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Biogas Production from Co-Digestion of Goat Manure and Watermelon 
(Citrullus lanatus) Fruit Peels under Anaerobic condition 

ABSTRACT 

Biogas is an alternative source of energy that is produced by methanogenic bacteria 

through the bio-degradation of organic material under anaerobic conditions. In this study, 

biogas production from co-digestion of the goat manure (GM) and watermelon peels(WMP) 

in five mix ratios were evaluated under 38ºC using batch fermentation. In all treatments, 

physico-chemical parameters such as total solid (TS) and volatile solid (VS), organic 

carbon, and pH were measure before and after digestion. The daily biogas production was 

subsequently measured by water displacement method for 27 days. All measured of physico-

chemical parameters of each substrate significantly varied (p<0.05) between before and 

after anaerobic digestion. Gas production was noticed in all of the digesters from the third 

day of digestion and went down to zero at about the 23rd days in all substrates. Assessment 

of cumulative biogas production revealed that the substrate mix ratio of 30% GM and 70% 

WMP showed the highest production, suggesting this mix ratio of the two substrates is an 

optimal mix to yield 242.0ml biogas. Overall the results indicated that the increment of 

biogas yield can be significantly enhanced when GM and WMP are co-digested. 

Keyword:  Biogas, Co-digestion, Manure, Slurry 



 

 

 

 

1. INTRODUCTION 

Globally, the demands of energy consumption are continuously increasing from time to time 

with increasing of human populations. To overcome these problems, an alternative energy 

sources have recently become more and more attractive due to the increasing energy demands, 

the limited resource for buying fossil fuel, the environmental concerns and the strategy to 

survive post-fossil fuel economy era (Wilkie, 2008). So there is an urgent need for the research 

of new renewable energy resources such as biogas, solar energy, wind energy, thermal and 

hydropower sources of energy. Among the alternative energy sources, biogas production from 

green energy crops and organic wastes has world wide application as it yields a good quality 

fuel and fermented slurry. It has a very positive impact for the environment since less carbon 

dioxide is released during its combustion. The use of renewable energy sources can contribute 

to solve the present and future energy problems (Rilling, 2005). 

The alternative energy sources are becoming increasingly important to replace the potentially 

expensive fossil fuels. Nowadays, they are getting great focus worldwide because of concerns 

to sustain energy security, climate change and the need to support local agriculture (Maria, 

2008). Biogas is a well-established fuel that can replace firewood as an energy source for 

cooking, lighting, heating and for other purposes in developing countries. Currently, as the 

fossil-based fuels become scarce and more expensive the economics of biogas production is 

turning out to be more favorable. Biogas significantly reduces the greenhouse-gas emission 

compared to the emission of landfill gas to the atmosphere (Aremu and Agarry, 2013).  

Biogas is a colorless, flammable gas produced from anaerobically digested animal, plant, 

human and industrial wastes to give mainly methane (50-70%), carbon dioxide (20-40%) and 

other trace gases such as nitrogen, hydrogen, ammonia, hydrogen sulphide, water vapors etc. It 

is an alternative and renewable energy source produced by the decomposition of organic 

matter through anaerobic digestion process, in which an interlaced community of bacteria 

cooperate to obtain fermentation through assimilation, transformation and decomposition of 

organic matters into biogas (Ofoefule et al., 2010). 
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Biogas consists primarily of utilizable methane (CH4) and inert carbon dioxide (CO2), which 

are both colorless and odorless but if H2S amount increases, it causes danger for users. 

Methane has 20 times more greenhouse gas potential than carbon dioxide, so the capture and 

burning of methane significantly reduces the greenhouse gas effect (Atkins et al., 2008). 

Biogas burns very well when the CH4 content is more than 50 %, and therefore biogas can be 

used as a substitute for kerosene, charcoal and firewood for cooking and lighting. This saves 

time and money and above all it conserves the natural resources from cutting trees to get 

firewood (Ayoub Mohamed Eshraideh et al., 2002). 

Energy is one of the most important factors to global prosperity. The global mix of fuel comes 

from fossil (78%), renewable (18%) and nuclear (4%) energy sources. The dependence on 

fossil fuel as primary energy source has led to global climate change, environmental 

degradation and human health problems. About 80% of the world’s energy consumption still 

originates from combusting fossil fuels (Goldenberg and Johansson, 2004). Yet the reserves do 

not match with the fast population growth and their burning substantially increases the 

greenhouse gas concentration and contributes to global warming and climate change. So, 

energy production from biomass, which is called bio-energy, can be seen as one of the key 

options (Schamphelaire and Verstraete, 2009).  

Many bio-energy related processes are being developed; those processes involving 

microorganisms are especially promising as they have the potential to produce renewable 

energy on a large scale without disrupting strongly the environment or human activities 

(Rittman, 2008). Organic substances exist in a wide variety from living things to dead 

organisms and it is composed of carbon combined with elements such as hydrogen, oxygen, 

nitrogen and sulpher to form variety of organic compounds such as carbohydrate, protein and 

lipid. It usually contains 50% and above methane and other gases in a relatively low 

proportion namely CO2, H2, N2 and O2 (Kalia et al., 2000). 

Deforestation is a very big problem in developing countries like Ethiopia where, people cut 

trees for wood fire, construction and expansion of arable land. As more and more trees are cut 

down in unsustainable manner, the impact on the environment including soil erosion, decreasing 
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soil fertility, land slide, etc. will become significantly visible. Furthermore, use of crop residues 

and dung cakes as a substitute for fuel wood reduces soil fertility and agricultural productivity 

(Asnake et al., 2006). Use of manure as fire wood for source of energy is also harmful for 

human health since the smoke arising from the burning cause air pollution. Thus, the situation 

calls for the use of an eco-friendly substitute such as biogas for energy source (Dawit, 2011).  

Any kind of Biomass that contains organic matter like carbohydrates, fats, proteins …etc can 

be used as a substrate for biogas production. In higher institutions the production of wastes 

like kitchen wastes and animal wastes are highly available for the production of biogas. In 

Haramaya University, for example, there is a huge amount of solid animal excreta from cattle, 

pig, goats, sheep, and the poultry farm. In addition, a large quantity of different fruit peels are 

disposed off daily from households and/or fruit market areas of Bate, Harar,  Jigjiga,  Dire 

Dawa towns etc. Indeed, biogas production from different organic materials such as Moringa 

stenopetala seed cake powder (Eyasu, 2008), poultry litter (Ebrahim, 2006), Khat (Catha 

edulis) waste (Tesfaye, 2007), banana peels (Belayhun, 2014) and others was performed in 

Ethiopia. However, no research has been done so far on the effect of the co-digestion of goat 

manure and watermelon fruit peels on biogas production. Watermelon fruit peel is one of the 

agricultural wastes that may be used as good potential source of biogas production. This 

research was, therefore, meant to evaluate watermelon peel for biogas production in sole and 

combined with goat manure in different proportions with the following objectives. 

