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Abstract: The development of mini elephant grass is an alternative in providing forage 
because this grass is a superior type of grass. This paper informs about the morphological 
characteristics and their advantages as a source of feed and their processing to meet the 
needs of ruminant feed from mini elephant grass. Mini elephant grass (Pennisetum 
purpureum cv. Mott) is easily distinguished from elephant grass (P. purpureum) in terms 
of its morphology. Mini elephant grass has several advantages compared to elephant 
grass in terms of fast growth and regrowth, ratio of leaves to stems, protein content and 
high production of dry matter. This grass can be used in grazing and cut and carry 
systems. In addition, this grass can be given in the form of silage or dry (hay). Processing 
mini elephant grass through fermentation technology is recommended when production 
is abundant, so that it can be utilized during the dry season when forage availability is 
limited. The use of energy sources of 5% such as rice bran, cassava and sago pulp in odot 
grass silage results in a better quality of the chemical composition of odot grass silage 
and can increase KcBK, KcBO, VFA, and rumen fluid pH. While the use of rice bran as 
an energy source can increase the parameters of NH₃ fermentation. 
 
Keywords: Digestibility and Rumen Fluid Fermentation Parameters; Energy;  
Pennisetum Purpureum Cv. Mott 

  

Introduction  
 

Mini elephant grass (Pennisetum purpureum cv. 
Mott) is native to tropical Africa and is one of the most 
widespread evergreens in Brazil (Campos et al., 2019; 
Daher et al., 2002). Moreover, it is traditionally used for 
its high biomass production potential (da Cunha et al., 
2011) and provide high nutritional value for sheep feed 
(de Almeida Souza et al., 2021; da Silva et al., 2021). 
There are several genotypes of elephant grass available 
in Brazil, some of which are high (Elephant B and IRI-
381) and short (Taiwan A-146 2.37 and Mott) (de Souza 
et al., 2017; P. H. F. da Silva et al., 2021). According to 
Lemos et al. (2021), Silage produced with short 
genotypes has a higher nutritional value, compared to 
tall ones. 

In Indonesia, pygmy elephant grass and goats are 
very popular because the leaves are soft without 

trichomes, and they adapt well to the soil. Dwarf 
elephant grass has many benefits such as high 
productivity, 10-15% protein, low crude fiber, soft 
textured leaves and stems, and the percentage of leaves 
(76%) (Tudsri et al., 2002; Urribarrí et al., 2005). Dwarf 
elephant grass contains 13.55% dry matter, 14.45% ash, 
13.94% crude protein and 71.43% digestibility (Sarwanto 
et al., 2019). The development of mini elephant grass is 
an alternative in providing forage, because this grass is 
a superior type of grass (Negawo et al., 2017). High 
production accompanied by a high leaf-stem ratio makes 
this grass suitable for processing into silage, especially 
when forage production is abundant so as to extend its 
shelf life. Provision of mini elephant grass in a fresh state 
for ruminants is quite practical because with its mini size 
it can be directly given to livestock without being 
chopped first (Ajayi, 2011; Gao et al., 2022). 

https://doi.org/10.29303/jppipa.v9i9.4988
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Mini elephant grass has good palatability and 
nutritional value so it is very promising as a source of 
sustainable forage for ruminants. Mini elephant grass is 
still preferred by livestock when given fresh or dry form 
in the form of hay (Morais et al., 2007; Negawo et al., 
2017). Seen from the aspect of production and crude 
protein content, mini elephant grass is superior to 
Brachiaria decumbens, Brachiaria ruziziensis and 
Paspalum notatum, while from the palatability and 
digestibility side of mini elephant grass it is comparable 
to B. ruziziensis grass and still superior to B. grass. 
decumbens and P. notatum (Sirait, 2018). 

