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TOPIC: Enhancement of Biogas Production From Chicken Doping Using Doped Titanium Oxide Catalyst (TiO2)

Aim: The aim of this research work is to produce biogas from chicken dropping using metal doped titanium oxide catalysts. The aim of this study will be achieved through the following specific objectives;
1. To synthesized Cu/TiO2, Fe/TiO2, and Zn/ TiO2  catalysts.
1. To characterize the synthesized catalysts using BET, XRD spectroscopy, FT-IR spectroscopy, XRF, TGA and DTA analyses.
1. To test the catalyst on the production of biogas from chicken doping.
1. To determine the physiochemical properties of the raw and its digested feedstock
1. To study the effect of different catalyst loading on the biogas yield. 
Vi   To determine the chemical composition of the produce gas.
Vi iTo study the effect of different adsorbents on the purification of biogas.
 Firstpaper  captured objectives  i  to iii while this paper has captured objectives iv 















ABSTRACTS
Proximate analysis was investigated  to determine the moisture, ash, total solid and volatile solid. Slurries were prepared by thoroughly mixing 100g of the sample with 500ml distilled water. Proximate analysis results: Moisture content, substrate A,B and C had a moisture content of 5.30%,4.20% and 4.10% respectively before digestion after digestion moisture content became 7.2%,3,4% and 3.2% respectively ,moisture content of substrate A increased by 1.9% while that of substrate B and C decreased by 0.8 and 0.9 respectively. Ash content of the  substrate  before digestion were 22.10%,20.50% and 20.20% respectively after digestion ash content was 19.10%,18.10% and 17.20% respectively, there was no significant difference except for substrate A. Total solid before digestion were 98.83%,95.66% and 96.84% respectively, after digestion total solid became 80.59%,72.90% and 70.80%, there was significant difference of the total solid before and after digestion. The volatile solid before digestion were 66.23%,58.60% and 52.20% respectively.













