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Introduction
Recent IPCC reports have highlighted the environmental impact of livestock 
production as a major source of non-CO2 emissions: methane (CH4), nitrous 
oxide (N2O) and ammonia (NH3). The livestock sector must react to these  
reports and develop or implement methods that can reduce greenhouse 
(GHG) emissions from livestock production.

Part 1 of this volume focuses on the analysis of greenhouse gas emissions 
from livestock, specifically drawing attention to the range of methods that can 
be used to reduce these emissions. Chapters in Part 2 discuss breeding, animal 
husbandry and animal management and how improving these elements 
can help to reduce the environmental impact of livestock production. Part 3 
concentrates on nutritional approaches such as improving feed efficiency, 
forage quality and using plant bioactive compounds to reduce GHG emissions. 
Chapters also review the use of feed supplements and how modifying the 
rumen environment can also help to reduce GHG emissions.

Part 1 Analysis
Chapter 1 looks at the key techniques used for measurement of CH4 and 
other gas emissions from livestock production, ranging from individual animal 
measurements to herd scale measurements for grazing animals and whole 
farm emissions such as feedlots. Individual animal measurement techniques 
discussed include whole-animal respiration chambers and head capture 
measurement. Herd scale measurements include micrometeorological 
methods and the eddy covariance technique. 

Expanding on topics previously covered in Chapter 1, Chapter 2 discusses 
greenhouse gas emissions in livestock production, focusing specifically on 
modelling methods, methane emission factors and mitigation strategies. 
The chapter begins by reviewing systems analysis and how it can be used to 
quantify GHG emissions from livestock. It then looks at the various stages of life 
cycle assessment and how it can be used to analysis the environmental effects 
of livestock production. Modelling applications and the importance national 
greenhouse gas inventory submissions are also considered in the chapter. 

Part 2 Breeding, animal husbandry and manure management
The first chapter of Part 2 analyses the contribution of animal breeding to 
reducing the environmental impact of livestock production. Chapter 3 begins 
by addressing the impact of livestock production on the environment. It then 
goes on to discuss the environmental impact of broilers, layer hens, pigs and 
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dairy cattle and how improving breeding techniques for all of these species 
can help to reduce the emissions they produce. The chapter also highlights 
future research directions and provides resources for further information on 
the subject. 

Chapter 4 focuses on the environmental impact consequences of endemic 
livestock health challenges that lead to deterioration in animal health, and on 
the potential impacts arising from their mitigations. The first part of the chapter 
concentrates on the potential of animal health to affect the environmental 
impact of livestock systems. It also reviews the literature to date which has 
quantified the impact of health challenges for the environmental impacts of 
livestock systems. The potential of successful health interventions to mitigate 
negative environmental impacts represents a point of synergy between 
concerns around environmental sustainability and animal welfare, both of 
which represent ‘hot topics’ in the discourse surrounding the livestock industry 
and its sustainability. The chapter concludes by highlighting the challenges 
associated with modelling health interventions and their potential to mitigate 
environmental impacts.

The subject of Chapter 5 is sustainable nitrogen management for housed 
livestock, manure storage and manure processing. The chapter begins by 
discussing the various forms nitrogen can take, focusing specifically on 
ammonia, nitrous oxide and di-nitrogen. It then goes on to review livestock 
feeding and housing for dairy and beef cattle, pigs and poultry. The chapter 
also examines manure storage, treatment and processing by discussing the 
principles of emissions produced from these processes as well as mitigation 
measures that can be used. It also addresses the best practices and priority 
measures for livestock feeding, housing and manure storage, treatment and 
processing.

Chapter 6 discusses developments in anaerobic digestion (AD) to 
optimize use of livestock manure, particularly the use of livestock manure 
in the production of biogas. The chapter begins by reviewing the quantities 
and risks of livestock manure, which is then followed by a discussion of the 
biogas potential of livestock manure. The chapter also examines mono- and 
co-digestion and the various factors that can affect the efficiency of anaerobic 
digestion. It also discusses the use of biogas slurry and residues. The chapter 
shows how AD can play an important role in promoting circular agriculture. 
A case study on the use of AD in practice in Henan Province in China is also 
included.

