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Abstract
This study aims to analyze the chemical properties and lipid profile of 
Béjaoui," a Tunisian pumpkin variety, using two extraction methods: 
Soxhlet extraction with n-hexane (PSOS) and cold pressing (PSOP). 
Gas chromatography analysis identified linoleic acid (C18:2) as the 
most abundant fatty acid, accounting for 45.76% in PSOP and 46.36% 
in PSOS. The choice of extraction technique significantly influenced 
the quality of the resulting oils. The cold-pressed oil (PSOP) showed 
higher concentrations of chlorophylls (12.37 ± 1.05 ppm), beta-carotene 
(1.98 ± 0.31 ppm), and polyphenols (57.66 ± 2.61 ppm). Conversely, the 
Soxhlet-extracted oil (PSOS) contained a greater amount of phosphorus 
(23.87 ± 1.65 ppm) compared to the cold-pressed oil (3.17 ± 0.76 ppm). 
These findings highlight that the extraction method plays a crucial role in 
determining the quality characteristics of pumpkin seed oil. Cold pressing, 
in particular, enhances the oil’s potential for innovative applications 
across various sectors, including industrial, nutritional, cosmetic, and 
pharmaceutical fields.
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Introduction
Pumpkins (Cucurbita spp.) belong to Curcubitaceae 
family. One species among the 27 recognized 
species is Cucurbita maxima (C. maxima), the 
most widespread cucurbit crop in the world.1 Fruits, 
flowers, and seeds are consumed as food. Given 
their distinctive component, seeds are perceived 
as the most significant constituent of a pumpkin. 
Pumpkin seeds were most commonly used for their 
edible and medicinal properties. Besides their high 
protein content, containing essential amino acids, 
pumpkin seeds are a source of important and 
beneficial minerals and of bioactive compounds 
including tocopherols and carotenoids.2 Pumpkin 
seed oil (PSO) is interesting for its edibility and 
its potential neutraceutical function. In fact, its 
remarkable health benefits such as prostate disease 
prevention, hypertension retardation and diabetes 
alleviation of by promoting hypoglycaemic activity 
have been discovered. Moreover, it has been 
reported that pumpkin seed oil (PSO) has a strong 
antioxidant activity.3

Efficient extraction techniques are therefore needed 
to secure the highest quality of PSO. The use of 
n-hexane in various plant materials presents both 
pros and cons. Its oil recovery, boiling point, and 
solubilizing characteristics are beneficial to the 
quality of PSO. However, the use of this compound 
proved to be hazardous for the environment and 
human health, as it causes air pollution and toxicity. 
This led today’s researchers to work on safer 
extraction techniques not only to alter the utilization 
of organic solvents but also to save humanity and 
ensure healthy lives. Obviously, cold-pressed 
extraction proved to be the method that strikes 
a balance between abiding by the regulations 
pertaining to the extraction process and enhancing 
product shelf life.4

This study was hence investigated to make a 
comparative study between the physico-chemical 
characteristics of the Tunisian Cucurbita maxima 
“Béjaoui” seed oil extracted by cold pressing and 
that by n-hexane solvent in terms of fatty acids 
and triacylglycerol composition, sterol profile, and 
chlorophyll, carotenoid and polyphenol contents.

Materials and Methods
Plant Hopper
3 kg of pumpkin seeds purchased in the region of 
Beni Khiar (36°29'02.3"N 10°48'24.2"E), Nabeul, 
Tunisia, were separated, cleaned and finally air-dried 
in the shade.

Oil Extraction
Oil Extraction By Cold Pressing
A Komet DD85 G vegetable oil screw press 
(IBG Monforts Oekotec GmbH & Co. KG, 
Mönchengladbach, Germany) is used to extract 
PSO by cold pressing the seeds resulting in cold 
extraction of the solid oil sample in the plant hopper.  
The oil was acquired by grinding and pressing 2 kg 
of pumpkin seeds in a co-rotating conical twin-screw 
extruder and passing through a perforated tube. 
Hence, the removal of the meal by a calibrated 
orifice and the sweeping of the oil into a centrifuge 
for 15 min at 5000 rpm to ensure oil filtering and plant 
debris removal. For additional study, the seed oil was 
kept in a freezer at -20 °C. The Pumpkin seed oil 
obtained by cold pressure was denominated PSOP.

