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ABSTRACT

 Kitchen (food waste) was collected from hostels of Cancer Hospital & Research Institute (CHRI), Gwalior’s Mess as feedstock for bio-reactor which works 

as anaerobic digester system to produce biogas energy. Production of  biogas ,used as energy source, will be more cost effective, eco-friendly, cut down on landfill 

waste, generate a high-quality renewable fuel, and reduce CH4  and  CO2 emissions, and also   bio-fertilizer which contains beneficial bacterial community. This 

bacterial community plays a major role in the regulation of soil properties on the basis of their biological activity. The absence of oxygen leads to controlled 

conversion of complex organic pollutions, mainly CH4 and CO2. Anaerobic treatment has favourable effects like removal of higher organic concentration, low 

sludge production, high pathogen removal, high biogas gas production and low energy consumption. The continuously fed digester requires addition of sodium 

hydroxide (NaOH) to maintain the alkalinity and pH at 7.0. For this purpose, we have prepared an excellent bacterial community which is applied into mixture of 

cow dung slurry along with the kitchen waste in bioreactor for CH4 production in large quantity. A combination of these, an excellent bacterial community, was used 

for biogas production at 37°C in small scale laboratory reactor of 10L capacity. 

Keywords: Anaerobic biodegradation, kitchen waste, anaerobic waste treatment, energy recovery, bio fertilizer. 

 

INTRODUCTION 

India stands second in the production of Fruits and 

Vegetables in the world. It contributes about 10% as well as 

14% of Fruits and Vegetables in the world production. [1] 

Vegetable Wastes are created during harvesting, 

transportation, storage, marketing and processing. Due to 

their nature and composition, they deteriorate easily and 

cause foul smell production. In recent years, solid waste 

treatment has become a serious issue worldwide. [2] Material 

waste is a by-product of almost all human activities and 

results in stress and pollution in the environment. Total waste 

production is not directly proportional to the economic 

development of the country. Waste prevention is the primary 

goal of the waste management. Solid waste generation is 

increasing gradually with the passage of time due to  

 

 

population explosion and urbanization. Each urban resident 

generates 0.35–1.0 kg of solid waste every day. [3] 

This investigation focuses on the handling and utilization of 

restaurant, catering facility, and kitchen biodegradable 

waste. The kitchen waste from restaurants, canteens, catering 

establishments has the potential to spread biological 

pathogens and infectious diseases (i.e. swine flu, foot and 

mouth disease, diarrhea, etc). Food waste includes uneaten 

food and food preparation left over from residences, 

commercial establishments such as restaurants, institutional 

sources like school cafeterias and industrial sources like 

factory lunch-rooms, and is the single-largest component of 

the municipal solid waste stream by weight. [3] [4] Great 

potential is expected from the method of anaerobic 
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fermentation, widely used in biogas plants. [5] The 

components of kitchen waste include spoilt vegetables, 

peelings and trimmings, fruit skins, spoilt fruit, cooked and 

uncooked meat, bones, fats, egg-shells, used teabags, coffee 

grounds, bread and pastries, cooked food waste, tissue 

papers, packing materials, plastics, glass and water, etc. Due 

to relatively high moisture content of kitchen waste, 

bioconversion technologies such as anaerobic digestion are 

more suitable as compared to thermo-chemical conversion 

technologies, viz. combustion and gasification. [4] 

Recently organic wastes have been recognized as reusable 

resources and biological treatment of organic solid wastes 

has considerably increased. The high moisture and organic 

content in these wastes can be utilized in biological treatment 

like anaerobic digestion than in other techniques like 

incineration and composting. Conventional treatment methods 

for solid waste treatment are composting, land filling and 

incineration, etc. [6] [4] But these techniques have severe 

environmental issues associated with them such as air 

pollution and leachate flow from dumped waste causing 

water contamination, etc. Kitchen waste is characterized by 

high organic content, most of which is composed of easily 

biodegradable compounds such as carbohydrates, proteins, 

and smaller lipid molecules. As a result of these 

characteristics, interest in anaerobic digestion has increased 

for the efficient management of kitchen waste. [2] 

ROLES OF MAJOR FACTORS IN BIOGAS PRODUCTION:- 

The amount of biogas produced from the digestion process 

depends on several parameters like  

• pH 

• Temperature 

• Composition of substrate 

• Retention time and Organic loading rate 

 

pH 

The pH is important because the methane producing 

methanogens are inhibited under acidic conditions. Moreover, 

the methanization potential depends on the concentration of 

four main components present in the substrate viz. proteins, 

lipids, carbohydrates and cellulose. [7] 

Temperature 

One of the most important factors affecting anaerobic 

digestion of organic solid waste is temperature. [8] 

Generally, anaerobic digestion process is operated under 

mesophilic or thermophilic condition in which thermophilic 

digestion is reported to be the more efficient method. [9] [10] 

However, the anaerobic digestion process can restore its 

efficiency from imbalance circumstances such as the lower pH 

condition owning to accumulation of volatile fatty acids 

(VFAs) and consumption of alkalinity.  

