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Abstract 

Pumpkin seeds oil are rich in biologically active substances such as a source of tocopherols, carotenoids, especially β-
carotene, lutein and other compounds. Also four fatty acids – palmitic, stearic, oleic and linoleic, dominated in the oil of 
pumpkin seeds oil. The study mainly aimed to evaluate the fatty acid contents and antioxidant parameters of seed oils isolated 
from different pumpkin cultivars. Investigations of seeds oil from Cucurbita pepo L. ‘Miranda’, ‘Golosemianaja’, and ‘Herakles’ 
pumpkin cultivars grown in Lithuania revealed that crude fat contents ranged from 44.4% to 47.3%, although ‘Miranda’ 
cultivar seeds consistently and significantly had the lowest content. The seed oils contained appreciable amounts of 
unsaturated fatty acids (approximately 83%), of which polyunsaturated fatty acids, particularly palmitic, stearic, oleic and 
linoleic acids, were dominant with values ranging from 64.29% to 66.71% of the total amount of fatty acids. The seeds oil were 
a particularly rich source of linoleic acid (66%), among which ‘Miranda’ cultivar seeds had the significantly highest content. 
Our investigation identified that pumpkin seeds oil as a good source of phenolic compounds, particularly cvs. ‘Golosemianaja’ 
and ‘Miranda’ oil. Methanolic seed oil extracts were characterized by statistically significant differences in their antioxidant 
activity, with the highest antioxidant activity found in cultivar ‘Miranda’, followed by ‘Golosemianaja’. The antioxidant 
activity level increased proportionally with the total phenolic content, thus establishing a linear relationship between DPPH-
radical scavenging activity and total phenolic content. 
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Introduction 

The medicinal features of the pumpkin (Cucurbita pepo
L., Cucurbitaceae family) including anti-diabetic, anti-
hypertensive, anti-tumour, immunomodulatory, anti-
bacterial, intestinal anti-parasitic, and anti-inflammatory 
activities have been described in several studies (Caili et al.,
2006; Fruhwirth and Hermetter, 2007; Danilcenko et al.,
2011). Notably, pumpkin seeds are rich in proteins and 
biologically active substances, including essential and non-
essential amino acids, tocopherols, carotenoids (especially β-
carotene and lutein), mineral elements, fibre, and other 
compounds considered to exhibit valuable dietetic and 
medicinal properties (Caili et al., 2006; Glew et al., 2006; 
Nakic et al., 2006; Fruhwirth and Hermetter, 2007; 
Stevenson et al., 2007; Kreft et al., 2009; Badr et al., 2011). 

Pumpkin seeds oil belongs to the group of very expensive 
and good quality edible oils. Usually pumpkin seed oil is 

known as cold press oil, but according Codex Alimentarius 
Standard for Named Vegetable Oils, this oil could be “virgin 
oil”. Standard defines that “virgin oils’’ is oil obtained 
without altering the nature of the oil, by mechanical 
procedures, e.g. expelling or pressing and the application of 
heat only. According Murkovic et al. (2004) and Fruhwirth 
and Hermetter (2007) indicated that the most important 
quality parameters such as fatty acids, vitamins, minerals, 
and polyphenols present in Styrian pumpkin oil obtained 
from roasted seeds. The important factor influence cold 
pressed oil quality is the temperature of the oil leaving the 
press (Rabrenovic et al., 2014). According to Dimic (2005) 
data, the temperature of the oil leaving the press during the 
process of pressing oilseeds, with the aim of producing cold 
pressed oils, should not exceed 50 °C. Pumpkin seed oil 
belongs to the group of oils of high nutritive value due to its 
favourable fatty acid composition and different components 
which have certain beneficial effects on the human 
organism. 
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weighs about 3-5 kg. Seeds are oval, green, without a stiff 
seed coat. ‘Herakles’ cultivar was bred in Germany. Fruits
are round weighing 2-3 kg. Seeds are green with a lilac hue 
and without a stiff seed coat. ‘Miranda’ was bred in Poland. 
At an average, a fruits weighs about 3-4 kg. Seeds are big of a 
yellowish green colour.  

Prior to laboratory analysis, seeds were removed from 
pumpkin fruits, washed, dried to a moisture content of 7-
8%, and maintained in a chilled, air-tight container. 

 
Pumpkin seed oil production  
Cleaning and pressing of oil seeds are the main steps for 

processing plant oil (Fig. 1). The seeds were cleaned from 
extraneous impurities such as debris, plant parts and 
damaged seeds. This provides more constant oil. The seed is 
pre-warmed to about 25 °C by a special unit or by a heat 
exchanger that makes use of the heat from the warm press 
cake. Pre-heating the seed to over 25 °C has no additional 
benefit. The screw presses CA 59 G type (IBG Monforts 
Oekotec GmbH) was used for pressing for production of 
cold pressed pumpkin oil (Fig. 2). Screw rotation speed was 
20 rpm. 

