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flesh eaten. Pumpkins are consumed both as vegetables and medicines in many parts of the
Revised: world. They have been used to treat various conditions such as diabetes, hypertension, cancer
24/02/2025 and hepatitis, among others. Pumpkin fruit is rich in carbohydrates, proteins, lipids, macro-and
micronutrients and other health-promoting chemical compounds. Pumpkins are also grown for
seeds and pumpkin seed oil. The seeds are consumed directly as a snack after salting and
roasting. The objective of this review was to highlight the nutritional value as well as chemical
composition of the pumpkin fruit parts especially the seeds. Pumpkin seeds are rich in protein,
fibres, minerals, fatty acids, phytosterols, antioxidants such as carotenoids and tocopherols as
well as macro- and micronutrients. Pumpkin seed oil is rich in unsaturated fatty acids mostly
oleic and linoleic fatty acids; this makes the oil healthy for human consumption. Because of
their potential benefits to human health, pumpkin seeds can be considered as natural
functional food. Variation in the chemical composition of pumpkin seeds among Cucurbita
species and cultivars might be due to differences in soil conditions, climate, genetic factors,
fertilization conditions, harvest time, post-harvest handling and the processing methods.
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Introduction

The term pumpkin refers to the five main species of genus Curcubita that are cultivated around the world (Ekanayaka et
al, 2019). These are Cucurbita argyrosperma Huber (formerly known as C. mixta Pang), C. ficifolia, C. maxima D
(giant/tropical/African pumpkin), C. moschata D (butternut/winter squash) and C. pepo L.(Courgette/Zucchini). The
cultivated species are widely grown throughout tropical, subtropical and temperate regions of the world (Whitaker and
Bemis, 1975). Cucurbita moschata D, C. pepo L and C. maxima D are the most commonly cultivated species worldwide and
have high production (Martins et al,, 2015). The objective of this review was to highlight the nutritional value as well as
chemical composition of the pumpkin fruit parts especially the seeds.

An overview of utilization of pumpkins

Pumpkin leaves, fruits (immature and mature), male flowers, tips of the vines and seeds are all consumed as food (Fu et
al,, 2006). The leaves and growing tips are consumed as vegetables in Africa and Mexico; in Italy and Latin America,
flowers are also conmumed as vegetables (Andres, 2004; Merrick 1992; Nee 1990). In most African countries pumpkin is
mainly grown for the mature fruit which is cooked and the flesh eaten (Oluoch, 2012). Pumpkins are popularly cultivated
in Asia for domestic consumprion as well as commercial purposes (Elhardallou et al., 2014). In Korea, pumpkin fruit flesh
is consumed in soups and juices, or it is incorporated into various foods such as rice cakes, candies, and breads (Kim et al,,
2012); C. moschata and C. maxima are the most frequently consumed species there. In Indonesia, pumpkin is one of the
popular vegetables consumed locally (Rohman and Irnawati, 2020). Curcurbita maxima is popular in Bangladesh (Amin
etal,, 2019b) where it is locally known as “Mistikumra (Habib et al., 2015). In India, pumpkin is the principal ingredient of
several culinary vegetables; it is utilized at immature and mature fruit stage (Kulkarni and Joshi, 2013). In the US and
Canada, pumpkin is a Halloween and Thanksgiving staple; in these temperate countries, they consume more C. pepo than
other species (Kim et al., 2012). Pumpkin seeds and pumpkin seed oil are also consumed in some countries (Kim et al.,
2012). The seeds are used as additives to some food dishes (Alfawaz, 2004). They are commonly used in culinary
practices in Southeast Asian countries (Rohman and Irnawati, 2020) as well as in the southern parts of Austria, Slovenia,
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and Hungary (Murkovic et al,, 1996b). Pumpkin seeds are also roasted or fried like groundnuts and eaten as snack or for
oil extraction (Ndegwa, 2016). The seeds are consumed directly as a snack in many cultures throughout the world; they
are especially popular in Arab countries after salting and roasting (Al-Khalifa, 1996; Benalia et al., 2015). In Egypt and
Tunisia, pumpkin seeds are the alternative to the western popcorn and they are commonly eaten for leisure as a part of
the local lifestyle (Abdel-Rahman, 2006; Rezig et al., 2012). In Cameroon and other parts of central and west Africa, C.
moschata is grown for seeds. The seeds are first roasted, the shells removed, and the kernel pound into a paste and
consumed with the main dish; whole roasted seeds are also eaten as a snack (Oluoch, 2012; Ndegwa, 2016; Benalia et al,,
2015; Abdel-Rahman, 2006). In Mexico, C. argyrosperma (C. mixta Pang.) is cultivated for its large edible seeds as well as
fruits (Applequist et al., 2006). Pumpkin seeds are good sources of oil; the oil is cholesterol-free and can be used for
cooking, soap making and as domestic and industrial lubricants (Lawal, 2009). In Austria and some countries of Eastern
Europe, pumpkins are grown primarily for the production of seeds that are used for extraction of salad oil (Murkovic and
Pfannhauser, 2000); the oil is usually exported to other countries to generate income (Nyabera et al., 2019). Pumpkin
seed oil , also known as pepita oil, is commercialised in the United States, Austria, Slovenia, Croatia, and Hungary
(Fruhwirth and Hermetter, 2007; Xiang et al., 2017). Pumpkin seed oil can be a substitute of conventional edible oil
(Sharmin et al., 2022). Although pumpkin seed oil is not produced commercially to a large extent, it is consumed as salad
oil, soup ingredient and minced meat seasoning or frying oil in some countries like Austria, Slovenia and Hungary
(Tirkmen et al,, 2017). Pumpkin seed oilcakes, which remains after oil extraction, can be used as poultry or fish feed; it is
nutritionally rich as it contains considerable amount of protein and low cellulose (Markovic and Bastic, 1976).

