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Abstract. The generation of organic waste is one of the biggest problems in developing countries like Indonesia. Examples of
organic waste that can be obtained, such as leaves, include banana leaves and coconut leaves. One way to process waste that
can generally be done is by composting. In the composting process, a bioactivator such as EM4 is needed to accelerate the
reaction process in the waste. This study aimed to determine the effectiveness of EM4 bioactivator in the degradation process
of banana leaf and coconut leaf waste. Measurement of processing quality is measured in-situ with parameters of temperature,
pH, and humidity. The waste temperature increased above 32°C for the addition of EM4 bioactivator, while without the
addition of bioactivator it only increased to 31°C. pH tended to be in normal conditions and was in an acidic state on day 12.
Humidity decreased from the beginning of the waste process to the end of the process. The final result of composting quality
has met the criteria of SNI 19-7030-2004. There was also a decrease in the C/N content during the process, adjusting to soil
conditions. The decrease in the value of C/N on the addition of bioactivator also influences the composting process.
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I. INTRODUCTION The people of the island of Bali show that there are
residents who are starting to realize the importance of
processing waste in the surrounding environment to
produce something more beneficial for the surrounding
environment. What these residents do is utilize dry leaf
waste to be processed into compost.

Saputra et al. stated compost made from agricultural
biomass results from dismantling complex compounds
into simple ones with the help of microbes in the soil,
namely  Trichoderma sp [6]. Meanwhile, the
microorganism in the EM4 formulation is a starter material
where the microorganism takes advantage of the speed up
the reaction rate [7], which is beneficial for soil fertility.
Making compost by utilizing the EM4 formulation
following the correct dosage based on the instructions and
a decomposer in making compost. Therefore, the
population and viability of microbes in the soil will
develop healthy again to improve the texture and structure

The volume of waste in Indonesia is increasing along
with the increase in population. Municipal solid waste is
the residue of daily human activities and natural processes
in the solid form [1]. The increasing amount of waste is
also experienced in several regions in Indonesia during the
Covid-19 pandemic [2]-[4]. The accumulation of this
waste can lead to new problems. The current existence of
waste can produce something that can provide benefits if
it can be handled and processed correctly. One example of
an area experiencing waste management problems is the
Province of Bali. As part of Balinese culture, offerings of
flowers, leaves, fruits, and bamboo are served in almost
every traditional ceremony [5]. Worship is a Balinese way
of life. The waste composition from this activity includes
flowers, leaves, coconut, fruit, bamboo, food waste, cloth,
and plastic, including banana leaf and coconut leaf waste.
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of the soil for the better, which can affect the increase in
the productivity of cultivated plants to be high [8].

This study aimed to determine the quality of
composting products from banana leaf and coconut leaf
waste with the addition of an EM4 bioactivator. This study
also looks at the comparison of composting results with
SNI 19-7030-2004.

Il. RESEARCH METHOD
A. Composting Method

Composting is carried out with a compost reactor with a
size of 2 L. The reactor is divided into two parts, namely
the section for processed waste. At the same time, the
bottom consists of leachate collectors. In this composting
process, the weight of the waste used is 500 grams, and the
waste is counted first so that the diameter of the waste is
less than 1 cm.

Next, mix all the ingredients above into the composting
box and stir until evenly distributed with the addition of
Nitrobacter activator from EM4. As a control, there is also
a composting process without the addition of EM4. The
amount of addition of EM4 is done using the ratio of the
composter’s total size, which is 1:25 (v/v). This was done
with the approach of the lasters study literature [9]. The
variations used in this study can be seen in Table 1.
Composting was carried out with a detention time of 4
weeks. Then the composting results are compared with the
compost standard according to SNI 19-7030-2004.

TABLE |
VARIATIONS IN COMPOSTING STUDIES

Variabel Kode
_ Banana leave BL4
With EM4
Coconut leave CL4
_ Banana leave BLO
Without EM4
Coconut leave CLO

B. Compost Quality Measurement

Measurement of compost quality based on the content
of C, N, P, and K was carried out at the Animal Research
Institute (Balitnak). The water content was tested by the
gravimetric method at a temperature of 105°C. Meanwhile,
pH was measured ex-situ at the study site with a pH meter.
Meanwhile, as an indicator of the processing process,
temperature and moisture content measurements are also
carried out in the composting process

1. RESULT AND DISCUSSION

The initial characteristics of banana leaf and coconut
leaf waste can be seen in Table 2. Parameters affecting the

composting process are the C/N ratio, water content,
oxygen concentration, temperature, pH, and others from
the raw materials to be composted. The ratio between
Carbon and Nitrogen (C/N) ideal ratio is between 20 to 40
to 1 or 30 to 1, which is the best ratio. Municipal waste has
a C/N ratio of 30 to 40 to 1, so it is optimal enough to
support the composting process to run well [10]. However,
several studies also show that a C/N ratio above 10 is
sufficient for the degradation process of organic
compounds [7], [11]-[13].

