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Abstract

The need to exploit more plant food for value addition and food security necessitated 
investigation into three species of Cucurbitaceae for fatty acid, sterol and spectroscopic 
analysis. The seeds of two varieties of Lagenaria siceraria (calabash and bottle gourd) and 
white melon (Cucumeropsis mannii) were processed into flour, defatted and the oils extracted 
from the seed flours were analyzed for fatty acid, sterol composition, proton and 13C NMR 
and Infra Red spectroscopy. The predominant fatty acid group in the seed oils was unsaturated 
fatty acid. The Cis-linoleic acid was found to be the most abundant fatty acid in the seed oils 
(59.47 – 60.40 %). Phytosterols identified in the seed oils were campesterol (12.20 – 50.58 
mg/100g), stigmasterol (4.47 – 5.98 mg/100g) and β-sitosterol (205.81 – 300.04 mg/100g) 
while cholesterols were not detected in the seed oils. The proportions of monounsaturated, 
polyunsaturated and saturated acyl groups were predicted from the frequency of some IR bands 
and these were in agreement with the values obtained using GC. The FTIR spectra of the oils 
showed that the wave numbers of many of the bands were dependent on the nature of the seed 
oils. The +H NMR spectra of the seed oils confirmed that Cucumeropsis mannii seed oil contain 
less polyunsaturated fatty acid than the two varieties of  Lagenaria siceraria and that the seed 
oils contain insignificant amount of linolenic acid. Lagenaria siceraria and Cucumeropsis 
mannii seed oils have potential for both domestic and industrial applications.

Introduction

Vegetable oils are essential components of the 
diets, they are constituents of many manufactured 
foods such as ice cream, cookies, margarine and are 
also used for cooking. Oils differ in their composition 
and this factor significantly affected the organoleptic 
properties, stability and influence on consumer 
health. Therefore edible oil characterization is a very 
important task which has been carried out by different 
chemical and chromatographic methods (Milovanovic 
and Picuric-Jovanovic, 2005; Stevenson et al., 2007; 
Chinyere et al., 2009; Aboidun and Adeleke, 2010; 
Rezig et al., 2012). Numerous methods have been 
developed to analyze fatty acid composition of lipids. 
Gas chromatography has long remained the routine 
method for the identification of oils and fatty acid 
profile determination despite their tediousness.

Spectroscopic techniques have been used 
extensively for identification of oils. The technique is 
fast, usually requiring little time and cost, and provide 
a great deal of information with only one test (Che 
Man and Rohman, 2013). Fourier Transform Infrared 

FTIR spectroscopy has been used to characterise 
some tropical vegetable oils (Akintayo et al., 2002; 
Aremu et al., 2006; Oyewusi et al., 2007), to detect 
and quantify palm kernel oil (PKO) (Manaf, 2007), 
palm oil, corn and sunflower oils (Rohman and Che 
Man, 2011), to assess olive oil adulteration (Poiana 
et al., 2012), and for detection of milk adulteration 
(Nicolaou et al., 2010). 

Vegetable oils are utilized globally for many food 
and other industrial purposes. Despite the vast range 
of sources for vegetable oils, world consumption is 
dominated by soybean, palm, rapeseeds and sunflower 
oils (Stevension et al., 2007). Due to increasing 
demand for oil both as domestic and industrial 
functional ingredients, it is needful to exploit the 
potentials of some less known underutilized cucurbit 
oil seeds. Lagenaria siceraria (Calabash and bottle 
gourd) and Cucumeropsis mannii (White melon) 
belong to the Cucurbitaceae family. They grow as 
creeper or climber in wet humid climate particularly 
in the South western Nigeria. Currently, Lagenaria 
siceraria and Cucumeropsis mannii seed oils are 
not used commercially even though they have 
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characteristics that are well suited for industrial 
applications and can contribute to healthy human 
diets. They are grown in Nigeria for their oil bearing 
seeds which are sometimes fermented to yield a 
product known as ‘ogiri’ – a local condiment used 
in a variety of local foods or used as thickeners in 
local soups. Studies on Cucurbitaceae oils have been 
limited to those of Colocynthis citrullus, Citrullus 
vulgaris, and pumpkin (Stevension et al., 2007; Rezig 
et al., 2012). There is need to exploit the potentials 
of these underutilized oil seeds that are almost going 
into extinction particularly in South Western Nigeria. 
This will necessitate analysis of their oils and 
residual cake to ascertain their nutritional benefits 
and to promote their utilization in food industries. 
Our previous research on these seeds was focused on 
their protein fractions, functional properties of their 
protein isolates and utilization of the isolates in food 
product formulation (Ogunbusola et al., 2010, 2012, 
and 2013). To the best of our knowledge, studies on 
the phytosterols and spectroscopic analysis of many 
curcubit oils have not been reported especially those 
of Lagenaria siceraria and Cucumeropsis mannii 
oils. The aims of this study were to determine the 
fatty acid profile, sterol composition and in addition 
the spectroscopic characterisation and identification 
of oils from Lagenaria siceraria and Cucumeropsis 
mannii.

