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Introduction

Abstract: Reprocessing organic vegetable waste from conventional markets can have
beneficial effects, such as producing bioenergy, reducing the need for inorganic
fertilizers, and minimizing the volume of contaminants in the environment. Organic
material composting can help lower greenhouse gas emissions and generate income.
Physical-chemical factors like temperature, pH, particle size, moisture content,
aeration, and CN ratio were used to regulate the breakdown process. Trichoderma
harzianum, an effective microorganism, and Trichoderma harzianum helped the
degradation process function. High-quality compost is produced by converting
organic matter in a bioreactor system, where the solid substrate replenishes nutrients.
Based on the optimum point of the decomposition procedure, the analytical findings
were achieved. After that the material had been homogenized and aerated, this
process took place (oxygen). When the temperature is increased, the active and
ripening stages take place, which triggers the breakdown process. The ideal
temperature for composting, between 30-45 °C, was reached. The temperature
steadily drops when the majority of the material has broken down, and the
composting process is complete.
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waste

waste, wood trash, leaves, and twigs, as well as animal
and human waste, represent the majority of organic

In developing countries, including Indonesia,
urban waste is a problem that makes waste disposal that
relies heavily on landfill unsustainable. It is the task of
the local government in preparing a Waste Management
Plan which includes waste reduction and recycling. The
overall generation of waste and its physical composition
is caused by the increasing rate of population growth.
The amount of waste generated in Indonesia in 2016
reached 65,200,000 tons per year with a population of
261,115,456 people (Hidayat et al., 2019). Traditional
markets are recognized as a significant source of waste
generation. The waste is classified into 60% organic
waste, 15% plastic, 10% paper, and 15% metal, glass,
cloth, and leather based on composition.

Food waste (animal and vegetable products),
vegetables, fruits, fish waste, agricultural and plantation
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waste (Nugraha et al.,, 2018). The highest accumulation
of waste is found in vegetable waste, which is 93.2%
(Otoma et al., 2013). Surveys conducted in Vietnam and
Thailand reported that organic waste from the market
accounted for up to 81.5% and 85% (Ali et al., 2012;
Otoma et al., 2013). Traditional markets are also identical
as places to shop in slum areas, dirty, unorganized and
cause traffic jams (Sholahudin, 2015). Traditional
markets consequently turn into a source of
environmental degradation. Given the relevance of the
role and presence of traditional markets, a traditional
market setting that is environmentally friendly,
attractive, orderly, and delivers user delight for both
traders and consumers is appropriate. With the help of
these factors, composting vegetable waste to create
organic fertilizer is a development that is achievable.
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Recycling efforts for various types of waste to avoid
potential negative effects and create a more value
product economically. Compost from market waste will
reduce dependence on inorganic fertilizers which will
have a negative impact on the environment. Market
waste composting will decrease reliance on inorganic
fertilizers, which will be harmful to the environment. As
a source of plant nutrients and organic matter, compost
enhances the soil's physical, chemical, and biological
qualities (Muhammad Aleem Sarwar et al, 2010).
Compost made from organic waste has a higher quality
than inorganic fertilizers sold in stores (Chowdhury et
al., 2015) and has a benefit that cannot be produced
artificially (Harman et al., 2004).

In general, bacteria, actinomycetes, fungi, protozoa,
worms, and many types of larvae help the biological
breakdown process that takes place during composting.
Composting is a biological process that turns microbes
into valuable goods under natural or controlled
conditions (Daniel Said-Pullicino, 2007) and the
biological process is the most economical in waste
treatment (Yanqoritha et al., 2022). This microbial
community is strongly influenced by the mesophilic
phase and the thermophilic phase during the
composting process and is also influenced by the
physical properties of the waste starting materials
(Sudharsan Varma et al., 2015). The composting process
is of course also influenced by parameters of physico-
chemical properties such as temperature, pH, particle
size, moisture content (MC) (Daniel Said-Pullicino, 2007;
Juarez-Robles et al., 2017; Onwosi et al., 2017) aeration
and CN ratio (Balasubramani Ravindran, 2019; Bhave &
Kulkarni, 2019). The purpose of this study was to study
the influence of physical and chemical parameters in the
decomposition of traditional market vegetable waste
into compost using bioactivator of Trichoderma
harzianum (Th) and Effectiveness Microorganisms (Emy).

