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ermentation of manure refers to the 

biological decomposition of animal wastes 

and organic materials such as crop residues, 

animal dung, and agricultural by-products 

through the action of microorganisms including 

bacteria, fungi, and actinomycetes. This process 

is carried out under controlled environmental 

conditions such as temperature, moisture, and 

oxygen levels. The primary objective of manure 

fermentation is to stabilize the organic matter, 

minimize pollution potential, and transform waste into nutrient-rich organic fertilizer or other 

value-added products like biogas. 

The fermentation process transforms raw, unstable, and potentially hazardous animal waste 

into a safe, environmentally friendly, and agronomically valuable product. Depending on the 

presence or absence of oxygen, manure fermentation can be broadly classified into two major 

types: 

1. Aerobic Fermentation (Composting) – occurs in the presence of oxygen and produces 

stable compost. It effectively eliminates foul odors, reduces pathogens, and enhances 

nutrient availability. 

2. Anaerobic Fermentation (Biogas Production) – occurs in the absence of oxygen, 

producing biogas (composed primarily of methane and carbon dioxide) as a renewable 

energy source, along with a nutrient-rich digestate suitable for use as organic manure. 

Problems with Raw Manure 
Raw manure, although rich in nutrients, poses multiple environmental, health, and 

management challenges if not properly treated: 

1. Odor and Aesthetic Problems: 
Raw manure emits unpleasant odors due to gases such as ammonia (NH₃) and hydrogen 

sulfide (H₂S) released during decomposition. These odors not only create discomfort but also 

reduce the acceptability of farms located near human habitations. 

2. Pathogen and Health Risks: 
Untreated manure may harbor pathogenic microorganisms including Escherichia coli, 

Salmonella spp., and various parasitic eggs and viruses. Their presence can lead to 

contamination of soil, crops, and water, posing serious health risks to humans and animals. 

3. Nutrient Instability and Loss: 
Nutrients, particularly nitrogen, exist in volatile forms and are easily lost to the atmosphere as 

ammonia gas during storage or application. This reduces the fertilizer value and causes air 

pollution. 
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4. Water Pollution: 
Excessive or improper manure disposal can result in leaching of nitrates into groundwater 

and runoff of phosphorus into surface water bodies. These nutrients stimulate eutrophication, 

leading to algal blooms, oxygen depletion, and fish mortality. 

5. Greenhouse Gas Emissions: 
Raw manure decomposition produces greenhouse gases like methane (CH₄) and nitrous oxide 

(N₂O), both of which have high global warming potentials, contributing to climate change. 

6. Storage and Handling Constraints: 
Fresh manure is typically bulky, wet, and heavy. It requires significant space for storage and 

can attract pests such as flies and rodents, making handling difficult. 

Benefits of Fermentation of Manures 
Fermenting manure before its use offers multiple agricultural and ecological benefits: 

 Nutrient Stabilization: Fermentation stabilizes nutrients, preventing nitrogen loss 

through volatilization. It converts nutrients into more available forms that enhance plant 

growth and soil fertility. 

 Environmental Conservation: Controlled fermentation reduces greenhouse gas 

emissions compared to raw manure storage, while simultaneously decreasing the risk of 

soil and water pollution. 

 Pathogen and Weed Seed Elimination: The heat generated during fermentation 

(especially in aerobic composting) destroys harmful pathogens and weed seeds, ensuring 

biosecurity and safe manure utilization. 

 Energy Generation: Anaerobic digestion produces biogas, a renewable and clean energy 

source suitable for electricity generation or household use. 

 Odor Suppression: The fermentation process greatly minimizes offensive odors 

typically associated with raw manure. 

 Improvement in Soil Health: Application of fermented manure enhances soil structure, 

water-holding capacity, microbial activity, and overall fertility, leading to sustainable 

agricultural productivity. 

