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ABSTRACT 

Legume is one of the types of high quality forages. It is available in some types of trees and shrubs. The specific thing 

that connotes with legume is protein content since legume can do nitrogen fixation. In regard, legumes can also be 

known as leaf protein sources. Legume usually also has tannin content vary around 3 – 7%. Many researchers found 

that protein and tannin in the legume positively impact animal production. Tannin can protect the protein from rumen 

degradation to become bypass protein that will be digested in the abomasum without lousy impact to the rumen ecology. 

Tannin also can inhibit protozoa and reduce the population of methanogenic bacteria that produce methane. Another 

side, a combination of high protein and tannin in the legume can be a good combination for a ruminant. For the animal,  

legumes with tannin content and high protein level have potency to improve animal production and reduce methane 

production from the rumen. Moreover, reducing methane, in this case, will impact environmental quality since methane 

is one of the greenhouse gas that is 21 times stronger than carbon dioxide. Feeding ruminant with legume (basal or 

supplementation) will have a double advantage in increasing animal production and environmental quality.  
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1. INTRODUCTION 

The livestock sector contributes to the improvement 

of the quality of human life. Livestock adds value to 

several resources that the farming family could not 

otherwise utilize, 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 [1][2][3], as well as contributes to 

the household economy [4].  

 A poor quality diet leads to inefficient digestion, 

which leads to increased methane production and lowers 

animal productivity [5][6][7]. Methane production is 

triggered by poor quality feeds [8][7]. Methane (CH4) is 

considered as one of the largest sources of greenhouse 

gas from feedlot and dairy farms, aside from nitrous 

oxide (N2O) and carbon dioxide (CO2). The methane in 

the rumen as a product of fermentation may be 

considered inefficient of feed uses because CH4 

emissions represent an economic loss to the farmer, 

where feed is converted into CH4 rather than a functional 

product. 

 The livestock industry is seeking alternative 

additives that would improve nutrient use efficiency in 

ruminants. There are some strategy can be done to reduce 

methane emission. One of the strategies is feeding the 

animal with good quality feed like concentrate and 

legume [9]. Legume is one of good quality feed with 

usually high content of crude protein [10]. Legume is a 

protein source that is cheap and easy to find in the field 

that can be used. Moreover, legume is also a source of 

tannin, besides of protein source for the ruminant 

[11][12][13][9]. 

 Tannins are water soluble polymeric phenolic that 

can be extracted from the plant and can be used to protect 

protein in the diet from microbial rumen fermentation. 

Tannins present in several native shrubs may inhibit the 

activity of rumen microorganisms [14]. Tannins can be 

added to the diet in a certain amount. Moderate levels of 

condensed tannins (2 to 4% DM) reduce rumen protein 

digestion and bacterial rumen activity by forming a pH-

reversible bond with soluble proteins and other 
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macronutrients [15]. The ability of tannin to bind and 

protect protein and modify the rumen ecology is very 

promising in increasing ruminant productivity and 

reducing greenhouse gas (GHG) emissions. 

 Thus, providing cows with the best combination of 

pasture and concentrate feeding, improved feed and 

forage management and other practices to increase the 

digestibility and reduce residence digestion time in the 

rumen that will effectively reduce methane emissions 

from the herd [8][6][16]. The study about legume and 

methane emission reduction is fascinating. 

2. LEGUME AS LEAF PROTEIN  

The most expensive nutrient in animal production is 

protein. Protein has to be utilized by the animal 

efficiently. Ruminal microorganism activity is essential 

for using structural carbohydrates, and the synthesis of 

high-quality protein in ruminants [17] since microbial 

protein contributes about two-thirds of the amino acids 

absorbed by ruminants. Ruminal bacteria play a 

significant role in the biological degradation of dietary 

fiber because of their much larger biomass. Microbes 

cells are formed due to rumen digestion of carbohydrates 

under anaerobic conditions. 

 Supplementing poor quality roughage with fresh 

leaves like Gliricidia sepium or Leucaena leucocephala 

may also result in faster rumen outflow rates, increasing 

intake and providing more degradable organic matter 

[12]. Aside from the N provided by Leucaena and 

Gliricidia, another contributory factor that could have 

triggered higher consumption in the supplemented 

groups is the significantly higher outflow rate of both the 

liquid and solid phase of the rumen digesta [12].  

The use of leaves as supplements, aside from 

improving feed intake and nutrient digestibility, can also 

provide both degradable and undegradable protein for 

ruminants [18]. Leucaena leucocephala appears to be a 

suitable source of protein and roughage for ruminants in 

the tropics when it is fed in conjunction with pasture 

[19][20] or molasses [21]. Small quantities of Leucaena 

can increase milk production at low cost, since it is 

possible to produce 10-22 tons of edible DM/ha [22]. 