Part 3 Nutrition
Part 3 opens with a chapter that examines the impact of improving feed 
efficiency on the environmental impact of livestock production. Chapter 7 starts 
by discussing the relation between greenhouse gases and dairy production, 
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highlighting how important it is to the dairy sector to find ways of decreasing 
greenhouse gas output. The chapter then moves on to discuss the origins of 
methane and reactive nitrogen excretions in ruminants. A section on improving 
feed conversion efficiency is also included, which is then followed by a review of 
the nutritional practices that can be used to enhance feed conversion efficiency 
and decrease methane excretion. The chapter also examines the nutritional 
practices that can be used to increase milk protein efficiency and nitrous oxide 
excretion as well. Discussions on genetics and feed conversion efficiency and 
postabsorptive metabolism and feed conversion efficiency are also provided.

Chapter 8 reviews grazing management strategies that can contribute to 
reducing livestock greenhouse gas emissions. Strategies discussed include 
grazing season length and timing as well as sward structure and quality, 
including dry matter and clover content. The chapter also discusses the 
use of condensed tannin legumes such as chicory and plantain, as well as 
measurement issues including life cycle assessment.  

Chapter 9 focuses on the opportunity to use plant bioactive compounds 
in ruminant diets for their potential to mitigate greenhouse gas emissions, 
particularly enteric methane. Nitrous oxide emissions related to urinary 
nitrogen waste are addressed when information is available. The main families 
considered are plant lipids and plant secondary compounds (tannins, saponins, 
halogenated compounds and essential oils). The effects of these compounds 
in vivo, their mechanisms of action, and their potential adoption on farms are 
discussed, and future trends in this research area are highlighted.

The next chapter looks at the use of feed supplements to reduce livestock 
greenhouse gas emissions, specifically focusing on direct-fed microbials. 
Chapter 10 outlines the strategy of using feed supplements for the reduction 
of greenhouse gas emissions in ruminants, including methane (CH4), carbon 
dioxide and nitrous oxide, given that feed intake is an important variable in 
predicting these emissions. The chapter focuses on direct-fed microbials, a 
term reserved for live microbes which can be supplemented to feed to elicit a 
beneficial response. The viability of such methods is also analysed for their use 
in large scale on-farm operations.

Chapter 11 focuses on modifying the rumen environment to reduce 
greenhouse gas emissions. Ruminants were among the first domesticated 
animals and have been providing food, leather, wool, draft and by-products 
to humanity for at least 10 000 years. However, rumen methanogens reduce 
CO2 to CH4 in association with other rumen microbes that generate substrates 
for methanogenesis. Consequently, other rumen microbiota can directly 
and indirectly impact the abundance and activity of methanogens. Enteric 
methanogenesis from ruminants accounts for approximately 6% of total 
anthropogenic greenhouse gases emissions and can represent from 2% to 
12% of the host’s gross energy intake. A myriad of strategies to mitigate CH4 
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emissions have been investigated, but few have been adopted by industry. This 
chapter reviews rumen- and feed-associated factors affecting CH4 production 
and outlines the challenges associated with achieving a reduction in enteric 
CH4 emissions. The pros and cons of these strategies are discussed in an 
attempt to define the best approaches to mitigate CH4 emissions from ruminant 
production systems.
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Chapter 1
Measuring methane emissions from  
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1  Introduction
Methane (CH4) gas was first isolated by the Italian physicist Alessandro Volta 
in 1776 and described as the ‘inflammable air native of marshes’. Although 
recognized as a local gas associated with decaying biological matter, CH4 was 
thought to be a relatively static and minor component of the atmosphere. It 
would be another 200 years before advances in gas chromatography (GC) 
allowed Rasmussen and Khalil (1981) to show that CH4 concentration in the 
atmosphere was not static but was increasing by an estimated 2% per year. With 
continued atmospheric monitoring and a lengthening historic record derived 
from ice-core data, the nature of rising CH4 concentration and its relevance to 
global warming became increasingly apparent.

The establishment of the Intergovernmental Panel on Climate Change 
(IPCC) in 1988 and a growing awareness of the need to curb emissions sparked 
a flurry of research related to cattle CH4 emissions beginning in the 1990s. 
Mitigation of enteric CH4 emissions and the development of measurement 
techniques to validate the effectiveness of mitigation practices continue to be 
ongoing areas of research. Strategies that alter the rumen environment and 
the digestion process (Hristov et al., 2013) through the use of feed additives 
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(Grainger et al., 2008) can improve feed efficiency and decrease enteric CH4 
emissions per kg of meat produced. Farm management and grazing strategies 
can also influence CH4 emissions and the genetic selection of more efficient 
cattle (kg CH4 per kg live weight) is also an ongoing promising area of research 
(Basarab et al., 2013).