Types of Fermentation of Manure  
Aerobic Fermentation of Manure 

Principle: Aerobic fermentation, commonly known as composting, relies on microorganisms 

that require oxygen to break down organic matter. Oxygen serves as the terminal electron 

acceptor in microbial respiration, enabling microbes to oxidize carbohydrates, proteins, and 

fats into simpler compounds. 

Process Characteristics: 
 Oxygen Supply: Essential for sustaining microbial metabolism and oxidation of organic 

matter. 

 Heat Generation: The decomposition releases energy in the form of heat, elevating 

compost temperature to 50–70°C. 

 Pathogen Destruction: High temperatures achieved during thermophilic stages 

effectively kill pathogens and weed seeds. 

 Product Formation: The end product is stable, humus-like compost, rich in nutrients and 

beneficial microorganisms. 

Process of Aerobic Fermentation  

A. Collection of Raw Materials 

Organic materials such as animal manures, crop residues, 

and plant wastes are collected as the base substrate. A 

proper carbon-to-nitrogen (C: N) ratio of about 25:1–35:1 

is maintained to ensure efficient microbial activity. 

B. Pre-Treatment 
The collected materials are cleaned and prepared for 

composting: 
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 Impurities (plastics, stones, metals) are removed. 

 Moisture content is adjusted to around 55–65% for optimal microbial growth. 

 Materials may be chopped or mixed to improve aeration and uniformity. 

C. Pile Formation 

The treated material is stacked in windrows or static piles about 1.5–2 m high. 

 Windrows are long heaps that allow manual or mechanical turning. 

 Static piles may use air ducts or blowers for aeration. 

Proper pile formation ensures sufficient oxygen movement and heat buildup for 

decomposition. 

D. Aeration 

Regular turning of piles (every 7–10 days) or using blowers helps maintain oxygen levels and 

distribute heat evenly. Adequate aeration prevents foul odors and supports aerobic microbial 

activity. 

E. Microbial Decomposition 

Microbes decompose organic matter under thermophilic conditions (55–65°C). 

 Aerobic bacteria and fungi oxidize carbohydrates, fats, and proteins into CO₂, water, and 

heat. 

 The high temperature kills pathogens and weed seeds, ensuring hygienic compost. 

This active decomposition phase generally lasts 1–3 weeks. 

F. Moisture and Temperature Management 

To maintain microbial activity, moisture is kept around 55–60% and temperature is regulated 

by sprinkling water or turning the pile. Overheating (>70°C) is avoided to protect beneficial 

microbes. 

G. Stabilization and Maturation 

After active decomposition, the compost enters a curing stage of about 2–3 months. 

 The pile cools and stabilizes as microbes convert remaining organic matter into humus. 

 The final product becomes dark, crumbly, and odorless, with a reduced C:N ratio (<20:1), 

indicating maturity. 

H. Final Product 

The end product is nutrient-rich, stable composted manure that: 

 Improves soil structure and water-holding capacity 

 Supplies balanced nutrients to crops 

 Enhances soil microbial diversity 

Anaerobic Fermentation (Anaerobic Digestion) of Manure 

Principle: Anaerobic fermentation involves the biological breakdown of organic material in 

oxygen-free conditions, typically within a closed digester. The process is carried out by 

anaerobic bacteria and archaea through four major biochemical stages: 

1. Hydrolysis: Complex polymers like proteins, fats, and carbohydrates are broken down 

into simpler soluble compounds (amino acids, sugars, and fatty acids). 

2. Acidogenesis: The soluble products are further converted into volatile fatty acids (VFAs), 

hydrogen, and carbon dioxide. 

3. Acetogenesis: VFAs are converted into acetic acid, hydrogen, and CO₂. 

4. Methanogenesis: Methanogenic archaea convert acetic acid and hydrogen into methane. 

5. (CH₄) and carbon dioxide (CO₂) — the primary components of biogas. 

