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Abstract 

The efficiency of calcium oxide supported metakaolin catalyst in the transesterification of Luffa 

cylindrical seed oil into biodiesel was studied using standard analytical techniques. Some 

physicochemical properties of the seed oil were determined and the fuel quality parameters of its fatty 

acid methyl ester (Biodiesel) were investigated. The results obtained were: colour (reddish-brown), yield 

(39.23 %), specific gravity (0.90 g/cm3), kinematic viscosity (17.23 mm2/s), pH (4.72), refractive index 

(1.466), acid value (22.58 mgKOH/g), free fatty acid (11.29 mgKOH/g), saponification value (115.005 

mgKOH/g), iodine value (39.300 mgI2/100 g) while the biodiesel properties were: colour (reddish- 

brown), biodiesel yield (92.29 %), API gravity (22o), refractive index (1.470), specific gravity  (0.880 

g/cm3), kinematic viscosity (5.62 mm2/s), acid value (4.21 mgKOH/g), cloud point (7 oC), pour point (4 
oC) and flash point (170 oC). The values obtained indicates that the oil may not be suitable for edible 

purposes due to high acid value but may be employed industrially in the manufacturing of products such 

as liquid soaps, paints, shampoos and biodiesel. CaO/Kaolin catalyst was found to be effective in the 

transesterification of the seed oil and the fatty acid methyl ester (FAMEs) produced was also found to 

meet most of the standards for biodiesel set by ASTM (American Society for Testing and Materials) and 

EN (European Norm). 
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INTRODUCTION 

Energy is said to be a critical factor in the 

advancement of socioeconomic, political, 

educational and technological development of 

any nation. Its stability and uninterrupted supply 

are key to the attraction and retention of private 

sector in the economic growth of a country. In 

Nigeria for example, its inadequacy in supply 

has limits our economic prosperity, affect 

quality of life, and prevent direct foreign 

investments. This is because a number of 

services that promotes our standard of living are 

directly hinged on energy; hence their efficient 

performance can only be reached via adequate 

energy supply (Sokoto et al., 2011). The period 

of human exclusive reliance on nonrenewable 

resources will soon come to past in this century. 

Besides the sustainability challenge, another 

driven force for paradigm shift from 

nonrenewable resources is the pollution. Hence 

there is the need for alternative feedstocks to 

substitute the nonrenewable resources (Rattan, 

2017). The major problems associated with 

petroleum derived diesel are; depletion of 

natural resources, CO2 and SO2 emissions and 

contribution to photochemical smog. Biodiesel 

production is therefore a promising endeavor. As 

the name implies, biodiesel oil is a fuel derived 

from cultivated plant seed oil. Most studies on 

biodiesel emphasizes on vegetable oils from 

both edible and nonedible oils (Rattan, 2017). 

The essential component of vegetable oil is 

triglycerides, which are esters of glycerol having 

long- chain saturated and unsaturated fatty acids. 

The transformation of raw oil into biodiesel is 

usually done through transesterification process. 

The oil is treated with a low molecular weight 

alcohol majorly methanol under the influence of 

a catalyst to form fatty ester and glycerol. The 

ester is then separated from the glycerol and 

used as biodiesel, while the glycerol is used as a 

raw material for fine chemical production 

(Rattan, 2017).  Presently, homogeneous 

catalysis is commonly mostly used in the 

transesterification of vegetable oil in biodiesel. 

This process is however, associated with some 

drawbacks that limit its application; this includes 

the use enormous quantity of unsustainable 

catalyst, waste treatment and purification of 
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glycerol (Daud et al., 2015 Muhammad et al., 

2015). The use of heterogeneous catalysts is 

now gaining attention and interest as they are 

being found to be environmentally safe and 

sustainable and reduce the cost of biodiesel 

production. In recent time, a number of findings 

have been carried out on biodiesel production 

using heterogeneous catalysts such as supported 

CaO (Kouzu and Hidaka, 2012; Yan et al., 

2008), (CH3CH2O)2Ca, MgO–functionalized 

mesoporous catalyst (Li and Rudolph, 2007), 

MgO loaded KOH (Il gen and Akin, 2009), 

zeolite (Bristo et al., 2007) and CaO supported 

kaolin (Muhammad et al., 2015). This study was 

conducted to assess the conversion of Luffa 

cylindrical Linn. seed oil into biodiesel using 

CaO/metakaolin as heterogeneous catalyst. 

 

MATERIALS AND METHODS 

Materials 

Sampling and sample preparation: Luffa 

cylindrica (dry and matured) fruits were 

collected from small bushes around the walls 

fencing the Bosso Campus of the Federal 

University of Technology, Minna, Niger State. 

The sample was identified and authenticated by 

a Botanist at the Department of Biological 

Sciences, Federal University of Technology, 

Minna. The seeds were removed from the fruits 

by dissecting; defective seeds and dirt were 

separated out. The dry black coated seed were 

then sundried for one (1) week at ambient 

temperature for easy removal of shells and to 

prevent them from getting muddy. The seeds 

were dehulled mechanically to enable separation 

of seed coat from the cotyledon; the dehulled 

seeds were then further dried in the oven (60 oC, 

2 h 40 min) to reduce the moisture content and 

then ground into powder. Kaolin was obtained 

from a Kaolin Quarry site at Lemu Village in 

Gbako Local Government Area of Niger State. 

The kaolin was then ground into fine powder.     

Experimental Methods 

Preparation of Catalyst 

Kaolin pre-treatment: Kaolin (~1000.0 g) was 

calcined (1000 °C, 5 h) in a muffle furnace. 

After cooling, the metakaolin was extracted with 

n-hexane using Soxhlet extractor (60 °C, 8 h), to 

remove soluble organic matter and dried (100 

°C, 5 h).  

