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The global climate crises arising from the negative effect of emissions from the combustion of fossil fuels has led to the search for environmentally friendly alternatives. In this study, the oil extracted from African oil bean (Pentaclethra macrophylla Benth) seeds was investigated as a feedstock for the production of biodiesel. The oil was extracted from the seeds in a soxhlet extractor using n-hexane as the extracting solvent. The acid value, free fatty acid, density and viscosity of the oil were then determined. The oil was pretreated, and transesterified using sodium hydroxide as catalyst to produce biodiesel. The results obtained showed that the extraction process resulted in a yield of 36.58% of oil. The acid value, free fatty acid, density and viscosity of the oil obtained were 3.37 mgKOH/g, 1.68%, 0.915 g/cm3and 8.92 mm2/s respectively. The yield of biodiesel was obtained as 69%. The characterisation of the biodiesel produced revealed that the acid value (0.4107mgKOH/g), viscosity (3.782 mm2/s), flash point (132oC) and density (0.8676 g/cm3) were within the standard specified by the ASTM D6751. This is an indication that oil obtained from P. macrophylla oil could be used as feedstock for biodiesel production.
© 2017 RJEES. All rights reserved.
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1. INTRODUCTION
Emissions from fossil fuels have been reported as one of the leading anthropogenic sources of greenhouse gases. This has resulted in a wide variety of problems such as global warming, ozone layer depletion and rising of sea levels (Meinshausen et al., 2009). The growth in the world’s transportation sector has caused an increase in fuel and energy demand. This demand has been largely satisfied by non-renewable sources of energy, particularly crude oil or petroleum (Aransiola et al., 2012). Biodiesel is an alternative to petroleum-based diesel. It has low emission profiles and is environmentally friendly because of its biodegradability and non-toxicity (Ding et al., 2011; Demirbas 2009). Biodiesel is made from renewable sources such as vegetable oils, animal fats and recycled grease. The feedstock for biodiesel production contains triglycerides, free fatty acids (FFA), and other contaminants depending on the degree of pretreatment received prior to deliver (Ma et al., 1999). Based on the amount of FFA contained in it, biodiesel feedstock can be classified as refined vegetable oils (< 0.5%), crude vegetable oil (0.5-5%), used cooking oil (2-7%) and animal fat (10-30%). It has been established that the FFA content of vegetable oils for producing biodiesel should be as low as possible; preferably below 0.5% (Ma et al., 1999). 
African oil bean (P. macrophylla) is a multipurpose tree from Africa with potentials for agro forestry in the tropics. It is the sole member of the genus occurring naturally in the humid lowlands mostly in the southern rain forest zone of West Africa. The raw seed is a potential source of edible protein and calories containing amino acids and essential fatty acids (Enujiugha and Agbede, 2000). The P. macrophylla seeds could serve as supplementary source of essential nutrients for man and livestock provided the anti-nutrients inherent in the seeds are adequately detoxified to least significant levels (Balogun, 2013). The physico-chemical evaluation of the oil has shown that it has no irritating odour; but it had high peroxide and saponification values (Akindahunsi, 2004).
It has been reported that the sources of oils and fats is diminishing and this has led to a growing need for the search for new sources (Kazadi et al., 2011). In Nigeria, the demand for vegetable oils has been on an ever-increasing trend as industrialists rely mostly on the popular oils like palm oil, palm kernel oil, groundnut oil and coconut oil for the production of various products (Akintayo, 2004). Nigeria, being a tropical country, has wide variations in climatic conditions and therefore has a wide variety of domestic plants from which oil can be extracted. These plants range from the largely known and highly utilised ones like soybean, palm kernel, groundnut to under-utilised ones like walnut, locust bean, castor oil bean, African oil bean, grape seed, rice bran and macadamia nut (Akindahunsi, 2004).  However, many researchers have analysed the nutritional and pharmaceutical values of P. macrophylla oil but a search of the literature has shown that the oil has not been evaluated as a feedstock for producing a biofuel like biodiesel. Therefore, the aim of this study was to investigate the potentials of P. macrophylla oil as a feedstock for the production of biodiesel.
2. MATERIALS AND METHODS
2.1. Material Collection and Preparation Of Samples
The P. macrophylla seeds were obtained from Oregbeni market in Benin City, Edo State of southern Nigeria. The fruits were first dehulled and then sliced into smaller bits. The sliced seeds were sun dried for about 7 hours and then oven dried (Heraeus T6000 model) at 90°C to constant weight (Al-Harbawy and Al-Mallah, 2014). The dried seeds were then ground into powder using domestic blender (model JBL2102), sieved to obtain particle size of <500μm and stored in a corked polyethylene bottle. All reagents used in this work were of analytical grade, and obtained from Pyrex-IG scientific company, Benin City, Edo State, Nigeria. 
2.2. Extraction of oil from P. macrophylla seeds
The extraction of oil was carried out using n-hexane in a soxhlet extractor according to the method of Akpan et al., (2006).  A measured amount of the sample (100g) was placed in the thimble in extraction chamber of the soxhlet apparatus, and 500 cm3 of n-hexane was poured into the round bottom flask. The soxhlet apparatus was heated to 70oC and the extraction process was allowed to run for 3 hours. The oil-solvent mixture was transferred to a rotary evaporator for solvent recovery. The remaining traces of solvent were removed by heating the flask containing the oil in a water bath. The percentage yield of oil was calculated using Equation (1).