Nutraceutical properties of pumpkins

Pumpkins are consumed both as vegetables and medicines in many countries such as China, Argentina, Bangladesh, India,
Mexico, Brazil, the USA, and Korea mainly for preventing diabetes and eliminating intestinal parasites (Fu et al., 2006).
Pumpkin has been used to treat various conditions such as diabetes, hypertension, cancer, hepatitis, macular dystrophy,
abdominal cramps and distension caused by intestinal worms, inflammation and obesity, among others (Yadav et al,,
2010; Adam et al,, 2011; Marcus and Grollman, 2002). Pumpkin also helps in increasing fertility, immune system, eyesight,
tackling convulsion, and promoting heart and skin health (Rahman et al, 2019; Hosen et al,, 2021). Species such as
Cucurbita ficifolia, C. maxima, C. moschata, and C. pepo are used in the treatment of Diabetes Mellitus in Mexico due to their
antidiabetic effects (Huerta-Reyes et al, 2022). Several species of Cucurbita are used in traditional medicine as
anthelmintic; Fu etal. (2006) reviewed the pharmacological properties of several squashes (C. moschata, C. pepo, C.
maxima, C. mixta, C. ficifolia, and Telfairia occidentalis) and reported that they are antidiabetic, antimicrobial and
anticancer. Studies by Adams et al. (2011), Ceclu et al. (2020) and Sedigheh et al. (2011) suggest that pumpkin may aid in
managing blood sugar levels and improving insulin sensitivity, which are crucial factors for diabetes management.
Carotenoids, methanol and certain types of sugars (polysaccharides) present in pumpkin might reduce glycemia and
could render insulin available in diabetic patients (Saha et al,, 2012). Studies on animals and on patients with type 2
diabetes indicate that the juice of Cucurbita ficifolia (also called Siam pumpkin) have a hypoglycemic effect. Pumpkins
possess antioxidant capabilities (Dini et al., 2013; Chen and Huang, 2019) and can inhibit kidney stone formation (Batool
et al., 2022). Pumpkin seeds are said to treat kidney stones (Agrawal and Shahani, 2021) probably due to their high
phosphorus content. Their high zinc content (Kim et al,, 2012) is essential for boosting immunity and improving bone
density. Studies have reported that pumpkin can benefit the treatment of benign prostate hyperplasia, because of its high
content of B -sitosterol (Tsai et al., 2006; Gossell-Williams et al., 2006). -sitosterol is a phytosterol, which are integral
components of plant cell membranes and are abundant in vegetable oils, nuts, seeds, and grains (Weihrauch and Gardner,
1978). Phytosterols can lower both total serum cholesterol and LDL-cholesterol in humans by inhibiting the absorption of
dietary cholesterol (Piironen et al., 2000), and can prevent cancer (Raicht et al,, 1980). Antioxidants play an important
role in decreasing DNA damage, diminishing lipid peroxidation, maintaining immune functions and inhibiting the
development of degenerative diseases such as cancer, diabetes, cardiovascular and neurological diseases (Roura et al,,
2007; Gropper et al.,, 2005). Vitamin C is a strong water-soluble antioxidant that protects cells and cellular components
from free radicals by donating electrons, and regenerating other antioxidants, such as vitamin E (tocopherols) (Keith,
2006). Vitamins C and E are essential for visual health (Lien and Hammond, 2011). Tocopherols and carotenoids have
been suggested to be fat-soluble antioxidants.

Nutritional properties of pumpkins

Pumpkin is recognized as a functional food (Adams et al., 2011; Al Jahani and Cheikhousman, 2017). Functional foods are
food products that provide additional health benefits beyond their normal nutritional contributions (Roberfroid, 2002).
Functional foods (or healthy foods) have been defined as a new range of different foods containing biologically active
ingredients such as phytochemicals, antioxidants, fatty acids and other compounds present in fruits, vegetables and seeds.
When functional foods are included in diet, important benefits to consumer’s health are provided (Soto et al., 2006).
Functional food products contribute to the prevention of chronic non-transmissible diseases related to nutrition
(Murkovic et al., 1996a). Moreover, there is increased interest in the effects of nutrition on cognitive and immune
functions, work capacity and physical performance (Roberto et al, 2019). Pumpkin is rich in vitamin C, vitamin E,
lycopene and dietary fiber (Aruah et al,, 2011). Pumpkin seeds are rich in protein, fibres, minerals, polyunsaturated fatty
acids, phytosterols, antioxidant vitamins such as carotenoids and tocopherols and trace elements such as zinc (Ryan et al.,
2007; Stevenson, et al.,, 2007; Applequist, et al.,, 2006; Glew, et al.,, 2006). The seeds’ antioxidant activity is due to the
presence of fat-soluble antioxidants (tocopherols and carotenoids) and a strong water-soluble antioxidant (vitamin C).
Pumpkin fruit peels and flesh contain essential minerals as well as phytochemicals (-carotene, total flavonoids, and total
phenolics) that can help with anti-aging and the immune system (Hosen et al., 2021). The principal antioxidant
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Table 1. Nutritional value of pumpkin fruit flesh /pulp.

C. maxima C. moschata C. pepo
(mg/100 | (g/kg | (mg/100 (mg/100g) |(g/kg |g/100g |(g/kg |%raw |%dry
g) raw g) raw wet raw weight | weight
weight) weight) | weight weight)
Protein 11.31+ |10.447 - |7.25¢1.43 |1.66x0.03 |1.44+0.031 0.7(g/100g) [3.05+ |0.60-1.35 |2.08+ |4.75 3.070 +
0.95 10.623 | (mg/g FW) | (%FW) (% FW) 0.65 0.11 0.10
Carbohydrates 133.53 |8.507- 2.65+0.151 2.2(g/100g) |43.39 + |3.59-5.68 |26.23 + |9.22 66.647 +
+144 [5.537 (% FW) 0.84 0.20 0.10
Fat 420+ |[1.403- 0.41+0.04 |0.34+0.028 0.2(g/100g) | 0.89+ |0.14-0.15 |0.55+ |1.50 2.300 +
0.23 1.873 (%FW) (%FW) 0.11 0.14 0.10
Energy 79.563- 13
((kcal/100g) 75.587
Crude fiber 10.88 + | 1.553- 741+ |0.34-055 |3.72+ |3.65 11.463 +
0.35 3.447 0.07 0.02 0.10
Vitamin 138+ 12.500- |[15.00+0.02 | 20.98+0.34 | 2.42+ 7.9+0.17 2.30-
C(mg/100g 0.23 39.500 (mg/100g |.031(mg/100 29.70
FW) FW) gFW)
VitaminE (a- | 1.74 % 231+ 0.64+0.05 |1.54+
Tocopherol) 0.08 0.03 0.99
(mg/kg (mg/kg
raw raw
weight) weight)
Total 17.69+ 7.47£0.10 5.70 +
carotenoids 12.20 (mg/100g 0.39
(mg/kg FW) (mg/kg
raw raw
weight) weight)
f -carotene 1.67 + 17.04 + 0.77+0.03 | 3.0+0.028 0.58+0.13 |570+ |18.00-
0.06 12.18 (mg/100 g | (mg/100 0.39 1.6.0
(mg/kg FW) gFW) (mg/kg | (mg/100g
raw raw dry wight)
weight) weight)
Total phenols | 436.16% 0.47£0.01 |13.80£0.17 453.72 +
2.89 (mg/g FW) | (mg 5.61
GAE/100 g
w)
Total flavonoid | 8.23 536 +0.07
0.03
Source Zhouet |Kimet |Aminet |Sharma Zhao et Kulkarni and Zhou et Kimet [Al- Kimet |Hashash | Adebayo
al, 2017 |al,2012 |al, and al,, 2015 Joshi, 2013 al,2017; al,, Barbary et | al,,2012 | etal,, etal,
2019a Ramana Holland et 2012 al,, 2011 2017 2013
Rao, 2013 al, 1991