Oil Extraction by Soxhlet using n-hexane
Before the analysis process, seeds were grounded 
using a robust grinder (Brown, Germany) was 
employed to turn the whole seeds into fine powder. 
For that purpose, a 200 mesh stainless steel filter 
was used. We proceed to storage of the resulting 
powder at 4 °C for further use. This oil called PSOS 
was submitted to solvent evaporation. The seed 
oil was obtained by means of a Soxhlet extraction 
machine with hexane for 6 h. The solvent was then 
singled out through the use of a rotary evaporator 
under reduced pressure. For additional study, 
the seed oil was kept in a freezer at -20 °C. The 
Pumpkin seed oil being extracted by hexane was 
called PSOS.

Physicochemical Analysis of Oil
To figure out the free fatty acid content (Cd 3d-63), 
peroxide value (Cd 8-53), saponification index (Cd 
3-25), iodine index (Cd 1-25) and unsaponifiable 
matter (method Ca 6a-40), the pumpkin seed oils 
were analyzed by standard methods AOCS (1997).5

Using oil in cyclohexane (1%), 232 and 270 nm 
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extinction coefficients were attained through a UV 
spectrophotometer.

Determination of carotenoid and chlorophyll contents
Pigment contents were estimated by means of a 
UV-visible spectrophotometer (Shimadzu Co., Kyoto, 
Japan). Concentrations of chlorophyll and carotenoid 
are expressed as follows:

where A is the absorbance of the oil dissolved in 
cyclohexane at 670 and 470 nm, respectively, for 
chlorophyll and carotenoid contents and d is the 
spectrophotometer cell thickness (1 cm).6

Total Phenolic Content (TPC)
The amount of 5 g of oil dissolved into 10 mL of 
hexane) was added with 10 ml of methanol /water 
mixture (80:20, v/v) to quantify phenolic compounds. 
An appropriate aliquot of the mixed extract was 
added to five hundred microliters of the Folin-
Ciocalteau. After three minutes, 1 ml of saturated 
sodium carbonate solution (35%, w/v) was then 
added. Absorption was measured at 725 nm and 
values were calculated as mg gallic acid equivalents 
(GAE) per kg of oil.7

Determination of Phosphorus Content
Phosphorus amount in pumpkin seed oils was 
evaluated according to ISO  10540-1 (2003).8 In 
this colorimetric method, the phosphorus content 
is determined first by ashing oil sample, a nitric 
attack of the ash latter, and spectrophotometrically 
measurement of the phosphorus in the form of a 
yellow phosphovandomolybdic complex.

Fatty Acid Composition
Our oil’s fatty acid composition was ascertained 
by the EEC/2568/91 (EEC, 1991) regulation. For 
that purpose, fatty acid methyl esters (FAMEs) 
proceeded to an energetic shaking of an aliquot 
containing (0.1 g) and (2 mL) of heptane with 0.2 
mL of 2N methanolic potassium hydroxide. A gas 
chromatography analysis of FAMEs was realized by 
injecting 1 µL of the FAMEs solution in HP 6890N 

(Agilent Technologies, USA) attached to a split/
splitless injector and a flame ionization detector that 
is maintained at 230 °C and 250 °C, respectively.

A capillary Agilent CP-Sil 8850 column (length 50 
m; internal diameter 0.32 mm; film thickness 0.20 
µm) held at 180 °C was utilized. Helium, which is the 
carrier gas, was maintained at a flow rate of 1 mL/
min and a split ratio of 1:50. FAs were detected by 
referring to retention times of standard methyl esters 
injected under the same condition. 

