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Due to the rising cost of fossil oil accompanied with pollution problems associated with 
petroleum and allied products have led to the search for alternative sources of energy. This 
research was conducted to determine the proximate and chemical analyses of fresh and 
spent slurries with a view of determining their suitability for energy production. The 
samples were analyzed according to standard analytical techniques.  The proximate and 
chemical analyses of the substrates hold promise as a potential biogas source as evidenced 
by the 4773, 6535, 6684, 3834, 4096 and 6199 kcal/kg for the pumpkin, plantain, banana, 
spinach, watermelon and synergized mixture respectively.  The spent slurry offers promise 
as an excellent source of plant nutrients since it could serve as a source for bio-fertilizer 
production.  
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INTRODUCTION 

The world as at today is plagued with mounting 
energy and waste crisis brought as a result of rapid 
growth of human population and uncontrolled and 
unmonitored urbanization.  While energy is a basic 
tool for development, developing countries like 
Nigeria faces additional dilemma regarding 
environment pollutions due to the heavy dependency 
on biomass and access to energy resources presents 
challenges to human health and economic 
development (Mshandete and Parawira, 2009). As a 
result of man increasing demand for energy, 
deforestation in search of wood fuel or charcoal has 
quadrupled hence not sustainable on the long term. 
Hence, any attempt at reducing wood fuel 
consumption should be encouraged as it will 
invariably lead to a reduction in deforestation, 
environmental protection as well as curbing the 
emission of greenhouse gases (Odeyemi, 1979).  
 

Biomass such as agricultural wastes, municipal 
waste, and green waste (kitchen waste) present a 
promising renewable energy opportunity (Sagagi et 

al., 2009). In most cities in Nigeria, waste is disposed 
off as landfills or discarded indiscriminately which 
causes health hazard and diseases like malaria, 
typhoid, cholera etc. (Adeyosoye et al., 2010), hence 
biological conversion of biomass to methane has 
received an increasing attention in recent years.  
Over the years, several techniques have been used for 
the conversion of organic materials to biogas and this 
has been successfully used in meeting the energy 
needs in urban and rural areas. In United States there 
has been considerable interest in the process of 
anaerobic digestion as an approach to generating a 
safe clear fuel as well as source of fertilizer (Garba 
and Sambo, 1995). The use of rural wastes for biogas 
generation, rather than directly used as fuel or 
fertilizer, offers several benefits such as the 
production of energy resource that can be stored and 
used more efficiently in the production of stabilized 
residue (sludge) that retains the fertilizer value of 
original material and the saving of energy required to 
produce equivalent amount of nitrogen-containing 
fertilizer by synthetic process (Sagagi et al., 2009).  
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Biogas is a flammable gas produced when organic 
materials are fermented under anaerobic condition. 
The gas is called by several other names such as: 
dung gas, marsh gas, gobar gas, sewage gas and 
swamp gas (Dangoggo and Fernando, 1986). Table 1 
illustrates the major composition of biogas and their 
concentration by volume 
 
Table 1: Composition of biogas (Abubakar, 2017) 

Components Concentration (by 
volume) 

Methane (CH4) 55- 60% 
Carbon dioxide (CO2) 35- 40% 

Water (H2O) 2- 7% 
Hydrogen Sulphide 

(H2S) 
20- 20.000 ppm (2%) 

Ammonia (NH3) 0- 0.05% 
Nitrogen (N) 0-2% 
Oxygen (O2) 0 -2% 

Hydrogen (H) 0-1% 
 
The rate of biogas production depends the nature of 
the substrate, temperature, pH, loading rate, toxicity, 
stirring, nutrients, slurry concentration, digester 
construction and size, carbon to nitrogen ratio, 
retention time, alkalinity, initial feeding, total volatile 
acids, chemical oxygen demand (COD), total solid 
(Ts), volatile liquids among others (Abubakar, 2017). 
This paper presents results of the production of 
biogas from spinach stalk residue as well as 
comparing the proximate parameters of the substrate 
and slurry prior to and after the biogas production.   
 

MATERIALS AND METHODS 

Source of Samples 
The materials used for this research work were 
vegetable and fruit wastes collected from various 
locations within Sokoto metropolis. While pumpkin, 
spinach stalk, banana and plantain peel were 
collected from Ramin Kura market, fresh watermelon 
residues was collected from Miyetti Allah area both 
in Sokoto metropolis.  

 
Figure 1: View of procured vegetable and fruit 

waste 
Sample Treatment 
The fresh samples were sorted and chopped manually 
into smaller sizes to ease the digestion process. They 
were packed into clean and labelled black 
polyethylene bags for onward use for the study. The 
study commenced immediately at the Sokoto Energy 

Research Centre central laboratory, Usmanu 
Danfodiyo University Sokoto, Sokoto State Nigeria. 
 
