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Abstract: Problem statement: The rearing of animals for domestic consumptiord axport
invariably lead to the production of methane asr@dpct of digestion. This study investigated the
emission of methane from Malaysian livestock betw#830 and 2008Approach: Seven categories
of animals identified were camel, buffalo, sheepatg, horse, pigs and poultry. The estimation of
methane was based on the IPCC Tier 1 and Tier Badst Methane emission from cattle rose by 44%
within the period from 45.61-65.57 GBesults: Buffalo recorded a drop in methane emission by 54%
from 17.12-7.86 Gg while the methane emission fdmaep initially rose by 350% in 1992 only to
drop by another 56% by 2008. Goats emission ontirtexd by 17% from 1.79 Gg in 1980-1.49 Gg by
2008. Methane emission from horse has been consiatearound 0.14 Gg. The decreasing stock of
pigs has led to a drop in methane emission frorsetiset of animals with most of the emission coming
from manure managemeronclusion: The healthy export market for poultry has seensa in
methane emission by 274% from 2.18 Gg in 1980-&fj7by 2008. The overall increase in methane
emission from all the livestock is 20% from 81.8§ @ 1980-98.76 Gg in 2008. With the aggressive
drive of government to boost cattle and goat prédoc there is the likelihood of an increase in
methane emission in the future and mitigation omiwill have to be applied.

Key words: Enteric fermentation, manure management, surfaggedgature, uncontrolled release,
microbial activities, National Boer Breeding CentBBC)

INTRODUCTION Methane has been identified as a significant
contributor to global warming (Xiao#t al., 2010). It is
The world is experiencing an unprecedented rise isecond to carbon dioxide in contribution to global
surface temperature (Ominski and Wittenberg, 2004ywarming and is said to be 15-20 % of all greenhouse
Petersen and Ambus, 2006 Kaufmaenal., 2006; gas emissions (Peterseral., 2010; Rawagt al., 2007;
Smith et al., 2008; Clark and Huybers, 2009; Lassey, 2008) put it at 12-7%. Methane is said€o b
Domingueset al., 2008; Milneet al., 2009, Trenberth, €Xplosive when it is present in the air in concatiins
2010). This rise is attributed to the increasee rat  P€tween 5-15% (Huang and He, 2008) and has a global
emission of greenhouse gases into the atmosphere a@/armmg potential of 21 (IPCC, 1997, Talyenal.,

) ; L ; 007). For the past 300 years atmospheric methase h
is said to be caused by the activities of humandsi increased by about 150% (Igbetl al., 2008) and its

hence the anthropogenic nature of the problem. Si . : : .

. o A tmospheric concentration has nearly tripled s
gases have been |(_Jlent|f|ed as constituting th?ndustﬁal times (Houghtoret al., 200{)_ ?\Aethaﬂ?is
greenhouse gases. Chief among the greenhouse gaggsitted from various man-made and natural sources.
being touted as responsible for the rise in glsbalace  The man-made (anthropogenic) sources include
temperature are carbon dioxide and methane witie tra Municipal Solid Wastes (MSW) landfills (Machadb
amounts of other gases (Hanseal., 2006; 2007). The  al., 2009), rice paddies (Yarg al., 2009; Basset al.,
devastating effects of this temperature rise ondmum 2009; Zhanget al., 2009), coal mining (Luo and Dai,
beings and the environment have been extensivel§009; Toranoet al., 2009), oil and gas drilling and
reported (Calabro, 2009). processing (Harrisomet al., 1997; Kirchgessnest al.,
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1997), cattle ranching (Kebrea al., 2008), manure methane daily (Johnson and Johnson, 1995) white it
(Sommeret al., 2004), agricultural products (Bauer said to lose 2-15% of its ingested energy as eiertta
al., 2009; Wanget al., 2009), anaerobic wastewater methane (Giger-Reverdin and Sauvant, 1998). Tisis lo
treatment plants (Shahabaeti al., 2010) and rising serves two purposes: lower emission of methaneslead
main sewers (Guisasodal., 2009). to a lowering of greenhouse gas concentration & th
Concerns about the devastating effects ofatmosphere and increased efficiency in livestock
uncontrolled release of hydrocarbons in gaseoussf@n  production leads to increased revenue for livestock
ozone depletion and global warming have warrantegiarmers (Giger-Reverdin and Sauvant, 1998). Cattte
investigation into animal waste production syst¢Beng  puffaloes contribute about 84% of animal methare th
et al., 2011; Masset al., 2011). A significant source of s produced enterically (Johnson and Ward, 1996)
atmosgheric methane is from animal husbandry (_lmx_sca because of their huge body sizes, large appetitds a
and Cardenas, 2010; Nusbaum, 2010). The emission @{ejr rumens having extensive enteric fermentation.
methane by livestock is part of their natural diges
processes and is produced in the rumen of livestoeko | jyestock practices in Malaysia: The Malaysian
the methanogens found in the reticulo-rumen angelar government has initiated strategies that will make
intestine of the livestock (Alemt al., 2011). The agriculture the third machine of economic growthisT
gastrointestinal of all animals generate some rhialo effort was highlighted in the ninth Malaysian Plam
activities that lead to the production of gasescivtare  achieve this objective, various forms of support an
combustible. This microbial activity is very extargsin ~ schemes that will encourage investments have been
ruminants (Alemu et al., 2011). Globally, methane provided. Some of these attractive incentives piexviby
emission from ruminants is said to be 15% of globagovernment include the setting up of some financial
production (Takahashi, 2011). institutions specifically entrusted with the proeis of
The current method in animal husbandry is either t capital facilities for interested investors. Thesstitutions
increase the productivity of the animal throughriowed ~ include Bank Pertanian Malaysia (Agrobank Malaysia)
nutrition in order to produce less methane perafiiheat  1he bank is responsible for organising, providing,
or milk or to alter the rumen fermentation procesas to  SUPervising and  coordinating  credit facilities for
reduce the volume of methane produced (Ighiahl., ~ 2driculture in Malaysia. Agrobank Malaysia offers
2008). Despite all these efforts, 15% of global raee financing packages to develop the agriculturabsitack
emissions come from enteric fermentation by runtsan and fishery seciors in Malaysia. Others are Bank

