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Abstract. This paper reports the physicochemical properties and fatty acid composition of the seed oil
extracted from fluted pumpkin (7elfairia occidentalis). The extracted oil was degummed, neutralised and
bleached. The oil yield was 42.26+0.20%. The specific gravity (at 25 °C) of the oil was 0.923+0.003 and
the refractive index (at 25 °C) was 1.475+0.002. Processing of the crude oil resulted in progressive decrease
in turbidity, colour, free fatty acid, acid value, peroxide value and saponification value. However, there
was increase in smoke point (243.00+0.03 to 253.00+0.03 °C), flash point (285.00+1.20 to 304.00+1.10 °C)
and fire point (345.00£1.10 to 358.00+1.55 °C) as well as iodine value (113.00 to 121.50 g/100 g) and
fatty acid composition during the processing of the oil. The fatty acids detected in the oil samples were
myristic, palmitic, stearic, oleic, arachidic, behenic, linoleic and linolenic acids. The predominant fatty
acid was oleic acid (47.40-47.90%) followed by linoleic acid (26.36-30.44%) while the least fatty acid

was linolenic acid (0.01-0.05%).

Keywords: fluted pumpkin, seed oil, degumming, neutralisation, bleaching, fatty acid composition

Introduction

Cucurbitaceae is one of the largest floras which consist
of nearly 100 genera and 750 species. The plant family
is known for its great genetic diversity and wide spread
adaptation which include tropical and sub-tropical
regions, arid desert and temperate locations. Cucurbits
are known for their high protein and oil content (Giwa
etal., 2010).

The seed and seed oil characteristic of some members
of the cucurbits are documented in literature and they
are generally referred to as melons. Telfairia occidentalis
is a member of the cucurbitaceae family, commonly
called fluted pumpkin. Its common names include,
Fluted guard, Colestillada (Spanish), Krobanko (Ghana),
Gonugbe (Sierra Leone) and Ugu (South-East, Nigeria)
(Chukwuonso ef al., 2010). The crop is grown mainly
for the leaves, which constitute an important component
of the diet in many West African countries (Gill, 1992).
Fluted pumpkin (7. occidentialis Hook F.) is one of the
food crops with considerable value of energy and protein
that is grown in Nigeria. It is a vine with large lobed
leaves and long twisting tendrils (Chukwuonso ef al.,
2010; Okoli and Mgbeogu, 1983). Although pumpkin
seeds are rich in oil storage reserves, it presently has
very low commercial value as an oil seed but is poten-
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tially valuable as a high protein oil seed for human and
animal food (Nkang ez al., 2003). The seeds of fluted
pumpkin are valuable both as an oil seed (54%) and
also as a protein source (27%) with a fairly well balanced
amino acid composition (Hamed et al., 2008; Akwaowo
et al., 2000). Unfortunately, 78-91% of the fruits wasted
annually (Fagbemi et al., 2005).

There are many studies on the proximate composition
and nutritive value of leaves and seeds of 7. occidentalis
(Effiong et al., 2009; Hamed ef al., 2008; Akwaowo
et al., 2000; Giami and Isichei, 1999; Giami and Bekebian,
1992; Asiegbu, 1987), scanty information is available
on the physicochemical properties of the seed oil and
fatty acid profile (Bello ef al., 2011), but little or no
information on physicochemical properties and fatty
acid composition of the processed (refined) seed oil.

Oil seeds tend to contain a much larger proportion of
solid material associated with the requiring careful
reduction in size and usually some heat treatment before
being processed or solvent extracted to recover the oil
(Gunstone and Norris, 1983). The chemical composition
of oil extract consequently gives a qualitative identifi-
cation of oil, and is an important area in the selective
application guide in the commercialization and utility
of oil products (Salunkhe et al., 1992). A number of
seed oils have been characterized for the identification
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of several fatty acids of nutritional and nutraceutical
importance but the vast majority have not been adequa-
tely evaluated.

