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Strategy and Technology for Reducing Methane

Emissions from Ruminants — A review

v

Pramote Paengkoum” and J.B. Liang

Abstract : Ruminants on low quality feed possibly produce over 75 % of the methaqe from the world’s population of
ruminants. The supplementation to improve efficiency of feed utilization and increase product output may reduce
methane production per unit of productions. Other additional strategies are available including improving diet quality,
eliminating nutrient deficiencies, using growth promotants, appropriate genotypes, the increased use of ionophores that
will reduce total feed fermented and decreased methane per unit of product. Environment-friendly development of livestock
production systems demands that the increased production be met by increased efficiency of production. The stoichiometry
of rumen fermentation has indicated an important approach to help ameliorate the greenhouse effect, that is, lowering of

entric methane production per unit of feed intake or per unit of animal products from ruminants by strategic supplementation.
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Introduction

Methane levels in the atmosphere have more
than doubled to approximately 1800 ppb over the
last 200 years (IPCC, 1990). Ruminants contribute
appoximately 18-20 % of global methane product
annually (Gibbs ez al., 1989). Ruminant typically
lose 6 % of their energy as eructed methane, The
levels of ruminant production on roughage based
diets are in general well below that possible from the
available resources and are often between 10 to 30%
of the genetic potential of animal species (Leng,
1991). The reasons for low productivity is complex
but it has been argued that the poor feed base which
provides imbalanced nutrition is by for the greatest

. limitation (Leng, 1990). Researchers have focused
on finding methods to reduce methane emissions
because of its inefficiency, not because of the role of
methane in the global warming. However, methane
can affect environment indirectly through atmo-
spheric oxidation that produce carbondioxide (COZ),
a potent greenhouse gas (Johnson and Johnson,
1995). Potentially any technology which improves
the efficiency of conversion of feed into livestock
products lowers the number of animals required to
produce the same amount of meat, milk, wool and

other products. The increasing in such efficiency
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can have a significant effect on reducing methane

emissions.
Materials and Methods

Literature concerning methane emissions
published data (research, review, trianning and
conference papers) were complied totalling 37

papers.
Discussion
Livestock Methane Emissions

Recently published estimated (Johnson et
al., 1996) that applied 1990 census data conducted
by a method independent from Crutzens’ for the
major contributors, cattle and buffalo, largely con-
firmed their estimate (Table 1). Little change has
been expected since 1990 because of static cattle
numbers. The world’s 1.3 billion cattle with their
large body size, feed intake and extensive fermenta-
tion produce 73 % of the livestock methane. Water
buffalo contribute another 10 %, sheep and goats
12 %, camels and swine about 1 % each, and horses
and donkeys about 2 %
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Table 1 Global estimates of methane emissions by livestock during recent years 1983 and 1990

Crutzen (1983) Gibbs and Johnson (1990)
estimated estimated
Species No. head Methane No. head Methane
x 10’ (Tg/year) x 10’ (Tg/year) %
Cattle 1225 54.3 1279 58.1 734
Buffalo 124 6.2 141 7.7 9.7
Sheep 1137 6.9 1191 7.0 8.8
Goats 476 24 557 2.8 35
Camels 17 1.0 19 0.9 1.1
Pigs 774 0.9 857 1.0 1.1
Equine 117 1.7 119 1.7 2.1
Total 734 79.2

Data from Johnson et al. (1996).

