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Abstract—The aim of this review is to summarize the current
knowledge of livestock and climate change particularly methane
(CH,) production from ruminants. The objectives are to assess the
scope of livestock and climate change, enteric methane production,
identify the factors affecting CH, production and mitigation
strategies to reduce methane emission. Methane is a potent
greenhouse gas which has a global warming potential 23 times that
of carbon dioxide. Agriculture contributes 27% in emission of green
house gas (GHG) and out of this, livestock is responsible for the
largest part at nearly 80-92% of total agricultural GHG emissions.
This is specifically due to methane emission from enteric
fermentation and manure handling. Many factors influence ruminants
methane production, including type and quality of feeds, level of feed
intake, animal size, energy consumption, growth rate, level of
production, environmental temperature and humidity. The methane
emission values in dairy cows range from 151 to 497 g/day, lactating
cows 354 g/day than dry cows 269 g/day and heifers 223 g/day.
Dairy ewe emits 8.4 kg/head annually. Holstein emitted 299 g/day
CH, more than the crossbred cow 264 g/day. The amount of CH,
emission by heifers grazing on fertilized pasture was higher 223
g/day than heifers grazed on unfertilized pasture 179 g/day. Beef
cattle emit 161-323 g/day and Sheep 22-25 g/day. The annual
emissions from the pens and storage pond at dairy farm approaches
120 kg/cow. The five methane measuring techniques from the rumen
of ruminants are Respiration calorimeter, Ventilated hood,
Facemask, Backpack and Tracer gas techniques. The needful
methane mitigation strategies are supplying protein rich diet, vaccine
and antibiotics treatment, capturing manure and convert into natural
gas and improving the genetic makeup of livestock that ensures both
economic benefit and environmental health.
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1. INTRODUCTION

The growth of global population and increased purchasing
power has advocated a rapid increase in the need for food
from animal sources. The world population will have reached
9 billion by 2050, while the demand for milk and meat
products is expected to increase to 1.043 million tons and 465

million tons, respectively [16]. Despite the importance of
agriculture in food production and revenue, there is a lot of
debates about the environmental impact of livestock and
agricultural activities in relation to climate change. Agriculture
is responsible for around 27% of global anthropogenic
greenhouse gas (GHG) emissions except land use change [17],
[1] and [2]. Livestock is recognized as a potential victim of
green house gas emission and climate change [3] and [4].
Livestock is assumed to be liable for the largest part at nearly
80-92% of total agricultural GHG emissions [19]. This is
particularly due to methane (CH4) emissions from enteric
fermentation and manure handling [5] and [7]. Methane is the
major GHG produced from enteric fermentation during the
normal digestive process of ruminants [8] and [9]. It is
relevant to note that production of greenhouse gases from
animals and their impact on climate changes are a major
concern of today [10] and [11]. Cattle are considered to cause
an increase in emissions with about 4.6 Gt (gigatonnes) of
CO,, representing 65% of sector emissions. Average emission
intensities are 2.8 kg CO, per kg of fat and 46.2 kg CO, per kg
of carcass weight for beef [12]. Significant quantities of CH,4
can also arise from microbial fermentation of amino acids, the
end products of which are ammonia, volatile fatty acids and
CH4. Methane accounts for a significant energy loss to the
ruminant animal, amounting to about 8% of gross energy at
maintenance level of intake. Increased understanding and
improved quantification of CH, production in the rumen has
implications not only for global environmental protection but
also for efficient animal production. Livestock CH4 emissions
have been measured using respiration calorimeter systems
such as whole body chambers, head boxes, ventilated hoods,
Backpack, face mask and tracer gas technique [30].

2. METHANE

Methane is among the three main greenhouse gases, together
with CO, and nitrous oxide (N,O), its global warming
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potential is 23 fold than of CO,. CH, also affects the
degradation of the ozone layer [3] and [13]. Men are
responsible for about two third of the total global CH,
emission called total anthropogenic methane [14]. Agriculture
accounts for 47-56% of total anthropogenic CH4 emissions
[1], [15]. Of this amount may be 12-37% of enteric origin [8],
[18]. However, amount GHG percentages originating from
enteric fermentation of ruminants often differ. While [20]
indicated 87%, [21] inform that enteric CH, was the largest
contributing source of GHG judging for 63% of total
emissions. Study [8] indicated enteric CH; was 12% of the
global, 19% of the anthropogenic, and 36% of the agricultural
CH, emissions. Within the beef production cycle, the cow-calf
system counted for about 80% of total GHG emissions and the
feedlot system for about 20%. About 84% of enteric methane
was from the cow-calf operation, mostly from mature cows
[21]. 10-15% of the total amount, which ruminants emitted, is
formed from manure handling and storage [22], [24].
Reference [25] reviewed literature sources showed that the
global enteric methane source was estimated in absolute
values at 74 Tg (teragrams) for 1982 year of that 74% were
supplied by cattle and 8-9% by each of buffalo and sheep.
According to [25], it was 84 Tg for 1990 year, 80 Tg for 1994
year, and 71 Tg, including 44 Tg from grassland derived feed
for year of 2003. There are a lot of differences in emission
intensity between beef produced from dairy herds and from
specialized beef herds. The related emissions amount to 1.1
Gt, are representing 46% or 43% of the total emissions in
dairy and beef herds, respectively [12]. Human related
methane emissions are mainly produced by domestic
ruminants, carbon mines, rice fields, waste management, and
natural gas usage [14]. In developing or developed countries
where agricultural activities are a major component of
economy the contribution of CHy to the total anthropogenic
greenhouse gas emissions is comparable to the CO, emission.
On the other hand, methane from natural sources are mainly
constituted by wetlands, including shallow marine water [26],
[27]. Minor contributions come from non-domestic ruminants
and termites [14]. Recent studies suggested that plants emit
CH, directly as a consequence of metabolic processes [14],
[28]. Among animals, ruminants are the primary emitters of
CH,. Their rumen has a continuous fermentation system. The
rumen occupies about 80% of the total stomach capacity and
its volume is about 100-150 litre in cattle and 15 litre in sheep
[15]. Methane production obtained principally from microbial
fermentation of hydrolyzed carbohydrates and is considered as
an energy loss for the host [6], [29]. Many factors influence
ruminant CH4 production, including level of intake, type and
quality of feeds, energy consumption, animal size, growth rate,
level of production, genetics, and environmental temperature
[15], [29].