							(1)
Where Wi= initial mass of ground seed, and Wf = final mass of ground seed.
2.3. Production of Biodiesel from P. macrophylla Oil
The high free fatty acid (FFA) content of oil was first reduced below 0.5% by using acid-catalyzed esterification. A certain weight of oil (100g) was heated in a biodiesel reactor at 60°C for 30 minutes. A mixture of concentrated sulphuric acid (0.84g) and methanol (20:1 methanol to oil molar ratio) was added to the oil. The mixture was agitated for 60 minutes and allowed to settle in the reactor for 12 hours, resulting in three phases. The top layer contained of unreacted methanol, the middle layer contained oil and fatty acid methyl ester (FAME), while the bottom layer contained water (by-product of the reaction) (Van-Gerpen et al., 2004). The middle layer was collected, weighed and used for transesterification making use of  alkali atalysis. The pretreated oil (87.3g) was heated in the biodiesel to a temperature of 65°C, then a mixture of NaOH (0.87g) and methanol (6:1 methanol to oil molar ratio) was added. The mixture was agitated for 90 minutes, allowed to settle in the reactor for 3 hours, and separated into two phases. The top, less dense phase rich in FAME and the bottom, denser phase rich in glycerol were separated. The FAME-rich phase was collected and purified by hot water treatment (Mathiyazhagan et al., 2011). 
2.4. Characterisation of P. macrophylla Oil and Biodiesel
Standard procedures according to the American oil chemists’ society (AOCS, 1990) and American society for testing and materials (ASTM) methods of analysis were adopted in the characterisation of the raw oil and the biodiesel produced.
2.4.1. Moisture content
A certain amount of the sample (50 g) was weighed and dried in an oven at 80°C for 2 hours. The sample was removed from the oven and placed in a desiccator for 30 minutes to cool. The sample was then reweighed. The procedure was repeated several times until a constant weight was obtained. The percentage moisture content of the seed was calculated from Equation (2). 

 					(2)
Where Wo is original weight of the sample before drying and Wd weight of sample after drying (Shridhar et al., 2010).
2.4.2. Acid value and free fatty acid (FFA)
The acid value and FFA of the oil were determined according to the Equations (3) and (4) respectively as described by Wu and Leung (2011) and Rukunudin et al. (1998).