compounds of pumpkin are carotenoids (Mbogne et al,, 2015); the main carotenoids found in pumpkins are zeaxanthin,
lutein, B-carotene and retinol equivalent. The major carotenoids important to humans are a-carotene, [3-carotene,
lycopene, lutein, zeaxanthin, and B -cryptoxanthin (Jaswir et al, 2014). Beta-carotene can be converted to f3-
cryptoxanthin and zeaxanthin through the hydroxylation process (Rodriguez-Amaya and Mieko, 2004). Natural
antioxidants like carotenoids (Sharma and Rao, 2013; Shi et al, 2013), vitamin C (Biesiada et al, 1962), phenols
(Nawirska-Olszanska et al., 2013) and some certain type of polysaccharides (Kostalova et al., 2013) found in the pumpkin
have been proven to possess antioxidant activity which can provide protection against free radical damage and
subsequently reduce the risk of developing degenerative chronic diseases (Adams et al., 2011; Song et al, 2013). The
orange colour of pumpkin fruit flesh is due to the high content of $-carotene that is transformed into vitamin A in the
human body after consumption (Palm, 1997); this makes pumpkin an excellent source of vitamin A. In addition to being a
precursor of vitamin A, B-carotene also has an antioxidant effect that might improve on certain functions of the immune
system (Krinsky and Johnson 2005). Lutein, a-carotene and 3-carotene are the primary carotenoids present in pumpkin
flesh (Jaswir et al,, 2014; Kumar et al,, 2018). Beta-carotene reduces skin damage from the sun and acts as an anti-
inflammatory agent while a-carotene is thought to slow the aging process, reduce the risk of developing cataracts, and
prevent tumor growth. Beta-carotene is one of the few carotenoids that have provitamin A activity; it has 100%
provitamin A activity compared to a-carotene that has approximately 53% provitamin A activity (Sharma and Rao, 2013).
Beta-carotene concentration is influenced by plant variety, sun exposure, temperature, water availability, and the
chemical composition of the soil. Vitamin E (tocopherols) protects the cell from oxidative damage by preventing the
oxidation of unsaturated fatty acids in cell membrane (Kim et al., 2012). Polyphenols are among major determinants of
quality traits such as colour, aroma, bitterness and astringency of fresh fruits and fruit products such as jam, juices, jellies
etc. Sharma and Rao (2013) found that the total phenols in C. maxima fruit decreased from 0.56mg/g fresh weight in a
young immature fruit to 0.47+0.01 mg/g fresh weight when the fruit ripened. In the same study, they found that vitamin C
increased from 4.30+0.31mg/100g fresh weight at young stage to 15.00+0.02mg/100g when the fruit ripened. The
carotenoids also increased from 0.67+0.03mg/100g fresh weight in a young immature fruit to 7.47+£0.10mg/100g fresh
weight when the fruit ripened. This eleven-fold increase in carotenoid is responsible for development of fruit flesh colour
from yellow at young immature stage to orange upon fruit ripening. Similar results for carotenogenesis during ripening
were also reported in C. moschata ‘Menina Verde’ (Arima and Rodriguez-Amaya, 1988) and C. moschata ‘Menina
Brasileira’ (Arima and Rodriguez-Amaya, 1990). Carotenoid biosynthesis increases during maturing or ripening of
carotenogenic fruits and fruit vegetables (Gross, 1987). Lutein was found to be the predominant carotenoid in all the 11
cultivars of C. maxima (Kulczyniski and Gramza-Michatowska, 2019) while Norshazila et al. (2014) observed that (-
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Table 2. Chemical composition of pumpkKin seeds.

