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1. Introduction

The long-term option to utilize organic waste is composting technology. Several composting techniques have been
developed previously. Vermicomposting had been found to compost agricultural and industrial waste with the help of
earthworms [1]. Composting with the Takakura technique had also been developed to treat household organic waste [2].
Some of the studies mentioned above only treated organic waste on a household scale.

The different circumstances occurred in the Caruban, Madiun (East Java) as central brem industry. Brem waste is
enormous every day, which was around 50-100 kg or about 1.5-3 tons per month. Currently, brem waste is only used as
animal feed and most of it is still disposed of without further processing. Moreover, brem waste can cause problems in the
environment. Water was the main content in the brem waste, which was 16 wt.%, followed by the acid of 15 wt.% in the
100 grams of brem [3]. Water and acid content which was quite high in this brem waste can cause the decomposition
process of the waste faster and become a comfortable microbial growth area. Therefore, the brem waste can be further
processed as organic compost.

The composting process needs to pay attention to several conditions so that the composting process of material can
reach optimum conditions [4]. Several factors that can affect a composting process of an organic material include the ratio
of C/N, aeration, pH, humidity, and composting time [1, 5]. In the previous research, a material has different C/N ratio
values and there was an effective C/N ratio for composting [6]. This compound was prepared by adapting the C/N ratio of
30:1 to 40:1. Furthermore, in this condition, the microbes required more nitrogen to undergo decomposition of organic
matter if the C/N ratio was excessive and the decomposition will be slower.

The parameters of mature compost are generally blackish-brown color, C/N ratio <20, soil-like smell, and close to
neutral pH [7-9]. A composting process can take a long process (40-60 days) with the aerobic method and without an
activator. The addition of a bioactivator will accelerate the composting process. The mixture of bioactivator and
microorganisms can speed up the decomposition process of organic matter found in the soil and in nature. Eggshell can
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be used as a bioactivator which consists of 98.2% CaCOs [10]. The high content of calcium in the eggshell was potent to
use as fertilizer and as an ingredient to neutralize the acidity of a fertilizer [11-13].

In this work, we focused to study the C/N ratio and the addition of a M-Bio activator on the effect of time in the
composting of brem waste in UD. Tongkat Mas by aerobic method. By knowing the C/N ratio in the compost formed, the
optimum time and temperature will be obtained.

2. Materials and Methods
2.1. Materials

The sample in this research was brem waste from UD. Tongkat Mas, Caruban, Madiun, East Java. The other materials
used were granulated sugar, eggshell flour, potassium dichromate (K2Cr.07) 1 N, sulphuric acid (H2SO4) 0.1 N, phosphoric
acid (HsPOs) 0.1 N, diphenylamine indicator 0.2 N, iron(ll) sulfate (FeSO4), Fe(NH4) and potassium sulfate (K2SOs).

2.2. Preparation of Brem Waste for Composting

A 10 mL M-Bio activator was prepared by dissolving 15 g of granulated sugar in the distilled water at 45°C with various
volumes of 50, 75, 100, 125, and 150 mL, respectively. The prepared M-Bio solution was cooled for 2 hours and ready to
use. Then, compost from the brem waste was prepared. A 1000 g of brem waste was mixed with 300 g of eggshell flour.
The mixing was done using an aerobic composter with air cavities on the bottom and middle of the composter tube. The
hole made was intended for oxygen circulation [14].

The M-Bio activator solution was added to the mixture of brem waste and eggshell flour. The addition of M-Bio activator
and sugar solutions was named as follows, CM50, CM75, CM100, CM125, and CM150, respectively for the M-Bio activator
and sugar solution volumes of 50; 75; 100; 125; and 150 mL. The aerator was turned on at an aeration speed of 50
mL/second. The composting process was conducted for 2; 4; 6; 8; and 10 days on each composter. Then, the C/N ratio of
the composts was observed and analyzed [14].

2.3. Physicochemical Analysis of Brem Waste Compost

The physicochemical composition was carried out to determine the organic components present in the brem waste
compost. The compost samples were calculated for carbon (C) and nitrogen (N) content. Carbon in the sample was
analyzed by Walkley and Black methods [15], while total nitrogen was analyzed by Kjeldahl method [16].

A 0.5 g of compost sample in the 250 mL erlenmeyer was added to 10 mL of K.Cr,07 1 N and the mixture was shaken.
Afterward, 7.5 mL of H,SO4 0.1 N was added through the erlenmeyer wall and the sample was shaken by rotating for 1
minute. The sample was allowed to stand for 30 minutes and then was diluted with distilled water to 200 mL. The diluted
sample was added with 10 mL of phosphoric acid 0.1 N and 10 drops of diphenylamine indicator 0.2 N. A blank sample
was prepared in the same way as the sample. Then, the samples were titrated with FeSO4/Fe(NH:) 0.1 N from a faded
green to a cloudy blue color. The titration was continued until the color of the solution turned bright green. The percentage
of carbon of brem waste compost can be calculated following Equations 1 and 2 [15].