Forage is the main source of feed for ruminants. 
Ruminants require a ration of 60-70% forage in fresh or 
dry form. Various efforts to increase livestock 
production in order to meet the needs of animal protein 
sources will be very difficult to achieve if the availability 
of forage is not proportional to the needs and the existing 
livestock population (Riswandi, 2014; Mbambalala et al., 
2023). The availability of forage is strongly influenced by 
the season. During the dry season, the availability of 
forage is not able to meet the needs of livestock, but on 
the contrary, during the rainy season, forage is 
abundant, so it is necessary to preserve it into silage 
(Sofyan et al., 2017; Wróbel et al., 2023). 

Silage is a fermented forage product, a by-product 
of agriculture and agro-industry with a high water 
content which is preserved by using acids, either 
intentionally added or naturally produced during 
storage under anaerobic conditions (Kung et al., 2018). 
One of the efforts to maintain the quality of tropical 
forage silage is the use of inoculum, rice bran and lactic 
acid bacteria (LAB) during ensilage which can stimulate 
fermentation (Astutik et al., 2019). The basic principle of 
making silage is forage fermentation by microbes which 
produce a lot of lactic acid (Ávila & Carvalho, 2020; Han 
et al., 2022). 

The strategy needed to achieve maximum forage 
production at the desired level, it is necessary to make 
efforts to improve the nutrients contained in the soil 
through the use of fertilizers for soil fertility, it is 
estimated that 60% of agricultural land has nutrient 
deficiencies (Cakmak, 2002), therefore the nitrogen 
content in urea fertilizer is a nutrient that is used in large 
quantities for forage crops. Fertilization residues from 
previous crops can also last for a long time and can be 
used efficiently for regrowth of odot grass. 
 

Method  
 

The materials used in this study were odot grass 
(Pennisetum purpureum cv. Mott) from the UNPATTI 
animal husbandry department and several energy 
source feed ingredients such as sago dregs (Sago Ihur) 
from Tulehu village, onggok (White Cassava) from 

Liliboi village and rice bran (Padi Magongga) from 
Kelapa Dua village. Proximate analysis and nutritional 
quality of silage were carried out at the Laboratory of 
Nutrition and Animal Feed and analysis of dry matter 
digestibility, organic matter digestibility and rumen 
fermentation parameters (VFA, NH₃ and pH) was 
carried out at the IPB Dairy Livestock Nutrition 
Laboratory, Bogor Agricultural University.  

The equipment used in this study were machetes, 3 
kg PE plastic, tarpaulin, digital scales, thermometer, pH 
meter, vacuum pump, raffia rope, label paper, large 
baking sheet, camera and silage sampling (1 kg clear 
plastic, grinding machine, large baking sheet, label 
paper, stationery). In Vitro analysis equipment such as 
balances, centrifuges, fermenter tubes, porcelain cups, 
Conway cups, Erlenmeyer flasks, 105⁰C electric ovens, 
600⁰C electric furnaces, water shaker baths, CO₂ gas 
cylinders, vacuum pumps, distillation apparatus, 
Whatman No. filter paper. 41, and tools for titration, pH 
meter. 
This study was designed using a completely 
randomized design (CRD) consisting of 4 treatments and 
5 replications. That is: 

P1 : Odot grass (Without Energy Source Feed 
Ingredients) 

P2 : Odot grass 95% + sago dregs 5% 
P3 : Mutton grass 95% + hemp 5% 
P4 : Mutton grass 95% + rice bran 5% 

In Vitro analysis using McDougall solution, fresh 
rumen fluid, pepsin HCl 0.2% solution, aquadest, 
saturated HgCl2 solution, saturated NaCO3 solution, 
0.005 N H2SO4 solution, boric acid indicator, 0.5 N HCl 
solution, 15% H2SO4 solution, 0.5N NaOH solution , PP 
indicator solution ( Phenol Phtalein 0.1% ). 