C. maxima C. moschata C. pepo
(mg/100 (g/kgraw | % dry 100g 100 g (g/kgraw | % % wet (g/kgraw | % dry % dry % dry % wet
g) weight) weight weight) weight | weight) weight weight weight weight
Protein 21.313- 27485+ 33.48 39.25(g) |14.31(g) |298.11+ |851+ 30.27- 308.83+ |2540+ |37.1-444 27.48 39.50
20.677 10.04 14.75 0.44 31.10 12.06 0.61
Carbohydrates 5.183- 129.08 = 28.68 11.48(g) |24.45(g) |140.19+ |4.43z 02.01- 12220+ |2519+ |9.9-219 28.03 10.93
14.540 8.25 7.60 017 06.57 7.47 3.3
Fat/Crude oil 23.447- 52434 30.66 27.83(g) |52.13(g) |456.76 + |46.18+ |33.68- 43988+ |[41.59+ |34.4-43.6 38.00 33.46
17.893 1.32 11.66 0.83 36.43 2.88 2.71
Energy 311.54- 524.58 [453 628 445.72- 546-598 564
(kcal/100g) 227.64 467.3
Fiber 161.54 3.07 16.84(g) |2.55(g) |10851+ |30.66+ |15.42- 14842+ |249+ 1.00 1.59
6.79 8.36 0.25 19.71 0.55 0.11
Vitamin C 15.000-
10.750
Source Amin etal, Kim et Karaye et | Alfawaz, |Amooet |Kimet Can- Khalifa |Kim et Ardabili |Idouraine et | Elinge et Hashash et
2019a al,, 2012 al, 2013 (2004 al.. 2004 |al,2012 Cauich et | etal,, al,,2012 etal, al.,, 1996 al, 2012 al, 2017
al, 2021 |2012 2011
Table 3. Composition of major fatty acid in pumpkin seed oils.
C. maxima C. moschata C.pepo
% % fat | % fat | % fat mg/100 |% seed oil | % fat % seed | g/100 |% seed |% fat % fat | % fat % fat % fat |% % seed | % fat % seed | %
seed g oil goil oil seed |oil oil seed
oil oil oil
Palmitic |{17.39|10.8 |15.9 |19.23 20.784 - |14.2+0.4 |10.48- 12.20- |21.51- {1739+ |12.78+ |20.88 |13.47- 1297+ |139- |19.1 [128- 9.65- 10.68 = ({12.90
acid 4+ 7 * 22.840 12.51 18.79 |22.25 (0.42 0.11 - 19.08 0.72 20.0 +0.8 |15.8 10.88 0.42 -
0.12 10.39 21.03 13.11
Stearic |27.06|5.84 [4.68 |6.39 4.519- |[58+0.2 6.6-7.86 [4.90- 7.84- |7.26% 7.33 % 14.27 |19.37-10.98 |4.67 £ 74+ |52-83 4.68-5.40 (8.67+ |6.97-
acid + + 6.600 6.55 848 |0.23 0.20 - 0.15 0.2 0.27 7.32
0.03 |0.56 14.43
Oleic 40.58|14.8 |44.1 |37.38 25.417- |41.4+0.7 |21.49- 11.70- |23.28- {17.03+ |31.34+ |15.92 |31.22- 3240+ [18.4- |42.8 |46.6- 35.55- 38.42 £ |28.33
acid 3+ |1% 23.823 24.94 27.35 |[25.59 |0.45 0.12 - 37.45 0.56 39.6 +0.5 [60.4 37.42 0.37 -
0.05 [0.63 16.41 28.82
Linoleic |14.97 |56.6 |34.7 [36.15 [49.416- [37.0+0.5 |49.06- 52.59- [40.22- |57.40+ |35.72+ |39.75 |37.63- 3640+ (42.1- (304 |9.6-27.9 |40.22- 39.84 + |49.51
acid 0+ |7% 46.511 52.13 63.87 [43.56 |0.67 0.25 - 39.09 0.82 48.5 +0.3 45.05 0.08 -
0.29 |0.95 40.73 50.22
Linoleni 0.24 |Trac |Not 2.248- |0.2+0.0 |3.99-5.83 0.25* Not 0.03-0.14 | Not 0.23— 0.12- 2.88-5.22|0.68+ |0.13-
cacid + e detecte |0.359 0.04 detecte detecte |1.0 0.79 0.14 0.15
0.01 d d d
SFA 174 [21.0 |26.47 27.1- 21.1 20.46- 18.24- |31.48- [25.24+ [20.11# 25.89- 18.62 + |15.2- [26.5 16.48- 19.35 +
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7+ |7% 32.528 22.33 2736 [32.78 |0.72 0.11 29.03 0.64 22.4 18.16 0.16
0.13 |1.19
MUFA 149 [44.1 |37.38 |25.417- |41.7 21.55- 11.8- [23.03- |17.11+ |31.34% 31.40- 3240+ [77.1- [43.1 35.59- 80.65 + [78.79
0+ |2z 23.823 25.02 27.61 |25.15 |0.46 0.12 37.67 1.66 83.8 37.49 0.16 -
0.04 |0.57 79.03
PUFA 56.8 |34.7 |36.15 51.66- |37.2 54.46- 52.74- 140.22- |57.65+ |35.72+ 37.66- 36.40 £ 30.4 44.35-
4+ |8+ 46.87 56.96 64.53 |43.56 |0.71 0.25 39.24 0.82 47.93
0.29 0.85
Peroxide 2.33 6.37- 1.5+ 10.85
value * 8.23 0.0 0.62
(meq of 0.65
O2/kg
oil)
Acid 7.54 0.57- 112+ |16 0.78 +
value * 0.64 22to (0.0 0.02
(mg 0.02 28.7 =
KOH/g 3.9
of oil)
Source |Habi [Kim |Rezig|Sharmi |Aminet |Montesan |Srbinosk |[Koltso |Can- |Boujema |Kimet |[Aliet |Prommaba |Kimet |Benali |Nya |Idourain |Srbinosk |Ardabil |Huda
bet |etal,|etal, |netal, |al, oetal, aetal, vand |Cauich |aetal, al, al,, netal, al,, aetal, |[met |eetal, |aetal, ietal, |etal,
al,, 2012|2012 | 2022 2019a |2018 2012 Danilin |etal, |[2020 2012 2022 |2021 2012 2015 |al, 1996 2012 2011 2023
2015 ,2021 12021 2009
Table 4. Tocopherol content of pumpkin seed oils.
C. maxima C. moschata C. pepo
mg/kg oil | mg/kg |mg/100 |mg/kgoil |pg/goil |mg/kgof |mg/kgof |mg/kg |mg/kgof|mg/kg |mg/kgof |mg/kg |mg/kg |mg/kgof |mg/100 |mg/kg oil
extract raw g extract oil oil oil raw oil raw of oil oil gofoil |extract
weight weight weight
a- 47.2 20.79+ 128+ 35.73- 27.1-75.1 |22.02 £ 15.840+ |[54.0 8357+ |25.74+ |18.96+ 2133+ |0-319 |849+ 15.19 £ |27.91-
Tocopherol 1.33 14.42 38.04 1.82 0.661 0.106 0.73 0.51 3.65 0.34 1.84 38.59
Y- 119.7 28.70+ [113.66 + |81.82- 74.9- 626.67 + 1417.797 |112.0 265.513 [66.85+ |476.86 61.65 + 33454+ |61.32 £ |89.90-
Tocopherol 2.13 1.52 83.20 492.8 47.45 +0.783 +0427 |4.90 29.14 17.66b 13.56 1.17 115.20
- 195.0 177 £ 35.3- 19.98 + 544.0 11.06 £ 39.0- 7.02 £ 414 +
Tocopherol 14.17 1109.7 0.45 0.29 130 1.14 0.33
(B+Y)- 39.3-
Tocopherol 155.1
Total 361.9 418.66 + |117.55- 1433.637 |640.0 273.870 104.7-
Tocopherol 33.36 121.24 * 0.604 +0.374 221.2
Source Sharmin |Kimet |Reziget |Srbinoska |[Roberto |Boujemaa |Al-Turky |Aminet |Al-Turky |Kimet |Boujemaa |Kimet |Benalia |Boujemaa|Nyam et |Srbinoska
etal, al., al,, 2012 |etal, 2012 |etal, etal, 2020 |etal, al., etal., al., etal, 2020 |al, 2012 |etal, etal, al,, 2009 |etal,
2022 2012 2019 2024. 2019b  |2024 2012 2015 2020 2012
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carotene was the predominant carotenoid in cultivars of C. moschata. The different proportions of lutein and beta-
carotene may be influenced mainly by variety, the growing conditions, the maturation period, and the storage time of the
pumpkin. It seems that during the growth and maturation of the plant, as well as the storage of fruit, the conversion of
individual carotenoids may proceed at different rates (Kulczynski and Gramza-Michatowska, 2019). Jaswir et al. (2014)
showed that long-term storage of pumpkins resulted in the accumulation of lutein and 3 -carotene with a slight decrease
in zeaxanthin. The biosynthesis and metabolism of carotenoids in vegetables can significantly be affected by the
differences in growing environment such as temperature, nutrient availability, water availability, soil composition,
intensity of sunlight, ripening stage, post harvesting (Rodriguez-Amaya, 1999). It has been documented that different
species and/or varieties of Cucurbita spp. grown in different areas of the world have differences in their phytochemical
contents (Younis et al.,, 2000). Karanja et al. (2014) found that $-carotene content in fresh pumpkin pulp from Curcubita
ssp. collected from Eastern and Central Kenya ranged from 14.7 to 35.09ug/g.