Tg = Teregram = 10 g = million metric ton

Methane Emissions and
the Greenhouse Effect

The greenhouse effect, or increasing world
température, is due to the accumulation of gas in the
atmosphere. It is clearly ascribable to the major

' industrial 6ountries, as some 50 % of the increased
retention of energy by the atmosphere is a result of
the accumulation of CO2 from combustion of fossil
fuel. Industrialized countries presently consume 70%
of the world’s oil production (Leng, 1993). Methane
concentrations in the world’s atmosphere are rising
rapidly, and although they contribute only 19 % of
the averall warming, methane is major component
(Mosier et al., 1991). Relative to other greenhouse
gases, methane half-life is short, 10 to 12 years,
requiring a decreased entry rate of only about 10 %

to stabilize present concentrations. About one third

of methane comes from nature sources; another
third is oil, gas and refuse related, and the balance is
from agricultural sources (Table 2). Animal agricul-
ture contributes to accumulation of methane gas
directly through production of methane in
fermentative digestion in the rumen, and indirectly
when faecal materials decompose anaerobically
(Safley et al., 1992). Ruminant animals produce a
relatively small proportion (18 %) of the total global
emissions (Figure 1.). However, the domestic
ruminants represent one of the few sources that can
be manipulated. Biotechnology, feeding,
management and breeding can be combined to
improve animal production ami could potentially
increase animal production to the extent that in the
would, it may be possible to reduce methane
generation by up to 60 % from the same product
(Leng, 1991).
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Table 2 Global sources and sinks of atmospheric methane

(%)

Emissions from Ruminants

Sources

Tg/year Sinks Tg/year
Natural sources
Wetland 110 Hydroxyl (CH) 450
Oceans, hydrates 35 Soils 30
Termites 20 Cland O 40
Buring and others 5
Agricultural
Rice 65
Livestock 80
Manure 10
Biomass burning 30
Energy and waste
Gas and ofl industries 70
Coal mines 40
Charcoal/wood 10
Wastewater 25
Landfills 40
Total, all 540

Data from Johnson et al. (1996).

Tg = Teregram = 10" g = million metric ton

60

50

40

20

10

[ ]

co2

CH4

CFC

N oxide

others

Figure 1 Relative contribution (%) of greenhouse gases to atmospheric warming (Leng, 1993)
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Ruminal Methane Production

Ruminant methane production is respon-
sible for approximately 95 % of total global animal
and human methane emissions (Johnson et al.,
1991). Furthermore, 90 % of ruminant methane is
produced in the forestomachs, while only 10 %
originates from hindgut fermentation (Murray et al.,
1978); Van Nevel and Demeyer, 1995). During the
microbial fermentation process in the rumen,
carbohydrates, protein and glycerol are oxidized
anaerobically to acetate, CO2 and ammonia, with
methane, propionate and butylrate being produced
mainly as a result of electron and protein transfer
reaction (H- sinks). The reduction of CO2 with I-I2 via
methanogenesis keeps the partial pressure of H very
low, and this has an important effect on the overall
fermentation, hydrogenase activity can proceed
towards ethanol as major end-products and allowing
more acetate to be produced (Wolin and Miller,
1988).

The efficiency of microbial growth is nutri-
tionally important, because microbial protein flowing
from the rumen is the most important source of
protein for ruminant. The standard free energy
change of overall process of methane production
(CO2 + 4H2 I.CH4 + ZHZO) is negative and allows
formation of ATP, which is used by the
methanogenic bacteria for maintenance and growth
purpose (Russell and Wallace, 1988). Inhibition of
methanogenesis lowered microbial growth yields
only when H gas accumulated, perhaps because of
an impairment of substrate level phosphorylation
mechanisms (Van Nevel and Demayer, 1981; 1995).
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It was also soon observed that inhibition of
methanogenesis shifted electron transfer to
propionate production as analternative electron sink
in fermentation. It can be speculated that the loss of
ATP yield caused by lower acetate and methane pro-
duction is compensated by an increased ATP yield
from propionate formation, during which ATP is
also generated (Russell and Wallace, 1988).

