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Pumpkin is a significant part of dish when in season in Malawi. In this study, the proximate
composition, physicochemical and phytochemical properties were determined from pumpkin seed and
oil. The Cucurbita maxima seed proximate compositions (%) were dry matter (97.58+0.26), crude protein
(32.47+0.15), ash (7.38+0.05), crude fat (46.39+0.06), crude fiber (12.29+0.17) and carbohydrate
(4.18+0.21), respectively. The physicochemical composition showed that saponification and ester
values, in mg KOH/g oil, were the highest, registering 161.705£12.281 and 161.022+12.018 values
followed by peroxide value (32.213+0.677 meq O./kg), iodine value (17.769+0.147 g l,/g), free fatty acid
as oleic acid (1.964+0.025 mg/100 g), refractive index (1.446+0.000), acid value (0.987+0.0125 mg KOH/Q)
and specific gravity (0.8985+0.00370). Results in seed flour on phytochemical properties, in mg/100 g,
were phytate (119.07+6.65), oxalate (1462.77+97.518), alkaloids (90.997+1.574) and flavonoids
(61.7605+7.6035). The oil phytochemical content, in mg/100 g, were highest in alkaloids (826.08+0.71),
followed by phytate (309.7+£16.4), flavonoids (235.36+8.97) and oxalate (87.272+0.612). In seed flour, the
pH value was 6.9+0.00, titratable acidity (0.03+0.00 mg/g), vitamin C and phosphorus, in mg/100 g were
4.9876+0.0075 and 329.92+52.04, respectively. Findings from this study showed that pumpkin seed is a
good source of essential nutrients for human nutrition and vegetable oil for industrial uses.

Key words: Pumpkin (Cucurbita maxima), vegetable oil, proximate composition, physicochemical,
phytochemicals, saponification value, vitamin C, minerals.

INTRODUCTION

The demand for vegetable oils and fats in emerging fuel and industrial purposes like biofuel (Fry and Fitton,
countries, stimulated by population and income growth, 2010; OECD/FAO, 2021). Vegetable oil consumption in
is estimated to increase for better nutrition and use in sub-Saharan Africa (SSA) is growing at 2.8% arising
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from both per capita demand and population growth by
2030 (OECD/FAO, 2021). It is reported that in the midst
of COVID-19 challenges, in SSA, vegetable oil imports
increased compared to meat and sugar, vegetable oil
imports volumes are projected to exceed production in
next 10 years (OECD/FAQ, 2021).

Vegetable oils have vital importance in meeting global
nutritional demands through its uses as food and other
uses in industries (Kumar et al., 2016; El-Hamidi and
Zaher, 2018). The world vegetable oil consumption is
mainly based on soybean (Glycine max), palm, rapeseed
and sunflower (Helianthus annuus) oils with 31600,
30500, 15500 and 8600 million kilograms annually
(Stevenson et al., 2007). However, these traditional
vegetable oil sources fail to satisfy the increasing
domestic and industrial demands (Kumar et al., 2016).
Pumpkins, locally known as maungu in Malawi, belong to
the genus Cucurbita and Cucurbitaceae family and are
grown in the tropics and sub-tropical countries (See et
al., 2007). Pumpkin belongs to the three main categories
which are Cucurbita pepo, Cucurbita maxima and
Cucurbita moschata (Dotto and Chacha, 2019).
Pumpkins fruits are consumed as either vegetables or
desert (pie) and the seeds are also edible. The seeds
are roasted and eaten as snacks and sometimes oil is
extracted (Kulczynski et al., 2020). Other authors have
previously reported that pumpkin seeds have high levels
of minerals like potassium, zinc, magnesium, manganese
and phosphorus (Elinge et al., 2012; Devi et al., 2018).
The seeds are used in fortification of some foods (Elechi
et al.,, 2020). Pumpkin seeds have high levels of
functional compounds and therefore are conventionally
employed in herbal, diseases treatment and other
medicinal uses (Stevenson et al, 2007). Previous
studies indicate that consumptions of pumpkin seeds,
rich in zinc, improve sexual health, stimulate ejaculatory
latency and decrease lead contaminants side effects
(Abd El-Ghany et al., 2010; Gundidza et al., 2009).
Pumpkin seeds though considered as food, are usually
considered as agricultural and agro-industrial wastes
despite being excellent sources of bioactive compounds
with significant nutraceutical properties (Devi et al.,
2018). The seeds have positive pharmacological effects
and are considered as anti-diabetic, antifungal,
antibacterial, anti-inflammatory and antioxidant (Syed et
al., 2019).

Pumpkin seed oil is used for frying in other countries in
Africa and the Middle East but in south Austria, Slovenia
and Hungary the oil is used as salad oil (Wenzl et al.,
2002). The oil has strong antioxidant properties with vast
healthy benefits like delaying of hypertension
development, lessening bladder and urethral pressure as
well as colon and rectum cancer levels (Stevenson et al.,
2007). Consumption of pumpkin seed oil prevents growth
of prostate besides reducing the size of prostate, lung,
gastric and breast cancer (Stevenson et al., 2007). The
oil composition in the seeds is estimated at 47.99+0.01,

38.0% (Saad et al.,, 2021; Elinge et al., 2012) and
33.12+2.20%, 47.03% with some differences depending
on type and genetic diversity (Ike et al., 2020; Younis et
al., 2000). Pumpkin seeds have high quality oil and are
reported to contain high quality proteins in the range of
30.23% (Syed et al., 2019). The oil is either dark green
(Badr et al., 2011), dark green or dark brown in color
(Stevenson et al., 2007). The oil contains a high amount
of free fatty acids (FFAs) like oleic (43.8%), linoleic
(33.1%), palmitic (13.4%) and stearic (7.8%) as fractions
of the total FFAs (Badr et al., 2011).