 							(3)
Where A = volume of KOH needed to neutralize sample, B = volume of KOH needed to neutralize blank, N = normality of KOH solution, W = weight of sample in grams

 						(4)
2.4.3. Determination of density
A clean and dry pycnometer (density bottle) of 25 cm3 capacity (VL) was weighed (MB) and then filled with the sample. The bottle was stoppered, and reweighed to give MBL. The density of the samples was taken at 30oC as expressed in Equation (5). 

									(5)
where D is density of liquid (g/cm3); MBL , the mass of bottle and liquid (g); MB, the mass of bottle only (g) and VL is the volume of the liquid (cm3) (Aworanti et al., 2012).
2.4.4. Determination of viscosity
The viscosity of the biodiesel was carried out using Brookfield digital viscometer (model LVDV-I). A measured amount of the sample (20 cm3) was dispensed into a cup holder, and the temperature was set at 40 oC. The spindle was immersed into the liquid to the level of the calibrated mark of the spindle and then the speed was set at 30 rpm. After 20 minutes, the value of the viscosity was recorded. The Brookfield digital viscometer measures dynamic viscosity of fluid. Hence, the viscosity was converted to kinematic viscosity by dividing with density of fluid (Nita and Geaca, 2012).
2.4.5. Determination of flash point
The flash points were measured with a pensky-martens closed cup tester (model K16200). The sample container was rinsed with the sample to be tested.  The cup was filled with the sample to the mark and then placed into the cup compartment in the flash point tester.  The thermometer was then inserted into the tester. The equipment was switched on and the sample in the tester was stirred for three minutes. The ignition source was then turned on, and the flashing was observed at every 10oC rise in temperature. The temperature at which the biodiesel flashed (ignited) was recorded (Nita and Geaca, 2012).
3. RESULTS AND DISCUSSION
[bookmark: OLE_LINK1]The physico-chemical analyses of P. macrophylla seed oil revealed the following properties presented in Table 1.
Table 1: Properties of Pentaclethra macrophylla seed oil
	Properties
	P. macrophylla seed oil
	Reported values in literature
	Reference

	Moisture content of seed (%)
	8.09
	5.70
	Igwenyi  et al. (2015)

	Oil content (%)
	36.58
	35.08; 47.9; 53.6
	Okoye (2016); Ikhuoria et al. (2008); Akindahunsi, (2004).

	Colour
	Light brown
	Light brown
	Ikhuoria et al. (2008)

	Density (g/cm3)
	0.915
	0.8615
	Kazadi et al. (2011)

	Viscosity @ 40℃  (mm2/s)
	8.92
	-
	-

	Acid value (mgKOH/g)
	3.37
	3.25±0.20; 1.23; 2.81; 5.31 ±0.54
	Ikhuoria et al. (2008); Okoye (2016); Akubugwo et al. (2008), Kazadi et al. (2011)

	Free fatty acid (%)
	1.68
	1.64±0.13  1.40±0.01
	Ikhuoria et al. (2008),  Ugbogu and Akukwe (2009)


