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Abstract

Food waste management is a difficult task which leads to food safety issues as disposal of food waste is major problem. Some traditional 
methods are used for disposal of food waste but are inferior. The anaerobic digestion has significance approach in food waste management. 
This method generally involves hydrolysis, acidogenesis, acetogenesis and methanogenesis. Mainly thermophilic and mesophilic conditions are 
required for the anaerobic digestion process. For efficient process and stability in operational status, physiological parameters play immense 
role. The goal of given review is to produce biofuels by using various animal dungs for human welfare with respect to anaerobic digestion of 
food waste. This review covers the comparative study of different animal manures, bioreactors and process parameters involving in anaerobic 
digestion process.
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Introduction

Over the entire globe, generation of enormous environmental, 
economical and social issues has been occurred due to food 
waste through food chain supply [1,2]. Food waste is generating 
increasingly from residential, commercial, institutional and 
industrial areas [3,4]. Food waste management is very challenging 
because of its high moisture content and simple deterioration 
[5,6]. Disposal of food waste is a major problem which is leading to 
food safety issues due to its incomplete management [7,8]. There 
are some traditional approaches for the disposal of food waste 
such as heat treatment, animal feed, incineration and land filling. 
But these methods are moderately good but less than excellent 
due to high moisture content, less calorific value and greater 
liability with respect to environmental impact [4,9]. Whereas, for 
proper food waste management there exists an effective approach 
called as anaerobic digestion. It has environmental significance 
that includes production of renewable energy, soil amendments, 
alcohol, volatile fatty acids and other valuable materials [9-12].

The process of anaerobic digestion involves four vital 
steps namely acidogenesis, acetogenesis, methanogenesis and 
hydrolysis [13]. Digestion of food waste at higher rate is often a 
challenging optimization problem as food waste is a heterogeneous 
substrate which includes lipids, carbohydrates, proteins and 
fibers that contains both easily fermentable and refractory 
complex organics. To overcome this problem, pretreatment of  

 
both inoculum and substrate and improvement of bioreactor 
configuration has been under focus by researchers [14-16]. The 
sources of bioaugmentation which involves the use of bacteria 
to speed up the digestion process are mainly found in animal 
manures as they contain microbes and enzymes in their digestive 
system which breakdown complex organic compounds in diet 
and microbial consortia is co-diversified with their host [17,18]. 
Distinctly, high rate of protein and lipid degrading microbes and 
enzymes are present in digestive track of carnivores whereas 
digestive track of herbivores contain enzymes and microbes which 
can breakdown the recalcitrant fibers and carbohydrates and 
omnivores involves both in their digestive system [19]. According 
to research study, the investigation of effect of bioaugmentation 
of various animal manures with respect to anaerobic digestion of 
food waste was done. Various animals involving tiger, giraffe, cow, 
llama, sloth bear, koala, were selected for the study and anaerobic 
sludge was used as inoculum [20]. Microbial consortia plays vital 
role in anaerobic digestion process in which thermophilic and 
mesophilic bacterial conditions are most widely used methods.

There are various parameters of the anaerobic digester which 
reflects the operational status of the process; these parameters 
involve pH, gas production, volatile fatty acids, alkalinity. The 
study at a greater extent has been carried out to detect these 
process indicators mainly physiological parameters [21-26]. For 
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improvement of stability and efficiency of anaerobic digester, 
control and monitoring the process of anaerobic digestion plays 
an immense role [21,24,27].

Methodology
A systematic search was carried out in PubMed, Scopus and 

Web of Sciences using a combination of Boolean operators. Peer 
reviewed papers in English on the Anaerobic digestion of food 
waste were retrieved and evaluated based on titles and abstracts. 
The retrieved papers were managed using Mendeley and the data 
were consolidated.

Steps involved in the process
The process of anaerobic digestion of food waste involves the 

microbial consortia which carry out the digestion in sequential 
stages. The steps involved are Acidogenesis, acetogenesis and 
methanogenesis. All the given processes are carried out in single 
stage batch reactor as all the waste is loaded simultaneously 
(Figure 1).

Figure 1: Stages involved in anaerobic digesion of food waste [28].

