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ABSTRACT  

Livestock are reared throughout the world, and are an important agricultural product in virtually 

every country. This animal production systems and climate change are inter-related via complex 

mechanisms. Animal production influences climate change by emitting greenhouse gases such as 

methane and nitrous oxide.  It is estimated to be the livestock sector is contributing a significant share 

of global GHG emissions, accounting for approximately two-thirds of direct agricultural emissions and 

about 14.5 percent of total human-induced emissions when supply chains are considered. Therefore, 

globally, there is an urgent need to reduce the greenhouse gas (GHG) emissions that cause climate 

change by at least 80 per cent in wealthy countries and to protect the biodiversity which underpins food 

production. Dietary manipulation, ionophores, bacteriocins, covered anaerobic digesters, awareness 

creation and intensifying research and development are among the applicable methane mitigation 

strategies. Moreover, research bodies are also organizing to deliver findings at an international level; 

which focuses on the identification and development of technologies and practices to increase food 

production without increasing green house gases emissions. 
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1.  INTRODUCTION 

 

The world is facing major challenges, from feeding the growing population to tackling 

severe environmental crises including natural resource degradation and catastrophic climate 

change. Climate change is the planet’s biggest threat, affecting land and water availability and 

crop yields and livestock productivity at a time when populations are rising fast, periodically 

causing food crises [1]. It is also probably the most serious environmental challenge facing 

humanity and threatening the well-being of future generations. Ongoing damage to the 

environment is seriously affecting the economic sectors that form the basis of our food supply 

(fisheries, agriculture, livestock, freshwater, forestry) and are a critical source of livelihoods for 

the poor. Already, 60 per cent of the world’s major ecosystems from soils, water, livestock, 

forests and fisheries, on which we depend have been degraded, polluted or used unsustainably 

[2].  

Smallholder livestock keepers, fisher folks and pastoralists are among the most vulnerable 

to climate change. Climate change impacts livestock directly, (for example through heat stress 

and increased morbidity and mortality) and indirectly, (for example through quality and 

availability of feed and forages, and animal diseases). At the same time, the livestock sector 

contributes significantly to climate change. In fact, 14.5 percent of all human-caused 

greenhouse gas (GHG) emissions come from livestock supply chains. They amount to 7.1 

gigatonnes (GT) of carbon dioxide equivalent (CO2-eq) per year [3].  

Globally, there is an urgent need to reduce the greenhouse gas (GHG) emissions that 

cause climate change by at least 80 per cent in wealthy countries and to protect the biodiversity 

which underpins food production. Tackling climate change has now become extremely urgent 

with little time remaining to achieve the necessary climate targets [4]. Moreover, delays in 

global emission reduction increase the efforts needed to achieve stabilization within tolerable 

levels. Adapting to climate change and reducing GHG emissions may require significant 

changes in production technology and farming systems that could affect productivity. Many 

viable opportunities exist for reducing methane emissions from enteric fermentation in 

ruminant animals and from livestock manure management facilities. To be considered viable, 

these emissions reduction strategies must be consistent with the continued economic viability 

of the producer, and must accommodate cultural factors that affect livestock ownership and 

management. The primary objective of this paper is, therefore, to review pessimistic impacts of 

livestock production on climate change and its mitigation strategies. 

 

 

2.  SOURCES OF GREEN HOUSE GASES (GHGS) 

2. 1. Direct agricultural emissions 

We define ‘direct agricultural emissions’ as those emissions typically found in 

agricultural greenhouse gas emissions inventories. Typically, these inventories only include 

nitrous oxide (N2O) and methane (CH4) emissions. Both are potent greenhouse gases: nitrous 

oxide has a global warming potential 296 times that of carbon dioxide and methane has a global 

warming potential 23 times that of carbon dioxide (CO2) [5].   

Direct agricultural emissions can be split into two categories: crops and livestock. The 

allocation of emissions to these categories depends on accounting methodologies and is 

complicated by interconnections between the two such as manure used as a crop fertilizer and 
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crops grown for animal feed. Livestock-related emissions account for over 70 percent of direct 

agricultural emissions if manure is left on pasture [5] and emissions from crops grown for feed 

are counted as livestock emissions. A recent report of the Food and Agriculture Organization 

of the United Nations (FAO) calculates the entire lifecycle of livestock including fertilizer 

production to grow feed crops, livestock driven deforestation, processing and transportation, to 

be 7.1 Gt, or roughly 14.5 percent of all human induced greenhouse gas emissions [6, 7]. 