100

. = 1
Correction Factor 100 — Water Content "

[Blank Volume (mL) - Sample Volume (mL)] x Normality x 3 x 1.33
Percentage of Carbon =

1009
Sample Mass (mg) x Correction Factor x 100% (2)

Kjledahl method was carried out by adding 25 mL of sulfuric acid 0.1 N and 0.5 g K>SO; to of the compost sample.
The nitrogen percentage was determined by Equation 3 [16]. The percentage of carbon to nitrogen ratio (C/N ratio) was
calculated by dividing the expected carbon percentage for the sample by the percentage of nitrogen was expected for the
same sample.

[Acid Volume(mL) — Blank Volume (mL)] x Acid [N] x Correction Factor x 14.008
Sample Mass (g) x 1000

Percentage of Nitrogen = x 100% (3)

3. Result and Discussion

Composing time and addition activator affected the C/N ratio. Figure 1 showed that the longer the composting process
and the more addition of M-Bio activators in the composting process, the more decline the C/N ratio in the compost. The
23
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value of the C/N ratio in the compost gradually declined from day 2 to 10 in the composting process. The decomposition
process of organic matter caused a decrease in the value of the C/N ratio in the compost during the composting process.
During the composting process, carbon in the compost was converted into carbon dioxide, while nitrogen in the compost
was converted into nitrate and ammonia. As a result, carbon, and nitrogen in the compost decreased and increased
respectively.
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Figure 1. The ratio of C/N to the composting time of brem waste compost.

The principle of composting was to reduce the C/N ratio of an organic compound to reach the C/N ratio of the soil (10-
20). The maturity indicator of compost was based on the value of the C/N ratio around 10-20 [17]. In this study, the
composting time of CM100 (10 days) showed the optimum C/N ratio of 11.42 which was the color and odor suitable to the
SNI 19-7030-2004 Standard. The use of carbon and nitrogen elements during the composting process caused a change in
the C/N ratio in the compost. The carbon and nitrogen in organic compounds are needed for the growth of microorganisms.
The utilization of nitrogen is less when compared to carbon for microorganisms during the composting process. Carbon is
a source of energy in the metabolic process of a microorganism, while nitrogen is used for protein synthesis in the
composting process.
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Figure 2. The temperature of brem waste compost to the composting time.

In this study, the C/N ratio was related to the temperature of brem waste compost. The C/N ratio decreased with the
length of composting (Figure 1) and the optimal temperature was on day 6 of the composting process (Figure 2). Based
on Figure 2, the temperature of the compost increased during the composting process from day 2 to 6. The more volume
of M-Bio activator was added, the temperature of the compost also increased. This increasing temperature was caused by
the activity of microorganisms that produce carbon dioxide, heat, and water. In the early stage of the composing process,
microorganisms involved in the composting process are mesophilic organisms that grow at 25-40°C [18]. The compost
temperature on each composter on the sixth day reached the thermophilic phase (40-65°C) in the decomposing organic
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matter. The fermentation process involved thermophilic microorganisms and the impact was the temperature of the compost
pile increased. However, the temperature in the compost decreased close to room temperature from day 6 to 10. This
decreasing temperature can activate mesophilic microorganisms. Releasing energy in the form of heat causes rising and
falling of the temperature. It was important to observe the temperature to determine changes in microorganisms’ activity
because the temperature was one of the indicators in breaking down organic matter. A good aeration process can assist in
the decomposition of microorganisms in the compost.

The addition of the M-Bio activator in the composting process affects the development of microorganisms and nutrients
in the soil. The cultures of these various microorganisms are synergistic and mutually beneficial. The roles of
microorganisms contained in the M-Bio biofertilizer are (a) to assist decomposition of organic matter by aerobic and
anaerobic fermentation, (b) to improve the properties and characteristics of soil by humus enrichment, and (c) to suppress
pathogenic microorganisms in the plants by forming a certain compound [19]. The addition of the M-Bio bioactivator in the
composting process accelerates the decomposition process of complex compounds contained in organic matter. Thus, the
composting process of organic material is relatively faster compared to without using the addition of a bioactivator.

4. Conclusion

This study showed that brem waste compost has been prepared by the aerobic method. The C/N ratio of compost
was around 10-20 as the maturity indicator of compost. The optimum C/N ratio (11.42) was obtained for 10 days with 100
mL addition of M-Bio activator. The composting time and bioactivator addition were needed for preparing the optimum
compost.
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