Like all vegetable oils, fluted pumpkin (7 occidentalis)
seed oil is composed of triglycerides (98-99%) and
other substances in unsaponifiable fractions (non-
glycerides) which are also known as the ‘minor com-
ponent’ (NRC, 2001). Crude 7. occidentalis seed oil
produced by solvent extraction contains both oil-soluble
and oil-insoluble substances that need to be removed
(with minimum loss of oil, and damage to the nature
of the oil ‘glycerides’ and tocopherol). The oil-insoluble
materials may be removed through filtration. However,
the soluble material must be removed by several methods
which lead to production of edible oil. And such methods
include degumming, neutralisation, bleaching and deodo-
rization (Gunstone and Norris, 1983). Crude 7. occidentalis
seed oil contains phosphatides (hydratable and non-
hydratable) as one of the soluble materials, hydratable
one can be removed with 2-3% hot water while the
non-hydratable ones are removed with addition of
phosphoric or citric acid (Lusas, 2002; Gunstone and
Norris, 1983). These phosphatides are referred to as
gum and removal of this gum is called degumming.

The next stage is neutralisation which is the process
that removes free fatty acids from the degummed oil.
This is done by mixing a calculated volume of a specific
concentration of caustic soda (sodium hydroxide) with
the oil at a definite temperature (60-80 °C) and atmos-
pheric pressure (1.01325x10* N/M?), for a definite time
and with prescribed agitation conditions. The alkali
treatment is designed to remove the undesirable crude
oil impurities without saponifying any degummed oil
which would increase refining loss (Erickson et al.,
1980). Vegetable oils generally contain colour pigments
which are predominantly yellow, red and green. The
yellow, orange and red pigments are known as
‘carotenoids’. Other colours include chlorophyll, steroid,
tocopherols and gozypoll (Bernardini, 1973). Colour
pigment must be removed so as to produce oil of brighter
colour acceptable to consumers and these pigments are
removed from the oil with bleaching earth or fullers’
earth (John, 1990) through a process known as bleaching.

The present work was aimed to assess the physico-
chemical properties and fatty acid composition of crude,
degummed, neutralised and bleached 7elfairia occidentalis
seed oil with a view of establishing the effects of these
processes on the parameters.
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Materials and Methods

Collection and sample preparation . Fluted pumpkin
fruits were bought from a local market in Owo, Ondo
State, Nigeria. The fruits were sliced, and the seeds
were removed. The seeds were cleaned and freed from
unwanted materials before they were shelled manually.
The seeds of good quality were sliced into pieces, sun
dried and smoothly milled into powdery form. The
flour was then stored into tight container prior to oil
extraction.

Qil extraction. The powdered fluted pumpkin sample
was then subjected to soxhlet extraction using hexane
as solvent.

Ground seeds (50 g) were placed into a cellulose paper
cone and extracted, using, hexane (B.P 65 °C) in a
Soxhlet extractor for 8 h. The oil was then recovered
by simple distillation and residual solvent was removed
by drying in a hot air oven at 45 °C for 2 h (Erickson
et al., 1980; Bligh and Dyer, 1959). The extracted oil
was stored in an air-tight bottle for further analysis.

Refining process. The crude 7. occidentalis seeds oil
extracted was then subjected to degumming, neutrali-
sation and bleaching processes.

Degumming process. 400 cm® of the crude oil was
heated to temperature of 70 °C followed by addition of
0.80 cm’® of 50% phosphoric acid and the mixture was
then vigorously stirred for 10 min. Thereafter 10 cm®
of water heated to 80 °C was added and whole mixture
agitated for another 10 min. The agitation was stopped
and the mixture was allowed to stand undisturbed for
1 h so that the mixture was separated into two layers
i.e. oil and gum. The gum was drained off while the oil
obtained was termed as degummed oil (Salunkhe ef al.,
1992, Carlson, 1991; Erickson et al., 1980). The degum-
med oil was further subjected to alkali neutralisation.

