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The past year has been one of signi�cant tumult and dif�culty, on all levels of society. Science has not
been immune, with research suffering from measures to contain the coronavirus pandemic, and the

focus of scientists shifting towards more pressing matters. These events have shown that, in uncertain
times, forward progress is more important than ever.
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ABSTRACT Agricultural wastes are very diverse in type and have low nutrient values, especially in lignin
and cellulose, which are difficult to digest. One way of overcoming this problem is by biological treat-
ment using microorganisms, also known as silage. The availability of bio-activators that are both cost-
efficient and easy to make further suggests that using local microorganisms may be an effective pos-
sible solution. This study focused on processing food crop waste (corn leaves) into silage using local
microorganisms as the bio-activators. Research took place in the Agrotechnology Laboratory, Univer-
sity of Jember. The experimental design was completely randomized with four treatments: Treatment
1 (rumen), Treatment 2 (rumen + banana humps), Treatment 3 (rumen + petung bamboo shoots), and
Treatment 4 (rumen + gamal leaves). The parameters tested were local microorganism quality (pH, to-
tal microbial, and organoleptic) and silage quality (nutrient composition, pH, and organoleptic). After
three weeks, the organoleptic local microorganism test results in all treatments showed clear colors,
an acidic aroma, small number of fungi, and normal pH (3–5). In terms of silage quality, the resulting
local microorganisms could be used as a bio-activator in the silage fermentation process, with the
maturity level indicated by a color change (green to brownish green), sweet and acidic aroma, softer
tape and texture, and pH of 4–6. The proximate test results of this silage feed showed better nutrient
content in the addition of formulations in the manufacture of local microorganisms. Petung bamboo
shoots, gamal leaves, and banana humps can increase the nutrient content, mainly the protein. We
therefore conclude that local microorganisms from the rumen and local materials can be used as acti-
vator materials in making silage from corn leaves with an increase in the value of waste nutrients.

© The Author(s) 2020. This article is distributed under a Creative Commons Attribution-ShareAlike 4.0 International license.

1. INTRODUCTION

The availability of ruminant feed in the dry season is very
limited, so it is necessary to process and preserve forage
with abundant availability during the rainy season. Agricul-
tural waste is one of the potentially abundant feedstuffs
available during the harvest season, so preservation ef-
forts are needed to extend storage capacity and increase
digestibility. One thing that can be done to overcome
this problem is biological treatment using microorganisms
known as silage as a bio-activator (Bestari et al. 2000; Thalib
et al. 2000; Haryanto et al. 2004). Silage is made in an
anaerobic atmosphere with the growth of microorganisms
that can lower pH, making it acidic. Silage usually requires
several types of microorganisms that are mixed into the
feed composition to be fermented. The example microor-
ganisms are Lactobacillus sp., Saccaromyces cereviceae, As-
pergillus oryzae, starbio, Em4, Probion, and so on.

This study focuses on processing food crop wastes,
namely corn leaves, into silage as an animal feed with local
microorganisms as the bio-activators on silage processing,
which has been an important source of ruminant diets. The
local microorganisms used were those that can be made
from local materials that are themselves easily obtained in

the environment (Han-kyu 2010; Sutari 2010). These mi-
croorganisms were isolated from various materials such as
human food, soil, and the digestive tract of livestock.

The availability of bio-activators that are cheap and
easy to manufacture and have good microorganism activ-
ity in remodeling agricultural waste, must also be consid-
ered. The quality and stability of silage can be enhanced
via the application of microbial additives (Bernardes et al.
2018; Chen et al. 2020). One of the easy and inexpensive
sources of microorganisms to use in producing local mi-
croorganisms is the contents of the rumen (Purwasasmita
and Kabelan 2009). Other ingredients that can potentially
be used to make local microorganisms are banana humps,
bamboo shoots, and gamal leaves. Local microorganisms
made from organic waste contain microbes and chemical
properties such as pH that affect the growth of the mi-
crobes (Suhastyo et al. 2013). Based on this potential, basic
research is needed to determine its potential and its use
in producing quality silage. The use of microorganisms in
the field, either in the form of bio-activators or as fermen-
tation products for agricultural wastes, must be carried out
optimally so that the availability of feed can continue to be
guaranteed throughout the year and enable the creation of
a cleaner environment free of contamination.
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2. MATERIALS AND METHODS

2.1 Materials
The tools used inmaking local microorganismswere plastic
jars, plastic hoses, plastic bottles, and plasticine. The ma-
terials used were rumen from a slaughterhouse, molasses,
banana humps, Dendrocalamus asper (petung or giant bam-
boo) shoots, Gliricidia sepium (gamal) leaves, rice washing
water, and coconut water. The proliferation of local mi-
croorganismswas carried out bymaking formulations from
several materials according to treatment (Table 1). Mak-
ing the local microorganisms was carried out by mixing all
of the components of the material for 21 days in a plastic
bucket and then they were anaerobically conditioned.

