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Abstract

A study was conducted to determine the potential effect of Leucaena leucocephalain the diet with 3 levels 0%,
6%, 12% of ration on the population of rumen methanogenic bacteria of cattle and buffalo. Three each
ruminally-fistulated (body weight 342 + 66.93 kg) were used in this experiment. The amount of feed offered was
2.5% of live weight on DM basis. Rumen fluid was collected from each animal before feeding, after 17 days on
feed. The rumen fluid was strained it through cheesecloth and stored in freezer prior to analysis. The samples
were subjected to DNA extraction and amplification. Three universal primers were used to detect methanogenic
bacteria, which had more than one band, ranging from 500 bp and 1.4 kbp. The results indicated that the level of
Leucaena leucocephala in the diets reduced the population of methanogenic rumen bacteria of the cattle and
enhanced the Fibrobacter succinogenes. Thus, reduction of methane production increases rumen propionate
since methane production is inversely proportional with propionate production. Leucaena leucocephala give
many benefit e.g. for ruminant that will have a good impact in the term of ruminant nutrition and global
environmental contribution through reducing methanogens in the rumen.
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1. Introduction

The livestock sector contributes to the improvement of the quality of human life. Livestock adds value to a
number of resources that could not otherwise be utilized by the farming family, like the biomass (weeds, maize
straw, cultivated forages, common grazing areas, surplus grain, etc.), by transforming it into valuable products
(meat, milk, eggs), services (draught and pack power), or investment and biogas (Suwignyo et al., 2006;
Crawford et al., 1978; Arriaga-Jordan et al., 2005), as well as contributes to the household economy (Hodges,
2003). Kamra (2005) stated that in tropical countries, the ruminants are fed with agricultural by-products like
cereal straws, stovers, sugarcane bagasse, and fruit pulps. Most agricultural by-products are of poor quality but
are high in fiber content (cellulose and hemicelluloses, lignin). Agus et al. (2005) stated that rice straw is a
common agricultural by-product that is usually given by the farmer. This is not only practiced in the rural areas
but also in commercial scale because it is abundant and cheap. A poor quality diet leads to inefficient digestion,
which leads to increased methane production and lowered animal productivity (Gibs & Hogan, 1990; Eckard,
1999; Nicholson et al., 2001). Methane (CHy) is considered as one of the largest sources of greenhouse gas from
feedlot and dairy farm, aside from nitrous oxide (N,O) and carbon dioxide (CO,). Methane production is
triggered by poor quality feeds (O’mara, 2004; Nicholson et al., 2001). The existence of methane in the rumen as
product of fermentation maybe consider as inefficient because CH, emissions represent an economic loss to the
farmer where feed is converted to CH, rather than to useful product.

Discussions about productivity in livestock, especially in ruminants focus on microorganism in the rumen. A
ruminant has a compound stomach where the microorganism (bacteria, fungi and protozoa) has the ability to
digest the fibrous material and poor quality feed that contains cellulose and hemicelluloses (Dehority, 1998;
Kamra, 2005). Methanogens are present in the rumen in large numbers which vary from 107 to 10° cells/ml of
rumen liquor depending upon the type of diet given to the animals, especially the fiber content in the ration
(Kamra, 2005). There are a number of strategies that can be used to improve performance of rumen microbial
and its productivity. Thus, providing ruminants with the best combination of pasture and concentrate feeding,
improved feed and forage management and other practices to increase the digestibility and reduce residence
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digestion time in the rumen that will effectively reduce methane emissions from the herd (O’mara, 2004; Eckard,
1999; Zhaoli, 2003; Anonymous, 2005).

Legume is one of good quality forages that can be supplemented in the diet. Leucaena leucocephala
leucocephala is an example of common legume that is cheap and easy to find in the field. Leucaena not only can
be a source of protein for the ruminant but also source of tannins (Atega et al., 2003; Orden et al., 2002; Sevilla
et al., 2003). It could affect the performance of microorganisms in the rumen as a system and ultimately can
affect performance of the ruminant itself. Further research is needed to observe the diets strategy with legume on
rumen methanogenic bacteria of cattle and buffalo.

2. Materials and Method

The experiment was conducted at the Beef Cattle Farm, Animal and Dairy Sciences Cluster, College of
Agriculture, University of the Philippines Los Bafios, College, Laguna. The study was conducted at the Animal
and Dairy Sciences Cluster from October, 2008 to August, 2009. Three each of rumen fistulated native cattle and
buffalo were used in this study. The animals were placed in individual digestion stalls and maintained in good
health condition prior to and throughout the duration of the study.

Three diet formulations were tested: (I) 60% Napier + 40% concentrate, (II) 54% Napier + 40% concentrate +
6% Leucaena leucocephala and (II1) 48% Napier + 40% concentrate + 12% Leucaena leucocephala. The tannin
content in the diet was around 0%, 0.3% and 0.6% of the diet. The chemical composition of the ingredient is
shown in Table 1.