 
Determination of total phenolic contents 
The total phenolic contents of methanol extracts of 

seeds oil (1 g seeds oil with liquid nitrogen and diluted with 
10 ml of 80% methanol) were determined using a 
calorimetric method (Ragaee et al., 2006). Each extract was 
shaken for 30 min, followed by centrifugation at 2012 × g 

Pumpkin seeds and seed oils are excellent sources of 
nutrition for humans due to the beneficial and synergistic 
effects of the above-mentioned components. Four fatty 
acids – palmitic, stearic, oleic and linoleic, dominated in the 
oil of pumpkin seeds oil and make about 96-99% of the 
total amount of fatty acids. Linoleic acid, or omega 6 
polyunsaturated fatty acid, is a primary fat component of 
pumpkin seeds oil that produces a hormone-like substance 
which promotes blood clotting, inhibits inflammatory 
responses, and enhances the immune system. Pumpkin 
seeds oil are also rich in the monounsaturated oleic acid 
omega 9, which may improve cardiac health and lower the 
risk of cardiovascular disease. These fats act to lower 
dangerous LDL cholesterol levels and discourage arterial 
plaque build-up (Aronson et al., 2001; Iso et al., 2002). 

An important trait related to food quality is biological 
activity, especially antioxidative activity (Gajewski et al., 
2008). Antioxidant compounds protect cells against the 
damaging effects of reactive oxygen species, and are known 
to effectively prevent several current diseases (e.g. cancer and 
cardiac disease) because of their ability to inhibit the actions 
of oxidants (free radicals), which bind to otherwise healthy 
tissues and cause cellular destruction and can lead to tumour 
development and cancer. Furthermore, antioxidants help to 
prevent the build-up of arterial plaque and therefore ward 
off future cardiovascular problems (Al-Saleh et al., 2006; 
Jeznach et al., 2012). Vegetables are well-known for high 
antioxidant agents’ content, and vegetable products 
containing high levels of vitamins A, C, E, and β-carotene 
are believed to be most beneficial (Gajewski et al., 2008). 

Naturally occurring plant phenolics include several 
groups of compounds with health-promoting properties. 
These phenolics may act as antioxidants, thereby reducing 
the risks of atherosclerosis and coronary heart disease caused 
by the oxidation of low-density lipoproteins. Plant 
phenolics also may protect against some forms of cancer 
(Emmons and Peterson, 2001). Descriptions of the 
phenolic compounds isolated from pumpkin, pumpkin 
seeds, or seed oil and their characteristics have been 
previously published (Andjelkovic et al., 2010). The present 
study mainly aimed to evaluate the fatty acid contents and 
antioxidant parameters of seed oils isolated from different 
pumpkin cultivars. 

Materials and Methods  

Plant material  
All the experiments were conducted at the Experimental 

Station of Aleksandras Stulginskis University during the 
years 2013 to 2014. Plants were grown in soil with the 
following characteristics: limnoglacial loam on moraine 
loam, carbonate deeper gleyic luvisol (Calearie Luvisol), 
slightly neutral and neutral, medium humus content, 
phosphorus rich and potassium rich. The experimental field 
was not fertilized. Seeds from the following cultivars were 
chosen for investigation: Cucurbita pepo L. ‘Miranda’, 
‘Golosemiannaja’, and ‘Herakles’. Of particular interest of 
pumpkins oil of consumers growing up, but there are no 
selection of pumpkin cultivars in Lithuania. So the cultivars 
were chosen from neighbouring countries and investigated 
how they grow under Lithuanian conditions. 
‘Golosemiannaja’ cultivar was bred in Ukraine. A fruits 
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Fig. 1. The scheme of cold pressing oil 
 

 

Fig. 2. Screw press hole cylinder type CA 59 G type (IBG 
Monforts Oekotec GmbH)  
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for 20 min. Then, 1 ml of sample extract was diluted with 1 
ml of 10% (w/v) Folin-Ciocalteu reagent (diluted with 
twice-distilled water) and 2 ml of 1 M Na2CO3 solution. 
Finally, the absorbance at 765 nm was measured using a 
Genesys 6 spectrophotometer (Thermo Spectronic, 
Rochester, NY, USA) against a water and other chemicals as 
blank. Gallic acid was used as a standard to generate a 
calibration curve, which was used to extrapolate the total 
phenolic contents of samples. 