In order to allow for the respiration of
microorganisms that release carbon dioxide (CO.) into
the environment, enough ventilation must be
maintained during the biological composting of aerobic
systems. The factors that affect the growth and
reproduction of microorganisms, such as parameters of
physico-chemical properties of temperature, pH,
particle size, MC (Daniel Said-Pullicino, 2007; Juérez-
Robles et al., 2017; Onwosi et al., 2017) aeration and CN
ratio (Balasubramani Ravindran, 2019; Bhave &
Kulkarni, 2019), must be taken into consideration in this
aerobic biological process because microorganisms play
a significant role in composting. Temperature is the
main parameter that must be monitored in the
composting process (Chen et al., 2015; Yang Jiang, 2015;
Zhao et al, 2016). Temperature is an indicator that
shows the activity of decomposing microorganisms
during the composting process and also as a function of
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the process (N. Gamze Turan, 2007). Composting begins
at an ambient temperature that can rise without the need
for external heating. When during the ripening phase the
compost pile reaches ambient temperature. The ambient
temperature has various variations depending on the
process phase. The initial temperature and the
substrate's capacity for biodegradation both have a role
in the exothermic process of composting. Due to the
faster  biodegradation of organic waste by
microorganisms during the composting process,
temperatures may rise (Raut et al., 2008). Aeration and
mixing play an important role in providing ventilation
for heat loss to maintain temperature.

The ambient temperature has various variations
depending on the process phase. Composting starts at
an ambient temperature that can be increased without
the need for external heating. When the maturation
phase of the compost pile reaches ambient temperature.
High temperatures and longer periods of time have a
high rate of decomposition and hygiene, so the pile
temperature should not drop any faster. Aeration and
mixing play an important role in providing ventilation
for heat loss to maintain temperature.

The pH value of compost is an important factor for
good quality compost (Khater, 2015). A pH meter or
potentiometer is used to calculate the pH of organic
waste compost. Compost made from organic waste
typically has a pH value between 7-8 (Palaniveloo et al.,
2020). When organic compounds were degraded, the pH
value increased, this was because the composting
process that occurs was influenced by dissolved alkali
and the formation of ammonia (Hu et al., 2015; Pant et
al., 2012). Each stage of the composting process has a
different pH value depending on the source material
(from 4.5 to 8.5).

The pH of the pile is acidified during the first stage
of composting by microorganisms using different
organic acids. The medium becomes more alkaline
during the thermophilic phase as a result of the
conversion of ammonium to ammonia, and the pH
eventually stabilizes at a value that is close to neutral.
The pH value affects how long microorganisms live, and
different types of bacteria have different pH ranges
where they can grow and thrive. Most bacterial activity
took place between pH 6.0 and 7.5, whereas most fungal
activity occurred among pH 5.5 and 8.0. The ideal range
is from 5.8 to 7.2 (Karwal & Dutta, 2021).

MC affects the rate of oxygen absorption, free air
space, microbial activity, and process temperature
(Petric et al., 2012). Microbial activity and composting
moisture levels are tightly connected. When microbes
use raw materials to move nutrients and energy across
cell membranes, the process is known as composting,.

The rate of gas diffusion reduces as the water

content rises, and the oxygen uptake rate comes up short
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of the metabolic needs of the bacteria. Due to insufficient
activity, the composting process may eventually turn
anaerobic (Noor Mohammad, 2012). Composting can
result in an increase in water content that can result in a
water log, which can cause anaerobic conditions and halt
composting process (Makan et al, 2013). When
temperature rose, MC also fell, indicating an inverse link
between the two (Sudharsan Varma et al., 2015). Low
temperatures and excessive humidity were present (N.
Gamze Turan, 2007). MC was a useful parameter to
measure other important factors such as water
availability, which can slow the growth of microbial
activity under the low humidity range (Makan et al,,
2013). During composting, MC is essential for the
distribution of dissolved nutrients required for
microbial metabolic activity (Guo et al., 2012). When MC
levels rise during composting, a water log may form,
creating anaerobic conditions that halt composting
activity (Makan et al., 2013). When the moisture content
is too low, moisture will not only damage the pathogens
in the compost but will also prevent beneficial microbes
from behaving as starter cultures (Palaniveloo et al,,
2020).