Table 1. Chemical composition of ingredient offered to animals*

Feed Stuff DM (%) CP (%) NDF (%) Tannin (%)
Commercial concentrate 88.01 13.54 21.03 -

Napier grass 24.80 8.70 70.72 -

Leucaena leucocephala 23.60 23.90 36.58 S.11%*

Note. *: Analysis result at Nutrition and DTRI Laboratory, ADSC, UPLB; **: Hess et al. (2007).

Each experimental period tested for 17 days consisting of 10 days for dietary adjustment and 7 days for data
collection. During the first 5 days of the 10-day of the preliminary period until the desired amount has been
reached, Leucaena leucocephala was gradually given to the animals. Animals were provided with clean water at
all times. DNA was extracted from rumen liquid using the procedure of Sharma et al. (2003) for isolating
genomic DNA from rumen digesta. Modifications of the original protocol included incubation at 65 °C then
freezing at -80 °C for 30 min each, repeated 5 times.

Three universal primers were used to detect the different species in the different feeding trials. The PCR reaction
mixture contained 2.0 pl of 10x; 0.6 Taq polymerase buffer (50 mM MgCl); 0.5 ul of forward primer (20 uM);
0.5 ul of reverse primer (10 uM); 0.16 pl of ANTP (25 mM), 0.04 pl of Taq polymerase (0.2 u/ul); 1 pl of DNA
(6.84 ng/ul); add ddH,O (sterile) to total volume 20 pl. The reaction was carried out in a PCR G-Storm, as
follows: 30 s at 94 °C for denaturing, 30 s at 60 °C for annealing and 30 s at 72 °C for extension (30 cycles),
except for 9 min denaturation in the first cycle and 10 min extension in the last cycle. Number of cycle in the
PCR set was reduced into 20 cycles for optimization purpose. Products of PCR were separated on agarose gel,
stained with ethidium bromide, and photographed. Adobe Photoshop program was used to edit the gel image.
The same sampling procedure, data collection, laboratory analysis was done for DNA extraction and
amplification.

3. Results

The agarose gel showing PCR amplification products at 30 cycles of methanogenic bacteria of buffalo and cattle
fed Napier supplemented with Leucaena leucocephala are shown in Figure 1.
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Figure 1. PCR amplification of universal primers Methanogens (PCR 30 cycles) at 1.4 kbp, affected by
Leucaena leucocephala in the diet

Bands exist in the size at 500 and 1.4 kbp, and this can be observed in the 30 cycles PCR. The bands standing in
1.4 kbp was for methanogens. The intensity of bands (1.4 kbp) in agarose gel of sample taken from buffalo and
cattle was decreased, eventhough in cattle was clearer than buffalo. It may indicate that Leucaena leucocephala
inhibits methanogenic bacteria in the rumen of cattle, but has no effect in the buffalo. The possible methanogenic
bacteria in 1.4 kbp are Methanobacterium formicicum (1.45 kbp), Methanosarcinia barkery (1.45 kbp),
Methanomicrobium mobile (1.44 kbp), and Thermoplasma acidophilum (1.44 kbp).

The observed result about methanogens was inline with the finding result of PCR amplification on potential
population of cellulolityc bacteria changed with different diets. The agarose gel showing PCR amplification
products at 20 cycles of cellulolityc bacteria of buffalo and cattle fed Napier supplemented with Leucaena
leucocephala are shown in Figure 2.
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Figure 2. PCR amplification (20 cycles) of Fibrobacter succinogenes (A) at 445 bp, Ruminococcus flavefaciens
(B) at 295 bp, and Ruminococcus albus (C) at 176 bp

There were no differences observed in the intensity of bands due to different levels of Leucaena leucocephala in
the 30 cycles PCR product in Fisuccinogenes, R.albus and R. flavefaciens both of buffalo and cattle. On the
optimization of PCR with shorter cycle (20 cycles), it was shown that levels of Leucaena leucocephala in the
diet affected the intensity of the band. It was vice versa with R. flavefaciens from buffalo and cattle, decreased
with 6% and 12%. The bands intensity of F. succinogenes and R. flavefaciens of buffalo and cattle were an
indication that Leucaena leucocephala in the diet enhanced the population of F. succinogenes but decreased R.

Sflavefaciens.
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4. Discussion

Most methanogenic bacteria in cattle were affected by Leucaena leucocephala (wich was also source of tannin),
thus methane production in the cattle has the possibility of being reduced with dietary treatment. Kamra (2005)
stated that methanogens play a vital role in the rumen of scavenging molecular hydrogen generated during rumen
fermentation, resulting in a significant loss of gross energy consumed by the animals. Similar opinion was stated
by Eckard (1999), Zhaoli (2003), McGinn et al. (2004), and CCTP (2005).