1.0 INTRODUCTION
 The global energy demand is growing rapidly with about 88% of this demand currently met by fossil fuels.  These scenarios have shown that energy demand will increase during this century by a factor of two or three (IEA, 2006).  Additionally, concentrations of greenhouse gases (GHGs) in the atmosphere are rising rapidly with fossil fuels derived carbon dioxide (CO2) emission being the most important contributor.  Therefore to minimize the effect warming and eliminate climate change impacts, greenhouse gases emission must be reduced (IPCC, 2000).  Another important global challenge is the security of energy supply, where most of the known conventional oil and gas reserves are concentrated in politically unstable regions (IPCC, 2000).  Biogas is a versatile renewable energy source, which can be used as alternative to fossil fuels in power and heat production.  Additionally it can also be used as fuel for gaseous vehicles.  Methane-rich biogas (bio-methane) can also substitute natural gas as a feed stock for chemical production (IPCC, 2000).  Biogas production through anaerobic digestions offers significant advantages over other forms of bio-energy productions.  It has been evaluated as one of the most energy efficient and environmentally beneficial technology for bio-energy production (Fehrenbachetal.,2008) It can drastically reduce greenhouse gasses emission compared to fossil fuel by utilizing the locally available resources.  The digested feed (bye product) from biogas production could also be used as improved fertilizer which can substitute minerals fertilizer (Fehrenbachet al, 2008).
The over dependence on fossil fuels as primary energy sources has led to global climate change, environmental pollution and degradation; thus leading to human health problems.  It was predicted that by the year 2040, the world will have 9-10 billion people and must be provided with energy and materials (Alvarez, 2000).  The majority of people in developing countries do not easily and steadily have access to advanced forms of energy such as electricity, therefore they entirely depends on solid form of fuels like fire wood to meet their basic energy needs such as cooking and lightening.  According to Alvarez (2000) cooking accounts for about 90% of all household energy consumptions in developing countries.  At the same time, over 60% of the total wood in developing countries is used as wood fuels in form of either charcoal, especially in the urban areas or as fire wood mostly in the rural areas.  This has resulted in depleting forest at a faster rate than they can be replaced (Fulford, 1998).
In today’s energy demanding life styles, the need for exploring and exploiting new energy sources which are renewable and sustainable as well as eco-friendly is inevitable (Bal and Dhagat, 2001).  The use of doped titanium oxide as a catalyst will provide a means of enhancing biogas production from chicken dropping since chicken dropping contains lignocellusosic materials which are very difficult to break dawn during anaerobic digestion without the use of appropriate catalyst. 
Methane is the main components of bio-gas accounting for about (50-70%), other components include: CO2 with (30-40%) and traces of hydrogen sulphide(H2S) and water vapour (Odeyemi, 2000). The presence of CO2 and H2S in biogas is undesirable hence need to be removed for optimum performance. Consequently, CO2 can be removed by passing the gas into calcium hydroxide, potassium hydroxide, barium hydroxide or water while the H2S can be removed by passing the gas into copper sulphate, iron sulphate, lead nitrate, iron chloride or water (Lawal et al.,2000). The gasses which includes methane, hydrogen and carbon dioxide produced can be combusted or oxidize with oxygen (Ryckeboschet al.,2011) and the energy released allows biogas to be used as fuel  for heating purposes, such as cooking.  It can also be used in anaerobic digesters where it is typically used in the gas engine to convert the energy in the gas into electricity and heat (Bio methane fueled vehicle, 2009).  Biogas can be compressed much like natural gas and used to power motor vehicles.  In the UK for example biogas is estimated to have the potential to replace around 17% of vehicles fuel (State Energy Conservation Office, 2009. Anaerobic digestion can be affected by micro-organisms including acetic acid forming bacteria (acetogenes) and methane forming bacteria (methanogens).  These organisms promote a number of chemical processes in converting the biomass to biogas (NNFCC, 2012).  There are four (4) key biological and chemical stages in anaerobic digestion that include: Hydrolysis, acidogenesis, acetogenesis and methanogenesis. The chine must be broken down into their smaller constituent parts for the bacteria in anaerobic digesters to access the energy potential of the material.  These constituent parts are readily available to other bacteria.  The process of breaking these chains and dissolving the smaller molecules into solution is called hydrolysis.  Therefore, hydrolysis of these high- molecular-weight polymeric component is the necessary step in anaerobic digestion (Sleatet al., 2006).  Through hydrolysis, complex organic molecules are broken down into simple sugars, amino acids and fatty acids.  Acetate and hydrogen produced in the first stage can be used directly by methanogens, other molecules, such as volatile fatty acids (VFAs) with a chain length greater than that of acetate must first be catabolized into compound that can be directly used by methanogens (Boon et al.,2006).  The biological processes of acidogenesis result in further breakdown of the remaining components by acedogenic (fermentative) bacteria. Here, volatile VFAs are created along with ammonia, carbondioxide and hydrogen sulphide, as well as other by products (Hanreichet al., 2011).  The third stage of anaerobic digestion is acetogenesis, here simple molecules created through the acetogenesis phase are further digested by acetogens to produce largely acetic acids as well as CO2 and hydrogen (Ferry, 1997).  The final stage of anaerobic digestion is the biological process of methanogenesis, here methanogens use the intermediate product of the preceding stages and convert them into methane, CO2 and water. These components make up the majority of the biogas emitted from the system (Martin, 2000).


1.1 Methane Formation
The methane producing bacteria decompose the compound with a low molecular weight. For example, in order to form methane and CO2, the methane producing bacteria utilizes hydrogen, CO2 and acetic acid.  Equations 1-3 outlined the various products, by-products and intermediate products that are formed in the digestion process of an anaerobic production of methane (Martin, 2000)	.
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 Figure 1.0 Schematic Diagram of Anaerobic Degradation of biomass 
1.   Hydrolysis
This process involves the decomposition of complex organic polymeric materials such as carbohydrate, protein and lipid.  These complex organic compounds  are hydrolyzed  to smaller water soluble compounds such as sugars, amino acids, and long chain fatty acids (Eastman and Fergoson, 1981).  At the end of hydrolysis stage, simple organic compounds are produced which then undergo adsorption and degradation by different facultative anaerobic bacteria in the acidogenic step, there by producing short-chain volatile fatty acids (VFA). This phase involves hydrolyzing polysaccharides into monosaccharaides, fat into fatty acids and protein in to amino acids (lyilade, 2009).  Hydrolysis is the first step in anaerobic digestion process (AD).  It is a relatively slow step that can limit the rate of overall digestion process, especially when solid waste  substrates are used. (Ostrem, 2004)
1. Acidiogenesis
In this stage of the anaerobic digestion process (fermentation stage), soluble compounds form in the hydrolysis stage are further broken by a variety of obligate and facultative fermentative microorganisms to produce weak acids (mostly organic acids) such as acetic acids, propionic acid, butyric acid  (VFAs), lactic acid, alcohol hydrogen and carbon dioxide (CO2) throughacidogenicbacteria(Kalyuzhyiet al., 2000), Thusthe process of acitogenesis transforms the organic acid that is produced the second stage into acetic acid, carbon dioxide and hydrogen (Franget al., 2010).  The important acid in this stage is the acetic acid (CH3COOH), and it is the most significant organic acid used as a substrates by CH4- forming microorganisms (Ostrem, 2004).
1. Acetogenesis
 During acetogenesis stage, alcohol (ethanol),VFAs with more than two carbon atoms are converted by acetate –forming bacteria into acetate with hydrogen  and carbon ( iv) oxide being the main products (Geradi, 2003).  This conversion is a vital process because hydrogen and carbon (iv) oxide are constantly reduced to acetate by homoacetogenic microorganisms (Chandra et al., 2012), thereby reducing the hydrogen accumulation that may affect the functioning of acetogenic bacteria (Weiland, 2010).  The waste product of acetogenesis is hydrogen gas formed in the acetogenic stage of the anaerobic digestion process (AD) hence this stage is also known as dehydrogenation stage.