 

2. 2. Livestock as source of Green House Gases (GHGs) 

Methane (CH4) is emitted from a variety of anthropogenic and natural sources. More than 

70 percent of global CH4 emissions are related to anthropogenic activities. Anthropogenic 

sources include fossil fuel production and use, animal husbandry (enteric fermentation in 

livestock and manure management), paddy rice cultivation, biomass burning, and waste 

management. Emissions from enteric fermentation of the domestic livestock contribute 

significantly to GHGs inventories. Emissions from animal facilities primarily consist of animal 

respiration and enteric fermentation. Cattle and other ruminants are responsible for the vast 

majority of livestock emissions, and account for over 60 percent of all direct agricultural 

emissions. In addition, emissions from manure storage are also believed to be a potential source 

of CH4 [8, 9]. 

 

 
 

Figure 1. Global GHGs emission by sector 
Source: Adapted from Sejian et al., 2011a 

 

 

2. 3. The links between animal production and climate change 

The links between animal production and climate change are complex and multi-

directional. On the one hand, animal production has an influence on climate change, with 

mainly ruminants generating emissions of greenhouse gases. In particular, animal production 

is a very important source of methane and nitrous oxide released into the atmosphere. On the 
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other hand, climate change influences livestock production by affecting the conditions 

governing animal production, fodder crop production and animal health.  

 

2. 4. Contribution of animal production to climate change 

The major global warming potential (GWP) of livestock production worldwide comes 

from the natural life processes of the animals. The livestock sector is estimated to contribute a 

significant share of global GHG emissions, accounting for approximately two-thirds of direct 

agricultural emissions [10] and about 14.5 percent of total human-induced emissions when 

supply chains are considered. Feed production and processing and enteric fermentation in 

ruminants constitute the two main sources of emissions, representing 45 percent and 39 percent 

of global livestock sector emissions, respectively. 

Methane production appears to be a major issue although it presently contributes only 18 

% of the overall warming. It is accumulating at a faster rate, and is apparently responsible for a 

small proportion of the depletion of the protective ozone layer. Methane arises largely from 

natural anaerobic ecosystems, rice/paddy field and fermentative digestion in ruminant animal. 

In fact, CH4 is considered to be the largest potential contributor to the global warming 

phenomenon. It is an important component of GHG in the atmosphere, and is associated with 

animal husbandry [11, 12]. Much of the global GHG emissions currently come from enteric 

fermentation and manure from grazing animals and traditional small-scale mixed farming in 

developing countries. Manure storage and processing represent 10 percent of emissions, the 

remainder being attributable to processing and transportation of animal products [13]. 

 

Table 1. Global Warming potential of Green House Gases (GHGs). 

 

Green House 

Gases 

Chemical 

Formula 

Lifetime 

(years) 

Radiative efficiency 

(W m-2ppb-1) 

Global Warming 

Potential 

Carbon dioxide CO2 
Up to 100 

years 
1.4 × 10-5 1 

Methane  CH4 12 3.7 × 10-4 23 

Nitrous Oxide N2O 114 3.03 × 10-3 3310 

 

 

2. 5. Enteric methane production 

Livestock are reared throughout the world, and are an important agricultural product in 

virtually every country. Methane (CH4) is emitted as a by-product of the normal livestock 

digestive process, in which microbes resident in the animal’s digestive system ferment the feed 

consumed by the animal. This fermentation process, also known as enteric fermentation, 

produces CH4 as a by-product and is then eructated or exhaled by the animal. Within livestock, 

ruminant livestock (cattle, buffalo, sheep, and goats) are the primary source of emissions. Other 

livestock (swine and horses) are of lesser importance for nearly all countries. 

The number of animals and the type and amount of feed consumed are the primary drivers 

affecting emissions. Consequently, improvements in management practices and changes in 
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demand for livestock products (mainly meat and dairy products) will affect future CH4 

emissions [14]. The amount of methane produced by different types of ruminant livestock is 

determined by different factors which are indicated as in the following figure. 

 

 
 

Figure 1. Different factors influencing enteric methane production. 
Source: Adabted from Sejian and Naqvi, 2013 
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2. 6. Why animal welfare matters to climate change 

          As noted above, GHG emissions relate to different elements of livestock production. The 

health and productivity of animals and breeding herds (such as cattle and pigs) are an important 

factor. Many studies confirm that animal health and welfare are integral to environmental 

sustainability. Breeding for health can create productivity and welfare benefits and result in 

lower emissions. Robust breeds of animals reared in extensive systems often have longer 

productive lifetimes and these systems often have lower reliance on fossil fuel and grain inputs. 