Preparation of CaO Supported on metakaolin 

(CaO/metakaolin): Metakkaolin (40.0 g) was 

measured into a beaker containing Na2CO3 

solution (1 M, 100 mL). The mixture was 

agitated for 30 min and CaCl2 solution (1 M, 

100 mL) was introduced slowly while stirring. 

The mixture was filtered and the residue (CaCO3 

on metakaolin) washed repeatedly with distilled 

water until the washed water became colourless, 

dried (110 °C, 5 h) and then calcined (780 °C, 8 

h) (Muhammad et al., 2015). 

Oil Extraction: Oil from the powdered seed was 

extracted using Soxhlet extraction method with 

n-hexane (60 °C, 6 h) (Krishnan et al., 2015). 

The percentage oil yield was determined from 

Equation 1 as shown below. 

Crude Lipid (%) = 

 

…………………………… (I) 

Physicochemical Analysis of the Extracted 

Oil  

The extracted oil was analysed for properties 

such as colour, pH, refractive index, kinematic 

viscosity, specific gravity, acid value, free fatty 

acids, iodine value and saponification values 

based on the methods adopted by Ogungbele and 

Omosola (2015) and AOAC (1975), 

respectively. 

Biodiesel Production 

Standard method was used in the production of 

biodiesel from Luffa cyllindica seed oil. Crude 

Luffa cylindrica seed oil (50.0 mL) in a 250 mL 

conical flask was preheated (60 oC) while 

stirring gradually on a magnetic stirrer to 

properly homogenize the oil. The CPK (0.90 g) 

catalyst was mixed with methanol (27.0 mL) and 

then transferred into the oil. The mixture was 

then stirred at constant speed for a period of (60 

min). At the end of the reaction time the mixture 

was then transferred into a separating funnel and 

allowed separate overnight under gravity the 

biodiesel at the uppermost layer was recovered 

leaving the spent catalyst and glycerol. The 
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unrefined biodiesel in evaporating dish was 

heated on a water bath (90 oC, 30 min) to 

remove remaining methanol. Further purification 

of the biodiesel was done by neutralizing with 

dilute phosphoric acid and washing with hot 

distilled water to remove residual acid and 

glycerol until the washed water had a pH of 7.0 

residual water was removed by drying at 100 oC 

over anhydrous Na2SO4 (Muhammad et al., 

2015). Biodiesel yield was calculated as shown 

from the equation below. 

Biodiesel yield =  

……………………….

.……..………(II) 

Determination of Fuel Properties of Biodiesel 

from Luffa cylindrica Seed Oil 

The fuel properties of biodiesel produced was 

determined by Ogungbele and Omosola (2015), 

AOAC (1975), Ogungbele and Omosola (2015) 

and AOAC (1975), respectively. These 

properties include colour, refractive index, 

kinematic viscosity, specific gravity, acid value, 

flash point, cloud point and pour points. 

RESULTS AND DISCUSSION 

Results 

Table 1: Physicochemical parameters of Luffa cylindrica seed oil 
Parameters Values 

Percentage yield (%) 39.23 

Moisture (%) 2.1 

Colour Reddish-brown 

pH 4.72 

Relative Density (g/cm3) 0.90 

Kinematic Viscosity 40oC (mm2/s) 17.23 

Refractive Index 30oC 1.466 

Acid Value (mgKOH/g) 22.58 

Free Fatty Acid (%) 11.29 

Iodine Value (mgI2/100g) 39.300 

Saponification value (mgKOH/g) 115.005 

 

 

 

 

Table 2: Fuel quality parameters of biodiesel produced from Luffa cylindrical seed oil 
Parameters Results 

Percentage Biodiesel Yield (%) 92.12 

API Gravity (o) 22 

Colour Reddish-brown 

Relative Density (g/cm3) 0.88 

Kinematic Viscosity 40oC (mm2/s) 5.62 

Refractive Index 30oC 1.470 

Acid Value (mgKOH/g) 4.21 

Flash Point (oC) 170 

Cloud Point (oC) 7 

Pour Point (oC) 4 
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Table 3: Comparison of fuel quality properties of Luffa cylindrica seed oil biodiesel with international 

biodiesel and petrodiesel (ASTM & EN Standards) 
Parameters L. cylindrica 

Biodiesel 

ASTM Biodiesel 

Standard 

EN 

Biodiesel 

Standard 

Petro-diesel 

Colour Reddish brown - - - 

Refractive Index 1470 1.245-1.675 - 1.48 

Relative Density (g/cm3) 0.88 0.86-0.90 0.86 – 0.90 0.85 

Kinematic Viscosity @ 40oC 

(mm2/s) 

5.62 1.9-6.0 3.50.5.00 1.3-4.1 

Acid Value (mgKOH/g) 4.21 0.80 max 0.60 - 

Flash Point (oC) 170 130 min 120 60-80 

Cloud Point (oC) 7 -3 to 12 - -16 

Pour Point (oC) 4 -15-to-10 - -12 

 



 

 

DISCUSSION 

 Physcochemical Parameters of Luffa 

cylindrica Seed Oil  

The results of some physicochemical properties 

of Luffa cylindrica seed oil are presented in 

Table 1. 

Percentage Yield 

The oil yield of Luffa cylindrica seed was 

39.23 %. This was quite high but comparable 

with 36.32 % as reported by Ozulu (2015). The 

result of the oil yield showed the seed is 

economical for biodiesel production. 

Moisture Content 

The moisture content of luffa cylindrica seed 

obtained was 2.1 %. Moisture when present in 

any material degrades such material. Excessive 

seed moisture leads to reduced extraction 

efficiency, seed cake storage problems and 

high oil moisture contents. Moisture alongside 

FFA are key properties in regulating the 

viability of oils for transesterification. Water 

causes hydrolysis of some of the ester 

produced with resulting soap formation. 