In Malawi, pumpkins are mostly grown for consumption
of the flower, fruits and leaves as fruits and vegetables.
The seeds are usually thrown away and not used despite
the high quality of oil from pumpkin seeds. This could
obviously be attributed to either limited or lack of
information on the nutritive composition of the pumpkin
seeds grown in Malawi. Therefore, the aim of the current
study was to evaluate the crude oil, phyto-chemical and
physicochemical content of seed and oil from pumpkins
grown in Malawi with the expectation of obtaining
nutritional information on pumpkin seeds grown in
Malawi as opposed to get information on pumpkin seeds
grown in other parts of the world.

MATERIALS AND METHODS
Sample collection and preparation

Ripe pumpkins (C. maxima) fruits were randomly harvested from
the garden in 2017 growing season in Lilongwe district, Malawi.
The fruits were crushed to remove the seeds which were cleaned
in distilled water and the seeds were subsequently sun-dried. The
dried seeds were ground using a 1 mm sieve in a Thomas-WILEY
model 4 Laboratory Mill to analyze the physicochemical and
phytochemical of the seeds.

Nutritional composition

Nutritional composition like dry matter (DM), ash, crude protein
(CP), crude fat and crude fiber (CF) were analyzed from the ground
samples using AOAC (2016) methods. Chemical analyses like
titratable acidity as oleic acid, pH and phosphorus (P) were also
analyzed from the same samples.

Dry matter using oven method

Dry matter was analyzed by following AOAC, 2016 method with
minor modifications. The crucibles were thoroughly washed, dried
in the oven, cooled in a desiccator and weighed. 2.5 g of the
sample was put in the crucible of known weight and dried to
constant weight at 105°C for 5 h. The sample DM was calculated
as the fraction of the original dry weight and was expressed as a
percentage by being multiplied by 100.

Ash content determination using muffle furnace

Dry sample (2.5 g) was weighed in the porcelain crucibles, placed
in the muffle furnace and burnt to ashes at 550°C for 5 h. The ash
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Figure 1. Standard graph fpr carbohydrates.
Source: Authors 2022

content as a percentage was calculated using Equation 1 (AOAC,
2016).

_ [w3-wz
% Ash = [*2=2] x 100 o)

where W is mass, in grams, of crucible and sample before igniting
the sample, W3 is mass of crucible and ash after igniting the
sample and W, is mass of crucible only.

Crude protein (CP) using micro-Kjeldahl method

The amount of nitrogen (N) in the samples was determined by
using micro-Kjeldahl method and was converted to crude protein
by multiplying by a factor of 6.25. In this method, the samples were
digested in concentrated (98%) sulphuric acid and the digests were
distilled into weak 4% boric acid. The distillates were finally titrated
with 0.1 M hydrochloric (HCI) acid using mixed indicator which
contains methyl red and bromocresol green (AOAC, 2016).

Determination of crude fat

Finely ground sample (2.5 g) was placed in porous extraction
thimbles to extract the crude oil using petroleum ether as a solvent
in a Soxhlet apparatus for 16 h. The Soxhlet apparatus had a
water-cooled condenser fitted above the 250 ml flat bottomed flask
which contained petroleum ether. The petroleum ether was heated
at 40 to 60°C for 16 h continuously extracting the fat. After 16 h of
extraction, the rotary evaporator was then used to separate crude
fat from petroleum ether. The 250 ml flat bottomed flask with crude
oil was dried in the drying oven to constant weight at 105°C to
remove moisture. The amount of crude fat, expressed as a
percentage of the dry weight sample, (AOAC, 2016) was calculated
using Equation 2.

Crude fat 06 = [?] x 100 @

where A= weight of flask and oil after extraction, B = weight of flask
only, and W = weight of sample in grams.

Determination of crude fiber from pumpkin seeds

In determining crude fiber, 2 g of the samples was boiled in 200 ml
of weak sulphuric acid (1.25%) and sodium hydroxide (1.25%) for
30 min, respectively after adding a few drops of anti-foaming
agents. The mixture was filtered and the residues were washed for
three times with hot water. After washing with hot water, the
residues were then washed with 95% ethanol and dried at 105°C
for 5 h to constant weight. The dried residues were placed in a
muffle furnace and ignited at 550°C for 5 h. The crude fiber was
calculated as the difference between the weight of the residues
and ash and expressed as a fraction of the sample weight in
percentages (AOAC, 2016).

Determination of carbohydrates composition

The carbohydrate content in pumpkin seed flour was determined
by Anthrone method as described by Harintha and Jayadev (2017)
with minor modifications. 100 mg of the sample was hydrolysed by
boiling in 100 ml of HCI for 10 min. The mixture was filtered, cooled
and diluted to 100 ml. 1 ml of the filtrate was pipetted into a Pyrex
test tube and 4 ml of a freshly prepared 0.2% Anthrone reagent
(0.2 g Anthrone in 500 ml concentrated sulphuric acid) was added.
The mixture was let to stand in an ice water bath to cool and for
colour development for 10 min. A stock solution of glucose solution
of 1 mg/ml was prepared and standard solutions of 0 to 0.8 mg
were prepared. Absorbance of both samples and standards was
measured at 620 nm using uv spectrophotometer. Total
carbohydrates / sugar content was calculated using standard curve
equation y=3.0033x as shown in Figure 1.

Oil extraction procedure

A Soxhlet extractor was used to extract the oil using petroleum
ether (bp 40 to 60°C) as a solvent. 20 g of the finely ground
sample was placed into a porous thimble in a Soxhlet apparatus
connected to a weighed 250 ml flat bottomed quick fit flask
containing 200 ml petroleum ether which was continuously boiled
at 40 to 60°C. After 16 h of extraction the petroleum ether was
separated from the oil by using a rotary evaporator. The crude oil in
the flask was then dried at 105°C in the oven for 2 h to constant
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weight. The crude oil was kept in a tight closed container and
refrigerated with no any further treatment waiting for some analysis
(FAO/WHO, 1999).