General objective 

 The general objective of this study was to produce biogas from watermelon fruit peels 

waste and goat manure combined or separately under anaerobic condition.  

Specific objectives  

 To characterize goat manure and watermelon waste peels in terms of total solids, volatile 

solids, pH, and organic carbon content before and after anaerobic digestion. 

 To find out the optimum mix ratio of goat manure and watermelon waste fruit peels 

yielding high biogas. 
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2. LITERATURE REVIEW 

2.1 Biogas Production 

Biogas is a methane rich gas produced by anaerobic breakdown of organic wastes with the 

help of  archaebacteria under oxygen free environment and it comprises 60%  of methane, 40% 

of carbon dioxide and 0.2 - 0.4% of hydrogen sulfide (Molina, 2007). The natural generation 

of biogas is an important part of the biogeochemical carbon cycle. Archaebacteria are the last 

link in a chain of micro-organisms which degrade organic material and return the 

decomposition products to the environment. In this process biogas is generated, as a source of 

renewable energy (Werner Kossmann, 2000).  

 It is a flammable gas made of a mixture of gases produced by methanogenic bacteria while 

acting upon biodegradable materials in an anaerobic condition. Biogas is a colorless gas that 

burns with clear blue flame. It is about 20% lighter than air and has an ignition temperature in 

the range of 650° to 750° C (Claude, 2009).  

Biogas consists of mainly methane, carbon dioxide, hydrogen sulfide and traces of other gases 

(Table 1). Methane is produced by the anaerobic breakdown of organic materials including 

agricultural wastes, organic kitchen wastes etc (Werner Kossmann, 2000). Biogas producing 

microorganisms include organic material splitting bacteria and archaebacteria that degrade 

complex organic materials to produce methane under anaerobic conditions (Claude et al., 

2009).  The resulting bio-slurry, which is used as fertilizer has a reduced load of parasitic 

diseases and pathogenic bacteria for crop production (Forum for Environment, 2010).  

Biogas production is a simple technology that helps to reduce the use of forest resource for 

hold house energy consumption, and hence prevents deforestation (Dagnachew et al., 2003).  
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Table 2.1 Chemical compositions of biogas (Source: Madu and Sodeinde (2001). 

Constituents 

% 

Composition 

  

Methane 55-75 

Carbon dioxide 30-45 

Hydrogen sulphide 1-2 

Nitrogen 0-1 

Hydrogen 0-1 

Carbon monoxide Traces 

Oxygen Traces 

2.2 Biogas production for sustainable environments 

Replacing biomass energy with biogas could help to solve a lot of problems in the 

environment that are typically associated with using biomass fuels. The indoor air quality of 

homes will be dramatically improved as a result of employing biogas instead of burning 

biomass directly (Li et al., 2005).  Substituting biogas for firewood also helps to reduce the 

pressure on forests for energy demand. This in turn has important implications for watershed 

management, slowing down deforestation and soil erosion. This in turn maintains water cycle 

and avoids recurrent drought (Dagnachew et al., 2003). 

 The use of slurry improves nutrient recycling in agriculture and can substitute chemical 

fertilizers, thus reducing the related environmental problems (Shrestha and Huong et al., 

2010).  

2.3 Biogas technology in Ethiopia 

Biogas technology is a promising option for the most efficient utilization of organic waste in a 

fermentation tank. It involves organic matter, micro organisms, an environment that lacks air 

(oxygen) and optimum temperature to produce biogas. Biogas technology also has various 

benefits for human beings, such as socio-economic and environmental benefits. The 

environmental benefits of biogas technology include improvement of indoor air quality, better 

management of animal manure and human excreta, thus improving sanitary conditions in the 
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immediate vicinity of the rural homes. Through reduction of deforestation, the technology also 

helps in a better watershed and soil management. The use of slurry helps in improving the soil 

nutrient and use of biogas for energy also helps in reserving the expenditure of imported 

petroleum products. At a global perspective, reduction in the use of fuel wood, dung cakes and 

kerosene reduces greenhouse gas emission (Shakya and Charushree, 2009). 

In Ethiopia, biogas technology was introduced in 1979 and the first batch type of biogas 

digester was constructed at Ambo Agricultural College. However, the technology was less 

disseminated until the National Biogas Program (NBP) was launched in 2008 (Eshete et al., 

2006). Much of the energy derived from biogas technology had been allocated for household 

energy consumption since its introduction to Ethiopia in 1979 (Siltan, 1989). Currently around 

40 % of these biogas plants are not operational due to lack of effective management, technical 

problems, loss of interest, reduced animal holdings, evacuation of ownership and water 

problems (NBP, 2007). 

After the establishment of national biogas program, close to 859 biogas plants have been 

constructed and in a regular use. Out of these 206 were in Tigray region, 143 in Amhara 

region, 330 in Oromiya region and 180 are found in SNNP regional state (Claudia and Yitayal 

2011). Getachew et al. (2006) pointed out that at least over one million households in Amhara, 

Oromiya, Tigray and Southern Nations, Nationality and People’s Regional States have the 

potential for the installation of a domestic biogas plant. The domestic biogas technology 

attracted interest mainly due to consideration of animal dung, the raw material that is plenty in 

many rural households of the country. 

2.4   Feedstock for biogas production 

Though there can be variation in biogas production potential among feedstock, all organic 

materials can serve as substrate for biogas production in sole or in combination. Plant 

materials and animal manure have recently been used for production of biogas by co-digestion 

under anaerobic condition. The co-digestion of plant material and animal manure increases the 

rate of biogas production as compared to the sole digestion of feedstock. Because mixing 

substrates was found to balance between carbon and nitrogen ratio (Elmashad et al., 2004).  
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In this study, co-digestion of goat manure and watermelon waste peels have been considered 

for biogas production under anaerobic condition in sole and mixed in different ratio. 

Watermelon (Citrullus lanatus, Cucurbitaceae) was originated in southern African countries 

and spread to all over the tropical and subtropical regions. In hot parts of Ethiopia such as in 

Somali regional state, it is highly cultivated. 

2.5 Anaerobic Digestion for biogas production 

Anaerobic digestion is a process of controlled decomposition of biodegradable materials under 

managed conditions where oxygen is absent. It is a complex process that requires specific 

environmental conditions and different bacterial populations. The bacterial populations 

degrade organic compounds so as to produce a valuable high energy mixture of gases (mainly 

CH4 and CO2) and a nutrient rich fertilizer (Sandars et al., 2003). The process usually prefers 

mesophilic or thermophilic condition for anaerobic archaebacteria to convert the inputs into 

biogas (Steinmetz et al., 2013). 