Mitigation of CH4 emissions requires emission measurements that are 
sensitive enough to measure the difference between standard practices and 
proposed mitigation strategies. Emission measurement methods also need to 
be operational at a range of spatial scales from the individual animal to in situ 
measurements under typical animal management conditions. This chapter 
reports on key techniques used for measuring CH4 emission in agriculture at 
a variety of spatial scales. Advances in these techniques and promising new 
approaches to measure CH4 emissions are also discussed.

2  Individual animal measurement techniques: whole-animal 
respiration chambers and head capture measurement

2.1  Whole-animal respiration chambers

The first estimates of CH4 emissions from ruminants came from chamber 
studies, long before CH4 had ever been measured in the atmosphere. The 
animal nutrition laboratory of the Pennsylvania State College constructed a 
respiration calorimeter in 1902 as a key component to better understanding 
animal physiology and ruminant nutrition (Armsby and Fries, 1903). Animal CH4 
production was recognized as a loss in feed energy and the Armsby respiration 
chamber, as it came to be known, was instrumental in generating feed ration 
and nutrition guidelines for America’s expanding cattle industry. Measurement of 
CH4 emissions was accomplished by routing a known volume of chamber air to 
a combustion furnace (Fries, 1910) and recording the change in combustion end 
products. After many years of experiments, Bratzler and Forbes (1940) developed 
a simple model relating animal CH4 production with carbohydrate intake.

Modern chambers are more sophisticated, offering fine control of 
temperature, humidity and airflow, and advances in sensor technology 
have allowed for analysis of more components. Construction of chambers 
represents a considerable expense, but the importance of CH4 as a source of 
agricultural greenhouse gas (GHG) emission has hastened their development. 
Whole-animal respiration chambers are now found at animal research facilities 
throughout the world. Chamber results have contributed to the current 
understanding of animal energetics and are considered a ‘gold standard’ 
measurement technique. Chambers offer a direct measure of emissions with 
few assumptions and a methodology that can be easily validated through 
gas release and recovery tests (McLean and Tobin, 1988). While whole-animal 
respiration chambers have been extremely valuable for mitigation work 
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and quantifying treatment effects, the chamber represents a constrained 
environment, and it is less certain to what extent results can be extrapolated to 
actual cattle production systems (Johnson et al., 1994).

2.2  Head capture measurement

Measurement techniques capable of operating within real agricultural 
production environments are necessary for validating methane mitigation 
measures under typical animal management conditions. As an alternative to 
large animal chambers, a variety of systems have been designed to measure 
emissions, principally through focused airflow and concentration measurements 
of the area around the animal’s head. These methods include:

 • sniffer methods, where a sampling unit is incorporated into feed troughs;
 • ventilated hood or headbox systems, which provide a more controlled 

environment but allow the animal access to food and water; and
 • mask systems, which are fitted to the animal’s nose and mouth.

The latter two techniques are also known as flux methods since they involve 
greater control of the airflow to capture emitted gases and measure CH4 fluxes. 
A different approach is the use of handheld laser methane detectors (LMD) 
which are pointed by an operator at an animal’s nostrils to measure methane 
column density along the length of the laser beam.

These techniques can be used within existing barn facilities and, depending 
upon the design, can be used to measure emissions continuously over a 24-h 
period or through spot measurements over the course of the day (Hammond 
et al., 2016a; Kebreab, 2015). Similar to respiration chamber measurement, 
these techniques can be affected by decreased feed intake, and intensive 
training is required for animals to become familiar with the hood apparatus, 
making it impractical to measure large numbers of animals (NASEM, 2018).