Anaerobic Fermentation (Digestion) Process of Manure 

a) Collection of Raw Materials 

Organic wastes such as animal manure, crop residues, food waste, and agricultural by-

products are collected as feedstock. These materials are rich in carbohydrates, proteins, and 

lipids—the primary substrates for anaerobic microorganisms. A balanced C:N ratio (20–30:1) 

ensures efficient biogas generation. 

b) Pre-Treatment 

Before digestion, raw materials are pre-treated to ensure uniformity and enhanced 

biodegradability: 
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 Removal of impurities (stones, plastics, metals). 

 Size reduction or chopping to increase surface area. 

 Moisture adjustment to around 80–90% for microbial activity. 

This step helps improve microbial access and accelerates the fermentation rate. 

c) Feeding into Digester 

The prepared substrate is fed into a closed, air-tight biogas digester, which provides an 

oxygen-free environment essential for anaerobic microbial activity. The digester may operate 

under: 

 Mesophilic conditions (30–40°C) or 

 Thermophilic conditions (50–60°C) depending on the design and target efficiency. 

d) Hydrolysis 

This is the first biochemical stage of anaerobic digestion. Complex organic molecules 

(carbohydrates, proteins, fats) are broken down into simpler soluble compounds by hydrolytic 

enzymes. 

 Carbohydrates → Simple sugars 

 Proteins → Amino acids 

 Lipids → Fatty acids and glycerol. Hydrolysis converts insoluble compounds into soluble 

monomers that can be utilized by other bacteria in subsequent stages. 

e) Acidogenesis 

In this phase, acidogenic bacteria convert the soluble compounds produced during hydrolysis 

into volatile fatty acids (VFAs), alcohols, hydrogen, carbon dioxide, and ammonia. 

This stage marks the formation of organic acids that lower the pH of the medium. It also 

produces intermediate energy carriers used in the next step. 

f) Acetogenesis 

Acetogenic bacteria convert VFAs and alcohols into acetic acid, hydrogen, and carbon 

dioxide. This stage links acidogenesis and methanogenesis by preparing substrates suitable 

for methane-producing microorganisms. Maintaining a neutral pH and balanced hydrogen 

concentration is crucial to avoid inhibition of these bacteria. 

g) Methanogenesis 

This is the final and most critical phase, carried out by methanogenic archaea. These 

microorganisms convert acetic acid, hydrogen, and carbon dioxide into methane (CH₄) and 

carbon dioxide (CO₂) — the main components of biogas. 

CH₃COOH → CH₄   CO₂ 
CO₂    H₂ → CH₄    H₂O 

The resulting biogas contains roughly 55–70% methane, which can be used for cooking, 

heating, or electricity generation. 

h) Biogas Collection 

The produced biogas accumulates in the gas holder section of the digester and is continuously 

collected through outlet pipes. The gas can be purified (to remove CO₂ and H₂S) and stored 

for domestic or industrial use. 

i) Digestate Utilization 

After gas production, the remaining semi-solid residue called digestate is removed from the 

digester. 

This by-product is: 

 Rich in stabilized organic matter and nutrients (N, P, K) 

 Free from pathogens and weed seeds due to the high temperature inside the digester. 

It can be directly used as organic fertilizer or further dried for use as soil conditioner. 

 Operating Conditions: Optimal performance is achieved at mesophilic (30–40°C) or 

thermophilic (50–60°C) temperatures and neutral pH (6.8–7.4). The by-product, 

digestate, is a nutrient-rich fertilizer suitable for agricultural applications. 
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Figure 1. Flowthrough diagram of a Biogas system unit 

Bokashi Fermentation of Manure 

Bokashi fermentation represents a microbial-based 

anaerobic fermentation process that utilizes 

Effective Microorganisms (EM), typically including 

Lactobacillus, Saccharomyces, and 

Rhodopseudomonas species. Unlike aerobic 

composting, Bokashi does not completely 

decompose the material but instead ferments or 

“pickles” it, preserving most nutrients. 

Products 
 Fermented Manure (Bokashi): Enriched with 

beneficial microbes and organic acids; enhances 

soil fertility and plant growth. 

