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Abstract: Biodiesel’s acceptance as a substitute for fossil-derived diesel has grown the
world over. However, the food-fuel debate over conventional vegetable oils has rekindled
research interest in exploring lesser known and minor oil crops. In this work, egusi melon
seed oil was studied for the first time as a potential feedstock for biodiesel production.
Crude egusi melon seed oil was transesterified using sodium methoxide as the catalyst
at 60 °C and an oil/methanol ratio of 1:6 to produce its corresponding methyl esters. Egusi
melon oil methyl ester (EMOME) yield was 82%. Gas chromatographic analysis of
EMOME showed that it was composed mainly of palmitic, stearic, oleic, linoleic and
linolenic esters, which is similar to the profile of sunflower, soybean and safflower oil. All
the measured fuel properties of EMOME satisfied both the ASTM D6751 and the
EN 14214 biodiesel standards. Fuel properties of EMOME were essentially identical with
those of soybean, safflower and sunflower biodiesel. Remarkably, the kinematic viscosity
of EMOME was measured to be 3.83 mmz/s, a value lower than most biodiesel fuels
reported in the literature. The potential of egusi melon seed oil as a biodiesel feedstock is
clearly presented in this study.
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1. Introduction

The major sources of the world’s energy needs are petroleum, coal and natural gases which are
fossil-derived and non renewable. The world, at large, depends on petroleum as the energy source for
the transportation sector. Scarcity of traditional petroleum fuels, its over-dependence by nations,
increasing emissions of combustion-generated pollutants and their increasing costs have made
renewable energy sources more attractive. The world petroleum reserves are finite in nature and
declining fast, the production of oil will eventually slow down and plateau.

For over a century now, the use of vegetable oils such as soybean, palm, sunflower, peanut and
olive oil as fuel substitutes for fossil-based diesel has been around, with the inventor of the diesel
engine Rudolph Diesel being the first to test peanut oil in his compression ignition engine. Biodiesel,
defined as the mono alkyl esters of long chain fatty acids obtained from renewable feedstock, such as
vegetable oil or animal fats, for use in compression ignition engines [1]. Recently, biodiesel has
become more attractive because it is environmentally friendly, derived from renewable resources,
biodegradable and non-toxic in nature. It can also be produced from any material that contains fatty
acids, either linked to other molecules or present as free fatty acids [2]. Thus, various vegetable fats and
oils, animal fats, waste greases, and edible oil processing wastes can all be used as feedstocks for
biodiesel production [2]. Biodiesel which has been accepted as a possible substitute of conventional
diesel fuel is produced from triglycerides by transesterification with methanol/ethanol and mainly in
the presence of a catalyst.

Owing to their availability, various oils have been in use in different countries as feedstocks for
biodiesel production. Rapeseed and sunflower oils in Europe, soybean oil in U.S., palm oil in Malaysia
and Indonesia and coconut oil in Philippines are being used for biodiesel production. Also, the jatropha
tree (Jatropha curcas), karanja (Pongamia pinnata) and mahua (M. indica) are used as major biodiesel
fuel sources in India [3]. In spite of this, biodiesel production from conventional vegetable oils
(soybean, sunflower, safflower, palm, rapeseed etc.) has progressively stressed food uses, price,
production and availability of these oils [4]. Consequently, this has ignited the search for additional
regional biodiesel raw materials. With 350 oil-bearing crops having been identified, recent studies on
biodiesel from less common or unconventional oils include Moringa oleifera (4], Michelia champaca
and Garcinia indica [5], pumpkin [6], sea mango [7] and desert date [8] oils.

Cucurbitaceae is a large plant family which consists of nearly 100 genera and 750 species [9]. This
plant family is known for its great genetic diversity and widespread adaptation which includes tropical
and subtropical regions, arid deserts and temperate locations [10]. Curcubits are known for their high
protein and oil content. Seeds of cucurbits are sources of oils and protein with about 50% oil and up
to 35 % protein [11]. Specifically for these reasons they are cultivated and consumed world over.
“Egusi” (Citrullus colocynthis L.) belongs to the species of the genus Citrullus of cucurbitaceae
family, which usually consists of a large number of varieties that are generally known as melons [12].
Egusi (Citrullus colocynthis L.) is among the 300 species of melon found in tropical Africa and it is
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cultivated for its seeds, which are rich in oil (53%) and protein (28%) [13]. The regions of its
cultivation are Middle East, West African (Nigeria, Ghana, Togo, Benin) and other African countries
for the food in the seeds and as a crop inter-planted with maize, cassava and yam [14]. In Nigeria only,
“‘egusi’’ is cultivated over an area of 361,000 ha with a production figure of 347,000 tonnes (as seeds)
in 2002 [15]. It is used both as condiment and thickener in Nigerian local soup, and the industrial scale
production of the oil yet to be utilized despite the huge potential [14]. Various studies have reported
predominantly high linoleic fatty acid content in egusi melon seed oils [10,14,16]. Due to the
unsaturated fatty acid composition of its oil, it was reported to resemble that of safflower [16], corn,
cottonseed, sunflower, soybean and sesame oil [10].