d.Methanogesis
Methanogenesis constitute the fourth and final stage of anaerobic digestion process.  In this stage,  bacteria convert ethanoic acid (CH3COOH),  carbon (iv) oxide (CO2) and  hydrogen gas (H2) into methane (CH4) and carbon (iv) oxide( CO2) ,the bacteria responsible for this conversion are called  methanogen  and are strictly  anaerobic  that are highly vulnerable to small amount of oxygen (Verma, 2002).  The methanogens played a vital role in anaerobic digestion process because they grow slowly and are extremely sensitive to change in environment.  They can absorb and digest the simplest of substrates.  These end products are the primary substrates for the methanogenic bacteria to produce biogas which generally consist of 50-75% methane (CH4), 50-25 (CO2) and trace amount of Nitrogen (N2), Hydrogen (H2) and Hydrogen sulphide (H2S). Methanogenesis indicates the extent of biological activities in an anaerobic system and the state of the digestion.  The more methane is produced, the more the system is stable and well performing. 
1.2 Factors affecting the rate of Biogas Production :: Many factors affects biogas production and these factors includes; nature of substrates, temperature, surface area, carbon to nitrogen ratio (C:N) ratio, PH, loading rate, dilution, hydrolytic retention time (HTR), food to microorganisms ratio (F:M), concentration of the slurry, stirring mixture rate and feeding of bacteria (starter), (Oyelekeet al., 2003).
(a)         Nature of substrates
 Materials of plant origin vary widely in composition. In general, the concentration of water soluble substrates such as sugars, amino acids, protein and minerals decrease with the age of plant (Nicholas et al., 1980).  This is because substances that are non- water soluble such as lignin, cellulose and hemi cellulose increase in content with the age of the plant (Nicholas et al,. 1980).  This means that vegetable matter from young plants produce more biogas compared to those from old plants (Bagudoet al., 2011).  For the waste products from animals, it feeding rates and living condition, the age and storage of waste products before use are all factors that can affect the quantity and quality of the gas Produced.  Generally, finely grounded waste products produce more biogas than lumps of waste materials due to large surface area of contacts with the bacteria (Bagudoet al., 2011)
1.   Dilution
 Water is added to the raw materials i.e. (substrates) to generate slurry which is neither too thick nor too thin, generally in the range of 10-25% of solid (Diohaet al.,2014).
(c) Carbon to Nitrogen Ratio: The optimum  carbon to nitrogen  ratio( C:R ) for anaerobic digestion is 25:1 to 30:1(Biswass and Kartha,1977,Maishanu and  Hussaini,1991,Diioha et al.,2014). High carbon to nitrogen  ratio (C:R) allows methanogens to consumes nitrogen and is no longer available for it  to react on left over carbon content .low carbon to nitrogen  ratio (C:R) can lead to libration of nitrogen and rise in pH which will kill bacteria (Biswass and Kartha,1977).
(d) pH
 Optimum biogas production is achieved when the pH value of the input mixture is from 6-7 (Zuruet al.,1998).
(e) Loading Rate
 Loading rate is very important especially in continuous mode operation digester, at least two third the volume of digester, over loading can easily lead to system failure. It might cause rise in volatile fatty acids concentration, leading to sharp drop in pH
(f)  Hydrolytic Retention Time  (HTR) 
 This is the time which an organic materials (substrates) which is aerobically degraded, spends in a digester from the instant of its addition in to the digester to the end of digestion process (Yeole and Ranade, 1972) reported that high retention time for 14 days was optimum for biogas production from cow dung and chicken dropping. They further observed that high retention time (HRT) shorter  than 15days resulted in accumulation of volatile fatty acids (VFA),whereas at high retention time (HRT) longer than 15 days ,the digester component were not fully utilized.
(g) Temperature: Anaerobic break dawn of waste occurs at temperature lying between 0oC and 69oC  but the action of the digesting bacteria will decrease sharply below 16oC	.However, there are there are three types of temperature ranges, namely, thermophilic  (45oC -60oC	), mesophilic (25oC-40oC), and psychrophilic (10oC -25oC).Production of gas is most rapid between 29oC and 41oC	or between 49oC and 60oC.This is due to the fact that two different types of bacteria multiply best in these  ranges ,but the high temperature bacteria are much more sensitive to ambient influence. However, temperature  between 30oC and 35oC have proven most efficien for stable and continuous production of biogas as reported by Elhalwagi (1986).	