 Leachate (Bokashi Tea): The liquid by-product 

can be diluted and used as a potent liquid fertilizer for crops. 

Advantages 
 Minimal odor production 

 Rapid fermentation process (7–14 days) 

 Retention of nitrogen and organic matter 

Recent Advancements in Fermentation Technologies 
Traditional composting methods, though effective, are time-consuming (90–270 days) and 

contribute to emissions of greenhouse gases. Recent research has introduced microbe-aided 

thermophilic composting, a significant innovation that accelerates manure decomposition. 

 The introduction of thermophilic Bacillus strains into manure enhances microbial 

activity, thereby reducing composting time from 5 days to just 3 days. 

 The resulting compost exhibits a Germination Index (GI) of 134%, indicating maturity, 

absence of phytotoxic compounds, and suitability for agricultural use. 

 Thermophilic composting not only improves fertilizer quality but also supports 

environmental sustainability through reduced emission and enhanced pathogen 

suppression. 
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Conclusion 
Fermentation of manure is an environmentally sustainable and biologically efficient method 

for managing animal and agricultural waste. Through controlled microbial activity, it 

transforms raw, unstable, and pathogen-laden manure into a nutrient-rich, stable, and eco-

friendly product that enhances soil fertility and supports sustainable farming. Both aerobic 

(composting) and anaerobic (biogas production) fermentation processes reduce foul odors, 

suppress harmful microorganisms, and minimize nutrient losses and greenhouse gas 

emissions. The by-products—compost and digestate—serve as excellent organic fertilizers, 

while biogas provides a renewable energy source that helps reduce dependence on 

conventional fuels. Overall, manure fermentation not only promotes waste recycling and 

resource recovery but also contributes to environmental protection, energy conservation, and 

soil health improvement, aligning perfectly with the goals of sustainable agriculture and 

integrated aquaculture systems. 

References  
1. Wang, L., Li, Y., & Li, X. (2024). Microbe-aided thermophilic composting accelerates 

manure fermentation. Frontiers in Microbiology, 15, 1472922. https://doi.org/10.3389/ 

fmicb.2024.1472922 

2. Patinvoh, R. J., Mehrjerdi, A. K., Horváth, I. S., & Taherzadeh, M. J. (2017). Dry 

fermentation of manure with straw in continuous plug flow reactor: Reactor development 

and process stability at different loading rates. Bioresource Technology, 224, 197-205. 

3. Vuori, A. T., & Näsi, J. M. (1977). Fermentation of poultry manure for poultry 

diets. British Poultry Science, 18(3), 257-264. 

4. Zhu, J., Li, Y., Wu, X., Miller, C., Chen, P., & Ruan, R. (2009). Swine manure 

fermentation for hydrogen production. Bioresource Technology, 100(22), 5472-5477. 

5. Li, Y., Liu, Y., Zhang, Z., & Yi, W. (2014). Optimization of anaerobic fermentation with 

mixed materials of corn straw and pig manure. Transactions of the Chinese Society of 

Agricultural Engineering, 30(5), 185-192. 

6. Nie, H., Jacobi, H. F., Strach, K., Xu, C., Zhou, H., & Liebetrau, J. (2015). Mono-

fermentation of chicken manure: Ammonia inhibition and recirculation of the 

digestate. Bioresource technology, 178, 238-246. 

7. Gao, Z., Lin, Z., Yang, Y., Ma, W., Liao, W., Li, J., ... & Roelcke, M. (2014). 

Greenhouse gas emissions from the enteric fermentation and manure storage of dairy and 

beef cattle in China during 1961–2010. Environmental research, 135, 111-119. 

8. Insam, H., Gómez-Brandón, M., & Ascher, J. (2015). Manure-based biogas fermentation 

residues–friend or foe of soil fertility?. Soil Biology and Biochemistry, 84, 1-14. 

https://doi.org/10.3389/fmicb.2024.1472922
https://doi.org/10.3389/fmicb.2024.1472922

