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INTRODUCTION
 
The ruminants production in developing countries 

is limited by several factors, such as: management, feed 
and animal health. Farmers usually feed their animals 
low quality of forage that contains high  lignocellulose 
and cellulose, and is defi cient in nitrogen (Wina et al., 
2005b). There are several strategies to overcome this 
problem such as by manipulating ruminal bacteria to 
modify rumen fermentation to enhance effi  ciency of 
microbial protein synthesis by using defaunating agent. 

It has been known that, the activity of ruminal 
bacteria to digest feed fi ber usually altered by proto-
zoa.  This is due to the predation of some bacteria by 
protozoa (Gutierrez, 2007).  On the other hand, protozoa 
also help the host animals to digest feed fi ber (Hart et 
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ABSTRACT

This experiment was conducted to evaluate the eff ect of supplementation with lerak extract 
combined with mineral block on protozoal and bacterial population, and fermentation characteristic 
in vitro. The experimental design was completely randomized block design with 3 treatments and 4 
replications. Control diet was a substrate that consisted of concentrate, forage and feed block with ra-
tio 50 : 48 : 2, respectively.  The treatments as a substrate were: control diet (C), C + 0.09% lerak extract, 
and C + 0.18% lerak extract from the total ration. Variables observed were protozoal and bacterial 
population, dry ma  er and organic ma  er degradability, N-NH3 and total volatile fa  y acid (VFA) 
concentration. Data were analyzed using analysis of variance (ANOVA). The result showed that there 
were no signifi cant eff ect (P>0.05) for all parameter measured with lerak extract supplementation up 
to 0.18% in the presence of mineral block. However, supplementation of lerak extract 0.18% only 
slightly reduced protozoal numbers but tended to increase bacterial numbers. Dry ma  er and organic 
ma  er degradability and concentration of N-NH3 were similar among treatments. Volatile fa  y acids 
profi le changed which propionate tended to increase and acetate tended to decrease and ratio of ac-
etate to propionate tended to decrease. In conclusion, addition of lerak extract up to 0.18% from total 
ration in the presence of mineral block  was not yet eff ective to depress protozoal population, but 
could modify fermentation characteristic in vitro.
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al., 2008). However, according to the reports of some 
research showed that the presence of protozoa has more 
disadvantages than the advantages (Eugene et al., 2004).  
In the rumen ecosystem, protozoa are also host for 
methanogenic bacteria in the hydrogen transfer process. 
Methanogenic bacteria use the H2 produced by protozoa 
and converted into CH4 (methane). Therefore, suppres-
sion of protozoa population has been suggested to be an 
alternative way of reducing methane production.  

Some research has also been conducted to evaluate 
the potential of secondary plant constituents as natural 
agents to manipulate rumen fermentation (Wallace et al., 
2002; Hart et al., 2008). Besides tannins, saponins are the 
most widely occurring compounds that are being inves-
tigated as rumen manipulators. These compounds could 
be benefi cial or detrimental to the ruminant depending 
on their concentration and structure.  Saponins or sapo-
nin-like substances have been reported to have potential 
to suppress growth of protozoa and change fermenta-
tion pa  erns in the rumen system (Wina et al., 2005a). 
Saponins and tannins have been reported to modulate 
ruminal fermentation and improve nutrient utilization in 
ruminants (Benchaar et al., 2008). Decreased numbers of 
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ciliate protozoa will enhance the fl ow of microbial pro-
tein from the rumen, increase effi  ciency of feed utiliza-
tion, and decrease methanogenesis.   Saponins also aff ect 
both number and species ruminal bacterial composition 
through specifi c inhibition, or selective enhancement of 
growth of individual species.

Whole lerak (Sapindus rarak) fruit extract contains 
high level of saponin than can be used as defaunating 
agent and to improve animal performance. The extract of 
S. rarak fruit pericarp has been proved to increase sheep 
average daily gain by 40% (Wina et al., 2005c).  However, 
limited reports on the use of whole lerak fruit (including 
seed) extract combined with mineral block for ca  le and 
its eff ect on gas production.