1.3 Catalysis: Biogas production from chicken dropping offers a promising solution for managing poultry waste while generating renewable energy through the use of anaerobic digestion there by converting organic waste in to biogas a mixture of methane (CH4) and carbon dioxide ( CO2)  (Abubakar and Ahamad,20 18). How ever the efficiency of biogas can be improve through catalytic enhancement (Kothari et al.,2014). Catalysis involves  the addition of an appropriate catalyst at a specified or recommended concentration (catalyst loading) to increase reaction rate with out  being consumes or alters (Fogler, 2006).In addition catalysis can be considered or described as an acceleration or retardation of the rate of chemical reaction an appropriate catalyst at a specified or recommended concentration (catalyst loading) to increase reaction rate with out  being consumes or alters (Fogler, 2006).In addition catalysis can be considered or described as an acceleration or retardation of the rate of chemical reaction brought about by addition of catalyst to the reaction medium, the catalyst  present in a small amount is not consumed in the reaction (Galadima,2018).Catalysis today is almost associated with the rate acceleration and is very important in biogas production from chicken dropping because rate acceleration means that a chemical compound can be made more cheaply and cleanly (Galadima,2018). In general terms catalysis is key tools commonly used to produce biogas from chicken dropping which is clean, friendly and free from environmental pollution. In biogas production catalyst can enhance the activity of micro organisms improve the hydrolysis rate and improve the methane (CH4)  content of biogas (Garben,2002).
Different types of catalyst are used in biogas production from chicken dropping ,these includes: Natural catalyst such as bio char, zeolite and clay minerals (Mohan et. al.,2014).Biological catalyst such as enzymes, like lipase, amylase, and micro organisms(Kumar et al.,2018) and chemical catalyst such as metal oxide e.g. Iron oxide (FeO), Zinc oxide (ZnO),copper oxide (CuO) and acids e.g. HCl and  (Zhag et al.,2015)
1.4 Mechanisms of catalyst enhancement: Catalyst enhancement includes surface area, electron transfer and pH buffering enhancement. Surface area enhancement provide a large surface area (pore volume) for   micro organisms to attach and grow hence increasing the rate of reaction (Liv et al.,2019).Electron transfer enhancement, catalyst facilitate electron transfer between micro organisms there by enhancing oxidation reaction more prominently and appropriately while in pH buffering, catalyst played an important roles by maintaining a stable .pH. The ability of a solution to resist change of pH, when acid or base are added in biogas production because micro organisms involves   in anaerobic digestion are sensitive to pHschange (Chen et al.,2020)
In general. catalysis played an important roles toward enhancing biogas production from chicken dropping there by increasing biogas yield, improving biogas quantity and reducing energy input (Garben, 2002).
1.5 Doping: Catalyst doping is a technic commonly used to enhance catalyst performance in biogas production from chicken dropping ,it involves introducing  an impurities in to a catalyst structure in order to modify it electronic and chemical properties. Iron oxide (FeO), Copper oxide( CuO) and Zinc oxide ( ZnO)  are added to titanium oxide i.e. FeO/TiO2,   CuO/TiO2 and  ZnO/TiO2 to serves as doped catalyst hence improving the performance of titanium oxide (TiO2). Doping enhanced the catalytic activity of titanium oxide by introducing new energy level and increasing the surface area of reaction, doped catalyst is very stable and resistance to deactivation, it is also proven to enhance biogas production from chicken dropping (Zhang et al.,2019,Liu et al.,2020 and Hao et al.,2018).The use of doped catalyst has becomes necessary  because it played a prominent roles toward producing cleanly, friendly and free pollution biogas from chicken dropping. 
2.0 MATERIALS AND METHODS
 Information on the instruments, chemicals and methods used in this research are  presented in the following subsections.   
2.0	Materials (Instruments)
The materials (instruments) used in this research work are listed in Table 1. The instruments were used in accordance to manufacturers’ operation guidance.  