Neutralisation process. Degummed oil (200 cm®) sample
was heated up to 70 °C with constant stirring in a beaker,
then 3.3 cm® of 3.59 M (20 Baume) sodium hydroxide
solution was added to the oil with vigorous stirring and
the temperature rose to 90 °C. Thereafter, 10 cm® of
saturated solution of sodium chloride (an electrolyte)
was added and the resulting mixture was stirred
vigorously at 90 °C for 30 min. Then left undisturbed
in a separating funnel for 6 h resulting into separated
two layers, the lower layer which is known as ‘soap
stock’ was then heated to 90 °C and washed with
water then heated to 95 °C. The washing was done six



Fluted Pumpkin Seed Oil Analysis

consecutive times to remove any excess caustic soda
and water soluble gum remaining in the oil (Salunkhe
etal., 1992, Erickson et al., 1980). The resulting neutral
oil was then dried in a hot air oven, and later cooled in
the desiccators. The dried oil was further bleached.

Bleaching processes. Neutralised (100 cm®) oil was
heated to 75 °C with constant agitation. Then 1 g of the
bleaching earth was added and the mixture was heated
to 110 °C with constant stirring for 45 min (Salunkhe
et al., 1992, Erickson et al., 1980). It was then filtered
and the resulting oil was termed as bleached oil.

Physicochemical characterisation of the oil samples.
The crude, degummed, neutralised and bleached oil
samples were analysed for physicochemical properties.
The moisture content and specific gravity were deter-
mined according to AOAC (1990), while the refractive
index was measured using Abbey Refractometer coupled
with thermometer (ASTM, 1985). The colour was
determined using Lovibond Tintometer (Model 520).The
colour of crude oil was determined in half (2") inch
cell while that of degummed, neutralised and bleached
oils were determined in 1” inch cell. The flash and fire
points were measured using GallenKamp Authomatic
Pensky-Martens flash point and fire point tester with
thermometer while the smoke point was determined
using Cleveland Open Cup apparatus (Lawson, 1995;
ASTM, 1985). The temperature at which turbidity was
first detectable also measured using Palm Test turbidity
tube (ASTM, 1985). The free fatty acid, acid value,
saponification value and peroxide value were determined
using methods described by AOAC (1990), while iodine
value was determined by method described by Morris
(1999) and Pearson (1976).

Fatty acids identification. The oil samples were con-
verted to fatty acid methyl esters (FAMEs) using the
method described by Oshodi (1996) and Hall (1982).
The fatty acid methyl esters were analysed using an HP
6890 gas chromatograph fitted with flame ionization
detector and powered with HP chemistation Rev.09.01
[206] software. The career gas was helium at pressure
of 19 psi.The FAMEs sample (1.5 pL) was injected and
the separation was carried out on an HP capillary column
(HP-INNowax; cross-linked PEG); 30.0 m length,
0.32 mm i.d., and 0.50 um film thickness. The oven
temperature was held initially at 60 °C for 2 min, incre-
ased from 180 °C at 12 °C/min to 320 °C at 14 °C/min
and then maintained at 320 °C for 5.0 min. The tempera-
ture of the injection port and the detector were set at
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250 °C and 300 °C, respectively. The peaks were identified
by comparison with standard fatty acid methyl esters
(ASTM, 1985).

Results and Discussion

Table 1 shows physicochemical parameter of crude,
degummed, neutralised and bleached oils obtained from
fluted pumpkin seeds. Fluted pumpkin seeds contain
42.26+0.20% crude oil and the oil is light yellow with
colour unit of 20 in half inch cell. This high yield value
indicates that the processing of the oil for industrial or
edible purpose would be economical. The oil yield is
lesser than 54% reported for 7. occidentalis (Akwaowa
et al., 2000). There was no moisture in the crude sample
analysed and this implied that the oil may have prolong
shelf life. The colour of degummed, neutralised and
bleached oil samples were 10.0, 8.0 and 5.0 lovibond
unit, respectively, in one inch cell. This was calculated
based on the expression (SR+Y-B):

where:

R =the red pigment, Y = yellow pigment; B = blue
pigment.