Sniffer methods are based on continuous breath analysis of exhaled air 
from animals using feed troughs in environments such as automated milking 
systems. A sampling unit is placed in the feed trough, and the air around the 
animal’s muzzle is continuously monitored during feeding. Sensor systems 
detect the animal and activate breath analyzers located in the troughs, 
including Fourier transform infrared (FTIR) and non-dispersive infrared 
(NDIR) techniques. Measurements can then be used to develop an index 
of CH4 emissions during milking as a product of peak frequency and mean 
peak area of CH4 concentration (Garnswothy et al., 2012), or using the ratio 
of CO2 to CH4 (Lassen et al., 2012; Lassen and Løvendahl, 2016; Bell et al., 
2014). Sniffer methods may be more affected by variable air-mixing conditions 
due to factors such as the geometry of the feed trough, muzzle position and 
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movement, suggesting that flux techniques are more reliable (Huhtanen et al., 
2015). However, recent research suggests that results from sniffer and flux 
methods are both comparable with each other and with respiration chambers, 
suggesting a growing degree of accuracy (Sorg et al., 2018; Difford et al.,  
2018).

The GreenFeed system (GF) (C-Lock Inc, Rapid City SD, USA) incorporates 
elements of the ventilated hood chamber into an automated feeder that 
dispenses a programmed amount of pelletized feed as bait to encourage 
visits to the GF. The GF is a robust system and can be incorporated into the 
production environment with one GF unit capable of measuring many animals 
consecutively. A proximity sensor in the head chamber identifies the visiting 
animal through its ear tag and initiates a gas sampling routine during which bait 
pellets are dispensed to keep the animals head in the feeder for 3–7 min during 
which time an emission rate is calculated. The procedure for deriving emission 
rates is reported by McGinn et al. (2021).

The GF unit can be programmed to limit the number of permitted visits 
per day but this measurement method is dependent on the animal’s desire 
for the bait in the feeder, and the actual number of visits each animal makes 
per day will vary as will the number of animals that visit the device. For this 
reason, measurements are typically accumulated over several weeks to 
establish a daily emissions pattern for each animal that regularly uses the GF 
(Hammond et al., 2016b; Hristov et al., 2015; Huhtanen et al., 2019). When 
using spot measurements to determine daily emissions, care must be taken to 
prevent sampling bias by ensuring sampling times are appropriate for the daily 
feeding cycle of the animals using the device (Hammond et al., 2016a). As with 
ventilated hood chambers and head masks, the GF system is unable to capture 
the small emission eructed through the rectum, which has been reported to be 
between 4% and 8% of the total emission from cattle nose, mouth and rectum 
(Grainger et al., 2007b; McGinn et al., 2006a; Ulyatt et al., 1999). Muñoz et al. 
(2012) assumed 3% ± 1.5% emission was from the rectum.

3  Individual animal measurement techniques: tracer  
techniques

Tracer techniques rely on the co-location of a tracer gas source (with a known 
release rate) and the source to be measured, based on the assumption that both 
gases will be transported in the atmosphere in the same manner. Concentration 
measurements of the tracer gas and the source gas are made at some distance 
downwind. The ratio of gas concentrations is used with the known release 
rate of the tracer to determine the emission rate. Tracer techniques offer the 
advantage of a strictly ratiometric measure independent of meteorological 
conditions.
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3.1  Sulfur hexafluoride tracer technique

The sulfur hexafluoride (SF6) tracer technique (Johnson et al., 1994) was 
developed to overcome the limitations of chamber measurements, providing 
individual animal emission estimates without constraints on the animal’s typical 
behavior in the production environment. The technique requires placing a small 
permeation tube in the animal’s rumen which emits SF6 at a pre-calibrated rate. 
This tracer gas is expelled through eructation along with the CH4 produced in the 
rumen, while a collection device attached to the animal slowly draws air, usually 
for 24 h, from the nose and mouth region through an intake affixed to a halter. 
This technique provided the first measurements of animal emissions from grazing 
systems (Lassey et al., 1997; McCaughey et al., 1997). It also provided a means to 
monitor the dynamics of pasture conditions by conducting short measurement 
programs over a year (Pavao-Zuckerman et al., 1999; Ulyatt et al., 2002).

The technique gained in popularity as many agricultural research facilities 
already had the capacity for gas chromatographic analysis of the air samples 
collected with the SF6 technique. With a modest outlay to construct the 
sampling apparatus and prepare the permeation tubes, a technique was now 
available to obtain measurements of animal CH4 emissions from their typical 
production environment. With an increasing number of users, the technique 
was improved through a better understanding of animal emission variability 
compared with chamber measurements (Grainger et al., 2007a), the release 
characteristics of the permeation tubes with time (Lassey et al., 2001), the effect 
of permeation rate on emissions estimates (Vlaming et al., 2007), the effect of 
background measurements (Williams et al., 2011) and the importance of the 
sample collection rate (Deighton et al., 2014).