 
2,2-Diphenyl-1-picrylhydrazyl (DPPH) free radical-

scavenging activity 
The antioxidant activities of seeds oil by to assess their 

2,2-diphenyl-1-picrylhydrazyl (DPPH) free radicals 
scavenging capacity ability (µmol g−1) was determined by 
spectrophotometric method according to Sreerama et al.
(2010). The extracts were prepared from 5 g of pumpkin 
seeds oil with 25 ml of methanol for 2 h with constant 
shaking than was mixed with 2.7 mL of a methanol solution 
of DPPH. The samples were analysed on a Genesys 6 
spectrophotometer (Thermo Spectronic), and the 
absorbance at 517 nm was measured over a 30 minute 
period and used to calculate the ability of seed oil material to 
scavenge DPPH free radicals (μmol g−1). 

 
Determination of crude fat contents 
The crude fat contents of seeds were determined by 

refluxing weighed, powdered, hexane-treated seeds in a 
Soxhlet extractor for 16 h (Methodenbuch, 1983-1999). 
After removing the solvent with a rotary evaporator, each oil 
sample was placed in a vacuum oven at 60 °C for 30 min; 
subsequently, the samples were accurately weighed and 
percentage yields were calculated. The reported values are 
the means of three determinations. 

 
Determination of the fatty acid composition of seed oils by 

gas chromatography 
Gas chromatography and the data processing program 

‘GCsolution’ were used to determine the fatty acid
compositions of samples (% of total fatty acids). The Folch 
method was used to extract fats from a total volume of 20 
ml; briefly, 1 g of sample in methanol was combined with 
chloroform at a 1:2 ratio to yield 10 ml of mixture. Then, 
0.5 g of vegetable fat was poured over this mixture for 
extraction, which occurred over 12 hours at room 
temperature. The sample was then filtered, mixed with 20-
40 ml of 0.74% KCl solution, vigorously agitated for 1-2 
minutes, and left for 10-12 hours to allow complete 
stratification. The lower layer was then transferred via 
syringe to a 20-ml tube and evaporated in a vacuum 
thermostat at 50 °C. According to Christopherson and 
Glass (1969), the isolated fat was methylated using a freshly 
made 2% sodium methylate (NaOMe) solution. After 
adding 5 ml of NaOMe, the tube was shaken and left for 1 
hour at room temperature. Subsequently, 7 ml of 1 N HCl, 
5 ml of hexane, and 2 ml of H2O were added, and the tube 
was closed and allowed to stratify after 1 min of agitation. 
The upper layer was transferred to a conical tube and 
evaporated, and the resulting fatty acid methyl ester mixture 
was analysed using a gas chromatograph (GC-2010 
SHIMADZU) with a hydrogen flame detector and an 

Alltech capillary column (ATTM-FAME; 30 m, ID: 0.25 
mm). The column temperature was set to shift from 150 °C 
to 240 °C, with an inlet temperature if 240 °C and detector 
temperature of 240 °C. Nitrogen was used as the carrier gas 
at a flow rate of 63.0 ml/min. The total analysis time was 60 
min. 

The quantitative ratios of the following fatty acids were 
estimated in pumpkin seed oils: myristic C14:0, palmitic C16:0, 
palmitoleic C16:1, margaric C17:0, stearic C18:0, oleic C18:1, 
linoleic C18:2, linolenic C18:3, arachidic C20:0, eicosaenoic 
C20:1, eicosatetraenoic C20:4, docosatetraenoic C22:4, 
docosapentaenoic C22:5, docosahexaenoic C22:6, and 
lignoceric C24:0. 

 
Statistical analysis 
The experimental data were statistically analysed using 

the dispersion analysis method (ANOVA) and 
STATISTIKA 7.0 software (StatSoft, Tulsa, OK, USA). 
Data were subjected to a one-way Fisher's least squares 
difference test. A P value ≤0.05 was considered to indicate
statistical significance. Values are presented as means ± 
standard deviations. The correlation regression analysis was 
done to establish the nature and strength of the correlation 
between the variables.  

Results and Discussion 

The hull-less seeds of the Styrian oil pumpkin are 
enriched in their oil content as compared to other 
Cucurbita pepo spp., which crude oil contents ranging from 
41 up to 59%, depending on the genetic diversity
(Murković et al., 2004). The literature indicates that in 
seeds, component ratios fluctuate widely depending on 
growth conditions, although specific crop characteristics 
remain. In addition, the crude fat amount and fatty acid 
composition also depend on the cultivar, climate, and 
ripeness (Murković et al., 2004; Abdel-Rahman, 2006). In 
the pumpkin cultivars investigated herein, the crude fat 
amounts fluctuated from 44.4% to 47.3 % (Table 1), and 
seeds of the ‘Miranda’ cultivar consistently exhibited the 
lowest amounts (p <0.05).  

