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Oil was extracted from the seed ofHura crepitans using hexane in a soxhlet extractor and analyzed for iodine value, saponification
value and free fatty acid content. The dominant fatty acid in the oil was C18:2 (52.8 ± 0.10%) while the iodine value was 120.10 ±
0.70 g iodine/100 g. Biodiesel was produced from the oil using a two-step reaction system involving a first step of pretreatment via
esterification reaction and a second step via transesterification reaction. The pretreatment step showed that free fatty acid in Hura
crepitans seed oil can be reduced in a one-step pretreatment of esterification using H

2
SO
4
as catalyst. The biodiesel produced from

Hura crepitans seed oil had an acid value of 0.21 ± 0.00mgKOH/g, flash point of 152 ± 1.10∘C, copper strip corrosion value of 1A,
calorific value of 39.10 ± 0.30mJ/kg, cetane number of 45.62 ± 0.30, and density of 0.86 ± 0.02 g cm−3. The process gave a biodiesel
yield of 98.70 ± 0.40% with properties within the recommended values of EN 14214.

1. Introduction

Rapid diminishing of energy reserves and fluctuating
petroleum prices have intensified the search for renewable
energy sources [1]. Biodiesel is an alternative diesel fuel
consisting of fatty acid alkyl esters obtained from vegetable
oil or animal fats. It is renewable, reduces the emission of
some pollutants, and is also readily biodegradable in the
environment [2, 3].

Currently, more than 95% of world biodiesel is produced
from edible oils (e.g., soyabean, rapeseed, canola, cotton,
palm, and palm kernel oils) which are easily available in a
large scale from the agricultural industry [4] but considering
the daily rise in human population, this has brought some
short comings as the human population faces serious food
shortages and malnutrition arising from the extensive use of
these edible oils for fuel and as a result drawing attention
towards the inedible oils is imperative. Inedible oils (or cheap
oils) generally have higher free fatty acid (FFA) content
compared to edible oils; thus a pretreatment step is often
required to reduce the FFA content to a workable level. A
bulky part of the cost incurred in the production of biodiesel

comes from the cost of the feedstock which accounted for 75–
88% of the total production cost [5, 6].

Agriculturally derived feedstocks such as vegetable oils
are important in the long-term vision of providing secured,
cost effective, and clean sources of energy for Nigeria and
other nations of theworld. Vegetable oils have attracted atten-
tion as a potential renewable resource for the production of an
alternative for petroleum-based diesel fuel [7–9].The various
products derived from vegetable oils have been proposed as
alternative fuels for diesel engines, including neat vegetable
oil, mixtures of vegetable oil with petroleum diesel, and esters
of vegetable oils [10]. According to Korus et al. [9], biodiesel
appears to be the most promising alternative.The advantages
of using biodiesel compared to mineral-derived diesel fuel
include reduced exhaust emissions, promising alternative of
mineral based diesel fuel, improved biodegradability, reduced
toxicity and improved lubricity, higher flash point, and lower
vapour pressure [11, 12]. High oil prices and the need to
reduce greenhouse gas emissionsmake investment in biofuels
desirable [13]. According to Scarisbrook and Ferguson [14],
the most important advantage, which may well become the
dominant factor with the passage of time, is the fact that such
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Table 1: Chemical properties of Hura crepitans seed oil.

Parameters Hura crepitans
Yield (%) 37.75 ± 0.40

Acid value (mgKOH/g) 4.41 ± 0.20

Iodine value (g iodine/100 g) 120.10 ± 0.70

Saponification value (mgKOH/g) 210.10 ± 0.40

Values are mean ± standard deviation of triplicate determinations.

biofuels have a positive energy balance. By positive energy
balance, it is meant that the energy used in the production
of the fuel is less than the energy value of the fuel produced
together with many of the associated utilized byproducts.
The use of cheap and nonedible seed oils, animal fats, and
waste oils as raw feedstocks for biodiesel production is an
effective way to reduce the cost of biodiesel. So, the search for
nonedible underutilized seed oils as feedstock for producing
biodiesel is important.