Throughout this study, “egusi” (Citrullus colocynthis L.) has been referred to as “egusi melon” for
proper identification and consistency with the literature. The main objective of the present study was
to investigate the use of egusi melon seed oil (EMSO) as a potential feedstock for biodiesel
production. The fuel properties of the egusi melon oil methyl ester (EMOME) were determined and
compared with biodiesel fuels from conventional vegetable oils.

2. Experimental Section
2.1. Materials

Crude egusi melon seed oil was purchased from a local store in Lafenwa, Abeokuta, Ogun State,
Nigeria and imported to Malaysia for this study. The oil was filtered using a double layer of
cheesecloth to remove solid particles present in it. The moisture was removed by oven drying at 110
°C for 1 h [17] and it was stored at 4-8 °C until used. Certified methanol (99.8% purity) and sodium
methoxide (95%) were purchased from MERCK (Malaysia). A FAME mixture of fatty acid methyl
esters (>99.5%) and heptadecanoic methyl ester (>99.5 %) used as reference and internal standards,
respectively, were purchased from Kromtek (Malaysia) Sdn. Bhd. Biodiesel D6584 kit (containing
reference standard solution: triolein, diolein, monoolein, glycerol and the two internal standards:
butanetriol, and tricaprin of >99% purity) was also purchased from Kromtek (Malaysia) Sdn. Bhd. In
addition, derivatization grade N-methyl-N-(trimethylsilyl) trifluoroacetamide (MSTFA) was purchased
from Kromtek (Malaysia) Sdn. Bhd. n-Heptane (>96%) and heptane used as solvents for GC analyses
were purchased from MERCK (Malaysia). All the chemicals used were analytical reagent grade.

2.2. Analysis of egusi melon seed oil

Prior to transesterification, oil quality properties of the crude egusi melon seed oil were determined.
These properties included saponification value, density, kinematic viscosity, iodine value, free fatty
acid, acid value, colour (using Lovibond tintometer) and higher heating value (HHV). The oil
properties were analyzed in accordance with Palm Oil Research Institute of Malaysia (PORIM)
standard test methods for oil analysis as described in PORIM, 1995 with the exception of the HHV.
ASTM D240 standard method was used in determining the HHV of the oil. All experiments were run
in triplicate and mean values were reported.
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2.3. Transesterification

Oven drying (pretreatment) of the crude egusi melon seed oil was repeated before
transesterification. The transesterification of the oil was carried out under ambient pressure in a 1 L
two-necked round bottom reactor equipped with a thermometer, a hot plate with magnetic stirrer, and a
reflux condenser. The reactor was initially filled with 100 g of crude egusi melon seed oil, which was
preheated to the desired temperature before starting the reaction. The reaction was carried out at 60 °C
for 1 h
with 1 wt% of NaOCH; and methanol-to-oil molar ratio of 6:1 [4]. In order to maintain the catalytic
activity, a mixture of NaOCH3 and methanol was freshly prepared to avoid methanol losses and
prevent moisture build-up. This was mixed until the complete dissolution of the catalyst. The solution
was added into the reactor and stirred at 360 rpm. The reaction time started as soon as the
catalyst/methanol solution was added to the reactor. On completion of the reaction, the resulting
product was cooled to room temperature without any agitation and transferred to a separatory funnel
for glycerol and methyl ester separation. It was left overnight to allow separation by gravity. After the
two phases have separated, the upper phase was collected and the excess alcohol in it removed using a
vacuum evaporator operated at 80 °C. The resulting methyl ester obtained was purified by successive
washing with warm deionized water to remove residual catalyst, glycerol, methanol and soap. A small
quantity of sulphuric acid was used in the second washing to neutralize remaining soaps and catalyst.
Finally, the egusi melon oil methyl ester was dried over anhydrous sodium sulphate to remove residual
water. A filtration process followed to remove solid traces. This experiment was run in triplicate and
mean value was reported:

Yield = Weight of methyl ester produced, W,

0
Weight of oil used in reaction, W, x100% (1)

2.4. Gas chromatography analysis

A Shimadzu (Kyoto, Japan) gas chromatograph, model 17-A, coupled with a flame ionization
detector (FID) was used to analyze the fatty acid composition and ester content of egusi melon oil
biodiesel obtained from the transesterification reaction. This was carried out according to the
EN 14103 standard method. Separation was done with a DB-WAX capillary column (30 m x 0.25 mm,
I.D. x 0.25 um; J & W Scientific, Folsom, CA, USA). Helium was used as the carrier gas. Oven
temperature at 120 °C was initially held for 1 min and then increased to 220 °C (held 15 min) at a rate
of 4 °C/min. Injector and detector were set at 230 °C and 250 °C, respectively. A sample volume
of 1.0 uL was injected using split mode (split ratio of 1:100). FAMEs were identified by comparing
their relative and absolute retention times with those of authentic standards. Heptadecanoic acid
(C17:0) was used as an internal standard. The FA composition was reported as a relative percentage of
the total peak area. The ester content was evaluated from the following equation:

2A — A

GV
Yester (%) = x

s x100 2
A - ()
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where ) A is the summation of the GC peak areas of methyl esters (C14:0-C24:1), A is the GC peak
area of methyl heptadecanoate, C; is the concentration of STD solution, Vs is volume of STD solution,
and m is the amount of sample.

The free and total glycerol present in egusi melon oil biodiesel was analyzed using gas
chromatography in accordance with the ASTM D6584 standard method. The same GC used above was
equipped with a capillary column of DB-5HT (15 m x 0.25 mm, I.D. x 0.10 pum; J & W Scientific:
Folsom, CA, USA) and the analysis was performed using the procedure reported in [18].

2.5. Biodiesel property determination

Fuel properties of EMOME, such as density (ASTM D4052), kinematic viscosity (ASTM D445),
flash point (ASTM D93), cloud point (ASTM D2500), acid value (EN 14104), oxidation stability
(EN 14112) and HHV (ASTM D240), were measured according to relevant biodiesel test methods.
The cetane number of EMOME was evaluated using empirical formula reported in the literature [19]
as given below. In addition, cetane number of individual methyl ester was obtained from a published
work [20] to enhance the use of the formula:

CN = XumEg (Wt.%) x CNumg 3)

where CN, is the cetane number of the biodiesel, Xy is the weight percentage of each methyl ester
and CNyg is the cetane number of individual methyl ester. All tests were run in triplicate and mean
values were reported

3. Results and Discussion
3.1. Physicochemical properties of egusi melon seed oil

Freshly extracted crude oil from egusi melon seed was used in this study. The oil was extracted
using a manually-operated mechanical press. The quality of egusi melon seed oil (EMSO) was
expressed in terms of selected physicochemical properties, such as acid value, saponification value,
density etc., as shown in Table 1. The acid value and the saponification value of the oil were 0.98
and 204.44 mg KOH/g, respectively. With acid value of 0.98 mg KOH/g corresponding to 0.49% free
fatty acid (FFA) content, transesterification of the oil was conducted directly (using a single-stage
reaction process) [6]. Moreover, it has been reported that <0.5% FFA content is required for successful
transesterification to avoid soap formation resulting from high free fatty acid [3,6]. The kinematic
viscosity of crude egusi melon seed oil was 31.52 mm?/s (Table 1), which was similar to that reported
for safflower and soybean oil [21]. The density and HHV of the oil were determined to be 905.3 kg/m’
and 39.37 MJ/kg, respectively. These results are well within the range reported for conventional
vegetable oils [21]. All the properties of EMSO (except the HHV) generally were in agreement with
previous studies [22-24].
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3.2. Fatty ester composition