Physicochemical analysis of oils

The physicochemical properties of the oils were analyzed by
following Association of Official Analytical Chemists (AOAC), 2016
methods with minor modifications as described subsequently.

Determination of saponification value (SV)

Oil (1 g) was weighed in a conical flask followed by the addition of
50 ml ethanolic potassium hydroxide (KOH, 1 M). The mixture in
the flask was refluxed until it became clear for 1 h. A blank sample
was prepared with only 50 ml ethanolic KOH and was refluxed as
the samples. After refluxing the mixture was cooled, a drop of
phenolphthalein indicator was added and then titrated to a faint
pink color end point using 1.0 M hydrochloric acid (HCI). The
following equation was used to compute saponification value (SV).

(A—E) xNx 56.02

SV(mg KOH g~ ! oil) = e

“

In this equation A= Blank ethanolic HCI volume in ml, B=sample
ethanolic HCI volume in ml, N= normality of HCI, and W=weight of
sample/oil in grams.

Determination of acid value (AV) composition in the oil

This was determined by mixing 1 g of the oil with a solution of 25
ml of absolute ethanol and diethyl ether (1:1) in a 250 ml conical
flask. The mixture was then warmed at 40°C in a water bath for 5
min. Three drops of phenolphthalein indicator were added and the
mixture was titrated using 0.1 M potassium hydroxide (KOH, 0.1 M)
to a faint pink color that lasted for 30 s. The following equation was
used to calculate acid value of the samples as described by
Negash et al. (2019):

Acid Value (mg KOH g™t oil) = ZLEOH xNxse1 "KGH}[; Nxse&l (5
In this case N = concentration of KOH in normality, W (g) = sample
weight in grams.

Determination of free fatty acids (FFAS)

FFAs values were determined by titrating 1 g of oil against 1.0 M
potassium hydroxide, after adding phenolphthalein indicator, to a
faint pink color. FFAs are calculated as oleic acid equivalent where
0.1 M KOH = 28.2 g oleic acid. The following equation was used to
calculate FFAs:

Titrsvolume (ml) of KOH x 0N x 28.2
W

FFA (mg 100 g™* oil as oleic acid) =
(6)

where N = Concentration of ethanolic KOH in Normality and W (g)
= sample weight in grams.

Determination of peroxide value (PV)

Peroxide value was determined by the method described by

Negash et al. (2019) with minor modifications. 1 g of oil was mixed
with 20 ml of glacial acetic acid: chloroform solvent (3:2 v/v) in a
250 ml conical flask, 1 ml of potassium hydroxide (saturated) was
then added to the mixture and was kept in the dark for 1 min. Then
the mixture was titrated against 0.1 M sodium thiosulphate
(Na,S,03) solution using 5 ml of starch as an indicator after adding
30 ml of distilled water. A blank sample was prepared and treated
as the samples. Peroxide value was calculated as meq oxygen per
kilogram oil using the equation:

(v, -v, ) M) x 100
PV (meq 0, Kg~* oil) = —— :I;_ )= @)

where Vi= 0.1 M Na,S20; titre volume in ml for blank, V, = sample
titre volume in ml, and W (g) = sample in grams.

Determination of iodine value (V)

lodine value was determined by following the methods described
by the Association of Official Analytical Chemists (AOAC, 2016)
and Choudhary and Pande (2000) methods with some modification
in replacing carbon tetrachloride with cyclohexane.

Oil (0.5 g) of 20 ml of cyclohexane: glacial acetic acid (1:1 V/V)
solution and 10 ml of Wijs reagent were mixed in a 250 ml conical
flask, thoroughly mixed and kept in the dark for 1 h. The mixture
was titrated with 0.1 M NazS,03 solution, to colorless end point
using starch as an indicator, after adding 15 and 100 ml of 15%
potassium iodide (KI) and distilled water. Equation 8 was used to
calculate 1V:

. (B—5) x M x 126.9x 100
90 5il) =

-1
Vigle W x 1000

®)

In this equation B= ml of sodium thiosulphate (0.1 M) used in
titrating the blank, S= ml of sodium thiosulphate (0.1 M) used in
titrating the sample, 126.9= iodine molar mass, M= molarity of
sodium thiosulphate, and W= weight in grams of the sample.

Calculation of ester value (EV)

EV was computed as the difference between the saponification
value (SV) and acid value (AV) using the following equation:

EV(mg KOHg 1) =5V — AV )

Determination of oil refractive index

Bellingham and Stanley No. A83304 refractometer was used to
measure the refractive index of the pumpkin seed crude oil. The olil
was spread on the lower prism of the instrument, the box was
closed and water was let to flow around the refractometer jacket at
25°C. The refractometer light was adjusted and the compensator
knob was turned to get a dark borderline on the cross wires which
was viewed through the refraction view piece. The reading was
taken from the scale view using the eyepiece.

Determination of specific gravity

Specific gravity of the oil was determined by following the method
described by AOAC (2016) with minor modification. A 25 ml density
bottle (pycnometer) was accurately weighed W, to constant weight
and filled with distilled water and was weighed again W,. The



density bottle was dried and filled with the pumpkin oil and was
weighed W, and specific gravity was calculated as follows:

o . Wh—W
specific gravity = Fr—— wﬂ (10)
Ne—Wa

Titratable acidity of C. maxima seed flour

The sample (2 g) was dissolved in 100 ml of distilled water which
was titrated with 0.1 M NaOH using phenolphthalein as an indicator
and TA was expressed per 100 g of the sample. The calculated TA
was converted to oleic acid by multiplying by the molecular mass of
0.282 g (AOAC, 2016).

