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Abstract: The seed and seed oil from sandbox, Hura crepitans were investigated to establish their composition
and utility as a base material. Powdered seeds from H. crepitans were soxhlet-extracted with petroleum ether
between 40-60°C to yield a golden-yellow oil. Proximate analyses and chemical characterization of the seed oil
were carried out using the standard procedures of American Oil Chemist Society. Mineral compositions of the
seeds were obtained by Atomic Absorption Spectroscopy while the fatty acid composition of the seed oil was
analysed using Gas Chromatography-Mass Spectroscopy. Proximate analyses of the seeds showed that Hura
crepitans seed is very rich in crude protein, crude oil and energy content. Physico-chemical properties of Hura
crepitan seed oil gave: Colour-Golden Yellow and showed a high saponification value and low acid value,
average molecular weight of glycerides is higher in the oil as reflected by the ester value. The iodine value of
Hura oil was found to be high as well with a low peroxide value was observed. Analyses of the mineral
composition of Hura. crepitans seed revealed an indication of high concentrations of magnesium and very low
to no presence of heavy metals. The Fatty acid composition of Hura crepitans seed oil gave Total Saturated-
8.994 and Total Unsaturated-66.483 and revealed that oleic acid (63.20%) and stearic acid (4.59%) are the most
abundant unsaturated and saturated fatty acids respectively. Rheological properties of the seed oil studied
under ambient temperature and after pre-heating at 40, 60 and 80°C revealed that the oil sample exhibited non-
Newtonian properties. From these results, Hura crepitans seed oils have great potentials as a nutritionally
promising oil and with its high Saponification and Iodine values, it will be a good source of drying oils for
solvent based paint and for a variety of industrial applications. 
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INTRODUCTION from different sources depend mainly on their

There has been an increase in the world production suitable for all purposes [2].
of oilseeds over the last 30 years [1]. This would appear Furthermore, the meal or cake resulting from oil
to be related to the increasing demand for oilseed removal is usually used in livestock feeds and butter
products and by products. Most oilseeds are cultivated processing. The ability of a particular oilseed to fit into
primarily for their oil and meal. Since oil is always at a the growing industries depends on its utilisation
higher price per ton than the cake, the demand for oil potential, rate of production and availability of the
rather  than  the  cake  is  high.  The  oil from most processing technology. Oil can be obtained from oilseeds
oilseeds can be used for edible purposes such as cooking by using mechanical expression or solvent extraction
(e.g., groundnut, cashew, palm kernel oils, etc.). About methods or a combination of both. In mechanical
80% of the world production of vegetable oils is for expression, hydraulic and screw presses are usually
human consumption. The remaining 20% is shared employed. Solvent extraction is capable of removing
between animal and chemical industries [1]. Seed oils are virtually all of the oil available in the oilseed but the
important sources of nutritional oils, industrial and equipment required is generally too expensive and there
pharmaceutical importance. The characteristics of oils is  also the  inherent  danger of fire explosion due to the

compositions and no oil from a single source can be
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chemicals involved [3]. With regard to mechanical pods catapult the seeds as far as 100 meters (300ft). It has
expression, hydraulic pressing is usually employed due to also been known as the Dynamite tree, so named for the
its lower initial and maintenance costs. Certain pre- explosive sound of the ripe fruit as it splits into segments.
pressing operations known to influence oil yield (and
quality) from oilseeds include seed cleaning, seed MATERIALS AND METHODS
decortication, particle size reduction, moisture adjustment
and heat treatment [4]. Materials

Generally, seed hulling and cleaning improve oil Seeds of Sandbox Tree
quality [5] while low moisture content, reduced particle Apparatus: Glass Wares-(Beakers, Test Tubes, Flasks,
size and increase in heat treatment to certain levels measuring Cylinder), Soxhlet Extractor, Heating Mantle,
increase oil yield [6-9]. Weighing balance, Blender, Atomic Absorption