(Houghtonet al., 2001; Takahashi, 2011) gave methan Pembangunan dan Infrastruktur and Professionalcgerv

ission breakd f teric f tati 9% eExpor‘[ Fund. The government has also formulated
elrné)sslmrllg(;eaf OWt?] rom enteric Srrg&r}al?n as It ° legislations that relate to agriculture and agrseba
global, o Of anthropogenic an o Ol agreulturaj, gy stries.  These legislations are meant to regulat

while Naqvi and Sejian (2011) reported that 18% ofyyities in fisheries, livestock and food prodegsand
greenhouse gas emission comes from animal husbandry 5156 include activities like animal farming, aninhealth,
The contribution of methane emission from sjaughtering, processing and marketing. Through the
ruminants is becoming alarming as EC, (2010) rebrt Department of Veterinary Services, government ssue
that methane emission from livestock was 83% of thdicences and permits that relate to the importatidn
greenhouse gases emitted within the agriculturetbse  animals into Malaysia as livestock or pets.
Kebreabet al. (2008) posited that 287 m tonnes of Under the National Meat Policy (ruminant sector),
methane is released globally and yearly fromMalaysia aims to increase Cows and_buffa_loes_ frioen t
anthropogenic sources, of which 50% is from agcel ~Present 1.0-1.6 m in 2015. This will increase
and enteric fermentation from ruminants is saitbécthe ?:Igr!r?)tlﬁ? Sf esseelfr;tsgfsf';'er_;_chye Ir;a?ZTlstopv:/?sc'hue(:;Stot%é%%
largest biogenic source USEPA, 2006. Aluwosigal. hy
(2011) gave global anthropogenic methane emission f the StO.Ck.Of goats from the present 9-35% by_2015
enteric fermentation and manure management as%_4onece35|tat|ng an increase of the goat population to
of total emission 1,500,000 MAHA, 2008. It has also been reportedo(Bo

Meth ission f . is affected b f 2010) that a unit in the Federal Land Development
ethane emission from ruminants is affected byl fee 5 ;ihority (FELDA) is going into a joint venture tovest

intake level, digestability of feeds, feed procegsand  Rrness ‘m on livestock projects in its palm oil estant
addition of lipids (unsaturated fatty acid) (Enjse007).  kyala Lumpur, Penang, Johor and Sabah.