The fatty ester profile of EMOME, as determined by gas chromatography is provided in Table 2. It
was found that EMSO composed of six fatty acids: palmitic, palmitoleic, stearic, oleic, linoleic and
linolenic acids. The fatty acid composition of the EMSO was in close agreement with previous
studies [22,23,25]. Of the six fatty acids, linoleic acid is the most prevalent with the value of 61.41%.
The total saturated and unsaturated fatty acid contents of the seed oil were 20.2 and 79.8%,
respectively. Palmitic acid (10.48%) was the predominant saturated fatty acid. For comparison
purpose, the fatty acid compositions of rapeseed, soybean, palm, safflower, sunflower and jatropha oils
are listed in Table 2. As shown in Table 2, the fatty acid profile of EMSO (especially in terms of total
unsaturation) was similar to that of soybean, sunflower, jatropha and safflower oils but not palm oil.
EMSO has a fatty acid profile which resembles those of some conventional oils (soybean, rapeseed,
sunflower, cotton, corn) with oleic and linoleic acids being the major acids [26] which signifies its
probable use as biodiesel production feedstock in terms of its chemical composition and oil properties.

Table 1. Physicochemical properties of egusi melon seed oil.

Parameter Egusi
Iodine value (g 1,/100g) 114.46
Density at 15 °C (kg/m’) 905.3
Kinematic viscosity at 40 °C (mm?/s) 31.52
Saponification value (mg KOH/g) 204.44
Acid value (mg KOH/g) 0.98
Free fatty acid (%) 0.49
Caloric value (MJ/kg) 39.37
Colour 5Y + 0.4R
Ave. Molecular weight (g) 874

3.3. Biodiesel yield

Biodiesel yield estimation was done after the separation and purification of the transesterified
product. The 82 percent yield of EMSO synthesized was calculated according to Equation 1. Naturally
occurring vegetable oils and animal fats are known to contain tocopherols, phospholipids, steryl
glucosides, chlorophyll, fat soluble vitamins, and hydrocarbons. Some of these impurities are insoluble
and can be removed by filtration while others are soluble. The insoluble part can only be removed by
different refining processes. It has been reported that the reduced yields in biodiesel production with
raw oils could be as a result of the presence of solids and extraneous material in the oils [20]. The
negative impact impurities present in oil have on ester yield has been stressed [27]. Furthermore, under
the same reaction conditions, 67 to 84% ester conversion can be obtained using crude vegetable oils,
compared with 94 to 97% when using refined oils [21]. Previous studies on the transesterification of
crude oils of tobacco seed [26], karanja [28], sesame [30] and rice bran [42] reported 84, 86, 74
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and 83.31% ester yield, respectively. Conclusively, the yield obtained in this present work is within

the range of values achieved in previous studies.
3.4. Fuel properties of egusi melon oil methyl ester

The fatty acid composition of the raw materials employed in transesterification process dictates, to a
large extent, the fuel properties of biodiesel produced. Different feedstocks utilized in biodiesel
production certainly have different chemical compositions and undeniably have different fuel
properties. The fuel properties of the EMOME determined in this study are presented in Table 3. For
comparison purposes, fuel properties of methyl esters of soybean (SOME), sunflower (SUOME) and
safflower (SAOME) are provided (Table 3).

Table 2. Fatty acid compositions (wt%) of vegetable oils and egusi melon oil methyl esters.

Fatty acid Class Palm® Jatropha® Rape® Soybean® Safflower® Sunflower® Egusi

Caprylic C8:0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Capric C10:0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Lauric C12:0 0.9 0.0 0.0 0.0 0.0 0.0 0.0
Myristic C14:0 1.3 0.0 0.0 0.1 0.1 0.1 0.0
Palmitic Cl16:0 439 18.22 2.7 10.3 6.6 6.0 10.48
Palmitoleic ~ C16:1 0.0 0.0 0.0 0.0 0.0 0.0 0.06
Stearic C18:0 4.9 5.14 2.8 4.7 3.3 5.9 9.72
Oleic C18:1 39.0 28.46 219 22.5 14.4 16.0 17.95
Linoleic C18:2 9.5 48.18 13.1 54.1 75.5 71.4 61.41
Linolenic C18:3 0.3 0.0 8.6 83 0.1 0.6 0.38
Erucic C22:1 0.0 0.0 50.9 0.0 0.0 0.0 0.0
Total saturated 51.20 23.36 5.50 15.10 10.00 12.00 20.20
Total unsaturated 48.80 76.64 94.50 84.90 90.00 88.00 79.80

“:[37]; °:[41].

Density is an important parameter for diesel fuel injection systems. It is the weight of a unit volume
of fluid. A higher density for biodiesel results in the delivery of a slightly greater mass of fuel since
fuel injection equipment operates on a volume metering system. The density of EMOME was found to
be 883 kg/m’. This result fits into the limits specified by EN 14214 standard. Moreover, the density of
EMOME was observed to be in good agreement with that of conventional methyl esters (SOME,
SUOME and SAOME) as shown in Table 3 for comparison.