The SF6 tracer technique has proven valuable for mitigation work and is well 
suited to measurements on small groups of animals, particularly within dairy 
systems where animals are accustomed to daily handling and sampler changes 
can be coordinated with daily milking. Implementation in grazing systems is 
more problematic as cattle require extensive training to become accustomed 
to handling and the fitting of yokes (DeRamus et al., 2003). The technique 
is also limited by higher between-cow variability in measurement accuracy 
(Pinares-Patiño et al., 2011). In addition to the permeation tube approach, SF6 
has also been used as a tracer gas to estimate CH4 emissions from whole farms 
by releasing gas along barn vents and pen railings (McGinn et al., 2006b) and 
collecting downwind air samples for GC analysis of SF6 and CH4.

3.2  Other tracer techniques: nitrous oxide-tracer Fourier transform 
infrared spectroscopy

Tracer studies have also been carried out using open-path FTIR and nitrous 
oxide (N2O) as tracer gas (Griffith et al., 2008). The open-path FTIR has proven 



© Burleigh Dodds Science Publishing Limited, 2021. All rights reserved.

Index

ADAS 88, 92, 93, 102, 108
Anaerobic digestion (AD) developments

bioenergy production 161–162
biogas digestate 171

disadvantages 173
value-added products 172

biogas production, Henan Province 
(China) 176

eco-agriculture model 177–178
future trends 178
potential 176

co-digestion 167–168
ecological agriculture models, biogas 

utilization 173
ecological farms 173–174
ecological orchard model 174
five-in-one model 175–176
four-in-one model (greenhouse)  

174–175
three-in-one model 174

efficiency affecting factors
accelerators 171
process control 170–171
raw material pretreatment 169
substrate regulation 169

livestock manure, biogas potential
manure biogas potential (MBP) 

estimation 165–166
total solid coefficients (TSC) 165–166

livestock manure, quantities and risks (see 
Livestock manure, quantities and 
risks)

mono-digestion 167
utilization and transformation 

stages 162–163
Anaerobic rumen fungi 292
Animal breeding contribution, reduce 

environmental impact
broilers

discussion 63
historical trends 61–62
materials and methods 62–63
results 63

dairy cattle
discussion 73
historical trends 71–72
quantification effect 73
selection indices 72–73

layers
discussion 66–67
historical trends 63–64
materials and methods 64–66
results 66

livestock production 59–60
overview of 57–58
pigs

discussion 69, 71
historical trends 67
materials and methods 67–69
results 69

Animals flux footprint, grazing 
landscape 15, 16

Armsby respiration chamber 4
Ascophyllum nodosum 305
Asparagopsis

A. armata 305
A. taxoformis 305

BCM. see Bromochloromethane (BCM)
Bioenergy production 161–162
Bovine viral diarrhoea (BVD) 92
Bromochloromethane (BCM) 276
BVD. see Bovine viral diarrhoea (BVD)

CA diet. see Cereals/alternative ingredient 
(CA) diet

Carbon sequestration 265
Cashew nut shell liquid (CNSL) 244–245



Index332

© Burleigh Dodds Science Publishing Limited, 2021. All rights reserved.

Cereals/alternative ingredient (CA) diet 68, 
70, 71

Chicory and plantain herbs 221
Climate change 82
C:N ratio 105
CNSL. see Cashew nut shell liquid (CNSL)
Condensed tannin (CT) 221

extractable and bound 222
Corn/soybean meal (CS) diet 68, 70, 71
Crude protein (CP) 198–199
CS diet. see Corn/soybean meal (CS) diet
CT. see Condensed tannin (CT)

Defaunation 292
DFMs. see Direct-fed microbials (DFMs)
Direct-fed microbials (DFMs)

composition and benefits 274
description 266–277
feed additives and effect 268–269
GHG reduction 270

methane 270–273
nitrous oxide and carbon dioxide 273

ruminants 266
strengths and challenges

alternative hydrogen sinks 275
consumer acceptance 273–274
expenditure 274
inconsistent results 275

types of 267
lactic acid bacteria (LAB) 267
lactic acid-utilizing bacteria 267, 270
yeast 270