Chemical analysis of the fresh wastes 
The fresh wastes were each analyzed for their 
percentage moisture, ash and volatile solid according 
to the procedure described by AOAC, 1990. They 
were further analyzed for their phosphorus, 
potassium, carbon, total nitrogen contents according 
to the procedures described by by Egbekun and 
Ehieze (1997) and Bagudo, 2007 respectively. The 
pH and calorific value of the freshly prepared and 
spent slurry as well as the calorific value of the 
biogas produced was determined. The percentage 
moisture, ash, volatile solid, carbon, total nitrogen, 
phosphorus (mg/kg), potassium (mg/kg) of the spent 
slurry was also determined. All parameter was 
performed in triplicate. 
 

RESULTS AND DISCUSSIONS 

Moisture and Ash Contents 
The result of the moisture and ash contents of the 
fresh and spent slurries of the substrates is presented 
in figures 2 and 3.  
 

 

Figure 2:  Comparative percentage moisture 
content of the fresh substrates and spent slurry 

 
Moisture content is simply the water content present 
in a sample. It is favorable for biogas production 
since high moisture content will help in early 
digestion which invariably will lead to biogas 
production (Grzegorz et al., 2015; Bagudo et al., 
2008). Sadaka and Engler (2003) reported that water 
content is an important parameter affecting anaerobic 
digestion of solid wastes because water makes it 
possible for the movement and growth of bacteria 
facilitating the dissolution and transport of nutrient as 
well as reduces the limitation of mass transfer of non-
homogenous or particulate substrate. The result 
showed that the moisture content of the digestate 
increased for all treatment as the digestion proceeds. 
This is in agreement with the findings of Yadav et al., 
2014 which reported the physicochemical properties 
of Jatropha seed cake before and after anaerobic 
digestion.  This however differ from the report of 
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Tumutegyereize et al., 2011 who reported that 
optimization of biogas production from banana peels.  
 

 
Figure 3:  Comparative percentage ash content of the 

fresh substrates and spent slurry 
 

Ash content determination is significant in biogas 
production because it reveal the elemental content of 
N, P, K etc present in the sample. The increase in the 
ash content of the digestate (spent slurry) when 
compared to the fresh substrate is in agreement with 
the findings of Ezekoye et al., 2011 and Bagudo, 
2007 who both reported the influence of retention 
time on biogas production from agricultural wastes. 
 
Macronutrients Composition 
The amount of macronutrients (N, P and K) content 
of the fresh and spent slurries of the substrates is 
presented in figures 4 – 6.   

 
Figure 4:  Comparative percentage nitrogen 

content of the fresh substrates and spent slurry 
 
 
 

 
Figure 5:  Comparative phosphorus (mg/kg) 

content of the fresh substrates and spent slurry 
 

 
Figure 6:  Comparative potassium (mg/kg) 

content of the fresh substrates and spent slurry 
 

These macronutrients are very important to enhance 
process stability and maintain a stable operation for 
anaerobic digestion of municipal solid waste 
(Kayhanian and Rich, 1995). The result shows that 
the macronutrients all increased during the anaerobic 
digestion process. The results is in agreement with 
the report of Sagagi et al., (2009) and Garba (1998) 
who worked on the same samples as well as that of 
Ezekoye et al., 2011 who reported the increase in 
phosphorus and potassium but a decrease in nitrogen 
when the effect of retention time on physicochemical 
parameters was studied. The findings thou from the 
findings of Yadav et al., 2014 who reported the 
physicochemical properties of Jatropha seed cake 
before and after anaerobic digestion. These finding 
thus confirmed that the digested slurries could serve 
as an excellent fertilizer for agricultural purpose. 
 
Organic Matter Content 
The results of the volatile solid (VS) and organic 
(carbon) content of the fresh and spent slurries is 
shown in figures 7 and 8.  
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Figure 7:  Comparative percentage volatile solid 
content of the fresh substrates and spent slurry 

 

 

Figure 8:  Comparative percentage carbon content of 
the fresh substrates and spent slurry 