Saponification decreases catalyst 

concentration, increases viscosity which 

promotes gel formation making it difficult to 

separate glycerol (Peterson et al., 1993; Hanna 

et al., 2005; Abayeh et al., 2012).  

Colour 

The colour of the oil was reddish-brown in 

nature. 

pH 

The oil sample was found to have a pH of 4.72. 

The pH value of Luffa cylindrica seed oil was 

lower compared to 5.59 obtained by (Ibeto et 

al., 2012).  

It shows a relatively high acidity which was in 

correlation with the high acid value obtained 

and acid value is an indicator of inedibility of 

oil and its suitability for industrial applications 

(Abayeh et al., 2013). 

Relative Density 

The oil sample density was 0.90 g/cm3 

indicating that the oil was less dense than 

water. Density determines the energy content 

of the oil, denser oils burn slowly and gives 

less energy compared to less dense oils 

(Peterson et al, 1993; Abayeh et al., 2012). The 

value obtained for Luffa cylindrica oil indicates 

the oil could serve as a viable feedstock for 

biodiesel.  

Kinematic Viscosity 

Kinematic viscosity refers to the thickness of 

the oil. It is an important parameter in checking 

the viability of a feedstock for 

transesterification into biodiesel. Results 

obtained for this study indicates that the 

kinematic viscosity of Luffa cylindrica seed oil 

was 17.23 mm2/s. Result is higher than 15.30 

mm2/s obtained by Ozulu (2015) but much 

lower compared to Jatropha curcas oil 34.2 

mm2/s (Edward, 2010) and neem oil 44.00 

mm2/s (Sekhar et al., 2009). The purpose of 

transesterifying fats and oils into their alkyl 

esters is to reduce viscosity because high 

viscosity leads to formation of deposits on 

injector which can cause incomplete 

combustion and increase exhaust smoke 

emissions (Ibeto et al., 2012).  

Refractive Index 

 The refractive index is a dimensionless 

parameter commonly used to determine the 

purity and level of contamination in liquid 

samples. Refractive index of luffa cylindrica 

seed oil at 30 oC was 1.466. This value was 

comparable to 1.465 reported by Ozulu (2015) 

and Jatropha curcas oil 1.465 (Edward, 2010). 

Results obtained for this study indicates it is 

within ASTM specification (1.245-1.675). 

Acid Value and Free Fatty Acid (%) 

Acid value measures the extent of corrosive 

free fatty acids and oxidation products. This is 

an important variable in considering the quality 

of oil for biodiesel production because the 



 

lower the value free fatty acid, the better the 

quality of oil (Bailey, 1982). The acid value of 

Luffa cylindrica seed oil was 22.58 mgKOH/g. 

The acid value was higher 34.15 mgKOH/g as 

reported by Ozulu (2015). But much lower 

compared to Jatropha curcas oil 9.52 

mgKOH/g (Edward, 2010). The high acid 

value shown by Luffa cylindrica seed oil 

indicates that the oil may not be suitable as 

edible oil, but rather may be useful industrially 

for the soaps, surface coating and biodiesel 

production industries. The percentage free fatty 

acids concentration of Luffa cylindrica seed oil 

11.29% was higher than the maximum limit of 

2.0 % (Codex Alimentairus Commission, 

1993). Vegetable oils containing high free fatty 

acids have significant effects on the 

transesterification with methanol using alkaline 

catalyst. It impedes the separation of fatty acid 

ester from glycerol’s leading to significant 

reduction in biodiesel yield (Ma and Marcus, 

1999).  

Iodine Value 

Iodine value is used to measures the degree of 

unsaturation in fat and oils. High iodine value 

of oil and fat indicates high unsaturation and 

hence susceptibility to oxidative rancidity. The 

iodine value of Luffa cylindrica seed oil was 

39.300 mgI2/100g, this means the oil belongs to 

a class of non-drying oil. A non-drying oil has 

iodine value lower than 100 (Asuquo et al., 

2012). The value obtained in this present study 

was much lower compared to Luffa cylindrica 

86.29 mgI2/100g as reported by Ozulu (2015) 

and Jatropha curcas oil 93.0 mgI2/100g 

(Edward, 2010). This means that the oil cannot 

be stored for a longer period of time. (Asuquo 

et al., 2012).   

Saponification Value 

Saponification value is a measure of the 

average molecular weight of the triacylglycerol 

(all fatty acids present) in the oil sample. The 

saponification value of Luffa cylindrica seed oil 

was 115.005 mgKOH/g. The saponification 

value obtained for Luffa cylindrica seed oil is 

lower than similar nonedible seeds such as 

Jatropha. carcus 202.60 mgKOH/g (Edward, 

2010), linseed oil 195 mgKOH/g (Singh and 

Siroj, 2009), but higher than that of Pumkin 

seed oil 44.88 mgKOH/g, African bean oil 

(28.05 mgKOH/g) and Sesame oil (98.56 

mgKOH/g) (Eze, 2012). The high 

saponification value indicates the presence of 

high percentage of free fatty acids 

(triacylglycerol) in the oil and therefore, 

implies the possible tendency of soap 

formation and difficulties in separation of 

products (glycerol and mono alkyl ester). This 

means it could be useful in soap making 

(Abayeh et al., 2012). 

Fuel Quality Parameters of Biodiesel 

Produced  from Luffa cylindrica Seed Oil 

Some fuel quality properties of biodiesel 

produced from Luffa cylindrica seed oil is 

appears as depicted in Table 4.2. 

Percentage Biodiesel Yield 

The fatty acid methyl ester yield of Luffa 

cylindrica seed oil obtained was 92.12% which 

is slightly higher compared with 92.06% 

obtained by Ozulu (2015). Biodiesel yield was 

higher when matched with Jatropha carcus 

FAME 80.2% (Adebayo et al., 2011) and 

soybean fatty acid ethyl esters (FAEE) 71.2 % 

(Hossain et al., 2010). The high percentage 

yield of biodiesel implies that CaO/Kaolin was 

effective in the transesterifying Luffa 

cylindrica seed oil into biodiesel. 