Pumpkin flesh/pulp

Pumpkin fruit flesh is rich in carbohydrates, proteins, macro- and micronutrients and energy such that no other single
food has such high nutritional potential (Kiharason et al., 2017; Habib et al.,, 2015). The amount of carbohydrates can vary
depending on the variety of the pumpkin, its origin, maturity, as well as the soil and climate conditions during growth
(Hagos et al,, 2023). Curcubita maxima has been found to have significantly more carbohydrates, proteins and fats in the
fruit flesh and peel than C. pepo and C. moschata (Mbogne et al., 2015; Kim et al., 2012; Table 1). This high carbohydrate
concentration may contribute to the sweet taste of C. maxima. Due to its sweet taste, C. maxima is called ‘Danhobak’ in
Korean language; ‘Dan’ meaning sweet and ‘hobak’ meaning pumpkin (Kim et al., 2012). Pumpkin fruit flesh is low in
calories (PROTA, 2018) and fat (Kim et al., 2012) but rich in vitamin A, C, E, lycopene, potassium, and proteins (Gonzalez
et al, 2001). Nutritionally, pumpkin fruits can be compared to tomatoes; tomato fruits are rich in [-carotene
(1.64mg/100g) and vitamin C (27.04mg/100g) (Dar and Sharma, 2011) while pumpkin is also a good source of (-
carotene (0.72-2.48mg/100g) (Aruah et al,, 2011) and vitamin C (22.9mg/100g) (Gonzalez et al., 2001). Carotene content
of some Spanish pumpkin varieties was found to be higher than that of carrots (Teotia, 1992). Pumpkins are rich in
potassium, calcium, iron, magnesium, phosphorus, manganese, copper, and zinc (Kulczynski and Gramza-Michatowska,
2019); potassium is the most abundant mineral in pumpkin (USDA, 2015). Karanja et al. (2014) found that the most
abundant mineral in pumpkin pulp was potassium; they obtained values ranging from 166 to 191.8mg/100g on dry
weight basis. Kulczynski and Gramza-Michatowska (2019) found potassium in C. maxima pulp to range from 4692.70 to
9965.70mg/100g dry matter. Pumpkin fruit flesh and seeds have been found to be rich in proteins, antioxidant such as
carotenoids and tocopherols (Stevenson et al., 2007), and minerals (Kim et al., 2012). Pumpkin fruit flesh is rich in vitamin
E (o- tocopherol and y-tocopherol) (Kulczynski and Gramza-Michatowska, 2019; Seleim et al.,, 2015). The content of a-
tocopherol in pumpkin pulp was found to be significantly greater than in the peel (Kulczynski and Gramza-Michatowska,
2019); Kim et al. (2012) found the opposite to be the case. The contents of a- tocopherol and y-tocopherol in € maxima
were found to be the highest in the seeds (20.79) and (28.70mg/kg raw weight) respectively, compared to the fruit flesh
and peel (Kim et al., 2012).