Sterol Analysis (St)
By following the COI (2017), sterol underwent 
separation by using ɑ-cholestanol as an internal 
standard and the peaks were determined and 
corroborated by the GCMS database which had 
been obtained under the same conditions (GC-
FID).9 We used Gas Chromatograph (Agilent, HP 
6890 series) with a flame ionization detector (FID), 
using a DB-5 Agilent column (5% pheynyl methyl 
polysiloxane, 30 m length x 0.32 mm internal 
diameter x 0.25 µm film thickness). In this analysis, 
ɑ-cholestanol was the internal standard solution 
and Helium was the carrier gas flowing at 2 mL/min 
in the split or splitless injection. The temperatures 
were kept constant at 280 °C for the injector and 
290 °C for the detector, while the temperature of the 
column was initially 240°C and rose to 260 °C at a 
rate of 4 °C /min. 

Triacylglycerol Analysis
The Triacylglycerol (TAG) was ascertained by 
using high-performance liquid chromatography 
(HPLC). We used Agilent 1100, Santa Clara, CA, 
USA) chromatograph fitted with an autoinjector and 
refractive index detector. The TAGs were dissociated 
through an RP-18 column (250 mm length x 4 mm 
internal diameter) with a 5 µm particle and removed 
from the column at a flow rate of 1 mL min-1. Twenty 
micro-liters of oil were injected (0.05 g oil diluted in 1 
mL chloroform–acetone (50:50, v/v)) were inserted 
into the HPLC column with the total run time being 1 
h. TAG were identified by referring to retention time 
of standards injected under comparable analytical 
conditions, as formerly explained. 

Analytical Methods
All experiments were done in triplicate under the 
same conditions and the data collected were 
averaged and statistically analyzed through the 
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Stat Soft statistical software (Statistica, 1998). 
The XLSTAT 2015 software was implemented. 

Then, individual mean values were estimated to be 
significant at p<0.05.

Table 1: Physicochemical properties of pumpkin (Cucurbita maxima var.
 “Béjaoui”) seed oils.

Samples	 PSOP	 PSOS

Acid value (mg KOH/g oil) 	 5.97 ± 0.306a	 1.92 ± 0.126 b
Saponification value (mg KOH/g oil) 	 187.33 ± 0.58a	 187.17 ± 0.29a

Iodine value (g I2/100 g oil) 	 98.07 ± 1.82a	 105.43 ± 3.51b

Peroxide value (meq O2/kg oil) 	 11.86 ± 0.3a	 9.63 ± 0.58b

Unsaponifiable matter (%) 	 1.66 ± 0.06a	 1.28 ± 0.03b

K 232 	 4.03 ± 0.21a	 3.85 ± 0.3a

K 270 	 1.48 ± 0.21a	 1.25± 0.15a

Phosphorus (mg kg-1 oil)	 3.17 ± 0.76a	 23.87 ± 1.65b

Polyphenols (mg kg-1 oil)	 57.66 ± 2.61a	 32.38 ± 0.63b

Chlorophyll (mg kg-1 oil)	 12.37 ± 1.05a	 1.99 ± 0.77b

Carotenoids (mg kg-1 oil)	 1.98 ± 0.31a	 1.68 ± 0.50a

Values with different letters are significantly different p < 0.05. Values are means ± Standard Deviations 
(SD) of three determinations. PSOS: Pumpkin seed oil extracted by Soxhlet techniques using n-hexane; 
PSOP: Pumpkin seed oil cold pressed extraction.

Results
Chemical analysis of pumpkin seed oil
Table 1 depicts physico-chemical characteristics of 
PSOP and PSOS. The iodine values of PSOP and 
PSOS (98.07± 1.82 and 105.43 ± 3.51 g I2/100 g 
oil, respectively).

Fatty Acid Composition
Table 2 summarizes the obtained results for both 
PSOP and PSOS. The major fatty acids found are 
linoleic, oleic, palmitic, and stearic acids.

Table 2: Fatty acid (%) composition of pumpkin
 (Cucurbita maxima var. “Béjaoui”) seed oils.