Hydrolysis
Table 1: Conversion of complex macromolecules duirng anaerobic 
digestion.

Complex Macromolecules  Simpler Micromolecules

 Carbohydrates  Sugars

 Lipids  Long chain fatty acids

 Proteins  Amino acids

Hydrolysis process involves the breakdown of complex 
polymers or macro molecules into simpler, smaleer components. 
This process involves vital role of hydrolytic bacteria and also 
certain enzymes. In case of certain components, like lignin, 
cellulose and hemicellulose which are not easily accesible for 
degradation due to their complex structure,so in order to degrade 
them, certain hydrolytic enzymes are involved in order to make 
them easy for hydrolysis. Optimum temperature needed for 

the hydrolysis process is between 30 - 50°C and optimum pH is 
around 5-7 (Table 1).

Acidogenesis
This process also called as fermentation process and it 

involves acidogenic bacteria. After utilization of products of the 
hydrolysis, acidogenic bacteria produce intermediate volatile fatty 
acids and other products. Volatile fatty acids constitute a class of 
organic acids such as acetates, and larger organic acids such as 
propionate and butyrate also ethanol and lactate are also present. 
The condition of the anaerobic digester plays immense role with 
respect to the concentration of intermediate products during the 
process. This process is considered as one of the fastest process 
of anaerobic digestion of food waste as the regeneration time of 
acidogenic bacteria is fewer than 36hrs. There is another process 
which is similar to the given one, named as Bokashi composting, a 
composting technique in which anaerobic digestion of food waste 
is carried out with the help of microbial community which gives 
highly acidic final product and is used as dry and liquid fertilizer.

Acetogenesis
This process involves the conversion of Volatile fatty acids and 

intermediates into acetate and hydrogen as a byproduct. Lipids 
follow another pathway of acetogenesis via acidogenesis and beta 
oxidation.

Acidogenesis: Glycerol   Acetate

Beta oxidation: Long chain fatty acids      Acetate

Methanogenesis
It is the last and finalized step in anaerobic digestion process. 

It involves the production of methane from intermediates 
produced in previous stages by methanogenic bacteria. The 
habitat of methanogens involves freshwater and marine water, 
sewage digesters, herbivores, wood and humus feeding insects 
etc. Methanogenic bacteria are classified into 4 groups. Each 
group requires a specific substrate in order to produce methane. 
Methanogenic bacteria class I requires acetate as a substrate and 
bacterial spp. is Methanosaeta. It produces methane from acetic 
acid and carbon dioxide as a byproduct. Class II uses hydrogen and 
formate as substrate and bacterial strains are Methanobrevibater 
spp. and Methanogenium spp. In this process, carbon dioxide 
and water produce methane and H2O as a byproduct. Class III 
involves Methylated compounds as a substrate and the microbes 
involved are Methanolobus spp. and Methanococcus spp. The first 
one spp. converts methanol into methane and CO2 and H2O as a 
byproducts. Also, Methanococcus spp. converts methylamine and 
H2O into methane and CO2 and ammonia as byproducts. Class IV 
involves acetate, hydrogen and methylated compounds and the 
bacterial spp. is Metahanosarcina. It involves combinations of all 
the previous reactions of methane production (Table 2).

Dung from various animals was taken to which food waste 
was added as substrate. Anaerobic sludge was used as inoculum 
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which was added to it. Pretreatment involved the dislodging of 
undesirable matter manually and homogenization of remaining 
dung in which addition of tap water to it was done to match their 

volatile solid content with volatile solid of anaerobic sludge. Then 
the whole mixture is sieved through mesh no. 20 (0.85 mm) to 
withdraw any undesirable debris or particles [20] (Table 3 & 4).

Table 2: Types of bioreactors with respect to substrate in anaerobic digestion process.