The US Food and Drug Administration 
(FDA) 266

Dry matter intake (DMI) 296, 297

EBVi. see Estimated breeding values (EBVi)
EC technique 12–13

livestock emissions measurement 13–16
use in agriculture 13

Efficiency affecting factors
accelerators 171
process control 170–171
raw material pretreatment 169
substrate regulation 169

Essential oils
anacardic acid 244–245
cashew nut shell liquid (CNSL) 244–245
flavonoids 243
garlic 243–244
in vitro and in vivo 242
sinigrin 243

Estimated breeding values (EBVi) 73

Fat and protein-corrected milk (FPCM) 104, 
105

FC. see Feed conversion (FC)
FCE. see Feed conversion efficiency (FCE)
FCR. see Feed conversion ratio (FCR)
Feed conversion (FC) 61
Feed conversion efficiency (FCE) 187–188

biological basis 192
environmental factors 192
methane emission 192–193
milk production 191–192

Feed conversion ratio (FCR) 61, 63, 66, 67
of Dutch broilers 61, 62

Feed dry matter intake (DMI) 188
Feed efficiency impact, livestock production

feed conversion efficiency (FCE) 187–
188

biological basis 192
digestible energy 192
environmental factors 192
methane emission 192–193
milk production 191–192

feed dry matter intake (DMI) 188
future trends 201–202
genetics and feed conversion 

efficiency 199–200
greenhouse gases and dairy production

digestion 190
fermentation 188
global emissions 189
methane emission 189

nutritional practices efficiency, decrease 
CH4 excretion

additives 197
forage digestibility 195–196
grains 196
lipid sources 197
meta-analysis 194
methane production 196
starch 195
supplemental fats and oils 196–197

nutritional practices efficiency, decrease 
N2O excretion

carbohydrate 198
crude protein (CP) 198–199
meta-analysis 198

origin of methane and reactive nitrogen 
excretions

microbial protein synthesis 190
rumen fermentation 191

postabsorptive metabolism and feed 
conversion efficiency 200–201

residual feed intake (RFI) 188



© Burleigh Dodds Science Publishing Limited, 2021. All rights reserved.

Index 333

FeedPrint 59
Feed supplements, GHG reduction

agricultural sector 261–262
carbon dioxide

agricultural soil 265–266
natural processes 265

direct-fed microbials (DFMs) (see Direct-
fed microbials (DFMs))

methane and agriculture
high-starch diets 264
industrial revolution 263
methanogenesis 263–264
microbial composition 263
microbial diversity 263

methane mitigation methods
archael phage 277
methane inhibitors 276–277
natural feed supplements 277
rumen manipulation 275–276

nitrous oxide
estimated emissions 264
fertilisers 265
sources 264

Flux method 5, 6
Forage processing methods 299
FPCM. see Fat and protein-corrected milk 

(FPCM)
French method 40

Gas chromatography (GC) 3
GF. see GreenFeed system (GF)
Global warming potential (GWP) 69
Grazing management, climate change

early season grazing 215–216
legume forages 221–222
measurement issues

CH4 measurement 222–223
LCA, pasture-based diets 223–224

season length and impact 214–215
sward structure and quality

clover swards, dairy cows 219–221
dry matter intake at pasture 218–219
maintaining sward quality 218
sward structure characteristics 216–217

GreenFeed system (GF) 6, 16
GWP. see Global warming potential (GWP)

Halogenated compounds
Asparagopsis spp. 241
bromoform 241–242
CH4 emissions 241
macroalgae 241–242

Hungate1000 project 307

Hydrogenosomes 292
Hydrolyzable 235

ID. see Inverse dispersion (ID) methods
IHF. see Integrated horizontal flux (IHF) 

technique
Improving grassland/forage quality and 

management
challenge of 214
further information 225–226
grassland areas and productivity (Europe)

geographical/climatic regions 212
milk production 213
1970 and 2013 changes 211
permanent and temporary 213
production potential 212

grazing management climate change
early season grazing 215–216
legume forages 221–222
season length and impact 214–215

grazing management climate change 
(sward structure and quality)

clover swards, dairy cows 219–221
dry matter intake, pasture 218–219
maintaining sward quality 218
sward structure characteristics 216–