Methane Production from Poor Quality
Roughage

Methane output relative to product output
of ruminants depends on two factors; the efficiency
of fermentative digestion in the rumen and the
efficiency of conversion of feed to product which in
turm depends on the balance of nutrients absorbed
(Leng, 1993). The typé of carbohydrate fermented
influences methane production most likely through
impacts on ruminal pH and the microbial population.
Fermentation of cell wall fiber yields higher acetic :
propionic acid and higher methane lossed (Moe and
Tyrell, 1979; Beever et al., 1989). In ruminants on
poor quality forage a number of essential nutrients
may be deficient and microbial growth efficiency in
the rumen is low. In these conditions methane
produced may represent 15-18 % of the digestible
energy, but correction of these deficiences reduces
this to as low as 7 % (Leng, 1993).

Methane production is determined by two
animal production parameters (de Haan et al., 1996).
First, ruminant animals with low levels of
productivity use a large fraction of their feed intake

for maintenance and, consequently, the emissions



are spread over a relatively small output, resulting in
ahighlevel ofemissions perunit of product. Second,
feed quality has an important impact on the levels of
methane emissions. Very low quality of feeds, have
low levels of digestibility, and therefore higher emis-
sions per unit of feed intake. Low productivity and
poor feed quality are characteristic for most of the
land-based production systems in arid regions, and
to an ever greater degree in the humid tropics and
sub-tropics, where emissions per unit of product are
therefore comparatively high. Grazing and mixed
systems in the tropics and sub-tropics are thus the
main contributors to high methane emission levels.
Inirrigated areas, fodder is usually of better quality

resulting in lower emissions.

Strategy for Reducing Methane in

Ruminants
Feed and Feeding Management

Physical and chemical processing of diets
such as grinding, pelleting of diets can reduce
methane losses by 20 to 40 % (Blexter and
Clapperton, 1965). Okine et al. (1989) found 29 %
reductions in methane when weights were placed in
the rumen, which accelerated passaged rate but did
not change digestibility. Chemical treatments such
as sodium hydroxide (Robb et al., 1979) or
ammoniation (Birkelo ef al., 1986} of straw have
been shown to increase methane loss in proportion
to increased digestibility. The decrease undoubtedly
relates to the faster rate of passage and lowered cell

wall carbohydrate digestibility that occurs when
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these small particle feedstuffs are fed ad libitum.
Faster rate of passage may reduce methane,
conceivably through changes in microbial species or
site of digestion (Johnson et al., 1996). There are
serveral factors that contribute to methane
suppression when animals are fed these diets. Starch
substrate, low pH, rapid passage and depressed
protozoal populations. [onophores can improvement
in feed efficiency (Goodrich et al., 1984; Thornton
and Owens, 1981), when added to ruminant diets.
One commonly held mode of action is to shift the
fermentation parttern to result in a higher propionate
production and reduced methane loss (Johnson et
al., 1996). Urea and other supplemental nutrients
are mixed with molasses (multi-nutrient blocks) to
make it palatable to livestock. In addition, molasses
provides the energy needed to realize the improved
microbial growth that can result from enhanced
ammonia levels. Many reports have shown both
increased production and reduced methane emissions
(Habib et al., 1991; Hendratno et al., 1991; Leng,
1991). On the other hands, Van der Honing et al.
(1981) found 10 to 15 % decreases in methane loss
from dairy cows fed 5 % tallow or soybean oil,
because of reductions in methane can result from
uptake of H by unsaturated fatty acid additions
(Czerkaski, 1969).

To reduce methane emissions, improved
breedihg, veterinary care, better feeds and improved
feeding technologies are the main \;vehpons, although
these technologies are usually not employed for their
environmental benefits but for increasing profitabil-
ity. Improvements in animal productivity have two

beneficial effects (Van Nevel and Demeyer, 1995).
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They direct a greater proportion of feed energy to
the production of useful products ( milk, meat, draft
power, offspring), and thus reduce methane emis-
sions per unit of product. In addition, they lead to
reductions in the herd size required to meet a given
production level. Methane production was found to
be negatively related to the level of intake, while ata
maintenance level of feeding, increases in digestibil-
ity resulted in higher methane production (Blexter
and Clapperton, 1965). For efficient digestion, the
rumen requires a diet that contains essential nutri-
ents for the fermentative micro-organisms. Lack of
these nutrients lowers animals on low quality feed
the primary limitation to efficient digestion is the
concentration of ammonia in the rumen. Supplying
ammonia can therefore greatly enhance digestive
efficiency and utilization of available feed energy.
Urea is broken down in the the rumen to form am-
monia, and adding urea to the diet has been the most

effective method of boosting rumen ammonia levels.