Intensive high input, high output systems that appear highly efficient at first glance are in fact 

energy and resource hungry. By focusing on high yields, these systems have unintended 

consequences, including shortening animals, productive lives and introducing massive waste, 

such as the breeding of surplus animals that are not seen as economically viable. 

 

2. 7. Mechanism of methane reduction 

          There are two mechanisms available by which methane production can be reduced in 

livestock production practices. These mechanisms influence the availability of H2 in the rumen 

and subsequent production of enteric CH4 emissions by livestock. Processes that yield 

propionate act as net proton-using reactions while those that yield acetate result in a net increase 

in protons. Hence mitigation strategies aiming at reducing CH4 production must work towards 

increasing the propionate production. This will reduce CH4 production by removing some of 

the H2 produced during ruminal fermentation. Another mechanism by which CH4 production 

may be reduced during the rumen fermentation process is through the provision of alternative 

hydrogen acceptors or sinks. Another mechanism widely accepted is to supplement anti-

methanogenic agents which will inhibit the process of methanogenesis either by directly 

inhibiting the methanogenic microbe in the rumen or by increasing more propionate production. 

In addition, strategies to mitigate net emissions from livestock produced and consumed during 

manure storage and treatment. Such strategies aim to manipulate livestock diet composition 

and/or include feed additives to alter manure pH, concentration and solubility of carbon and 

nitrogen, and other properties that are pertinent to CH4 and N2O emissions [15, 16, and 17].  

 

2. 8. Mitigation Strategies 

CH4 mitigation strategies can be broadly divided into preventative and ‘end of pipe’ 

options. ‘Preventative measures’ reduce carbon/nitrogen inputs into the system of animal 

husbandry, generally through dietary manipulation and, while a reduction in the volume of CH4 

emitted per animal may result, this is often secondary to the (primary) objective of improved 

productive efficiency. Alternatively, ‘end of pipe’ options reduce—or inhibit—the production 

of CH4 (methanogenesis) within the system of animal husbandry [8]. Any reduction strategies 

must be confined to the following general framework viz., development priority, product 

demand, infrastructure, livestock resource and local resources. Several options have been 

considered for mitigating methane production and emitting in atmosphere by the livestock. All 

approaches point towards either reduction of methane production per animals or reduction per 

unit of animal product. There are several factors which need to be considered for selection of 

best options for methane emission reduction: these include climate, economic, government 

policy, technical and material resources, existing manure management practices, regulatory 

requirements and etc. 
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2. 8. 1. Dietary manipulation 

The chemical composition of diet is an important factor which affects rumen fermentation 

and methane emission by the animals. Methane production was significantly lower in the sheep 

fed on green sorghum and wheat straw in the ratio of 90:10 as compared to where the ratio was 

60:40 (31.5 vs 46.91/kg). Improvement in the digestibility of ligno-cellulose feeds with 

different treatments also resulted in lower methanogenesis by the animals. Wheat straw treated 

with urea or urea plus calcium hydroxide and stored for 21 days before feeding, reduced 

methane emission from sheep. The treatment of straw with urea and urea molasses mineral 

block lick caused a reduction of 12-15% methane production and the molar proportion of 

acetate decreased accompanied with an increase in propionate production. Free fumaric acid 

(10% in the ration) and an equivalent amount of encapsulated fumaric acid decreased methane 

emission to the extent of 49% and 75% compared to control sheep without supplementation of 

fumaric acid [16]. 

 

 
 

Figure 2. Different enteric methane mitigation strategies 
(Adapted from Agrawal & Kamra, 2010). 
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2. 8. 2. Increased proportion of concentrates in the diet 

A higher proportion of concentrate in the diet leads to a reduction in CH4 emissions as a 

proportion of energy intake. The relationship between concentrate proportion in the diet and 

methane production is curvilinear with a marked decrease in methane observed when dietary 

starch is higher than 40% [18]. Replacing plant fibre in the diet with starch induces a shift of 

Volatile Fatty Acid (VFA) production from acetate towards propionate occurs, which results in 

less hydrogen production [19]. 

 

2. 8. 3. Adding lipid to the diet 

Dietary fat seems a promising nutritional alternative to depress ruminal methanogenesis 

without decreasing ruminal pH as opposed to concentrates [20]. Addition of oils to ruminant 

diets may decrease CH4 emission by up to 80% in vitro and about 25% in vivo [19].  Lipids 

cause depressive effect on CH4 emission by toxicity to methanogens, reduction of protozoa 

numbers and therefore protozoa associated methanogens, and a reduction in fibre digestion. 