Pumpkin seeds

Pumpkin seeds, being the storage parts of the plant, have higher nutrient contents than the fruit flesh (Raihana et al,,
2015; Mansour et al., 1993; Dhiman et al., 2009; Kim et al., 2012; Quintana et al., 2018).The main nutritionally relevant
components of pumpkin seed are proteins (30-51%) and oil (up to 40%). The seeds are also rich in carbohydrates (up to
10%) and microelements between 4 and 5% (Srbinoska et al, 2012). They are also rich in triterpenes, lignans,
phytosterols, polyunsaturated fatty acids, antioxidative phenolic compounds, carotenoids, tocopherol, and minerals (Fu et
al,, 2006). The protein is nutritionally balanced; pumpkin contains all the 9 essential amino acids and is rich in glutamic
acid and arginine (Alfawaz et al.,, 2004; Younis et al., 2000; Kim et al., 2012; Glew et al., 2006); the contents of amino acids
were found to be much higher in the seeds than the fruit pulp and peel (Kim et al., 2012; Amin et al., 2019a; Mohammed et
al, 2014). Moreover, species belonging to the Cucurbitaceae family have an unusual amino acid known as cucurbitin,
which is responsible for the anti-inflammatory and antiparasitic functional properties of the pumpkin (Salama et al,,
2006). Amin et al. (2019a) found that the protein content in seeds of indigenous and hybrid varieties of C. maxima were
21.313+0.50 and 20.677+0.61mg/100g, respectively. These figures were higher than in the fruit flesh and peel. The fiber
content in the seeds were 46.647+0.84 and 52.377+0.61mg/100g, while the energy was 311.54+0.56 and
227.64+0.75kcal /100g, for the indigenous and hybrid varieties respectively. These figures were also higher than in the
pulp and peel. Kim et al. (2012) found that the protein content in C. maxima seeds was 274.85+10.04g/kg raw weight
while the fat and fiber were 524.34+1.32 and 161.54+6.79g/kg raw weight, respectively. These figures were higher than
the contents in the pulp and peel. They also found out the the carbohydrates, protein and fat contents in the pulp and peel
of C. maxima were higher than in the corresponding parts in C. pepo and C. moschata while the contents in the seeds of the
three species were similar. Pumpkin seeds are rich in phytosterols (e.g. 3-sitosterol) (Phillips et al., 2005; Ryan et al,,
2007). Gossell et al. (2006) and Tsai et al. (2006) stated that pumpkin oil have high content of (8- sitosterol which is
beneficial for the treatment of benign prostate hyperplasia. Sitosterol was found to be the major sterol in the C. maxima
seed oil (Rezig et al,, 2012). Because of these beneficial effects on human health, pumpkin seeds can be considered as a
natural functional food (Roberto et al,, 2019). Kim et al. (2012) found that C. pepo seeds had significantly more 3-sitosterol
(383.89+48.15mg/kg raw weight) than C. moschata and C. maxima which contained 277.58+23.48 and 235.16+1.44mg/kg
raw weight, respectively. Differences in the chemical composition of pumpkin seed among Cucurbita species and cultivars
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from different parts of the world might be affected by soil conditions, climate, genetic factors, fertilization conditions, and
the harvest time (Younis et al., 2000).

The seed oil

Pumpkin seeds are rich in oils; the oil content depends on the seed variety, maturity, seed weight, length etc. (Tiirkmen et
al,, 2017). Pumpkin seed oil content is comparable to cotton seed (15-24%), safflower (30-35%), soybean (17-21%),
rapeseed (40-48%) and olive (12- 50%) (Lisa et al., 2018; Nichols and Sanderson, 2003). Pumpkin seeds contain about
38 to 60% oil (Lazos, 1986; Markovic and Bastic, 1976) that mostly contain oleic and linoleic fatty acids (Tsaknis et al,,
1997; Table 3). Oil contents in C. maxima seeds were found to be 30.03% (Sharmin et al., 2022), 48.6% (Tsaknis et al.,
1997), 31.6-38.6% and 10.9-30.9% (Stevenson et al., 2007) and 43.4-58.7% (Koltsov and Danilin, 2021). Studies have
shown that the fatty acids content in C. maxima seeds is up to 50% of total weight of the seed with predominance of
unsaturated-short chain fatty acids (Amoo et al, 2004). Pumpkin seed oil mainly contain triglycerides with palmitic,
stearic, oleic, and linoleic acid as the dominant fatty acids (Khalifa et al., 2012; Srbinoska et al., 2012, Kim et al., 2012).
Stevenson et al. (2007) evaluated the seed oil content and fatty acid composition of twelve cultivars of C. maxima grown
in Iowa and found that the oil yield and total unsaturated fatty acid contents ranged between 10.9-30.9% and 73.1-80.5%,
respectively. They also found that the predominant fatty acids were linoleic, oleic, palmitic, and stearic acid. Ardabili et al.
(2011) found that four major fatty acids, namely, linoleic, oleic, palmitic, and stearic were predominant in C. pepo seed oil
and they constituted more than 97% of the total amount of fatty acids. Bardaa et al. (2016) found that the main fatty acids
in C. pepo seed oil were palmitic acid (14.828), oleic acid (25.817) and linoleic acid (50.88); the three accounted for about
90% of the total fatty acids. Younis et al. (2000) found the fatty acid composition of the Eritrean C. pepo seed oil were
8.0% stearic, 13.3% palmitic, 29.0% oleic, and 47.0% linoleic acid. Can-Cauich et al. (2021) found the oil yield of C.
moschata seeds to range from 32.37 to 46.18% depending on the extraction method. Quintana et al. (2018) found the oil
content of C. moschata seeds to be 52.6% compared to the pulp which had 0.77%. Ali et al. (2022) found the seed oil yield
of different genotypes of C. moschata to range from 31.7 to 36.9%. Al-Khalifa (1996) found that the fatty acids in lipid
extract of Egyptian C. moschata seeds were 6.3% palmitic, 13.1% stearic, 26.2% oleic, and 53.2% linoleic acid. Khalifa et
al. (2012) found that the protein and oil contents in C. moschata seeds ranged from 30 to 31% and 33 to 36% (on wet
weight basis), respectively. The major lipid components were the triglycerides which constituted about 69.09 to 80.31%
of the total lipids. In addition, the total unsaturated fatty acids in the seed oils ranged from 70 to 73% of the total fatty acid
composition of the oil and consisted mainly of oleic and linoleic acids, while the total saturated fatty acids ranged from
26.66 to 27.96% and consisted mainly of palmitic acid (16.02 to 17.17%) followed by stearic acid (8.97 to 10.50% of total
fatty acids). Furthermore, they found that oleic acid was the predominant fatty acid in seed oils and ranged from 38.00 to
46.04% of the total fatty acids. Predominance of oleic fatty acid in pumpkin seed oils was also found by Sabudak (2007)
and Nyam et al. (2009). Other studies indicated that linoleic acid was the major fatty acid in the pumpkin seed oils
followed by oleic (Stevenson et al., 2007; Szterk et al,, 2010; Kim et al,, 2012). Alfawaz et al. (2004) determined 18.14%
oleic acid, 53% linoleic acid and 1.27% linolenic acid in C. maxima seed oil. The seed oil of C maxima were found to contain
56.60 linoleic, 14.83 oleic, 10.84 palmitic and 5.84% stearic acid (Kim et al., 2012). Amin et al. (2019a) found C. maxima
seed oil to contain 49.416 linoleic, 25.417 oleic, 20.784 palmitic and 4.519 stearic acid (mg/100g) fatty acids
concentrations. Hegazy and El Kinawy (2011) found that the fatty acids in C. maxima seed oil were mainly unsaturated
fatty acids (linoleic acid, 42.05%) and (oleic acid, 33.16%) with lower levels of saturated fatty acids (palmitic acid,
15.52%) and (stearic acid, 9.27%). In other studies, C. pepo seed oil was found to contain more linoleic acid (43.1-55.6%)
than oleic acid (20.4-37.8%) (Lazos, 1986; Al-Adawy and Taha, 2001). Huda et al. (2023) found the linoleic acid in C. pepo
seed oil to range from 49.51 to 50.22%, oleic acid to range from 28.33 to 28.82 while total unsaturated fatty acids ranged
from 78.79 to 79.03%. Benalia et al. (2015) reported that the dominant fatty acids in C. pepo seed oils were palmitic
(13.9-20.0%), oleic (18.4-39.6%) and linoleic (42.1-48.5%)(Table 3). The content of these three ranged from 78.1 to
97.6% of the total fatty acid composition of the oil. In addition, they found that the total saturated fatty acids (SFA) ranged
from 15.2 to 22.4%, total unsaturated fatty acids (UFA) ranged from 77.1 to 83.8% while UFA/SFA ratio ranged from 3.4
to 5.5. Unsaturated fatty acids having one or more double bonds on the carbon chain are considered healthier than
saturated fatty acids (no double bond)(Dunford, 2020). The high content of linoleic acid is an important nutritional aspect
because it is an essential fatty acid (EFA), together with linolenic acid, and a lack of either of the two leads to ill health and
causes deficiency symptoms (Amin et al,, 2019a). The term essential fatty acids (EFA) refers to those omega-3 and omega-
6 polyunsaturated fatty acids (PUFA) that must be provided by foods because they cannot be synthesized in the body yet
are necessary for health (Kaur et al., 2014). Studies have positively correlated EFA intake with the reduction of numerous
disorders (cardiovascular, neurological, visual, and cancerous) (Kaur et al., 2014). Kim et al. (2012) reported that PUFA
dominated in the C. maxima seed oils at 56.84+0.29% fat while the monounsaturated fatty acids (MUFA) were the least at
14.90+£0.04% fat. Differences in the fatty acid composition in pumpkin seed oils may be due to several factors including
variety, growing area, climate and state of ripeness (Murkovic et al., 1999; Rombaut et al., 2009). When the temperature is
lower during the last weeks of seed filling, there will be a shift in content from oleic to linoleic acid. Linoleic acid content is
always higher in localities where lower average temperature prevails (Younis et al., 2000; Murkovic et al., 1996a). Younis
et al. (2000) reported that in the C. pepo extracts, content of oleic and palmitic acid decreased as the average growing
temperature decreased. Also, it is confirmed that increased linoleic acid content is followed by decreased oleic acid
content (Younis et al., 2000; Murkovic et al., 1996a).