Therefore, this research was conducted to analyse 
the eff ect of whole lerak fruit extract on protozoal and 
bacterial population, dry and organic ma  er digestibil-
ity, N-NH3 concentration and VFA profi le of beef ca  le 
rumen in vitro.

MATERIALS AND METHODS

Preparation of Whole Lerak Fruit Extract

Whole lerak fruits (including seed) bought from 
Central Java, Indonesia were dried in the oven at 60oC 
until 90% dry ma  er. After drying, the whole fruits 
were ground immediately. Lerak meal was soaked over-
night in methanol 100% (1 : 4, w/v). After the particles 
se  led, the extract was separated and the extraction was 
repeated with an equal volume of fresh methanol. The 
methanol fractions were then pooled and evaporated 
in a rotary evaporator.  The residual fraction was freeze 
dried and kept in airtight bags until further use.

Rumen Fluid and Experimental Design

Rumen fl uid for this experiment was collected just 
before morning feeding from a ruminally fi stulated beef 
ca  le (Ongole breed). The ca  le were fed a diet consist-
ing of native grass (50%) and commercial concentrate 
(50%) twice a day at 08.00 and 16.00 hours. The ca  le 
were kept in the individual animal house. The rumen 
fl uid was fi ltered through a double layer of cheesecloth 
for in vitro experiment.  The in vitro fermentation was 
conducted in the Microbiology Laboratory, Department 
of Nutrition and Feed Technology, Faculty of Animal 
Science, Bogor Agricultural University.

Substrate for in vitro rumen fermentation was a 
mixture of concentrate feed, dried milled native grass, 

and block feed (50:48:2 w/w/w). The concentrate mix 
(self mixing) comprised of soybean meal, coconut cake 
meal, cassava waste, wheat pollard, molasses, dical-
cium phosphate (DCP), NaCl and CaCO3. Native grass 
was harvested from the surrounding area of Bogor 
Agricultural University farm (Indonesia), dried in the 
oven and milled. The proximate analysis of concentrate 
and native grass are shown in Table 1.

The in vitro experiment was assigned in completely 
randomized block design consisting of 3 treatments and 
4 replications. A mixture of concentrate, grasses, and 
mineral block was used as substrate (50:48:2,w/w/w) 
with three levels of lerak extract as treatments i.e., 0, 
0.09, and 0.18% (w/w) from total ration.

In Vitro Fermentation (Tilley & Terry, 1963)
  
The substrate (500 mg) was put into a 100 ml fer-

mentation tube and added by 40 ml of McDougall buff er 
and 10 ml of rumen fl uid. The McDougal buff er, per 6 
liters containing NaHCO3 (58,8 g), Na2HPO4.7H2O (42 g), 
KCL (3,42 g), NaCl (2,82 g), MgSO4.7H2O (0,72 g), CaCl2 
(0,24 g) and H2O.  The mixture was stirred and fl ushed 
with O2-free carbon dioxide  and the tubes were then 
sealed with a rubber cork fi  ed with the gas release 
valve.  All fermentation tube were incubated  in a shaker 
waterbath at 39oC for 4 h for protozoa, bacteria, total 
volatile fa  y acids (VFA) and N-NH3 measurement and 
48 h for digestibility of dry ma  er and organic ma  er 
measurement with pepsin treatment. 

Protozoal and Bacterial Counts
  
At 4 h incubation, 1 ml aliquots was taken from each 

fermentation tube for analysis of protozoal and bacterial 
population. The contents of the fermentation tube were 
mixed properly and 1 ml of the sample was mixed with 
1 ml methyl green formal dehyde saline solution con-
taining 35% formaldehyde, distilled water, methylgreen 
and NaCl (Ogimoto & Imai, 1981). The stained sample 
was kept at room temperature and protozoal population 
were counted directly using Counting chamber (0,1 mm)  
with microscope (40x). Protozoal population calculated 
using formula:

 Protozoal population = 1 x 1000 x C x DF                   
                                          0,1 x 0,065 x 16 x 5
C  = protozoal number
DF = dilution factor (=2)
 

Nutrient Native grass
 (G)

Concentrate 
(C )

Mineral block
(B)

Total ration 
(C:G:B=50:48:2)

Ash 9.37 6.60 41.89 8.39

Crude protein 8.98 19.07 21.53 14.28

Ether extract 1.03 2.99 0.74 2.00

Crude fi ber 41.14 12.20 4.00 26.05

Table 1.  Proximate composition of native grass, concentrate, mineral block and total ration (% dry ma  er)
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To estimate the population of bacteria was deter-
mined using serial dilution method at 4 incubation. 
Rumen aliquots of 0.05 ml was added in the 4.95 ml 
dilution medium. Serial dilution were 10-2, 10-4, 10-6 and 
10-8 with brain heart infusion (BHI) medium (Gérard-
Champod et al., 2009). Total bacteria colony forming unit 
(CFU) were determined according to the formula:

Bacterial population = colony number
                           0,05 × 10x × 0,1
x = dilution factor 

Estimation of VFA and N-NH3 Concentration and in 
Vitro Degradability

Measurement of total VFA was done using steam 
distillation method (General Laboratory Procedures, 
1966) and N-NH3 concentration using micro diff usion 
method (Conway, 1962).  Molar proportion of VFA was 
analyzed by gas chromatography. To determine the 
in vitro dry ma  er and organic ma  er degradability 
(IVDMD and IVOMD), the content of the fermentation 
tube incubated during 48 h was transferred into a 
tube and centrifuged at 2,500 rpm for 20 min at room 
temperature. The supernatants were discarded and the 
residues were passed through a fi lter paper (Whatman 
no. 41). The residue of each fermentation tube was dried 
to the constant weight at 105 °C for 24 h to determine 
IVDMD.  Thus, the sample was ashed at 450-600 oC for 
6h to determine IVOMD (Tilley & Terry, 1963).

Statistical Analysis 

Statistical analysis of the data was carried out by 
one-way ANOVA (Steel & Torrie, 1995). 

RESULTS AND DISCUSSION

Protozoal and Bacterial Numbers

There were no signifi cant eff ects of lerak extracts 
supplementation on diff erent protozoal and bacte-
rial numbers in the in vitro fermentation test (Table 2). 
However, inclusion of lerak extracts up to level 0.18% 
in the mineral block only slightly reduced protozoal 
numbers, whereas bacterial numbers tended to increase.  
Whole lerak fruit (including seed) of methanol extracted 
have been found to contain high saponin up to 81.5 
(Suharti et al., 2009). The inhibitory eff ect of these extract 

on protozoa could be due to their saponin content. 
Decreased protozoal counts with supplementation of 
saponins rich extract (Kamra et al., 2000) or saponin rich 
forages (Ivan et al., 2004 or fruits (Hess et al., 2003) have 
been reported.  Saponins possibly bind with sterol of cell 
membrane of protozoa and change the permeability of 
cell membrane. 

Lerak extract inclusion stimulated bacterial 
population might be due to the reduction of protozoal 
population. Mue  el et al. (2003) reported that saponins 
from Sesbania pachycarpa leave also have defaunating 
eff ect and may have also contributed to the increased 
microbial effi  ciency due to a decrease in protozoal pre-
dation. Furthermore, Ozutsumi et al. (2006) also reported 
that there were higher numbers of plasmid copies of 
Prevotella ruminicola, Ruminococcus albus, Ruminococcus 
fl avefaciens, in the unfaunated than in the faunated ru-
mens. In contrast, Fibrobacter succinogenes was higher in 
the faunated than in the unfaunated rumens. Although it 
is well known that the absence of protozoa brings about 
an increase in the bacterial population, it was clarifi ed 
here that the absence of protozoa exerted diff erential 
eff ects on the populations of cellulolytic bacteria in ca  le 
rumen. 