Materials and Methods 

Preparation of samples 
Seeds of two varieties of Lagenaria siceraria 

(calabash gourd seed; coded LS1 and bottle gourd 
seed; coded LS2) and Cucumeropsis mannii (White 
melon seed; coded CM) were bought from Anibaba 
farm in Irele Ekiti, Ekiti State, South Western Nigeria. 
The seeds were shelled, washed, dried in a Hot air 
oven at 500C and pulverized using a Brabender 
blender. Oil was extracted from the seed flours in a 
Soxhlet type apparatus using n-hexane as solvent.

Fatty acid analysis 
Fatty acid methyl esters of the oil samples were 

prepared using the method of Bannon et al. (1982). 
The fatty acids were analyzed by injecting the fatty 
acid methyl ester into the Gas liquid Chromatograph 
(GLC) using a Perkin Elmer Autosystem XL 
Gas Chromatography. Column: SGE BPX70 
(Phenomenex Cat No. CG0-5512), 30 m length, 0.25 
mm interior diameter, 0.25 µm film thickness. Carrier 
gas: Helium at 20 Psi (1.85 mL/min). Detector: 
Flame ionization (FID) at 2650C. Hydrogen flow (45 
mL/min) and air flow (450 mL/min). Injector: Split, 

packed at 2650C, Spilt flow ratio 40:1 (76.9 mL/min). 
Temperature Program: 600C for 2 min, increase to 
1800C at 10 0C/min. increase to 2350C at 40C/min. 
Total runtime is 27.7 min.

Determination of sterol composition of oils
The method reported by Dutta (1997) was used 

in the analysis of sterols in Lagenaria siceraria and 
Cucumeropsis mannii seed oils. One (1 g) gram of 
oil sample was weighed into 50 mL screw topped 
glass test tube. About 10 mL of alcoholic KOH 
solution was added, the tube was capped and vortex 
to mix and allowed to stand overnight in the dark 
to saponify. Distilled water (10 mL) was added to 
the tube, capped and vortex to mix completely. Ten 
milliliters (10 mL) of methylene chloride was added, 
recapped, vortex for at least 1 minute to extract. The 
tubes were allowed to stand at room temperature 
until layers are formed, the top layer was removed 
by vacuum suction. Then, 10 mL of distilled water 
was added to the test tube to wash the solvent layer, 
recapped and vortex until it was thoroughly mixed 
and centrifuged at 1000 rpm for 10 min. The top layer 
was later removed by suction. One milliliter (1 mL) 
of the solvent was added to a clean test tube, dried 
under nitrogen stream and the residue obtained was 
dissolved in 900 µL of n-hexane. About 100 mL of 
cholestane internal standard solution was added to 
the tube and transferred to GC vial. Then, 100 mL 
pyridine and 100 mL of Regisil(R) were added to 
the vial, capped tightly and vortex mix. The vial was 
heated for one hour using a heating block at 500C and 
later injected into the GC (Perkin Elmer Autosystem 
XL) with standard solution (Plant Sterol Standard 
Cat No. 1119, Matreya).