Bioreactor Type Substrate Co-substrate Reference

One and two stage anaerobic hydrogen and 
methane production reactor Cow dung Olive mill waste [28,29]

Anaerobic sequencing batch bioreactor Fruit and vegetable waste (Domestic) Abbettoir waste water [30]

Full scale anaerobic digester Industrial food waste Industrial organic waste water [24]

Up flow anaerobic solid-state bioreactor Mixture of maize silage and straw Renewable raw material [31]

Two stage anaerobic hydrogen and methane 
production reactor Organic waste Animal residues [29]

Self-mixing anaerobic digester Poultry manure Agricultural fertilizer [32]

Up flow anaerobic solid-state bioreactor Beet leaf silage Renewable raw material [31]

Table 3: Comparative study of various types of animal manure involving 
in anaerobic digestion of food waste [20].

Animal Manure Biomethane Production

Herbivores

Giraffe 156.05 ± 11.25ml CH4/g

Koala 121.74 ± 0.24ml CH4/g

Cow 112.50ml CH4/g

Lama 9.72ml CH4/g

Omnivores

Sloth bear 128.25 ± 22.50ml CH4/g

Carnivores

Tiger 89.20 (± 2.73)ml CH4/g

Table 4: Process parameters of anaerobic digester of food waste.

Parameters Concentration Reference

Volatile fatty acids <1500mg/l [29]

Intermediate alkalinity / 
Partial alkalinity ≤0.3

Volatile fatty acids 2500-3500mg/l [30]

Intermediate alkalinity 13000- 15000mg/l

Intermediate alkalinity / 
Partial alkalinity <0.3

Volatile fatty acids / Total 
alkalinity 0.35 [24]

Bicarbonate alkalinity / Total 
alkalinity 0.8

Conditions required in anaerobic digestion process
The study done by Chao et al. [31] involves the effect of 

organic loading rate and anaerobic digestion of food waste under 
thermophilic and mesophilic conditions. The obtained results of 
anaerobic digestion showed that the process majorly involves 
the temperature, organic loading rate (ORL), in order to produce 
biogas. Food waste was collected from a canteen of an institute 

which was then treated to remove the impurities manually which 
again was smashed to 2-5mm with a pulverizer. 12 laboratory scale 
bottles of 500mL were used as a digester with 400mL working 
volume of which 6 were kept in thermophilic condition and 6 
were kept in mesophilic condition for 23 days prior to production 
of biogas. Biogas (CH4 and CO2) compositions were measured 
by a gas chromatograph [31]. The Organic loading rate provided 
was 2.5 g of volatile solids (VS)/L/day and 1.5g of volatile solids 
(VS)/L/day for thermophilic and mesophilic respectively. Results 
obtained says that under thermophilic condition the methane 
yield was 33-49% higher than that of the mesophilic condition 
it also suggests that the thermophilic condition is more efficient 
for anaerobic digestion. The other work done by Guo et al. [32] 
involves the use of same mesophilic and thermophilic conditions. 
In this work the use of mesophilic and thermophilic reactor was 
done in order to study the anaerobic digestion of the food waste. In 
this study the comparison was based on the response of microbial 
population to increasing Organic loading rate. Both the reactors 
were provided with same range of organic loading rate of 1.0 to 
2.5g VS L-1 d-1 at which mesophilic reactor showed more stable 
performance than the thermophilic reactor in terms of methane 
yield.

Tojo et al. [33] worked on the anaerobic digestion of food waste 
mixed with cardboard mixtures which was subjected to batch 
digestion using three different inocula. They mainly focused on the 
archeal community of the inocula. The test started with inocula 
rich in Methanosarcina which brought about efficient methane 
production Volatile fatty acids accumulated in the reactors where 
inocula initially were poor in these archaea and no methane 
was produced. Also, the higher substrate load was tolerated by 
the Methanosarcina they were the dominant methanogens in 
the digestate from experiment that produced methane. So, the 
conclusion was the initial composition is important in order to 
obtain stable anaerobic digestion. In one more study, usefulness 
of two step processes using non-airtight fermentation of potato 
peels with dairy manure followed by struvite precipitation was 
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done. The non-airtight fermentation for 6 days in the vessel lead 
to acidification and hydrolysis and which resulted in decrease 
in pH upto 6.4 also the ratio of reactive phosphorous to total 
phosphorous increased from 49.6 to 93.7% by adjusting the pH to 
8.0 and 9.5 the struvite formation was successfully induced. The 
struvite formation was analysed for scanning electron microscopy 
as well as energy dispersive spectrometry (SEM-EDS) the results 
obtained shoed that there should be appearance of both struvite 
and calcium phosphate. The pH 8 contains about 75% struvite and 
pH 9.5 contains 90% of the same [34]. 

