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ABSTRACT

A transformed Bacillus subtilis was used for production of cellulase enzyme using submerged fermentation. The activity (2.033 U/mg), protein concentration (12.26 mg/ml), optimal pH 5.0 (2.63 U/mg)) and optimal temperature 40oC (2.80 U/mg) were determined. The cellulase enzyme was further used to hydrolyze sawdust for the production of ethanol and thus further production of biogel, an alternative energy source for cooking.  The analysis carried out on this biogel was relative to cooking agents like kerosene and gas. The following properties were observed; viscosity at 40oC and 80oC recorded values of 431.20 (cst) and 212.87 (cst) respectively, flashpoint (27oC), density at 26oC (0.910kg/m3), total acid number (0.13mgKOH/g), pour point (-14% still flowing) with pH 6.18, no base settlement and no water content. The flame produced was thinner compared to kerosene, gas and firewood flames. It also had a blueish colour full of motion, odourless with complete combustion. 
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1. Introduction
Use of cheap alternative sources of energy is an important issue to consider from several perspectives. In most situations, particularly in developing countries, this means firewood and charcoal. High demand can lead to environmental degradation in areas that dead wood are progressively exhausted and live trees are cut in an uncontrolled manner. Renewable energy from energy crops and lignocellulosic residues, agricultural and wood based, are undergoing worldwide economic analysis for efficient commercialization. Currently, bio-energy, besides wind and solar technology, is the most widely used among all the renewable energy technologies available domestically and internationally, taking up about two-thirds of all the renewable energy the world uses (Hernandez-Atonal et al. 2007; Wan and Lee 2010). Previous studies have recycled plastic wastes from dumpsite (Chiemchaisri et al.2010; Dalai et al. 2009) and rice straw (Huang et al.  2008; Shie et al. 2010) as refuse derived fuel by gasification system, microwave, or plasma torch. However, some problems exists in conventional thermochemical processes, such as low gas productivity and the generation of heavy tarry compounds, causing corrosion problems for the gas collection equipment and increasing the need for the further treatment of the gas produced (Bridgwater 2003; Ferrer et al. 2005). 
Provision of innovative energy such as biogel will help reduce poverty and play a critical role in improving educational opportunities for children, empowering women and promoting gender equality. The availability of adequate clean energy is important in reducing child mortality and further reduces exposure to pollution. It will also reduce carrying of heavy loads of fuelwood thus improving maternal health. Finally, widespread substitution of modern energy for traditional biomass can be a rallying point for global partnerships. For many households, switching away from traditional biomass is not feasible in the short term. Improving the way biomass is supplied and used for cooking is, therefore, an important way of reducing its harmful effects. This can be achieved either through transformation of biomass into less polluting forms or through improved stoves and better ventilation. Production of cooking gel is an innovation designed through research and development towards developing a product that burns up to twice as long as other liquid fuels thus making the price more favorable to other fuels. The production from agricultural residues makes cooking gel the most cost-effective and safe fuel available to informal housing residents and the needy. This investigation was aimed at research, technology and innovation into development of biogel; an alternative energy source for cooking. 
2. Materials and Methods
Cellulase production 

Cellulase production medium contained the following components (%): carboxyl methyl cellulose salt (CMC) 5.0g; NaNO3 1.0g; K2HPO4 0.1; MgSO4.7H2O 0.05; KCL 0.25g; and FeSO4.7H2O 0.001g at pH 7.0. A 250 mL conical flasks containing 100 mL of the described medium was inoculated with 1% (v/v) of inoculum culture and incubated for 48 h at 37 °C under shaking at 150 rpm. After incubation, the contents of the fermented flasks were centrifugation at 9,000 g for 15 min at 4 °C, and the clear cell-free supernatant (crude extract) was collected and stored at 4 °C before enzymatic assay. Enzyme activity was determined using the method recommended by Acharya et al. (2008). The reaction mixture contained 0.5 mL of 0.5% of CMC as substrate prepared in 0.5 M sodium acetate buffer pH 5.5 and 0.5 mL of enzyme extract. The control sample contained the same amount of substrate and 0.5 mL of the enzyme solution heated at 100oC for 15 min. Both the experimental and control samples were incubated at 50oC for 30 min. At the end of the incubation period, tubes were removed from the water bath and the reaction was terminated by addition of 3 mL of 3, 5-dinitrosalicylic acid (DNSA) reagent per tube. Protein content determination Protein content was determined by the method of Lowry et al. (1951) using bovine serum albumin (BSA) as standard (Ghose, 1987).