3. METHANE OF RUMINAL ORIGIN

Methane is an inflammable, colorless, odorless and tasteless
gas that is the primary element of natural gas. It has been

reported that methane is lighter than air and has a specific
gravity of 0.554, density 0.717 kg/m >, melting point -187°C
(86 K), boiling point -161°C (112 K). This gas is poorly
soluble in water, but soluble in organic solvents. Naturally
occurring methane is mainly produced by the process of
methanogenesis [35]. Enteric methane is a by-product of
ruminant digestion mainly produced by methanogenic
microorganism Archaea in a process called methanogenesis.
The rate and type of fermentation is influenced by animal
factors such as regurgitation, chewing, salivation and digesta
kinetics [42], [43]. Cattle produced about 7 and 9 times as
much CH,4 than sheep and goats, respectively. Enteric methane
that produce mainly in the rumen is about 87% - 90% and
about13% - 10% in the large intestine [44], [45]. Animals
release methane into the atmosphere by exhaling the gas
mainly through the nostrils and mouth [23]. Of the CH,4
produced by rumen enteric fermentation in the fore-stomach,
95% was excreted by eructation and in the hindgut 89% was
found to be excreted through the breath and about 11%
through the anus [44]. The concentration in the breath is
variable with a relatively low concentration when the expired
gas comes from the lungs and a higher concentration when the
breath gases belched from the fore-stomachs, although breath
from lungs also contain absorbed methane and inhaled
together with air. In a barn system or larger room, the
concentration will to a large extent be influenced by the air
exchange, but the concentration of CH, will be a total mix of
the CH, obtained from belch, breath and fart [24]. The rumen
chamber is an anaerobic environment, in which the breakdown
of plant composition occurs in a very short time as compared
with other anaerobic ecosystems such as wetlands and the
fermentation products are different. Some of the microbial
species have coevolved with ruminants and hindgut
fermenting mammals and do not exist in any other
environment such as rumen protozoa [47] and [48]. Digestion
of feed components by the microbiota such as bacteria,
protozoa, fungi results in the production of volatile fatty acids
(VFA). These volatile fatty acids, mainly acetate, propionate
and butyrate are used by the animal as source of energy.
During the operation gases are also formed and their
production eliminated mainly through eructation. CO, and H,
are using to form methane, and thus degenerating the
metabolic H, produced during microbial metabolism [4] [49].
Fermentation is an oxidative process, during which reduced
cofactors such as NADH, NADPH, FADH are re-oxidized and
formed into NAD-1, NADP-1, FAD-1 through
dehydrogenation reactions releasing hydrogen in the rumen.
This multistep process is used by microorganisms as an energy
source and the reaction is indicated as CO, + 8H+ + 8e— —
CH, + 2H,0. As soon as produced, hydrogen is used by
methanogenic archaea, a microbial group distinct from
Eubacteria, to reduce CO, into CH, [11]. Note that enteric
methane produced by ruminants is a loss of feed energy from
the diet and represents inefficient utilization of the feed [23].
In addition to the environmental impacts, ruminant
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methanogenesis represents a loss of 8-12% of the gross energy
intake [29], [47], [50] and [51].

4, METHANE FROM MANURE

In addition to enteric CH,, excreta are another source of CH,,
especially when stored an aerobically [52]. Methane generated
from manure from ruminant and no ruminant livestock
contributes 2% and 0.4% of global CH; and GHG emissions,
respectively. In regions with low input is enteric fermentation
undoubtedly the main emission source. However, in
industrialized regions with high production and food
processing manure is important source of emissions used as
fertilizer [12]. Manure CH, emissions are a larger proportion
of total farm CH, emissions in intensively managed dairy
operations with manure storage systems aerobically and much
lower in grazing operations [48]. Manure emissions are
relatively high in areas where manure from the dairy sector is
managed in liquid systems that produce greater quantities of
CH, emissions [12]. During manure storage, CH, is generated
through a reaction similar to that of enteric fermentation.
Cellulose in the manure is degenerated by microbes, serving
as input substrates for methanogenesis [40]. Livestock manure
contains portion of organic solids such as proteins,
carbohydrates and fats that are used as food and energy
sources for growth of anaerobic bacteria. The benefit from
methane production could be the energy value of the gas itself
[54]. But the gas production from manure depends upon the
efficiency of operating methods for it. Gas yield can be a
certain amount of gas produced per unit of solids degraded by
the anaerobic bacteria [53]. Anaerobic digestion is a natural
process in which the microbes utilize organic matter under an
anaerobic environment. It results in production of microbial
biomass and greenhouse gases (CO, and CHy).

