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Abstract:

Compostingss is a technological waste management method in which organic material is broken down and
stabilized into a biodegradable combination and then turned into compost with the aid of aerobic
microbiological activity. This organic matter decomposition process has garnered a lot of interest lately because
it uses eco-friendly techniques that prevent further pollution of the environment. The first mesophilic phase, the
thermophilic phase, the second mesophilic phase, and the maturation phase are the four stages of the composting
process. . The C/N ratio, temperature, humidity, substrate particle size, pH, oxygen content, and microbes are
the main variables affecting the success of decomposition. In the process of breaking down organic waste,
microorganisms like bacteria, fungus, and actinomycetes function as chemical decomposers, producing carbon
dioxide, heat, water, hummus, and compost—a rather stable end organic product. Microorganisms break down
the complex lignin, cellulose, and hemicellulose molecules during the cofnposting process. The makeup of
composite mixtures and temperature variations throughout the composting process have an impact on the
existence of various microbe kinds. The temperature rises at the start of compression due to a large increase in
microbial activity. The fungi that are most active during the compost maturation process take the place of the
bacteria that once predominated. The purpose of this scientific paper is to provide an outline of the composting
process and the part that helpful microorganisms play in the organic matter of the compost mixture's breakdown.
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Introduction:

The process of composting has been understood since antiquity. Composting was originally documented in the
ancient Akkadian Empire, when it was employed to enhance plant breeding 1. One of the main environmental
issues facing the modern way of life is waste. The rise in human activities results in a growing amount of waste
being produced. Utilizing composting technology can help reduce biodegradable waste, stabilize the ecosystem,
and recycle byproducts ). Composting, which entails the regulated oxidative microbial breakdown of organic
matter, is one of the environmentally friendly methods of getting rid of biowaste in the modern world I,
Composts are organic fertilizers that are created by the controlled microbiological breakdown of a variety of
materials, including animal waste, mineral additives, fresh, dry, or processed plant wastes, and mechanical and
organic waste from the processing sector ' The composition of all the source materials of the compost mixture,
the C/N ratio, humidity, oxygen, pH, temperature, and other factors all have an impact on the composting
process®! The C/N ratio has a major impact, because nitrogen deficit results from carbon deficiency. Bilization
and causes notable ammonic form losses [®l. 50% to 60% during composting. 10% is the ideal oxygen
concentration, while the appropriate temperature varies depending on the content's phase. The microbial and
chemical activities involved in composting require humidity, and ideally the humidity the 'l. Compost’s
mesophilic, thermophilic, and second mesophilic phases as well as its maturation phase (1. As a biological
process, composting involves a large number of microorganisms. Microorganisms use their enzymes and
actions to break down organic materials and chemicals, converting them into a rich humic product®l. Compost’s
mesophilic phase, thermophilic phase, second mesophilic phase, and maturation phase [10]. Composting is a
biological process that involves a lot of microbes. With the help of their enzymes, microbes decompose organic
materials and chemicals to produce a rich humic product . The microbial population is influenced by pH
reactions, temperature, oxygen, humidity, and nutrition [*2. The temperature has the greatest impact on the
presence of microorganisms in compost [*3l. Compost's initial ingredients have a significant impact on how
various microbial communities develop as well. Characterizing the microbial communities during the
composting process might yield valuable insights about the compost biodegradation process's evolution and the
finished product's maturity. The complex macromolecules that comprise the organic waste are hydrolyzed by
the enzymes that produce microbial activity. The rate at which organic matter decomposes and the product's
stability are indicated by this kind of enzymatic activity 4. Because it plays a part in the oxidative process of
phosphorylation, dehydrogenase activity serves as an indicator of biological activity [*°.. The com- The purpose
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of this research study is to provide posting procedure, and the part that beneficial microorganisms play in the
compost mixture.