According to Li et al. (2009) anaerobic digestion is considered as waste-to-energy technology 

and it is widely used in the treatment of different organic wastes. It is consists of mixed 

biological systems in which organic materials such as carbohydrate, lipids and proteins are 

utilized by microorganisms to produce methane and carbon dioxide-rich in their normal 

metabolic activities. The anaerobic digestion involves a large number of microorganisms 

including hydrolytic bacteria, acetic acid-forming bacteria and methangoenic bacteria, which 

convert the feedstock to the methane and carbon dioxide rich biogas through a number of 

different processes (Cibowski, 2004).  

2.5.1 Hydrolysis 

Hydrolysis is the first step of anaerobic digestion in the degradation of large organic 

matter like polysaccharide, protein and fat into their monomers, such as sugars, amino 

acids and fatty acids using water as a medium of reaction (Parawira, 2008). This is 

formed by extra hydrolytic enzymes. The hydrolytic enzymes include cellulase, hemi 

cellulose amylase, lipase and protease (Parawira, 2008). Many cellulose degrading 
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organism have their enzymes attached to the cell wall and simultaneously they attach to 

the substrate for more effective degradation. The hydrolysis of complicated structure such 

as lingo-cellulose requires weeks (Gerardi et al., 2003). As such hydrolysis is time limiting 

step, while the methanogenesis is considered rate-limiting step for already available substrate 

(Vavilin et al., 2008). 

 In hydrolysis, complex organic substances are converted to simple ones. For example, 

carbohydrate to sugar, fats to fatty acids and protein to amino acids by hydrolytic 

bacteria. This step takes longer time due to limiting accessibility of the extra cellular 

enzymes to intra cellular polymeric materials which are protected by cell covering (Nava 

et al., 2002; Kim, 2003). 

2.5.2 Acidogenesis 

During acidogenesis, the monomers formed in the hydrolysis stage are taken up by anaerobic 

bacteria and degraded in the acidogenic stage. The aim of this stage is that to degrade the 

results in hydrolysis stage into shorter chain and convert into alcohol, hydrogen, ammonia, 

carbon dioxide and organic acid such as butyric acid, propionic acid, acetic acid. An organic 

acid produced in this stage is called intermediate products (Gerardi, 2003).  

2.5.3 Acetogenesis 

Products from acidogenesis are converted to CH3COOH, H2 and CO2 by acetogens. These 

products are formed from organic acids. In the acetogenesis process simple molecules are 

created through the acidogenesis phase are further digested by acetogens to produce largely 

acetic acid as well as carbon dioxide and hydrogen. Acetogenic organisms are the vital link 

between hydrolysis-acidogenesis and the methanogenesis in anaerobic digestion. Acetogenesis 

provides the two main substrates for the last step in the methanogenic conversion of organic 

material, namely hydrogen and acetate (Buswell and Sollo, 1948). 
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2.5.4 Methanogenesis 

The production of methane and carbon dioxide from intermediate products is carried out by 

methanogenic archaebacteria. Formic acid, acetic acid, methanol and hydrogen can be used as 

energy sources by the various methanogens (Dhadse et al., 2012). The formation of methane is 

the ultimate product of anaerobic treatment. The acetoclastic group comprises two main 

methanogenic bacteria (Zaher et al., 2007). 

High concentration of hydrogen disables acetogens to act and that is why it is of importance 

that methanogenic bacteria use the hydrogen (Bie, 2002). . The vital functions of these archaea 

bacteria are that to consume hydrogen in stable temperature modes (Zorg Ukraine Biogas 

Plants, 2009). 

The methane former works slower than that acid former, therefore, the pH has to stay constant 

consistently, slightly basic, to optimize the creation of methane. One needs to constantly feed 

in sodium bicarbonate to keep pH slightly basic (Prebeheim et al., 2010). This compound 

involves in the conversion of simple compounds (acids) into methane and CO2 by CO2 

utilization anaerobic methanogenic bacteria (Ito, 2001). 

2.6 Factors that affect the rate of Anaerobic Digestion 

Environmental factors which influence the process of biological reaction amenable to the 

external control in the anaerobic process. Any drastic change in these factors can adversely 

affect the biogas production (Chatterjee, 2007). The performance of anaerobic digestion plants 

can be controlled by studying and monitoring the various parameters (Yadvika, 2004).  

2.6.1 Temperature  

Anaerobic digestion may be carried out under psychrophilic, mesophilic or thermophilic 

conditions. In the sewage sludge mesophilic anaerobic digestion is more widely used 

compared to thermophilic digestion, because of the lower energy requirements and higher 

stability of the process. However, thermophilic digestion is more efficient in terms of organic 

matter removal and methane production (Ahring et al., 2001).  
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Methane production has been documented under a wide range of temperatures but 

archaebacteria are most productive in either mesophilic conditions 25-45°C, or in the 

thermophilic conditions at 50-65°C (Ostrem et al., 2004). A thermophilic temperature reduces 

the required retention time. The microbial growth, digestion capacity and biogas production 

could be enhanced by thermophilic digestion, since the specific growth rate of thermophilic 

bacteria is higher than that of mesophilic bacteria (Kim and Speece, 2002). 

2.6.2 pH value 

The acidity of substrate is measured by pH meter, which is an important parameter affecting 

the growth of microbes during anaerobic digestion. The acid concentration in aqueous systems 

is expressed by the pH value, i.e., the concentration of hydrogen ions (Yadvika et al., 2004).  

pH values below 6.8 inhibit the archaebacteria activity. To avoid drops in pH chemicals are 

added to the organic substrate to producing a buffer capacity. Sodium bicarbonate, sodium 

hydroxide, sodium carbonate and sodium sulphide are the most used chemicals (Esposito et 

al., 2012). 

pH value of 7 is neutral, less than 7 is acidic and more than 7 is alkaline. During anaerobic 

fermentation, microorganisms require a neutral or mildly alkaline environment for efficient gas 

production. Biogas production needs an optimum pH value of 6.8 to 7.2 (Mahanta et al., 

2004). The rate of methanogenesis may decrease if the pH is lower than 6.8 or higher than 7.8. 

The pH of the digester is created by concentration of volatile fatty acids produced, bicarbonate 

alkalinity of the system and the amount of carbon dioxide produced (Gomec, and Speece, 

2003).  