Fatty acid composition of the pumpkin seed oils can be used to evaluate its stability and nutritional quality. Although
unsaturated fatty acids are good for health, their oxidative and thermal stability is lower than that of the saturated fatty
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acids. Stability of fatty acids decreases as the number of double bonds on the molecule increases. For example, the ratios
of the rates of oxidation of oleic acid (one double bond): linoleic acid (two double bonds): linolenic acid (three double
bonds) have been reported as 1:10:20, meaning that linoleic and linolenic acids oxidize 10 and 20 times faster than the
oleic acid, respectively (Dunford, 2020). According to Choe and Min (2006) the rate of linoleic acid oxidation is 10 - 40
times higher than that of oleic and the rate of linolenic oxidation is 2-4 times faster than that of linoleic. It has been
reported that linoleic acid oxidizes ~ 50 times faster than oleic acid (Brinkmann, 2000). The oxidative stability of pumpkin
seed oil is influenced primarily by the ratio of linolenic to oleic acid (Srbinoska et al., 2012). In addition, the high amount
of linoleic acid makes pumpkin seed oil prone to oxidation (Rezig et al., 2012). A high degree of unsaturation makes the oil
to oxidize easily when used for deep-fat frying. During oil oxidation and degradation, off-flavours and harmful chemical
compounds are formed; hence, an oxidized oil with highly unsaturated fatty acid content can be more harmful to human
health than a good quality saturated fat or oil (Dunford, 2020). Therefore, edible oil industry has focused attention on high
oleic acid vegetable oils such as high oleic corn, sunflower and canola which have been found to have enough oxidative
stability to be used in demanding applications such as frying (Petukhov et al., 1999; Warner and Knowlton, 1997). On the
other hand, a reduction in saturated and a moderate increase in monounsaturated and n-3 and n-6 polyunsaturated fatty
acids enhances nutritional quality of the oil by preventing coronary heart disease and other diseases in humans (Benalia
et al,, 2015). Although, linolenic acid is an omega-3 fatty acid with positive health effects, it easily oxidizes and it is
undesirable in edible oils because of the off-flavors and potentially harmful oxidation products formed (Achu et al., 2006).
Warner and Gupta (2003) showed that decrease in linolenic acid from 2 to 0.8% in oils improved flavour and oxidative
stability of fried food. This shows that for oil to be good for frying, its linolenic acid level should be less than 1%, as in
pumpkin seed oils and therefore, pumpkin seed oils can be used as frying oils. Thus, pumpkin seed oils with very low
linolenic acid content provide high oxidative stability, making it suitable for industrial application and giving it a long shelf
life (Stevenson et al.,, 2007; Table 3). High degree of unsaturation makes pumpkin seed oil suitable for the use as valuable
drying agent (Habib et al.,, 2015). Pumpkin seed oil is a rich source of linoleic acid; the unsaturated nature of this oil
qualifies it to be promising edible oil. The high level of linoleic and oleic acids confirm that the oil is liquid and not solid oil;
hence, it cannot easily solidify at ordinary temperature. The presence of high amounts of the essential linoleic acid
suggests that the pumpkin seed oil is highly nutritious; hence, consumption of this oil can prevent the risk of heart
problems. As the pumpkin seed oil is rich in both oleic and linoleic acids, it may be used as edible cooking and salad oils or
for margarine manufacture (Benalia et al,, 2015; Nyam et al., 2009). The high percentage of oleic acid in the oil makes it
desirable in terms of nutrition and high stability cooking and frying oil (Nyam et al.,, 2009). As a measure of nutritional
value, the ratio of polyunsaturated fatty acids (PUFA) to saturated fatty acids (SFA) in C. maxima seed extracts varied from
2.51 to 2.78, depending on the extraction solvent used (Srbinoska et al., 2012); Murkovic et al. (1996a) reported 2.81
PUFA/SFA ratio in seed extracts of C pepo. Benalia et al. (2015) found the ratio of total unsaturated fatty acids/total
saturated fatty acids in C. pepo seed oils to range from 3.4 to 5.5. Srbinoska et al. (2012) found the ratio of linoleic/oleic
acid to range from 1.97 to 2.43 in C. maxima seed oil depending on the extraction solvent used. In the same study, they
found the ratio to range from 1.09 to 1.27 in C. pepo seed oil extracts. Consequently, pumpkin seed oils have a high
stability to oxidative rancidity process which is also coincident with a low peroxide value (Amoo et al., 2004). The
peroxide value of oil is a measure of primary oxidation; it is the most important indicator of oxidation level in oil (Bardaa
et al, 2016). Oxidation of oil is often related to the deterioration of lipids leading to the development of rancidity, and
formation of compounds that cause undesirable flavours, polymerisation, and other types of reactions that reduce the
shelf life and nutritional value of the oil (Can-Cauich et al., 2021). Peroxide value measures the quantity of peroxides in the
oil; these are intermediates of oxidative reactions that decompose via transition metal irradiation or at elevated
temperatures to form free radicals (Can-Cauich et al., 2021). High peroxide values suggest that the oil has begun to
degrade (Rezig et al,, 2012); it has been shown that oils become rancid when the peroxide value ranges from 20.0 to
40.0meqO2z/kg oil (Ajayi et al, 2006). The maximum peroxide value for the category of extra-virgin olive oil (EVOO) is
20meqOz/kg oil (Bardaa et al, 2016). The Codex Alimentarius Commission (1982) stipulated permitted maximum
peroxide levels of 10meq peroxide/kg oil for soybean, cottonseed, rapeseed and coconut oils. Peroxide value is used as an
indicator of oil deterioration while acid value is used as an indicator of oil edibility (Roberto et al., 2019). Acid value of a
fat or oil is the number of milligrams of potassium hydroxide required to neutralize 1g of the fat or oil. It is measures the
number of free fatty acid presents it (Sayeed et al., 2004). The Codex Alimentarius Commission expressed the permitted
maximum acid values of 10 and 4mgKOH/g oil for virgin palm and coconut oils, respectively (Alfawaz, 2004). The
maximum acid index of edible oils is 15mgKOH/g of oil (Krishnamurthy, 1982). A high acid value may indicate a higher
tendency to become rancid while a lower free fatty acid (FFA) content indicates suitability of the oil for edible purposes
(Habib et al,, 2015). The free fatty acid given as Acid value/1.99 is an indication of the shelf life and edibility value of the
oil. It is an inversely proportional relationship; the lower the FFA value, the better the quality of the oil (Boujemaa et al.,
2020). A high percentage of free fatty acid (above 1.15%) indicates that the oil is not suitable for edible purposes (Habib et
al, 2015). Boujemaa et al. (2020) found the percent FFA for C. maxima, C. moschata and C. pepo fresh seed oils were
0.57+0.05, 0.65+0.05 and 0.86+0.05%, respectively. In other studies, percent FFA ranged from 2.75 to 4.93% for C. pepo
(Hernandez-Santos et al.,, 2016) and 1.0% for C. moschata (Al-Khalifa, 1996). Habib et al. (2015) reported acid value of
0.516mgKOH/g of oil and low FFA value of 0.26% for C. maxima seed oil. Bardaa et al. (2016) found the peroxide value of
C. pepo oil to be 8.66x0.21 meq0O2z/kg while the acid value was 1.4+0.01. Khalifa et al. (2012) found the acid value of C.
moschata seed oil to range from 0.59 to 0.99mgKOH /g oil while peroxide value ranged from 2.99 to 3.09meq/kg. The low
peroxide value was indicative of a high oxidative stability for pumpkin seed oils. Consequently, pumpkin seed oil has
great potential in fats and oils industry not only as edible oil but also as a potential nutraceutical (Rezig et al., 2012). The
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Table 5. Macro- and micronutrients in pumpkin seeds.

