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Abstract: Fluted pumpkin (Telfairia occidentalis Hook F) seed oil extracts were trans-esterified with methanol
(methanolysis), ethanol (ethanolysis) and propanol (propanolysis) with NaOH as catalyst to produce the
corresponding fatty acid alkyl esters. The percentage biodiesel yields for methanolysis, ethanolysis and
propanolysiswere respectively 90.00±1.00, 85.00±1.73  and  84.00±2.00,  indicative  of  good  biodiesel  yields.
The yellow-colored fluted pumpkin seed oil biodiesels possess similar relative densities; and lower kinematic
viscosities than those of petro diesel and some conventional biodiesels. Increasing alkyl ester head groups
resulted, in some cases, in improved fuel properties (such as in the heats of combustion) and in other cases,
poor fuel properties (such as in the kinematic viscosities). However, in most of the cases, fatty acid methyl
esters (FAME, products of methanolysis) exhibited improved fuel qualities than others.
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INTRODUCTION been around, with the inventor of the diesel engine

The major sources of the world’s energy needs are compression ignition engine [2].
petroleum, coal and natural gases which are fossil-derived Biodiesel, defined as the mono alkyl esters of long
and non renewable. The world, at large, depends on chain fatty acids obtained from renewable feedstock, such
petroleum as the energy source for the transportation as vegetable oil or animal fats, is for use in compression
sector. Scarcity of traditional petroleum fuels, its over- ignition engines. Recently, biodiesel has become more
dependence by nations, increasing emissions of attractive because it is environmentally friendly, derived
combustion-generated pollutants and their increasing from renewable resources, biodegradable and non-toxic in
costs have made renewable energy sources more nature. It can also be produced from any material that
attractive. The world petroleum reserves are finite in contains fatty acids, either linked to other molecules or
nature and declining fast, the production of oil will present as free fatty acids. Thus, various vegetable fats
eventually slow down and plateau.There is a growing and oils, animal fats, waste greases and edible oil
importance, in recent years, on the exploration of new processing wastes can all be used as feedstocks for
energy resources, such as biodiesel fuel. Biodiesel, biodiesel production. Biodiesel which has been accepted
derived from vegetable oil or animal fats, is recommended as a possible substitute of conventional diesel fuel is
for use as a substitute for petroleum-based diesel mainly produced from triacylglycerols by transesterification with
because biodiesel is a renewable, domestic resource with short-chain alcohols and mainly in the presence of a
an environmentally friendly emission profile and is readily catalyst. Owing to their availability, various oils have
biodegradable [1]. For over a century now, the use of been in use in different countries as feedstocks for
vegetable oils such as soybean, palm, sunflower, peanut biodiesel production. Rapeseed and sunflower oils in
and olive oil as fuel substitutes for fossil-based diesel has Europe,  soybean  oil  in  U.S.,  palm   oil   in  Malaysia and

Rudolph Diesel being the first to test peanut oil in his
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Indonesia and coconut oil in Philippines are being used Extraction of Oil from the Fluted Pumpkin Seeds: This
for biodiesel production [3]. Also, the jatropha tree was done by soxhlet extraction method. The ground fluted
(Jatrophacurcas), karanja (Pongamiapinnata) and mahua pumpkin seeds (100g) were properly packed into the
(M. indica) are used as major biodiesel fuel sources in thimble of the soxhlet extractor and n-hexane (300ml) was
India. In spite of this, biodiesel production from poured into the round bottom flask of the soxhlet
conventional vegetable oils (soybean, sunflower, extractor. The complete soxhlet extractor (i.e. with its
safflower, palm, rapeseed etc.) has progressively stressed condenser) was then mounted on a heating mantle which
food uses, price, production and availability of these oils. had its temperature set at 80°C. At this temperature, the
Consequently, this has rekindled research interest in extractor set up was left to stand for 6 h. The yield
exploring lesser known and minor oil crops. percentage of the fluted pumpkin seed oil was determined