The study of these constituents is important for their Spectrophotometer, Refractometer, Viscometer, Oven,
effective uses. Seed oils are known to deteriorate when Steam Bath, Refrigerator, Platinum Foil Reagents n-
processed inadequately with the principal decomposition Hexane, Diethyl ether, 95% v/v ethyl alcohol, Sodium
reaction being oxidation. Oxidation of seed oil occurs Hydroxide (NaOH), phenolphthalein as indicator,
through a free radical mechanism, initially characterized by Potassium Iodide (KI), Glacial Acetic acid, Chloroform,
the emergence of a sweetish and unpleasant odour which Distilled Water, Sodium Thiosulphate (Na S O ) solution,
becomes progressively worse until it attains a Starch as indicator, Pyridine, n-Butanol, Alcoholic
characteristic smell of rancid fat. Heating is one of the Potassium Hydroxide (KOH) solution, Acetic Anhydride,
most commonly used methods of food preparation in the Hydrchloric Acid (HCl), Cyclohexane, Wij’s solution.
home and industries and prolong use of oil for this
purpose causes change in its physical and chemical Methodology
properties [10]. Sample Collection and Preparation: All the seeds were

A number of seed oils have been characterised but collected from various locations at Ugboha a village in
the vast majority have not been adequately evaluated. Edo State. The good quality seeds were hand-picked to
This is also particularly valid for the Nigerian flora which separate them from bad ones. The hand-picked ones were
has one of the most extensive floras in continental Africa then air-dried under the sun and subsequently preserved
[11]. Hura crepitans falls into this group of under utilized for further processing.
species of plants. Hura crepitans commonly known as
sand box tree is about 25m tall with very spiny trunk and Extraction of the Oils: Seed decortication was manually
branches and it is commonly planted as shade [12]. done. Dehusking (or decorticating) is important to give
Besides being a source of seed oil, Hura crepitans may high yields of oil and reduce the bulk of material to be
possibly have edible uses, industrial application and processed. The decorticated dried seeds were grinded
pharmaceutical importance. into flake using a Kenwood blender.

The identification of seeds and seed-like fruits The extraction of the oil of the seed was carried out
usually is based on external morphological features, such in a soxhlet apparatus using analytical grade hexane (n-
as shape, size, color and surface configuration or texture. hexane) as refluxing or extracting solvent for the work. At
Sometimes the internal anatomy of the seed, the size and the completion of the extraction process the oil was
position of the embryo or the nature of the endosperm, for recovered from the mixture by evaporating the residual
example furnishes useful clues to its identity [12]. extracting solvent in an oven set at 50°C and stored

The sandbox tree (Hura crepitans) is known in the bottle. This process was repeated until a substantial
American Tropics for the force that accompanies the quantity of oil was achieved. Each batch of extraction
bursting of its round, 3-inch capsules, a force said to be lasted for about 5 hours on the average. 
enough to break open a small wooden box in which a Crude (freshly extracted) oil contains moisture and
capsule was kept [14]. fibre, resins, colours etc. from the plant material, which

Sandbox trees can grow to 30 m (100 ft) and the large make it darker and more opaque. These materials are
ovate leaves grow to two feet wide. They are monoecious. removed by clarification by letting the oil stand
The red flowers have no petals. Male flowers grow on undisturbed for a few days and then separating the upper
long spikes; female flowers are solitary in axils. The fruit oil layer (decantation). The oil was filtered through a
is a large capsule with explosive dehiscence. When ripe, cloth.
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Methodology of the Physico-Chemical Characterization Acid Value: The acid value, peroxide value, hydroxyl
Colour and Flavour: The colour of the oil sample was value, saponification value and iodine value were
determined by observation using several independent determined using the standard methods of [15]. The acid
competent individuals. Oil colour was correlated using value of the sample oil was determined by dissolving
colour charts. The taste and odour was likewise about 5.0-5.5g of the sample oil in a hot mixture of 25ml
determined. diethyl ether and 25ml 95% v/v ethyl alcohol. The hot