Fatty acids	 PSOP	 PSOS

Palmitic (C16:0)	 16.08 ± 0.15a	 15.68 ± 0.49a

Palmitoleic (C16:1)	 0.09 ± 0.01a	 0.12 ± 0.04a

Stearic (C18:0)  	 7.64 ± 1.18a	 8.93 ± 1.06a

Oleic (C18:1)	 30.49 ± 2.45a	 29.65 ± 1.07a

Linoleic (C18:2)  	 44.84 ± 1.16a	 44.64 ± 1.50a

Linolenic (C18:3)  	 0.39 ± 0.07a	 0.31 ± 0.09a

Arachidic (C20:0)  	 0.46 ±0.04a	 0.67 ± 0.21a

SAFA	 24.18 ± 1.37a	 25.28 ± 1.77a

MUFA	 30.58 ± 2.46a	 29.77 ± 1.11a

PUFA	 45.24 ± 1.23a	 44.95 ± 1.60a

Values with different letters within the columns are significantly different p < 0.05. SAFA: saturated fatty 
acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; Values are means ± SD of 
three determinations.
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Triacylglycerol Composition
 It is of paramount importance to identify the structure 
of fatty acid in order to specify the shelf life and 
nutritious benefits of oils. Figuring out their physical 
and functional features requires the establishment 
of their TAG profile.10 The TAGs’ distribution is 

shown in Table 3. It is of paramount importance to 
identify the structure of fatty acid in order to specify 
the shelf life and nutritious benefits of oils. Figuring 
out their physical and functional features requires 
the establishment of their TAG profile.10 The TAGs’ 
distribution is shown in Table 3.

Table 3: Triglyceride profile (%) of the pumpkin seed 
(Cucurbita maxima var. “Béjaoui”) oils.

Samples		  PSOP		  PSOS

ECN	 TAG molecules	                      Composition

42	 L  LL	 9 ±  0.26a	 8.93 ± 0.21a

	 O L Ln + P L Ln	 0.97 ± 0.21a	 1 ±  0.2a

44	 O  L  L	 13.57 ±  0.35a	 13.20 ±  0.62a

	 P  L  L	 14.13 ±  0.35a	 13.77 ±  0.25a

46	 O  O  L	 9.8 ±  0.72a	 9.73 ±  0.68a

	 P O L + S  L  L	 18.9 ± 0.36a	 18.97 ± 0.50a

	 P  L  P	 5.57 ±  0.42a	 5.37 ±  0.59a

48	 O  OO	 4.53 ±  0.35a	 4.2 ±  0.7a

	 S  O  L	 7.7 ± 0.95a	 7.73  0.42a

	 P  O  O	 3 ± 0.2a	 3.1 ± 0.2a

	 P  L  S	 6.23 ±  0.45a	 5.83 ±  0.25a

	 P  O  P	 0.97 ± 0.21a	 0.8 ± 0.17a

50	 S  L  S	 0.33 ± 0.15a	 0.63 ± 0.21a

	 S  O  O	 1.77 ± 0.15a	 2.1 ± 0.2a

	 P  O  S	 1.73 ± 0.31a	 2.13 ± 0.25a

52	 S  O  S	 1.1 ± 0.2a	 1.27 ±  0.21a

 	 Non identifies	 0.7 ±  0.1a	 1.2 ±  0.3a

 	 Total	 100	 100

Values with different letters within the columns are significantly different p < 0.05. Values are means ± 
Standard Deviations (SD) of three determinations. PSOS: Pumpkin seed oil extracted by Soxhlet techniques 
using n-hexane; PSOP: Pumpkin seed oil cold pressed extraction; P: palmitic acid, S: stearic acid, O: oleic 
acid, L: linoleic acid, Ln: linolenic acid; ECN, equivalent carbon number.

Previous research indicated that some TAG types 
contribute to oil oxidative stability enhancement.11 
With these findings in mind, the TAG composition of 
Tunisian C. maxima seed oil were characterized by 
an interesting TAG profile correlated to a high seed 
oil stability, which could provide favorable conditions 
for food and industrial applications.