Table 1: List of Instruments 
Instrument                                                             Model                                            Manufacturer                  
Analytical balance                                            AW320                                        Shimadzu, Japan
Oven                                                                 DHG-90                                      Thermostat oven
Furnace                                                              AAF 1100                                  Carbolite Gero
X-ray diffraction (XRD) analyzer                     Miniflex600-C                           Rigaku                    
Thermo-gravimetric (TGA) analyzer                TGA Q500                                Rigaku     
BET analyzer                                                     Cary550 			AgilantFourieTransform-Infra-Red Spectroscopy       Cary 630                                    Agilant-                                                       
X-Ray Fluorescence                                           Tracer 5i,CTX                          Rigaku -


2.1Reagents
The reagents used in this research work are listed in Table 2. All the chemicals were of analytical grade and were used as purchased without prior purification.
Table 2:
Reagent                     Chemical Formula		Purity (%)		Manufacturer
Titania                                 TiO2  >99                                Sigma Aldrich
Iron nitrate                         Fe(NO3)3 · 9H2O                 98                               Alpha chemicals
Copper nitrate                   Cu(NO3)2 · 3H2O                 98                                Sigma Aldrich         
Zinc nitrate                        Zn(NO3)2 · 6H2O              98%                                Sigma Aldrich         




2.2 Methods
2.2.1 Sample collection 
The chicken dropping was collected from Mushmin farm Gidangiye, Tsafe local Government, Zamfara State, Nigeria while titanium oxide (TiO2), Copper nitrate (Cu(NO3)2.3H2O), Iron nitrate (Fe(NO3)3.9H2O), and Zinc nitrate (Zn(NO3)2.6H2O) were purchased from chemical vendor in Sokoto.
2.2.2	Sample Preparation
The sample collected was  mixed properly and dried on a drying bed  and further  grounded to powdered  Bajah and Garba (1992).The slurry was  prepared by measuring 100g of chicking dropping into 500cm3  of water mixed and fill in  2liters anaerobic digester with occasional agitation as described by Bajah and Garba (1992).

2.2;3DETERMINATION OF pH AND TEMPERATURE
The pH of each slurry was determined by putting in the electrode of the PHmeterinside the slurries and the reading was takingcarefully and appropriately from the meter as recommended by Baki (2004) while the temperature of each of the slurries from thirteen (13) digesters was  measured using thermometer.
2.3.0Determination of proximate composition of the samples
The assessments of the potential of biogas production content of the substrates were determine using the following parameters before and after digestion of each substrates: moisture contents, total solids, volatile solid contents, ash content, carbohydrate, crude fiber, crude lipid, crude protein and elemental composition (Nitrogen, Phosphorus, Carbon, Potassium) Carbon to Nitrogen  contents
2.3.1DETERMINATION OF THE MOISTURE CONTENT
The moisture contents was determined using oven drying machine, 2gramof  the sample is weighed and subsequently heated at a temperature of 105oC to   allow for the release of moisture. Following this, the sample wascooled in adesiccators  before reweighing. Moisture content was  calculated by the difference in wet and dry weight.