Colour 

Biodiesel showed a reddish-brown coloration. 

The colour of biodiesel has no effect on its 

performance. 

Relative Density 

The relative density of Luffa cylindrica seed oil 

biodiesel (0.88 g/cm3) is within the specified 

value set by ASTM (0.86 - 0.90) for biodiesel. 

The relative density is the ratio of the density 



 

of a fluid to the density of water. Density is a 

critical property of biodiesel on the grounds 

that fuel injection pump equipment operates on 

a volume metering framework. Consequently, a 

higher density of biodiesel results in the 

delivery of a slightly higher mass of fuel. 

Along this line, changes in the fuel density will 

influence engine output power due to a 

different mass of fuel injected (Ozulu, 2015).  

Kinematic Viscosity 

The kinematic viscosity of Luffa cylindrica 

seed biodiesel was 5.62 mm2/s observed to be 

within the limits set by ASTM D6751 (1.9 - 6.0 

mm2/s) biodiesel standard. The conversion of 

Luffa cylindrica seed oil into biodiesel 

decreased the viscosity of the oil from 17.23 to 

5.62 mm2/s. The kinematic viscosity measures 

the resistance to flow of a fluid under gravity. 

Viscosity is the most essential property of 

biodiesel since it influences the smooth 

operation ability of fuel injector system, 

especially at low temperatures when the 

increase in viscosity affects the fluidity of the 

fuel. High viscosity prompts incomplete 

atomization of the fuel spray and less precise 

operation of the fuel injectors (Ozulu, 2015). 

Refractive Index 

The refractive index of Luffa cylindrica seed 

biodiesel was 1.470 which conforms to the 

ASTM value of 1.479 maximum. It is lower 

than the refractive index of petrodiesel (1.483). 

The refractive index which is the proportion of 

the speed of light in vacuum to the speed of 

light in a medium it is an indication of the level 

of saturation of the biodiesel (Oderinde et al., 

2009). As chain length of fatty acid and level 

of unsaturation builds up, the refractive index 

increases. Refractive index is broadly used in 

quality control to check for the purity and 

contamination of greasy materials (Hoffmann, 

1986). 

 

 

Acid/Free Fatty Acid Value 

The acid value of Luffa cylindrica seed oil 

biodiesel was 4.21 mgKOH/g. It is slightly 

higher than 0.52 mgKOH/g obtained by Ozulu. 

(2015), sunflower oil 0.40 mgKOH/g and 

jatropha oil 0.4 mgKOH/g. Acid value 

estimates the corrosive tendencies of the fuel in 

the injector system of diesel engines (Wilson, 

2010). Free fatty acid content present in 

triglycerides (fat or oil) is also one of the major 

difficulties in biodiesel production. High FFA 

content in oil when using homogeneous alkali 

catalyst will lead to soap formation. This side 

reaction will consequently lead to low biodiesel 

yield. Heterogeneous catalyst such as 

CaO/kaolin used in this work will not 

negatively affect biodiesel yield because they 

are capable of esterifying the FFA since the 

catalyst is in different phase with no occurrence 

of side reactions (Tan et al., 2011). 

Flash Point 

Flash point of a fuel is the temperature at 

which it ignites when exposed to a flame or 

spark. The flash points of Luffa cylindrica seed 

oil biodiesel (170°C) was observed to be above 

the minimum value (120 °C) of the EN 14214 

biodiesel fuel standard and the minimum value 

(130 °C) of the ASTM D6751 biodiesel fuel 

standard. This value was however, higher than 

that of neem seed oil biodiesel (120 °C) and 

more importantly, extremely higher than that of 

petrodiesel (74 °C). The relatively higher flash 

point value of Luffa cylindrica seed biodiesel 

indicates that it is free from residual methanol 

contaminants which would have lowered the 

flash point and it is plays a crucial significance 

for storage and transportation safety of the fuel 

(Ozulu, 2015). 

 

Cloud Point  

The cloud point is a low temperature 

operability property of fuels. Value obtained 

Luffa cylindrica seed biodiesel determined was 



 

7 oC. The cloud point of Luffa cylindrica seed 

biodiesel was higher than that specified by 

ASTM D6751 (-1 °C maximum) biodiesel fuel 

standard and also, higher than petrodiesel (-16 

°C). The pour point of Luffa cylindrica seed 

biodiesel is higher those stipulated by ASTM 

D97 (-15 °C to -10 °C) for biodiesel and that of 

petrodiesel (-12 °C). Since the biodiesel 

produced from Luffa cylindrica seed has high 

cloud point and pour point, it will possess poor 

cold flow characteristics in extremely cold 

weather. The cloud point is the temperature at 

which the first solid (cloud) become noticeable 

when cooling the diesel fuel (Encinar, 2005; 

Ozulu, 2015). 

Pour Point 

The pour point is also a low temperature 

operability property of fuel. Result determined 

for Luffa cylindrica seed biodiesel showed 4 

°C, respectively. The pour point of Luffa 

cylindrica seed biodiesel is higher than those 

stipulated by ASTM D97 (-15 °C to -10 °C) for 

biodiesel and that of petrodiesel (-12 °C). Since 

the biodiesel produced from Luffa cylindrica 

seed has high cloud point and pour point, it will 

possess poor cold flow characteristics in 

extremely cold weather. The pour point is the 

temperature at which the fuel ceases to flow. 

These parameters are related to the cold engine 

start and should be sufficiently low since when 

the biodiesel freezes, the engine won’t start 

(Encinar, 2005; Ozulu, 2015). 