Phytosterols
Phytosterol analysis is used to prove the presence 
or absence of adulteration in oils.12

Table 4 shows the sterol profile of pumpkin oils with 
β-sitosterol as the main sterol compound identified 
with a content varying between 33.78% for PSOP 
and 35.21% for PSOS. Δ-5-24-Stigmastadienol was 
detected at an amount of 28% in both PSO samples 
and Δ-7-avenasterol whose amounts ranged 
between 14.61 % for PSOS and 16.57 % for PSOP.

Bioactive Compounds
The total phenolic content (TPC) of pumpkin seed 
oils extracted by cold pressing (PSOP) and by 
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Soxhlet using n-hexane (PSOS) were 57.66 ± 2.61 
mg GAE/kg oil and 32.38 ± 0.63 mg GAE/kg oil, 
respectively. Carotenoid content was found to be 
1.98 ± 0.31 mg/kg oil in PSOP and 1.68 ± 0.50 mg/kg 

oil in PSOS. The chlorophyll content was significantly 
higher in PSOP (12.37 ± 1.05 mg/kg oil) compared 
to PSOS (1.99 ± 0.77 mg/kg oil).

Table 4: Sterol composition (mg/100 g) of pumpkin 
(Cucurbita maxima var. “Béjaoui”) seed oils.

Samples	 PSOP	 PSOS

Cholesterol	 2.12 ± 1.25a	 0.34 ± 0.04b

Ergosterol	 6.18 ± 0.58a	 4.76 ± 0.77b

24-Methylene-Cholesterol	 1.67 ± 0.12a	 0.93 ± 0.29b

Campesterol	 4.11 ± 1.59a	 3.37 ± 0.33a

Campestanol	 1.51 ± 0.50a	 1.35 ± 0.40a

Stigmasterol	 8.58 ± 0.78a	 6.32 ± 0.28b

Δ-7-Campesterol	 1.79 ± 0.76a	 1.69 ± 0.53a

Δ-5.23-Stigmastadienol	 8.61 ± 2.06a	 12.10 ± 0.20b

Clerosterol	 2.63 ± 1.02a	 1.97 ± 0.22a

β-Sitosterol	 100.93 ± 3.42a	 108.17 ± 1.27b

Sitostanol	 3.71 ± 1.29a	 11.03 ± 1.07b

Δ-5-24-Stigmastadienol	 84.31 ± 2.93a	 86.91 ± 0.95a

Δ-7-Stigmastenol	 23.12 ± 3.68a	 23.39 ± 1.83a

Δ-7-Avenasterol	 49.51 ± 3.40a	 44.88 ± 1.46a

Total	 298.79 ± 23.38a	 307.20 ± 9.65a

Values with different letters within the columns are significantly different p<0.05. Values are means ± Standard 
Deviations (SD) of three determinations. PSOS: Pumpkin seed oil extracted by Soxhlet techniques using 
n-hexane; PSOP: Pumpkin seed oil cold pressed extraction.

Phosphorus Content
A significant difference (p < 0.05) was noticed 
between Cucurbita maxima var ‘Béjaoui’ seed oil 
extracted with the screw press (3.17± 0.76 mg/kg 
oil) and that extracted by hexane (23.87 ± 1.65 mg/
kg oil). 

Discussion
The iodine values of PSOP and PSOS were 
smaller than those reported by Habib et al.13 on 
Cucurbita maxima Var. ‘Béjaoui’ seed oil extracted 
by petroleum ether.13 However, the iodine values 
of PSOP were in the same range as that reported 
by Özbek and Ergönül 2 (103 - 121.6 g I2/100 g oil) 
in cold-pressed pumpkin seed oil. Oils with higher 
iodine values are rich in unsaturations.2

Our oils contained less free fatty acids (FFAs) 
than those tested by Rezig et al.14 and which were 

extracted by cold petroleum ether and even lesser 
than those fixed by Codex Alimentarius.15 PSOP 
contained more FFAs than PSOS (5.97± 0.306 mg 
KOH/g oil and 1.92± 0.126 mg KOH/g oil respectively 
for than PSOP and PSOS)