Kinematic viscosity is a very important fuel property and it represents the flow characteristics of
fuel. One of the reasons why biodiesel is used as an alternative fuel instead of pure vegetable oils or
animal fats is as a result of its reduced viscosity which enhances fuel flow characteristics. In addition,
kinematic viscosity is an important parameter regarding fuel atomization and combustion as well as
fuel distribution. The kinematic viscosity of EMOME measured at 40 °C was 3.83 mm?/s, which
conformed to both biodiesel standards (Table 3). As seen in Table 3, the kinematic viscosity of egusi
melon oil biodiesel is lower than SOME, SUOME and SAOME. Most studies reported kinematic



Energies 2010, 3 614

viscosities of 4.0 mm?/s and above for biodiesel fuels [19,31,32]. However, kinematic viscosities
of 3.5 mm?/s (at 40 °C) and 3.6 mm?*/s (at 37.8 °C) were published for tobacco seed oil biodiesel [26]
and babassu oil biodiesel [21], respectively. Kinematic viscosity increases with FA chain length and
with increasing degree of saturation of either the fatty acid or alcohol moiety in a fatty ester [33].

Table 3. Fuel properties of egusi melon oil biodiesel and other biodiesel fuels.

Limits
Property Unit ASTM EN SOME SUOME SAOME EMOME
D6751 14214

Ester content % (mol/mol) - 96.5min  96.9° 97.2* 97.67¢ 96.78
Density; 15 °C kg/m’ - 860-900  885¢ 884° 874° 883
Kinematic viscosity; 40 °C mm’/s 1.9-6.0 3550  4.2° 4.85° 4.29¢ 3.83
Flash point °C 130 min 120 min 171* 168° 176° 142
Cloud point °C Report - 14 1° 2° 0.5
Acid value mg KOH/g  0.5max 0.50 max 0.14° 0.4° 0.28° 0.19
Linolenic acid content % (mol/mol) - 120 max  6.3" 0.2* - 0.38
Higher heating value MlJ/kg - - 41.28° 45.5° 45.21°¢ 39.97
Oxidation number h 3 min 6 min 1.3 1.96° - 1.41
Cetane number 47 min 51 min 49° 55° 52.32°¢ 53.66*
Free glycerol wt.% 0.02 max 0.02max  0.07° 0.015" 0.016 0.011
Total glycerol wt.% 0.24 max  0.25max  0.00° 0.201" 0.225° 0.192

“119]; °:[291; [36]; “[38]; [39]; “[40] *: Empirically determined

HHYV is the amount of heat released during the combustion of one gram of fuel to produce CO, and
H,O at its initial temperature and pressure. HHV, or heat of combustion, was determined according to
ASTM D240 standard method, but it is not specified in both ASTM D6751 and EN 14214 standards.
As shown in Table 3, HHV of EMOME was measured to be 39.97 MJ/kg, this is well within the range
reported for SOME, SUOME and SAOME. HHV of most biodiesel fuels are in the range of 39
and 41 MJ/kg [3] and a value of 39.8 MJ/kg was reported for tobacco seed oil biodiesel [26].

The flash point of a fuel is the temperature at which it will ignite when exposed to a flame. The
flash point of biodiesel is higher than diesel fuel, which makes it safer for transportation purpose. The
biodiesel produced from EMSO had a flash point of 142 °C. This result meets the minimum
specifications of both standards (Table 3). However, this value is slightly less than those of SOME,
SUOME and SAOME used in the present study for comparison as provided in Table 3. Moreover,
flash points of 135, 160, 180, 141 and 163 °C have been reported for palm, soybean, sunflower,
pongamia and jatropha biodiesel, respectively [31].

Cloud point is the temperature at which wax first becomes visible to the naked eye when the fuel is
cooled. At temperatures below the cloud point, larger crystals fuse together and form agglomerations
that eventually become extensive enough to prevent pouring of the fluid and consequently affecting the
performance of fuel lines, fuel pumps and injectors. The low-temperature behavior of biodiesel is
significantly influenced by molecular structure. Low-temperature properties depend mostly on the
saturated ester and the effect of unsaturated ester composition can be negligible [34]. The cloud point
of EMOME was found to be 0.5 °C, similar to that of SOME and SUOME (Table 3), though the
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smallest numerically. According to ASTM D6751 and EN 14214 standards, no limit is specified for
cloud point. This may probably be due to the fact that the climate conditions world over vary to a great
extent, thus affecting the needs of biodiesel consumers in each particular region.