5. EFFECT OF FEEDS ON METHANE PRODUCTION

Feed intake is the superior factor of total CH4 production [55].
The amount of enteric CHy is mainly linked to the type,
quality and quantity of feed [15], [56]. Gross energy (GE) is
negatively related to feeding level and dietary fat composition
and positively to diet digestibility, whereas dietary
carbohydrate composition has only minor effects. As the daily
feed intake increases, CH, production also generally increases
[15]. Most studies agreed that dry matter intake (DMI) is the
main driver of daily methane output, although methane output
per kilogram of DMI decreases with increasing feeding level,
quantity of feed [60], quality of feed, diet digestibility, and
with increasing proportions of concentrates or lipids in the diet
[8], [61]. There were found higher variability in the quantity of
CH,4 emitted per unit of feed intake in grazing ruminants [51],
[62] and [65]. The work of [66] suggests that non-grazing low
forage feeding system result in the lowest enteric CHy
emissions per kg energy corrected milk, with about 13% less
enteric CHy4 compared to a high forage feeding system at the
same farm. Body weight and milk yield accounted for

significant proportions of variation in CH; emission. Both
parameters were positively related to methane concentrations
[67]. The composition of feed or the quality of forage
influences CH, production in ruminants. Digestion of feeds in
the rumen depends on the activity of microorganisms, which
requires energy, nitrogen and minerals [8], [15]. Therefore, the
quality of forage affects the activity of rumen microbes and
CH; production in the rumen. Forage species, forage
processing, proportion of forage in the diet, and the source of
the grain also influence CH,4 production in ruminants. Methane
production tends to decrease as the protein proportion of feed
increases, and increases as the fiber level of feed increases
[15], [29]. CH4 production was positively related to diet
digestibility and negatively related to dietary fat concentration,
whereas the dietary carbohydrate composition had only minor
effects [68]. Production of CH4 has a negative impact on
animal productivity, resulting in lost energy ranging from 8-
12% of the animal’s GEI [55] and [69].

6. AMOUNT OF METHANE PRODUCED

Authors [73] calculated enteric CH4 emission rates using a
procedure that reflects the development of rumen and feed
properties of calves. Methane emissions by dairy cows vary
with body weight, diet composition, level of feed intake, and
milk yield. When cows are fed the same diet at the same
intake level, variation between cows in CH,4 emissions can be
substantial [74]. Study [45] estimated by using SF6 tracer
technique adapted to collect breath gas samples over 5 day
periods expressed methane emission in grazing dairy cows as
absolute value (368 g/day or 516 L/day). [67] using the
relationship between CH, emission rate during milking and
daily CH,; emissions measured in respiration chambers
observed for cows on the same dietary regimen, the overall
mean CH,4 emissions was 369 g/day and the range was 278 to
456 g/day. Lactating cows emit approximately twice the
amount of CHy4 as compared to either dry cows or heifers due
to their increased feed intake, although ration and animal size
also have an effect. These emission factors may include
emissions from feces deposited on the barn floor, which could
be less than emissions from enteric fermentation [40].
Reference [20] recorded annual CH,; emission from enteric
fermentation 107 kg for dairy cow with a milk yield of 7870
kg/head. The corresponding value for dairy ewe was 8.4
kg/head. Authors [76] evaluated dairy cows fed a diet with
forage: concentrate ratio of 500:500 or 900:100 g/kg of DM of
total DMI. Mean CH,; productions were 267 and 339
g/day/cow, respectively. Author [46] found at the DMI of 17.5
kg/day and milk yield of 22.9 kg/day CH4 measured by sulfur
hexafluoride technique of 469 g/day (292 - 647), and CH,4
measured by respiration chamber as 422 g/day (275 - 577).
The study of [77] recorded from lactating and dry cows and
heifers on pasture under tropical conditions, using the tracer
gas technique that Holstein produced more CH4 299.3 g/day
than the crossbred 264.2 g/day. Lactating cows produced more
CH, 353.8 g/day than dry cows 268.8 g/day and heifers 222.6
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g/day. Dairy cows emit approximately 430 g/day at peak
lactation down to 250 g/day as milk yield declines [71], [72].
Holstein cows produced less CHy4 per unit of dry matter intake
(19.1 g/kg) than the crossbred (22.0 g/kg). Methane emission
by heifers grazing on fertilized pasture was higher (222.6
g/day) than that of heifers on unfertilized pasture (179.2
g/day) [77]. Mature beef cows emit CH4 from 240 g/day to
350 g/day [71], [72] and Suffolk sheep emit 22 - 25 g/day
[71], [57]. The annual emissions from the pens and storage
pond at the dairy farms were 120 kg/cow.

7. METHANE SAMPLING TECHNIQUES

There are many options available by which CH4 emissions
from ruminants could be measured. Screening of mitigation
strategies may be best evaluated using individual animal
response before large scale tests on herds of animals are
conducted [31].