Retention time and organic loading rate  

The highest methane production can be obtained from 

systems with excess of lipids and operating at long retention 

times while the fastest methanization can be achieved from 

systems with excess proteins, cellulose and carbohydrates, 

respectively. In addition, overloading of the system with 

substrates will result in low biogas production. There are 

several ways to improve the efficiency of biogas yields.  

Composition of substrate 

One of these is known as co-anaerobic digestion which may 

result in a better nutritional balance in the system. The 

variety of organic compounds for example carbohydrates, 

proteins, lipids, and cellulose can be digested by anaerobic 

bacteria. [11] These compounds are mainly presented in 

different organic solid wastes those are commonly used as 

substrates for the anaerobic digestion. Some examples for 

organic solid wastes which can be used as digestion 

substrates are municipal solid waste, slaughterhouse waste, 

agricultural waste, animal manure, food waste, sewage 

sludge, etc.[12] The methane content of the biogas produced 

depends on the carbon presented in the substrate. Higher 

methane content can be obtained from substrate with high 

carbon composition. [11] Co-digestion offers many possible 

ecological, technological and economical benefits.[13] For 

example, co-digestion of slaughterhouse waste with low 

nitrogen and/or lipid containing substrates provides better 

process stability and higher methane production. 

Slaughterhouse waste is rich in proteins and lipids so the 

digestion of this waste tend to failure due to the production 

of ammonia, volatile fatty acids (VFAs) and long chain fatty 

acids (LCFA) at inhibitory high levels. [14] The biodegradation 

process can be divided into: (1) aerobic and (2) anaerobic 

degradation (Fig. 1). 

Aerobic biodegradation: Polymer + O2 → CO2 + H2O + 

biomass + residue(s) (1) 
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Anaerobic biodegradation: Polymer → CH4 + CO2 + H2O + 

biomass + residue(s) (2) 

 

 

 

 

 

 

 

 

 

 

 

 

If oxygen is present, aerobic biodegradation occurs and 

carbon dioxide is produced. If there is no oxygen, an 

anaerobic degradation occurs and methane is produced 

instead of carbon dioxide. [16] [17] [18] When conversion of 

biodegradable materials or biomass to gases (like carbon 

dioxide, methane and nitrogen compounds), water, salts, 

minerals and residual biomass occurs this process is called 

mineralization. Mineralization is complete when all the 

biodegradable materials or biomass are consumed and all 

carbons are converted to carbon dioxide. [16] 

AN ACTIVITY OF ANAEROBIC MICROORGANISMS IN 

ANAEROBIC DIGESTION:-  

In anaerobic digesters, proteins serve as a source of carbon 

and energy for bacterial growth and a source of nitrogen. 

Proteins are hydrolyzed by proteolytic enzymes to peptides, 

amino acids, ammonia, and carbon dioxide. It has been 

shown that a specialized group of anaerobic bacteria such 

as the proteolytic Clostridia (e.g. Clostridium perfringens, C. 

bifermentans, C. histolyticum, and C. sporogenes) are 

responsible for protein degradation in digesters. [19] In 

addition to these organisms, numerous other species of 

anaerobic bacteria such as Bacterioides, Butyrivibrio, 

Fusobacterium, Slelnomonas, Peptococcus, Campylobacter and 

Streptococcus are capable for depolymerization of the 

proteins to amino acids and further to simple fatty acids such 

as acetic, propionic and butyric acid. [19] [20] 

MECHANISM OF ANAEROBIC DIGESTION PROCESS:-  

Kitchen waste has high organic content such as soluble sugars, 

starch, proteins, cellulose, etc. [21] Anaerobic digestion (AD) is 

a biological process that naturally occurs when bacteria 

decompose the organic matter producing mainly methane 

(CH4) and carbon dioxide (CO2) in oxygen-free 

environment.[7] [22] The anaerobic digestion process normally 

consists of four steps, each of these is completed by different 

groups of bacteria. These are hydrolysis, acidogenesis, 

acetogenesis and methanogenesis.[23] All reactions happen 

simultaneously and are interdependent. Nevertheless, the 

overall chemical reaction can be simplified to:  