217
grazing management climate change, 

issues
CH4 measurement at grazing 222–

223
life cycle assessment (LCA) with 

pasture-based diets 223–224
methane mitigation strategies 225
overview 209–210

Inhibiting methanogenesis 275
Integrated horizontal flux (IHF) technique 9
International Organisation for 

Standardisation (ISO) 28
International Panel on Climate Change 

(IPCC) 3, 25, 40, 58
Inverse dispersion (ID) methods 9
IPCC. see International Panel on Climate 

Change (IPCC)
ISO. see International Organisation for 

Standardisation (ISO)

Lactic acid bacteria (LAB) 267
Lactic acid-utilizing bacteria 267, 270
Laser methane detectors (LMD) 5, 16
Life cycle assessment (LCA) 26, 65, 76, 88, 

97, 104, 223–224
goal and scope definition 28



Index334

© Burleigh Dodds Science Publishing Limited, 2021. All rights reserved.

life cycle impact assessment 28–29
life cycle inventory analysis 28

Livestock feeding strategies 120–121
dairy and beef cattle 121–123
pigs 123
poultry 123–124

Livestock health issues contribution, 
environmental impact

framework to evaluate health 
interventions 95–96

integrating epidemiological data 97–
102

mass and energy flows 102–105
ruminants and greenhouse gas 

emissions 105–107
studies 96–97

health challenges consequences 83
anorexia 83–84
indirect consequences 87
infectious challenges effects 84–86
non-infectious challenges effects 86–

87
overview of 81–83
quantitative results 88–95

Livestock housing 124, 149
mitigation measures 125–127, 129–131

broilers 133–134
cattle 124–125
laying hens 132–133
pig 127–129

Livestock manure, quantities and risks
air pollution 164
database 163
human health 164–165
soil pollution 164
water pollution 164

Livestock supply chains, GHG 
emissions 288, 289

LMD. see Laser methane detectors (LMD)
Long-chain fatty acids 300

Marginal abatement cost curve (MACC) 96
Mask system 5
Mass balance (MB) methods 9
Mass difference (MD) technique 9
MB. see Mass balance (MB) methods
MD. see Mass difference (MD) technique
Methane, DFMs

bacterial DFMs 273
LAB/LUB, meta-analysis 272
mechanisms action 271
Nisin 272

scientific literature points 271
yeast 271–272

Methane emissions measurement
animal measurement techniques

head capture measurement 5–6
tracer techniques 7–8
whole-animal respiration 

chambers 4–5
future trends 16–17
herd-scale measurement techniques

EC technique (see EC technique)
micrometeorological methods (MM)  

8–12, 17
overview of 3–4

Micrometeorological methods (MM) 8–12, 17
Mitigation measure, manure storage

adsorption of slurry ammonium 142
anaerobic digestion 144–145
cattle housing

acid air scrubbers 127
barn climatization 127
bedding material 126–127
cleaning 126
floor types 127
grazing 127
nitrogen emission process 125
segregation 125–126
slurry removal 126
toothed scrapers 126
types 125
verification 126

dispersed coverings 140–141
dry conditions 141
manure composting 145–146
mechanical solid-liquid separation, slurry 

fractions 143–144
nutrient recovery

ammonia stripping 148
combustion, gasification or 

pyrolysis 146
drying and pelletizing, manure 

solids 146
nitrogen salts concentration and 

solutions 147
nitrogen salts precipitation 146–147

slurry acidification 142–143
slurry aeration 143
slurry mixing 141–142
slurry natural crust covered 140
solid concrete base (walls) 141
solid covered 140

Mitigation strategies 44–45



© Burleigh Dodds Science Publishing Limited, 2021. All rights reserved.