 

 

 

CONCLUSION 

In this present study, the physiochemical 

characterizations of Luffa cylindrica oil fatty 

acid methyl ester has highlighted its potentials 

as a very useful resource for biodiesel 

production. The oil yield of the seed which was 

quite high when compared with other oil 

yielding seeds can be advantageous when used 

in the production of biodiesel.  Luffa cylindrica 

seed oil has high saponification value which 

shows it could serve as a valuable feedstock for 

the oleo chemical industries. Other features of 

the oil investigated such as relative density, 

kinematic viscosity, refractive index fell within 

minimum limits while higher value of acid 

value, pH and percentage free fatty acid 

indicates oil may be inedible but may be 

suitable for industrial applications like 

biodiesel production. Low iodine value 

obtained indicates lower degree of unsaturation 

of oil and can act as a feedstock in the 

production of biodiesel. Some of the fuel 

properties explored had shown, to a reasonable 

extent, that quality biodiesel can be produced 

from Luffa cylindrica seed. Henceforth, its full 

potential can be harnessed by improved 

cultivation.  Furthermore, CaO/Kaolin used for 

the conversion of Luffa cylindrica oil into 

biodiesel. Properties of biodiesel produced 

using the catalyst was found to conform to 

majority of the ASTM and E N specifications 

for biodiesel. In general, CaO/kaolin has been 

observed to be a promising catalyst for 

heterogeneous catalyst of transesterification of 

vegetable oils into biodiesel. 

REFERENCES 

Abayeh, O.J., Ismail, A. and Abayeh, M.O. 

(2012). Characterisation of Pumpking 

(Cucurbita Pepo) Seed Oil as a 

Biodiesel Produced through KOH-

Catalysed Transesterification Process. 

Journal of Chemical Society of 

Nigeria. 37 (2): 81-86. 

 Abayeh, O.M., Garba, I.H. Adamu, H.M. and 

Abayeh O.J. (2013). Quality 

Characteristics of Luffa aegyptiaca 

Seed Oil. International Journal of 

Scientific & Engineering Research, 

Volume 4(4): 11-16. 



 

Aghbashlo, M. and Demirbas, A. (2016) 

Biodiesel: Hopes and Dreads. Biofuel 

Research Journal 10: 379-380. 

Ahmad, A.L., Yasin, N.H.M., Derek, C.J.C., 

Lim, J.K. (2011). Microalgae a 

Sustainable Energy Source for 

Biodiesel Production: A Review. 

Renewable and Sustainable Energy 

Reviews 15: 584-593. 

Ahmia, A C., Danane, F., Bessah, R. and 

Bumesbah, I. (2014). Raw Material for 

Biodiesel Production. Valorizaton of 

Used Edible Oil. Revue des Energies 

Renouvelables 17 (2): 335-343. 

Alnuami, W., Buthainah, A., Etti, C.J., Jassim, 

L. I. and Gomes, G. A. (2014). 

Evaluation of Different Materials for 

Biodiesel Production. International 

Journal of Innovative Technology and 

Exploring Engineering 3(8): 1-8. 

Amish, P., Vyas, J., Verma. L. and 

Subrahmanyam, N. (2010). A Review 

on FAME Production Processes. Fuel-

Elsevier 89: 1-9. 

Anitha, A. and Dawn, S.S. (2010). 

Performance Characteristics of 

Biodiesel Produced from Waste 

Groundnut Oil using Supported 

Heteropolyacids. International Journal 

of Chemical Engineering and 

Applications. 1(3), 261-265. 

Association of Official Analytical Chemists, 

(AOAC, 1975). ‘Official Method of 

Analysis’. 12th Edition. Washington 

D.C 581-596 pp. 

ASTM (2002). Standard Test Method for Pour 

Point of Petroleum Products, ASTM 

International, West Conshohocken, 

PA, www.astm.org.  

ASTM (2007). American Standards for Testing 

of Materials D6751-07a, Biodiesel 

specifications at www.astm.org.and 

D1480, D445, D93, D2500, D97. 

Asuquo, J. E. and Anusiem, A. C. (2010). 

Extraction and Characterisation of 

Shea Butter Oil. World Journal of 

Applied Scientific Technology 2: 282-

288. 

Atabani, A.E., Silitonga, A.S., Irfan, A.B., 

Mahlia, T.M.I., Masjuki, S. and 

Mekhilef S. (2012). A Comprehensive 

Review on Biodiesel as an Alternative 

Energy Resource and its 

Characteristics. Renewable and 

Sustainable Energy Reviews 16 (2012): 

2070-2093. 

Atadashi, I. M., Aroua, M. K. and Abdul, A.A. 

(2010). Biodiesel Separation and 

Purification: A Review. Renewable 

Energy. 36 (2), 437 - 443. 

Atadashi, I. M., Aroua, M. K., Aziz, A.R.A. 

and Sulaiman, N. M. N. (2013). The 

Effects of Catalysts in Biodiesel 

Production: A Review. Journal of 

Industrial and Chemical Engineering 

19: 14–26. 

Audu, T.O., Aluyor, K.E.O. Egualeona, S. and 

Momoh, S.S. (2013). Extraction and 

Characterization of Chrysophyllum 

albidum and Luffa cylindrica Seed 

Oils. Petroleum Development 

Technology Journal 3 (1): 1-7. 

Ayoola, A.A. (2015). Production and Life 

Cycle Assessment of Biodiesel from 



 

Three Waste Oils. A Ph.D. Thesis, 

Covenant University, Nigeria, 256 pp.   

Bailey, A.E. (1982). Industrial Oil and Fat 

Product. 3rd Edition, John Wiley-

Interscience Biotechnology. 11(42): 

10003-10007. 

Balat, M. (2011). Potential Alternatives to 

Edible Oils for Biodiesel Production-A 

Review of Current work. Energy 

Conversion and Management. 52 (2): 

1479-1492. 

Bello E.I. and Agge M. (2012). Biodiesel 

Production Ground Nut Oil. Journal of 

Emerging Trends in Engineering and 

Applied Science. 3(2): 276-280.    