Microbial Feed Additives

A wide range of microbial feed additives
for ruminants has been described in cluding bacte-
rial cultures from both ruminal and nonruminal
sources (Johnson et al., 1972), and mixtures of
bacteria and fungi (Windschitl, 1992; Newbold,
1995). By far the most commonly used products
are those based on Aspergillus oryzae (AO) and/or
Saccharomyces cerevisiae (SC). Carro et al. (1992)
found that SC caused a greater stimulation in bacteria
protein synthesis on a high concentrate diet than on

high forage diet, and their effect on rumen fermen-

tation and animal productivity has been reviewed
recently by serveral authors ( e.g., William, 1988;
William and Newbold, 1990; Martin and Nisbet,
1992). More consistent results were obtained by
Frumhoitz et al. (1989) and Mutsvangria et al.
(1992), the first group added 250 mg AO daily to
Rusitec and the percentage of methane in the
headspace gas decreased to approximately 50 % of
the control value. Protozoal number were reduced
by 45 %. Because of the close association between
methanogens and cilates, and between ciliates and
other members of the bacterial population, the mi-
crobial additives could therefore change the
composition of the microbial flora and decrease
methane inhibition indirectly by altering the balance
of the population.

Defaunation of the Rumen

Decreased methanogenesis in defaunated
animals can be explained by that low rumen
digestibility of the crude fibre fraction of the ration,
an altered volatile fatty acid (VFA) pattern in the
rumen, with an increased proportion of propionate,
due to changes in the composition of the microbial,
losse of methanogens attached to ciliates, then loss
of protozoa which produce H or formate, which in
turn are precursors of methane (Van Nevel and
Demeyer, 1995). The lower methane production in
the rumen of chemically defaunated is not the result
of toxic effects of the defaunating agent on bacteria
as the same effect was found in animals raised ciliate
free form birth (Kreuzer et al., 1986).
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Integrated Farming

Integrated crop and livestock production
systems are highly efficient, if potential crop residues
are used as livestock feed, the waste products (e.g.
urine and faeces) are fed into biogas digestors and
the efficient use of effluent to fertilise ponds for
aquatic plant. The environmental attributes of such
systems methane emissions into the atmosphere and
fossil fuel use, are minimised. However, the efficient
and almost total hamessing of the energy from high
producing crops reduces the land areas required per
unit of product (Leng, 1990, 1991).

Conclusions

Ruminant methane production is respon-
sible for approximately 95 % of total global animal
and human methane emissions. Furthermore, 90 %
of ruminant methane is produced in the
forestomachs, while only 10 % originates from
hindgut fermentation. Ruminant livestock can pro-
duce 250 to 500 L of methane per day, and contrib-
ute a significant amount (18 % of the total) of the
world production of methane and are targeted as a
source which is one of the few easily manipulated.
Many factors influence methane emissions from
cattle and include the following, level of feed intake,
type of carbohydrate in the diet, feed processing,
feed additives in the diet, biotechnological
supplementation, and alterations in the ruminal
microflora. Integrated crop and livestock production
systems are highly efficient, if potential crop residues

are used as livestock feed, the waste products are
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fed into biogas digestors and the effluent be used to
fertilise ponds for aquatic plants. Implementation of
these strategies should result in enhanced animal pro-
ductivity and decreased contributions by ruminants
to the atmospheric methane budget and, thus, reduc-

ing environmental pollution.
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