Melting/Solidification Points: 10 cm  of the oil sample phenolphthalein as indicator. The acid value and free fatty3

was put in a test tube, corked with cotton wool ball and acid was calculated according to the recommendation of
placed in a beaker kept and left in a working freezer for 48 [16].
h to allow the oil to freeze. The test tube was removed and
then placed in a thermo stated water bath maintained at Peroxide Value: For the peroxide value, 1g of the sample
30°C. The consequent increase in temperature of the was weighted into a clean dry boiling tube and 1g
frozen oil was be monitored using a-10 to 110°C range powdered potassium iodide (KI) plus 20ml of the solvent
thermometer and a stop watch to determine the cooling mixture (2 volume glacial acetic acid and 1 vol. chloroform)
rates. was added. The mixture was boiled vigorously for 1minute

Conversely, the solidification point was determined using boiling water as the heating source. Then the boiled
by putting 10 cm  of oil sample in a test tube immersed in mixture was transferred quickly into a flask containing3

ice chips and the fall in temperature was similarly 20ml of 5% KI and the tube was washed twice with 25ml
monitored. Triplicate analysis was done in each case to of distilled water into the flask. The content of the flask
ensure accuracy. was titrated with 0.002M sodium thiosulphate (Na S O )

Specific Gravity (S.G.): The specific gravity of the oils determined at the same time and condition. The peroxide
was determined. The specific gravity of the sample oil was value of the sample oil was calculated using the standard
measured using specific gravity bottle. methods of [16].

Viscosity Measurement: Viscosity measurement was Hydroxyl Value: Hydroxyl value was determined by
performed using Viscometer. With the aid of an attached adding 5ml of acetic anhydride in pyridine into a 50ml
water bath, it is possible to determine the viscosities of capacity flask containing about 5g of sample oil. The
the oils with respect to that of water at various content of the flask was boiled under reflux for 1hour.
temperatures (30, 40, 50, 60, 70 and 80°C). 10ml of water was added through a condenser to

Viscosity estimation at each temperature was done hydrolyse excess acetic anhydride. After 10 minutes of
using the expression: heating, the flask was allowed to cool. Then 25ml of n-

butanol was added to the mixture to obtain a

Where as indicator. The acetic anhydride for acetylation was

 and  = Coefficients of viscosity of oil and water according to [16].o w

respectively.
 and  = Densities of oil and water, respectively; Saponification Value: For saponification valueo w

t  and t  = Times of flow of oil and water, respectively approximately  1g  of  the  sample  oil  was  weighed  intoo w

Moisture Content: The moisture content was obtained by ethanolic  potassium  hydroxide   was   added.  The
using a known weight of the oil sample put into a clean mixture  was  heated  under  reflux  for  1hour  with
previously weighted beaker and dried in an oven at 105°C constant  shaking  to  allow  uniform temperature. Then
for 4 hours. The sample was taken from the oven, cooled the hot soap solution was titrated with 0.5M HCl using
in a dessicator for about 30 minutes and then weighed. 1ml of phenolphthalein as indicator. A blank was
The procedure was repeated until a constant weight is determined under the same condition and the
obtained. The percentage moisture in the seed was then saponification value of the oil was calculated as
calculated. recommended by the [15].

solution was neutralized with 0.1 M NaOH using

2 2 3

solution using starch as indicator. A blank was

homogeneous solution. The acidified mixture was titrated
with 0.5M alcoholic KOH solution using phenolphthalein

determined by carrying out blank test. Calculation was

a   250ml   Quickfit   conical   flask   and   25ml of
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Iodine Value: The iodine value was determined by the
standard methods of [15]. About 0.26g of the sample oil
was weighed into a glass stoppered flask and dissolved
in 10ml cyclohexane. 20ml of Wij’s solution was added;
the flask was stoppered and allowed to stand for 30
minutes in the dark at 25°C after which 20ml of 10% KI
solution was added. The mixture was titrated with 0.1M
Na S O  using starch as indicator. A blank was carried out2 2 3

and the iodine value was calculated.

Ash Content: Ash content was determined by weighing
about 5g of the oil sample using platinum foil. The oil was
evaporated to dryness in a steam bath and then transfer
the foil and its content into an oven and ignited to 600°C.
The foil was then weighed with the resulting residue until
a constant weight was obtained.

Mineral Composition: The metal composition of the
sample seeds was determined using an Atomic
Absorption Spectrophotometer (AAS) and following the
manufacturer’s specifications.