TA (g g~ oil) = ( YNaoH -"MJ‘::L]H ID'ZBZ}):{ 100 (11)

where Vaon = titre volume of sodium hydroxide, Myaon = molarity of
sodium hydroxide.

Determination of vitamin C of Cucurbita maxima seed flour

The method described by Raghu et al. (2007) was used to analyze
for vitamin C with some modifications. 2 g of the sample and 20 ml
of distilled water were mixed in the 250 ml conical flask and shaken
for 10 min. After shaking the mixture was titrated with 2, 6
dichlorophenolindol solution. A standard solution of ascorbic acid
(0.2 mg/100 ml) was prepared as reference. Vitamin C was
expressed in mg/100 g of dry matter.

pH using pH meter

This was measured by dissolving 2 g of the sample in 100 ml of
distilled water using GLP pH meter at 25°C (AOAC, 2016).

Phosphorus determination using UV-Spectrophotometer

Phosphorus was determined by following AOAC (2016) method
with minor modifications. The weighed samples (1 g) in porcelain
crucibles were ignited in a muffle furnace at 550°C to constant
weight. The ash was mixed with 3 ml of 3 M hydrochloric (HCI) acid
and filtered using cotton wool. The filtrate was diluted to 100 ml in a
volumetric flask. The diluted digested samples, 0.75 ml, were
pipetted into 20 to 25 glass vials and diluted with 9 ml of distilled
water. Standard samples were prepared by pipetting 0.0, 0.1, 0.2,
0.3, 0.4 and 0.5 ml of 1 mg/100 g into 20 to 25 ml vials and diluted
with 9 ml of distilled water. Phospho-vanado-molybdate/Molybdate
reagent (solution, 2 ml) was added in each vial and after 1 h of
color development, absorbance was measured at 860 nm
wavelength using a DR 5000 WAGTECH projects ultra-violet
visible spectrophotometer.

Phytochemical analysis of oils
Determination of phytic acid content

Phytic acid was analyzed by Davis and Reid method as described
by Abulude (2007) with minor modification. 2 g of the sample was
dissolved in 30 ml of 2% hydrochloric acid for 3 h with continuous
shaking. The mixture was filtered and 25 ml of the filtrate was
mixed with 5 ml of ammonium thiocyanate solution which was
titrated against ferric chloride solution containing 1.95 mg Fe/ml to
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brownish yellow color that lasted for 5 min. Phytate content was
calculated as follows:

Phytate phosphorus = iron equivalent x 1.95 mg of titre

Phytate = phytate phosphorus x 3.65 g (12)

Determination of alkaloids content

Alkaloids content was determined by dissolving 5 g of the sample
in 10 ml of acetic acid in ethanol (1:5 v/v) and the solution was left
to stand for 4 h. The filtered solution was evaporated to a quarter of
the original solution and concentrate ammonium hydroxide solution
was added dropwise till precipitation was complete. The precipitate
was filtered and dried in the drying oven to constant weight
(Obadoni and Ochuko, 2001).

Determination of oxalate content

Oxalate content of the samples was analyzed by dissolving 1.0 g of
the sample in 75 ml of 1.5 M sulphuric acids, stirred for 1 h and
filtered. The filtrate (25 ml) was titrated while hot with 0.05 M
potassium permanganate to a faint pink color that persisted for 30
s. Oxalate composition in the samples was calculated using the
following equation (Mishra et al., 2017):

1 ml of 0.05 M KMnO, = 2.2 mg Oxalate (13)

Determination of flavonoids content

The flavonoids composition in the samples was determined by the
method of Boham and Kocipai-Abyazan (1994) as described by
Kwada and Tella (2009). Flavonoid was extracted from 10 g of the
sample with 300 ml of methanol: water (80:20 v/v) solution at room
temperature for 1 h. The solution was filtered through a 125 mm
Whatman filter paper and the filtrate was dried in the oven in a
weighed porcelain crucible to constant weight.

Statistical analysis

The samples were chemically analyzed in triplicates in the
laboratory and the mean and standard error value of each chemical
parameter was calculated using descriptive statistics in Microsoft
excel.

RESULTS AND DISCUSSION
Nutritional composition of C. maxima seed flour

Results on nutritional composition of C. maxima L. seeds
are presented in Table 1. It can be observed that crude
protein, ash, crude fat and crude fiber expressed on dry
matter basis were generally high compared to the values
obtained in previous studies (Elinge et al., 2012; Habib et
al., 2015). The crude protein value of 32.47+0.15% was
comparable to 34.56% (Habib et al., 2015) for C. maxima
but higher compared to the value of 27.48% for C. pepo
L. (Elinge et al., 2012). The crude protein content was
comparable to that of sunflower (H. annuus) seeds
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Table 1. Nutritional composition of pumpkin (Cucurbita

maxima L.) seeds.

Nutrient Composition% (mean * SD)
DM 97.58+0.26
Crude protein 32.47+0.15
Ash 7.38+0.05
Crude fat 46.39+0.06
Crude fiber 12.29+0.17
Carbohydrates 4.18+0.21

Mean = SD; DM= Dry matter.
Source: Authors 2022

Table 2. Physicochemical properties of pumpkin seed oil.

Parameter

Value (mean + SD)

Saponification value (mg KOH/kg)
Unsaponifiable matter%

lodine Value (g 12/g)

Peroxide Value (meq O./kg)

Acid Value (mg KOH/g)

Refractive Index at 25°C

Specific gravity at 25°C

Ester Value (mg KOH/qg)

Free Fatty Acids (mg/100 g as oleic acid)

161.705+12.281
56.0£7.75
17.769+0.147
32.213+0.677
0.987+0.0125
1.446+0.000
0.8985+0.0037
161.022+12.018
1.964+0.025

Source: Authors 2022.