A low FFA content confers to pumpkin seed oil a long 
shelf life.16 Enzymatic hydrolysis of triacylglycerols 
(TAGs) by lipase increases FFA amount thus 
increasing the acid value of PSOS. It is noteworthy 
that oxidation affects FFAs more than FA of TAGs. 
However, peroxide values were much higher than 
those cited by Alfawaz17 and Özbek and Ergönül 2 
respectively in PSO extracted by hexane (0.85 meq 
O2/kg oil) and in PSO cold pressed (0.1 to 9 meq 
O2/kg). Moreover, Ali et al.18 found that C. maxima 
seed oil extracted by Soxhlet using n-hexane as 
solvent exhibited a high peroxide value (more than 
12 meq O2/kg), suggesting that it began to oxidize. 
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Low acid value is correlated to a low FFA content. 
According to these authors, extraction conditions, 
storage, and cultivar genetics affect the oxidation 
status and evolution.

The saponification value of pumpkin PSOP (187.33± 
0.58 mg KOH / g oil) and PSOS (187.17± 0.29 
mg KOH / g oil) were similar to that reported by 
Alfawaz17 and Özbek and Ergönül,2 respectively 
in PSO extracted by hexane (185 mg KOH / g oil) 
and in cold-pressed PSO (184 – 290.7 mg KOH / g 
oil). However, PSO and PSOP saponification were 
more elevated than those obtained by Ordoñez 
Lozada et al.1 in Brazilian pumpkin oil extracted 
by petroleum ether (100.68 mg KOH/g oil). A high 
saponification value is correlated to an important 
amount of high molecular weight triacylglycerols.15 
K232 and K270 were calculated. The results (Table1) 
indicated the existence of primary (hydroperoxides) 
and secondary oxidation products in pumpkin seed 
oils. Unsaponifiable matter contents of PSOP (1.66± 
0.06 %) and PSOS (1.28± 0.03 %) were higher than 
that reported by Özbek and Ergönül2 (0.6-0.9 %), 
suggesting their richness in bioactive molecules.

Concerning the Fatty acid composition our results 
corroborate those of Rezig et al.19 and relative 
to Tunisian C. maxima seed oil obtained by cold 
pressing and Ali et al.18 in Bangladeshi C. maxima 
seed oil extracted by Soxhlet using n-hexane as 
the solvent. On one hand, high linoleic acid may 
have beneficial nutritional implications and could 
potentially prevent coronary heart disease and 
cancer. On the other hand, linoleic acid is prone 
to oxidation like other polyunsaturated fatty acids. 
Stearic acid can slightly protect from cardiovascular 
diseases.20

PSOP and PSOS showed the most abundant 
fractions of MUFA (30.58 % and 29.77 %, 
respectively) and PUFA (45.24 % and 44.95 %, 
respectively). Comparable results were obtained by 
Montesano et al.3 and Ali et al.19 MUFA and PUFA 
are both anti-atherogenic and anti-thrombogenic. 
It is known that atherogenic indicates a risk of 
cardiovascular diseases.19

In the light of the corresponding results, PSOP 
and PSOS showed a similar composition (p>0.05) 
and contained 16 TAGs. The most important TAG 

was glycerol–palmitate–oleate–linoleate (POL) + 
glycerol–stearate–dilinoleate (SLL) (18.9% vs 18.97 
%), followed by glycerol–palmitate–dilinoleate (PLL) 
(14.13% vs 13.77%), glycerol–oleate–dilinoleate 
(OLL) (13.57% vs 13.20%), and glycerol–dioleate–
linoleate (OOL) (9.8% vs 9.73%), respectively 
for PSOP and PSOS. The TAG composition is in 
compliance with the findings of Ali et al. relative to 
PSOP.19

Malaysian Cucurbita pepo and Tunisian Cucurbita 
maxima var. ‘Béjaoui’ and Cucurbita pepo var. 
‘Essahli’ seed oil were characterized by the 
predominance of β-Sitosterol with a level amounting, 
respectively, 77%, 39.66% and 39.6 %.15, 16, 21