Index 335

commercial farm 45, 48
modelling decisions 48–49

MM. see Micrometeorological methods (MM)
Modelling applications 29–32

farm systems considered 29, 33–34
Monensin 300
Mono-digestion 167

National greenhouse gas inventory
bovine 34–40
other livestock category 41
pigs 40, 42–43
poultry 40–41, 46–47
sheep 40, 42–43

New Zealand approach 40
3-Nitrooxypropanol (3NOP) 276–277
Nitrous oxide-tracer Fourier transform 

infrared spectroscopy 7–8
Nucleic acids 310

Open-path sensors 9

Paris Agreement 58
Pasture-based systems 209–210

life-cycle assessment (LCA) 223–224
Plant bioactive compounds

case studies
anti-methanogenic strategies 246–248
tannins, sainfoin 245–246

future trends 248
lipids

CH4 emissions 233–234
dietary strategy 233, 234
fat content and composition 232
meta-analyses 233
modes of action 233–234
presentation 233

overview 231–232
secondary compounds

essential oils 242–245
halogenated products 240–242
saponins 238–240
tannins 234–238

Porcine reproductive and respiratory 
syndrome virus (PRRSv) 105

Protozoa 291
PRRSv. see Porcine reproductive and 

respiratory syndrome virus (PRRSv)

RC. see Respiration chambers (RC)
Residual feed intake (RFI) 188, 309
Respiration chambers (RC) 222–223
RFI. see Residual feed intake (RFI)

Rumen environment modification
factors influencing methane production

diet composition 297–299
feed intake 296–297
rumen pH 293–294
shifts in rumen microbiome 292–293
VFA production and absorption 

capacity 294–296
greenhouse gas production 288–290
overview of 287–288
to reduce methane emissions

genetic selection 309–311
rumen manipulation (see Rumen 

manipulation)
rumen archaea and 

methanogenesis 290–292
Rumen manipulation

algae 305–306
defaunation 306–307
fat supplementation 299–300
genomic approaches 307–309
immunization 306
ionophores 300–301
nitrate 301
3-nitrooxypropanol (3-NOP) 301, 304–305

Saponins
categories 238
CH4 mitigation potential 239–240
mechanism 238–239
methanogenesis 239
protozoa 240
supplementation 240
transient effect 240
triterpenoids and steroid glycosides 238

SARA. see Sub-acute ruminal acidosis (SARA)
SCK. see Subclinical ketosis (SCK)
Sharpea azabuensis 309
Single nucleotide polymorphism (SNP) 310
Sniffer method 5
SNP. see Single nucleotide polymorphism 

(SNP)
Sub-acute ruminal acidosis (SARA) 86
Subclinical ketosis (SCK) 93, 95
Sulfur hexafluoride tracer technique 7
Sulphate-reducing bacteria (SRB) 276
Sustainable nitrogen management

abatement measurement approach 120
ammonia

emissions 116–117
formation 115–116
housing and manure 

management 117



Index336

© Burleigh Dodds Science Publishing Limited, 2021. All rights reserved.

best practices and priority measures 148
livestock feeding 149
livestock housing 149
manure storage, treatment and 

processing 149–150
future trends 150–153
livestock feeding strategies (see Livestock 

feeding strategies)
livestock housing (see Livestock housing)
nitrate, nitrogen leaching and run-

off 119
nitrogen flows consideration 119–120
nitrogen forms 115, 116
nitrous oxide and di-nitrogen

denitrification 118
nitrification 117–118

Swiss tier 2 approach 35
Systems analysis

conceptual framework 26–27
model development 27

Tannins
CH4 emissions 235–238
hydrolyzable 235
in vitro 235–236
in vivo 236–237
meta-analysis 236
methanogenesis 236–237
N2O emissions 234

sainfoin 245–246
Tier 1 emission method 35, 40, 41
Tier 2 emission method 35, 40, 41, 44
Tier 3 emission method 35
Treatment and processing, manure storage

emissions principles
degradation 135
EU Circular Economy Action Plan 137
liquid phase 139
losses 134
mechanical separation 138
N availability 136
priority option 135
processing options 139–140
simple manure treatment 137–138
single-stage treatment 134
slurry challenges and benefits 136
slurry composition 137
slurry DM content 135
slurry environmental application 136

mitigation measure (see Mitigation 
measure, manure storage)

United Framework Convention on Climate 
Change (UNFCCC) 34

Volatile fatty acids (VFA) 291

Yeast 270–272


	Contents
	Introduction
	Part 1 Analysis
	Chapter 1: Measuring methane emissions from 
livestock
	1 Introduction
	2 Individual animal measurement techniques: whole-animal respiration chambers and head capture measurement
	3 Individual animal measurement techniques: tracer 
techniques


	Index