Organic matter → CH4 + CO2 + H2 + NH3 + H2S 

 

HYDROLYSIS 

In this step which large organic molecules viz. proteins, 

carbohydrates and fats are enzymatically broken down into 

smaller molecules. The enzymes are produced by the 

hydrolytic and fermentative bacteria present in the 

anaerobic environment. The results of this stage are simple 

monomers like sugars, amino acids, fatty acids and water. [7] 

The rate of the hydrolysis step depends on substrate 

characteristics, bacteria concentration, and also 

environmental factors such as pH and temperature. [23] 

                       

Carbohydrate → Sugars 

Protein → Amino Acids 

Fat → long chains fatty acids & glycerols 

 

ACIDOGENESIS  

Acidogenesis of kitchen waste produces biogas and soluble 

organic products such as organic acids. [24] Organic acids 

such as lactic acid followed by acetic and propionic acids 

were found to be the main products of kitchen waste 

fermentation.[25] Moreover, methanol and other simple 

alcohols are also produced by breaking down the 

carbohydrates. [23] Typical reactions occurring in this stage 

are presented below:  

 

Conversion of glucose into ethanol:   C6H12O6 → 2C2H5OH + 

2CO2 + heat 

 

Conversion of glucose into propionic acid:  C6H12O6 + 2H2 → 

2CH3 CH2COOH + 2H2O 

 

 

 

Fig.1. Schema of polymer degradation under aerobic 

and anaerobic conditions. [15] 
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ACETOGENESIS 

In this stage acetogenic bacteria transform the resulting 

compounds from acidogenesis into acetic acid (acetates) and 

hydrogen (H2) and carbon dioxide (CO2). [7] The 

concentration of hydrogen is very crucial because the 

reactions can only proceed when the hydrogen concentration 

is very low, hence acetogenic bacteria live in symbiosis with 

hydrogen consuming methanogens. In addition, the 

acetogenic bacteria are very sensitive to fluctuations of 

temperature. [23] 

METHANOGENESIS  

The methanogens convert acetic acid, simple alcohols 

(methanol, ethanol) or carbon dioxide and hydrogen into 

methane. Approximately 70 % of total methane production 

is acquired from the conversion of acetic acid or by 

fermentation of alcohols, while 30 % of the methane 

production comes from the reduction of carbon dioxide by 

hydrogen.[7] [23] The reactions which occur in methanogenesis 

step are the following:  

 

Conversion of acetic acid:    2CH3CH2OH + CO2 → 

2CH3COOH + CH4 

Followed by                            CH3COOH → CH4 + CO2 

Conversion of methanol:        CH3OH + H2 → CH4 + H2O 

Reduction of carbon dioxide by hydrogen:  CO2 + 4H2 → 

CH4 + 2H2O 

 

THE MAIN ADVANTAGES OF THE CO-DIGESTION 

PROCESS:-  

These main advantages of co-digestion are given below:- 

• Increased biogas production which can be used for 

steam heating; cooking and generation of electricity 

• Higher organic matter bioconversion  

• Better balance of nutrients in feedstock 

• Greater fertilizer amounts (digested biomass) and 

volume reduction 

• Reduction of odour nuisance  

• Improved biomass dewatering properties. [26] [27] 

 

Kitchen bio-wastes which constitute the main ingredient of 

municipal bio-wastes are considered as valuable co-

substrates of anaerobic digestion. Such bio-wastes are 

relatively easily accessible and include a large proportion of 

biodegradable organic matter (approx. 90% of total solids).  

Biological treatment already demonstrated that is one of the 

most advantageous methods for maximizing recycle and 

recovering its components. This process also results in a lower 

production of leachate and easier handle of digested 

residues that can be further treated by composting process 

or be used as fertilizer. [28] Selection of waste/inoculum ratio 

as well as the assessment of anaerobic biodegradability of 

solid wastes is also crucial.[29] In case of the anaerobic 

biodegradability of solid waste, the use of a highly active 

anaerobic inoculum or animal inoculum waste will reduce 

significantly experimental time or reduce the amount of 

inoculum required in full scale batch digesters, and 

consequently the corresponding digester volume . [30] 
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