The research variables were crude fiber, crude 
protein, crude fat, and dry matter (BK), silage pH, dry 
matter digestibility (KcBK), organic matter digestibility 
(KcBO) and rumen fermentation parameters namely 
VFA, NH3 and rumen pH. Data were processed by 
analysis of variance (Anova) based on a Randomized 
Block Design (RBD) with 4 treatments and 5 replications. 
If there is a treatment effect, a further test will be carried 
out with the honest significant difference test (BNJ) 
according to Gazpersz's instructions (1991). The 
mathematical model is as follows (Formula 1): 
 
Yij = µ + τi + βj + εij                                                        (1) 
 
Information: 

Yij : observed value of the i-th treatment and the 
j-th group 

µ : general average 
τi : effect of the i-th treatment 
βj : effect of the jth group 
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εij : effect of error in the ith treatment and the jth 
group 

 

Result and Discussion 
 
Nutrient Content of Silage 

The results of the analysis of the nutritional content 
of odot grass silage with the addition of several energy 

sources can be seen in Table 1 below and the changes of 
dry matter, crude fat, crude protein, crude fiber and pH 
in odot grass silage with the addition of several energy 
sources are shown in Figure 1. Table 1. Analysis of the 
nutritional content of odot grass silage with the addition 
of several energy sources.

 
Table 1. Analysis of the Nutritional Content of Odot Grass Silage adding several energy sources. 
Treatment BK 

(%) 
Crude fat* 

(%) 
Crude protein* 

(%) 
Crude fiber* 

(%) 
pH 
(%) 

P1 23.15c _ 1.217b _ 6.192 a 24,566 a 4,6 a 
P2 25.25 ab 1.013b _ 4,509c _ 22,001b _ 4,2 a 
P3 24.57 b 1.171b _ 4,156c _ 23.187 ab 3,9a _ 
P4 25.06a _ 1,880a _ 5,533b _ 24.122 ab 4,1 a 

*) Results of ITB nutrition and fodder laboratory analysis for 2021. 

 
This study shows that the silage treatment of odot 

grass with the addition of sago pulp had a high DM of 
25.25% when compared to other treatments. The high 
content of dry matter in odot grass silage with the 
addition of sago pulp is due to the addition of dry matter 
in the material. The low content of dry matter in 
treatment P1 (control) without additional energy 
sources was due to the low content of energy sources for 
lactic acid bacteria, causing the aerobic phase to last a 
long time, resulting in heat, CO2, and H2O. The source 
of energy used by microbes only comes from forage. 
Microbes will break down the components of food 
ingredients from forages, causing the dry matter content 
to be low.  

Cassava flour has the lowest dry matter for the 
three agricultural wastes used as an energy source in 
making odot grass silage (P3). This is because cassava 
flour contains dissolved carbohydrates which can 
increase fermentation resulting in low dry matter. The 
more sources of soluble carbohydrates, the lower the dry 
matter content of the silage. 

The high content of crude fat in odot grass silage 
with the addition of rice bran is due to the ensilage 
process. The low reduction in crude fat content was 
found in the silage treatment of odot grass with the 
addition of sago pulp due to microbial activity which 
degrades glycerol and fatty acids as a source of energy 
resulting in a decrease in crude fat (Yılmaz Tuncel, 
2023).\When compared to other treatments, the high 
protein content in P1 (control) without the addition of an 
energy source was due to some protein from plants 
being degraded by protease enzymes originating from 
the plants themselves and by microbes during the 
ensilage. Table 1 above shows that the crude protein 
content in the silage treatment of odot grass with the 
addition of sago pulp was lower than the treatment of 

odot grass with cassava and the treatment of odot grass 
with the addition of rice bran. In silage given an 
additional energy source, this is due to the low supply 
of nutrients for lactic acid bacteria resulting in slow 
anaerobic conditions being reached and causing the 
growth of clostrides which can degrade proteins into 
NH3, H2O and CO2. In addition, the decrease in crude 
protein content is also suspected by a reduction of 
microbial activity due to a decrease in the amount of 
nutrients available for microbial growth and 
proliferation. 