Production of ethanol
Sawdust was processed from wood shaving collected from sawmill located at Alimosho Local Government area in Lagos state, Nigeria, West Africa. The sample was then used as substrate for production of ethanol and the procedure described below according (Andrietta, 2011; Talebnia et al. 2010; Mcaloon et al. 2000): 
Step I: Hot water pretreatment 

Start the hot plate to bring approximately 400mL water to a gentle boil in a 500 mL glass beaker. Use pre-heated water to fill your beaker. 2. Set up a falcon test tube holder (i.e. chicken-wire screen or aluminum foil) for your 500 mL beaker as directed by your teacher. If you are parterning with another group, you can pack 4 tubes in a beaker without setting up a holder. Add 25 mL of distilled water to all three of your labeled 50mL falcon tubes. Swirl to mix the biomass and the water. Let it sit for 1 minute. 5. Loosely screw the cap onto the falcon tube. 6. Wait for water in your beaker to come to a gentle boil on your hot plate. 7. Gently push your two falcon tube samples into the beaker though the aluminum foil or wire screen. If you are using the 4-tube method pack the 4 tubes into the 500mL beaker. a. Make sure that the biomass samples and the liquid are completely submerged below the surface of the boiling water in the beaker. 8. Leave tubes in the water for 10 to 25 minutes depending on how much time you have. The longer the time period, the higher the potential yield of ethanol will be. 9. Turn off the hot plate and remove your samples. Allow them to cool to room temperature. Use a cold water bath to make the tubes cool more quickly. 10. Test the initial glucose concentration using the blood glucose test monitor and test strips. Record this data. Describe any detectable changes in the biomass (appearance? odor?). 12. Test the initial ethanol concentration using the ethanol probes. Record this data. Describe any detectable changes in the biomass (appearance? odor?). 13. If samples will not be used in the next 2 days, refrigerate or freeze them immediately. This will suppress microbial growth.

Step 2: Enzymatic digestion (hydrolysis) 
1. Remove samples from refrigerator or freezer and bring to room temperature. 2. Make sure the common water bath or the incubator is at 50°C. 3. Add 1.0 mL of Celluclast™ cellulase enzyme product to each test tube that is undergoing hydrolysis. The control will not have any enzyme added. 4. Screw caps on tightly. Mix gently. 5. Place both falcon tubes in a common water bath or incubator at 50°C. 6. Leave the tubes in the water bath for 24 hours. 7. After 24-hour hydrolysis, collect data. Use the blood glucose test monitor and test strips to test post-enzyme glucose concentration of the sample. Record this data. Describe any detectable changes in the biomass (appearance, odor?). 8. Test the ethanol concentration using the ethanol probes. Record this data. Describe any detectable changes in the biomass (appearance, odor?). 9. If fermentation will not begin at this stage, freeze or refrigerate samples to prevent microbial contamination. 
Step 3: Fermentation 

1. Make sure the common water bath or incubator is at 37°C. 2. Add ¼ teaspoon or 1.0 gram of active yeast to each tube. These measurements are roughly equivalent. 3. Gently mix in the yeast. The yeast will grow more quickly if evenly mixed. 4. Loosely screw on the cap to the tubes. It is important that the tubes not be air-tight for the fermentation. Yeast will produce CO2 and will build up pressure in the tube unless the gas is allowed to escape. 5. Place falcon tubes upright in the 37°C water bath or incubator. Use a test tube rack or similar apparatus (chicken wire) to keep falcon tubes upright. 6. 7. Return your falcon tubes to the 37° common water bath or incubator for 24 hours of fermentation. 8. After 24 hours, remove your falcon tubes from the 37°C water bath. 100g of fine sawdust was added to 100ml conical flask and 100ml of 0.4M H2SO4 was added to it and the pH was adjusted to 4.6 using Ca(OH)2.  The mixture was put in an autoclave at 120oC for 10minutes. The mixture was removed allowed to cool up to 30oC for enzyme activity. The sugar content was tested for to be 24.7g. 2.5g of cellulose and Saccharomyces cerevisiae were added respectively and the mixture kept in a shaker incubator at 150rpm for 72hr at 30oC to allow it to ferment completely. 100ml of sample was distilled in a distillation bath and 6.3ml of ethanol was distilled at 78oC.