2.6.3 Nutrient  

All biological processes require sufficient supply of nutrients particularly carbon and nitrogen 

as well as other elements are also required in trace quantities. The lack of specific elements 

can limit microbial growth required for the production of biogas (Anunputtikul and Rodtong, 

2004).  If the manure is in dry form, the quantity of water to be add the digester has increased 

accordingly to arrive at the desired consistency of the substrate. When organic substance added 
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to a digester that has large amount of water content, then relatively low amount of water is 

needed to get total solids content (Jan et al., 2010). 

2.6.4 Particle size  

The production of biogas is also affected by particle size of the substrate. Too big particle size 

is problematic for microbes to digest and it can also result in blockage in the biodigester.  

However, small particle size gives a large surface area for substrate adsorption and thus allows 

the increased microbial activity followed by increase in the production of gas (Yadvika et al., 

2004).  

According to the reports of Tamirat Asnake (2008) out of  the five particle sizes (0.088, 0.40, 

1.0, 6.0 and 30.0 mm), maximum quantity of biogas was produced from raw materials of 0.088 

and 0.40 mm particle size. Large particles could be used for succulent materials such as leaves. 

However, for other materials such as straw, large particles could decrease the gas production. 

The results suggested that a physical pretreatment such as grinding could significantly reduce 

the volume of digester required, without decreasing biogas production (Gollakota, 2004).  

2.6.5 Hydraulic retention time (HRT) 

Retention time is an incubation period of time that an organic substance stays in biodigester 

starting from the first day up to the last day of biogas formation. it is average time spent by the 

biomass inside a continuous biogas plant before it comes out from the digester is known as the 

hydraulic retention time or it is the time needed to achieve the complete degradation of the 

organic matter. The required retention time for completion of the anaerobic digestion varies 

with differing technologies, process temperature and waste composition. The retention time for 

wastes treated in mesophilic digester range from 10 to 40 days (Demetrides, 2008).  

The retention times of mesophilic and thermophilic digesters range are between 25 and 35days 

(Bouallagui et al., 2003). The disadvantage of a longer retention time is that a large reactor 

size is needed for a given amount of substrate to be treated (Hassan 2003). Although a short 

retention time is desired for reducing the digester volume, a balance must be made to achieve 
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the desired operational conditions, for example, maximizing either methane production or 

organic matter removal (Zamudio and Esteban Manuel 2010). 

2.6.6 Pre-treatment 

The main purpose of pre-treatment is to remove structural impediment for hydrolysis and 

subsequent degradation process in order to enhance digestibility, improve the rate of enzyme 

hydrolysis and increase yields of intended products (Hendriks and Zeeman 2009). Physical 

pretreatment is the most common methods disintegration by grinding and mincing. The 

plantain peels was grinded in a day to aid faster digestion. It was then soaked in a plastic water 

bath overnight for partial decomposition of the peels by anaerobic microbes which have been 

reported to aid faster digestion especially for plant wastes (Fulford 1998).  

Biological processes also used  as pre treatment for disintegration takes place by means of 

lactic acid which decomposes complex components of certain substrates. Recently also 

disintegration with enzymes has been quite successful, especially using cellulase, protease or 

carbohydrases at a pH of 4.5 to 6.5 and a retention time of at least 12 days, preferably more 

(Hendriks and Zeeman, 2009). 

2.6.7 Organic loading rate (OLR) 

The rate at which substrate was supplied to the biodigester is referred to as organic loading 

rate. The gas production rate in the biodigester is highly dependent on the organic loading rate 

(Yadvika et al., 2004). Volatile Solids contains largely carbon, oxygen and nitrogen which 

burn off from an already dry sample in a laboratory furnace at 500-600°C, leaving only the ash 

which contains largely calcium, magnesium, phosphorus, potassium and other mineral 

elements that do not oxidize. Organic loading rat is usually expressed in terms of kilogram 

volatile solids per m
3
 and day (Arogo et al., 2009). 
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2.6.8 Seeding  

To start up a new anaerobic process, it is critical to use inoculums of microorganisms to 

commence the fermentation process. The common seeding materials include digested sludge 

from a running biogas plant or material from well-rotted manure pit or cow manure slurry 

(Yadvika et al., 2004). Forster-Carneiro et al., (2007) pointed out that digested sludge is best 

inoculums source for anaerobic thermophilic digestion of the treatment of organic fraction of 

municipal solid waste at dry condition. The rumen fluid inoculums caused biogas production 

rate efficiency increase more than two times in compare to manure substrate without rumen 

fluid inoculums (Sunarso et al., 2012). Rojas et al (2010) states that the addition of manure 

slurry to the batch reactor as part of the starter improved the biogas production. 

2.6.9 Mixing condition (Agitation) 

The close contact between micro-organisms and the substrate material is an important for 

efficient digestion process. The mixing of the digester contents has a number of benefits, one 

of the most obvious being that it helps to mix up material, evening out any localized 

concentrations, thus also helping to stop the formation of dead zones. In addition, it increases 

the waste’s availability to the bacteria, helps remove and disperse metabolic products and also 

acts to ensure a more uniform temperature within the digester. There have been some 

suggestions that efficient mixing enhances methane production, but the evidence is 

inconclusive, so it seems likely that this may only be of noticeable benefit for some systems or 

operational regimes (Gareth and Judith, 2003). 

Mixing also promotes heat transfer, particle size reduction as digestion progresses and release 

of produced gas from the digester contents (Prasad et al., 2008).  Roa et al (2010) showed that 

there is significant stirring effect on the anaerobic digestion only when seed sludge from a 

biogas plant was used as a starter. In this case, the experiments without stirring yielded, 

without starter, only about 50% of the expected biogas for the investigated substrates. On the 

other hand, vigorous continuous mixing was shown to disrupt the structure of microbial flocks, 

which in turn disturbs the syntrophic relationships between organisms thereby adversely 

affecting the reactor performance (Kim et al., 2002). 
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2.6.10 Moisture Content 

High moisture contents usually facilitate the anaerobic digestion; however, it is difficult to 

maintain the same availability of water throughout the digestion cycle. Initially water added at 

a high rate is dropped to a certain lower level as the process of anaerobic digestion proceeds. 

High water contents are likely to affect the process performance by dissolving readily 

degradable organic matter. It has been reported that the highest methane production rates occur 

at 60–80% of humidity. Methanogenesis processes during anaerobic digestion at different 

moisture levels i.e., 70% and 80% (Khalid et al., 2011).  

According to Sadaka and Dan Engler (2003), water content is one of the very important 

parameters affecting anaerobic digestion of solid wastes. There are two reasons viz.; (a) water 

make possible the movement and growth of archaea facilitating the dissolution and transport of 

nutrient and (b) water reduces the limitation of mass transfer of non-homogenous or particulate 

substrate. 