The equipment used in this local microorganism test
comprised sample bottles, Petri dishes, measuring cups, Er-
lenmeyer flasks, autoclave, magnetic stirrers, incubators,
ovens, rulers, microscopes, glass objects, and cover glass,
digital scales, test tubes, and tube racks, pipette drops, stir-
ring rods, aluminum foil, Laminar Air Flow (LAF), refrigera-
tors, bunsen burners, ose, pH meters, stationery, and digi-
tal cameras. The material used was a sample of each local
microorganism formulation, distilled water, luria berthani
medium (LB), 96% alcohol, immersion oil, spirits, and tissue.
Finally, the material used for making silage encompassed
corn leaves which had been chopped with a size of 5–10 cm
using a chopper, molasses, rice bran, and local microorgan-
isms that had been made beforehand (Table 2).

2.2 Silage preparation and observation
The local microorganism sample was measured based on
pH using a pH meter and then grown in the LB media, and
we then looked at the total of the microorganisms con-
tained in it. The chemical tests carried out comprised the
analysis of the N, P, K, and C/N ratio. Organoleptic physi-
cal testingwas also carried out on the localmicroorganisms
every week, namely on color, aroma, and texture.

Measuring N levels was done by taking 0.25 ml of lo-
cal microorganism and putting it into a Kjeldahl flask, along
with 2.5 ml sulfuric acid and 0.25 g selenium catalyst. The
solution was digested until it clarified, and then added to a
storage solution prepared in a 125 ml Erlenmeyer flask con-

TABLE 1. Formulation of local microorganism as the treatment.

Ingredients Treatment

1 2 3 4

Rumen 500 g 500 g 500 g 500 g
Banana humps - 1000 g - -
Petung bamboo shoots - - 1000 g -
Gamal leaves - - - 1000 g
Molasses 0.1 l 0.1 l 0.1 l 0.1 l
Coconut water 1 l 1 l 1 l 1 l
Rice washing water 1 l 1 l 1 l 1 l

sisting of a 4% H3BO3 solution and two or three drops of
BCGMR (BromCresol Green andMethyl Red), then distilled.
The distillation process was stopped if more bubbles were
coming out of the storage solution. The distillation results
were titrated with 0.01 N HCl.

Phosphorus levels (P2O5) were measured by mixing 2
ml of local microorganismwith 10ml of 25%HCl and stored
for ±24 hours. Subsequently, 2 ml of the mixture of the liq-
uid and added with 18 ml of distilled water. The diluted so-
lution was added to 0.5 ml of NH4 molybdate and 2–3 drops
of SnCl2, then measured using a spectrophotometer with a
wavelength of 693 mm. The measurement results obtained
were compared with the standard curve.

The level of potassium (K) was measured by adding 1 ml
of local microorganism with 25 ml of 25% HCl for decon-
struction. A mixture of 65% HNO3 and HClO4 with a ratio
of 2:1 and then re-construction was carried out by adding
10 ml of 37% HCl until the sample was white. The results of
the destruction were diluted to 250ml; 5 ml was then piped
and diluted to 10 ml. Then it was measured using an atomic
absorption spectrophotometer.

The stages of silage making were carried out with the
main raw material of corn leaves using local microorgan-
isms which has been made by adding an energy substrate,
molasses. Silage fermentation was carried out anaerobi-
cally in a clear plastic bag to facilitate organoleptic physical
testing. Tomake silage, all ingredients mixed on a tarpaulin
were then inserted into a clear plastic silo. The process of
inserting the material into the silo was gentle and slowly,
followedby pressing until it felt solid and therewas nomore
air in the plastic silo. The fermentation process was carried
out for four weeks.

Silage observation was carried out after one week,
three weeks, and five weeks of fermentation, and the ob-
served parameters were: the proximate test of nutrient
quality including crude protein crude fiber, crude fat, dry
material, ash, and nitrogen free extract. The physical char-
acteristics of silage were evaluated by describing its physi-
cal properties, including aroma, color, texture, and calcu-
lating the percentage of fungi by three trained panelists.
The pH measurements were carried out using a pH meter
on newly opened silage, from which 10 g was taken and
mixed with 100 mL distilled water using a blender aid at
high speed for 30 s.