Hura crepitans is an underutilized plant in Nigeria, which
is planted as a shade tree in villages and towns. It is a
dicotyledon belonging to the Euphorbiaceae family (spurge
family). It is an evergreen perennial tree native to tropical
regions of North and South America in Amazon rainforest
and is also known as sandbox tree, possum wood, and jabillo.
The tree prefers wet soil and is often planted for shade. It
is recognized by the many dark and pointed spines, smooth
brown bark, and spreading branches.Hura crepitans can grow
to 30m (100 ft). It has large ovate leaves which grow to 2 ft
wide. They are monoecious, long stemmed, heart shaped,
and papery thin. The physicochemical properties of Hura
crepitans have been reported [15, 16]. Presently, there is no
specific use of the oil of Hura crepitans in Nigeria, as the
seeds are discarded as waste since they have no specific use at
present. Some of the properties of this oil have been reported
in our previous study [17]; the most abundant fatty acid was
reported to be C18:2 as shown in Table 1.

The present work evaluated the production of biodiesel
from the seed oil of Hura crepitans. Biodiesel from seed oil
of Hura crepitans was recently reported by Igbum et al. [18]
but this was not in detail as some important properties were
not evaluated; moreover, the production method reported
in the present study is different from what was reported by
Igbum et al. The present method involved an acid catalyzed
pretreatment step in order to reduce the free fatty acid content
of the oil thus preventing the formation of emulsion usually
encountered during production when seed oils with some
level of free fatty acid content are used.The production of the
biodiesel was monitored and confirmed using 1HNMR and
13CNMR.

2. Materials and Methods

2.1. Materials and Sample Preparation. Ripe and dry unde-
hisced pods of Hura crepitans were picked from trees grown
within the premises of the campus of University of Ibadan,
Nigeria, and identified at the Herbarium Unit of the Depart-
ment of Botany, University of Ibadan, Nigeria.The seeds were

carefully removed from the pods while the endocarp was
gently removed to get the creamy white cotyledons inside
which were dried in a Memmert oven set to a constant
temperature of 105∘C. Finally, the dry cotyledonswere ground
and stored for extraction. All solvents and chemicals used in
this study were of analytical grade and were purchased from
Sigma-Aldrich, Germany.

2.2. Extraction and Fatty Acid Composition of Hura crepitans
Seed Oil. Oil was extracted from the seed of Hura crepitans
using soxhlet extractor with n-hexane for 10 h [19]. The
iodine value, saponification value, and acid value of the oil
were determined by methods described by the Association
of Official Analytical Chemist [20]. Fatty acid methyl ester
of the oil was prepared by refluxing the oil at 70∘C for 3 h
in 2% sulphuric acid in methanol. The ester was extracted
into ethyl acetate, washed free of acid, and passed over
anhydrous sodium sulphate. The ethyl acetate extract was
further concentrated using a rotary evaporator. The fatty
acid composition was analyzed using an Agilent 6890N
series gas chromatography equipped with FID detector on a
split injector. A fused silica capillary column (DB-225, 30 ×
0.32m i.d., J&W Scientifics, USA) was used with the injector
and detector temperature maintained at 230∘C and 250∘C,
respectively.The oven temperature was programmed at 160∘C
for 2min and finally increased to 230∘C at 4∘C/min. The
carrier gas was nitrogen at a flow rate of 1.5mL/min.The area
percentages were recordedwith a standardChemstationData
System.

2.3. Biodiesel from the Seed Oil of Hura crepitans. The oil of
Hura crepitans was converted to biodiesel using a one-step
pretreatment of 2% sulphuric acid in methanol in order to
reduce the free fatty acid content of the oil which may lead to
soap formation during the process of biodiesel production.
To achieve this, the oil was firstly degummed using 2%
water in oil in a centrifuge at 1800 rpm for 45min. The
degummed oil was later esterified using 2% sulphuric acid in
methanol at 70∘C. The esterification was carried out for 3 h
and the progress of the reaction was monitored using TLC
to check the conversion of the free fatty acids to methyl esters
using hexane-ethyl acetate (95 : 10, v/v) as developing solvent.
The eluted spots on the TLC plate were identified using
iodine vapors. The esterified oil was finally transesterified to
biodiesel at 70∘C for 6 h usingmethanol at amolar ratio of 1 : 6
(oil : methanol) in the presence of KOH (1% of total weight)
as catalyst. The biodiesel formed was extracted with ethyl
acetate, washed free of KOH using distilled water, dried over
sodium sulphate, and concentrated in a rotary evaporator.