Of the three agricultural wastes used as an energy 
source in making odot grass silage, the one with a high 
crude protein content was the odot grass silage 
treatment with the addition of rice bran. The high crude 
protein content of odot grass with the addition of rice 
bran is due to the presence of additional protein-
containing microorganisms and substrates in rice straw 
silage. In addition, during the fermentation process, 
lignocellulosic silage and lignohemicellulose will stretch 
so that the protein bound to lignin is released 
(Kucharska et al., 2018; Manyi-Loh & Lues, 2023). 

The high crude fiber content in odot grass silage is 
due to the P1 (control) treatment without additional 
energy sources, thus there will be an increase in the 
mushroom population due to the low availability of 
energy sources for lactic acid (LAB) so that the 
fermentation process in the silage does not run 
optimally. An increase in protozoa or fungi can cause the 
increase in crude fiber because the heat in the silage 
increases. Chitin in protozoa or fungi is included in the 
crude fiber group on proximate analysis. In addition, the 
high crude fiber is due to the high pH value of silage. At 
a high pH will cause microbes that are not resistant to 
high pH will die so that it will cause low degradation of 
crude fiber. 
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Figure 1. The changes in dry matter, crude fat, crude protein, crude fiber and pH in odot grass silage with the addition of 

several energy sources 

 
The low content of crude fiber in odot grass silage 

with the addition of sago pulp is caused by cellulotic 
microbial activity during fermentation. Crude fiber in 
silage is a source of reserve sugar which will be used 
when the easy-to-use carbohydrate source has run out. 
Fiber contains cellulose, lignin and other 
polysaccharides. This compound has a complex bond 
that is very difficult to break down by microorganisms 
so microorganisms cannot use crude fiber at the 
beginning of the fermentation process. 

The decrease in crude fiber during the fermentation 
process in silage is due to the decomposition carried out 
by microbes during the fermentation process. Microbes 
that synergize with each other accelerate the loosening 
of lignocellulosic bonds due to increased activity of 
enzymes produced during the fermentation process. 

Of the three agricultural wastes used as an energy 
source in making odot grass silage, the one with the 
highest crude fiber content was the treatment of odot 
grass with the addition of rice bran. This is because rice 
bran contains a crude fiber value of 11.62%. This has 
implications for increasing the crude fiber content in 
silage. This is reinforced by Anjum et al. (2007) who 
states that the crude fiber content in rice bran ranges 
from 6% -30%. In addition, Fahey et al., (2019) stated that 
the increase in crude fiber was caused by the content of 
NDF and ADF which are components of crude fiber. 

The high pH value in the P1 (control) treatment 
without additional energy sources was influenced by the 
dissolved carbohydrate content in the feed ingredients 
used by lactic acid bacteria to produce organic acids and 
the protein content which affected the silage capacity. 
This can happen because odot grass is a feed ingredient 

with a protein source that contains high nitrogen 
elements, which will be used as a source of ammonia 
that can affect the silage's pH value. 

In addition to P1 (control) without the addition of 
an energy source, it has the highest pH (acidity) value, 
but if it is related to the physical appearance of silage, 
judging from the texture, there is fungus on the surface 
of the silage. This is because the microbes are not able to 
develop properly so that the microbial activity goes well 
during the fermentation process (Yafetto, 2022). 

At the beginning of the ensilage process, respiration 
occurs momentarily by plant cells after the material is 
put into the silos, namely by utilizing the remaining 
oxygen (O2) in the silos until the oxygen runs out. With 
the end of respiration activity, lactic acid bacteria begin 
to develop by utilizing easily soluble carbohydrates 
found in P3, namely odot grass with the addition of 
cassava to produce lactic acid which will suppress the 
growth of spoilage bacteria and help lower pH so as to 
create acidic conditions. The addition of cassava flour 
lowers the average pH of odot grass. This shows that the 
addition of cassava flour in the ensiling process of odot 
grass can provide proper conditions for developing 
lactic acid-forming bacteria so that the pH decreases 
quickly. Carbohydrates can accelerate the decrease in 
silage pH because carbohydrates are energy for lactic 
acid-forming bacteria. 