Other factors include the quality of the diet, lewoé Another area of government intervention is the
stress the animals undergo and their genetics (tega Malaysian Goat Industry Development Programme, a
et al., 2007) as well as feed efficiency (Zheual.,  bpilateral cooperation with Western Australia, ireth

2009). Cattle is said to produce between 250-500 | areas of marketing, production and support services
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The government has also established the Nationat Bowhere, methane emission is in Gg/year:
Breeding Centre (NBBC) which is expected to be the o ] )
catalyst for the development of the goats in thenfof ~ EFRm = Emission factor for the defined livestock

production of quality boer breeders. The aim is to population (kg/head/year) _ _
produce 6,000 and 1,200 heads of female and mafdm = Number of head of livestock species T in
breeders yearly respectively MAHA, 2008. The East country

Coast Economic Region (ECER), whose aim is thel =~ = Species of livestock

development of cattle and goat breeding for th&esta

of Kelantan, Pahang, Terengganu and the district of .qu cattle, where Tler 2 1s reco'mm'end.ed, the
Mersing in Johor MAHA, 2008. emission factor from enteric fermentation is given

In addition to all these is the proposed use aluab Eq. 2 (IPCC, 1997):

2 m hectare of oil palm plantation for cattle regras a
means of optimizing land use and to increase bngedi CE(ij 365
stock MAHA, 2008. Ep=_ \100 @)

55.65
MATERIALSAND METHODS

- N . _ Where:
Methane emissions estimation from livestock: EF = Emission factor (kg/head/year):

Estimation of methane emissions from livestock wa _ ;
based on the multiplication of the heads of thedtack S(\?E _ Gh;%?rs]aenneer%rl}:llzalrl;eo(nM}]gé?grd /dpaeyr)cent of gross
by emission factors provided by IPCC (1997). This ™ energy in feed converted to rﬁethane _

estimation is carried out at the Tier 1 and Tidew&ls. +1.00 =

The Tier 1 method uses default emission factors and ?ﬁg{hlégf(ﬁgﬁgﬂgﬂss'% Energy content of
hence only the livestock population data are reguir

for estimation. It is suitable for most animal dpscin Methane estimation from manure management is

countries like Malaysia where enhanced charact@iza given by Eq. 3:
data are not available. The Tier 1 method can péeab
for the livestock except cattle where Tier 2 is CH (EF(TN(T) 3)
recommended by IPCC (1997). Some default values for “menreX 15—
emission from enteric fermentation and manure
management are summarized in Table 1 (IPCC, 1997). Where:
Emission data for the livestock was obtained ftben  CHamanwe = Methane  emissions  from  manure

Department of Statistics and Department of Veteyina management (Gg CHear)

Services of the Ministry of Agriculture and Agrosesl  EFm) = Emission factor for a defined livestock

Industries. The estimation distinguished betweeerien population (kg/head/ day)

fermentaton and manure management. Methan®l) = Number of head of livestock species T in
emissions were separately calculated for sub-cagsgof country

cattle, buffalo, sheep, goats, horses, pigs anrpogince T = Species of livestock

Malaysia currently imports most of the livestoclede

concentrate, changes in emission due to chandetiwitl The total methane emission is the sum of the
not be captured in enteric fermentation calculation emission from enteric fermentation and manure

Methane emissions from enteric fermentation ismanagement for each category of livestock.
expressed as shown in Eq. 1 (IPCC, 1997):

RESULTSAND DISCUSSION
CH < (EF(T), N(T)) (l) L. . .
4Enteric) S o Results: Methane emissions from the animals in 1980
and 2008 are provided in Table 2.

Table 1: Emission factors for enteric fermentatiamd manure

management Table 2: Methane emissions in 1980 and 2008
Enteric Emission 1980 2008

Livestock fermentation management et e
Cattle-Dairy 68.0 31.00 EF MM Total EF MM Total
Others 47.0 1.00 Cattle 30.83 14.84 45,61 44.24 21.00 65.24
Buffalo 55.0 2.00 Buffalo 17.12 1.43 18.55 7.86 0.66 8.52
Sheep 5.00 0.20  Sheep 0.60 0.03 0.63 0.31 0.01 0.32
Goats 5.00 0.22  Goats 1.71 0.08 1.79 1.43 0.03 1.49
Pigs 1.00 7.00 Horses 0.09 0.01 0.10 0.13 0.01 0.14
Horses 180 2.19  Pigs 12.86 1.84 14.70 13.03 1.90 14.93
Poultry 0.02 0.02  poultry 1.16 1.02 218 437 3.80 8.17
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Discussion of Results: 0 - —4—FF ——MM Total
Emissions from cattle: Figure 1 shows methane 60

emission from cattle. Overall emission has risen by
44% between 1980 and 2008 from 45.61 Gg in 1980 to
65.57 Gg in 2008. While emissions from manure
management marginally increased from 14.84 Gg in z °
1980-21 Gg in 2007, those of enteric fermentatmser
from 30.78-44.24 Gg in the same period. As at now 1070 . 1059 1093 1009 2008
Malaysia cattle production of 790,000 is just 20%0 o Year

total local demand (Latif and Mamat, 2002) with the

bulk of the balance being imported from India dae t Fig. 1: Methane emissions from cattle
competitive pricing. If the objective of the

ion (Gg)