Fats comprise an integral part of the human diet and 
supply both calories and essential fatty acids; however, gram 
for gram, saturated fats elevate the levels of serum 
cholesterol twice as rapidly as polyunsaturated fats lower 
these levels. Mensik and Katan (1989) demonstrated that 
replacing dietary saturated fatty acids with 
monounsaturated fatty acids led to in reductions in LDL 
cholesterol that were equal to, less than, or greater than 
those achieved with polyunsaturated fatty acids. Table 1 
presents the proportions of saturated, monounsaturated, 
and polyunsaturated fatty acids in various types of 
pumpkins seed oil. The current research data demonstrated 
that saturated fatty acid percentages ranged from 15.5% to 
15.92% and monounsaturated fatty acid levels ranged from 
16.19% to 18.49%. In contrast, polyunsaturated fatty acids 
were dominant in seed oils from the investigated pumpkins, 
with amounts ranging from 64.29% to 66.71% of the total 
amount of fatty acid, depending on cultivars (Table 1). The 
total unsaturated fatty acid content was similar to that of 
other studies of pumpkin seed oil (Murković et al., 2004; 
Fruhwirth and Hermetter, 2007). 
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As shown in Table 2, linoleic, oleic, palmitic, and stearic 
acids were the major fatty acid components, and these in 
constituted >98% of the total fatty acid content in 
pumpkin seeds oil, in accordance with previous studies 
(Murković et al., 2004; Nakic et al., 2006). The 
predominant fatty acid, linoleic acid (Table 2), accounted 
for almost two thirds of the total amount in oils from the 
present study, in contrast to previous studies wherein it 
accounted for one third or less of the total amount of fatty 
acids (Abdel-Rahman, 2006; Glew et al., 2006; Badr et al.,
2011). The highest and lowest linoleic acid levels were 
identified in ‘Miranda’ and ‘Golosemianaja’ cultivar seeds 
oil, respectively. The experimental analysis found no 
essential difference of oleic acid content in different 
pumpkin cultivars, which fluctuated from 16.01% to 
18.33% (Table 2). As in other researcher investigation of 
the fatty acid composition of C. pepo (El-Adawy and Taha, 
2001), we observed a higher percentage of linoleic acid 
(43.1–55.6%) relative to oleic acid (20.4-37.8%). 
Furthermore, saturated palmitic and stearic fatty acids were 
dominant (Table 2), although the analysis revealed no 
essential differences of palmitic acid content among the 
different cultivars (11.83-11.87%, Table 2). In contrast, the 
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stearic fatty acid contents differed significantly, with the 
highest and lowest values observed in seeds oil from the 
‘Golosemianaja’ and ‘Miranda’ cultivars, respectively (3.58% 
and 3.18%, respectively).  

The seed of oil crops which containing a high percentage 
of polyunsaturated fatty acids are usually rich in 
antioxidants. The phenolic content is closely dependent on 
the oil extraction process. The higher amount of phenolic 
compounds is released from the seeds when the oil is 
extracted at higher temperatures and higher pressure (Zhao 
et al., 2006). Pumpkin seeds oil have been recognized as a 
good source of phenolic compounds, and the cultivar, 
extraction method, and processing and storage conditions 
are known critical factors with regard to phenolic 
compound profiles (Boskou, 2006). Xanthopoulou et al. 
(2009) investigated samples of pumpkin seeds of different 
origins and observed total phenolic compound 
concentrations ranging from 33.71 to 41.66 µmol Gallic 
acid/g. In the present study, it can be observed that the total 
phenolic content concentrations were cultivar-dependent. 
The lowest total phenolic content 37.0 μg g-1 was found in 
the 'Herakles' seeds, and the highest in seeds of cv. 
‘Golosemianaja’ and ‘Miranda’ (Table 3). 