In addition, the magnitude of this pH value is 
influenced by the dissolved carbohydrate content (WSC) 
in the feed ingredients used by lactic acid bacteria to 
produce organic acids and is influenced by the protein 
content which affects the silage capacity. This microbial 
activity will also produce lactic acid to lower the 

Dry Matter Crude Fat Crude Protein Crude Fiber pH

P1 23.15 1.217 6.192 24.566 4.6

P2 25.25 1.013 4.509 22.001 4.2

P3 24.57 1.171 4.156 23.187 3.9

P4 25.06 1.88 5.533 24.122 4.1
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fermented straw's pH level during the curing process. 
The low pH level will cause the microbial that can't stand 
the low pH to die so that only the remaining microbial 
can survive at the fermentation pH (low pH). 

 
Digestibility of Dry Matter (KcBK), Organic Matter (KcBO), 
Volatile Fatty Acids (VFA), NH₃ Concentration, and Ph 
Rumen 

Dry matter digestibility (KcBK) is a measure of 
digestibility to determine the amount of feed nutrients 
absorbed in the gastrointestinal tract by releasing 
nutrients so that they can be absorbed and excreted in 
the feces. Measurement of dry matter and organic matter 
digestibility, VFA, NH3 and pH rumen in each treatment 
can be seen in Figure 2. Dry matter digestibility (KcBK) 
is a measure of digestibility to determine the amount of 
feed nutrients absorbed in the gastrointestinal tract by 
releasing nutrients so that they can be absorbed and 
excreted in the feces.  

The results of the analysis of variance showed that 
between the treatments there was a very significant 
difference in the digestibility of the dry matter (P<0.01). 
The BNJ test results showed that the P1 treatment was 
very significantly different from the treatment P2, P3 
and P4 (P<0.01). This is presumably because the crude 
fiber bonds that form complex compounds in the feed 
are stretched into simpler compounds due to the feed 
fermentation process. Loosened crude fiber bonds result 
in increased microbial degradation/reshuffle activity in 
the rumen, resulting in increased dry matter 
digestibility. 

The results of the BNJ test showed that treatment P1 
was significantly different from treatments P2, P3 and P4 
(P<0.01), P2 was not significantly different from 
treatment P3, but was highly different from treatments 
P1 and P4 (P<0.01), and likewise the P3 treatment was 
not significantly different from the P2 treatment, but 
very significantly different from the P1 and P4 
treatments (P<0.01). 

The highest organic matter digestibility in this 
study was found in the P3 treatment, i.e. in odot grass 
silage plus cassava 5% (figure 2). The advantage of 
cassava is that it is rich in soluble carbohydrates, namely 
BETN. The high digestibility of organic matter was due 
to the high BETN (31.646%) in the feed compared to 
treatments P1, P2 and P4 (Table 2). BETN is a group of 

easily soluble carbohydrates. Carbohydrates in the 
rumen will undergo degradation into simple sugars. 
Simple sugars then undergo the process of glycolysis 
into pyruvic acid through anaerobic oxidation of glucose 
. 

Based on the results of analysis of variance, it was 
shown that the treatments were significantly different 
from ammonia production (P<0.01). The BNJ test results 
showed that the P1 treatment was not significantly 
different from the P2 and P4 treatments, but very 
significantly different from the P3 treatment (P<0.01), 
the P2 treatment was not significantly different from the 
P1 and P3 treatments, but very significantly different 
from the P4 treatment ( P<0.01), and treatment P3 was 
not significantly different from treatment P2, but very 
significantly different from treatment P1 and P4 
(P<0.01). 