Acid value is a measure of the FFA content in the biodiesel and is measured as the milligram of
KOH required to neutralize the FFAs in 1 gram of the sample. The acid value of egusi melon oil
biodiesel produced in the present work was 0.19 mg of KOH/g. Both standards specified a maximum
limit of 0.5 mg of KOH/g for biodiesel. The acid value of EMOME satisfies this specification and
hence, is an indication of good biodiesel quality. The acid value of biodiesel fuel depends on the type
of feedstock and how well the fuel is processed. A high acid value makes the fuel prone to
polymerization and also acts as catalyst for hydrolysis.

The ester content of EMOME (96.78%) is slightly higher than the minimum limit of 96.5%
specified by EN 14214 standard and consequently meets the biodiesel specification. This result shows
the purity of EMOME and the completeness of the alkaline transesterification reaction. The ester
content of egusi melon oil biodiesel agrees well with those of SOME, SUOME and SAOME (Table 3).
Ramos et al. [19] reported ester content of between 96.9-99.8% for biodiesel from ten different
vegetable oils.

Linolenic acid content of EMOME was determined to be 0.38%. This value is well within the
EN 14214 specification since it is far lower than the 12% (maximum) it prescribed. In addition, the
biodiesel produced from EMSO met the free (0.011%) and total (0.192%) glycerol specifications set in
both EN 14214 and ASTM D6751 biodiesel standards.

The percentage and nature of fatty acids contained in vegetable oils depends on the plant species.
The fatty acid profile of vegetable oil is a primary factor influencing oxidation, since the rate of
oxidation depends on the number and position of double bonds. To substantiate this, oxidation stability
has been reported to decrease with increase in polyunsaturated methyl esters such as linoleic and
linolenic esters [35]. Oxidation stability of a fuel is a measure of its shelf life. Oxidation stability of
EMOME as measured by the Rancimat method (EN 14112), gave an induction period (IP) of 1.41 h.
The value was lower than the minimum IP specified in EN 14214 (6 h) and ASTM D6751 (3 h), which
can be attributed to the relatively high linoleic acid (C18:2) content of EMOME (Table 2). This result
is in agreement with those of SOME, and SUOME (Table 3) which have relatively high linoleic acid
and polyunsaturated fatty acid contents (Table 2). In addition, oxidative rates of oleic, linoleic,
linolenic have been reported in the ratio of 1:12:25 [32] and further justified the low value of the
oxidation stability of EMOME. In order to improve the stability, treatment with antioxidant additives
(phenolic and aminic) may restore the oxidative stability of EMOME to an acceptable level.

Cetane number is related to the ignition properties and is a key indicator of fuel quality in diesel
engines. Cetane number affects the engine performance parameters like combustion, stability,
driveability, white smoke, noise and emissions of CO and HC. Higher cetane number signifies better
ignition properties. Biodiesel has higher cetane number than conventional diesel fuel which results in
higher combustion efficiency. The cetane number of EMOME was evaluated by using Equation (2)
and found to be 53.66. This empirical value satisfies both biodiesel standards and agrees well with
cetane number of SOME, SUOME and SAOME as provided (Table 3). Although with similar fatty
acid profile, cetane number of EMOME is well in range with those of SOME, SUOME and SAOME.
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Cetane number depends largely on chain length and degree of unsaturation and is higher in compounds
with higher saturated fatty acid [33].

4. Conclusions

EMSO was transesterified using methanol in the presence of sodium methoxide to produce
EMOME. All the determined biodiesel fuel properties and qualities of EMOME conformed to
EN 14214 and ASTM D6751 standards with the exception of oxidation stability. The oxidative
stability of biodiesel synthesized from egusi melon oil was unsatisfactory in line with ASTM D6751
and EN 14214 as a result of its high polyunsaturated fatty acid content. Fuel properties and fatty acid
composition of egusi melon oil biodiesel were found to be synonymous to those of soybean, sunflower
and safflower biodiesel which have been well established and widely published. It is worth mentioning
that EMOME has a remarkably low kinematic viscosity compared to most biodiesel. This present
study has justified the use of EMSO as a potential raw material for biodiesel production.
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