The most common way to produce biodiesel is the after triplicate run and the mean value reported.
transesterification of triacylglycerols in vegetable oil or
animal fats with an alcohol in the presence of an alkali or Physico-Chemical Analysis of the Fluted Pumpkin Seed
acid catalyst. Methanol is the commonly usedalcohol in Oil: The physico-chemical properties  of  the  oil  were
this process, due in part to its low cost. The products, then  determined  using the method of AOAC, 1975.
fatty acid methyl esters (FAME), are called biodiesel and These properties include kinematic viscosity, relative
include glycerolas a by-product [1, 4]. density, acid value, iodine value, peroxide value,

Other alcohols may also be used in the preparation of saponification value. The colour was determined visually.
biodiesel, such as ethanol, propanol, iso-propanol and All the chemicals used were of analytical reagent grades.
butanol[5]. Owing to its low cost, ethanol has been of
particular interest than methanol in some regions of the Production of Biodiesel from the Fluted Pumpkin Seed
world and biodiesel prepared from bio-ethanol is Oil
completely bio-based. Butanol may also be obtained from Methanolysis: The Freedman method, 1984 was used.
biological materials [6], thus yielding completely bio- Biodiesel (fatty acid methyl esters or simply FAME) was
based biodiesel as well. Methanol, propanol and iso- produced from the fluted pumpkin seed oil using the
propanol are normally produced from petrochemical classical method. Methanol containing 1% sodium
materials such as methane obtained from natural gas in hydroxide (NaOH) was prepared by dissolving NaOH (1g)
the case of methanol. in a small volume of methanol and made up to 100ml mark.

In this paper, the effects of increasing ester head This solution was then mixed with the fluted pumpkin
groups on the fuel properties of biodiesel made from seed oil in the mole ratio of 6:1 (v/v) and refluxed at 60°C
fluted pumpkin seed oil wereinvestigated. Fluted pumpkin for 1 hour. The refluxed mixture was poured into a 250ml
seed oil has been demonstrated to be a potential separating funnel and separation carried out. First, a
feedstock for biodiesel production [7]. bilayer was introduced by adding petroleum-ether (100ml,

MATERIALS AND METHODS the biodiesel that floated above the glycerol layer.

Collection and Processing of Sample: The fluted pumpkin addition of distilled water (50ml), which increased the
(T. occidentalis) fruit pulps were obtained from Enugu glycerol phase. This glycerol phase (denser than the
Ezike, Enugu State of Nigeria and were identified by Mr. biodiesel) was run-off from the separating funnel and the
Ozioko of  Biodiversity  Centre,  Nsukka,  Enugu  State. biodiesel phase washed with saturated sodium hydrogen
The  fruit  pulps  were  broken and the seeds removed. carbonate (NaHCO ) solution using 100ml, 150ml and
The seeds were cleaned by washing first with distilled 200ml respectively. After washing, the biodiesel was dried
water and then with normal saline (0.9%w/v NaCl over anhydrous sodium sulphate to remove water
solution) to clean up and remove possible mycotoxins. contaminants. The dried biodiesel was then placed in a
This was followed by the dehulling of the wet seeds after hot-air oven (at 50°C) to remove petroleum-ether used in
which the dehulled seeds were dried in an oven at 40°C the downstream processing of the biodiesel.
for approximately 72 hours. The low temperature was
necessary so as to prevent the evaporation of volatile Ethanolysis: The Freedman method, 1984 was also used
constituents in the fluted pumpkin seeds. The seeds were for the ethyl ester production. Ethanol containing 1%
then broken into smaller bits, ground with a warring sodium hydroxide (NaOH) was prepared by dissolving
blender into coarse particles and ready for oil extraction. NaOH  (1g)  in  a  small  volume of ethanol and made up to

150ml, 200ml), into the refluxed mixture, which extracted

Secondly, the bilayer was further improved by the
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100ml mark. This solution was then mixed with the fluted
pumpkin seed oil in the mole ratio of 6:1 (v/v) and refluxed
at 75°C for 1 hour. The same procedure, as described
above under methanolysis, was adopted for the
purification and drying of the fatty acid ethyl esters
(FAEE) produced.