Figures 1(a) and 1(b) present the equation of reaction
for the esterification and transesterification ofHura crepitans
seed oil. The % efficiency of the process was calculated as
follows [21]:

% Efficiency =
𝐴
𝑖
− 𝐴
𝑓

𝐴
𝑖

× 100, (1)

where𝐴
𝑖
= initial % FFA of oil before pretreatment and𝐴

𝑓
=

final % FFA after pretreatment.
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Figure 1: (a) Pretreatment ofHura crepitans oil with 2% sulphuric acid in methanol. (b) Transesterification ofHura crepitans oil to biodiesel.

2.4. Nuclear Magnetic Resonance (NMR) Spectroscopy.
1HNMR and 13CNMR spectra of the oil, pretreated oil
(esterified oil), and biodiesel ofHura crepitans were obtained
on a 300 and 75MHz Bruker NMR spectrophotometer.

2.5. Properties of the Biodiesel. The biodiesel produced was
analyzed using standard procedures. Viscosity was deter-
mined as described by the standard method of the American
Society for Testing andMaterial [22].The biodiesel produced
was separated on a 1 g scale into methyl esters, triglycerides,
diglycerides, monoglycerides, and free fatty acids by silica gel
column chromatography using a glass column 20 cm × 2 cm
OD packed with 30 g activated silica gel (60–120 mesh) [23].
The cetane number of the methyl esters was calculated using
the following [24]:

CN = 46.3 + 5458
SV
− (0.225 × IV) , (2)

where CN = cetane number, SV = saponification value, and
IV = iodine value. The calorific value of the biodiesel was
calculated by the approximate equation [25]. Consider

Hu = 47, 645 − 4.187I − 38.31S in KJ/Kg, (3)

where I and S are the iodine and saponification values of the
biodiesel, respectively. The iodine value was determined by
method described by the Association of Official Analytical
Chemist [20] while density was determined at 15∘C. The
biodiesel oxidative stability index (OSI) was measured in
accordance with EN 14112 [26] employing a Rancimat. Deter-
mination of copper corrosion test was carried out using the
method described by the standard method of the American
Society for Testing and Material (ASTM, D396) [27] while
flash pointwas determinedusing theAOCSmodifiedmethod
for closed cup flash point determination [28].

Table 2: Fatty acid composition (wt%) of Hura crepitans seed oils
[17].

Fatty acids Hura crepitans
16 : 0 12.20 ± 0.20

16 : 1 0.10 ± 0.00

18 : 0 5.1 ± 0.30

18 : 1 27.2 ± 0.20

18 : 2 52.8 ± 0.10

18 : 3 1.8 ± 0.10

20 : 0 0.2 ± 0.10

20 : 1 0.3 ± 0.10

22 : 0 0.3 ± 0.10

Unsaturated 82.2 ± 0.20

Saturated 17.80 ± 0.20

Values are mean ± standard deviation of triplicate determinations.

3. Results and Discussion

3.1. Extraction and Fatty Acid Composition of Hura crepitans
SeedOil. Thedominant fatty acid in the oil has been reported
by Adewuyi et al. [17] to be C18:2 (52.8 ± 0.10%) as shown
in Table 1. The oil yield was 37.75 ± 0.40% as presented in
Table 2. The yield of oil from the seed of Hura crepitans is
relatively high when comparedwith those of other oil bearing
seeds [29]; this relatively high oil content of the seed presents
the seed of Hura crepitans as a good source of oil making it
economically viable and at present the seed is discarded as
waste with no market value.