In both pumpkin seed oils, the total phytosterol 
contents were 298.79 ± 23.38 mg / 100 g oil and 
307.20 ± 9.65 mg/100g oil, respectively in PSOP 
and PSOS. Such amounts are similar to those 
found by Montesano et al.20 (295 mg/100 g) in 
Italian Cucurbita maxima L. seed oil extracted with 
petroleum ether and higher than those reported by 
Özbek and Ergönül2 in cold pressed Cucurbita pepo 
L. seed oils with total sterol level ranging from 71.8 
mg /100g oil to 180.6 mg/100g oil. 

The studied pumpkin seed oils were of 57.66 ± 
2.61 mg GAE per kg oil and 32.38 ± 0.63 mg GAE 
per kg oil, respectively in PSOP and PSOS as their 
total content. Our findings are similar to those of 
Andjelkovic et al.22 related to pressed pumpkin 
seed oils which were in the range of 24.71 - 50.93 
mg GAE/kg of oil. Lower values were reported by 
Bagher Hashemi et al.23 how found 14 mg/kg oil in 
Cucurbita pepo var. ‘Styriaca’ seed oil is extracted 
using n-hexane.  Aktas et al. reported that TPC 
depends on the cultivar.24

Carotenoid contents in PSOP was in the same 
range (1.98 ± 0.31 mg/kg oil) as that observed in 
that extracted by hexane (1.68± 0.50 mg/kg oil) with 
no significant difference (p > 0.05) between the two 
samples analyzed.  Our amounts were less important 
than those of Akin et al.25 and Konopka et al.26 in 
cold pressed Cucurbita pepo L. seed oil (6.9 – 22.8 
mg/100g). However, the chlorophyll contents in cold-
pressed pumpkin seed oil (12.37 mg/kg oil) were 
significantly higher (p > 0.05) than that observed in 
PSOS (1.99 mg/kg oil).
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For comparable reasons, it is worth noting that 
phosphorus contents are lower than those found in 
several edible oils and reported by Chouaibi et al.10 
Considered as bipolar components, phospholipids 
display a surfactant character and have been applied 
in food, cosmetic, and pharmaceutical products as 
an excellent emulsifier, stabilizers, and dispersing 
agents.27

Conclusion
This research aimed to investigate the impact 
of the method of extraction on the quality of 
Cucurbita maxima var. ‘Béjaoui’ seed oil. The 
findings demonstrated that the extraction procedure 
significantly influences the chemical composition 
and bioactive profile of the oil. The cold-pressed oil 
(PSOP) showed superior quality in several aspects, 
including:

•	 Total phenolic content: 57.66 ± 2.61 mg GAE/
kg oil (vs. 32.38 ± 0.63 in PSOS),

•	 Chlorophyll content: 12.37 ± 1.05 mg/kg oil (vs. 
1.99 ± 0.77 in PSOS),

•	 Carotenoid content: 1.98 ± 0.31 mg/kg oil (vs. 
1.68 ± 0.50 in PSOS),

•	 β-Sitosterol content: 100.93 ± 3.42 mg/100 g 
(vs. 108.17 ± 1.27 in PSOS),

•	 And a high linoleic acid content in both samples 
(44.84% in PSOP and 44.64% in PSOS).

While Soxhlet extraction (PSOS) resulted in slightly 
higher iodine values (105.43 ± 3.51 vs. 98.07 ± 1.82 
g I2/100 g oil) and phosphorus content (23.87 ± 1.65 
vs. 3.17 ± 0.76 mg/kg), the cold-pressed oil retained 
higher levels of bioactive compounds, suggesting 
greater nutritional and functional value.

These findings highlight the potential of cold-pressed 
extraction as a preferable technique for producing 
high-quality pumpkin seed oil with applications in 
cosmetic, pharmaceutical, and food industries. 
Further studies on thermal stability and oxidative 
behavior are recommended to support future 
industrial applications.
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