Degradability, N-NH3 and VFA

In vitro degradability of dry ma  er (IVDMD) and 
organic ma  er (IVOMD) was not change by the addi-
tion of lerak extract (Table 3). Furthermore, there were 
suppression in degradability varied between 3% and 
4% compared to the control. It seems that lerak extract 
had some secondary metabolites which might have det-
rimental eff ect to the fermentation activity and reduced 
degradability of feed. Lila et al. (2003) also observed 
that sarsaponin reduced degradability in vitro of hay 
plus concentrate after 24 h of incubation. A depression 
in feed degradability by lerak extract could be due to 
phenolic compounds such as tannins and tannic acids. 
Tannins have been implicated for their inhibitory eff ect 
on feed digestion, microbial population and enzymes 
activity (McSweeney et al., 2001). Moreover, Hristov et 
al. (1999) reported that the extent of ruminal degradabil-
ity of dietary dry ma  er was not aff ected by saponins 
treatment, although the rate of degradation of insoluble 
dry ma  er was increased with sarsaponin. They also 
explained that a portion of the ruminally administered 
sarsaponin could pass out of the rumen with the liquid 
phase of ruminal contents and, upon reaching the intes-
tine, could aff ect the postruminal digestibility of nutri-
ents.  In a subsequent study, Wang et al. (2000) reported 
that steroidal saponins inhibited the ruminal cellulolytic 
bacteria (F. succinogenes, R. fl avefaciens, and R. albus) and 
fungi (Neocallimastix frontalis and Piromyces rhizinfl ata).  

Total VFA concentration tended to increase with 
lerak extract supplementation (Table 3). Molar propor-
tion of acetate tended to decrease but propionate and 
butyrate tended to increase, whereas the molar propor-
tion of valerate was unchanged. There was a decrease in 
acetate to propionate ratio due to addition of the lerak 
as compared to control.  Increase in propionate and de-
crease in acetate and consequently decreased in acetate 

Diet
Microbial population (Log CFU)

Protozoa Total bacteria*)

Control diet (C) 3.90±0.24 8.04

C + 0.09% lerak extract 3.88±0.45 9.21

C + 0.18% lerak extract 3.55±0.17 10.01

*) no replication.

Table 2. Protozoal and bacterial population of in vitro rumen 
fermentation supplemented by lerak (Sapindus rarak) 
extract at 4 h incubation
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and propionate ratio by lerak extract could be due to 
the presence of saponins and its inhibitory eff ect on 
protozoa, which is in agreement with previous studies 
(Wang et al., 2000; Lila et al., 2003). The reduced proto-
zoal numbers is sometimes associated with the increase 
in propionate and decrease in A:P ratio (Hess et al., 2003; 
Machmuller et al., 2003). A decrease in molar proportion 
of acetate and increase butyrate was consistent with the 
results of the in vivo study. Hristov et al. (1999) found the 
eff ect of sarsaponin on propionate concentration in the 
rumen was persistent over the course of sampling and 
was evident even before the daily dose of sarsaponin 
was introduced in the rumen.  

Concentration of ruminal N-NH3 did not change 
with the addition of lerak extract (Table 3). This result 
is in contrary with the previous report that showed a 
reduction in ruminal ammonia concentrations when 
saponin from Enterolobium cyclocarpum foliage fed to 
the sheep (Ivan et al., 2004). A major source of ruminal 
ammonia is proteolysis of bacterial protein, occurring 
as a result of ingestion of ruminal bacteria by protozoa. 
Although saponins have pronounced antiprotozoal 
activity, but inclusion of lerak extract up to 0.18% only 
slight reduced protozoal numbers and did not aff ect 
ruminal ammonia concentration. Saponins and saponin-
containing plants also improved protein fl ow from the 
rumen, but this appears to be mediated mainly by sup-
pressing ciliate protozoa (Wina et al., 2005c).

CONCLUSION

Addition of lerak extract up to 0.18% from total 
ration was  not yet eff ective to depress protozoal popu-
lation, but could modify fermentation characteristic in 
vitro.
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