0.036).The resultsclearly show somedifferencesin the concentratiorof the

gasses measured from the two different sampling points. One of the main reasons for this was the
location of the two samplingpointswhich were about30 metersaparton differentlocations.In

addition, the fact that the floor underneatrkioskl was openwhile that of kiosk2 was closed
resultedin higher backgroundmeasurementoncentrationgo the former contributing to the
differencesto the concentrationsof the gasesmeasuredfrom the two points in the data
uncorrected for background concentrations. Surprisingly, the CH4:CO2 concentrations measured
from the two samplingpoints were more similar with 0.071and 0.073from pointl and point2
respectivelysubstantiatinghe fact that CH4:CO2is concentratiorindependenaind a promising
measure for the quantification of methane out put from ruminant animals.

One of the main objectivesof this study was to developa phenotypethat is consistentand
repeatable to enable us the quantification of methane out put in ruminants as described in Madsen
et al. (2010). Theydescribedhat with informationon live weight, milk productionandfeed

intake the heat production and CO2 output (Pedersen et al. 2008; Madsen et al. 2010) of a
cow can be quantified. If the CH4:CO2 ratios are known, then the total CH4 production
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of a cow can also be calculated (Madsen et al., 2010). The main purpose in this study was
to generateCH4:CO2 phenotypethat is possibleto recordin a preciseand repeatable
way.

The repeatabilityof CH4, CO2 and CH4:CO2ratios were calculatedfrom continuousthree
days measurementd he betweenandwithin individual animal variability were quantifiedand
the repeatabilityof the three phenotypegC0O2, CH4 and CH4:CO2)were estimatedusing the
GeneralLinear Models (GLM) procedure(randomoption). The overall mean(sd)of CH4:CO2
ratiosfrom kioskl and2 were 0.071(0.049Xand0.073(0.042)and the repeatabilityof CH4:CO2
ratios were 0.55 and 0.57 for kiosk1 and 2, respectively. Although slightly lower, the repeatability
estimates for CH4 and CO2, respectively ranged from 0.54 to 0.57 and from 0.53 to 0.57.

Repeatabilityis an important statistical conceptthat measureghe consistencyof trait

during repeatedmeasuremntsand allows predicting future performancebased on
measurements (Gonzalez et al. 2010). To obtain reliable measurements of methane output
from ruminants with the above mentioned method, a clear understandingof the
repeatability of the CH4:CO2 phenotypein the population under considerationis
essential. However, so far not much has been reported on this subject from diary systems.
For instanceMcCourt et al. (2005) and Grainger et al. (2007) reported repeatability of 0.17
and 0.18 for CHs production. Their estimateswere from study involving the Sulphur
hexafluoride Tracer Technique(SFs) and a whole animal respirationchamber.In these
studies,only 16 animalsvere measure@raingeret al. (2007)andin McCourt et al. (2005)
studies CHproduction was measured on beef cattle steers.

RecentlyLassenet al. (2011) reporteda study with the aim of estimatingindividual cow
differences in Cklproduction. In their study, individual methane ldutput was recorded
repeatedlyon 93 dairy cows during milking in an automaticmilking system(AMS). They

have measured CH4 and CO2 concentrations via a portable air-sampler and analyzer unit that
is based on Fourier Transformed Infrared (FTIR) detection and involved 50 Danish Holsteins
and 43 Jerseys. For median measurements, they repepeatability of CH4:CO2 ratio of

0.37 for Holsteinsand 0.33 for Jerseyswhilst the repeatabilityof CH4 and CO2 gasses
respectivelyfrom the samemedianmeasurementaere 0.33 and 0.45 for Holsteinsand

0.37 and 0.38 for Jerseys. The repeatability estimates from our study is higher than most
reported in literature so far. Our estimates of the about 0.57 for CH4:CO2 ratios and 0.55
and 0.54 for CH4 and CO2 gassesare higher than 0.32 reportedfor 1-hr methane
measurementfrom non-pregnant adulsheepin Australia (Robinsonet al. 2010) and

0.33 and 0.37 reported for Danish Holsteins and Jerseys, respectively. The reasons for the
high repeatability form our study could be due to the more uniform and similarly treated
first-lactation Finnish Ayrshire populationusedin the study, the effectsincludedin the

model and the accuracy and efficiency of the multi-gas analyser used for the
guantification of the concentrationof gasesfrom the breathof individual cows.The
resultsreportedhereare from threedays continuousmeasurementef 40 first lactation

cows. It is therefore planned to verify the current estimates on a large data and preferably
involving more animals in the future.
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Conclusion

In this study the suitability of a non-invasive gas analyzer that is based on Photoacoustic
Infrared Spectroscopy (PAS) technique was tested for identifying phenotypes i.e. CH4,
CO2, and CH4:CO2 ratio that are essential for quantifying enteric methane output from
the breath of individual dairy cows in a multi-point sampling setup. Results obtained
indicate that the mean CH4:CO2 is about 0.071 and has a repeatability ranging from
0.55-0.59 which is slightly higher than that estimated for CH4 or CO2. Repeatability sets
the upper limit to heritability. The repeatability from this study that is higher than so far
reported in literature suggest the suitability of the PAS technique for quantification of
CH4 out put from individual cows in a large scale that is a requisite for future genetic
studies of dairy system emissions. In the future, results from F10 measurements will be
validated against the measurements from an open circuit indirect calorimeter of same
COWS.
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