Oils containing Lauric acid and Myrstic acid are particularly toxic to methanogens. [21] 

recently reviewed the effect of level of dietary lipid on CH4 emissions over 17 studies and 

reported that with beef cattle, dairy cows and lambs, for every 1% (DMI basis) increase in fat 

in the diet, CH4 (g/kg DMI ) was reduced by 5.6 %. In another review of fat effects on enteric 

CH4, (Martin et al., 2010) compared a total of 67 in vivo diets with beef, sheep and dairy cattle, 

reporting an average of 3.8% (g/kg DMI) less enteric CH4 with each 1% addition of fat [19]. 

 

2. 8. 4. Ionophores 

Ionophores (e.g. monensin) are antimicrobials which are widely used in animal 

production to improve performance. [22] reported in a recent review that on feedlot and low 

forage diets; tend to marginally increase average daily gain whilst at the same time reducing 

Dry Matter Intake (DMI), thus increasing feed efficiency by about 6%. Monensin should reduce 

CH4 emissions because it reduces DMI, and because of a shift in rumen VFA proportions 

towards propionate and a reduction in ruminal protozoa numbers [19, 14]. 

 

2. 8. 5. Bacteriocins 

Some bacteriocins are known to reduce methane production in vitro. Nisin is thought to 

act indirectly, affecting hydrogen producing microbes in a similar way to that of the ionophore 

antibiotic monensin. A bacteriocin obtained from a rumen bacterium, bovicin HC5, decreased 

methane production in vitro up to 50% without inducing methanogens adaptation [23]. 

 

2. 8. 6. Covered anaerobic digesters 

These are the simplest form of recovery system, and can be used at dairy or swine farms 

in temperate or warm climates. Manure solids are washed out of the livestock housing facilities 

with large quantities of water, and the resulting slurry flows into an anaerobic primary lagoon. 

The average retention time for the manure in the lagoon is about 60 days. The anaerobic 

conditions result in significant methane emissions, particularly in warm climates. The covered 

lagoons are air-tight and provide the anaerobic conditions under which methane is produced 

and recovered which can be used as energy. 
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2. 8. 7. Awareness Creation 

Awareness about the contribution of livestock to climate change has grown rapidly among 

the general public and consumers, fuelled by communication campaigns organized by 

concerned civil society organizations and extensive media coverage. These campaigns often 

associate the climate change message with other concerns, such as animal welfare, human 

health and water resource protection [24-26]. Rather than focusing on improvement in 

production practices, they often highlight a need to reduce consumption of animal products. 

 

2. 8. 8. Intensifying Research and Development 

At any production level, significant emphasis is being placed on research and 

development to inform negotiation and political processes and prepare for long-term change in 

livestock systems, by achieving fundamental reductions in emissions and ensuring resilient 

production growth. One such example is research into “zero methane cows”. Research bodies 

are also organizing to deliver findings at an international level; which focuses on the 

identification and development of technologies and practices to increase food production 

without increasing emissions. In addition, a dedicated livestock research group is focusing on 

options to reduce the GHG emission intensity of livestock production systems and increase the 

quantity of soil carbon stored in grazing lands, with support of a cross-cutting group on soils. 

Prioritized research need to address using of advanced molecular technology to reduce livestock 

methane emission. Both conventional and non-conventional feed resources need to be tried for 

their potential to affect methane emission by the animals.  

 

 

3.  CONCLUSIONS AND RECOMMENDATION  
 

Given that the livestock production system is sensitive to climate change and at the same 

time itself a contributor to the phenomenon, climate change has the potential to be an 

increasingly formidable challenge to the development of the livestock sector. Responding to 

the challenge of climate change requires formulation of appropriate adaptation and mitigation 

options for the sector.  Several options have been considered for mitigating methane production 

and emitting in atmosphere by the livestock. All approaches point towards either reduction of 

methane production per animals or reduction per unit of animal product. There are several 

factors which need to be considered for selection of best options for methane emission 

reduction: these include climate, economic, government policy, technical and material 

resources, existing manure management practices, regulatory requirements and etc. 

Based on the above conclusions, the following points are recommended: 

 Create ambitious green house gases reduction goals with detailed implementation plans, 

strong policies, and effective monitoring mechanisms 

 Prioritized research need to address using of advanced molecular technology to reduce 

livestock methane emission. Both conventional and non-conventional feed resources need 

to be tried for their potential to affect methane emission by the animals.  

 A sustainable food production system is possible. One which delivers environmental 

protection reduces GHG emissions and ensures good animal welfare, public health and meat 

quality. Any mitigation of emissions from livestock must be based on high animal welfare 

standards to enhance the potential for reducing emissions. 
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