Berros, M. and Skelton, R.L. (2008). 

Comparison of Purification Method to 

Biodiesel. Chemical Engineering 

Journal. 144: 1459-1465. 

Bhale, P.V., Deshpande, N.V. and Thombre, 

B.S. (2008) Improving the Low 

Temperature Properties of Biodiesel 

Fuel. Renewable Energy. 34: 794-800. 

Biodiesel definition and benefits 

www.tristatebiodiesel.com (accessed 

on 10-06-2017). 

Brooks, D.B and Torrie, R.D.R. (2006). The 

Canadian Encyclopedia Energy in 

Society. Retrived from 

http://www.thecanadianencyclopedia.c

a/en/article/energy-in-society/. 

(Accessed on 10-06-2017) 

Chiu, C. W., Schumacher, L. G. and Suppes, 

G. J. (2004). Impact of Cold Flow 

Improvers on Soybean Biodiesel 

Blend. Biomass Energy. 27: 485 - 491. 

Codex Alimentairus Commission (1993). 

Graisses et huiles Vegetables, Division 

11. Version Abregee FAO/WHO 

Codex Stan: 20-23. 

Demirbas, A. (2003). Fuel Conversional 

Aspects of Palm oil and Sunflower 

oils. Energy Sources 25: 457-466.  

Edeh V.C. Removal of Lead and Chromium 

Ion from Wastewater Using Acid 

Modified Activated Carbon Prepared 

from Sweet Dattock (Detarium 

Microcarpum) Seeds B.Tech. Thesis, 

Federal University of Technology, 

Minna, Nigeria, 47pp. 

Edward, A. (2010). The Influence of 

Physicochemical Characteristics of 

Vegetable Oils on the Quality of 

Biodiesel Produced from Palm Oil, 

Palm Kernel Oil, Refined Soybean Oil, 

Unrefined Soybean Oil and Jatropha 

Curcas Oil. M Sc. Thesis Submitted to 

the School of Graduate Studies, 

Kwame Nkrumah University of Science 

and Technology, Kumasi, Ghana, 84 

pp. 

Ejikeme, P.M., Anyaogu, I.D., Ejikeme, C.L, 

Nwafor, N.P., Egbuonu, C.A., Ukogu, 

K. and Ibemesi, J.A. (2010). Catalysis 

in Biodiesel Production by 

Transesterification Process- An 

Insight. Electronic-Journal of 

Chemistry 7 (4): 1120-132. 

Encinar, J. M., Gonzalez, J. F. and Rodryguez, 

R.A. (2005). Biodiesel from Used 

Frying oil: Variables Affecting the 

Yields and Characteristics of the 

Biodiesel. Industrial and Engineering 

Chemistry Research. 44: 5491- 5499. 

http://www.tristatebiodiesel.com/
http://www.thecanadianencyclopedia.ca/en/article/energy-in-society/
http://www.thecanadianencyclopedia.ca/en/article/energy-in-society/


 

Eze, S. O. (2012). Physicochemical Properties 

of Oil from Some Selected 

Underutilized Oil Seeds Available for 

Biodiesel Preparation. African Journal 

of Biotechnology, 11(42): 10003-

10007. 

Fangrui, M and Miliford, H. (1999). Biodiesl 

production: A review. Bioresource 

Technology. 70(1): 1-15 

FAO-UN. (2009). Proceedings of the Expert 

Meeting on How to Feed the World in 

2050, FAO Headqurters, Rome,24-26 

 Freedman, B., R. Butterfield. and E. Pryde. 

(1986). Transesterification Kinetics of 

soybean oil.  Journal of the American 

Oil Chemists Society. 63 (10) :1375–

1380. 

Galadima, A. Garba, Z. N. and Ibrahim, B.M. 

(2008). Homogeneous and 

Heterogeneous Transesterification of 

Groundnut Oil for Synthesizing Methyl 

biodiesel, International Journal of 

Pure and Applied Sciences 2: 138–144. 

Ganaprakasam, A., Sirakumar, V.M., 

Surendhar, A., Thirumarimurugan, M. 

and Kannadasan T. (2013). Recent 

Strategy of Biodiesel Production from 

Waste Cooking Oil and Process 

Influencing Parameters: A Review. 

Journal of Energy 34:1-10. 

Gemma, V., Mercedes, M. and Jose, A. (2004). 

Integrated Biodiesel Production: A 

Comparison of Different Homogenous 

Catalysts System. Bioresource 

Technology Elsevier 92: 297-305. 

Ghaly, A.E., Dave, D. Brooks, M.S. and 

Budge, S. (2010). Production of 

Biodiesel by Enzymatic 

Transesterification Review. American 

Journal of Biochemistry and 

Biotechnology 6(2): 54-76. 

Graboski, M.S. and Mccormick, R.L. (1998). 

Combustion of Fat and Vegetable Oil 

Derived Fuels in Diesel Engines. 

Progress in Energy and Combustion 

Science 24(2): 125-164. 

Hanna, M A., Isom, L. and Campbel, J. (2005). 

Biodiesel: Current Perspectives and 

Future. Journal of Scientific and 

Industrial Research. 64: 4661-4670. 

Hoffman, G. (1986). Edible Oils and Fats, 

Quality Control in Food Industry, 2nd 

Edition. Academic Press, London 504 

Pp. 

Hossain, A.B.M.S., Nasmhaq, B A., Salleh, A. 

and Chandran, S. (2010). Biodiesel 

Production from Waste Soybean Oil 

Biomass as Renewable Energy and 

Environmental Recycled Process. 

African Journal of Biotechnology. 9 

(27): 4233-4240. 

Ibeto, C.N., Okoye, C.O.B. and Ofoefule, A.U. 