2.3 Statistical analyses
The design usedwas a completely randomized design. Data
were processed by analysis of variance (ANOVA) using SPSS
software, followed by Duncan multiple range tests.

3. RESULTS
Every week, organoleptic physical tests (color, aroma, and
number of fungi) and the pH were measured, the results of
the former of which are shown in Table 3. The organoleptic
physical test results showed that the local microorganism
that had been made showed signs of success with rather

TABLE 2. Treatment of silage formulation from different local microorganisms.

Ingredients Treatment 1 Treatment 2 Treatment 3 Treatment 4

Corn leaves 500 g 500 g 500 g 500 g
Molasses 0.1 l 0.1 l 0.1 l 0.1 l
Local microorganism (MOL) 0.01 l from MOL (rumen) 0.01 l from MOL (rumen +

banana humps)
0.01 l from MOL (rumen +
petung bamboo shoots)

0.01 l from MOL (rumen +
gamal leaves)
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TABLE 3. Organoleptic test results of local microorganisms, weeks 1–3.

Treatment type Treatment 1 Treatment 2 Treatment 3 Treatment 4

Week 1 Week 2 Week 3 Week 1 Week 2 Week 3 Week 1 Week 2 Week 3 Week 1 Week 2 Week 3

Color ++ + + +++ ++ + +++ ++ + +++ ++ +
Aroma + ++ ++ + ++ ++ + ++ ++ + ++ ++
Number of fungi + + + + + ++ + ++ ++ + + ++

Color: + = clear, ++ = rather muddy, +++ muddy; aroma: + = rather acidic, ++ = acidic, +++ = very acidic; number of fungi: + = very small, ++ = small, +++ =
rather big, ++++ = bigger, +++++ = biggest.

clear colors, the sour aroma of fermentation, and the num-
ber of fungi that appeared slightly in all treatments.

The results of the pH measurements are presented in
Figure 1. The degree of acidity (pH) of the local microorgan-
isms indicated that bacteria that grew on the media were
acidic bacteria, such as lactic acid bacteria and Lactobacil-
lus. The normal pH content of the MOL was 3–5.

The chemical test on local microorganisms that was
carried out comprised the measurement of NPK and C/N
ratio and the measurement of the number of microorgan-
isms, namely Lactobacillus bacteria, with the results pre-
sented in Figure 2 for total N and P2O5, Figure 3 for K2O,
C-Organic and C/N ratio, and Figure 4 for the number of
Lactobacillus.

At 1, 2, and 3 weeks of treatment, organoleptic physical
tests were performed on the silage, encompassing color,
aroma, texture, and number of fungi (Table 4). These re-
sults showed that silage had been successfully made at
week 3, and already had textures that could be consumed
by livestock properly.

Silage pHmeasurement was carried out at three weeks.
The selection of the 3rd week as the initial pH calculation
was due to the optimization of the silage fermentation pro-
cess; i.e., after week 3 under anaerobic conditions. The re-

FIGURE 1. Results of local microorganisms’ pH at 2, 3, and 4 weeks old.

FIGURE 2. Total N and P in local microorganisms.

sults of the silage pHmeasurements are presented in Figure
5. The degree of normal cells’ acidity was 4–6. The silage
results showed that silage made until the third week was in
a normal condition.

The proximate test of feed was carried out in the Bio-
science Laboratory of State Polytechnic of Jember. The
proximate test results revealed that the fermentation treat-
ment using local microorganisms can increase the forage
protein content. The proximate test results of corn leaf
silage can be seen in Figure 6.

4. DISCUSSION
Factors that determine the quality of the MOL solution are
the fermentation media, the level of raw materials or sub-
strate, the shape and nature of the microorganism that are
active in the fermentation process, pH, temperature, dura-
tion of fermentation, and C/N ratio in the material (Bester-
field 2003). Our results showed that the pH level of the local
microorganismswas still in a normal condition until the 3rd
week. At the 5th week, the pH content of Treatment 1 and
Treatment 4 began to become abnormal, indicating that the
content of lactic acid bacteria contained in the MOL began
to decline with time.

FIGURE 3. Total K2O, C-Organic, and C/N ratio in local microorganisms.

FIGURE 4. Number of Lactobacillus in local microorganisms.
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TABLE 4. Organoleptic physical test results after 1, 2, and 3 weeks of treatment.