3.1.2 DETERMINATION OF THE TOTAL SOLID .
Total solid simply refers to as organic and inorganic matter present in the feedstock, it represent the solid after drying. the liquid present in the sample was evaporated and 2gram was measured from the residue obtained  and placed in a pre-dried crucible at 105oC in a drying oven for one hour follow by taking it out and cool in a desiccator at room temperature, the total solid content was calculated using equation below:
Total solid (%) =  ×100
Where:		
M1 =mass of empty oven – dried crucible
M2  = mass of crucible + sample
M3 = mass of crucible + residue
3.2.1DETERMINATION OF VOLATILE SOLID.
The volatile solid content of the sample was determined by measuring   2gram of the residue obtained from the determination of the total solid and  placed in a silica crucible  and ignite in a muffle furnace at 550oC for 30min follows by taking  the crucible out of the muffle furnace ,partially cool in air and kept in desiccator for few minute and then weigh. The volatile solid was calculated using equation below:
Volatile solid ( %) ==  ×100
Where:		
M1 =mass of empty oven – dried crucible
M2  = mass of crucible + sample
M3 = mass of crucible + residue
3.2.2  DETERMINATION OF THE ASH CONTENT.
 The ash content of the sample was determined  by drying  a porcelain crucible  in an oven for 10min at 105oC, cool in a desiccator and dry weight M1,2gram of the sample was measured  in the porcelain crucible and reweight M2, the crucible containing the sample was incinerated in the  furnace for 3hrs at a temperature of 550oC to ensure accurate and proper ashing. The crucible was removed and allow to cool in a desiccator and weigh M3.The ash content in percentage was calculated using the equation below:
Ash Content 100 (%)= × 100
Where:		
M1 =mass of empty oven – dried crucible
M2  = mass crucible + sample
M3 = mass of crucible + residue
3.2.3DETERMINATION OF CRUDE FIBER
2.0 gram of the sample was placed in a conical flask (0.25) and weighed (M0), H2SO4 (.002dm3, 1.25% v/v) was added to the sample and boiled gently for 30minutes .The mixture was filtered through muslin cl0thsteetch over 9cm Buchner and then rinsed with hot distilled water.The materials was scraped back in to the flask with a spatula and boiling NaOH (.002dm3, 1.25% v/v) was added and allowed to boils gently for one minute, the material was again filtered through muslin cloth. T\he sample was allowed to drain, dried and then scrapped in to a crucible  and dried over night at 150oc in the oven, it was then in a desicator and weighed ( M1). The sample was ash in a furnace at 500ocfor 90 minute, dried in a desiccator and weighed ( M2).The crude fiber was calculated using the formula of equation below
%Crude fiber (%) =M1-M2/X 100
Where
M1 = mas of empty oven – dried crucible
M2= mas of crucible + sample
3.3.3 DETERMINATION OF CARBOHYDRATE CONTENT
The carbohydrate content of the samples was determined by considering the difference obtained after summation the value of percent moisture content (%MC),percent ash content (%AC),),percent lipid content (%LC),),percent protein content (%PC) and),percent crude fiber content from 100% total dry matter
%Carbohydrate- (%MC+%AC+%LC+PC+%CFC)
4.3.0  DETERMINATION OF CRUDE LIPID
The crude lipid content of the sample was calculated using soxhlet extraction method as recommended  by AOAC (2016). 5gram of the sample was transferred in to 0.5dm3 round bottom  flask containing a few gram of anti-bumping granules and weighed (W1) all together. The fat content of the sample was extracted in 0.1 dm3 of diethyl ether at 40OC to 60oC for 6hrs attached in the flask to the soxhlet extractor at reflux, the filtrate was concentrated diethyl ether recovered and the oil in the round bottom was dried in an oven, the oil and  round bottom flask weighed as (W2) .The percentage of crude lipid content was calculated using the formula in the equation below:
%Crude lipid (%) = W2-W1/W1 X100
4.3.1 DETERMINATION OF PERCENTAGE CRUDE PROTIEN
The  percentage crude protein was estimated using the formula in the equation below:
% crude protein = %N x 6.2
4.3.2 DETERMINATION OF ELEMETAL COMPOSITION OF THE SUSTRATES
Determination  of elemental composition will focus strictly on (Carbon Nitrogen, Phosphorus and Potassium) because they seriously affect biogas production and digested slurry as bio fertilizer.
4.3.3  DETERMINATION OFNIROGEN (N)
The elemental nitrogen was determined using the Kjeldahl  method as reported by Bagudo et al,.(2008). 2gram of the sample was placed in to a 0.3dm3 Kjeldahl  flask and digested with 0.02 dm3 concentrated sulfuric acid (H2SO4). Catalyst was used and a clear solution was observed, the digest was allowed to cool diluted with 0.25dm3  distilled water and transferred in to 0.5dm3 Kjeldahl flask containing anti bumping chip and 0.4 dm3 of 40%NaOH. . The distillate from the solution was transferred in to a collecting liquid (0.25 dm3and 2% boric acid  and a few drop of mixed indicator) by immersing the end of the condenser  inside the liquid to trap the gaseous ammonia being liberated. The resulting liquid was then back-  titrated against 0.01M hydrochloric acid utill the end point violet color was reached and percentage nitrogen was calculated using the formula in the equation below:
%N2= 14 X M X V1 X V100/ WsxVa
Where :
M = molarity of the acid (HCl)
V1=  total volume of the diluted  digest
V100 =  is the titre value (cm3)  of (HCl) used
Ws=  weight of sample (g)
Va= is the aliquot volume distilled
4.4.0  DETERMINATION OF POTASSIUM 	( k)
The potassium content of the sample was calculated using the standard flame photometer method recommended  by AOAC (2016) .50cm3 of 0.0I M ammonium acetate was added to 10g of the sample .The sample was leached with an additional 50cm of 0.01 ammonium acetate and made up to the volume of 100cm3 .The sample solution and  the standard potassium solution were inserted in to the flame photometer and the readings were noted dawn using K-filter.The procedure was repeated three timesand the average value are reported.
4.4.1  DETERMINATION OF PERCETAGE CARON 	(% C)
The percentage carbon content was calculated using the equation as described  byBagudo et al,.(2008).
%C = 0.5 x organic matter
4.4.2  DETERMINATION OF  CARBON TO NITROGEN RATIO	
The carbon to nitrogen ratio ( C:N) was evaluated by calculating the ratio of organic carbon content to that of nitrogen content (Bagudo et al.,2008)
RESULTS OF THE PROXIMATE ANALYSIS OF UNDIGESTED SUBSTRATES
	S/N
	PARAMETER
	CHICKEN DROPPING