(27.53£0.00%), Arachis hypogaea seeds (26.43+1.15%)
and soybean (G. max) seeds (36.6+0.7%) (Saad et al.,
2021; Shibli et al., 2019; Siulapwa and Mwambungu,
2014). The high protein content in the pumpkin seeds
makes them suitable for food fortification aimed at
improving protein content of foods. The seed ash value
of 7.38+0.05% was higher compared to values of
5.92+0.81% (lke et al., 2020) and 3.8% (Habib et al.,
2015) obtained by other researchers for C. pepo L. and
C. maxima L., respectively. The pumpkin seed ash
content was also higher compared to the value of
3.66+0.00% reported in previous studies (Saad et al.,
2021) and 2.0040.11 to 2.17+0.05% (Shibli et al., 2019)
for H. annuus and various cultivars of A. hypogaea,
respectively. The high amount of ash content denotes
that Cucurbita seeds have high concentration of minerals
that could assist in speeding up metabolic processes,
growth and development improvement (Jacob et al.,
2015). The crude fat content of 46.39+0.06% was higher
compared to values of 36.7% (Habib et al., 2015) and
33.12+2.20 (Ike et al., 2020) for C. maxima L. and C.
pepo L. but was comparable to 47.99+0.01% for pumpkin
seed flour reported in Libya (Saad et al., 2021). Other
authors have previously reported crude fat values of
49.80+£3.53% (Shibli et al., 2019) for raw A. hypogaea
and 50.80+0.01 and 48.68+2.82% for H. annuus seeds

(Saad et al., 2021) in studies conducted in Pakistan and
Libya, respectively which were comparable to the
pumpkin seed value from this study. Fats are important
because they provide the body with maximum energy
compared to other nutrients like proteins and
carbohydrates (Oluyemi et al., 2006). The seeds had a
crude fiber value of 12.29+0.17% which was higher
compared to the value of 7.24+0.64% for pumpkin seed
flour reported in Nigeria (lke et al, 2020).
Carbohydrate/Sugar content was lower compared to the
value of 19.75%£2.47 for C. maxima and C. pepo L. seed
flour (ke et al., 2020). However, the carbohydrate
(sugar) content was comparable to the value of
4.24+0.03% for A. hypogaea seeds (Mustapha et al.,
2015). The variations between the proximate
compositions from this study and that of previous studies
on pumpkin seed flour could be attributed to pumpkin
variety, maturity stage, and environmental stress as well
method of analysis employed.

Physicochemical composition of C. maxima seed oil
Results on physicochemical properties of C. maxima

seed oil are presented in Table 2. The physicochemical
properties are significant properties for defining the



quality of oils for their suitability for consumption
(Mengistie et al., 2018). Saponification value measures
the molecular weight of oils (Mengistie et al., 2018) and
type of fatty acids present in oils (Tsado et al., 2018;
Adejumo et al.,, 2013). Results from this study have
revealed that crude pumpkin seed oils have high number
of carbon atoms as evidenced by the obtained
saponification value, in mg KOH/g oil, of 161.705+12.281
which was lower compared to 184.20+5.37 for crude
pumpkin seed oil (Bwade et al, 2013). The
saponification value of crude oil obtained in this study
was however, below the recommended values of 180-
199 (FAO/WHO, 1999) for edible oil, 187-196 and 189-
195 for A. hypogaea and G. max oils, respectively
(FAO/WHO, 1999).

lodine value defines the extent of oil unsaturation
which is the number of double bonds of the oil (Syed et
al., 2012; Tsado et al., 2018) and oils with high values
have more double bonds meaning that the oils could
easily undergo oxidation and rancidification reaction
(Tsado et al., 2018). The iodine value of 17.769+0.147 g
I,/g oil was lower as compared to the value of 111.74 g
I,/g oil for pumpkin whole seed oils (Agustina et al.,
2019) but comparably similar to the value of 16.00+0.96
for seed oil from Nigeria (Bwade et al., 2013). The
extracted oils low iodine values mean that the oils are
saturated and have long shelf life because they cannot
easily undergo oxidation and rancid reaction (Tsado et
al., 2018).

Peroxide and free fatty acid values are the two most
significant factors used to measure the characteristics of
edible vegetable oils. These two factors are needed in
crude oil refining processes and the suitability of the oil
for consumption purposes declines with the increasing
amount of free fatty acids in the oils (Hasan et al., 2019).
Vegetable oil peroxidation and adulteration are defined
by peroxide value (Tsado et al., 2018) which may be
used to define oil quality and stability during shelf life
(Adejumo et al., 2013; Hasan et al., 2019; Negash et al.,
2019). The extracted crude oil had peroxide value of
32.213+0.677 meq O,/kg oil which was higher compared
to the value of 8.66+0.21 meq O./kg oil for extracted
crude pumpkin (C. pepo) seed oils (Bardaa et al., 2016).
The peroxide value obtained from this study was above
the required value for health consumption of 5.0 and
10.0 meq Oy/kg oil (FAO/WHO, 1999) for edible fat/oils
and virgin and cold pressed fat and oils, respectively.
The free fatty acid value (1.964+0.025 mg/100 g oil)
obtained in this study was lower compared to the value
of 270 mg/100 g oil reported by other researchers for C.
maxima in Macedonia (Alfawaz, 2004). Other authors in
Egypt reported comparable free fatty acid value of
2.27£0.42 mg/100 g oil for pumpkin (Cucurbita
moschata) seed oil (Abd El-Aziz and Abd El-Kalek,
2011).