7.1. Respiration calorimeter

The classical standard for ruminant CH,; measurement by
nutritionists is the respiration chamber or calorimeter.
Respiration calorimetry techniques such as whole animal
chambers, head boxes, or ventilated hoods and face masks
have been used effectively to collect most of the available
information concerning CH, emissions in livestock. The
predominant use of calorimeters has been to measure gaseous
exchange as part of energy balance measurements, CH, loss
being a necessary part of this procedure. There are various
designs of calorimeters [32], but the most common one being
the open circuit calorimeter. The principle behind open-circuit
indirect-respiration techniques is that outside air is circulated
around the animal’s head, mouth and nose and well mixed
inside air is collected [33]. The animal is placed in open circuit
respiration chamber for a period of several days, the inputs
(feed, oxygen, CO,) and outputs (excretion, oxygen, CO, and
CH,) were measured from the chamber. The chamber should
be well sealed and capable of a slight negative pressure. This
ensures that all leaks will be inward and not result in a net loss
of CH4

7.2. Ventilated hood

This technique involves the use of an airtight box that
surrounds the animal’s head. A sleeve or drape could be placed
around the neck of the animal to minimize air leakage. The
box must be big enough to allow the animal to move its head
in an unrestricted manner and allows access to feed and water
[73].

7.3. Facemask

The principle behind the use of the facemask is the same as
that of the chamber and hood and used to quantify the expired
gas from the grazing animals periodically and estimate CH,4
production [36].

7.4. Tracer gas technique

The tracer can either be isotopic or non-isotopic. Isotopic
tracer techniques generally require simple experimental
designs and relatively straightforward calculations, at least for
the lower number pools [30].Using the continuous infusion
technique, infusion lines deliver the labeled gas to the ventral
part of rumen and sampling of gas takes place in the dorsal
rumen. After determining the specific activity of the radio-
labeled methane gas, total methane production can be
calculated. It is also possible to measure CH, production from
a single dose of injection of tracer [37].

7.5. Back pack

The backpack manages to capture and collect the gases
emitted through the cow’s mouth or intestinal tract via a tube
inserted through the cow’s skin (which the researchers claim is
painless). The gas is then condensed and ready to use to
provide power for the farm on which the cow lives, for
example, for activities such as cooking, lighting a home or
even driving a car [66].

8. MITIGATION STRATEGIES TO
METHANE PRODUCTION

REDUCE

8.1. Diet quality and digestibility

In diets containing all forage, the relative quality of that forage
as measured by fiber content is a main determinant of CHy4
production. [68] wintered growing cattle on four qualities of
alfalfa-grass silage that varied in NDF content from 46.4 to
60.8%. Cattle fed the lowest quality silage (containing 60.8%
NDF and 46.4% ADF) had the lowest DMI. [30] reported a
1.6% decrease in GE lost as CH, for each level of intake
increase, which [22] found will shift methanogenesis to the
hindgut, potentially offsetting decreases in rumen CH,.
Manipulation of dietary composition has proven to be an
effective mitigation strategy [51]. As 20% of the diet is
composed of concentrate, CH4 production decreases by 20%
[34]. [39] reported that CH, production increases as corn
replaces hay in the diet for 20-40% but declines markedly as
the proportion of corn in the diet increases to 60, 85, and 95%.
[75] reported that in diets with 1% increase in dietary fat
would result in a decrease of 1 g CH,; /kg DMI. Diets
composed of a starchy concentrate (barely; 20% starch and
23% NDF ) result in 23.4% less feed GE lost of CH, as
compared to a diet composed of a fibrous concentrate (beet
pulp; 2% starch and 31% NDF) [34]. A higher proportion of
concentrate in the diet leads to a reduction in CH,4 emissions as
a proportion of energy intake [70]. Replacing plant fibre in the
diet with starch induces a shift of VFA production from acetate
towards propionate occurs, which results in less hydrogen
production. A positive response to high levels of grain based
concentrate on methane reduction has also been reported by
others [75], [59]. The metabolic pathways involved in
hydrogen production and utilization and the activity of
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methanogens are two important factors that should be
considered when developing strategies to control methane
emissions by ruminants. The most promising approach for
reducing methane emissions from livestock is replacement of
dietary NDF with dietary starch. Therefore, the basic principle
is to increase the digestibility of feedstuff [64].

8.2. Vaccines and Antibiotics

Vaccines are used to prevent or control disease for a particular
period, but the utilization of vaccines reduces methanogens
population and increase productivity. The anti-methanogens
vaccine triggers the immune system of ruminants and
produces antibodies against methanogens population in the
ruminants. Immune potential in sheep has lowered methane
production by 8%, while further testing was failed to confirm
its efficacy in other geographical regions [38]. Streptomyces
cinnamonens is secondary metabolite known as monensin that
inhibits the gram positive bacteria, which is responsible for
supplying a substrate to methanogens and reduces the acetate
to propionate ratio in the rumen and effectively reducing
methane production [65]. Saponins, tanins and oils have anti-
microbial activity which can be used as additives to reduce
methanogen population in the rumen and change methane
emission [58].

8.3. Manure management

Manure from confined livestock operations is most often
stored in solid or liquid form before being applied to
agricultural land. The excreta of animals grazing in the
morning emitted much more CH, than that of animals grazing
in the afternoon. The CH4 emission depends on the physical
form of the faeces (shape, size, density, humidity), the amount
of digestible material, the climate (temperature and humidity)
and the time they remained intact [57]. Strategies to mitigate
net emissions aim to change manure properties under which
CH,4 and N,O are produced and consumed during manure
storage and treatment. One such strategy is 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 CH, and
N,O emissions. Composting technology, control of aeration,
use of amendments, or co-composting livestock manure with
other organic waste could also potentially modify conditions
for GHG production and emission. The use of covers may also
help to retain N nutrients during storage. Manure mitigation
includes both low technology oriented strategies like covering
and cooling manure lagoons during storage and fermentation
[19]. More advanced technologies include frequent manure
removal from animal houses and bedding areas into covered
storage using scraping systems [26] as well as centralized
digesters for biogas generation to create heat or electricity
utilization and use of renewable natural gas [63].