	01
	MOISTURE CONTENTS  ( %
	13.5

	02
	ASH CONTENTS  ( %
	47

	03
	TOTAL SOLID CONTENTS  ( %
	86.5

	04
	VOLATILE SOLID CONTENTS  ( %
	7.9

	05
	CRUDD FIBER CONTENTS  ( %
	6.5

	06
	CRUDE LIPID CONTENTS  ( %
	1.0

	07
	CRUDE PROTIEN CONTENTS  ( %
	4.875

	08
	CARBOHYDRATE CONTENTS  ( %
	17.12

	09
	TOTAL CARBON CONTENTS  ( %
	

	10
	TOTAL NITROGEN CONTENTS  ( %
	2.33

	11
	C/N RATIO
	




RESULTS OF THE ELEMENTAL ANALYSIS OF THE UNDIGESTED SUSTRATES
	ELEMENT
	SYMBOL
	

	POTASSIUM CONTENTS  ( %
	 K
	

	PHOSPHOROUS CONTENTS  ( %
	P
	0.6

	NITROGEN CONTENTS  ( %
	N
	

	N.P.K . RATIO ( %
	
	

	
	
	



pH AND TEMPERATURE OF THE SLURRY BEFORE DIGESTION

	SAMPLE
	pH
	TEMPRATURE

	A
	6.6
	28.7OC

	B1
	6.7
	28.5OC

	B2
	6.8
	28.4OC

	B3
	6.9
	28.7OC

	C1
	6.8
	28.7OC

	C2
	6.9
	28.6OC

	C3
	6.8
	28.7OC

	D1
	6.7
	28.8OC

	D2
	6.8
	28.6OC

	D3
	6.8
	28.7OC

	E1
	6.7
	28.4OC

	E2
	6.8
	28.8OC

	E3
	6.7
	28.8OC

	
	
	






pH AND TEMPERATURE OF THE SLURRY AFTER DIGESTION DIGESTION

	SAMPLE
	pH
	TEMPRATURE

	A
	6.6
	28.7OC

	B1
	6.7
	28.5OC

	B2
	6.8
	28.4OC

	B3
	6.9
	28.7OC

	C1
	6.8
	28.7OC

	C2
	6.9
	28.6OC

	C3
	6.8
	28.7OC

	D1
	6.7
	28.8OC

	D2
	6.8
	28.6OC

	D3
	6.8
	28.7OC

	E1
	6.7
	28.4OC

	E2
	6.8
	28.8OC

	E3
	6.7
	28.8OC





pH ofr the  Undsigested and Digested Substrates
S/No    Substrates       Undigested        Digested     Difference
1            A                    6.6                   6.3               0.3
2            B1                  6.7                  5.9                0.8
3            B2                  6.8                  6.5                0.3
[bookmark: _GoBack]
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