The progressive decrease in colour from crude oil to
bleached oil was as a result of phosphoric acid used for
degumming and bleaching earth specifically used to
remove colour pigments during bleaching (Abitogun
and Oshodi, 2010; Bernardini, 1973). There was no
remarkable difference in the values of both specific
gravity (0.923-0.924) and refractive index (1.474-1.475)
of crude, degummed, neutralised and bleached oil
samples. The specific gravities of the oil sample were
slightly higher than the specific gravity (0.913) of
pumpkin seed kernel oil reported by Mohammed (2004).
The refractive indices of the oil samples were slightly
higher than 1.4721 reported for Adenopus breviflorus
Benth seed oil (Akintayo and Bayer, 2002). The smoke
point (°C) for crude, degummed, neutralised and bleached
oils were 243.00+0.03, 248.00+0.01, 250.00+0.02 and
253.00%0.03, respectively, while that of flash point (°C)
were 285.00+1.20, 289.00+1.30, 290.00+1.00 and
304.00£1.10 and that of fire points (°C) were 345.00+
1.10, 350.00+1.25, 353.00+1.20 and 358.00+1.55,
respectively. The progressive increase in values of
smoke, flash and fire points from crude oil to bleached
oil might be as a result of removal of impurities such
as volatile organic material and the residual extraction
solvent during the oil processing (Erickson et al., 1980).
The high smoke, flash and fire points of the oil suggest
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Table 1. Physicochemical parameters of crude, degummed, neutralised and bleached oils obtained from fluted

!arameters !!ru!e Ol| |!egumrne! 01| !eutrallse! 01| !Ieac“e! 01|

Specific gravity (at 25 °C) 0.92440.002
Refractive index (at 25 °C) 1.475+0.002
Moisture content (%) 0.00 £ 0.00
Turbidity point (JTU) 9.00+0.20
Smoke point (°C) 243.00+0.03
Flash point (°C) 285.00+1.20
Fire point (°C) 345.00+1.10
Colour (unit) 20.0

Free fatty acid (%) as Oleic 1.83+0.10
Acid value (mg/KOH/g) 3.64+0.29
Iodine value (g/100 g) 113.00+ 0.17
Peroxide value (meq peroxide/kg) 1.80+0.28
Saponification value (mg/KOH/g oil) 198.20+1.82

0.92340.003 0.923+0.003 0.923+0.002
1.474+0.004 1.474+0.003 1.474+0.010
0.00 £ 0.00 0.00 0.00+0.00
5.00+0.25 5.00+0.15 4.00+0.10
248.00+0.01 250.00+0.02 253.00+0.03
289.00+1.30 290.00+1.00 304.00+1.10
350.00+ 1.25 353.00+ 1.20 358.00+1.55
10.0 8.0 5.0
1.08+0.20 0.48+0.10 0.60+0.12
2.14+0.20 0.94+0.25 1.18+0.14
115.70+0.12 116.20+0.18 121.50+0.20
0.90+0.12 0.50+0.07 0.30+£0.19
194.30+1.09 186.60+1.40 180.00+ 0.06

Yield i%i = 42.26+0.20

that it can be suitable for deep frying purpose (Bello
et al., 2011; Akintayo and Bayer, 2002). Free fatty acid
(FFA) and acid values are among the characteristics
features that are necessary for the confirmation of the
identity and edibility of oil. FFA can stimulate hydrolytic
deterioration of oils to form off- flavour components.
The free fatty acid (% oleic acid) for the crude, degummed,
neutralised and bleached oils were 1.83+0.10, 1.08+0.20,
0.48+0.10 and 0.60+0.12, respectively while acid values
(mgKOH/g) were 3.64+0.29, 2.1440.15, 0.94+0.25 and
1.18+0.14, respectively. These values are relatively low
that suggests application of the oil as good edible oil
(Akintayo and Bayer, 2002).