8.4. Potential of genetics to reduce methane emission in
ruminants

The key micro biota Archea is a very small population and it
emits large portion of methane in rumen. Molecular analysis
provided that methyl coenzyme-M reductase gene [39] is a
genetic marker common for the Methanogenic population.
Genetic variation suggests that 11-26% methane mitigation
inl10 years could be more in a genetic selection program. To
convert grains and forages into meat, wool and milk, genetic
traits are more important. Genetic improvements can result
into higher birth rates and weaning weights, disease resistance,
biological efficiency and results into reduced methane
emission per unit meat produced. Uses of biotechnology tools
had offered a scientific basis for managing natural populations
by studying the genetic diversity and provide a means of
adaptation to new stresses in short periods of time [78].

9. CONCLUSIONS

This review summarizes the current state of knowledge on
CH,4 production relevant to climate change and environmental
aspects. Enteric fermentation products from livestock
ruminants are large sources of methane, which has a global
warming potential 23 times that of carbon dioxide. The
methane emission potential of dairy cattle represents values
from 26 to 497 g/day. The average CH,4 emission in beef cattle
ranges from 161-396 g/day. Dairy ewe generates 8.4 kg/head
of CH, annually and Suffolk sheep emits 22 - 25 g/day. The
CH, emission from manure depends on the physical form of
the faeces (shape, size, density, and humidity), the amount of
digestible material, the climate (temperature and humidity)
and the time they remained intact. The five methane
measuring techniques from the rumen of ruminants are
Respiration calorimeter, Ventilated hood, Facemask, Backpack
and Tracer gas techniques. The needful methane mitigation
strategies are supplying protein rich diet, vaccine and
antibiotics treatment, capturing manure and convert into
natural gas and improving the genetic makeup of livestock. An
extended review indicated that more research is still required
to better quantify GHG emissions from farms of ruminants,
non ruminants, poultry, sheep and goats, housing systems and
manure management. Then, quantifying CH, emissions can
often simultaneously increase productivity and thereby
contributing to food security and economic development.

REFERENCE

[1] Smith, K., Cumby, T., Lapworth, J., Misselbrook, T. and
Williams, A., “Natural crusting of slurry storage as an abatement
measure for ammonia emissions on dairy farms”, Biosystems
Engin.J. 97, 2007, pp. 464-471.

[2] Todd, R.W., Cole, N.A., Casey, K.D., Hagevoort, R. and
Auvermann, B.W., “Methane emissions from southern high
plains dairy wastewater lagoons in the summer”, Anim. Feed
Sci. and Technol. J., 2011, pp. 166-167, 575-580.

Journal of Agroecology and Natural Resource Management
p-ISSN: 2394-0786, e-ISSN: 2394-0794, Volume 4, Issue 4; July-September 2017



Impact of Rumen Methanogenesis on Climate Change: A Review

311

[3] Stackhouse, K.R., Pan, Y., Zhao, Y. and Mitloehner, F.M.,
“Greenhouse gas and alcohol emissions from feedlot steers and
calves”, J.Environ.Quality, 40, 2011, pp.899-906

[4] Cassandro, M., Mele, M. and Stefanon, B., “Genetic aspects of
enteric methane emission in livestock ruminants”, Italian
J.Anim.Sci. 12, 2013, pp. 450-458.

[5] Olesen, J.E., Schelde, K., Weiske, A., Weisbjerg, M.R., Asman,
W.A.H. and Djurhuus, J., “Modelling greenhouse gas emissions
from european conventional and organic dairy farms”,
Agriculture, Ecosystems and Environment, 112, 2006, pp. 207-
220.

[6] Kristensen, T, Mogensen, L., Knudsen, M.T. and Hermansen,
JE., “Effect of production system and farming strategy on
greenhouse gas emissions from commercial dairy farms in a life
cycle approach”, Livest. Sci. J., 140, 2011, pp. 136-148.

[7] Mihina, S., Kazimirova, V. and Copland, T.A., “Technology for
farm animal husbandry”, 1% Issue, Slovak Agricultural
University, Nitra, 2012, pp. 99

[8] Moss, A.R., Jouany, J. and Newbold, J., “Methane production by
ruminants and its contribution to global warming”, Annales De
Zootechnie, 49, 2000, pp. 231-253.

[9] Alemu, A.W., Ominski, K.H. and Kebreab, E., “Estimation of
enteric methane emissions trends (1990-2008) from manitoba
beef cattle using empirical and mechanistic models”, Canadian
J. Anim.Sci., 91, 2011, pp. 305-321.

[10] Steinfeld, H. and Wassenaar, T., “The role of livestock
production in carbon and nitrogen cycles”, Annual Review of
Environment and Resources J., 32, 2007, pp. 271-294.

[11] Martin, C., Doreau, M. and Morgavi, D.P., “Methane mitigation
in ruminants: from microbe to the farm scale”, Anim.Sci.J., 4,
2010, pp. 351-365.

[12] Gerber, P.J., Hristov, A.N., Henderson, B., Makkar, H., Oh, J.,
Lee, C., “Technical options for the mitigation of direct methane
and nitrous oxide emissions from livestock”, A Review.
Anim.nut.J., 7, 2013, pp. 220-234.

[13] St-Pierre, B. and Wright, A.G., “Diversity of gut methanogens in
herbivorous animals”, Anim. Sci. J., 7, 2013, pp. 49-56

[14] Huarte, A., Cifuentes, V., Gratton, R. and Clausse, A.,
“Correlation of methane emissions with cattle population in
Argentine pampas”, Atmospheric Env.J., 44, 2010, pp. 2780-
2786.