Acid value defines the degree of oil spoilage, basing
on free fatty acids (FFAs), from enzymatic activity
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(Hasan et al., 2019). The acid value obtained in this
study was lower compared to the values of 13.5+0.6 and
11.6+0.6 (Amin et al., 2019b) for native and hybrid
pumpkin (C. maxima) seed oils but was higher compared
to the value of 0.53+0.25 mg KOH/g oil (Alfawaz, 2004)
for C. maxima seed oils. The obtained low acid value
indicated that pumpkin seed oil is suitable for
consumption and has long shelf life (Hasan et al., 2019).
However, the acid value obtained in this study was below
the recommended values of 10 mg KOH/g oil for virgin
palm oil and 4 mg/g oil for coconut oil (FAO/WHO, 1999).
Refractive index defines either the degree of
unsaturation of the oil or the length of chain of fatty acids
in the triglycerides (Mengistie et al., 2018). The
measured  refractive  index (1.446x0.000) was
comparable to 1.4+0.1 and 1.5+£0.1 (Amin et al., 2019b)
for native and hybrid C. maxima seed oil observed in
Bangladesh Saudi Arabia. The observed refractive index
value was comparable to the recommended value of
1.460-1.465 (FAO/WHO, 1999) for A. hypogaea seed oil.
The variations in the physicochemical compositions from
this study with respect to the previous values could be
attributed to variety and origin of the pumpkin seeds as
well chemical analytical procedures used.

Phytochemical composition of C. maxima seed flour
and oil

Results in Table 3 present the phytochemical and
chemical properties of C. maxima L. seed flour and oil.
Phytochemicals are naturally occurring bioactive anti-
nutritive/non-nutritive compounds from plants which
protect both plants and humans from various diseases
(Sivakumar et al., 2018). The phytate content in crude
oil was higher compared to the value of 0.00023 mg/g for
C. pepo L. (Elinge et al., 2012) but comparable to 4.18
mg/g for A. hypogaea oil (Inuwa et al., 2011). Alkaloid
content for the extracted crude oil was higher compared
to the value of 330 mg/100 g for Glycine max flour
whereas in seed flour, the alkaloid content was lower
compared to the value of 250 mg/100 g for A. hypogaea
flour (Mbagwu et al., 2011). Flavonoids are polyphenolic
compounds fractions in foods and are anti-oxidant and
anti-cancer (Tiwari and Husain, 2017). The flavonoids
content in seed flour was higher compared to the value
of 25 mg QE/100 g for Pusha Vishwas variety of
pumpkin (Moschata) seed flour (Singh and Kumar,
2022).

Vitamin C content in pumpkin seed flour was
4.988+0.006 mg/100 g which was lower compared to the
values of 15.00+0.58 and 10.750+0.29 mg/100 g for
indigenous and hybrid pumpkin seed flour in a study
conducted in Bangladesh (Amin et al., 2019a). Other
authors have previously reported vitamin C content of
0.272 mg/100 g DM pumpkin seed flour (Syed et al.,
2019). Phosphorus content in pumpkin seed flour was
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Table 3. Phytochemical and chemical content of seed oil and flour.

Parameter

Crude oil (mean + SD)

Flour (mean + SD)

Phytate (mg/g)
Oxalate (mg/100 g)

87.272+0.612°
826.080+0.710°

Alkaloids (mg/100 g)

Flavonoids (mg/100 g)

pH

Titratable acidity as oleic acid (9/100 g)
Vitamin C (mg/100 g)

Phosphorus (mg/100 g)

235.360+8.970°

119.070+6.650°
1462.770+97.518"

90.997+1.574°

61.761+7.604"

3.097+0.164%

ND 6.9+0.00
ND 0.030+0.00
ND 4.988+0.006
ND 329.920+52.040

ND= Not determined, SD=standard deviation. For each parameter, means with different superscript in

the same column were significantly different (P=0.05).

Source: Authors 2022.

329.920+52.040 mg/100 g which was higher compared
to values of 0.740£0.01 and 0.680+0.01 for native and
hybrid C. maxima L. reported in Bangladesh (Amin et al.,
2019a) and 47.68+0.04 mg/100 g in a related study
done in Nigeria (Elinge et al., 2012). Interestingly, other
researchers have reported a phosphorus value of 1232
mg/100 g which was higher compared to the value
obtained from this study (Syed et al., 2019). Phosphorus
is found in blood and cells and most of the non-skeletal
phosphorus is inorganic which exist as nucleic acid,
phosphor-lipids, ATP and sugar phosphate. Phosphates
act as buffers that prevent changes in the acidity of body
fluids because phosphates combine with hydrogen ions
(Serna and Bergwitz, 2020). The differences in the
phytochemical levels as compared to values obtained in
previous related studies could be attributed to the origin
of the pumpkin seeds and methods used to analyze the
chemical compositions.

Conclusion

Results obtained from this study have shown that
pumpkin seeds are high in essential nutrients such as
crude protein (32.47+0.15%), crude fat (46.39+0.06%)
and fiber but low in carbohydrate (sugar content). The
high oil yield of the seeds and the close resemblance of
its properties to the characteristics of other oil seeds and
their oils like A. hypogaea, H. annuus and G. max in
terms of proximate composition, physicochemical and
phytochemical properties make them potential sources of
vegetable oil. The high protein and oil content of the
seeds present pumpkin seeds as a suitable ingredient for
other food applications such as food fortification.
Therefore, pumpkin seeds and oil might be a cheap
alternative for conventional food fortifiers and vegetable
oils in developing countries to mitigate the effects of
rising vegetable oil prices.

CONFLICT OF INTERESTS

The authors have not declared any conflict of interests.

REFERENCES

Abd El-Aziz AB, Abd El-Kalek HH (2011). Antimicrobial proteins and oil
seed from pumpkin (Cucurbita moschata). Nature and Science
9(3):105-1109.