Propanolysis: The Freedman method, 1984 was as well
employed for the production of fatty acid propyl esters
(FAPE). Propanol containing 1% sodium hydroxide
(NaOH)  was  prepared  by  dissolving NaOH (1g) in a
small volume  of propanol and made up to 100ml mark.
This solution was then mixed with the fluted pumpkin
seed oil in the mole ratio of 6:1 (v/v) and refluxed at 90°C
for 1 hour.

The washing of the FAPE produced was done as
described above under methanolysis.

Physico-Chemical   Properties     of     the   Biodiesel:
The physical and chemical properties of the biodiesels
were determined  using   the    same    methods   applied
for  the  characterization  of  the  parent  oil (fluted
pumpkin  seed  oil),   in   addition   to   other  physical
(fuel)  properties  which  include flash point, cetane
number  and  heat  of  combustion.  Flash point and heat
of   combustion    were   determined   according to
relevant biodiesel test methods. The cetane number of
fluted pumpkin seed oil methyl esters was evaluated via
the use of empirical relation (Ramos et al. 2009) [8] shown
below:

CN = X  (wt%) x CNAE AE

where CN, is the cetane number of the biodiesel, X  is theAE

weight percentage of each alkyl ester [9] and CN  is theAE

cetane number of individual alkyl ester [10].

RESULTS AND DISCUSSION

The  average   oil   yield   of   the    fluted   pumpkin
(T. occidentalis Hook F) seeds was 46±0.20%. This
shows that the seeds give higher oil yield when compared
to some conventional biodiesel feedstock such as linseed
(33.33%), soybean (18.35%) and palm kernel (44.6%) [11].
The physical properties of the oil are shown in Table 1.
The yellow coloured oil has kinematic viscosity and
relative density of 24.20mm /s and  0.908,  respectively.2

The kinematic viscosity value is lower when compared to
that of neem oil (44.00mm /s; [12]) and coconut oil2

(43.30mm /s; [13]), but higher than that of2

Jatrophacurcasoil (17.00mm /s; [14]).2

Table 1: Physico-chemical Properties of Fluted Pumpkin Seed Oil
Parameter Fluted pumpkin seed oil
Colour Yellow
Kinematic viscosity (mm /s) 24.20±0.202

Relative density 0.908±0.002
Acid value (mgKOH/g) 0.44±0.11
Iodine Value (mg I /g) 104.78±1.222

Saponification value (mgKOH/g) 151.48±1.40
Peroxide Value (meq/1000g ) 0.22±0.00

The acid value (0.44mgKOH/g) of the oil was
relatively lower than most conventional biodiesel
feedstock such as soybean oil (2.67mg KOH g ),1

rapeseed oil (2.88mg KOH g ) [15], sunflower oil1

(7.4mgKOHg ) and palm oil (3.8mgKOHg ; Christian,1 1

2006). The value was also lower than that reported by
Esuosoet al. [4] for the same oil (fluted pumpkin seed oil)
having a value of 3.05mgKOHg . The acid value thus,1

was lower than the limit recommended for virgin and non-
virgin edible oils by the Codex Standards (<4.0mgKOHg 1

acid value). This suggests relatively higher alkyl ester
yield on transesterification and also minimal side reaction
(saponification reaction). This also shows that pre-
treatment of the parent oil prior to transesterification may
not be necessary. The iodine value of the oil was found to
be 104.78 mgI /g, a value indicative of a high content of2

unsaturated fatty acids and susceptibility to autoxidation
in contrast to palm oil (50-55 mgI /g) [3]. The peroxide and2

saponification values were 0.22 mEq/Kg and 151.48
mgKOH/g, respectively. The low peroxide value suggest
little/minimal peroxidative rancidity of the oil due to proper
handling and storage of the fluted pumpkin seeds before
extraction and also, a much less effect of heat on the oil
during extraction since heat favours oxidation of fatty
acids thereby increasing the formation of peroxides [9].
The peroxide value was lower than that reported by
Esuoso et al. [4], having a peroxide value of 3.02±0.07
mEqKg .  The    saponification  value,  though  high,1

was   found   to   be    lower   than   that   of   palm  oil
(190-209mg KOHg ; ) [3] and that  reported  by  Esuoso1

et al. [4] with a saponification value of 166mg KOHg .1

This shows that the oil has potentials for industrial
applications.