Production and Characterization of biogel

The production of cooking gel was carried using the following ingredients; (i). distilled ethanol at (70%,) (ii). water (10%) and (iii). celtin gelling agent (20%). This methodology was developed at the Enzyme Technology division of the Biotechnology department within the Federal Institute of Industrial Research (F. I. I. R.), Lagos state, Nigeria, West Africa. The preparation was done at room temperature and final analysis carried out at the Nigerian National Petroleum Cooperation, Warri, Delta state, Nigeria.
3. RESULT AND DISCUSSION
Bacillus subtilis is a gram positive sporulation bacteria that is generally recommended as safe (GRAS). Microbial characterization of Bacillus subtilis involved laboratory techniques carried out to identify the strain. Conventional tests and analytical profile index kits were used to ascertain the morphology, biochemical reactions and the outcome of each tests are presented in Table 1 below. From the table, the results obtained indicated the main principle of the biochemical tests involving changes in pH and substrate utilization after incubating, which was exhibited as a visual colour change in the media. These methods have been used to describe Bacillus species in an investigation carried out by Shahanaz and Kalia, (2017). The unique property of the transformed strain is having the ability to grow on antibiotic as shown in the table. The results obtained were cross referenced with Bergey’s manual (Claus and Berkeley, 2011) and analytical profile index results chart table (Aruwa and Olatope, 2015) for Bacillus subtilis identification.
Table 1: Microbial characterization of transformed Bacillus subtilis 
	Test
	Reaction
	Test
	Reaction
	Test
	Reaction

	Catalase
	+
	Indole
	_
	Mannose
	_

	Citrate
	+
	Methyl Red
	_
	Arabinose
	+

	Flagella
	Present
	Voges Praskeur
	+
	Fructose
	+

	Gelatine
	+
	Nitrate reduction
	+
	Galactose
	+/_

	Motility
	+
	Growth at 5% NaCl
	+
	Cellobiose
	_

	Gram’s
	+
	Lecthinase
	_
	Lactose
	+/_

	Urea
	+
	Lysin
	_
	Rhaffinose
	+

	Shape
	Rod
	Ornithine
	_
	Ribose
	+

	Phenylalanine deaminase
	_
	Tyrosine Hydrolysate
	_
	Ramnose
	_

	Starch hydrolysis
	+
	Ducitol
	_
	Sorbitol
	+

	Trehalose
	+
	Erythritol
	_
	Sucrose
	+

	Xylose
	+
	Growth on Kanamycin
	+
	
	


The production of biogel also known as cooking gel using agricultural residues was established as an innovation into agricultural bio productivity. This product was analyzed and properties are shown in Table 2 below. From the table, low Sulphur content value of 0.0232 Mass per mass % indicating the product is not heavy and thus combustion will be easy. Also the absence of base sediment and water indicates that carbon will not be produced. The biogel product total value acid number of 0.13mgKOH/g showing that the product is nontoxic and with pH 6.18 near neutral makes the biogel produced from local indigenous raw materials an acceptable, environmental friendly innovation. The flash point gave a value of 27oC. Other parameters recorded are pour point, viscosity and ATS. 
Table 2: Determination of biogel product parameters
	S/N
	Parameter
	Result

	1
	Flash Point (0C)
	27

	2
	Pour Point (0C)
	-140C (still flowing)

	3
	Viscosity @ 400C (cst)
	431.23

	4
	Viscosity @ 800C (cst)
	212.67

	5
	Density @ 250C (kg/m3)
	0.903

	6
	pH
	6.18

	7
	BSW (Base sediment & water)
	NIL

	8
	Total Acid Number (mgKOH/g)
	0.13

	9
	ASTM Colour
	5.0

	10
	Sulphur content (Mass per mass %)
	0.0232


Similar reports recorded by (Sander et al. 2011, IEA, 2014). Their reports described properties of kerosene and cooking Gas as shown in Table 3 below. From the table, comparative analysis showed that biogel gave better results confirming its environmental friendliness.
Table 3: Comparative analysis of cooking energy sources
	Product

	Flashpoint(°C)
	Pour point (°C)
	Density (g/cm3 at 25°C)
	Sulphur content (% per mass)

	Biogel

	27
	-14
	0.910
	0.0232

	Kerosene
	51
	-47
	0.81
	0.04

	Cooking Gas
	-104
	-161
	0.3
	0.2


4. CONCLUSION 

The innovation of biogel as an alternative energy source for cooking is based on the following: i. availability of raw materials, ii. low cost of production, iii. reduced health and environmental risk. The development of this innovative product is most relative to reducing environmental and health risk of people mostly in developing area while supporting a growing economy thus improving the lives of women and youths.   The production of biogel from local raw available materials proved to be very economical, environmental friendly and thus a better alternative source of energy for cooking. Its production does not require chemical process and less mechanical process thus having reduced environmental risk. The need for conversion of waste to wealth was demonstrated in this investigation providing clean environment and healthy living thus promoting job creation, wealth creation as well as entrepreneurship. Further investigation need to be carried out in this area of research based on the following; 1). To determine the best quality of bio ethanol for an improved scale up production of byproduct and 2). Improve product development mechanism.
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