(2012). Comparative Study of the 

Physicochemical Characterisation of 

Some Oils as Potential Feedstock for 

Biodiesel Production. Renewable 

Energy. 2012, 1-5. 

 Isaac, B.A. and Oniya O.O. (2012). Fuel 

Properties of Loofah (Luffa cylindrica 

L.) Biofuel Blended with Diesel. 

African Journal of Environmental 

Science and Technology 6(9): 346-352. 

Kanothe, G. (2002). Structure Indices in FA 

Chemistry. How Relevant is the Iodine 

Value? Journal of the American Oil 

Chemists’ Society,79(9): 847–854. 



 

Kanothe, G. (2005). Dependence of Biodiesel 

Fuel Properties on the Structure of 

Fatty Acid Alkyl Esters. Fuel 

Processing Technology. 86: 1059-

1070. 

Kawashima, A., Matsubara, K. and Honda, K. 

(2008). Development of 

Heterogeneous Base Catalysts for 

Biodiesel Production. Bioresource 

Technology, 99: 3439–3443. 

Kiss, A.A. (2014) Process Intensification 

Technologies or Biodiesel Production. 

Springer Briefs in Applied Sciences 

and Technology 2: 9-24. 

Kouzu, M., Takekazu, K., Masahiko, T., 

Yoshikazu, S., Shinya, Y. and Jusuke, 

H. (2007). Calcium Oxide as a Solid 

Base Catalyst for Transesterification of 

Soybean Oil and its Application to 

Biodiesel Production. Fuel 87: 2798–

2806. 

Krishnan, P.R.D., Kumar, G.R., Sakthi, S. and 

Swaminathan, K. (2015). Lipase 

Catalysed Biodiesel Production from 

Delonix regia Oil. International 

Journal of Engineering Research, 

Science and Technology. 4(2): 259-

264. 

Kulkarni, M.G. and Dalai, A.K. (2006). Waste 

Cooking Oil-An Economical Source 

for Biodiesel: A Review. Ind Eng 

Chem Res 45: 2901–2913.  

Kumari, A.P., Mahapatra, V., Garlapati, K. and 

Banerjee, R. (2009). Enzymatic 

Transesterification of Jatropha oil. 

Biotechnology for Biofuels. 2(1). 

Leung, D. Y. C., Koo, B.C.P. and Guo, Y. 

(2006). Degradation of Biodiesel under 

Different Storage Conditions. Bio-

resource Technology. 97(10): 250–256. 

Ma, F. and Marcus, H. A. (1999). Biodiesel 

production: A review. Bioresource 

Technology. 70: 1-15.  

Maclean, D.D., Zhang Y, Dube, M.A. and 

Kates, M. (2003). Biodiesel Production 

from Waste Cooking Oil: 2 Economic 

Assesment and Sensitivity Analysis. 

Bioresourse Technology Elsiver. 90:  

229-240. 

Macleod, C.S., Harvey, A.P., Lee, A.F. and 

Wilson, K. (2008). Evaluation of the 

Activity and Stability of Alkali-doped 

Metal Oxide Catalysts for Application 

to an Intensified Method of Biodiesel 

Production. Chemical Engineering 

Journal 152(2): 63-70. 

Man, Z., Elsheik, Y. A., Bustam, M.A., Yusup, 

S., Mutalib. M.I.A. and Mohammed, 

N. (2012). A Bronsted Amonium Ionic 

Liquid-KOH Two-Stage Catalyst for 

Biodiesel Synthesis from Crude Palm 

Oil. Industrial Crops and Products. 

41:144-149.  

Mathiyazhagan, M. and Ganapathi, A. (2011). 

Factors Affecting Biodiesel 

Production, Research in Plant Biology: 

Review Article. 1(2): 01-05. 

Meher, L.C., Vidya, S.D. and Naik S N. 

(2006). Technical Aspects of Biodiesel 

Production by Transesterification: A 

Review. Renewable and sustainable 

Energy Reviews 194: 1-21. 

Miertus, S., Arumugam, S., Kien, Y., Cheah, 

P.F., Francis, K. and Sergey, Z. (2009). 

Catalytic Applications in the 

Production of Biodiesel from 



 

Vegetable Oils Chem Sus Chem 2: 278 

– 300. 

Muhammad, A.B., Aminu, B.K., Tambuwal, 

D.A. and Aliero, A.A. (2015). 

Assessment and Optimization of 

Conversion of L. siceraria Seed Oil 

into Biodiesel Using CaO on Kaolin as 

Heterogeneous Catalyst. International 

Journal of Chemical Technology 7(1): 

1-11. 

Muthu, H. V. S., Selvabala., T. K. 

Varathachary., D. K. Selvaraj., J. 

Nandagopal. and S. Subramanian. 

(2010). Synthesis of Biodiesel from 

Neem Oil Using Sulfated Zirconia Via 

Tranesterification. Brazilian Journal of 

Chemical Engineering. 27 (4) 601–

608. 

Narashimharo. K., Adam, L. and Kane, W. 

(2007) Catalysts in Production of 

Biodiesel: A Review. Journal of 

Biobased Materials and Bioenergy. 1, 

1-12 

Nur, S.T and Sarina, S. (2016). Overview of 

Catalysts in Biodiesel Production. 

Journal of Engineering and Applied 

Sciences. 11(1): 439-448. 

 Oboh, I.O. and E. O. Aluyor. (2009). Luffa 

cylindrica - An Emerging Cash Crop, 

African Journal of Agricultural 

Research. 4 (8): 684-688. 

Oderinde, R. A., Ajayi, I. A. and Adewuyi, A. 

(2009). Characterization of Seed and 

Seeds Oil of Hura crepitans and the 

Kinetics of Degradation of the Oil 

During Heating. Electron Journal of 

Environmental and Agricultural Food 

Chemistry. 8(3): 201- 208. 