Supplementation of Leucaena leucocephala on goat 

feeds on a basal diet of maize stover increased the organic 

matter and crude protein digestibility from 59.23% and 

50.58% to 75.94 and 55.40%, respectively [18]. 

Leucaena forages are fed to ruminants to increase the 

amount of organic matter (OM) fermented in the rumen 

and the quantity of microorganism protein synthesized. 

When Gliricidia sepium or Leucaena leucocephala 

supplements were given, the intake of fermentable OM 

was highest, resulting in an inefficient synthesis of 

microorganism protein [23].  

 The Leucaena sp. forages probably to stimulate more 

efficient rumen function, giving rise to higher voluntary 

intake and faster growth [24]. Leucaena leaf contains 

high nutrients especially protein [25]. In general, 

supplementation maize stover basal diets with E. 

variegata, G. sepium or L. leucocephala leaves improved 

palatability and nutrient digestibility. The significant 

improvement in the crude protein (CP) and other 

nutrients digestibility by  adding E. variegata, G. sepium 

or L. leucocephala to the maize stover diets may have 

resulted from the high CP content of the diets [18]. 

 Dietary ingredients significantly impact the 

proportion of acetate, propionate, and butyrate produced 

in the rumen [9]. I Increasing ruminal propionate is more 

beneficial in increasing the generation of fermentation 

energy since it reduces carbons that would be lost in 

methane [6][16][26][27]. The maximum number of 

cellulose-degrading bacteria was represented by 

Ruminococcus albus and R. flavefaciens (59.8%). 

Bacteroides succinogenes (Fibrobacter succinogenes) 

(19.2%), Butyrivibrio fibrisolvens (11.1%), Clostridium 

lochheadii (3.8%) and C. longisporum (1.3%) [28]. The 

propionic acid concentrations in the rumen are greatest in 

in-vivo fermentation when the diet contains large 

quantities of soluble sugar or starches, and least in 

animals fed with poor hay.  

Starch is an inexpensive source of energy that  

microbes can ferment in the rumen to produce 

microorganism protein and volatile fatty acids (VFA) 

used as fuels by the cow [29][27]. Fermentation of 

feedstuffs in the rumen yields short-chain volatile fatty 

acids (primarily acetic, propionic and butyric acids), 

carbon dioxide, methane, ammonia and occasionally 

lactic acid. Acetate is found in the greatest concentration 

in the rumen followed by propionate and butyrate 

[30][27]. Methane production pattern is usually linear 

with acetate and inversely proportional with propionic 

production. F. Succinogenes can produce succinate (S) 

and formate (F) that is precursor of propionate in the 

rumen fermentation and does not produce H2 (will 

become methane when they meet carbon chain in the 

rumen). When the animal fed by legume, will trigger to 

enhance the population of F. Succinogenes, finally has 

potential to increase propionic production and reduce 

methane production [9]. 

 Furthermore, several 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 [9], and appropriate use of 

concentrated supplements. Rumen protein degradation is 

affected by pH and the predominant species of the 

microbial population [31]. 
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3. LEGUME AS SOURCE OF TANNIN 

A tannin is a complex group of polyphenolic 

compounds found in various plant species commonly 

consumed by ruminants [32]. Tannin is a compound that 

can protect protein in the diet from rumen microorganism 

degradation. It may alter the composition of microbial 

cells and reduce the extraction of microorganism cell 

walls from digesta [33]. Though tannins mainly exert 

their effects on proteins, they also affect carbohydrates, 

particularly hemicellulose, cellulose, starch, and pectins 

[32]. Tannins may also form complexes with starch and 

cellulose as well as protein [33]. Tannins may complex 

protein at the pH of the rumen and protect the protein 

from microbial enzymes. These complexes are unstable 

at the acid pH of the abomasum, and the proteins become 

available for digestion [33][34]. 

 Tannin is already present in woods like oak, walnut, 

and mahogany. The tannins of different plant species 

have different physical and chemical properties, and 

therefore they have very diverse biological properties 

[32]. Tannins in high concentrations reduce intake, 

digestibility of protein and carbohydrates, and animal 

performance. Tannins have a negative effect on growth 

rate because it reduces intake and leads to low true 

digestibility of protein [33]. The tannin apparently binds 

to proteins and forms stable rumen complexes [14]. 

Moderate levels of condensed tannins (CT; 2 to 4% DM) 

reduce rumen protein digestion and rumen bacterial 

activity by forming a pH-reversible bond with soluble 

proteins and other macronutrients. Condensed tannins, 

including commercial quebracho tannin extract, have 

increased animal production and reduced bloat potential 

[15].  