The highest concentration of NH₃ in this study was 
in the P4 treatment, i.e. in odot grass silage plus 5% rice 
bran (Figure 4). The high concentration of NH₃ was due 
to the high protein silage content of 5.533% compared to 
treatments P2 and P3, but almost the same as treatment 
P1 (Table 2). The advantage of rice bran is that it has a 
fairly high nutritional content such as crude protein 
ranging from 12-14%, crude fiber 8-13%. Where the 
protein content in feed will affect the concentration of 
NH₃. This is because ammonia in the rumen comes from 
protein degradation in feed and is degraded by rumen 
microbes into proteolytic activity (breakdown of protein 
into organic acids, ammonia and CO₂). 

The results of the analysis of variance showed that 
the treatments were significantly different from the 
rumen fluid pH (P<0.01). The results of the BNJ test 
showed that the P1 treatment was very significantly 
different from the P2, P3 and P4 treatments (P<0.01), the 
P2 treatment was not significantly different from the P3 
treatment, but very significantly different from the P1 
and P4 treatments (P<0.01) and likewise treatment P3 
was not significantly different from treatment P2, but 
significantly different from treatment P1 and P4 
(P<0.01). 

The highest rumen fluid pH in this study was in 
treatment P1, i.e. odot grass silage without an energy 
source. The high pH is due to the high crude fiber 
content in the feed, which is 24.566% (Table 2). 

 
Table 2. Analysis of the Nutritional Content of Odot Grass Silage with Different Energy Sources (%). 
Treatment Water* Ash * Crude Fat* Crude protein* Crude fiber* BETN** 

P1 23.15 16.331 1.217 6.192 24,566 28.544 
P2 25.06 16.101 1.013 4.509 22.001 31.316 
P3 24.58 15.260 1.171 4.156 23.187 31.646 
P4 24.25 15.570 1.880 5.533 24.122 28.645 

*) Results of laboratory analysis nutrition and Animal Feed IP B in 2021. 
**) Calculation results according to AOAC, (1990).
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Table 3. Average Digestibility of Dry Matter and 
Organic Matter in Odot Grass Silage with Different 
Energy Sources 
Treatment KcBK (%) KcBO (%) 

P1 49,141ᵈ 49,560ᶜ 
P2 55,151ᵇ 56,086ᵃ 
P3 56,892ᵃ 57,946ᵃ 
P4 51.605ᶜ 51,905ᵇ 

ᶜ‚ᵈ Different supers of scripts in the same column show a very 
significant difference (P<0.01). Note: P1: odot grass without 
feed as an energy source; P2: odot grass + 5% Sago Dregs; P3: 
odot grass + 5% pile; P4: odot grass + 5% rice bran. 

 
Table 4. Average concentrations of Odot Grass Silage 
Fermentation Parameters with Different Energy 
Sources. 
Treatment VGA(mM) NH₃ (mM) pH 

P1 108,208ᵇ 7,215ᵃᵇ 7,201ᵃ 
P2 115,595ᵃᵇ 6,347ᵇᶜ 6,965ᶜ 
P3 127,396ᵃ 5,972ᶜ 6,894ᶜ 
P4 98,687ᵇ 7,854ᵃ 7,075ᵇ 

ᵇ‚ᶜ Different script supers in the same column showed a very 
significant difference (P<0.01) . Note: P1: odot grass without 
feed as an energy source; P2: odot grass + 5% Sago Dregs; P3: 
odot grass + 5% pile; P4: odot grass + 5% rice bran. 

 
Conclusion  

 
The use of energy sources of 5% such as rice bran, 

cassava and sago pulp in odot grass silage results in a 
better quality of the chemical composition of odot grass 
silage and can increase KcBK, KcBO, VFA, and rumen 
fluid pH. While the use of rice bran as an energy source 
can increase the parameters of NH₃ fermentation. 
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