[15] Shibata, M. and Terada, T., “Factors affecting methane
production and mitigation in ruminants”. Anim. Sci. J., 81, 2010,
pp- 2-10.

[16]. FAO, Food and Agriculture Organization of the United Nations.
FAO statistical databases 2006; Access date: June 4, 2010

[17] FAO, “Water Buffalo an asset undervalued”, pp.1-6.
F.R.O.f.A.a. Thailand Pacific Editor, Bangkok; 2008.

[18] Lassey, K.R., “Livestock methane emission and its perspective
in the global methane cycle”, Australian J. Experim. Agri., 48,
2008, pp. 114-118.

[19] IPCC, “Intergovernmental Panel on Climate Change. Fourth
Assessment Report, Mitigation of Climate Change”, Cambridge,
United Kingdom and New York, USA; 2007

[20] Merino, P., Ramirez-Fanlo, E., Arriaga, H., del Hierro, O.,
Artetxe, A. and Viguria, M., “Regional inventory of methane
and nitrous oxide emission from ruminant livestock in the
basque country”, Anim. Feed Sci. and Technol. J., 2011, pp.
166-167, 628-640.

[21] Beauchemin, K.A., Janzen, H.H., Little, S.M., McAllister, T.A.
and McGinn, S.M., “Life cycle assessment of greenhouse gas

emissions from beef production in Western Canada”, A Case
Study. Agricultural Systems, 103, 2010, pp. 371-379.

[22] Hindrichsen, 1.K., Wettstein, H.R., Machmiiller, A. and Kreuzer,
M., “Methane emission, nutrient degradation and nitrogen
turnover in dairy cows and their slurry at different milk
production  scenarios with and without concentrate
supplementation”, Agriculture, Ecosystems and Environment,
113, 2006, pp. 150-161.

[23] Chagunda, M.G.G., Rémer, D.A.M. and Roberts, D.J., “Effect of
genotype and feeding regime on enteric methane, non-milk
nitrogen and performance of dairy cows during the winter
feeding period”, Livest. Sci.J., 122, 2009, pp. 323-332.

[24] Madsen, J., Bjerg, B.S., Hvelplund, T., Weisbjerg, M.R. and
Lund, P., “Methane and carbon dioxide ration in excreted air for
quantification of the methane production from ruminants”,
Livest. Sci. J., 129, 2010, pp. 223-227.

[25] Lassey, K.R., “Livestock methane emission: From the individual
grazing animal through national inventories to the global
methane cycle”, Agric. and Forest Meteorology, 142, 2007, pp.
120-132.

[26] Heyer, J. and Berger, U., “Methane emission from the coastal
area in the Southern Baltic Sea”, Estuarine, Coastal and Shelf
Science, 51, 2000, pp.13-30.

[27] Marani, L. and Alvala, P., “Methane emission from lakes and
flood plains in Pantanal, Brazil”. Atmospheric Environment, 41,
2007, pp. 1627-1633.

[28] Keppler, F., Hamilton, J., Brab, M. and Ro&ckmann, T.,
“Methane emission from terrestrial plants under aerobic
conditions”. Nature, 439, 2006, pp. 187-191.

[29] Johnson, K.A. and Johnson, D.E. “Methane emissions from
Cattle”, J. Anim. Sci., 73, 1995, pp. 2483-2492.

[30] Johnson K.A., Johnson D.E., “Methane emissions from Cattle”,
J. Anim. Sci. 73, (8), 1995, pp. 2483-2492.

[31] Johnson, D. E., K. A. Johnson, G. M. Ward and M. E. Branine,
“Ruminants and other animals. Atmospheric Methane, Its role
in the global environment”, Berlin Heidelberg, 2000, pp. 112-
133.

[32] Blaxter, K. L. and Clapperton, J.L., “Prediction of the amount of
methane produced by ruminants”. Br. J. Nutr. 19, 1965, pp. 511.

[33] McLean, J. A. and Tobin,G., “Animal and human calorimetry”,
Cambridge university press, New York,1987.

[34] Benchaar, C., J. Rivest, C. Pomar, and J. Chiquette, “Prediction
of methane production from dairy cows using existing
mechanistic models and regression equations”, J. Anim. Sci.
76,2011, pp. 617-627.

[35] Hook, S.E., Wright, A.D.G. and McBride, B.W., “Methanogens,
methane producers of the rumen and mitigation strategies”,
Archaea, 2010, Article ID: 945785.

[36] Liang, J. B.,Terada F., and Hamaguchi, I.,” Efficacy of using the
face mask technique for the estimation of daily heat production
of cattle”, Energy Metabolism of farm Animals. Pudoc,
Wageningen, the Netherlands, 1989.

[37] France, J., Beever D.E., and Siddons R.C., “Compartmental
schemes for estimating methanogenesis in ruminants from
isotope dilution data”. J. Theory. Biol. 164, 1993, pp. 207-218.

[38] Wright, A. D. G., P. Kennedy, C. J. O’Neill, A. F. Toovey, S.
Popovski, S. M. Rea, C. L. Pimm, and L. Klein, “Reducing
methane emissions in sheep by immunization against rumen
methanogens”, Vaccine, 22, 2004, pp. 3976-3985.

[39] Martino Cassandro, Marcello Mele, Bruno Stefanon, “Genetic
aspects of enteric methane emission in livestock ruminants”,
Review, Italian J.Anim. Sci, 12, 2013, pp. 73.

