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An experiment with completely randomized design in factorial arragement (4 x 5) and under in vitro conditions was conducted to assess the 
effect of Samanea saman, Albizia lebbeck and Tithonia diversifolia, plant material 23, on the methanogen population and on the ruminal 
microbial ecology. Four treatments were compared: A) Cynodon nlemfuensis (star grass, control), B) Samanea saman (carob tree), C) 
Albizia lebbeck (albizia) and D) Tithonia diversifolia, plant material 23 (tithonia). The samplings were conducted before incubation (hour 
0), at 4, 8, 12 and 24 h after the beginning of fermentation. They were replicated four times in time. There was no effect of the foliage trees 
on the population of total viable bacteria of the rumen. The methanogen populations, in the fermentation up to 8 h, were 70, 34, 19 and  
18.5 x 109 ufc mL-1 for star grass, carob tree, and tithonia, respectively. The highest population of cellulolytic bacteria was found in albizia, 
while the cellulolytic fungi, at 8 h of fermentation, had the highest population with this same plant. The protozoa population was 8.9, 7.2, 
6.0 and 6.5 x 105 cells mL-1 for the treatments A, B, C and D, respectively. No effects on the pH or on the ammonium concentration in the 
rumen were found. It is concluded that carob tree, albizia and tithonia reduce the methanogen population and have beneficial effects on the 
ruminal microbial ecology when modifying the populations of protozoa, bacteria and cellulolytic fungi. 
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One of the most important goals on the world 
cattle production is reducing the methane production 
in the rumen, hence different strategies are developed. 
Some of them are for reducing methanogens and 
others for modifying the metabolic routes for 
producing this gas (Hegarty 1999, Agarwal et al. 
2008 and Beauchemin et al. 2008). Since the 90’s, the 
advantages of the cattle systems with trees, legumes 
or not, are being studied to achieve the methane 
reduction in the rumen. 

Galindo (2004) and Galindo et al. (2005 and 2006) 
have demonstrated that the use of these systems modify 
the ruminal microbial population and the final products 
of their fermentation, but their effect on the methanogen 
population and on the ruminal methanogenesis has not 
been studied yet. 

Methanogens co-live endosymbiotically with the 
rumen protozoa, producing hydrogen equivalents 
which are, later, reducer agents for methane production. 
Likewise, condensed tannins and total polyphenols, 
among other metabolites of these plants, can reduce the 
protozoa population (Joblin 2004). 

The objective of this study was to assess the effect of 
Samanea saman (carob tree), Albizia lebbeck (albizia) 
and Tithonia diversifolia (tithonia) on the methanogen 
population and on the ruminal microbial ecology.  

Materials and Methods  

The experiment was cnducted under in vitro 
conditions, therefore the technique of Theodorou et 

al. (1994) was applied, using sealed bottles of 100 mL 
for incubating the feed samples in ruminal liquid and 
buffer culture.  

Each bottle had 30 mL of the mixture with ruminal 
liquid and buffer solution, in a ratio of one part ruminal 
liquid and two of buffer solution. The feeds were 
included at a rate of 0.3 g treatment-1. Out of that amount, 
30 % corresponded to the plant to be assessed (carob 
tree, albizia, tithonia). 

Experimental treatment. A) star grass as control, B) 
carob tree, C) albizia and D) tithonia. 

The star grass was obtained from an un-grazed 
area. Leaves with their petioles were collected for its 
preparation, simulating the animal bite. The sample was 
dried in an oven at 60 ºC, for 48 h. 

The trees are part of the Arboretum of the Institute 
of Animal Science, located in San José de las Lajas 
municipality, Mayabeque province. This facility is at  
92 m a.s.l., 22º 53’ north latitude and 82º 02’ west 
longitude. The soil is fersialitic, waved, with 4.84 % 
of organic matter, 0.26 of total nitrogen, 40.59 ppm 
of phosphorous, 4.60 of calcium, 0.46 of magnesium 
and pH of 6.34. The trees had been planted for at about 
seven years. 

From the trees selected, the fractions leaves-
petioles-green pods were collected, simulating the 
animals browsing. Once they were picked up, they 
were spread on a cement plate to sun-dry them for 
three consecutive days. Later, they were milled at a 
particle size of 1mm.  
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The chemical composition of the plants was 
determined with the methodology proposed by 
AOAC (1995). The fibrous fraction was quantified 
according to the protocol described by van Soest 
et al. (1991). The content of secondary metabolites 
was qualitatively determined with the phytochemical 
sieving, according Rondina and Cussio (1969, 
described by Alfonso et al. 2000). The crossing system 
was used for the description of the tests to specify the 
presence or absence of metabolites in the analysis. 
Table 1 shows the results.  

All the plants have notable and moderate amounts of 
secondary metabolites. Table 2 shows their phytochemical 
seiving. 