Fourier transform infrared (FTIR) spectra analysis
A film of small amount of each oil samples 

(approximately 2 ml) was deposited between two KBr 
discs while avoiding the presence of air. IR spectra 
were recorded with a Fourier Transform Infrared 
Spectrometer (FT/IR-430, Jasco Corporation, 
Japan). The frequency and intensity of each band was 
obtained automatically by using the “Find Peaks” 
command of the instrument software (Akintayo et 
al., 2002).

Nuclear magnetic resonance (NMR) spectroscopy of 
oils

NMR spectra were recorded from 
deuterichloroform solutions with a Bruker model AC 
- 250 Spectrometer. Chemical shifts were measured 
in ppm downfield from internal tetramethylsilane. 
In order to ensure consistent spectra, the following 
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instrumental parameters were applied; spectrum 
width, 5000 Hz; acquisition time, 3.2 77 s; delay 
time, 1 s and pulse width, 7 µsec (Akintayo and 
Bayer, 2002).

Statistical analysis
All determinations were carried out in triplicates, 

errors were recorded as standard deviation from the 
mean. Data were subjected to analysis of variance 
using SPSS 16 computer programme, while means 
were separated using New Duncan Multiple Range 
Test (NDMRT). Significance was accepted at 5% 
level of probability.

Results and Discussion

Fatty acid composition of Lagenaria siceraria and 
Cucumeropsis mannii seed oils 

The results of the fatty acid composition of the 
seed oils are shown on Table 1. The predominant fatty 
acid group in Lagenaria siceraria and Cucumeropsis 
mannii seed oils is the unsaturated fatty acid. The 
percentage unsaturated fatty acid in the seed oils 
ranged from 73.17 to 81.31%, consisting mainly 
linoleic (59.47 to 60.40%) and oleic (13.36 to 20.62%) 
and the saturated fatty acid in the seed oils ranged 
from 18.64 to 26.72%.  Lagenaria siceraria oils 
(calabash LS1 and bottle gourd LS2) are significantly 
higher in oleic and linoleic acid than Cucumeropsis 
mannii seed oil. Linoleic acid was observed to be 
the principal fatty acid in the seed oils followed by 
oleic acid. Shinas et al. (2009) reported linoleic acid 
as the predominant fatty acid in pumpkin seed oil. 
Linoleic acid has been reported as the most important 
essential fatty acid required for growth, physiological 
functions and body maintenance (Salunkhe et al., 
1985). 

The essential fatty acid (EFA) of Lagenaria 
siceraria and Cucumeropsis mannii seed oils ranged 
from 59.63 to 60.50%. The range of percentage 
unsaturated fatty acid (73.17 to 81.31 %) of 
Lagenaria siceraria and Cucumeropsis mannii 
seed oils compared favourably to the range 64.1% 
to 81.6% reported for some selected oils (Mistra et 
al., 2009; Nyam et al., 2009; Rezig et al., 2012). 
High levels of blood cholesterol are associated with 
high intake of saturated fatty acids (Bender, 1992). 
It has been concluded that relative to carbohydrate, 
the saturated fatty acids elevate serum cholesterol; 
while the polyunsaturated fatty acids lower serum 
cholesterol (Hegsted et al., 1993). High intake of 
Lagenaria siceraria and Cucumeropsis mannii seed 
oils with high levels of unsaturated fatty acid may 
not lead to risk of increased blood cholesterol in the 
body. 

Sterol composition of Lagenaria siceraria and 
Cucumeropsis mannii seed oils

Table 2 shows the sterol composition of 
Lagenaria siceraria and Cucumeropsis mannii 
seed oils. Cholesterol and brassicasterol were not 
detected in all the oil samples analysed making them 
heart friendly oils. Cholesterol is injurious to health 
as they block the arteries of the heart leading to 
hypertension. Stigmasterol content of the seed oils 
ranged from 4.47 to 5.98 mg/100g and β-sitosterol 
was the principal phytosterols detected in all the 
oil samples with the range of values from 205.81 
to 300.04 mg/100g. Phytosterols have cholesterol 
lowering properties and impact on health. The levels 
of phytosterols in vegetable oils have been used for 
the identification of oils, oil derivatives and for the 
determination of oil quality (De-Blas and De-Valle, 
1996). 