Transesterifications of the oil extracts were done
using methanol (methanolysis), ethanol (ethanolysis) and
propanol (propanolysis) to yield respectively, fatty acid
methyl esters (FAME) fatty acid ethyl esters (FAEE) and
fatty acid propyl esters (FAPE)  as  shown  in  Table 2.
The products of methanolysis gave 90% FAME yield, a
value higher than  sunflower methyl ester (88% yield) but
lower  than that of canola methyl ester (93.5 yield, [16] and
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Table 2: Percentage yields of fluted pumpkin seed oil fatty acid alkyl esters (biodiesels)
FAAE Percentage yields
FAME 90.00±1.0
FAEE 85.00±1.73
FAPE 84.00±2.00

Table 3: Physical properties of fluted pumpkin seed oil biodiesels
Parameter FAME FAEE FAPE
Colour Yellow Yellow Yellow
Relative density 0.87±0.00 0.88±0.00 0.89±0.01
Kinematic viscosity 2.5 0±0.20 2.70±0.10 3.00±0.26
@ 40°C (mm /s) Flash point (°C) 138.00±1.20 134.00±3.00 131.00±0.002

Heat of combustion (MJ/Kg) 35.30±0.30 37.03±1.05 39.00±0.26
Cetane number 68.08 64.08 64.08

rape seed methyl ester (94% yield) [17] produced with the when compared to other conventional biodiesels show
same base catalyst and under the same reaction their improved flow qualities through pipelines, injector
conditions. Ethanolysis and propanolysis gave yields of nozzles and for atomization of fuel cylinder. This also
85.00±1.73 FAEE  and  84.00±2.00 FAPE,   respectively. possibly accounts for improved low-temperature
It entails that methanolysis seems more efficient than the operability of fluted pumpkin seed oil biodiesels when
other two with respect to biodiesel yield, followed by compared to other conventional biodiesels.
ethanolysis with propanolysis having the least biodiesel The flash points of the fluted pumpkin seed oil
yielding potential.The fatty acid ethyl esters’ (FAEE) biodiesels (range 130 – 138°C) were found to be above the
yields were higher than that of soybean ethyl esters minimum value (120°C) of the EN 14214 biodiesel fuel
(66.8%) [18]. standard. Increasing ester head groups were found to

The yellow-coloredfluted pumpkin seed biodiesels result in decrease in the flash points, with fatty acid
possess similar relative densities and lower kinematic propyl esters (FAPE) having the least value. The flash
viscosities than those of petro diesel and some points of fluted pumpkin seed oil biodiesels were
conventional biodiesels (Table 3). The increases in ester comparable to that of jatropha oil biodiesel (135°C) but
head groups were found to result in a corresponding lower than that of palm kernel oil biodiesel (167°C), [22].
increase in the relative densities of the biodiesels, with Their values were however, higher than that of neem seed
fatty acid propyl esters (FAPE) having the highest oil biodiesel (120°C) and more importantly, extremely
density value followed by fatty acid ethyl esters (FAEE). higher than that of petro diesel (54°C) (Table 3). These
The relative densities obtained were found to be within relatively higher flash point values of fluted pumpkin seed
the limits of EN 14214 (0.86 – 0.90) biodiesel fuel standard. oil biodiesels are of prime importance for storage and
The fatty acid ethyl esters (FAEE) had similar relative transportation of the fuel [23].
densities (0.88±0.00, 0.88±0.00) with those of palm kernel Increasing alkyl ester head groups result in
oil ethyl esters (biodiesel; 0.88) [19], rape seed oil ethyl corresponding increase in the heat of combustion of the
esters (0.88) and canola oil ethyl esters (0.88) [20] and also biodiesels, with fatty acid propyl esters having the
similar with the relative density of petro diesel (0.86) highest value. Although lower than that of petro diesel
(Table 3). (45MJ/Kg), the heats of combustion of fluted pumpkin