=]

iss
o
S =

Methane em
=

government is realized and cattle production 5 = e oe]
increases there is a very high tendency for the 3 f\\‘w’\
emission of methane to more than double the presen £ 1, -
level unless serious mitigation measures are adopte ; ]: j \aas ~EY
2 %
Emissions from buffalo: Emissions from buffalo are £ -
shown id Fig. 2. There is a sharp reduction (5486) i ~ U  sessssesss -5 Pp——
methane emission from the 1980 level of 17.12-186 1979 1984 1989 1994 1999 2004
in 2008 with emission from manure management Year

remaining below 1.5 Gg. This is so because thekgibc

buffalo has been on the decline since 1980 when thkig. 2: Methane emissions from buffaloes
stock was 285,339 whereas the stock by the end of

2008 was 131,000. The total present stock of cattte . = EF — =M —+—Totl
buffalo is about 1.0 m and this value is projediedbe
1.5 m by 2015 although the focus of governmenbis t
increase the stock of cattle to the detriment efdther
livestock. This expected increase in stock popoiati
will be accompanied by a proportional increase in

methane emission. 0 4 el : - S
1979 1984 1989 1994 1999 2004

Emissions from sheep: Emissions from sheep rose by Year

350% from 0.32 Gg in 1980 and peaked at 1.44 Gg in. -

1992 and dropped by 56% to the present level a3 0.6':'9' 3: Methane emission from sheep
Gg in 2008 Fig. 3. The emission from sheep has beer
consistent for almost a decade now indicating that
stock of sheep has been steady and almost thefsame
the last few years since 2001. Emission from manure
management has been almost non-existent as th
highest emission was 0.06 Gg in 1992.

Methane emission (Gg)

—4—EF —@—MM Total

1979 1984 1989 1994 1999 2004

Emissions from goats Figure 4 shows methane e

emission from goats and it is not following anytext.
It has shown fluctuating tendencies but has besadgtin
the last six years starting from 2005. Emissioh980 was
1.8 Gg and reached its peak a year later at 1.95ge  The lack of any appreciable increase in methane
then the emission of methane from goats has beesmission from goats might not be unconnected with
swinging up and down with the lowest value of 1G® government policy to focus its attention on inciegs
recorded in the year 2000. As with sheep, emisdions  the stock of cattle. This apparent stagnation isoas
manure management have been virtually nil withothie ~ bearing in mind the drive of government to boo# th
of emissions coming from enteric fermentati production of goats.

4
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Emissions from horses. The emissions of methane
from horses are shown in Fig. 5. The emission tieasl
been consistent except in the last five years (f2004)
when emission has been the same at 0.14 Gg.
Emissions from manure management has been
consistent all through at 0.01 Gg. The increase in
emission noticed in the last few years was as w@ltreé
sudden increase in the stock of horses from 400045
7000 since 2004 (a 75% increase), maybe an indicati
of affluence and a strong economy. Horses are bged
the royal families and some affluent personalitrethe
society. Overall the emission of methane from harse
which has never gone beyond 0.14 Gg, is quite
negligible when compared to the other ruminants.

Emissions from pigs. Figure 6 shows methane
emission from pigs in Malaysia. Enteric methane
emission from pigs is not as pronounced as with the
other ruminants because they are monogastric.
Nonetheless, emissions from pigs rose by 74% to a
peak value of 25.6 Gg in 1994 from the 1980 valfie o
14.7 Gg. The emission then dropped by 42-14.9 Gg in
2008. There was a sharp drop in emission betwe@8d 19
and 1999 when the stock level dropped from 2.9/1.9
Since then emission has been almost steady inagte |
decade while government is encouraging the reafng
cattle instead of pigs. Being an Islamic country
Malaysia has found it extremely difficult and near
impossible to stop the consumption of pork whick ha
found favor with the Chinese population.