Plant CP NDF ADF Ash Ca P
Samanea saman 181.5 414.5 295.1 69.2 12.6 3.2
Albizia lebbeck 171.8 498.6 346.9 65.4 11.7 2.0
Tithonia diversifolia  green material 23 239.5 334.3 295.4 58.1 21.4 3.5
Cynodon nlemfuensis 119.0 910.6 399.5 128.7 5.4 0.2

Table. 1. Chemical composition in the foliage of the plants assessed, g kg DM-1 

Samplings. The samplings were conducted at 0, 
4, 8, 12 and 24 h of incubation, to determine the 
pH and ammonium concentration. A sampling was 
conducted at 0, 4 and 8 h for calculating the microbial 
populations. Four replications were conducted in only 
one running. 

Determinations. The pH was measured in a digital 
pH-meter and the ammonium concentration was 
determined according to Conway (1957). 

The populations of total viable, methanogenic and 
cellulolitic bacteria and protozoa were determined 
through the culture technique of Hungate (1970) in 
rolling tubes and under strict anaerobic conditions. 
The culture of total viable and cellulolytic bacteria 
was conducted in the culture medium of Caldwell  y 
Bryant (1966), modified by Elías (1971) and Galindo 
(1988). The methanogenic bacteria were counted with 
this same method, but using a mixture of hydrogen and 
carbonate dioxide (60:40) in the gas stage. The culture 
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Samanea saman ++ + + ++ ++ + + +++
Albizia lebbeck + + ++ + + + ++ +++
Tithonia diversifolia mv 23 ++ ++ + + ++ + +++ ++

Table 2. Phytochemical seiving of the foliage in the plants assessed

(+++) high; (++) moderate; (+) low; (-) no presence; ND- Not detected

medium was described by Anderson and Horn (1987). 
The fungi were obtained according to the methodology 
of Joblin (1981).  The protozoa were counted in the 
optical microscope in Neubauer chamber. They were 
dyed with a solution of gentian violet at 0.01 % in 
glacial acetic acid at 1%. 

Experimental design and statistical analysis. A 
completely randomized design was used, in factorial 
arrangement 4 x 5 (four treatments and five sampling 
times). The statistical treatment of the experimental 
results was conducted according to experimental 
designed used for identifying the interaction 
between treatments (diets) and the fermentation 
times (sampling times). When necessary, Duncan’s 

test (1955) was used for P < 0.05. The analyses 
were carried out with the statistical software SPSS+ 
(Visauta 1998). 

The counting of the microorganisms was transformed 
according to Log N for guaranteeing the normality 
conditions in the growth curve. For the analysis, the 
formula (K+ N).10x was applied, where: 

-	 K is the constant representing the dilution 
logarithm where the microorganism was inoculated. 

-	 N is the logarithm of the colonies counting, 
determined as cfu x mL-1, tfu x mL-1, or cells x mL-1.

-	 10 X  is the dilution inoculated.    

Results and Discussion

Under the experimental conditions of this study, 
there was no significant interaction between the 
fermentation time and the plants in the population of 
total viable bacteria, cellulolytic, methanogens and 
protozoa.  

Table 3 presents the effect of the different plants 
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on the population of total viable bacteria in the 
rumen. There was no effect of the use of carob tree, 
albizia and tithonia in respect to the control with 
star grass. 

Microbial group C. nlemfuensis S. saman A. lebbeck T. diversifolia SE
Total viable bacteria, 
1011 cfu mL-1

3.89 
(36.00)

3.69 
(40.00)

3.74 
(42.00)

3.56 
(35.00)

0.23

Cellulolytic bacteria, 
105 cfu mL-1

2.72b  
(15.20)

2.28c 
(9.80)

3.14a 
(23.10)

2.85ab 
(17.40)

0.31 P < 0.001

Methanogens, 109 cfu mL-1 4.26a 
(70.00)

3.66b 
(34.00)

3.04c 
(19.00)

2.99c

(18.50)
0.35 P < 0.001

Protozoa, 105 cell. mL-1 2.18a 
(8.90)

1.92b 
(7.20)

1.79c 
(6.00)

1.87c 
(6.50)

0.13 P < 0.05

Table 3. Effect of the foliage of three trees on the population of some integrants of the ruminal microbial population 

a,b,c Means with different letters within the same row differ at P < 0.05 (Duncan  1955)
Data transformed according to Logn., original means between parentheses 

The fact that the population of total viable 
bacteria keeps in the range of 1011 cfu.mL-1 is of great 
ecological importance in the rumen. This coincides 
with the reports of Hungate (1966), Hoover and Miller 
(1991) and González (2010) in respect to the total 
number of bacteria living in the rumen of animals 
fed fibrous diets. For these reasons, the use of the 
foliage of the cited plants is demonstrated without 
diminishing the total bacteria in the rumen. This 
guarantees a proper balance between the different 
populations in the organ. 

The population of cellulolytic bacteria varies 
considerably, depending on the plant assessed (table 
3). As shown, the highest population of cellulolytic 
bacteria was found when supplementing with albizia, 
followed by tithonia. The use of carob tree reduced (P < 
0.001) the la representation of this microbial group. This 
leads to search other inclusion levels of this plant in the 
diet of ruminants, mainly, because in feeding systems 
based on fiber, the principal response to be expected 
is the increase of digester microorganisms of the fiber. 
They, consequently, are responsible of the cellulose 
degradation in the rumen.