It is noted that oil samples containing low FFA give
high smoke, flash and fire points and this quality will
enhance the suitability of the oil for deep fry cooking
(Akintayo and Bayer, 2002). The FFA and acid value
decreased from crude oil to neutralised oil but sudden
increase is observed in bleached oil. The decrease in
FFA and acid value is due to the effective use of caustic
alkali in neutralisation of the oil sample which led to
reduction in the free fatty acids, acid values and other
impurities while the increase in FFA and acid values of
bleached oil is a result of acidic nature of bleaching
earth used for colour removal (Salunkhe et al., 1992;
Bernardini, 1973). The acid values of the samples were
lower than the minimum acceptable value of 4.0% (for
crude oil) recommended by the Codex Alimentarius
Commission for oil seed (Abayeh et al., 1998). The

peroxide values (megq/peroxide/kg) of crude, degummed,
neutralised and bleached oil are 1.80+0.28, 0.90+0.12,
0.50+0.07 and 0.30+0.19, respectively. The low value
was an indication that the oil has a high resistance to
peroxidation and low rate of spoilage (Abayeh ef al.,
1998). This value is low as compared to the maximum
acceptable value of 10 meq/KOH/g set by the Codex
Alimentarius Commission for edible oils (Abayeh
et al., 1998). The oil is thus stable and will not easily
go rancid. The iodine value (g/100 g) of the crude,
degummed, neutralised and bleached oils are 113.00
+0.17, 115.70+0.12, 116.20+0.18 and 121.50+ 0.20,
respectively. The iodine value of the oil samples classi-
fied the oil among the semi drying oil (Fernando and
Akujobi, 1987). In addition, the high iodine value of
the oils indicates that the oil contains more unsaturated
fatty acid than saturated fatty acid (Nielsen, 1994) since
iodine value is a measure of the extent of unsaturation
of fatty acid present in fats and oils (Nielsen, 1994).
The iodine values are comparable to iodine value of
112.10 g/100 g for Adenopus Benth seed oil (Das et al.,
2002) and 121.03 g/100 g for African pea, Dacryodes
edulis (Ajiwe et al., 1997). On the other hand, the values
obtained are higher than 83.50 g/100 g reported as
iodine value of Moringa oleifera seed oil (Ogbunugafor
et al.,2011). Moreover, the iodine value of the oil incre-
ases progressively at each stage of the processing owing
to gradual removal of some impurities present in it. The
saponification values (mg/KOH/g oil) of the crude,
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degummed, neutralised and bleached oil samples are
198.20+1.82, 194.30+1.09, 186.60+1.40 and 180.00+0.06,
respectively. The saponification values are relatively
lower as compared to palm kernel oil (253.781 mg/
KOH/g) (Arawande, 2013) and this indicates that the
oil will not be good for soap making.

Table 2 depicts the fatty acid composition of crude,
degummed, neutralised and bleached oils obtained from
fluted pumpkin (7. occidentalis) seeds. The fatty acids
detected in the crude, degummed, neutralised and bleached
oil samples are myristic, palmitic, stearic, arachidic,
behenic, palmitoleic, oleic, linoleic and linolenic acids.
The amount (%) of fatty acids in the crude oil are:
myristic, 0.12; palmitic acid, 10.80; stearic acid, 0.24;
arachidic acid, 1.17; behenic acid, 0.42; oleic acid,
47.40; linoleic acid, 26.36 and linolenic acid, 0.01. Also,
the values (%) of these fatty acids in degummed oil are
myristic acid (0.30), palmitic acid (12.40), stearic acid
(1.65), arachidic acid (1.70), behenic acid (0.46),
palmitoleic acid (0.17), oleic acid (47.86), linoleic acid
(27.36) and linolenic acid (0.01), respectively. In
addition, the following fatty acids are present in the
neutralised oil sample, myristic acid (0.45%), palmitic
acid (13.00%), stearic acid (1.80%), arachidic acid
(1.83%), behenic acid (0.51%), palmitoleic acid (0.25%),
oleic acid (47.90%)), linoleic acid (28.20%) and linolenic
acid (0.01%). Moreover the amount (%) of fatty acids
present in the bleached oil is reported as follows: myristic
acid is 0.63, palmitic acid is 13.57, stearic acid is 2.33,
arachidic acid is 2.00, behenic acid is 0.62, palmitoleic
acid is 0.30, oleic acid is 49.02, linoleic acid is 30.44
and linolenic acid is 0.05. In all the oil samples, oleic
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acid has the highest composition and next to it is linoleic
acid. Palmitoleic acid was not detected in the crude oil
but was detected in degummed, neutralised and bleached
oil samples. It is observed that fatty acid value increased
as the processing progressed from one stage to another.
The predominant fatty acid was oleic acid (47.40-
47.90%) and this high content suggest the oil to have
ability to reduce incidence of coronary heart disease
(CHD) because oleic acid decreases total cholesterol
(10%) and LDL cholesterol (Dennys ef al., 2006). Also
the high level of unsaturated fatty acids content of the
oil in conjunction with its low free fatty acid and acid
values confirm the reasons for its edibility.