2.6.11 Carbon: Nitrogen (C/N) ratio 

Optimum C/N ratios in anaerobic digesters are between 20 – 30 in order to ensure sufficient 

nitrogen supply for cell production and the degradation of the carbon present in the wastes 

(Fricke et al., 2005). Hartmann and Ahring (2006) stated that a solid waste substrate with a 

high C/N ratio is an indication of rapid consumption of nitrogen by archaebacteria and results 

in lower gas production. On the other hand, a lower C/N ratio causes ammonia accumulation 

and pH values exceeding 8.5, which is toxic to methanogenic bacteria. 

Optimum C/N ratios of the digester materials can be achieved by mixing materials of high and 

low C/N ratios, such as organic solid waste mixed with sewage or animal manure (Zaher et al., 

2007).  

For the optimal growth activity of archaebacteria, it is essential that many nutrients are 

available at the correct chemical form and concentration. Carbon in carbohydrate and nitrogen 

in protein, nitrates, etc are the main nutrients for anaerobic bacteria. While carbon supplies 



15 

 

 

 

energy, nitrogen is needed for building up the cell structure. In order to provide an index for 

the presence of nitrogen in the correct concentrations, the concept of carbon to nitrogen ratio 

was extended to biogas substrates. Earlier this concept was greatly emphasized and C/N ratio 

of 15:1 to 25:1 was found to be optimum. This was then considered universal for all substrates. 

However, with greater understanding in the field, it is clear that the ratio considered should be 

about the bio-degradability index. Bio-degradable carbon to available nitrogen ratio of 25:1 to 

30:1 has been found to be ideal for biogas production (Marchaim 1992). However, the various 

organic wastes used for biogas production differ unduly in their C/N ratio and hence an 

optimum mix of the input materials is necessary to get the optimum ratio. 

Poultry litter contains a high level of organic nitrogen due to the high content of protein and 

amino acids. While ammonium ions can be utilized by some members of an anaerobic 

population, the excess of ammonium can inhibit the destruction of organic compounds, the 

production of volatile fatty acids (VFA), and methanogenesis (Nailia et al., 1979). 

2.6.12 Co-digestion process 

Co-digestion is the simultaneous digestion of a homogenous mixture of two or more 

substrates. The most common situation is when a major amount of a main basic substrate is 

mixed and digested together with minor amount of single or a variety of additional substrate 

(Mata et al., 2000).  

Co-digestion is a waste treatment method where different types of wastes are treated together. 

Co-digestion offers several ecological, technological and economical advantages, so it can 

improve organic waste treatment through anaerobic digestion. Co digestion with other wastes, 

whether industrial, agricultural or domestic, has been a successful option for improving biogas 

production. The process provides improved nutrient balance from a variety of substrates which 

helps to maintain a stable and reliable digestion performance and produce a good fertilizer 

quality of the digestion (Feng and Rundong, 2010).  
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The advantage of co-digestion includes better degradability, enhanced biogas production 

methane yield arising from availability of additional nutrients, as well as more efficient 

utilization (Elijah et al., 2009). 
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3 MATERIALS AND METHODS 

3.1 Study Area 

The study was conducted in Microbiology and Central Laboratory of Haramaya University 

main campus. The university is found around 510 km away from Addis Ababa in Haramaya 

district eastern Hararge Oromiya Ethiopia. The University is geographically located at latitude 

of 9°26’ N, longitude of 42°03’E and an altitude of 1980 m.a.s.l (FAO, 1990). 

3.2 Substrate Preparation  

Fresh goat manure and watermelon peels were used as substrates for anaerobic digestion. 

Fresh goat manure was collected from Haramaya university goat farms while WMP was 

collected from Jigjiga town in Somali Regional State of Ethiopia.  The rumen fluid that was 

used as inoculums to start anaerobic digestion was obtained from slaughter house of Haramaya 

University.  The GM was sun-dried for two days while WMP was chopped and sun-dried for a 

week.  The substrates were then separately grind using mortar and pestle to ensure 

homogeneity during AD.   

3.3 Design of the Experiment 

The experimental design was completely randomized design using batch mode in 0.5 L plastic 

bottle digester. Each digester contained fixed amount of goat manure (GM) and watermelon 

peel. The digester was filled with fresh GM and WMP combined in different proportion or in 

solo to know the content of biogas production. The combinations were done in five treatment 

proportions (table 2). To each of the treatment, appropriate amount of distilled water and 

inoculums’ were added to achieve the recommended (8%) total solid content of digester 

(Tchobanoglous et al., 1993). Each treatment had three replications. The temperature of 

biodigester was maintained at 38°C by keeping in oven, which represents mesophilic condition 

(Knottier (2003). Initial pH values for samples were also maintained 6.8-7.2 the optimum pH 

range to archaebacteria for biogas production (Thy et al., 2003; Yadvika et al., 2004). 
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      Table 3.1:-Mixing ratio of the substrates 

Digesters % GM %WMP 

A 100 0 

B 70 30 

C 50 50 

D 30 70 

E 0 100 

3.4 Digester Configuration and Setup for Biogas Production  

Three plastic bottles were arranged in order in such a way that the first bottle contained slurry, 

the middle bottle contained acidified brine solution and the last bottle was empty for collecting 

the brine solution that was expelled out from the second container. The acidified brine solution 

was prepared by addition of 500g of sodium chloride to distilled water and mixing until a 

supersaturated solution was formed and then 3 drops of sulphuric acid was added to prevent 

the dissociation of biogas in the water. 

 All the three containers were interconnected using a plastic tube. The digesters were equipped 

with tightly sealed accessories in order to control the entry of oxygen and prevent loss of gas 

outside the bottle (Taeme et al., 2014).  The tube connecting the first bottle to the second bottle 

was fitted just above the slurry in the first bottle to help gas collection. Thus, the biogas 

produced by fermentation of the slurry was driven from the first bottle to the second bottle that 

contained a brine solution so as to displace a volume of the brine solution equivalent to the 

volume of biogas produced. From this setup, daily biogas production was measured by water 

displacement method using brine solution (Itodo et al., 1992).  

3.5  Measurement of Biogas 

The amount of gas produced was measured by water displacement method using 90% NaCl 

solution (brine) (Yetilmezsoy and Sakar, 2008). The daily gas production was recorded for the 

different treatments for 27 days until the gas production ceases.  



19 

 

 

 

3.6 Analysis of the Physico-chemical Characteristics of the Substrates 

3.6.1 Total solids  

Total solids are the amount of solids present in the sample after the water present in it is 

evaporated at about 105°C in oven.  For the determination of TS, a clean evaporating dish was 

first dried in (1050C for 1 hour), cooled in desiccators and weighed immediately before use. 