The effect of the plants foliage on the group Archaea 
or methanogens of the rumen is of great importance. 
All the plants reduce the population of methanogenic 
bacteria in respect to star grass. However, albizia and 
tithonia diminish, in great extent, these microbial groups. 
The populations of these microorganisms were 70, 34, 
19 and 18 cfu ml-1 for star grass, carob tree, albizia and 
tithonia, respectively.

One of the most outstanding results of this study is 
referred to the effect of trees foliage on the protozoa 
population in the rumen. The carob tree, albizia and 
tithonia reduce the protozoa population. Albizia and 
tithonia are the most promising species for these 
purposes. 

It has been proved that the inclusion of trees and 
shrubs foliage in ruminants feeding has defaunating 
effects as it reduces the protozoa population in the 
rumen. On this respect, Galindo et al. (2000) and 

Galindo et al. (2001a and 2001b) indicated that 
protozoa and fungi in the rumen keep a relation 
presented in the equation Y = 0.8210 -3.415 X +4.311 
X2. Therefore, it is logic to think that the effect of the 
secondary metabolites on the population of fungi and 
cellulolytic bacteria is indirect, as the protozoa engulf 
huge amounts of these microbial groups during the 
day. Defaunation, as strategy for managing the ruminal 
microbial fermentation, has been used in fibrous diets 
of low quality. 

Data of Hegarty (1999) demonstrated that the 
methanogens live inside or adhered to the surface of 
the ciliated protozoa of the rumen, and are responsible 
of more than 37 % of methane emissions. When the 
protozoa populations are minimized, the rumen methane 
emissions are reduced at about 13%. This effect varies 
with the diet of the animals. So, the use of the plants 
assessed, as they diminish the protozoa population, is 
a promising way for diminishing methanogens (Mc 
Allister et al. 1996¸Tokura et al. 1997 and Kobayashi 
2010).

Significant interaction was found between 
treatments (plants) and the fermentation time in 
the cellulolytic fungi of the rumen. Figure 1 shows 
the effect on both factors under study. The use of 
the different plants reduced the cellulolytic fungi 
population compared with the control treatment with 
star grass. 

The increase of fungi, when supplementing with 
carob tree, from the beginning of fermentation up 
to four hours, was light and increased later to eight 
hours. 

Carob tree kept diminished fungi population, 
without differences between the fermentation times. 
This indicates that the presence of factors contained in 
this plant hinders the development of these microbial 
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Figure 1. Effect of the foliage of three trees on the population of cel-

lulolytic fungi in the rumen, 104 cfu x mL-1, SE ± 0.45, P < 0.05

groups. 
When assessing the performance of tithonia in time, 

a reduction of the fungi population was observed, with 
differences between four and eight hours after the 
beginning of fermentation. 

These results suggest the study of intrinsic factors in 
these plants, which may influence on the diminishing 
of cellulolytic fungi. Further studies about the effect of 
secondary metabolites of these plants on the microbial 
populations, and specifically, on those of cellulolytic 
fungi, are necessary. 

The total viable and methanogenic bacteria showed 
modifications in time. The total number of bacteria 
increased from 31.08, before the fermentation began, 
to 47.96 x 1011 cfu mL-1, eight after it began. The 
methanogenic bacteria could duplicate their initial 
population in the same time (figure 2). 

Even when using techniques to reduce the undesired 
microbial population, its increase in time should be 

Figure 2. Effect of the fermentation time of the populations of total viable and 
methanogenic bacteria of the rumen in vitro SE ± 0.16** and SE ± 0.25**

expected, unless the toxic effect on the populations 
impedes these effects. 

As relevant aspect,  the use of carob tree, 
albizia and tithonia did not modify the pH and the 
ammonium concentration in the rumen compared 
with the treatment with star grass (table 4). This 
response does not seem to be related with the protein 
contents of these plants, which were 18.15, 17.18 
and 23.95 %, respectively. Meanwhile, the protein 
content of star grass was of 11.90 %. The ruminal 
fermentation of proteins is very variable and, as 
consequence, certain amounts of ammonia (NH3) 
are produced. The solubility and degradability of 
proteins are among the factors modifying their 
ruminal fermentation. 

Previous studies conducted at the Institute of Animal 
Science have revealed that the foliage of trees and 
shrubs, leguminous or nor, have tannin concentrations. 
They, linked with the proteins in the rumen, reduce their 
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degradation (La O 2001). Likewise, the feeding protein 
would be closer to a surpassed protein. It is evident that, 
if the protein degradability in the rumen is reduced, the 
ammonia concentration is lower. Nevertheless, further 
studies involving the plants under study should include 
the proteins nature.  

It is concluded that carob tree, albizia and tithonia 
reduce the methanogens populations and have beneficial 
effects on the ruminal microbial ecology, when 
modifying the populations of protozoa, bacteria and 
cellulolytic fungi.  
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