3.2. Nuclear Magnetic Resonance (NMR) Spectroscopy. The
formation of the biodiesel was monitored using NMR.
Figure 2 presents the 1HNMR spectrum of the oil, esterified
oil, and biodiesel.
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Figure 2: 1HNMR spectra of oil, esterified oil, and biodiesel.

The spectrum revealed peaks at around 0.88, 1.25, and
1.6 ppm which were assigned to the terminal methyl protons,
protons of the repeating methylene units, and protons of
the methylene group 𝛽 to the carbonyl group, respectively
[30, 31]. The signal at 2.0 ppm was attributed to allylic
methylene protons while the signal at 2.7 ppm was assigned
to the bisallylic methylene protons. The peak at 2.3 ppm was
assigned to protons of the methylene group 𝛼 to the carbonyl
group while the peak at 5.3 ppm was considered to be the
signal of the olefinic protons. The signal at 3.5 ppm in the
esterified oil suggested the conversion of the free fatty acids in
the oil to methyl esters. The signal appearing at around 4.1–
4.3 ppm was assigned to glyceridic methylene protons. This
signal at 4.1–4.3 ppmwas seen only in the oil and the esterified

oil; the peak disappeared after transesterification indicating
the conversion of the esterified oil to biodiesel. An intense
signal was also found at 3.7 ppm in the biodiesel which
was attributed to the protons of the methoxyl group of the
biodiesel indicating a high conversion of the oil into biodiesel
after the transesterification reaction.

Figure 3 shows the 13CNMR of the oil, esterified oil, and
biodiesel. The signals at around 𝛿 60.30, 62.10, and 69.20 in
the 13CNMR spectra of the oil and esterified oil revealed
the presence of glyceryl carbon atoms in the triglyceride
molecules. The spectrum of the esterified oil also showed
a signal of low intensity at 𝛿 51.42 (E) which supports the
result of the 1HNMR (3.5 ppm) indicating the conversion of
the free fatty acids in the oil to methyl esters. Disappearance



Journal of Fuels 5

D

A

E
C

Biodiesel

200 180 160
(ppm)

140 120 100 80 60 40 20 0

(a)

D

A

BC
E

Esterified oil

200 180 160
(ppm)

140 120 100 80 60 40 20 0

(b)

D

A

B

C

Oil

200 180 160
(ppm)

140 120 100 80 60 40 20 0

(c)

Figure 3: 13CNMR of oil, esterified oil, and biodiesel. A = methylene and methyl carbons, B = methylene and methine carbons of glycerine
moiety, C = olefinic carbon, D = carbonyl carbon, and E = methoxy carbon.
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Table 3: Fuel properties of biodiesel from the oil of Hura crepitans.

Parameters Hura crepitans EN recommendation
Ester (wt%) 98.70 ± 0.40 96.50
Acid value (mgKOH/g) 0.21 ± 0.00 0.60
Iodine value (g iodine/100 g) 119.50 ± 0.50 120
Triglyceride (wt%) 0.10 ± 0.05 0.20
Diglyceride (wt%) 0.13 ± 0.05 0.20
Monoglyceride (wt%) 0.30 ± 0.10 0.80
Copper corrosion test 1A 1A
Flash point (∘C) 152 ± 1.10 120
Oxidative stability (h) 6.82 ± 0.80 6
Viscosity (mm2/s) 3.95 ± 0.20 3.50–5.00
Cetane number 45.62 ± 0.30 51
Density (g cm−3) 0.86 ± 0.02 0.86–0.90
Calorific value (mJ/kg) 39.10 ± 0.30 —
Values are mean ± standard deviation of triplicate determinations.

of the glyceryl carbon signals (B) in the biodiesel spectrum
and appearance of new signal at 𝛿 51.60 (E) due to methoxy
carbon are indicative of the formation of biodiesel.