Then, 10 g of freshly collected samples of each substrate was weighed using a digital balance, 

and placed onto a pre-dried and weighed evaporating dish. Then, the dish was put inside an 

oven at 1050C using a crucible. The crucible was allowed to stay in the oven for 24 hours, and 

then was taken out, cooled in desiccators and weighed (APHA 2540 B, 1999). Then, the 

percentage of the TS was calculated as follows: 

% Total solid = 
(���)

(���)
× 100                                                                                                                                       

                            Where,      A = weight of dish + dry sample (in grams) 

                                     B = weight of dish (in grams) 

                                     D = weight of wet sample and dish (in grams)  

3.6.2 Volatile solids (VS) 

The volatile solids content of the samples were determined by transferring the dried samples 

into muffle furnace, heating at 550ºC for 3 hours and weighing after cooling at room 

temperature. The percentage of volatile solids for all samples was calculated by using the 

following equation (APHA 2540 E, 1999). 

%VS = 
�����(���)

���
× 100 

                              Where,              %VS= volatile solid 

           MDS = mass of dried sample 

M (ash) =mass of ash 
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3.6.3 Determination of pH  

The pH values were determined using digital pH meter before and after anaerobic digestion.  

Before anaerobic digestion, the samples were diluted using distilled water before inoculation 

with rumen fluid and an electrode was inserted into samples of substrate to measure the pH 

values. However, pH measurements after anaerobic digestion were done using pH electrode 

which was inserted into samples of substrate that is digested at the end of the experiment. 

3.6.4 Organic carbon  

The carbon content of the substrates was obtained from volatile solids data using an empirical 

equation as reported by Badger et al.,( 1979) and Barrington et al.,( 2002). 

% carbon =
%��

�.�
 

Where, %VS volatile solid 

3.7 Moisture content 

The most commonly used method to determine moisture content is the oven-dying method. In 

this study moisture content was determined as the percentage of initial weight of the material 

lost through heating. To achieve this, 10g of each sample was dried separately in an oven at 

105oC for 24 hours and weighed. Moisture content was then calculated using the following 

formula (Elias, 2010). 

% MC = 
���

�
×100 

                                         Where,     MC   =moisture content 

               W   =initial weight of sample (g) 

                                                    D   =weight of sample after drying at 105oC for 24 hrs 
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3.8 Liquid content 

The substrate of each biodigester was mixed with appropriate amount of distilled water and 

inoculums to achieve the recommended 8% total solids content. The total amount of liquid 

(distilled water and rumen fluid) that was added to the biodigester was determined by the 

following formula (Ituen et al., 2007). 

  

8% =
(MFTS )

� + �
 

Where, MFTS= mass of fixed total solid, 

             A= mass of fresh sample added 

              B= mass of water and inoculums to be added to get 8% TS suspension in the digester 

Fixing amount of inoculum (100 ml) and distilled water were added in the digester to facilitate 

the rate of anaerobic digestion. 

Table 3.2 The proportion of substrates added in the five digesters in three replicates 

(Tchobanoglous et al., 1993). 

Digester 

TS 

GM(g) 

TS 

WP(g 

%VS 

GM 

%VS 

WP 

Volume 

water 

added(ml 

Volume 

Inoculums 

added (ml) 

Fresh 

GM 

added 

(g) 

Fresh 

WMP 

added 

(g) 

A 23.5 0 60 0  168.8 100 25 0 

B 16.45 6.3 46.7 20 159.4 100 17.5 7.5 

C 11.75 10.5 33 33 153.12 100 12.5 12.5 

D 7.05 14.7 21.9 51.1 146.9 100 7.5 17.5 

E 0 21 0 77.6 137.5 100 0 25 

A = (100% GM and 0 %WMP), B= (70%GM and 30%WMP), C= (50% GM and 50%WMP) D = 

(30% GM and 70%WMP) and E = (100%WMP and 0% GM). 
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3.9 Data Analysis  

After the completion of the whole laboratory process the data were subjected to analysis of 

variance (one-way ANOVA) using SPSS version 20 to investigate statistical significance 

between the different digesters, whereas paired samples T-test was used to investigate 

statistical significance within a digester. Differences between means were considered 

statistically significant at P<0.05. 
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4 RESULTS AND DISCUSSION 

4.1 The physico-chemical parameters of the substrates 

4.1.1 The pH Value 

Analysis of pH shows that the pH of 100% GM slurry before anaerobic digestion was about 

6.94±0.03, whereas that of 100% WMP was 6.09±0.03. For anaerobic digestion, methanogenic 

bacteria prefer pH between 6.8 and 7.2. Thus, the pH value of 100%GM was optimum for 

biogas production, whereas that of 100%WMP was less optimal (Thy et al., 2003; Yadvika et 

al., 2004) (Table 4.1). From this result, it clearly stated that mixing the substrates resulted in 

the rise of pH compared to that of WP alone, but decreased pH from that of WMP alone. 

Before anaerobic digestion the pH was found to increase with increasing of GM proportion in 

the mix, suggesting that GM helps to maintain the pH to meet the optimum required. 

Therefore, mixing substrates is a good way of adjusting the pH value to the optimum rang 

(Hills and Roberts, 1981).  

 After AD, pH values of all treatments were found to increase when compared to before AD, 

though there was significant difference between treatments. This may due to the production of 

alkaline compounds such as ammonium ion.  The highest pH value after AD was recorded in 

digester with 100% WMP (8.14). This may due to high accumulation of methanogenic bacteria 

and their waste products that may contribute to the rise of pH (Gerardi, 2003). 

Table 4.1: Comparison of pH values between before and after anaerobic digestion of the 

substrates (values are mean ± SE, n=3) 

Digester Initial PH Final PH 

A 6.94±0.03Ab 7.41±0.05Ea 

B 6.53±0.04Cb 7.75±0.02Da 

C 6.78±0.01Bb 7.93±0.02Ca 

D 6.23±0.04Db 8.06±0.02Ba 

E 6.09±0.03Eb 8.14±0.04Aa 
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Means followed by different small letters in a row are significant different at p<0.05 for paired samples 
T-test within biodigester. Means followed by different capital letter in column are significantly 
different at p<0.05 between biodigester. GM= goat manure and WMP=watermelon peels. 

4.1.2 Total and Volatile Solid values before and After AD 

There were statistically significant differences in TS and VS between treatments both in before 

and after AD (Table 4.2). The values of both TS and VS were significantly decreased after AD 

in all treatments (Table 5).  Reductions of TS and VS may due to conversion of the substrates 

into biogas through AD (Rafique et al., 2010). 