 Ogungbenle, H.N., Omosola, S.M. (2015). The 

Comparative Assessment of Nutritive 

Values of Dry Nigerian Okra 

(Abelmoschus esculentus) Fruit and 

Oil. International Journal of Food 

Science and Nutrition Engineering. 

5(1): 8-14. 

Omar, N.F.B. (2012). Production of Biodiesel 

from Castor Oil Using Egg Shell 

Waste as Solid Catalyst. Bachelor’s 

Degree in Chemical Engineering 

University of Malaya, Malaysia, 37 pp. 

Omotosho, M.A. and Akinsanoye, O.A. (2015). 

A Review of Biodiesel Generation 

from Nonedible Seed Oils Using 

Nonconventional Heterogeneous 

Catalyst 4 (1): 1-12. 

Oniya, O. O. and A. I. Bamgboye. (2013). 

Production of Biodiesel from 

Groundnut (Arachis hypogea, L.) Oil. 

CIGR Journal. 16(1): 143－150. 

Ozulu O.U (2014) Production and 

Characterization of Biodiesel from 

Luffa Cylindrica Seed Oil. M.Sc 

Thesis, University of Nigeria Nsukka, 

Nigeria, 80pp. 

Penugonda, S.B.and Venkata, R.M. (2012). 

Significance of Biodiesel Use as IC 

Engine Fuels. International Journal of 

Advance Engineering Research and 

Studies. 1 (2): 40-43. 

Peterson, C. L., Haines, H. and Chase, C. 

(1993). Rapeseed and Sunflower Oils 

as Diesel Fuels First Biomass 

Conference of American Energy, 

Environment, Agriculture and Industry 

Aug 30 1993 Burtington Vermont 33-

40. 



 

Pimentel, D., Marklein, A., Toth M.A., 

Karpoff, M.N., Paul, G.S., 

McCormack, R, Kyriazis, J. and 

Krueger T. (2009). Food Versus 

Biofuels: Environmental and Economic 

Costs. Human Ecology, 37: 1-12. 

Prithviraj, B. and Naik, G.R. (2015). 

Functional Properties of Neem Oil as 

Potential Feedstock for Biodiesel 

Production. International Letters of 

Natural Sciences. 34: 7-14. 

Rajalingam, A., Jani S.P., Senthil, K. and 

Adam, K.M. (2016). Journal of 

Chemical and Pharmaceutical 

Research 8 (3): 170-173. 

Refaat, A.A. (2010) Different Techniques for 

the Production of Biodiesel from 

Waste Vegetable Oil. International 

Journal of Environmental Science and 

Technology, 7 (1): 183-213. 

Roth, L. and Kormann, K. (2000). Olpflanzen-

Pflanzenol. Fette. Wachse. Fettsauren. 

Botanik. Inhaitsstoffe. Analtik. 

Landsberg: ecomed.  

Sangh, P., Amit, K., Neeraj, K.S. and Jha K.K. 

(2012) Luffa Cylindrica: An Important 

Medicinal Plant Journal of Natural 

Product and Plant Resources. 2 

(1):127-134. 

 Sanjay, B. (2013). Non-Conventional Seed 

Oils as Potential Feedstocks for Future 

Biodiesel Industries: A Brief Review. 

Research Journal of Chemical 

Sciences. 3(5): 99-103. 

Sekhar, M. C., Mamilla, V. R., Mallikarjun, M. 

V. and Reddy, K. V. K. (2009). 

Production of Biodiesel from Neem 

Oil. International Journal of 

Engineering studies. 1(4): 295-302. 

Shahid, E M. and Jamal, Y. (2011). Production 

of Biodiesel: A Technical Review. 

Renewable Sustainable Energy Rev 15: 

4732–4745. 

Sharma, S. and Jackson, D.A. (2008). 

Predicting Small-Mouth Bass 

Incidence Across North America 

Under Climate Change, A Comparison 

of Statistical Approaches. Canadian 

Journal of Fisheries and Aquatic 

Science, in press.   

Singh, R. K. and Siroj, K. P. (2009). 

Characterisation of Jatropha oil for 

Preparation of Biodiesel. Natural 

Product Radiance, 8(2): 127-132. 

Srivastava A, and Prasad R. (2000). 

Triglycerides-based Diesel Fuels. 

Renewable and Sustainable Energy 

Review 4: 111-33. 

Sutharshana, V. (2013). Protective Role of 

Luffa cylindrica. Journal of 

Pharmacological. Science & Research. 

5(9): 184 – 186. 

Tan, K.T., K.T. Lee. and A. R. Mohamed 

(2011) Potential of Waste Palm 

Cooking Oil for Catalyst-Free 

Biodiesel Production. Energy, 36 (4): 

2085–2088. 

Umar, I. G. and Abdullah, A. H. (2008). 

Heterogeneous Photocatalytic 

Degradation of Organic Contaminants 

over Titanium Dioxide. Journal of 

Photochemical. 9(1): 1-12 

Wilson, P. (2010). Biodiesel Production from 

Jatropha curcas: A Review. Scientific 

Studies, 1(4): 295-302. 



 

Yogesh, C., Sharma, B. S. and John, K. (2011). 

Advancements in Solid Acid Catalysts 

for Ecofriendly and Economically 

Viable Synthesis of biodiesel. Biofuels, 

Bioproducts and Biorefining 5: 69-92.  

 Yun, H.T.Y., Nurul, F.A. and Mahiran, B. 

(2011). Biodiesel Production via 

Transesterification of Palm Oil Using 

NaOH/Al2O3 Catalysts. Sains 

Malaysiana, 40(6): 587–594. 

Zlatica, J. P. and Biljana, D. S. (2009). Alkali-

Catalysed Production of Biodiesel 

from                                                                                                                                                        

Waste Frying Oils. Journal of Serbian 

Chemical Society. 74 (8-9): 993 – 

1007. 

 

 

          

 

                     

 

 

 

 

 

 