3.3. Properties of the Biodiesel. The determined properties
of the biodiesel are shown in Table 3. However, the peak at
2.3 ppm which was assigned to the protons of the methylene
group 𝛼 to the carbonyl group (CH

3
O–CO–CH

2
–CH
2
–) and

the prominent peak at 3.7 ppm attributed to the methoxy
protons (–CH

2
–OC–OCH

3
) were used in the determination

of % yield according to

% Yield = 100 ×
2 (AME)

3 (A
𝛼–CH

2

)

. (4)

AME is the integration value of the protons of the methoxy
(–CO

2
CH
3
), the strong singlet peak at around 3.7 ppm, and

A
𝛼–CH

2

is the integration value of the methylene protons
adjacent to the methyl ester moieties (–CH

2
CO
2
CH
3
), the

peak at around 2.3 ppm.The factors 2 and 3were derived from
the fact that the methylene carbon possesses two protons
and the alcohol (methanol derived) carbon has three attached
protons [32]. Using the integral values of these two peaks, a
yield of 98.70 ± 0.40% was obtained which was confirmed
using column chromatography [23]; this value was higher
than values reported for biodiesel produced from sunflower
and soyabean oil [33]. The initial acid value of the oil
was 4.41 ± 0.20mgKOH/g but this value was reduced to
0.11 ± 0.00mgKOH/g after the one-step pretreatment of 2%
sulphuric acid in methanol which amounted to an efficiency
of 97.51% according to (1) above. Viscosity is an important
property of diesel fuels which reflects the operation of fuel
injection from the diesel injector, flow in fuel pumps, and
pipelines especially at low temperatures [34]; the value of
viscosity for Hura crepitans biodiesel was found to be 3.95 ±
0.2mm2/s. Density also influences the injection performance
of fuel as a high density for biodiesel will result in the
delivery of a slightly greater mass of fuel [35]; it was found
to be 0.86 ± 0.02 kg/cm3 which is lower than what has

been reported for sunflower, soyabean, and rapeseed oil
suggesting better performance than those from the previous
study. The iodine value and the calorific value were found
to be 119.50 ± 0.50 g iodine/100 g and 39.10 ± 0.30mJ/kg,
respectively. Normal modern highway diesels run best with
a cetane number fuel rates between 45 and 55; in the present
study the cetane number was found to be 45.62 ± 0.30. The
results of the tri-, di-, and monoacylglycerol as well as the
flash point and copper corrosion tests are in agreement with
the recommended values by EN 14214.

One important problem associated with renewable fuel
derived from vegetable oil and animal fats is poor oxidative
stability.This is especially true for unsaturated seed oil-based
biodiesel which has significantly higher levels of polyunsatu-
ration.The Rancimat method (Rancimat EN 14112) expresses
the oxidation stability of the tested material in terms of an
induction period for the production of volatile organic acids,
which are byproducts of fatty acid ester oxidative degradation
with heat and oxygen. A minimum Rancimat induction
period of 6 h is defined for biodiesel samples within UNE
EN14214 and the oxidative stability of biodiesel from Hura
crepitans was found to be 6.82 ± 0.80 h which is lower than
value reported for sunflower and that of the recommended
value.This value indicated good stability of the biodiesel from
Hura crepitans which also corresponds to the period of time
required for the biodiesel to degrade at 110∘Cunder a constant
air stream to such an extent that the formation of volatile acids
can be recorded through a conductivity increase.

4. Conclusions

The seed of Hura crepitans is a good source of oil. The
oil extracted from the seed of Hura crepitans was analyzed
for iodine value, saponification value, and free fatty acid
content. The oil was later subjected to the production of
biodiesel using two-step reaction system involving a first step
of pretreatment via esterification reaction and a second step
via transesterification reaction.Thepretreatment step showed
that free fatty acid in seed oil can be reduced in a one-step
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pretreatment of esterification using H
2
SO
4
as catalyst with

an efficiency of 97.51%. The process gave a biodiesel yield
of 98.70 ± 0.40% with properties within the recommended
values of EN 14214.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

The authors are grateful to the Department of Chemistry,
University of Ibadan, Nigeria, and Indian Institute of Chem-
ical Technology, Hyderabad, India, for allowing the use
of equipment. The authors also appreciate the support of
Department of Physical Chemistry, Technical University of
Dresden, Dresden, Germany.