Table 1. Fatty acid composition of Lagenaria siceraria and Cucumeropsis mannii seed oils

Values with different subscripts on the same row are significant (P ≤0 05), LS1 
= Lagenaria siceraria variety 1, LS2 = Lagenaria siceraria variety 2, CM = 
Cucumeropsis mannii
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The sterol composition of Lagenaria siceraria and 
Cucumeropsis mannii seed oils compared favourably 
to earlier researchers reports on vegetable oils. Nyam 
et al. (2009) reported no detection of cholesterol in 
Bittermelon, Kalahari melon, kenaf and pumpkin 
seed oils. The percent β-Sitosterol component of the 
total phytosterols in the seed oils ranged from 78.9 
to 94.3%. Sitosterol was also the predominant sterol 
reported in pumpkin (Cucurbita maxima) (Rezig et 
al., 2012) and in five vegetable seed oils (Nyam et 
al., 2009). Sitosterol has been reported to have many 
beneficial effects on man and has been proven to 
lower blood LDL cholesterol by 10-15% (Yang et 
al., 2001). The commonly consumed plant sterols 
are sitosterol, stigmasterol and campesterol which 
are predominantly detected in the seed oils studied. 
The nutritional benefits derived from sterol include 
their antioxidative properties and ability to lower 
plasma cholesterol and LDL cholesterol (Pironen et 
al., 2000; Gordon and Magos, 2003).

FTIR spectra of Lagenaria siceraria and Cucumeropsis 
mannii seed oils

The IR spectra of Lagenaria siceraria (LS1 and 
LS2) and Cucumeropsis mannii seed oils (CM) are 
shown in Figure 1. The vibrational motion expected 
from fatty acids and triacyl glycerides are mainly 
C-H stretching, methylene asymmetrical stretching, 
C-C stretching and olefinic C=CH stretching which 
were shown in the seed oils spectra. The IR spectra of 
Lagenaria siceraria (LS1 and LS2) and Cucumeropsis 
mannii seed oils is in accordance with similar 
observations reported by other workers on vegetable 
oils (Rohman et al., 2011; Biswal and Bhadouriya, 
2012; Rohman et al., 2012)). 

Many of the bands showed frequencies vibration 
that could be used to classify the oil sample into 
groups. The frequencies of the bands at approximately 
3008 cm-1 increase in the order CM > LS1 and LS2, 
and only CM shows peak at 1098 cm-1. Based on 
the fatty acid composition of the oil samples, the 

trend (at peak approximately 3008 cm-1) show that 
the frequency variation of bands are related to the 
proportion of mono and polyunsaturated acyl groups 
in the oil samples. Oils with the highest proportion 
of monounsaturated acyl groups show the smallest 
values of these frequencies. This corroborates 
the result of the fatty acid composition (Table 1) 
that Lagenaria siceraria seed oils contain higher 
unsaturated fatty acid than Cucumeropsis mannii seed 
oil. The absence of peaks at approximately 3025 cm-1 
in all the oil spectra rules out the presence of trans 
olefins double bonds. Intake of trans fat have been 
reported to increase the level of LDL cholesterol and 
decrease HDL cholesterol.

1H and 13C NMR spectra of Lagenaria siceraria and 
Cucumeropsis mannii seed oils 

The 1H NMR Spectra of Lagenaria siceraria and 
Cucumeropsis mannii seed oils (δ ppm) is shown in 
figure 2. Some big and intense peaks were observed 
at δ1.20 – 1.40 ppm indicating the presence of –CH2– 
group. Peaks were also observed δ 1.95-2.08 ppm 
revealing the presence of –CH2C=C (methylene group 
attached to double bonded carbon atoms), indicating 
the presence of unsaturation in the oil samples. Peaks 
in the region δ 2.25 – 2.35 ppm indicate the presence of 
methylene groups next to carbon group (–CH2COO–), 

Table 2. Sterol composition of Lagenaria siceraria and Cucumeropsis 
mannii seed oils.