 High concentrations of tannins reduce voluntary feed 

intake and nutrient digestibility. In contrast, low to 

moderate concentrations may improve the digestive 

utilization of feed mainly due to a reduction in protein 

degradation in the rumen and a subsequent increase in 

amino acid flow to the small intestine. These effects on 

nutrition are reflected in animal performance. 

 Natural plant extracts represent one of the 

alternatives to using antibiotic growth promoters in 

animal feeds [35]. Tannins lower the rate of protein 

degradation and amino acid deamination in the rumen 

[33]. The tannic acid treatment effectively decreases the 

rapidly soluble fraction of alfalfa and Bermuda grass 

silages, which could be beneficial to the animal because 

it would decrease the excess N in the rumen after feeding 

[36].  

 Tannin contained in legumes significantly decreased 

in sacco dry matter digestibility. It may be due to the 

formation of by-pass protein. In this study, Leucaena 

leucocephala is not only a better source of tannin but also 

a source of dietary protein for the host animal without 

significantly affecting rumen pH, temperature, and NH3-

N. In cattle, the amplification for Ruminococcus albus at 

0% and 3% commercial tannin in the diet was similar. 

The sample with 6% commercial tannin had the finest 

band. These findings imply that as the level of tannin 

increases, the intensity of the bands decreases, which 

indicates that the higher level of tannin may have reduced 

the population of R. albus in the cattle [9].  

 On optimising PCR with a shorter cycle (20 cycles), 

it was shown that Leucaena sp (LCT) levels in the diet 

affected the band's intensity. The intensity of bands in the 

sample for F. succinogenes from carabao and cattle 

increased, indicating that LCT in the diet enhances the 

population of F. succinogenes in cattle and carabao. The 

population of R. flavefaciens from carabao and cattle 

decreased by 6% Leucaena. It indicates that Leucaena in 

the diet may inhibit the population of R. albus in the 

cattle. Data of cellulolytic amplification in carabao 

matched with in sacco degradation and feed intake. The 

degradation values of DM and NDF at 0% were 

significantly higher than 12% Leucaena. Total intake 

DM, CP, and NDF at 0% were significantly higher than 

12% Leucaena [9]. 

 Reducing methane production invariably increases 

rumen propionate [27]. Propionate has a more significant 

effect on methane production than acetate since 

propionate will be used by animals in gluconeogenesis 

[29]. Therefore, reducing these losses will improve the 

efficiency of dairy farming and potentially increase milk 

production [6]. 

4. LEGUME AND GREEN HOUSE GAS 

ISSUE 

Livestock has been considered beneficial to the agro-

ecosystems as it acts as an agent of nutrient recycling. In 

tropical countries, the ruminants are fed with agricultural 

by-products like cereal straws, stovers, sugarcane 

bagasse, and fruit pulps [28]. However, in the 

circumstances other than intensive animal production, 

livestock is often an essential part of sustainable 

agriculture, which integrates three main goals: 

environmental health, economic profitability, and social 

and economic equity [37]. 

Ruminant is always an integral part of the 

smallholder’s farming system. Increasing its productivity 

would significantly alleviate their economic status. 

Moreover, livestock, particularly ruminant, ranks second 

in terms of contribution to greenhouse gas (GHG) 

emissions in the agriculture sector. Methane contributes 

15% -20% of GHG emissions and 21 times more potent 

than CO2 as GHG. Methane is considered one of the 

largest sources of GHG aside from nitrous oxide (N2O) 

and carbon dioxide (CO2). Methane is 21 times more 

potent than CO2 as GHG. 1 kg of methane equals 21 kg 

of CO2 [8].  
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Methane also represents energy and economic loss in 

the production system of ruminants. Methane is a product 

of ruminant’s regular digestion produced in the rumen by 

many kinds of methane bacteria through the reduction 

reaction of carbon dioxide and hydrogen. It has a stable 

chemical character and is emitted outside through the 

mouth in the form of eructation [6][16]. Dairy cows 

typically produce 118 kg methane/ year,  over twice that 

of non-lactating cattle. This is equivalent to 2.478 tons of 

CO2 in inventories of GHG production [8]. Therefore, 

there is an interesting decrease in CH4 production in the 

rumen for environmental and economic reasons [38]. 

Methane emitted from the livestock sector accounts for 

38% of all agricultural GHG emissions in Canada [39] 

and 17.7% in Australia [6]. Around 15% - 20% of results 

of climate warming are due to methane [5][16]. Thus, 

reducing methane emissions from livestock would 

significantly favor the environment. 

In the rumen, a group of microbes called 

methanogens is responsible for producing methane, 

utilizing surplus hydrogen in the rumen to reduce carbon 

dioxide to produce methane [6][27]. Methanogens are 

present in the rumen in large numbers, which vary from 

107 to 109
 

cells/ml of rumen liquor depending on the type 

of diet given to the animals, especially the fiber content 

in the ration [28].    