Aeration's impact on composting in an aerobic
setting where proper ventilation must be preserved to
allow microorganisms to live and release carbon dioxide
(COz) into the atmosphere. Aeration assists in
preventing water filling or compaction of the compost
material. However, excessive aeration may cause the
temperature to drop and moisture to be lost through

evaporation.  Additionally, = excessive  aeration
dehydrates microorganisms.
Meanwhile, low humidity can inhibit the

decomposition process. In contrast, low aeration rates
(usually below 5%), result in excessive humidity which
in turn results in excess moisture and an anaerobic
environment. A successful operation involves the use of
proper mixing ratios (Zhang et al., 2016) optimization of
various process parameters such as aeration rate,
bulking material, C/N ratio and moisture content
(Kazemi et al., 2016) adequate use of bulking agents
(Chowdhury et al., 2014).

Microbes use the breakdown of organic molecules
in composting to produce energy for their metabolism
and collect nutrients to support their population
(Marlina et al., 2020). The microorganisms involved in
composting require nutrients. The most crucial nutrients
are C and N because they both perform crucial roles in
cell structure and energy production, respectively (Igbal
etal.,, 2015). When N was scarce, microbial development
slowed down, which led to a gradual breakdown of the
available C (A. Hilkiah Igoni, 2008). They also worth
noting that extra nitrogen evaporates as ammonia gas if
the amount present exceeds the needs of the microbial
community. Because C is lost as CO, during bio-
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oxidation, the C/N ratio serves as a gauge of the extent
of organic matter decomposition (Lazcano et al., 2008).
Due to the advantages of composting, it can be utilized
to turn organic matter into valuable products by
utilizing microorganisms with degradative properties. It
is a commonly used method that converts organic waste
into organic fertilizer, recycling the minerals
phosphorus, nitrogen, and potassium (Lei Wang, 2015).
As a result, compost is now a significant rival in the
fertilizer industry (Chowdhury et al, 2014).
Thermophilic composting conditions allow for complete
compost cleanliness by eradicating harmful organisms
found in the trash. Organic material breakdown and
humification are results of the composting process
(Kulikowska, 2016). Conversely, composting can only be
accomplished if the procedure is adequately handled.

Trichoderma spp is a genus of soil-derived,
teleomorph-bearing filamentous fungi belonging to the
order Hypocreales of the division Ascomycota. Trichoderma
spp. genus is genetically very diverse in significance with
a number of different abilities with agriculture and
industry (Matteo Lorito, 2010; Mona M. El-Shazly & El-
Shazly, 2020). Trichoderma spp. plays a role in
deciphering organic matter in the form of complex
compounds containing several components of
substances such as Nitrogen (N), Phosphorus (P),
Magnesium (Mg), Sulfur (S) and other nutrients needed
by plants for their growth. If the composting process
uses Trichoderma spp. able to hold water so that aeration
can be easier (Mega Charisma et al, 2012) and the
composting process will be faster (Sepwanti et al., 2016).
Emy consists of various mixtures of fermented
microorganisms. There are five main groups of
microorganisms in Ems that work effectively in
fermenting organic matter, namely photosynthetic
bacteria, Lactobacillus sp, Streptomyces sp, yeast (yeast),
Actinomycetes (Contreras-Cornejo et al., 2009; Harman et
al., 2004).

Method

Preparation of Tank and Feeding
The tank and feeding in this experiment used 12
reactor tanks with dimensions of 5 liters. Each tank
contains a bio activator Th, Ems, and as a comparison
without a bio activator. The process occurs aerobically,
and each bio activator is carried out four times. The
decomposition process uses Th and Emy bio-activators to
accelerate the decomposition of market vegetable waste
substrates. A dark green color morphologically
characterizes Th, its conidiophores are erect, branched,
short, thick phialides, and oval conidia (Chaerul & Dewi,
2020). In addition, Emys contains several microbes,
especially acidic bacteria and yeast, useful in
fermentation (Beck-Friis et al., 2003).
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Process of Fermentation

Fungal the mushroom culture was activated and
incubated at 25 °C. Biomass from vegetable waste was
cut into small pieces with a length of approximately 3
cm. Energy materials of rice bran and sugar are used to
support the activity of decomposing microorganisms.
Each treatment used 2.5 kg of biomass plus 0.1 g of bran,
0.52 g of urea, 0.2 g of sugar, and 0.2 L of water and
mixed evenly. Then each treatment was given the bio
activator Th and Emy. After the compost material was
mixed evenly, in each treatment, it was watered using a
solution consisting of 0.2 liters of water, 0.2 grams of
sugar, and 0.52 grams of urea. MC was expressed by
weight as the mass ratio between wet and dry samples.
The criterion for dry samples was a constant sample
weight after drying in an oven at temperatures between
100 and 110 °C. Next, the organic carbon content was
determined using an oxidized dichromate; when treated
with a few drops of diphenylamine, the remainder of the
dichromate was titrated with FeSO, solution (Otoma et
al., 2013). Finally, the total amount of nitrogen was
determined by the micro-Kjedhal method (Guebel et al.,
1991)