Composting process
Field trail

The aerobic microbiological process of composting is where organic matter from elements contained in original
combinations breaks down!'®l. Heat, water, and gasses (carbon dioxide and ammonia) are the byproducts of
composting!'”). The following equation also illustrates the composting process!'®).

compost + CO2+ + H20 + NH3 + biomass + substrate + 02

In terms of environmental protection, composting is thought to be a more environmentally benign method of
disposing of biological waste than landfilling. Compost made solely from biological waste is suitable for use in
organic farming!'”). Plant substrates make up the majority of the compost mixture, but minor fractions of animal
and microbial components are included>”. Microorganisms have an impact on the breakdown of complex
structural aggregates, and at specific composting stages, they are active. Putrefaction, the oxidation of more
readily degradable organic compounds, is the first step in the breakdown process. Complex organic molecules
are then stabilized or broken down, and lingo- Cellulosic substances!*!!.

Phases of composting

Four basic phases make up the composting process: the thermophilic period (45—65 °C), the second mesophilic
phase (also known as the cooling phase), the maturation phase, and the first mesophilic phase (2545 °C)?2,
On average, the first mesophilic phase lasts a few days. After the third day, the compost mixture's temperature
rises above 40 °C, signaling the start of the thermophilic phase. During this stage, soluble sugars et al., 2015)
are influenced by actinomycetes, fungi, and bacteria, collectively referred to as primary degraders [**1. The
quantity of organisms that are thermophilic, the compost combination contains three times as many mesophilic
organisms, and their metabolic activity is what causes the temperature to rise **., This stage, which can stretch
from 10 to 30 days, is prolonged by further watering and mixing of the compost mixture 2°].happens, increasing
till phase, decomposition acceleration, and the compost pile's temperature reaches the current temperature is 62
°C 6], Mixed populations of actinomycetes, thermophilic bacteria, and heat-tolerant fungi emerge during the
thermophilic phase.
Proteins, lipids, cellulose, and hemicellulose break down under the effect of microbial activities ?"). Weed seeds
and harmful microbes cannot germinate at temperatures higher than 50 °C. However, beneficial bacteria are
also destroyed by temperatures exceeding 65 °C, therefore aerating the compost pile may be helpful or required
(28] Because the temperatures in the various components of the compost mixture vary, it's critical to regularly
mixing the compost mixture guarantees that all of the compost is moved to the center, where the temperature is
at its highest. Four zones of the compost mixture are indicated by the microbiological aspect. The inner zone is
heavily compressed and has a poor oxygen supply, the lower zone has a high temperature and a good oxygen
supply, the upper zone is the warmest and typically has the best oxygen supply, and the outer zone has the
lowest temperature but the best oxygen (Fig. 1) supply [?°1. The length of the second mesophilic phase, often
known as the cooling phase, varies depending on the compost pile's initial composition %, During this stage,
lignin and other refractory components degrade gradually and over time, and mesophilic organisms are
reactivated Y. During the compost maturation phase, fungi that break down agar and leftover lignin proliferate
while bacteria decline B2, This stage lasts anywhere from a few days too many months, or until the carbon
compounds begin to break down. It concludes when stable, mature compost with a mildly alkaline pH and a
reduced C/N ratio is produced 231,
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Composting process variables

Arange of physical, chemical, and biological elements, including substrate, particle size, humidity, temperature,
pH, oxygen concentration, C/N ratio, and the quantity and kind of microorganisms, are necessary for a
successful composting process**. Good starting materials are essential for the composting process and often
comprise kitchen trash, garden waste, fruit and vegetable leftovers, straw, manure, etc. Animal waste can be
added to the compost mixture in addition to plant waste. When creating a compost mixture, it's critical to select
quality starting materials that have enough carbon (straw, sawdust, hay, cardboard, etc.) and nitrogen (green
grass, green plant parts, etc.) for the C/N ratio to be ideal®].

Figure 1: Compost piles zones. Source:( Seekins, W., Hutchinson, M., King, M., & MacDonald, G. (2015). Pile
structure in large animal carcass compost piles: zone differences in physical and chemical
characteristics. Compost Science & Utilization, 23(2), 67-86.)