Treatment type Treatment 1 Treatment 2 Treatment 3 Treatment 4

Week 1

Fungi + ++ ++ ++
Smell Rather acidic Acidic Rather acidic Rather acidic
Color Browny green Browny green Browny green Browny green

Week 2

Fungi ++ ++ +++ ++
Smell Acidic Acidic Acidic Acidic
Color Brown Brown Brown Brown

Week 3

Fungi ++ +++ +++ +++
Smell Acidic Acidic Acidic Acidic
Color Brown Brown Brown Brown

Fungi: + = very small, ++ = small, +++ = rather big, ++++ = bigger, +++++ = biggest.

These microorganisms produce cellulase enzymes that
are able to hydrolyze cellulose into oligosaccharides and
eventually become glucose, which functions as a source
of carbon and nutrients for plant growth. Cellulolytic mi-
croorganisms have the ability to grow on cellulose and can
decompose cellulose in response to cellulose in their en-
vironment by producing cellulase enzymes. The cellulase
enzyme is able to hydrolyze cellulose into dissolved sugar
which is then used as a source of carbon and nutrients for
plants. The activity of cellulolytic microorganisms is gener-
ally influenced by the availability of nitrogen, temperature,
aeration, humidity, pH, and the presence of carbohydrates.
At a low pH, the fungus plays an active role in overhauling
cellulose and the process is relatively faster at a pH range
around 5 (Lynd et al. 2002).

The treatment that resulted in the lowest pH content
(most acidic), namely Treatment 3, was that with the addi-
tion of petung bamboo shoots to the local microorganism
formula, and the treatment with a pH closest to normal was
that in Treatment 4, which was the addition of gamal leaves.
The lowpHcontentwas influenced by themicrobial activity
contained in it. Based on the research of of banana humps
Suhastyo et al. (2013), the MOL pH tended to be stable at an
average of 4–4.5 in the first to third weeks. The pH value
of the rumen MOL in composting, meanwhile, also showed
some stability from the first to the fourthweeks, with an op-
timal value of 5.5–8.0 and 5.38, according to Firdaus et al.
(2014) and Budiyani et al. (2016), respectively.

FIGURE 5. Average pH of silage after fermentation.

Ruminants’ rumen fluid contains bacteria, protozoa,
and fungi (Oktavia et al. 2012). The concentration of bac-
teria ranges from 109 per cc of rumen content, while proto-
zoa ranges 105–106 per cc of rumen content (Tillman et al.
1991). Rumen microorganisms are able to utilize carbohy-
drate fibers because they contain cellulolytic microorgan-
isms, such as Butyrivibrio, Ruminococcus, and Piromonas
communis. In addition, there are also amylolytic bacteria
that can break down starch, namely Clostridium locheidii;
proteolytic bacteria, namely Proteus, Corynebacterium, and
Micrococcus; and lipolytic bacteria, namely Veillonella al-
calescens (Hungate 1975). In many cases, rumen content is
not utilized optimally or simply discarded, resulting in en-
vironmental pollution (Komarawidjaja 2009). The amount
of Lactobacilluswas highest in Treatment 1 (2.63× 106), fol-
lowed by Treatment 2 (1.86× 106), Treatment 4 (8.96× 104),
and Treatment 3 (1.63 × 103). The differences in these val-
ues depend on the amount of organic material composition
given (Seni et al. 2013).

The highest organic content of local microorganisms
solution was found in Treatment 1 and decreased respec-
tively in Treatments 3, 4, and 2. This was due to differences
in the composition of the organic matter in each treatment.
The activity of the microorganisms overall depends on the
amount of organic material composition given (Seni et al.
2013). Microorganisms need a carbon source for both en-
ergy and reproduction (Hidayat 2006). The results of the
observation of the total N of the local microorganisms con-

FIGURE 6. Proximate results of corn leaf silage.
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tent showed that the more energy sources that could be
broken down, themore Nwas released in the local microor-
ganisms solution. As such, the N value of Treatment 3 was
the highest, followed by Treatments 4 and 1, and finally
Treatment 2 with the lowest. The content of the basic in-
gredients used in local microorganisms affects the N-total
(Purwasasmita and Kabelan 2009). Our results showed that
the C-organic content of the quality of the MOL solution
had no significant effect. These results are in accordance
with those of Budiyani et al. (2016), who found that the C-
organic content of the MOL solution decreased with the
length of fermentation and the materials used. Harizena
(2012) also observed that the C-organic content decreased
because it had been broken down into simpler compounds
by the microorganisms present in the MOL solution. Or-
ganic compounds will decrease and inorganic compounds
will increase. The C/N ratio is the result of a comparison
between carbohydrates and nitrogen contained in a mate-
rial. A higher the N-total content of the form will result in
a decrease in the C/N ratio, causing mineralization. Min-
eralization of N is the formation of inorganic nitrogen from
organic nitrogenwith ammonification and nitrification pro-
cesses (Sutari 2010).