The fibrous diets promote higher acetate, resulting in 

more hydrogen and more methane. The methane in the 

rumen is produced by methanogenic bacteria [40]. 

Acetate is the dominant end product, but acetate 

production is dependent on the ability of hydrogenases to 

produce hydrogen gas from reduced co-factors. 

Hydrogen production is a thermodynamically 

unfavorable reaction, but methanogens scavenge 

hydrogen and relieve this inhibition. When  

carbohydrates are converted to propionate, butyrate, or 

lactate, dehydrogenase reactions provide alternative 

sinks for the reduced equivalents [41]. One of the most 

challenging aspects of diet formulation for lactating cows 

is balancing the carbohydrates. Adequate and effective 

fiber must be provided to stimulate chewing and 

secretion of salivary buffers [29]. Selected forages and 

concentrates, which are high in non-fiber carbohydrates, 

could reduce methane emissions [8]. Improving the diet's 

digestibility through improved pastures, concentrate 

feeding, and decreasing the number of cows will further 

reduce methane production without reducing milk 

production [6].  

 The higher dietary crude protein level increases 

rumen ammonia concentration [42]. Increasing rumen 

ammonia concentration through supplementation of 

protein in the diet like Leucaena leucocephala could 

increase  VFA production and the cellulolytic bacteria 

population. Legume increases the total concentration of 

VFA without affecting its relative proportions and the 

rumen pH [43]. Feeding Leucaena may also stimulate the 

growth of cellulolytic microorganisms. This finding was 

supported by PCR amplification results where Leucaena 

in the diet has enhanced the population of F. 

succinogenes in carabao and cattle [9]. Increasing 

population of F. succinogenes results in higher propionic 

acid. In rumen fermentation, F. succinogenes produces 

succinate, an intermediate compound for propionate 

production [30]. This phenomenon indicated that 

methanogens were inhibited by tannin. Since methane 

production is inversely proportional with propionate 

production, reduction of methane production increases 

rumen propionate [27][28][16][44]. The increasing 

rumen propionate is more beneficial in increasing the 

capture of fermentation energy since it reduces carbon 

lost in the form of methane. Ultimately reducing methane 

and increasing propionate will affect productivity.  

Most methanogenic bacteria in cattle were affected by 

tannin. Thus, methane production in cattle can be reduced 

with dietary tannin treatment. Supplementation of 

Leucaena leucocephala in the diet increased the quality 

of the diet with increasing crude protein levels, and may 

also inhibit methanogens [9]. Decreasing the 

methanogens population in the rumen will have two 

beneficial impacts on the animal and the environment. In 

animals, the reduction of methanogens will decrease the 

amount of methane production. Supplementation 

Leucaena leucocephala can be implemented as feeding 

management for carabao/ buffalo and cattle [9]. The 

amount of methane emitted is dependent on the animals 

digestive system and the amount and type of feed 

consumed [6][39][26].  

Another action that can be taken to reduce methane 

emission is improving feed and forage management and 

treatment practices time in the rumen, such as using 

improve feed grains and forage, the increased surface 

area of the feeds, the addition of fiber sources, treatment 

of the feeds/forages to increase digestibility, and 

appropriate use of concentrated supplements to increase 

the digestibility and reduce residence digestion [39][26]. 

By applying current best management practices for 

grazing management, balanced dairy cow nutrition and 

nitrogen fertilizer management, both methane and nitrous 

oxide emissions can be reduced to improve dairy 

production efficiency. As a general rule, methane 

emissions are reduced as digestibility and protein/energy 

balance is improved [6]. 

5. CONCLUSION 

 Feeding livestock can be addressed for 

environmental and economic reasons. Legumes as a leaf 

protein source can also source of tannin. Feed livestock 

with legumes will improve the quality of the diet. Thus 

will have a higher possibility to improve production and 

the same time, reduce methane emission.  
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   In farming communities with abundant of low 

quality agricultural by-products  as feedstuff souces like 

cereal straws, stovers, sugarcane bagasse, and fruit pulps, 

citrus pulp, and rice straw, and owing to the results of the 

study, it is recomended to raise ruminants and put legume 

in the diet to improve feed quality.  

 Methane emissions can be the target of livestock-

specific policies, given the potential for increasing 

productivity through the reduction of dietary energy lost 

in methane. Providing more sources of some legume 

through planting will benefit the community and the 

environment. Planting legume as a fence or strip cropping 

will become a good investment for farmers who raise 

ruminants. Legumes give many benefits, e.g., increased 

soil quality, leaf protein source for ruminant, and tannin 

that will have a good impact interms of ruminant nutrition 

and global environmental contribution by reducing 

methanogens in the rumen. 
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