References

[1] M. K. Lam, K. T. Lee, and A. R.Mohamed, “Sulfated tin oxide as
solid superacid catalyst for transesterification of waste cooking
oil: an optimization study,” Applied Catalysis B, vol. 93, no. 1-2,
pp. 134–139, 2009.

[2] A. Bouaid, M. Martinez, and J. Aracil, “Long storage stability of
biodiesel from vegetable and used frying oils,” Fuel, vol. 86, no.
16, pp. 2596–2602, 2007.

[3] N. S. Babu, R. Sree, P. S. S. Prasad, and N. Lingaiah, “Room-
temperature transesterification of edible and nonedible oils
using a heterogeneous strong basic Mg/La catalyst,” Energy and
Fuels, vol. 22, no. 3, pp. 1965–1971, 2008.

[4] M. M. Gui, K. T. Lee, and S. Bhatia, “Feasibility of edible
oil versus non-edible oil versus waste edible oil as biodiesel
feedstock,” Energy, vol. 33, no. 11, pp. 1646–1653, 2008.

[5] M. K. Lam, K. T. Lee, and A. R. Mohamed, “Homogeneous,
heterogeneous and enzymatic catalysis for transesterification of
high free fatty acid oil (waste cooking oil) to biodiesel: a review,”
Biotechnology Advances, vol. 28, no. 4, pp. 500–518, 2010.

[6] L. Lin, Z. Cunshan, S. Vittayapadung, S. Xiangqian, and D.
Mingdong, “Opportunities and challenges for biodiesel fuel,”
Applied Energy, vol. 88, no. 4, pp. 1020–1031, 2011.

[7] G. R. Quick, “Developments in use of vegetable oil as fuel for
diesel engines,” ASAE Paper no. 80-1525R, ASAE, St. Joseph,
Mich, USA, 1980.

[8] C. L. Peterson, R. O. Cruz, L. Perkings, R. Korus, and D. L.
Auld, “Transesterification of vegetable oil for use as diesel fuel,”
A Progress Report ASAE Paper No. PNWS90-610, ASAE, St.
Joseph, Mich, USA, 1990.

[9] R. A. Korus, D. S. Hoffman, N. Bam, C. L. Peterson, and C. D.
Drown, “Transesterification process to manufacture ethyl ester
of rape oil,” Tech. Rep., Department of Chemical Engineering,
University of Idaho, Moscow, Idaho, USA, 1995.

[10] G. Kafuku andM.Mbarawa, “Effects of biodiesel blending with
fossil fuel on flow properties of biodiesel produced from non-
edible oils,” International Journal of Green Energy, vol. 7, no. 4,
pp. 434–444, 2010.

[11] F. Ma and M. A. Hanna, “Biodiesel production: a review,”
Bioresource Technology, vol. 70, no. 1, pp. 1–15, 1999.

[12] G. Knothe and K. R. Steidley, “Kinematic viscosity of biodiesel
fuel components and related compounds: influence of com-
pound structure and comparison to petrodiesel fuel compo-
nents,” Fuel, vol. 84, no. 9, pp. 1059–1065, 2005.

[13] M. Singh, “Economics of biofuels for the transport sector in
South Africa,” Energy for Sustainable Development, vol. 10, no.
2, pp. 40–47, 2006.

[14] D. H. Scarisbrook and A. J. Ferguson, New Horizons for Oilseed
Rape, Semundo, Cambridge, UK, 1995.

[15] M. A. Fowomola andA. A. Akindahunsi, “Nutritional quality of
sandbox tree (Hura crepitans Linn.),” Journal ofMedicinal Food,
vol. 10, no. 1, pp. 159–164, 2007.

[16] J. A. O. Oyekunle, A. A. Omode, and J. O. Akinnifesi, “Phys-
ical properties of oils extracted from some Nigerian non-
conventional oilseeds,” Journal of Applied Sciences, vol. 7, no. 6,
pp. 835–840, 2007.
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