El-Ghany A, Dalia AH, Soha M (2010). Biological study on the effect of
pumpkin seeds and zinc on reproductive potential of male rats.
Faculty of Specific Education Mansouri University, Egypt 14-15.

Abulude FO (2007). Phytochemical screening and mineral contents of
leaves of some Nigerian Woody plants. Research Journal of
Phytochemistry 1(1):33-39.
http://scialert.net/fulltext/?doi=rjphyto.2007.33-39.

Adejumo BA, Inaede SG, Adamu TS (2013). Effect of moisture content
on the yield and characteristics of oil from Moringa oleifera seeds.
Academic Research International 4(4):160-170. www.savaorg.pk

Alfawaz MA (2004). Chemical composition and oil characterization of
pumpkin (Cucurbita maxima) seed kernel. Food Science Agriculture
Resources Centre. King Saud University, Research Bulletin 129:5-
18.

Amin MZ, Islam T, Rasel M, Uddin JM, Rahman MM, Satter MA
(2019a). Comparative study on nutrient contents in the different parts
of indigenous and hybrid varieties of pumpkin (Cucurbita maxima
Linn). Heliyon 5(9):e02462.

Amin MZ, Islam T, Mostafa F, Uddin JM, Rahman MM, Satter MA
(2019b). Comparative assessment of the phytochemical and
biochemical properties of native and hybrid varieties of pumpkin
seed and seed oil (Cucurbita maxima Linn). Heliyon 5(12):e02994.

Agustina NA, Elisabeth J, Julianti E (2019). A comparison studies on
the chemical characteristics of pumpkin seed oil with extra virgin
olive oil and palm olein. Earth and Environmental Science 260(1):
012091.

Association of Official Analytical Chemists (AOAC) (2016). Official
methods of analysis. Food composition, additives, natural
contaminants. Adrich RC, 20" Edn. AOAC Inc. USA.

Bardaa S, Ben Halima N, Aloui F, Ben Mansour R, Jabeur H, Bouaziz
M, Sahnoun Z (2016). Oil from pumpkin (Cucurbita pepo L.) seeds:
evaluation of its functional properties on wound healing in rats. Lipids
in Health and Disease 15(1):1-12.

Badr SE, Shaaban M, Elkholy YM, Helal MH, Hamza AS, Masoud MS,
El Safty MM (2011). Chemical composition and biological activity of
ripe pumpkin fruits (Cucurbita pepo L.) cultivated in Egyptian
habitats. Natural Product Research 25(16):1524-1539.

Bwade KE, Aliyu B, Kwaji AM (2013). Physicochemical properties of
pumpkin seed oil relevant to bio-diesel production and other
industrial applications. International Journal of Engineering, Business
and Enterprise Applications 4(1):72-78.

Choudhary RB, Pande PP (2000). Alternative solvent system for iodine
value determination. Indian Journal of Chemical Technology 7:165-
167.

Devi NM, Prasad RV, Sagarika N (2018). A review on health benefits
and nutritional compositional of pumpkin seeds. International Journal



of Chemical Studies 6(3):1154-1157.

Dotto JM, Chacha JS (2019). The potential of pumpkin seeds as a
functional food ingredient: A review. Scientific African, 10, e00575.
El-Hamidi M, Zaher FA (2018). Production of vegetable oils in the world
and in Egypt: an overview. Bulletin of the National Research Centre

42(1):1-9.

Elechi JL, Cornelius AD, Salam SB (2020). Quality evaluation of bread
fortified with pumpkin (Cucurbita pepo) seed milk. Global Scientific
Journals 8(2):4778-4795.

Elinge CM, Muhammad A, Atiku FA, Itodo AU, Peni 1J, Sanni OM,
Mbongo AN (2012). Proximate, mineral and anti-nutrient composition
of pumpkin (Cucurbita pepo L.) seed extract International Journal of
plant research 2(5):146-150.

Food and Agriculture Organization/ World Health Organization
(FAO/WHO) (1999). Standard for named vegetable oils codex stan
210-1999. Codex Alimentarius Commission. Food and Agriculture
Organization of the United Nations. World Health Organization,
Rome: 1-13.

Fry J, Fitton C (2010).The importance of the global oils and fats supply
and the role that palm oil plays in meeting the demand for oils and
fats worldwide. Journal of the American College of Nutrition
29(sup3):245S-252S

Gundidza GM, Mmbengwa VM, Magwa ML, Ramalivhana NJ,
Mukwevho NT, Ndaradzi W, Samie A (2009). Aphrodisiac properties
of some Zimbabwe medicinal plants formulations. African Journal of
Biotechnology 8(22):6402-6407.

Hasan M, Hossain M, Dhar PK, Haque M (2019). Comparative study on
cholesterol content and physicochemical properties of some branded
and unbranded commercial edible oils in Khulna, Bangladesh.
Journal of Chemical Health Risks 9(4):321-3299.

Habib A, Biswas S, Siddique AH, Manirujjaman M, Uddin B, Hasan S,
Khan MM, Uddin M, Islam M, Hasan M, Rahman M (2015).
Nutritional and lipid composition analysis of pumpkin seed (Cucurbita
maxima Linn). Journal of Nutrition and Food Sciences 5(4):374-379.

lke CC, Emeka-lke PC, Ogwuegbu HO (2020). Nutritional and
microbiological qualities of pumpkin (Cucurbita pepo) seed
composite flours. GSC Biological and Pharmaceutical Sciences
12(3):51-60.

Jacob AG, Etong DI, Tijjani A (2015). Proximate, mineral and anti-
nutritional composition of melon (Citrullus lanatus) seeds. British
Journal of Research 2(5):142-151.