The success of silage making depends on several fac-
tors, including the population of lactic acid, physical prop-
erties, and forage chemicals used, as well as environmental
conditions (Tatra 2010). Silage is made in an anaerobic en-
vironment and with the growth of certain microorganisms
that make silage pH low (i.e., acidic), silage is subsequently
made durable for several months. Naturally, microorgan-
isms such as lactic acid bacteria will completely turn their
own soil. The silage process can be accelerated by adding
acid-forming microorganisms to the forage that will be fer-
mented. Anaerobic bacteria that can grow and develop on
acidic soils include Clostridium, Syntrobacter wolinii, and
Syntrophomonas wolfei (Sim 2005). Silage can be stored for
years when the storage conditions remain anaerobic, tight,
and there are no leaks (Lubis 1963). However, high-quality
silage is often associated with oxidative deterioration after
opening because its residual soluble carbohydrate and high
concentration of lactic acid could be used as growing sub-
strates by yeasts to initiate spoilage (Bai et al. 2020). The
poor fermentation quality of silage is caused by the fermen-
tation of undesirable microorganisms, like Clostrodium and
Enterobacter (Ni et al. 2020).

The test results showed that the highest protein con-
tent was obtained in Treatment 2, which was the banana
hump formulation, and then Treatment 4 (gamal leaves),
Treatment 3 (petung bamboo shoots), and lastly Treatment
1 (control of the addition of formulation). It is suspected
that the addition of formulations to both gamal leaves, ba-
nana humps, and bamboo shoots can increase the micro-
bial content, which helps the fermentation process and in-
creases the biomass’s production of protein-producing mi-
crobes. The process of making silage also helps in increas-
ing the digestibility of crude fiber feed ingredients.

Some studies suggest that silage making can be done
with the help of bio-activators derived from fluids, fresh
buffalo rumen, or anaerobic bacterial isolates from buffalo
rumen fluid as an inoculum (Bestari et al. 2000; Sasongko
and Sugoro 2004). Silage or fermentation processes can in-
crease the value of forage digestibility, such as rice straw
and improve the quality of forage nutrients (Bestari et al.
2000; Thalib et al. 2000; Haryanto et al. 2004). The process
of decomposing organic compounds will produce energy
and the conversion of substrate into new products by mi-

crobes (Madigan et al. 2011; Muhidin 2001). Fardiaz (1992)
also noted that the fermentation process can increase the
nutritional value of ingredients that have low quality, func-
tion in preserving feed ingredients, and reduce or elimi-
nate anti-nutrients or poisons in feed ingredients. The ad-
dition of microorganisms in the fermentation process is
thus useful for accelerating the fermentation process (In-
driani 1999), and a good candidate of local microorganisms
for ensiling will mainly be characterized by fast growth, re-
sistance against low pH, and quick production of desirable
metabolites, such as lactic acid, at a wide range of growth
temperatures (Chen et al. 2020).

5. CONCLUSIONS
Rumen content, banana humps, and bamboo shoots have
excellent potential to be used as materials in the produc-
tions of local microorganisms. This was supported by the
results of local microorganisms’ organoleptic tests after a
period of three weeks, such as a clear color, sour smell,
a small amount of fungi, and normal pH of 3-5. The local
microorganisms that were made were used in the process
of fermenting animal feed silage from agricultural waste,
namely corn silage. In terms of silage quality, our test re-
sults showed that the localmicroorganisms produced could
be used as a bio-activator in the silage fermentation pro-
cess. After fermentation for three weeks, the level of ma-
turity was indicated by a color change of green to brown-
ish green and a sweet and sour aroma, such as softer tape,
and texture with acidic pH concentration of 4–6. The prox-
imate test results of the silage feed made using local mi-
croorganisms also showed a better nutrient content in the
addition of formulations in the manufacture of local mi-
croorganisms. Petung bamboo shoots, gamal leaves, and
banana humps can increase the nutrient content, mainly
that of protein.
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