Enhancing the the population of F succinogenes can be intrepreted that propionate production will increase
while methane will decrease. It can be explained by the finding of previous researchs. The only F. succinogenes
among three major cellulolityc bacteria that can produce succinate (will turn to be propionate) in the rumen
fermentation processes (Findlay, 1998; Russell & Rychlik, 2001). Succinate is an intermediate compound for the
production of propionate (Lana et al., 1998). Reducing methane and increasing propionate migh be affect on
productivity in order to propionate has greater effect to production compare with acetate, since propionate will
be used by animal in the gluconeogenesis (Allen, 2003). Three major cellulolityc bacteria that considered to be
representative cellulolytic bacteria of the rumen are Fibrobacter succinogenes (19.2%), Ruminococcus albus,
and Ruminococcus flavefaciens (59.8%) (Kamra, 2005; Koike et al., 2003).

Methane production is inversely proportional with propionate production, so that the reduction of methane
production will be followed by increasing rumen propionate (Fellner, 2005; Kamra, 2005; Zhaoli, 2003; Eckard,
1999; van Nevel et al., 1971). The increasing rumen propionate is more beneficial in increasing the capture of
fermentation energy since it reduces carbon that would be lost in the form of methane. In turn, the reduction in
rumen methane production will increase the efficiency of nutrient utilization in the rumen; therefore improving
productivity. Eckard (1999) stated that methane gas is a significant loss of energy from the production system
that can and should be redirected back into production. In general, 2% to 12% (Zhaoli, 2003); 6.5% (McGinn et
al., 2004); 7% (Visser, 2005) of the total energy consumed assimilated by ruminants is lost in the form of
methane. Reducing methane production invariably increases rumen propionate (Fellner, 2005).

Supplementation of Leucaena leucocephala in the diet not only increased the quality of diet with increasing
crude protein level, but may also inhibit methanogens. Decreasing methanogens population in the rumen will
have two beneficial impacts, on the part of the animal and that of the environment. In animals, reduction of
methanogens will decrease the amount of methane production. Luc et al. (2009) stated that higher level of
dietary crude protein lead to increase rumen ammonia concentration. Increasing rumen ammonia concentration
through supplementation of protein in the diet like Leucaena leucocephala could result in increased VFA
production and population of cellulolytic bacteria. Topps (1995) stated that legume increases the total
concentration of VFA without affecting its relative proportions of the rumen pH. Feeding Leucaena
leucocephala may also stimulate the growth of cellulolytic microorganisms that produce propionate like F.
succinogenes.

The effect of Leucaena leucocephala, particularly on inhibiting methanogens, would not only result in increasing
nutrient utilization by the animal but also would have subsequent impact on preserving the environment. Hegarty
(1999) stated that methanogens living on and within rumen ciliate protozoa may be responsible for up to 37% of
the rumen methane emissions. Methane is considered as one of the largest sources of greenhouse gas (GHG)
aside from nitrous oxide (N,O) and carbon dioxide (CO,). Methane is 21 times more potent than CO, as GHG, 1
kg of methane is equivalent to 21 kg of CO, (O’mara, 2004). Methane emitted from the livestock sector accounts
for 38% of all agricultural GHG emissions in Canada (McGinn et al., 2004) and 17.7% in Australia (Eckard,
1999).

Around 15%-20% of results of climate warming are due to methane (Gibs & Hogan, 1990; Zhaoli, 2003). Thus,
reducing methane emission from livestock would significantly favor the environment. In this study,
supplementation Leucaena leucocephala can be implemented as feeding management for buffalo and cattle. The
amount of methane emitted is dependent on the animal’s digestive system and the amount and type of feed
consumed (Eckard, 1999; McGinn et al., 2004; CCTP, 2005). Furthermore, a number of strategies can be used,
including increased digestibility of forages and feeds, modification of bacteria in the rumen, improved feed and
forage management and treatment practices to increase the digestibility, treatment of the feeds/forages to
increase digestibility, and appropriate use of concentrated supplements.

Increasing livestock productivity through better feeding and management will promote increased food supply for
the household. About one-third of the dietary protein and one-sixth of the food energy consumed by humans
come from systems involving livestock. Increasing animal product consumption could improve the health of
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pregnant and lactating women, growth and neurobehavioral development of young children, and cognitive
development in children (Nicholson et al., 2001).

Leucaena leucocephala in the diet of ruminants able to inhibit methanogens (reduce methane) and enhance
Fibrobacter succinogenes which is potential to produce propionic acid. Methane emissions can be target of
livestock-specific policies, given the potential for increasing productivity through reduction of dietary energy
lost in methane. Providing more source of L. leucocephala through planting will give more benefit to community
and environment. Planting of L. leucocephala trees as fence or strip cropping will become good investment for
farmer who raises ruminants. Leucaena leucocephala give many benefit e.g. increase soil quality, source of leaf
protein for ruminant and source of tannin that will have a good impact in the term of ruminant nutrition and
global environmental contribution through reducing methanogens in the rumen.
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