 However, the maximum decrement of volatile solids was observed under the biodigester D 

that contain 30% GM + 70%WMP (73.0±0.12 to 56.8±0.09), suggesting more digestion of 

substrates by bacteria for either production of biogas or their own metabolic use. The 

maximum value of TS reduction was also recode from the biodigester D that contain 30% GM 

and 70% WMP 86.8±0.12 to 76.16±0.09, the reason may be highly digested by methanogenic 

bacteria and converted into biogas and other products.   

In this studied the maximum decrement of TS and VS after digestion has been directly related 

to maximum biogas productions, i.e in biodigester D (30% GM and 70% WMP) maximum TS 

and VS was decreased as shown (table.4.2) and in this biodigester also the maximum biogas 

production was record. Thus total solids and volatile solids destruction is a good parameter for 

evaluating the efficiency of anaerobic digestion (Abubaker and Ismail, 2012) and it is a good 

indicator of biogas production (Anonymous, 1981)  

Since, the minimum decrement of TS and VS after anaerobic digestion was record but   the 

biogas yield was not much. It can be attributed to its relatively lower organic content or 

conversion of the substrates to cellular materials for growth and reproduction of bacteria 

(Gerardi, 2003 and Tamrat et al., 2013). 
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Table 4.2: Comparison of % total solid and volatile solid between before and after anaerobic 

digestion of each digester (values are mean ± SE, n=3). 

% Total Solid Volatile Solid % 

Biodigester Initial Final Initial Final 

A 94.1±0.09Aa 86.6±0.32Ab 60.0±0.23Ea 54.9±0.32Db

B 91.3±0.2Ba 82.0±0.27Cb 66.7±0.13Ca 55±0.11Cb 

C 88.8±0.12Ca 78.6±0.21Db 66.0±0.4Da 54.3±0.13Eb

D 86.8±0.12Da 76.16±0.09Bb 73.0±0.12Ba 56.8±0.09Bb

E 83.8±0.17Ea 75.16±0.04Eb 77.6±0.23Aa 69.7±0.3Ab 

Means followed by different small letters in row are significantly reduced at p<0.05 for paired samples 
T-test within biodigester. Means followed by different capital letter in column are significantly 
different at p<0.05 between biodigester. A contains 100%GM, B contains 70%GM and 30%WMP, C 
contains 50%GM and 50%WMP, D contains 30%GM and 70%WMP, and E contains 100% WMP. 
GM= goat manure and WMP=watermelon peels. 

4.1.3 Organic Carbon  

The carbon content of the feed stock was obtained from volatile solids data (% carbon) as 

reported by Haug (1993). According to the experimental result, the percent of organic carbon 

was significantly reduced after anaerobic digestion in all biodigester. This indicates that 

organic carbon might have been consumed by bacteria to support their metabolic activities or 

converted in to biogas (Gerardi, 2003; Devlin et al, 2011).  

There was significant difference in % organic carbon between treatments both before and after 

AD (Table 4.3). The highest organic carbon was recorded from 100%WMP alone, suggesting 

the high content of biodegradable materials. Percent organic carbon was significantly reduced 

in all treatments after AD. This may show that there was degradation of substrates in all 

treatments (Abdel-Hadi and El-Azeem, 2008).  

However, the highest carbon reduction was record in a mix ratio of 30% GM+70% WMP 

(40.5±0.06 to 31.6±0.05). The greater organic carbon decrement after AD implies the more 

degradation process was takes place in the biodigester. Organic carbon can be removed during 
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AD either by being converted to cellular materials for growth and reproduction of bacteria or 

biogas production (Gerardi, 2003).  

Table 4.3: Comparison of % organic carbon before and after anaerobic digestion of the various 
substrates (values are mean ± SE, n=3) 

Digester Initial carbon Final carbon 

A 33.3±0.13Ea 30.5±0.17Db 

B 37±0.07Ca 30.6±0.08Cb 

C 36.6±0.22Da 30.2±0.07Eb 

D 40.5±0.06Ba 31.6±0.05Bb 

E 43.0±0.07Aa 38.7±0.15Ab 

Means followed by different small letters in row are significant reduced at p<0.05 for paired samples t-test within 

biodigester.  Means followed by different capital letter in column are significantly different at p<0.05 between 

biodigester. A contains 100%GM, B contains 70%GM and 30%WMP, C contains 50%GM and 

50%WMP, D contains 30%GM and 70%WMP, and E contains 100% WMP. GM= goat manure and 

WMP=watermelon peels. 

4.2 Average Daily and Cumulative Biogas Productions 

Biogas production from co-digestion of goat manure and watermelon waste peels under 

mesophilic (38ºC) condition was measured through the experimental periods by using water 

displacement method from each biodigester until there was stops gas productions any more. In 

the first two days of the experimental observation, there was no any biogas production 

recorded. However, in between 4th and 11th days of the experimental observation biogas 

production was found to increase in all treatments (Fig 4.1).  

The biogas production was peaked on the 8th day of experimental period in biodigester A with 

54.2 ml of gas measured. This biodigester was containing only 100% GM which may be rich 

in the availability of readily biodegradable organic matter in the substrate.  This might be also 

due to partial fermentation takes place in digestive tract of the ruminant animal (Deubein and 

Steinhauser, 2008). 
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Figure 4.1 Daily biogas production of each biodigester 

After 13th day of fermentation, biogas production found to decrease and eventually reached 0 

ml on the 24th day of fermentation in all digesters.  This decline in biogas production could be 

due to the increased bacterial population and the depletion of readily decomposable substrate 

(Ahn et al., 2009). It may also be due to the increased pH value after AD which may result 

from the buildup of ammonium ion (Hansen et al., 1998).  For optimal performance of the 

microbes, the pH value within the biodigester should be kept in the range of 6.8 - 7.2. The pH 

value below or above this interval may restrain the process in the reactor since micro-

organisms and their enzymes are sensitive to pH deviation (Yadvika et al., 2004).  
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Figure 4.2 The mean cumulative biogas productions in each digester over 30 days 

Figure 4.2 indicates that, the high cumulative biogas production was recorded from biodigester 

D (242.0 ml) which contained substrate mix of 30%GM and 70%WMP. This mix ratio may 

have a proper nutrient balance that facilitates the growth of bacteria for biogas production 

(Macias-Corral et al., 2008; Lema, 2013).  Previous studies have revealed that the digestion of 

more than one kind of substrate could establish positive synergism in the digester (Danqi, 

2010; Jianzheng et al., 2011).  