The first components' ideal particle size is between 4 and 5 em®®!. According to Tangent et al. (2007), in order
to boost the area accessible to microorganisms and expedite the composting process, the initial components
should be cut to an inch in size. At the start of the composting process, 50—60% humidity is excellent *”). Over
70% humidity has an impact on the compost mixture's aeration, which lowers air space and makes it harder for
oxygen to flow, leading to anaerobic conditions. The compost mixture becomes dehydrated and biological
processes are disrupted when the water content falls below 40%. All microbial activity stops once the compost
mixture's moisture content falls below 8% [*8l. Because of microbiological activity, the compost mass's
temperature rises quickly above room temperature. The process of composting is exothermic, meaning that a
significant amount of energy is generated, but only roughly 45% of microbes use it to create ATP; the rest of
the energy is wasted as heat in the compost heap *?). At temperatures between 30 and 45 °C, the first mesophilic
phase has the highest microbial activity . Maintaining temperatures above 60 °C for a minimum of three days
is crucial for disinfecting the compost pile and minimizing germs. When the second mesophilic phase, during
which microbial activity declines, is over, the compost pile's temperature is lowered to the ambient level 4],
The final pH of mature compost is 6.5-8.0, which is the ideal pH range for the majority of bacteria and
actinomycetes. The reaction's pH decreases during the first mesophilic phase as a result of the breakdown of
readily degradable organic compounds, which also produces organic acids among the products **. The
breakdown of the amine in the thermophilic phase results in the formation of ammonia, raising the pH of the
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compost mixture. The second phase of mesophilia the decreased activity of microbes causes a lower pH. The
pH response stabilizes to a neutral value during the maturation period, and this is directly correlated with the
humus's buffer capacity [*’]. A healthy supply of oxygen is essential for the bacteria that break down organic
materials. Although the oxygen content of the compost mixture at the start of the process is usually adequate,
an oxygen source is necessary to prevent anaerobic conditions during the composting process. Mixing the
compost pile or forcing aeration with air blowing ensures aeration, and the ideal oxygen level for microbial
activity must be higher than 10% 4. Because it slows down microbiological activity and produces carbon
dioxide, the oxygen content is maximum during the thermophilic phase and falls during the maturation phase
(431 Microorganisms use carbon as a source of energy and nitrogen for protein synthe amount of these elements
is crucial to the composting process [*. Sis and cell formation, therefore the. Effect of leadership style on
employee performance. Because microorganisms use carbon as an energy source and nitrogen for protein
synthesis and cell formation, the amount of carbon and nitrogen in the composting process is crucial 7). The
composting process slows down if the C/N ratio is higher than ideal because microbial activity is decreased,
and ammonia and unpleasant aromas are produced at a lower C/N ratio 8. According to certain authors'
research, a successful composting process can still occur even with C/N ratios that are below ideal; table 1
illustrates this. By including nitrogen-rich components, such as leftovers from fruits and vegetables, C/N ratios
can be lowered. Adding raw materials with a higher carbon content, like cardboard and paper, increases the C/N
ratio 91,

The role of microbes in composting

Biotransformation is a biological modification that alters the chemical structure of matter, and microorganisms
are the primary mediators in the biological circulation of nutrients, which is essential for life % In
biotransformation, atoms can be created or simple molecules can be changed into more complex compounds
(biosynthesis) or the other way around (biodegradation and mineralization)!l.