RESULTS AND DISCUSSION

Discussions: The proximate chemical composition of
Hura crepitans seed oil is shown in Table 1. The
percentage protein of 22.36% of H. crepitans seed oil is
comparable to the values reported for Papaya endosperm
(20.49 ± 0.79%) [17] and for Samh seeds (22.25%) [18]. The
value was however much higher than the ones for Egytian
varieties of Mangifera indica, namely, EWSI, Handis,
Fonso and Timour, in the range 5.0-7.2% [19]. The crude
fibre of H. crepitans was low (1.45%) in constrast to the
crude fibre values for Mucuna utilis (13.96%) and Lablab
purpureus (10.5%) [20]. The moisture content of H.
crepitans seed was low (7.28%). The oil with low moisture
content is expected to be more stable during storage than
those oil with high values. The colour of the oil from the
seed was golden yellow and remained liquid at room
temperature. Colours in the oils are most likely due to the
presence of natural pigments like carotenoids,
tocopherols and their derivatives [21].

The oil content for H. crepitans was 53.61% (w/w).
This value is much higher than those reported for the
seeds earlier studied. The oil yield for H. crepitans is
significant and compares favourably with the values for
rubber seeds (51%) and Hematostaphis berterl (54.5%)
[22]. On the basis of oil yield of Hura crepitans, it may be
considered suitable for industrial applications, as any oil-
bearing seeds that can produce up to 30% oil are regarded 12 31.25 1.08 1.49

as  suitable  [23].  The  physico-chemical   properties  of

Table 1: Proximate composition of Hura crepitan seeds
Parameter Value
Ash Content 6.42
Carbohydrate Content 8.88
Fibre Content 1.45
Moisture Content 7.28
Oil Content 53.61
Protein Content 22.36

Table 2: Physico-chemical properties of Hura crepitan seed oil
Properties Value
Colour Golden Yellow
Acid Value (mg KOH/g) 27.09 ± 2.30
Free Fatty Acid (as oleic acid; %) 14.01 ± 0.12
Iodine Value (g/100) 177.66 ± 0.03
Saponification Value (mg KOH/g) 245.98 ± 1.43
Peroxide Value (mg Eq/kg) 3.83 ± 0.15
Refractive Index at 30°C 1.4683
Specific Gravity at 30°C (g/cm ) 0.943

Table 3: Mineral Elemental Composition of Hura crepitan seed oil
Element Value (g/100g)
Magnesium Mg 115.67 ± 0.1
Potassium K 48.41 ± 0.6
Copper Cu 2.87 ± 0.2
Iron Fe 26.47 ± 0.4
Zinc Zn 12.43 ± 0.1
Lead Pb 0.95 ± 11.1
Sodium Na 19.35 ± 0.5
Manganese Mn 2.72 ± 5.2
Chromium Cr 0.49 ± 12.6
Nickel Ni 2.20 ± 14.4
Cadmium Cd ND
ND-Not Detected

Table 4: Viscosity ( ) of Hura crepitans seed oil at different shear rates ( )
at ambient temperature

Log Log
0.3 550 -0.52 2.74
0.6 375 -0.22 2.57
1.5 85 0.18 1.93
3 65 0.48 1.81
6 50 0.78 1.70
12 43.75 1.08 1.64
30 41.50 1.48 1.62

 = Viscosity,  = Shear rate.

Table 5: Viscosity ( ) of Hura crepitans seed oil at different shear rates ( )
at 40°C

Log Log
0.3 450 -0.52 2.65
0.6 125 -0.22 2.10
1.5 70 0.18 1.85
3 55 0.48 1.74
6 42.50 0.78 1.63

30 28.50 1.48 1.45
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Table 6: Viscosity ( ) of Hura crepitans seed oil at different shear rates ( )
at 60°C

Log Log
0.3 550 -0.52 2.74
0.6 375 -0.22 2.57
1.5 80 0.18 1.90
3 55 0.48 1.74
6 42.50 0.78 1.63
12 31.25 1.08 1.49
30 28.50 1.48 1.45

Table 7: Viscosity ( ) of Hura crepitans seed oil at different shear rates ( )
at 80°C

Log Log
0.3 75 -0.52 1.88
0.6 37.5 -0.22 1.57
1.5 45 0.18 1.65
3 35 0.48 1.54
6 40 0.78 1.60
12 37.5 1.08 1.57
30 39.5 1.48 1.60

Table 8: Values of power law index (n) and consistency coefficient (k) at
different temperatures

Temperature (°C)  n  k
Ambient 0.68 91.20
40°C 0.63 81.28
60°C 0.57 95.50
80°C 0.91 45.71
n = Power of law index, k = Consistency coefficient.