Journal of Agroecology and Natural Resource Management
p-ISSN: 2394-0786, e-ISSN: 2394-0794, Volume 4, Issue 4; July-September 2017



312

Weldegerima Kide, R.G.Burte, B.G.Desai and V.Y. Bharambe

[40] Chianese, D.S., Rotz, C.A. and Richard, T.L., “Whole Farm
Greenhouse Gas Emissions”, A Review with Application to a
Pennsylvania Dairy Farm. Journal of Applied Engineering in
Agriculture, 25, 2009, pp. 431-442.

[41] Yde Haas, J.J., Windig,M.P., Calus, J.D., Veerkamp R.,
“Genetic parameters for predicted methane production and
potential for reducing enteric emissions through genomic
selection”, J. Dairy Sci.94 (12), 2011, pp. 6122-6134.

[42] Wilson, J.R. and Kennedy, P.M., “Plant and Animal Constraints
to Voluntary Feed Intake Associated with Fibre Characteristics
and Particle Breakdown and Passage in ruminants”, Australian
J. Agric. Res., 47, 1996, pp. 199-225.

[43] Varga, G.A. and Kolver, E.S., “Microbial and animal limitations
to fiber digestion and utilization”, Nutr.J, 127,1997, pp. 819-
823.

[44] Murray, P.J., Moss, A., Lockyer, D.R. and Jarvis, S.C., “A
comparison of systems for measuring methane emissions from
sheep”. J. Agric. Sci., 133, 1999, pp. 439-444.

[45] Dini, Y., Gere, J., Briano, C., Manetti, M., Juliarena, P., Picasso,
V., “Methane emission and milk production of dairy cows
grazing pastures rich in legumes or rich in grasses in Uruguay”.
J. Anim. Sci., 2, 2012, pp. 288-300.

[46] Mufioz, C., Yan, T., Wills, D.A., Murray, S. and Gordon, A.W.,
“Comparison of the Sulfur Hexafluoride tracer and respiration
chamber techniques for estimating methane emissions and
correction for rectum methane output from dairy cows”, J. Dairy
Sci., 95,2012, pp. 3139-3148.

[47] Benchaar, C. and Great head, H. (2011). “Essential oils and
opportunities to mitigate enteric methane emissions from
ruminants”, Animal Feed Science and Technology Journal,
2011, pp. 166-167, 338-355.

[48] Knapp, J.R., Laur, G.L., Vadas, P.A., Weiss, W.P. and Tricarico,
JM., “Enteric methane in dairy cattle production: quantifying
the opportunities and impact of reducing emissions”, J. Dairy
Sci., 97,2014, pp. 3231-3261.

[49] McAllister, T.A. and Newbold, C.J., “Redirecting rumen
fermentation to reduce methanogenesis”. Anim. Prod. Sci., 48,
2008, pp.7-13.

[50] Boadi, D.A. and Wittenberg, K.M., “Methane production from
dairy and beef heifers fed forages differing in nutrient density
using the sulphur hexafluoride (SF6) tracer gas technique”,
Canadian J. Anim. Sci., 82, 2002, pp. 201-206.

[51] Pinares-Patifio, C.S., Waghorn, G.C., Machmiiller, A., Vlaming,
B., Molano, G., Cavanagh, A. and Clark, H., “Methane
emissions and digestive physiology of non-lactating dairy cows
fed pasture forage”, Canadian J. Anim. Sci., 87,2007, pp. 601-
613.

[52] Klevenhusen, F., Kreuzer, M. and Soliva, C.R., “Enteric and
manure-derived methane and nitrogen emissions as well as
metabolic energy losses in cows fed balanced diets based on
maize, barley or grass hay”, Anim. Sci. J., 5, 2011, pp. 450-461.

[53] Song, M.K., Li, X.Z., Oh, Y.K., Lee, C.K. and Hyun, Y.,
“Control of methane emission in ruminants and industrial
application of biogas from livestock manure in Korea”, Asian-
Australian J. Anim. Sci., 24, 2011, pp. 130-136.

[54] Godbout, S., Verma, M., Larouche, J.P., Potvin, L., Chapman,
AM., Lemay, S.P., Pelletier, F. and Brar, S.K., “Methane
production potential of swine and cattle manures, a Canadian
perspective”, Environm. Technol. J., 31, 2010, pp. 1371-1379.

[55] Ramin, M. and Huhtanen, P. (2013). Development of equations
for predicting methane emissions from ruminants. J. Dairy Sci.,
96, 2476-2493.

[56] Ellis, J.L., Kebreab, E., Odongo, N.E., McBride, B.W., Okine,
E.K. and France, J., “Prediction of methane production from
dairy and beef Cattle”, J. Dairy Sci., 90, 2007, pp. 3456-3467.

[57] Cottle, D.J., Nolan, J.V. and Wiedemann, S.G., “Ruminant
enteric methane mitigation”, A Review, Anim. Prod. Sci. J., 51,
2011, pp. 491-514.

[58] Kamra D.N., Patra A K., Chatterjee P.N., Ravindra K.,Neeta A.,
Chaudhary L.C., “Effect of plant extracts on methanogenesis
and microbial profile of the rumen of buffalo”, a brief overview.
Austr. J. Exp. Agric. 48, 2008, pp. 175-178

[59] McAllister T.A., Newbold C.J.,, “Redirecting rumen
fermentation to reduce methanogenesis”, Austr. J.Exp.Agric.48,
2008, pp.7-13

[60] Grainger, C., Clarke, T., Mcginn, S.M., Auldist, M.J.,
Beauchemin, K.A., Hannah, M.C., “Mecthane emissions from
dairy cows measured using the sulphur hexafluoride (SF6) tracer
and chamber techniques”, J. Dairy Sci., 90, 2007, pp. 2755-
2766.