The minimum (191.86 ml) cumulative biogas production was recorded from 100%WP 

substrate.  This may be due to slightly acidic nature of the substrate.  Anonymous (1992) 

reported that microbes require neutral or mild alkaline conditions for optimal biogas 

production. The cumulative biogas production for 100% GM, 70% GM+30% WMP, 50% 

GM+50% WMP, 30% GM+70% WMP and 100% WMP were 203.4, 215.8, 231.3, 242.0 and 

191.86 ml respectively. As the proportion of goat manure in the mix ratio decrease from 70% 

to 30%; however, the cumulative biogas yield was increased. Thus, it can be concluded that 

co-digestion of GM and WMP was more productive with GM proportion not exceeding more 

than 30% in digester.  
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5 Summary, Conclusion and Recommendation 

5.1 Summary and Conclusion 

 Biogas production through anaerobic digestion of organic waste materials under optimum pH, 

temperature and moisture content provides an alternative energy source. Currently, the world 

energy consumption has increased vigorously from time to time over the last century as a result 

of world population increase.  To alleviate this problem the developing country like Ethiopia 

could develop biogas technology, because it is a modern and eco-friendly technology that is 

based on the decomposition of organic materials in anaerobic environment. Different fruit peels 

are biodegradable by nature and are potential source of the biogas. So the objective of this study 

was production of biogas through co-digestion of watermelon fruit peel and goat manure in five 

mixe ratios under anaerobic environment and mesophilic conditions (38ºC) using batch mode 

fermentation. 

 In all biodigester, total solid, volatile solid, organic carbon, and pH were analyzed before and 

after anaerobic digestion. The daily biogas production was measured by using water 

displacement method for 27 days. Assessment of cumulative biogas production revealed that the 

substrate mix ratio of 30% GM and 70% WMP was superior in gas production to other mixed 

substrates in the biodigester. Therefore, the mix ratio of 30% GM and 70% WMP of substrates 

is an optimal mix ratio to yield 242.0ml cumulative biogas product. 

5.2 Recommendations 

Based on the finding of this study, scope for future research studies and development activities 

need to consider the following recommendations: 

 This investigation was done only at mesophilic temperature of 38°C, but further 

similar studies should also be carried out at 40°C or above temperature conditions to 

increase the rate of digestion.  

 Since this experiment was carried out on the co-digestion of goat manure with 

watermelon peel waste, further similar studies should also be made on the co- 

digestion of watermelon peel with other substrates to enhance biogas yield. 
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 Further study is again necessary to define the composition of organic matter like 

carbohydrates, proteins, lipids and cellulose to add the appropriate enzymes. 

 Further study is again necessary to check the presence of microbial groups in the 

inoculums added in the digester. 
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7 Appendix 

Appendix table 1.Daily mean biogas yield (ml) from co-digestion of goat manure and 

watermelon waste peel with their mixtures at different mixed ratio ± SE (ml) (n=3) 

100% GM 

and 0% 

WP 

70% GM 

and 30% 

WP 

50% GM 

and 50% WP 

30%GM and 

70% WP 

0% GM and 

100% WP 

     

0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 

0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 

2.53±0.23 1.2±0.29 4.03±0.33 1.53±0.06 0.53±0.11 

12.0±0.33 7.1±0.36 2.0±0.28 3.0±0.75 5.06±0.37 

7.53±0.28 13.0±0.57 17.06±1.32 11.06±0.87 12.03±1.29 

15.5±2.11 14.03±0.58 13.0±1.51 9.0±0.42 8.03±0.56 

25.0±1.01 21.03±1.51 7.03±0.63 18.13±1.61 22.53±1.59 

54.2±0.39 13.3±0.36 36.03±0.88 22.06±0.66 7.5±0.36 

10.6±2.44 35.3±3.46 30.0±4.35 42.4±2.30 15.4±1.52 

5.03±1.33 18.56±1.89 51.56±3.35 28.5±1.73 19.6±0.58 

17.03±0.50 8.96±0.75 11±0.00 13.2±1.43 44.4±6.42 

12.0±4.5 6.96±3.58 4.5±0.86 9.0±2.88 2.1±1.71 

6.5±1.89 8.93±1.55 9.0±3.51 6.83±0.16 9.0±0.57 

3.0±0.00 6.5±0.86 2.06±0.99 4.33±1.16 1.16±0.44 

9.0±4.58 9.06±1.48 5.03±2.16 13.0±3.78 10.43±3.67 

3.46±1.00 4.0±1.73 12.0.6±2.03 10.5±0.28 7.0±2.30 

4.5±2.02 6.96±2.1 6.06±1.68 4.0±0.76 3.53±1.47 

8.0±1.73 13.0±2.08 9.0±2.64 16.3±2.33 1.66±1.20 

2.5±1.63 17.0±2.08 2.5±2.02 9±2.08 6.0±1.73 

1.5±1.24 3.33±2.84 2.5±1.32 7.0±1.52 4.43±1.10 

0.5±0.46 3.0±1.52 4.33±3.21 7.53±2.72 7.4±3.34 
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3.0±0.33 4.53±0.29 2.03±0.49 4.06±0.29 1.46±0.31 

0.0±0.00 0.3±0.17 0.5±0.24 1.5±0.28 0.5±0.29 

0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 0.0±0.00 

Appendix table 2. Total Biogas production in the biodigester 

Digester Mixing ratio Total biogas (ml) 

A 100%GM and 0% WP 203.4 

B 70% GM and 30% WP 215.8 

C 50% GM and 50% WP 231.3 

D 30% GM and 70% WP  242.0 

E 0% GM and 100% WP 191.86 
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Appendix table 3: The values of physico-chemical parameters in three replications 

  PH % C.C % T.S % V.S 

Rep Biod I F I F I F I F 

1 A 6.99 7.3 33.55 30.8 95 83.5 60.4 55.5 

1 B 6.6 7.73 37.11 30.66 93 83 66.8 55.2 

1 C 6.81 7.97 36.88 30.22 90 76.5 66.4 54.4 

1 D 6.18 8.06 40.44 31.55 86.5 76.5 72.8 56.8 

1 E 6.03 8.1 43.11 38.44 82 68.5 77.6 69.2 

2 A 6.97 7.48 33.33 30.51 93.5 89 60 54.92 

2 B 6.45 7.8 36.88 30.48 89.5 79.5 66.4 54.88 

2 C 6.76 7.95 36.88 30.22 88 79.5 66.4 54.4 

2 D 6.2 8.03 40.66 31.48 88 76.5 73.2 56.68 

2 E 6.15 8.23 43.33 38.88 85 79 78 70 

3 A 6.87 7.45 33.11 30.22 94 87.5 59.6 54.4 

3 B 6.55 7.74 37.11 30.46 91.5 83.5 66.8 54.84 

3 C 6.79 7.88 36.22 30 88.5 80 65.2 54 

3 D 6.33 8.1 40.51 31.66 86 75.5 72.92 57 

3 E 6.1 8.14 42.88 38.88 84.5 78 77.2 70 
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