Kulczynski B, Sidor A, Gramza-Michatowska A (2020). Antioxidant
potential of phytochemicals in pumpkin varieties belonging to
Cucurbita moschata and Cucurbita pepo species. CyTA-J. Food
18(1):472-484.

Kumar A, Sharma A, C Upadhyaya K (2016). Vegetable oil. Nutritional
and Industrial perspective. Current Genomics 17(3):230-240.

Kwada AD, Tella |0 (2009). Determination of infochemicals and
phytochemical screening of the foliage and stem-bark of Sena
siamea (lam) in Yola, Adamawa State. Journal of Medicinal Plants
Research 3(9):630-634.

Mengistie T, Alemu A, Mekonnen A (2018). Comparison of
physicochemical properties of edible vegetable oils commercially
available in Bahir Dar, Ethiopia. Chemistry International 4(2):130-
135.

Mbagwu FN, Okafor VU, Ekeanyanwu J (2011). Phytochemical
screening on four edible legumes (Vigna subterranean, Glycine max,
Arachis hypogaea and Vigna uniguiculata) found in eastern Nigeria.
African Journal of Plant Science 5(6):370-372.

Mishra DP, Mishra N, Musale HB, Samal P, Mishra SP, Swain DP
(2017). Determination of seasonal and developmental variation in
oxalate content of Anagallis arvensis plant by totration and
spectrophotometric method. The Pharma Innovation 6(6):105

Mustapha S, Mohammed UM, Adeosun NO, Mathew TJ, Muhammed
SS, Ibn-Aliyu A (2015). Nutritional and functional characterization of
undecorticated groundnut (Arachis hypogaea L.) seeds from Bosso
Market, Minna, Nigeria. American Journal of Food Science and
Technology 3(5):126-131.

Negash YA, Amare DE, Bitew BD, Dagne H (2019). Assessment of
quality of edible vegetable oils accessed in Gondar City, Northwest
Ethiopia. BMC Research Notes 12(1):1-5.

Chatepa et al. 65

Obadoni BO, Ochuko PO (2001). Phytochemical studies and
comparative efficacy of the crude extracts of some homestatic plants
in Edo and Delta States of Nigeria. Global Journal of Pure and
Applied Sciences 8(2):203-208.

Organisation for Economic Co-operation and Development/Food and
Agriculture  Organization (OECD/FAO) (2021). OECD-FAO
Agricultural  outlook 2021-2030, OECD Publishing, Paris.
http://dx.doi.org/10.1787/agr_outlook-2016-en

Oluyemi EA, Akilua AA, Adenuya AA, Adebayo MB (2006). Mineral
contents of some commonly consumed Nigerian foods. Science
Focus 11(1):153-157.

Raghu V, Platel K, Srinivasan K (2007). Comparison of ascorbic acid
content of Emblica officinalis fruit determined by different analytical
methods. Journal of Food Composition and Analysis 20(6):529-533.

Saad SS, Elmabsout AA, Alshukri A, El-Mani S, Al Mesmary E,
Alkuwafi |, Almabrouk O, Buhagar SA (2021). Approximate
composition analysis and nutritive values of different varieties of
edible seeds. Asian Journal of Medical Sciences12 (6):101-108.

See EF, Wan Nadiah WA, Noor Aziah AA (2007). Physico-Chemical
and sensory evaluation of bread supplemented with pumpkin flour.
International Food Research Journal 14(2).

Serna J, Bergwitz C (2020). Review of importance of dietary
phosphorus for bone metabolism and health aging. Nutrients
12(10):3001.

Singh A, Kumar V (2022). Nutritional, phytochemical and antimicrobial
attributes of seeds and kernels of different pumpkin cultivars. Food
Frontiers 3(1):182-193.

Sivakumar D, Chen L, Sultanbawa Y (2018). A comprehensive review
on beneficial dietary phytochemicals in common traditional Southern
African leafy vegetables. Food science & nutrition 6(4):714-727.

Shibli S, Siddique F, Raza S, Ahsan Z, Raza | (2019). Chemical
composition and sensory analysis of peanut butter from indigenous
peanut cultivars of Pakistan. Pakistan Journal of Agricultural
Research 32(1):159-169.

Siulapwa N, Mwambungu A (2014). Nutritional value of differently
processed soybean seeds. International Journal of Research in
Agriculture and Food Sciences 2(6):8-16.

Stevenson DG, Eller FJ, Wang L, Jane JL, Wang T, Inglett GE (2007).
Oil and Tocopherol content and composition of pumpkin seed oil in
12 cultivars. Journal of agricultural and food chemistry 55(10):4005-
4013

Syed HM, Kunte SP, Jodhav BA, Salve RV (2012). Extraction and
characterization of papaya seed oil. International Journal of
Biological, Physical and Chemical Research 2(1):33-43.

Syed QA, Akram A, Shukat R (2019). Nutritional and therapeutic
importance of pumpkin seeds. Biomed. Seed 21(2):15798-15803

Tiwari SC, Husain N (2017). Biological activities and roles of flavonoids
in human health-A review. Indian Journal of Scientific Research
12(2):193-196.

Tsado DB, Ndamitso MM, Ajai Al (2018). Determination of
phytochemical properties and fatty acid profile of oil extract of
Blighia sapida fruit from selected areas in Niger state. Nigerian
Journal of Chemical Research 23(1):21-34

Wenzl T, Prettner E, Schweigner K, Wagner FS (2002). An improved
method to discover aulteration of Syrian pumpkin seed oil. Journal of
Biochemical and Biophysical Methods 53(1-3)193-202.

Younis YM, Ghirmay S, Al-Shihry SS (2000). African Cucurbita pepo L.:
Properties of seed and variability in fatty acid composition of seed oil
Phytochemistry 54(1):71-75.