Nd = Not detected. Values with different subscripts on the same row are significant (P ≤ 0.05), 
LS1 = Lagenaria siceraria variety 1, LS2 = Lagenaria siceraria variety 2, CM = Cucumeropsis 
mannii

Figure 1. Fourier transform infra red spectrum of Lagenaria 
siceraria (LS1 and LS2) and Cucumeropsis mannii (CM) 
seed oils
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this is in agreement with the observations of Akintayo 
and Bayer (2002) and Oyewusi et al. (2007). Peaks 
at δ 2.72 – 2.80 ppm correspond to methylene 
groups surrounded by double bonded carbon atoms 
C=CCH2C=. Saturated and monounsaturated acids 
do not contain these peaks. This indicates that the 
seed oils contain polyunsaturated fatty acids. The 
peaks at δ 4.10 – 4.18 ppm arise from –CH2OCO– of 
glycerol. The peaks at δ 5.25 – 5.40 ppm arise from 
hydrogen (protons) on double bonded carbon atoms 
–CH=. The absence of series of peaks in the range 
δ 5.50 – 6.40 ppm indicates absence of conjugation 
in Lagenaria siceraria and Cucumeropsis mannii 
seed oils (Rybicky, 1979). The relative areas and 
intensities of the –CH2 and =CCH2C= peaks differ 
in the oil samples analysed. The =CCH2C= peak at δ 
2.73 – 2.80 ppm is smaller in CM compared to LS1 
and LS2 which may be an indication that CM does 
not contain much of diunsaturated fatty acids. Only 
polyunsaturated fatty acids would give signals at δ 
2.78 ppm which corresponds to the chemical shifts 
of the double allylic methylene protons. The signal 
intensity of this region provided a good estimation 
of the total PUFA in the oils. From figure 2, the 
intensity of CM is smaller compared to LS1 and LS2 
which showed that CM oil contains less PUFA than 
LS1 and LS2, this confirmed the result of the gas 

chromatography analysis of the oil samples (Table 1). 
The 1H NMR spectra of all the seed oils do not show 
any peak at 0.97 ppm. 

The important signals in the 13C NMR spectra of 
Lagenaria Siceraria and Cucumeropsis mannii (CM) 
seed oils are shown in Figure 3. The 13C NMR results 
are discussed based on the four important regions 
in the spectrum that provide essential information 
regarding the structure of the acyl groups and their 
distribution on the glycerol backbone. These regions 
are C – 1 carbon shift region, C – 2 carbon shift region, 
the C – 3, allylic, ω1 – ω3 carbon shift regions, and 
Olefinic carbon shift region, peaks were observed in 
these regions in the oil spectra.

Conclusion

The study has showed that oils extracted from the 
seed flours of Lagenaria siceraria and Cucumeropsis 
mannii are abundant in essential fatty acids, they 
contain health beneficial phytosterols with no 
cholesterol nor trans fatty acid detected. The seed 
oils have potentials for both domestic and industrial 
applications. The spectroscopy revealed the presence 
of both saturated and unsaturated triacylgrycerides 
in the oil samples, and higher percentage of 
unsaturation in the Lagenaria siceraria seed oils than 

2a - Lagenaria siceraria (LS1), 2b - Lagenaria siceraria (LS2) 
and 2c - Cucumeropsis mannii (CM)
Figure 2. 1H NMR spectra of Lagenaria siceraria (LS1 and 
LS2) and Cucumeropsis mannii (CM) seed oils

3a - Lagenaria siceraria (LS1), 3b - Lagenaria siceraria (LS2) 
and 3c - Cucumeropsis mannii (CM)    
Figure 3. 13C NMR spectra of Lagenaria siceraria (LS1  
and LS2) and Cucumeropsis mannii (CM) seed oils



701  Ogunbusola et al./IFRJ 24(2): 696-702

Cucumeropsis mannii.
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