Result and Discussion

Results

This research was conducted with the addition of T.
harzianum, Emy, and without activator bioactivators.
Each was carried out with four treatments. The
composting process was carried out in the active and
ripening stages. On the first day, the reactor without bio
activator had a temperature of 33.5 °C and pH of 6.7. On
day sixth, the pH increased to 7.08. The reactor
containing Th activator, at the beginning of the process
has a temperature of 32 °C and pH of 6.28. On the eighth
day the process temperature increased by 34 °C and on
the 9th day the pH was 7.35. This was because the start of
the active microbe Th. At the beginning of the process
the reactor filled with Emy activator had a temperature
of 30.63 °C and pH of 6.7. The next day there was a
decrease and increase in temperature, on the tenth day
the temperature increased by 32.25 9C and pH 7.5 on the
fifth day. In this condition, the Em4 microbes started to
become active. The temperature profile of the
composting process with and without Ems and Th
showed different trends as shown in Figure 1.

The composting process in each reactor was carried
out until the compost ripening process. Microorganisms
in the process used oxygen to decompose organic matter
into CO,, water vapor and heat. After most of the
material decomposes, the temperature gradually
decreased. The composting process in a reactor without
an activator was slower in decomposing waste into
compost. On day 42, the temperature in the reactor filled
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with Th was 28.5 9C and pH 6.99. The reactor filled with
Emy and without pH activator was 7.00 and 6.98,
respectively. On day 42, the temperature of the reactor
filled with Th has reached room temperature and the pH
was neutral.
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Figure 2. Profile of process pH

Due to the fact that various microorganisms can
grow at various pH levels, the pH of the compost's initial
raw materials has a minimal to no effect on the
composting process (Figure 2). Between 6.5 and 8.0 is the
optimal range for microbial activity. Temperature and
oxygen concentration both affect how organic acids are
formed and decomposed by microbes. A faster rise in
pH resulted from faster acid decomposition and lower
maximum organic acid concentrations in the compost
that were caused by higher oxygen concentrations
(Beck-Friis et al., 2003).

The oxygen in the pore space was rapidly depleted
during an active composting process, requiring a steady
stream of fresh air necessary to maintain an aerobic
environment. The quantity of evaporation and the
addition of water from precipitation during the
composting process cause the moisture conditions in the
pile to fluctuate constantly. The water content of the
compost was maintained at a humidity level between 40
and 60%. The water content decreased on the first day of
composting due to an increase in temperature which
indicated the activity of microorganisms. Because
microorganisms need an adequate water content to
digest organic material, MC had an impact on the pace
of compost decomposition and temperature variables.
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Large quantities of nutrients are needed by
microorganisms. The macronutrients carbon (C),
nitrogen (N), phosphorus (P), and potassium are among
examples (K) (Graves, 2000). Analysis for nitrogen,
carbon, phosphorus, and the C/N ratio followed a 42-
day period of investigation. The key nutrient content
indication and the factor with the biggest impact on the
composting process is the ratio of carbon to nitrogen.
Since carbon and nitrogen were the primary indicators
of nutritional content, they had to be present in the
proper proportions in order for other nutrients to be
likely to be present in reasonable amounts as well.

Microbial growth required a source of energy,
which was carbon. A portion of the carbon in aerobic
composting was released as CO», and the remaining
carbon was mixed with nitrogen to promote microbial
development. As a result, the compost pile's carbon
content was dropping.