 
Volatile solids are the solids that are lost on ignition 
of the dry solids at 55°C centigrade. VS are 
responsible for biogas production. The quantity and 
rate of biogas yield depend on the amount of volatile 
solids present in the wastes and their digestibility. 
(Ezeonu, 2005). Volatile solid was found to decrease 
gradually during the retention period. This implies 
that a lot of the substrate would be required per unit 
volume of digester for biogas production as 
suggested by Mattocks (2002). The findings agrees 
with Tumutegyereize et al., 2011, Ezekoye et al., 
2011 and Yadav et al., 2014 who reported similar 
decrease during anaerobic digestion.  Organic matter 
content of substrates influences their biogas yield. 
Organic carbon content reduction occurred during the 
digestion process because microbes acquire carbon 
from their food so samples with higher organic 
matter tend to produce more biogas as reported by 
Bagudo et al., (2008). The reduction of C by 
anaerobic processes was therefore probably limited to 
the production of organic acids, H2 and CO2 by 
facultative bacteria (Hobson et al., 1981). Thus 
continuous process of feeding is required for 
continuous biogas production because the carbon 
compounds are converted to the CH4 and other gases 
like CO2. According to Richard and Wilkie (Richard, 

1996; Wilkie 2005), anaerobic bacteria do not or very 
slowly degrade lignin and some other hydrocarbons 
in the absence of carbon.  
 
pH and Calorific Value of Substrates 
The pH of samples is one of basic parameters that 
affect biogas production. The result of the pH of the 
fresh and spent slurries as well as the mean calorific 
value produced from each substrates is shown in 
figures 9 and 10. 
 

 
Figure 9:  Comparative pH of the fresh substrates and 

spent slurry 
 

 
Figure 10:Mean calorific value for each substrate 

 
The pH of the fresh substrates decreases during the 
retention period because as digestion commences 
there is bound to be the formation of sulphide in the 
slurries due to the breakdown of biodegradable 
sulphur containing organic and inorganic compounds 
as well as the formation of fatty acids by acetogenic 
methanogens which brings about a decrease in its pH 
(Bagudo, 2007). The observed pH is in agreement 
with the report of Yerima et al., 2001 who stated that 
for biogas generation the methanogenus grow well 
when the pH is in the range of 6.8 – 7.8 and that the 
pH range for optimum biogas production has been 
reported as 6 -7 by Garba and Sambo, (1992). The 
calorific value of the substrates is in the order 
synergized mixture > banana > plantain > pumpkin > 
watermelon > spinach. This confirms that the 
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substrates have a good potential for generating biogas 
as evidenced by their heating ability. 
 
Fertilizer Potential of Spent Slurries 
The results of the N, P and K as shown in figures 4, 5 
and 6 respectively shows the fertilizer potential of the 
substrate. The fresh and spent slurries gave a 
percentage range of 1.09 to 1.72% and 1.11 to 1.85%, 
2.89 to 4.95 mg/kg and 3.50 to 5.50 mg/kg as well as 
500 to 1150 mg/kg and 350 to 1260 mg/kg for 
nitrogen, phosphorus and potassium respectively.  
These findings are in agreement to the findings of 
Sagagi et al., (2009) and Garba (1998). The results 
confirmed that the spent slurry is a better fertilizer 
potential when compared to the undigested slurries. 
This is due to the presence of microbes confirmed to 
be present in the digested slurry. 
 
CONCLUSION 
The substrates utilized for this research thou 
considered as waste have been shown not only to be a 
potential for biogas production but also a promising 
feedstock for bio-fertilizer used for soil fertility 
improvement. 
 

REFERENCES 
 
Abubakar, A.A. (2017). Biogas Potential of Some Selected 

Kitchen Wastes Within Kaduna Metropolis. American 
Journal of Engineering Research, 6(5): 53-63.  

Adeyosoye, O.L., Adesokan, L.A., Afolabi, K.D. and Ekeocha 
A.H. (2010) Estimation of proximate composition and 
biogas production from in vitro gas fermentation of 
sweet potatoe and wild cocoyam peels. African Journal 
of Environmental Science and Technology, 4 (6): 388-
391   

AOAC. (1990). “Official Methods of Analysis” 15thed 
Washington, DC: Association of Official Analytical 
Chemist. 

Arinze, R., Dioha, I. J., Okoye, P. A. C., Eboatu, A. N. and 
Onuegbu, T. U. (2005). “Comparative Studies Of 
Cumulative Yields Of Biogas From Different Organic 
Wastes”. Nigerian Journal of Renewable Energy, 13: (1 
and 2): 11-14 . 

Bagudo, B. U. (2007). “Studies on Biogas Production from 
Selected Agricultural Waste Materials” A Ph.D Thesis 
submitted to Postgraduate School Usmanu Danfodiyo 
University Sokoto. (Unpublished). 

Bagudo, B. U., Garba. B., Dangoggo. S.M.  and Hassan L.G.  
(2008). “Comparative Study of Biogas Production from 
Locally Sourced Substrate Materials” Nigerian Journal 
of Basic and Applied Sciences, 16 (2): 269 – 274. 