Table 9: Fatty acid composition of Hura crepitans seed oil
Fatty acids Amount (%)
Palmitic Acid (C ) 4.40216:0

Stearic Acid (C ) 4.59218:0

Total Saturated 8.994
Oleic Acid (C ) 63.19518:1

Linoleic Acid (C ) 2.01518:2

Eicosenoic Acid (C ) 1.27320:1

Total Unsaturated 66.483
Others 29.115

H.  crepitans seed oil are shown in Table 2. The acid
value of the oil was low (28.05 ± 2.30 mgKOH/g). Hence,
the low value obtained for the H. crepitans seed oil is an
indication of good non-degraded state of the lipids and is
within limits for industrially useful oils [24]. In general, the
low acid value for the oil is useful in the manufacture of
paints and varnish [25].

The free fatty acid concentration of the oil was low
which was consistent with the low acid value observed
(14.03%). The iodine value of 177.66 ± 0.03 g/100g
suggested that, H. crepitans oil is a drying oil. The iodine
value is comparable to the ones reported for Monodora
myristica, (177.5 g/100) and linseed oil (170-190 g/100g),

implying that H.crepitans oil contains unsaturated fatty
acids. In line with the iodine value of 177.66 ± 0.03 g/100g,
H. crepitans oil can be used for the production of alkyd
resin and in paint formulation. The saponification value of
the oil (245.98 ± 1.43 mgKOH) was significantly high when
compared with the values for groundnut oil (188-196
mgKOH), corn oil (187-196 mgKOH), palm oil (196-205
mgKOH) [26] and Spondias mombin seed oil (294.5
mgKOH) [27]. The peroxide value of H. crepitans oil was
relatively low (3.83 ± 0.15 mEq1kg) and this value
compares favourably with commercial vegetable oils,
suggesting that H. crepitans oil is stable to oxidative
rancidity. The specific gravity and the refractive index of
the H. crepitans oil at temperature of 30°C were 0.9369/cm3

and 1.4683 respectively. As expected, these values are in
the range found for common oils. The results of elemental
analyses of the seed of H. crepitans are presented in
Table 3. The concentrations of the elements in H.
crepitans seed were significantly high. The concentration
of magnesium (115.67 g/100g) was several orders of
magnitude higher than the values for other elements. Very
high concentrations of magnesium have been reported for
some seeds namely, Ziziphus spinachristis (11,720
mg/100g), Deterium microcarpum (10,990mg/100g) and
Gmelina arborea (24,120 mg/100g) [28]. Lead and
Chromium were present in relatively low concentrations.
Cadmium was not detected in the seed. 

Tables 4, 5, 6 and 7 show the effect of temperature on
the viscosity-shear rate property of H. crepitans seed oil.
The oil at ambient temperature and after pre-heating at
varying temperatures was subjected to viscosity-shear
rate measurements. The results are shown in Figures 1-4.
In all cases, the oil exhibited non-Newtonian flow
behaviour at ambient temperature and after pre-heating at
40°C, 60°C and 80°C. The calculated flow behaviour
indexes (n) and consistency indexes (k) are presented in
Table 8. The corresponding k values decreased from
95.50-45.71. The overall results suggest some potential
applications of H.crepitans oil. In particular, from the
viscosity-temperature profiles, H. crepitans oil might be
ultilized as lubricating oil base stock, although, it may be
necessary to examine its viscosity under much higher
temperature. In general, the viscosity of liquid is important
in the design of process equipment. It is required for the
design of heat transfer equipment, process piping design
and pressure drop determination [29].