Table 3 gives the summary of the total fatty composi-
tion of the oil. The values for saturated fatty acid in
crude, degummed, neutralised and bleached oils are
12.75, 16.52, 17.59 and 19.15%, respectively, that of
mono-unsaturated fatty acids are 47.40, 48.03, 48.15
and 49.32%, respectively, while that of polyunsatu-
rated fatty acids are 26.37, 27.37, 28.21 and 30.49%,
respectively. The total fatty acid in crude, degummed,
neutralised and bleached oils are 86.52, 91.92, 93.95
and 98.96%, respectively. There is progressive increase
in the saturated, monounsaturated, polyunsaturated
and total fatty acid of fluted pumpkin seed oil during
processing from crude oil to bleached oil. In addition,
these results show that the proportion of unsaturated
fatty acids was much higher i.e., 73.77%-79.81%, and
that of saturated fatty acids was less than 25%. This
is in accordance with the values reported for other
vegetable oils (Salman and Tanver, 2005; Raie ef al.,
1992) which is characteristics for these oils.

Table 2. Fatty acid composition of crude, degummed, neutralised and bleached oils obtained from fluted pumpkin

Fatty acid Fatty acids Carbon number Crude oil Degummed oil Neutralised oil Bleached oil
methylester (%) (%) (%) (%)
Myristate Myristic 14:0 0.12 0.30 0.45 0.63
Palmitate Palmitic 16:0 10.80 12.40 13.00 13.57
Stearate Stearic 18:0 0.24 1.65 1.80 2.33
Arachidate Arachidic 20:0 1.17 1.70 1.83 2.00
Behenoate Behenic 22.0 0.42 0.46 0.51 0.62
Palmitoleate Palmitoleic 16:1 N.D 0.17 0.25 0.30
Oleate Oleic 18:1 47.40 47.86 47.90 49.02
Linoleate Linoleic 18:2 26.36 27.36 28.20 30.44
Linolenate Linolenic 18:3 0.01 0.01 0.01 0.05
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Table 3. Summary of fatty acid composition of crude,
degummed, neutralised and bleached oils obtained from
fluted pumpkin seeds

Oil sample  Saturated Mono- Poly- Total
fatty acid unsaturated unsaturated (%)
(%) fatty acid fatty acid
(%) (%)
Crude 12.75 47.40 26.37 86.52
Degummed 16.52 48.03 27.37 91.92
Neutralised 17.59 48.15 28.21 93.95
Bleached 19.15 49.32 30.49 98.96
Conclusion

Processing of fluted pumpkin seed oil from crude to
bleached oil increases iodine value, smoke point, flash
point, fire point, saturated, monounsaturated, polyunsatu-
rated and total fatty acid composition of the oil. Whereas,
processing of the oil from crude oil to bleached oil
resulted in decrease in values of saponification, peroxide,
colour and turbidity. It is obvious that if the bleached
oil is deodourized, it will supply essential fatty acid
needed in the body and the final refined oil will be of
high quality in terms of physicochemical properties and
this will enhance its edibility. It is further suggested
that the bleached oil should be deodourised and analysed
for physicochemical properties and fatty acid compo-
sition.
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