Microbes that are involved

While most microorganisms in compost are advantageous, some may be hazardous to people, animals, plants,
and the environment [°%, The primary source of harmful bacteria in compost-mixtures is the initial substrate.
Microbial processes are directly impacted by input substrates, compost pile size, rotation frequency, particle
size, aeration, and wetness 3. By generating heat and carbon dioxide, bacteria take part in biodegradation and
generate energy 4. Since fungus and actinomycetes are more visible during the composting process, non-
mycelial bacteria have long been overlooked despite their significance. The fastest and most effective
composting is produced by bacteria, which release nitrogen, phosphorous, magnesium, and other nutrients 1,
Compost piles include a variety of bacteria, with psychrophiles, mesophiles, and thermophiles predominating
(58] Psychrophilic bacteria secrete tiny amounts of energy and are most active at 13 °C, in contrast to other
bacteria. Mesophilic bacteria have a similar role to psychrophilic bacteria and are most active between 21 and
32 °C. The primary function of thermophilic bacteria takes over when the compost pile's temperature increases
over 45 °CP7l. The ideal temperature range for the species Bacillus is between 50 and 65 °C, whereas
temperature over 65 °C Under such circumstances, Stearothermophilus, which is present in nearly pure culture,
predominates *8. Actinomycetes aid in the breakdown of substrates that are more challenging to break down
and prefer compost mixtures with a pH of neutral to slightly alkaline °81. The majority of actinomycetes do best
in compost piles that are adequately moist and oxygenated [**). Actinomycetes have the ability to decompose
tough materials like proteins and starch while releasing carbon, nitrogen, and ammonia, which gives compost
its earthy scent [®"l. Actinomycetes have enzymes that aid in the breakdown of cellulose, lignin, chitin, protein,
woody stems, and tree bark, and they can produce multicellular threads like spider nets despite lacking a
nucleus.
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Thermus/Deinococus representatives thrive at temperatures between 40 and 80 °C on organic materials, with
65 to 75 °C being the ideal range for growth.

Originally found only in geothermal locations, Thermus species most likely adapted to the hot compost system
and are crucial during the compost mixture's peak heating period [®!). Numerous autotrophic bacteria, including
the Hydrogenobacter strain that was previously thought to be exclusive to geothermal areas, have also been
discovered from compost 2!, Dead plant mats provide nutrition for fungi. Which enables bacteria to decompose
even in the absence of cellulose by breaking down leftovers in compost!®*). They create hyphae that allow them
to pierce the compost's components and break down harder degradable elements including cellulose,
hemicellulose, and lignin [**!. Dry, acidic residues as well as residues with little nitrogen that are impervious to
bacterial action can be broken down by fungi. Fungi also break down complex polymers like plastics and
polyaromatic substances.

Microbes at the start of the composting procedure

Bacteria predominate during the start of the composting process, although fungus and actinomycetes are also
significant members of the microbial population. The beginning materials have an impact on the make-up of
the microbial population in the compost pile. Every microbe in the compost can be found in a typical natural
setting. In the compost pile, the early microbial populations and input components are frequently heterogeneous.
The low initial pH of food waste including plant residues causes the presence of yeast and fungal proliferators
and slows the growth of bacteria. On the first day of composting, gram-negative, a-, b-, and g-proteobacteria
were mostly detected on compost samples that contained grass and leaves. There are many thermophilic bacteria
and fungus and few mesophilic ones were discovered in the domestic garbage.

Conclusion

Although people have known about the composting process since antiquity, its significance in waste
management has just recently come to light. Recycling through the conversion of solid waste's biodegradable
organic fraction into compost is one of the most proven techniques. It is an energy-efficient method that enables
the removal of the organic portion of solid waste, which makes up the largest percentage of trash. The most
economical and environmentally responsible way to get rid of biological waste is to compost. Understanding
the microbiological the results of composting have made it possible to optimize every element that directly
affects the process. The stability of compost in relation to microbial activity must be appropriately determined
for optimal compost application in agriculture. Stability makes nutrients available for plant requirements by
preventing them from becoming entangled in fast microbiological growth. Because their enzymes decompose
the organic material in compost mixtures, microorganisms are crucial to the composting process. The initial
combinations of the compost pile and the stage of the composting process determine the existence of various
microorganisms, which interact in a complex way. Even though the general results of a successful composting
process are well understood, little is known about how all the mechanisms and processes interact. Finding more
effective and quick composting models can be aided by researching various microorganism types. To gain a
better knowledge of the composting and biowaste disposal process, more research on microorganisms is crucial.
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