The result obtained for the percentage moisture content of the seed, 8.09%, is higher than the 5.70% recorded in the work of Igwenyi et al. (2015). The variation in moisture content could have resulted from the difference in the variety of seeds used, the location and period of collection of the seeds. The percentage oil yield of P. macrophylla seed was 36.58%. This value is much higher than the oil yield of some common sources of oils such as soybean (18 to 22%), canola (22%), olive (17%), cannabis (30.5 %) and corn oil (3.1 to 5.7 %) (Gonabad et al., 2015). It also compares favourably with some other commercial oil plants such as cotton seed (36%), sesame (44%), groundnut (40%), sunflower (44%) and palm kernel 40% (Evwierhoma. and Ekop 2016). Ikhuoria et al. (2008) has suggested that processing of the oil from P. macrophylla seed for commercial purposes could be an economically attractive venture because of the large amount of oil the seed contains.  Studies have also shown that the mode of extraction, the effect of the solvent on oil extraction, temperature and time of extraction are very important operational parameters, which have significant impact on the yield of oil (Gonabad et al., 2015).  P. macrophylla oil has a density of 0.8915g/cm3 at 30oC and this value is within the range of most of the seed oils recorded in literature. Kazadi et al. (2011) stated that the density suitable for edible oils range from 0.88 to 0.94 g/cm3 but for fuel usage, it ranges from 0.82 to 1.08 g/cm3. The acid value and free fatty acid of P. macrophylla oil are 3.37mgKOH/g and 1.69% respectively. This acid value is higher than 1.23,  2.81 and 3.25 ±0.20mgKOH/g obtained by Okoye (2016), Akubugwo et al. (2008) and Ikhuoria et al. (2008) respectively but much lower than 5.31 ±0.54mgKOH/g  obtained by Kazadi et al. (2011). The acid value of oil is the amount (mg) of potassium hydroxide required to neutralise the free acid in 1 g of the sample (Akindahunsi, 2004). Free acid can stimulate oxidation of oils by enzymatic or chemical means to form off-flavour component (Ikhuoria et al., 2008). The acid value of P. macrophylla oil is reasonably low; indicating that the oil is a quality feedstock for the production of biodiesel. 
The transesterification of P. macrophylla oil gave a biodiesel yield of 69% and Table 2 shows the physico-chemical properties of the biodiesel produced in comparison with the specifications of international standards for biodiesel. The fuel properties tested were within the acceptable range specified by international standards (ASTM D6751 and EN14214) as stated in Moser (2009).
Table 2: Characteristics of P. macrophylla oil-based biodiesel and specifications of international standards
	Properties
	P. macrophylla oil-based biodiesel
	ASTM D6751
	EN 14214

	Density (g/cm3)
	0.8676
	--
	0.86-0.9

	Viscosity @ 40℃  (mm2/s)
	3.782
	1.9-6.0
	3.5-5.0

	Flash point (oC)
	132
	130 minimum
	101 minimum

	Acid value (mgKOH/g)
	0.4107
	0.8 maximum
	0.5 maximum


The flash point of P. macrophylla oil-based biodiesel was 132 oC. This value fell within the acceptable limit as shown in Table 2. The flash point is the lowest temperature at which the vapour of a combustible liquid can be made to ignite (flash) in air on application of an ignition source. It is related to the ignitability of a fuel (Audu et al., 2013). Flash point is an indication of unreacted alcohol remaining in the finished fuel. It is the requirements for the safety precautions involved in fuel handling, storage and fire regulations (Prugh, 2007). The density (0.8676 g/cm3) and acid value (0.1407 mgKOH/g) of the biodiesel produced were within the acceptable limits. The viscosity of the biodiesel was 3.782 mm2/s. This value is adequate for diesel engine. Viscosity is one of the major characteristics required to ascertain the quality of biodiesel. The higher the viscosity, the greater is the tendency for the fuel to form engine deposits and a low viscosity can lead to excessive internal pump leakage ((Aworanti, et al., 2012; Babu and Venkata 2012).  Transesterification of vegetable oil reduces the molecular weight and viscosity of the oil, and improve its volatility to a suitable range for diesel engines (Aworanti et al., 2012). 
In this work, the viscosity, density and acid value of the P. macrophylla oil significantly reduced from 8.192 to 3.782 mm2/s, 0.915 to 0.8676 g/cm3 and 3.370 to 0.411 mgKOH/g respectively after the transesterification process. Figure 1 shows the comparison of the properties of P. macrophylla oil (raw) and P. macrophylla oil-based biodiesel.

Figure 1:  Properties of raw oil and P. macrophylla oil-based biodiesel
4. CONCLUSION
The results of this work have revealed that P. macrophylla seeds contain 36.58% oil. The transesterification of P. macrophylla oil gave 69% yield of biodiesel. The viscosity, density and acid value of the oil reduced with about 53%, 5% and 87% respectively after the transesterifcation of the raw oil. All properties of biodiesel tested are within the specifications of international standards. Therefore, oil extracted from P. macrophylla seeds can be exploited for the production biodiesel.
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