Emissions from poultry: Figure 7 shows methane
emission from poultry. This is the fastest growofall

as the stock of poultry rose from 51 m in 1980He t
present value of 190 m, an increase of 274%. Hence
emission also rose from 2.18 Gg in 1980 to theees
8.17 Gg in 2008. There are indications that this still
continue to rise in the future. Both enteric fermaion

and manure management have almost equal
contribution to the emission. Because of the export
driven and thriving poultry industry, there is all
possibility that this increasing trend will contau

Overall emission: When all the emissions are summed
up the overall emissions are shown in Fig. 8. Eimiss
from manure management peaked at 45 Gg in 1994
whereas the highest emission from enteric fermiemtat
was 60 Gg in 2004. The overall picture that is egimer

is that emission from livestock is hovering arourtD

Gg. This value will rise when all the efforts ofeth
Malaysian government to increase livestock producti
begin to yield dividend.
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Mitigation options: Enteric methane emissions are saidBasse, E.M., J.C. Svenning, J.E. Olesen, F.

to be more amenable to mitigation (Aluwoeg al., Besenbacher and J. Leessdeal., 2009. The 7
2011). Methane reduction strategies have been grbup Aarhus statements on climate change. Earth
into three which are management (DeRanetisal., Environ. Sci. DOI: 10.1088/1755-1315/8/1/011002
2003), nutritional (Lovettet al., 2005) and advanced Bauer, A., P. Bosch, A. Friedl and T. Amon, 20009.
biotechnology (Sejiaret al., 2011). There have been Analysis of methane potentials of steam-exploded
many reported cases of methane emission reductions wheat straw and estimation of energy vyields of
after modification of the dietary feed (Beauchergin combined ethanol and methane production. J.
al., 2008; Martinet al., 2009; Shibata and Terada, Biotechnol., 142: 50-55. DOI:
2010) while alteration of the fermentation proce$s 10.1016/j.jbiotec.2009.01.017

the rumen is another option (Christophersanal., Beauchemin, K.A., M. Kreuzer, F. O'mara and T.A.

2008; Igbalet al., 2008). Land use change is another  Mcallister, 2008. Nutritional management for
effective way of emission reduction (Vellinga and enteric methane abatement: A review. Aust. J. Exp.
Hoving, 2011). The proposed integrated use of palm Agric., 48: 21-27. DOI: 10.1071/EAQ07199

mill plantation to rear cattle, improved croplandda Boo, S.L., 2010. Felda unit to spend RM688m fotleat
grazing land management and selection of grasgés wi project. The Malaysian Insidgkuala Lumpur.

high concentration of water-soluble carbohydratesCalabro, P.S., 2009. Greenhouse gas emission from
forage legume with secondary metabolites like tasini municipal waste management. The role of separate
(Lascano and Cardenes, 2010) will reduce methane collection. Waste Manage., 29: 2178-2187.
emissions. High digestability of pasture for grazis  Christopherson, C.T., A.D.G. Wright and P.E. Velcoe

another option to consider (Hatal., 2009). 2008. In vitro methane emission and acetate:
Propionate ratio are decreased when artificial
CONCLUSION stimulation of the rumen wall is combined with

increasing grain diets in sheep. J. Anim. Sci., 86:
The emission of methane from livestock has  384-389. DOI: 10.2527/jas.2007-0373

stabilized in the past few years. This is expettedse  Clark, P.U. and P. Huybers, 2009. Global change:
with the aggressive nature of government interenti Interglacial and future sea level. Nature, 462:-856
in the agricultural sector with the special emphasi 857. DOI: 10.1038/462856a
expansion of cattle and goat population. To stei® th haramus. HA. T.C. Clement. D.D Giampola and
expected increase in methane emission requires the o ~ Ii)ick.isclJ’n '20'03 Metha{ne.er.nissions of beef
formulation and adaptation of appropriate mitigatio cattle on forag,es: Efficiency of grazing management

measures. The aim of the government to make . oo 3" Erviron. Qual, 32 269-277. PMID:
agriculture the third machine of economic growth, a 12549566

enshrined in the ninth development plan, pointsaato ) .
! ! ! veop pan, pol [Pomingues, C.M., J.A. Church, N.J. White, P.J.

massive increase in livestock population and a .
increasing threat to the environment due to themtit! Gleckler and S.E. Wijffelt al., 2008. Improved
estimates of upper-ocean warming and multi-

increase in methane emission. This calls for furthe ; .
investigation of the factors affecting enteric decadal sea-level rise. Nature. 453: 1090-1093.

fermentation and manure management. DOI: 10.1038/nature07080

Dong, H., Z. Zhu, Z. Zhou, H. Xin and Y. Chen, 2011
Greenhouse gas emissions from swine manure
stored at different stack heights. Anim. Feed Sci.
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