Table 1. Concentrations of crude fats and fatty acids in pumpkin seed oil (% of total fatty acids) 

Cultivars 
Crude fats 

(% DM) 

Saturated  

fatty acids 

Monounsaturated 

fatty acids 

Polyunsaturated 

fatty acids 

‘Golosemianaja’ 47.43 ± 1.2a* 15.92 18.49 64.29 

‘Herakles’ 47.24 ± 0.95a 15.71 17.31 66.20 

‘Miranda’ 44.4 ± 0.25b 15.50 16.19 66.71 

*Note: Values (means ± standard deviations) with different index letters are significantly different (P <0.05) 
 

Table 2. Concentrations of fatty acids in pumpkin (Cucurbita pepo L.) seeds oil (% of total fatty acids) 

Fatty acids 
Cultivars 

‘Golosemianaja’ ‘Herakles’ ‘Miranda’ 

Myristic 0.09 ± 0.00a* 0.09 ± 0.01a 0.09 ± 0.00a 

Palmitic 11.87 ± 0.49a 11.83 ± 0.16a 11.87 ± 0.46a 

Palmitoleic 0.10 ± 0.00a 0.11 ± 0.01a 0.11 ± 0.00a 

Margaric 0.06 ± 0.00a 0.63 ± 0.01a 0.058 ± 0.00a 

Stearic 3.58 ± 0.09a 3.44 ± 0.02b 3.18 ± 0.06c 

Oleic 18.33 ± 1.61a 17.13 ± 1.04a 16.01 ± 1.6a 

Linoleic 64.65 ± 1.24b 66.05 ± 1.06ab 67.24 ± 1.6a 

Linolenic 0.28 ± 0.06a 0.24 ± 0.03a 0.34 ± 0.06a 

Arachidic 0.25 ± 0.01a 0.24 ± 0.01a 0.24 ± 0.01a 

Eicosenoic 0.11 ± 0.01a 0.11 ± 0.01a 0.13 ± 0.01a 

Eicosatetraenoic 0.06 ± 0.00a 0.06 ± 0.00a 0.06 ± 0.00a 

Docosatetraenoic 0.23 ± 0.01b 0.25 ± 0.07ab 0.36 ± 0.01a 

Docosapentaenoic 0.03 ± 0.01b 0.12 ± 0.08a 0.06 ± 0.02ab 

Docosahexaenoic 0.20 ± 0.01a 0.19 ± 0.01a 0.19 ± 0.01a 

Lignoceric 0.05 ± 0.00b 0.05 ± 0.00b 0.06 ± 0.00a 

*Note: Values (means ± standard deviations) with different index letters are significantly different (P <0.05) 
 

Table 3. Total phenolic contents (μg g−1) and antioxidant activities (μmol g−1) of pumpkin seed oil 

Cultivars 
Total phenolic content 

(μg g−1) 

DPPH 

(μmol g−1) 

‘Golosemianaja’ 52.6 ± 11.95a* 2.49 ± 0.90ab 

‘Herakles’ 37.0 ± 1.47b 1.64 ± 0.36b 

‘Miranda’ 60.6 ± 3.84a 3.28 ± 1.44a 

*Note: Values (means ± standard deviations) with different index letters are significantly different (P <0.05) 
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The methanolic seed extracts exhibited statistically 
significant differences in antioxidant activity, as measured 
using the DPPH method. The highest antioxidant activity 
was observed in the ‘Miranda’ extract from seed oil, 
followed by the ‘Golosemianaja’ extract (respectively 3.28
μmol g−1 and 2.49 μmol g−1 (Table 3). Antioxidant activity 
increased proportionally with the phenolic content, 
allowing the establishment of a linear relationship between 
DPPH-radical scavenging activity and total phenolic 
content (r = 0.823, p<0.05). Other researchers have 
reported a similar relationship between these parameters 
(Fruhwirth and Hermetter, 2007; Okada et al., 2010). 
According scientists the high concentration of total phenol 
content implies that the antioxidant capacity of the oil 
significantly increases due to its capacity to block free 
radicals (Morelló et al., 2005; Baiano et al., 2009).  

In the correlation test A. Prescha and other scientists 
(2014) observed the effect of the antiradical activity of oils 
on inhibition of monounsaturated fatty acids deterioration 
(r = −0.548) during 12 months storage. But before storage 
no correlation was observed in pumpkin seed oil DPPH and 
in monounsaturated fatty acids (r = 0.199, p<0.05).  

 

Conclusions 

The seeds oil from the pumpkin cultivars 
‘Golosemianaja’ and ‘Miranda’ reliably yielded the highest 
total phenolic amounts. Furthermore, polyunsaturated 
linoleic fatty acid was the predominant fat component in 
pumpkin seed oil, and the significantly highest 
concentration was observed in ‘Miranda’. Among saturated 
fatty acids, palmitic and stearic acids predominated, whereas 
stearic fatty acid concentrations differed significantly with 
the highest content detected in ‘Golosemianaja’ cultivar 
seeds oil. The antioxidant activity increased proportionally 
with the phenolic content, allowing the establishment of a 
linear relationship between DPPH-radical scavenging 
activity and total phenolic content.  
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