The sample and nitrogen content (%) showed that
the reactor filled with bio activator (Th, Em4) and without
activator was 0.4825%, 0.6975% and 0.595%, all in
accordance with SNI standards that was > 0.4% (Figure
3). Samples and levels of Phosphorus (%), indicated that
each reactor was filled with bio activator: Th, Em4 and
without bio activator, all > 0.1%, namely for Th 0.316%,
Em4 0.5535% and without bio activator 0.4445% (Figure
4). Sample and carbon content (%), indicated that the
reactor was filled bio activator: Th, Ems were 5.325%,
6.42% and SNI standard was > 9.8% (Figure 5).
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Sample of C/N ratio showed that the reactor was
filled bio activator: Th, Em4 were 8.67 and 9.03 while the
SNI standard was > 9.8% (Figure 6). Although the CN
ratio is important, it is not the only parameter because
the properties of the material to be decomposed
inevitably have a profound effect on the rate of
decomposition. Materials rich in tannins and phenols
may take longer to decompose than materials rich in
cellulose, even though both have identical CN ratio.
That is, while bacteria attempt to maintain a healthy
C/nutrient ratio, a C-rich feed causes microbes to emit
more C as CO; into the atmosphere (Manzoni et al.,
2010). Ema, Th, which corresponded to the optimization
point of the graphs C, N, C/N and P ratio according to
the SNI compost table was compost that used Th
activator, namely 4.94, 0.57, 8.67, and 0.287. Em4 were
5.78,0.64, 9.03 and 0.341.

Discussion

The composting process took place after the raw
materials were mixed in each reactor. Composting
occurred when the process of consuming oxygen
generated heat energy and a dynamic microorganism
system that was so active that it changed the conditions
of its own environment. Active mesophilic
microorganisms < 45 0C, while thermophilic
microorganisms have an optimum temperature above
that.

Increases in pH during composting have been
observed to occur more quickly under high oxygen
concentration and low temperature circumstances
(Sundberg & Jonsson, 2008). The initial temperature and
the substrate's capacity for biodegradation both have a
role in the exothermic process of composting
(Kulikowska, 2016). Composting occurred when a
community of microorganisms breaks down organic
matter for mostly aerobic growth and reproduction. By
adjusting the compost pile's carbon-nitrogen (C: N)
ratio, oxygen supply, moisture content, temperature,
and pH, microorganism activity was increased.
Decomposition of a well-managed composting process
to increase the rate of natural composting.
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Decomposition generated enough heat to break
down and decompose organic matter to grow and
reproduce weed seeds, pathogens, and fly larvae
(Graves, 2000). The rapid increase in temperature
indicated that there were mostly easily degradable
substances in the raw materials (Che Jusoh et al., 2013).
Heat produced by the population of microbes'
respiration and the breakdown of sugars, starches, and
proteins during composting is what led to the rise in
temperature. Since higher temperatures were associated
with greater microbial activity, they are a solid indicator
that there was activity in the compost heap. A large
percentage of the vegetable waste was biodegradable,
according to the temperature pattern, which showed a
quick transition from the early mesophilic phase to the
treatment. Temperature was the main factor as an
exothermic reaction that affected the degradation of
organic compounds and evaporation of water (Chen et
al.,, 2015; Raut et al., 2008; Zhang et al., 2016). The main
control parameter for the activity of microbes during the
breakdown of organic matter was temperature. The
composting process will operate at its optimum if the
temperature  necessary for the growth of
microorganisms was reached (Priyambada & Wardana,
2018).

Conclusion

The increase in temperature affected the increase in
the release of CO,. On the 8t day the temperature
reached 34 9C and the 42nd day the reactor temperature
reached 29.25 °C and for Emy on the 10th day it reached
32.25 °C and on the 42 day it reached 28.75 °C. it means
that Th has the most effective microbes compared to Emy
activator. Depending on the chemical properties of the
waste and the stoichiometric requirements of the
decomposer, the dynamics of carbon, nitrogen, and
phosphorus in  decomposing activity against
decomposition provide a recognizable pattern of
immobilization and nutrient release. Our findings
demonstrated that lowering the initial nitrogen and
phosphorus concentrations in the litter increased the
critical C:N and C:P ratios, under which nutrients were
released. We propose that this pattern could be
explained by a decrease in the efficiency of carbon used
by decomposers and, in the tropics, by an increase in
decomposers based on the theoretical notion of a critical
carbon: nutrient ratio. higher leaching rate and C:P ratio.
These elements, especially in the tropics, permitted the
release of nutrients from plant wastes with low
nutritional concentrations. Therefore, the litter N:P ratio
by itself may not be a good indicator for anticipating the
initial nutrients released during decomposition in
tropical systems. These insights will be tested using
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specific measurements of the microbial carbon:nutrient
ratios in litter from various climatic areas. The benefit of
this research is to determine the optimization of psycho-
chemical parameters and bioactivators. So that it can be
more precise and effective at the time of application and
decomposition of vegetable waste into organic compost.
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