Dangoggo, S.M. and Fernando, C.E.C. (1986). A simple Biogas 
Plant with Additional Gas Storage System. Nigerian 
Journal of Solar Energy, 5:138-141 

Egbekun, M. K., and Ehieze, M. U. (1997). “Proximate 
Composition and Functional Properties of Fulfat and 
Defatted Benniseed (sesame indicum) Flour”. Plant 
Food for Human Nutrition. 51(1): 35-41. 

Ezekoye, V.A., Ezekoye, B.A. and Offor P.O. (2011). Effect of 
Retention Time on Biogas Production from Poultry 
Droppings and Cassava Peels. Nig J. Biotech. 22: 53-
59. 

Ezeonu, S.O., Dioha, I.J. and Eboatu, A.N. (2005). Daily Biogas 
production from different wastes and identification of 
methanogenic bacteria involved. Nigerian Journal of 
Solar Energy 15: 80 – 85. 

Garba, B. (1998).  “Studies on the Chemical Composition of 
Biogas and Kinetics of its Production at Varying 
Temperature”.  A Ph.D Thesis submitted to 
Postgraduate School Usmanu Danfodiyo University 
Sokoto. (Unpublished). 

Garba, B. and Sambo, A.S. (1992). “Effect of Operating 
Parameters on Biogas Production Rate”.Nigerian 
Journal of Renewable Energy 3 (1 and 2) pp36-44.  

Garba, B. and Sambo, A.S. (1995). Effect of Some Operating 
Parameters on Biogas Production Rate. Nigerian 
Journal of Renewable Energy, 3:36-44. 

Grzegorz, B., Reda, F., Iwona, C., Jens, E. and Mette, T. ( 2015 ). 
“Evaluation of Composition and Biogas Production 
Potential from Seagrass (Halodule uninervis) Native to 
Abu Dhabi”. The 7th International Conference on 
Applied Energy – ICAE. Science Direct Energy 
Procedia pp 75, 760 – 766 

Harban, S., Sarabjit, S. and Sukhwinder, S. (2013). “Calorific 
Value of Briquettes from Various Raw Materials for 
Fuel”. African Journal of Environmental Science and 
Technology, 5(2): 88-91   

 Hobson, P.N., Bousfield, S. and Summers, R. (1981). Methane 
production from agricultural and domestic wastes. 
Applied Science Publishers Ltd., London, UK. 

Kayhanian, M. and Rich, D. (1995). Pilot scale high solids 
thermophilic anaerobic digestion of municipal solid 
waste with an emphasis on nutrient requirements. 
Biomass & Bioenergy, 8: 433-444. 

Mattocks, R. (2002). Understanding Biogas. Country side and 
small Stock Journal; 86(4):11 – 17.  

Mshandete, A.M. and Parawira, W. (2009). Biogas Technology 
Research in selected sub-Saharan African. African 
Journal of Biotechnology, 8 (2): 116-125.  

Odeyemi, O. (1979). Microorganisms as tools in bioconversion of 
solar energy into fule and fertilizer, toward achieving a 
comprehensive energy policy for Nigeria. E.N.C. 
Osakwe (Ed) National Policy Development Centre, 
Lagos. pp. 425-429.  

Richard, T. (1996). The Effect of Lignin on Biodegradability. 
Cornell Composting, Cornel Waste Management 
Institute. 

Sadaka, S.S. and Engler, C.R. (2003). Effect of initial total solids 
on composting of raw manure with biogas recovery. 
Compost Sci and Utilization, 11: 361-369. 

Sagagi, B.S., Garba, B. and Usman, N.S. (2009). Studies on Biogas 
production from fruits and vegetable waste. Bayero 
Journal of Pure and Applied Sciences, 2(1): 115-118.  

Tumutegyereize, P., Muranga, F.I., Kawongolo, J. and 
Nabugoomu, F. (2011). Optimization of biogas 
production from banana peels: Effect of particle size on 
methane yield. African Journal of Biotechnology, 
10(79): 18243-18251. 

Wilkie, A.C. (2005). Anaerobic Digestion of Dairy Manure: 
Design and Process Consideration. In: Dairy Manure 
Management: Treatments, Handling, and Community 
Relations, Natural Resource, Agriculture, and 
Engineering Service, Cornell University, USA. 

Yadav, N., Kumar, R., Rawat, L. and Gupta, S. (2014). Physico-
Chemical Properties of Before and After Anaerobic 
Digestion of Jatropha Seed Cake and Mixed With Pure 
Cow Dung. J Chem Eng Process Technol, 5(2):1-5. 

Yerima. M. B, Rahman A. T. M. F and Ekwenchi M. M 
(2001).”Effect of Buffering on Biogas Fermentation of 
Chicken Droppings” Nigerian Journal of Renewable 
Energy, 9. (1 and 2): 47-49  

 