The kinematic viscosities of the fatty acid alkyl esters seed oil biodiesels (range 34.57±0.25 – 39.00±0.27 MJ/Kg)
(range of 2.5 – 3.9 mm /s at 40°C) were found to be lower were comparable to those of soybean oil biodiesel (38.12

than those of Jatropha oil biodiesel (4.8 mm /s), rape seed MJ/Kg) [24] and neem seed oil biodiesel (35.2 MJ/Kg)2

oil biodiesel (6.17 mm /s), canola oil biodiesel (4.89 mm /s), [25]. The lower values of heats of combustion of fluted2 2

Peterson et al. [21]. The kinematic viscosities  of  the pumpkin seed oil biodiesels and conventional biodiesels
biodiesels were found to be within limits of ASTM D6751 in general, when compared to that of petro diesel might be
(1.9 – 6.0 mm /s) biodiesel fuel standard. The increasing due to higher oxygen content and lower carbon-to-2

alkyl ester head groups were found to result in a hydrogen ratio in the former than in the latter. However,
corresponding increase in kinematic viscosities of the these factors account for the improved lubrication
biodiesels (Table 3). Hence, the lower kinematic viscosity properties of biodiesels when compared to petro diesel
values of the fluted pumpkin seed oilfatty acid alkyl esters (Table 3).
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Table 4: Chemical properties of fluted pumpkin seed oil biodiesels
Parameter FAME FAEE FAPE
Acid value (mgKOH/g) 0.22±0.00 0.32±0.01 0.36±0.02
Peroxide value (mEq/Kg) 0.20±0.10 0.20±0.00 0.20±0.10
Iodine value (mgI /g) 102.33±4.39 102.75±3.91 103.55±3.202

Table 5: Fuel properties of fluted pumpkin seed oil biodiesel, petro-diesel and other biodiesel fuels
Limits
----------------------------- FPSOB
ASTM EN ------------------------------------------------------

Parameters D6751 14214 Petro-diesel* SOB† SUOB** FAME FAPE FAEE
Relative-density. --- 0.86-0.90 0.86 0.89 0.88 0.87±0.00 0.88±0.00 0.89±0.01
Kinematic viscosity; 40°C (mm /s). 1.90-6.00 3.50-5.00 4.10 4.20 4.85 2.50±0.20 2.70±0.10 3.00±0.262

Acid value (mg KOH/g) 0.5max. 0.5max. --- 0.14 0.40 0.22±0.00 0.32±0.01 0.36±0.02
Iodine value (mg I /g) --- 120max --- --- --- 102.33±4.39 102.75±3.91 103.55±3.202

Flash point (°C) 130min. 120min. 54.00 171.00 168.00 138±1.20 134.00±3.00 131.00±0.00
Cetane number 47min 51min 42.00 49.00 55.00 64.08 64.08 64.08
Heat of combustion (KJ/g) --- --- 45.50 38.10 45.50 35.30±0.30 37.03±1.05 39.00±0.26
SOB = Soybean oil biodiesel; SUOB = Sunflower oil biodiesel; FPSOB = Fluted Pumpkin seed oil biodiesel.

The fluted pumpkin seed oil biodiesels have might bring about the hydrolysis of biodiesels resulting
empirically calculated cetane number of 64.08 (Table 3) in the release of free fatty acids.
which is well above the minimum value of the ASTM The peroxide values of the fluted pumpkin seed oil
D6751 (40 minimum) and EN 14214 (51 minimum) biodiesels were 0.20±0.01 mEq/Kg (fatty acid methyl
international biodiesel fuel standards. Since the value was esters, FAME); 0.20±0.00 mEq/Kg (fatty acid ethyl esters,
empirically determined, it is considered that increasing FAEE); and 0.20±0.10 mEq/Kg (fatty acid propyl esters,
ester head groups would have no effect on the cetane FAPE). Increases in ester head groups do not
number of the biodiesels made from a common feedstock. significantly influence the peroxide values of the
Being one of the primary indicators of a good diesel fuel biodiesels (range 0.10±0.00 – 0.20±0.10 mEq/Kg) (Table 4).
quality, cetane numberis related to the ignition delay time The low peroxide values of the fluted pumpkin seed oil
a fuel experiences once injected into a diesel engine biodiesels indicate little peroxidative rancidity of the
combustion chamber [26]. The cetane number of fluted biodiesels as a result of proper handling/storage of the
pumpkin  seed  oil  biodiesels  was  found to be higher fuels.
than  some  conventional  biodiesels   such  as soybean Lastly, the iodine values of the fluted pumpkin seed
oil  biodiesel  (49)  [27],  sunflower   oil   biodiesel  (55) oil biodiesels were 102.33±4.39 mgI /g, 102.75±3.91 mgI /g
[28].   Thus,  the  higher  cetane   number  of fluted and 103.55±3.20 mgI /g for the fatty acid methyl esters
pumpkin   seed   oil     biodiesel   when   compared  to (FAME),fatty acid ethyl esters(FAEE) andfatty acid
petro diesel  and  other   conventional  biodiesels propyl esters(FAPE), respectively. These values (range:
indicates  a  shorter  ignition  delay   time   of  the 99.00±0.05 – 103.55±3.20 mgI /g) were found to be within
biodiesel. the limits of EN 14214 (120 mgI /g maximum) biodiesel fuel