TABLE I
RESULTS OF MEASUREMENT OF THE INITIAL
CHARACTERISTICS OF WASTE

Parameter Unit Banana leaves Coconut leaves

comnst % 46% 37%
pH - 7.5 7.3

C % 28.4 30.4

N % 2.2 1.85

% 0.41 0.44

K % 0.31 0.53

CIN - 12.91 16.43

The temperature in each variation began to increase
and was in the range of 26 - 34°C (Figure 1). Temperatures
above 40°C cause mesophilic bacteria to die. This type of
bacteria is not resistant to high temperatures; bacteria
living in this condition are thermophilic. Temperatures
under thermophilic conditions can eliminate pathogens
better, but thermophilic temperatures have a high degree
of stability [14]. The increased temperature is due to the
increased activity of microorganisms in decomposing
organic matter, resulting in much faster heat production.
After reaching the maximum temperature, the temperature
will decrease until the decomposition process has been
completed [15].
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Figure 1. Changes in temperature in the composting
process for 28 days

The pH value of the composting variation is still in the
stable pH range of 6.0 - 7.5 (Figure 2), this condition is
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included in the optimum pH range in the aerobic organic
waste decomposition process. The pH range that allows the
activity of microorganisms to run optimally is in the range
of 6.0 - 7.5 [16]-[18].
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Figure 2. Changes in pH value during the composting
process

Moisture on banana leaves and coconut leaves during
the composting process was in the range of 39.0 — 46.0%
and 30-39%, respectively (Figure 3). This situation is still
in the optimum humidity range in the organic waste
decomposition process, and the optimum moisture ranges
from 40.0 — 60.0% [19]. Moisture content below 40.0%
will cause microbial activity to decrease and will be even
lower at 15.0% [20].
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Figure 3. Changes in Moisture Content in the
Composting Process

Changes in mass during the composting process occur
due to the degradation process by microorganisms. The use
of organic and the evaporation process in the composting
process tends to gradually reduce the waste's mass. During
the processing, each reactor tends to show a decrease in
mass. However, the addition of bioactivators tends to
increase the amount of material that can be degraded
(Figure 4).
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Figure 4. Mass Change in Composting Process for day
0 and day 28

The results of the analysis of the compost quality are
compared with SNI 19-7030-2004 to determine whether
the compost has met the criteria of the Indonesian National
Standard (SNI) and is suitable for use on plants. The
analysis of manure and its comparison are SNI 19-7030-
2004 concerning specifications for compost from domestic
organic waste. When compared with SNI 19-7030-2004,
the pH values in all processing products tend to be in the
range required by the standard (Table 3). Its pH will be
neutral. If the compost results in acidic conditions, the
compost tends to be immature [21].

The content of C and N in the waste tends to decrease
from the initial concentration. In the composting process,
carbon acts as an energy source for microorganisms, and
nitrogen plays a role in the formation of microorganisms.
During the composting process, CO2 will experience
evaporation so that the carbon (C) content will decrease
and the nitrogen (N) level will increase. This causes the
C/N ratio of the compost to decrease. The principle of
composting is to reduce the value of the C/N ratio of
organic matter to be equal to the value of the C/N ratio of
the soil (<20) [22]. With the same C/N ratio as the soil, it
will facilitate the absorption of compost content into the
soil. The level of the C/N ratio at the beginning of the
composting period dramatically affects the rate of the
composting process. A low initial C/N ratio will make the
decay process faster, during a high initial C/N ratio
because it has a high carbon content will make the decay
process longer.

In this research, the content of K and P tends to remain
unchanged from the initial conditions. The function of
phosphorus in plants is to stimulate the growth of roots,
seeds, and young plants as an ingredient in the formation
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of several proteins, helps assimilation and respiration, and
accelerate the disposal and ripening of seeds [23]. Fruit
Potassium is an essential nutrient for plant growth. Plants
that lack K nutrients will appear faded or curly leaves,

brownish-red spots appear, the tips and edges of the leaves
will turn yellow [23].

TABLE Il

RESULTS OF MEASUREMENT OF CHEMICAL COMPOSITION OF COMPOSTED WASTE

Parameter Unit BL4 CL4 BLO CLO SNI
Water Content % 28.4 31.4 35.2 33.1 <10
pH - 6.9 7 7.5 7.3 6.8-7.49
C % 28.2 295 284 29.9 9.8-32
% 242 2.45 214 2.1 >40
% 04 041 0.42 041 >0.1
K % 0.35 0.42 0.35 0.43 >0.2
CIN - 11.7 12.0 13.3 14.2

IV. CONCLUSION

The addition of EM4 bioactivator in the composting
process can be seen to accelerate the degradation process
in banana leaf and coconut leaf waste. The composting
results for 28 days showed that the chemical content in the
waste had met the standards determined by SNI 19-7030-
2004.
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