In another study [35], garden waste and food wastes were 
fermented together in two step process hyperthermophilic 
dark-fermentation and mesophilic anaerobic digestion coupled 
together. In first stage the matter was digested using pure culture 
of Caldicellulosiruptor saccharolyticus as inoculum for production 
of biohydrogen. Food waste concentrations in volatile solids above 
2.9g L-1 caused a lag phase of 5 days on biohydrogen production 
there was no lag phase for garden waste concentrations up to 
25.6g L-1. The co-fermentation experiments led to the highest 
hydrogen yield up to 46±1 L kg-1 for Garden waste: Food waste 
90:10% (w/w). During the second stage, a biomethane yield of 
682±14 L kg-1 was obtained using the end products of Garden 
waste: Food waste 90:10% co-fermentation. According to Treu et 
al. [36], when a continuous stirred tank reactors fed with cheese 
whey at different operational conditions such as themophilic 
(54°C) and mesophilic (37°C) to enquire productivity of methane 
production at lab scale. The conclusion was that when whey is 
mono digested it was feasible at mesophilic condition which in 
case of thermophilic condition leads to frequent acidification. 
When the cheese whey was co-digested with cattle manure it 
maintained the pH levels higher than 7.0 and therefore there was a 
stable rate of methane production without exploration of volatile 
fatty acids. The increase in methane production was achieved by 
dispersion of hydrogen in situ at mesophilic and thermophilic 
conditions. Hydrogenotrophic methanogens were the dominant 
archaea during the whole experiment.

According to Borowski et al. [37] the food waste was digested 
an aerobically with slaughterhouse waste and municipal sewage 
sludge waste. The digestion was carried out in 3-dm3 laboratory 
reactors as well as in 50 dm3 reactors which were operated in 
semi continuous condition. The combination of food waste with 
slaughterhouse waste gave more methane yield. 63m3 CH4/
kg Volatile solidfed when was digested in laboratory digester 
for around 30 days. Whereas the digestion of food waste with 
municipal sewage sludge waste gave methane yield of 0.46m3 
CH4/kg Volatile solidfed. The conditioning tests with the digestates 
from reactor experiments revealed the highest efficiency of 
inorganic coagulants among all investigated chemicals, which 
applied in a dose of 10g/kg allowed to reduce capillary suction 
time of the digestate below 20s. The conditioning of combination 
of coagulants with bentonite further did not shown any reduction 

in Capillary suction time value but it showed the improvement 
in the quality of the digestate supernatant. In other words, the 
suspended solids concentration, chemical oxygen demand and the 
metals in the supernatant faced the reduction. After production 
of edible mushrooms, the residue is remained called as spent 
mushroom substrate which occurs in huge amount which can be 
digested for production of biogas in mesophilic condition in an 
anaerobic condition. The digestion of spent mushroom substrate 
in thermophilic anaerobic condition was inspected and also 
interconnected microbial population structure changes were 
taken under examination [38]. This digestion was carried out for 
12 days and it gave methane yield of 177.69mL/g volatile solid 
(VS). Hydrolytic activities during the process of digestion increased 
the methane production 4days to 6 days. The most common 
archaea were Crenarchaeota. Both Methanothermobacter and 
Methanobacterium were the most commanding general of the 
archaea but there was sharp decline in number with time.

Conclusion
The instability in performance of anaerobic digester is a major 

problem in the process of digestion. To overcome this problem, 
microbial management, process control and monitoring are 
useful methods. Also, improvement in bioreactors plays vital 
role and is efficient. Anaerobic digestion using animal manure is 
more efficient than traditional approaches. In the given review, 
comparative study of process has done by using various animal 
dungs which are having the ability to stimulate biomethane 
production from food waste. Among these, giraffe dung showed 
high yield of biomethane. Thermophilic conditions showed 
greater potential than mesophilic conditions for anaerobic 
digestion process. Physicochemical parameters mentioned in 
the given review are efficient to achieve stability and improved 
performance.
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