[61] Beauchemin, K.A., McGinn, S.M., Benchaar, C. and
Holtshausen, L., “Crushed sunflower, flax, or canola seeds in
lactating dairy cow diets, effects on methane production, rumen
fermentation, and milk production”, J. Dairy Sci., 92, 2009, pp.
2118-2127.

[62] Ulyatt, M., Lassey, K., Shelton, I. and Walker, C., “Methane
emission from dairy cows and wether sheep fed subtropical
grass-dominant pastures in midsummer in New Zealand”, New
Zealand J. Agric. Res., 45, 2002, pp. 227-234.

[63] U.S. Environmental Protection Agency (USEPA), “Global
anthropogenic non-CO, greenhouse gas emissions”, 1990-2020.
USEPA, Washington, DC, 2006

[64] Grainger, C. and K. A. Beauchemin, “Can enteric methane
emissions from ruminants be lowered with lowering their
production?”” Anim. Feed Sci. and Tech. 167, 2011, pp. 308-320.

[65] Waghorn, G.C. and Hegarty, R.S., “Lowering ruminant methane
emissions through improved feed conversion efficiency”, Anim.
Feed Sci. and Technol. J., 2011, pp. 166-167.

[66] Bell, M.J., Wall, E., Simm, G. and Russell, G., “Effects of
genetic line and feeding system on methane emissions from
dairy systems”, Anim. Feed Sci. and Technol. J., 2011, pp. 166-
167.

[67] Garnsworthy, P.C., Craigon, J., Hernandez-Medrano, J.H. and
Saunders, N., “Variation among Individual dairy cows in
methane measurements made on farm during milking”, J.Dairy
Sci., 95,2012, pp. 3181-3189.

[68] Chianese, D.S., Rotz, C.A. and Richard, T.L., “Simulation of
methane emissions from dairy farms to assess greenhouse gas
reduction strategies”, Transactions of the ASABE, 52, 2009, pp.
1313-1323.

[69] Haarlem Van, R.P., Desjardins, R.L., Gao, Z., Flesch, T.K. and
Li, X., “Methane and ammonia emissions from a beef feedlot in
western canada for a twelve-day period in the fall”, Canadian J.
Anim. Sci., 88, 2008, pp. 641- 649.

[70] YanT., Mayne C.S., Gordon F.G., Porter M.G., Agnew R.E.,
Patterson D.C., Ferris C.P., Kilpatrick D.J., “Mitigation of
enteric methane emissions through improving efficiency of
energy utilization and productivity in lactating dairy cows”, J.
Dairy Sci.93, 2010, pp. 2630-2638.

[71] Eckard, R.J., Grainger, C. and de Klein, C.A.M. (2010).
“Options for the abatement of methane and Nitrous Oxide from
ruminant production”, A Review. Livestock Sci. J., 130, 2010,
pp- 47-56.

Journal of Agroecology and Natural Resource Management
p-ISSN: 2394-0786, e-ISSN: 2394-0794, Volume 4, Issue 4; July-September 2017



Impact of Rumen Methanogenesis on Climate Change: A Review 313

[72] Cottle, D. and Conington, J., “Reducing methane emissions by
including methane production or feed intake in genetic selection
programmes for Suffolk Sheep”, J. Agric. Sci., 151, 2013, pp.
872-888.

[73] Dammgen, U., Meyer, U., Résemann, C., Haenel, H.D. and
Hutchings, N.J., “Methane emissions from enteric fermentation
as well as Nitrogen and volatile solids excretions of German
calves-a national approach”, Applied Agric. and Forestry Res.J.,
63,2013, pp. 37-46.

[74] Bell, M.J. Cullen, B.R. and Eckard, R.J., “The Influence of
climate, soil and pasture type on productivity and greenhouse
gas emissions intensity of modeled beef cow-calf grazing
systems in Southern Australia”. Anim. Sci. J., 2, 2012, pp. 540-
558.

[75] Beauchemin KA, McGinn SM. “Methane emissions from feedlot
cattle fed barley or corn diets”. J. Anim. Sci.83, 2005, pp. 653-
661.

[76] Danielsson, R., Schniirer, A., Arthurson, V. and Bertilsson, J.,
“Methanogenic population and CH, production in Swedish dairy
cows fed different levels of forage”, Applied and Environ.
Microbio.J., 78, 2012, pp. 6172-6179.

[77] Pedreira, S.M., Primavesi, O., Lima, M.A., Frighetto, R., de
Oliveira, S.G. and Berchielli, T.T., “Ruminal Methane emission
by dairy cattle in Southeast Brazil”. Sci. Agric. J., 66, 2009,
pp-742-750.

[78]. Satyanagalakshmi K., Biswajit B., Mahesh C., Meemu C.,
Purusottam M., Bidhan C., Sushil K., Sourav M., Kiran T.,
Krishna M., Tirtha K. and Sachinandan D., “Diversity,
Antimicrobial action and structure activity relationship of
Buffalo cathelicidins”, Published in Dec. 16, 2015

Journal of Agroecology and Natural Resource Management
p-ISSN: 2394-0786, e-ISSN: 2394-0794, Volume 4, Issue 4; July-September 2017