The chemical characterizations of the fluted pumpkin standard. There were, however, insignificant increases in
seed oil biodiesels gave acid values in the range of the iodine values of the fluted pumpkin seed oil biodiesels
0.22±0.00 – 0.36±0.01 mgKOH/g (Table 4). Increasing alkyl with increasing ester head groups. The iodine values were
ester head groups gave corresponding increases in the appreciably high, indicating the preponderance of
acid values of the biodiesels. The acid values of the fluted unsaturated fatty acid alkyl esters in the biodiesels, thus
pumpkin seed oil biodiesels, being within limits of the accounting for the fluidity of biodiesels high in
ASTM D6751 (0.5 mgKOH/g maximum) and EN 14214 unsaturated fatty acid alkyl esters than those high in
(0.5mgKOH/g maximum) biodiesel fuel   standards,   were saturated fatty acid alkyl esters, such as biodiesels made
however,  lower than  that  of  sunflower  oil  biodiesel from animal fats. The iodine values of fluted pumpkin seed
(0.40  mgKOH/g  maximum)  and  jatropha  oil biodiesel oil biodiesels were comparable to that of Jatropha oil
(0.4 mgKOH/g maximum) [14]. The lower acid  values  of biodiesel (101 mgI /g) [28].The fuel properties of fluted
fluted pumpkin seed oil biodiesels when  compared to pumpkin seed oil biodiesel with that of petro diesel and
other conventional biodiesels indicate that the fuel is other conventional biodiesel fuels are compared
relatively purer, with little or no water contaminant which numerically in Table 5.

2 2
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CONCLUSION 8. Ramos, M.J., C.M. Fernandez, A. Cacas, L. Rodriguez

In this paper, the fuel properties of fluted pumpkin composition of raw materials on biodiesel
seed oil transesterified with methanol, ethanol and properties,Bioresour. Technol., 100: 261-268.
propanol have been highlighted. Also comparisons of 9. Oluba,   O.M.,     Y.R.     Ogunlowo,    G.C.   Ojieh, K.E.
their fuel properties were made with that of some Adebisi, G.O. Eidangbe and F.O. Isiosio, 2008.
conventional biodiesel and petrodiesel. The percentage Physiocochemical properties and fatty acid
biodiesel yields were comparable to and in some cases, composition of Citrulluslanatus (Egusi melon) seed
higher than those of some conventional oil, Journal of Biological Science, 8(4): 814-817.
biodiesels.Increasing alkyl ester head groups resulted, in 10. Moser, B.R., 2009. Biodiesel production, properties
some cases, in improved fuel properties (such as in the and feedstocks. In vitro cellular and Developmental
heats of combustion) and in other cases, poor fuel Biology-Plant, 45: 229-266.
properties (such as in the kinematic viscosities). However, 11. Akbar, E., Z. Yaakob, S.K. Kamarudin, M. Ismail and
in most of the cases, fatty acid methyl esters (FAME) J. Salimon, 2009. Characteristic and composition of
exhibited improved fuel qualities than other. Jatrophacurcas oil seed from Malaysia and its
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