The fatty acid compositions of H. crepitans oil is
represented in Table 9. The fatty acids and percentage
compositions of Hura crepitans seed oil are: C (4.40%),16:0

C (4.59%), C (63.20%), C (2.02%) and C (1.27%).18:0 18:1 18:2 20:1
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The most abundant unsaturated and saturated fatty acids 4. Khan, L.M. and M.A. Hanna, 1983. Expression of oil
were oleic (63.20%) and stearic (4.59%) respectively. The from oilseeds-a review. Journal of Agricultural
iodine values I. V. of the oil (Table 2) is consistent with Engineering Research, 28: 495-503.
the corresponding total unsaturation of the fatty acids 5. Ohlson, J.S.R., 1976. Processing effects on oil quality.
(66.49%) thus, affirming the oil as largely consisting of Journal of American Oil Chemists Society, 53: 299-301.
unsaturated fatty acids. From the foregoing, it is evident 6. Ajibola, O.O., O.K. Owolarafe, O.O. Fasina and K.A.
that the oil from H. crepitans seed oil will be a great Adeeko, 1993. Expression of oil from sesame seeds.
potentials as a nutritionally promising oil and suitable for Canadian Agricultural Engineering, 35: 83-88.
a variety of industrial applications such as cosmetics and 7. Dedio, W. and D.G. Dornel, 1977. Factors affecting the
soap making. It also envisaged as a good potential base pressure extraction of oil from flaxseed. Journal of
material for oil paint alkyd resins. American Oil Chemists Society, Illinois, 54: 313-315.

CONCLUSION 8. Farsaie, A. and M.S. Singh, 1985. Energy models for

The seed of H. crepitans contains high level of oil, 28: 275.
with a value of 53.61% (w/w). The value compares well 9. Khan, L.M. and M.A. Hanna, 1984. Expression of
with oil content of seed oils from non-conventional seeds. soybean oil. Transactions of the ASAE , 27: 190-194.
H. crepitans contains high concentration of mineral 10. Moretto, E. and R. Fett, 1998. Tecnologia de Óleos e
elements except for lead and chromium present in Gorduras na Indústria de Alimentos. S o Paulo:
relatively low concentrations. The iodine value (177.66 ± Varela.
0.03 g/100g) of the H. crepitans seed oil suggests that the 11. Oderinde, R.A. and I.A. Ajayi, 1998. Metal and oil
oil is a drying oil. The oil of H. crepitans appears stable to characteristics of Terminalia catappa. Riv. Ital.
oxidative rancidity with peroxide value of 3.83± 0.15 Sostanze Grasse, 75: 361-362.
mgEq/kg. Rheological properties of H. crepitans oil under 12. Burkill, H.M., 1994. The useful plants of west tropical
ambient temperature and after pre-heating at 40, 60 and Africa, 2: 84-85.
80 C shows that the oil is non-Newtonian having values 13. Feldkamp, S., 2006. Modern Biology. United States:0

for flow behaviour index, n and consistency index, K in Holt, Rinehart and Winston, pp: 618. 
the ranges of 0.63-0.91 and 95.50-45.71 respectively. From 14. Odigboh, E.U., 1997. Agricultural Mechanization and
these results, Hura crepitans seed oils have great Biotechnology, Fundamental Concept and Policy
potentials as a nutritionally promising, it will be a good Issues and International Workshop on Agricultural
source of drying oils for solvent based paint and for a Biotechnology. Nigerian Society of Engineers, pp: 87-
variety of industrial applications. Ultimately, the physical 88.
and chemical properties of H. crepitans seed oil as 15. AOAC, 1984. Official Methods of Analysis, 14 ed, 67.
enumerated in this work make it a great potentials as a Association of Official Analytical Chemist, Arlington,
nutritionally promising oil and for a variety of industrial VA, pp: 503-515.
applications such as cosmetics and soap making. It is also 16. AOAC, 1990. Official Methods of Analysis, 14th edn.
envisaged as a good potential base material for oil paint Vol. 67. Association of Official Analytical Chemist,
alkyd resins. Arlington, VA, pp: 1-45.
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