C. moschata C. maxima C. pepo
(mg/100  g)  dry|(mg/100 g) dry weight (mg/100 g)|(ng/g) mg/100g
weight dry weight dry weight
Potassium (mg/100|125.09 +|80-90 886.56 753.11 35.87 |434.71- 223.57 20692- 237.24
g) dry weight 2.03 557.65 28384
Phosphorus 240-360 |824.53 1036.82 |224.14 |0.740-0.68 |33.65 47.68
(mg/100 g)
Magnesium (mg/100 260-300 |146.13 364.43 34.87 |4.340- 60.45 7352-8561 |67.41
g) 3.693
Calcium (mg/100g) |50.83 +(210-240 |271.89 139.70 29.47 |4.0-3.757 |6.65 243-2788 [9.78
3.81
Zinc (mg/100 g) 5.01+2.04 |7.34-9.14 | 25.19 1.09 3.98 18.777- 0.85 197-266 14.14
16.433
Sodium (mg/100g) [4.41+0.01 |40-70 356.75 68.58 29.69 |1.350-0.98 |155.06 170.35
Iron (mg/100 g) 6.52+0.16 |10.13- 15.37 13.66 4.27 6.017- 12.39 164-231 3.75
18.93 5.507
Source Can-Cauich | Khalifa et |Rezig et|Alfawaz, |Amoo |Amin et al,|Hashash et|Idouraine |Elinge et al,
etal, 2021 |al, 2012 |al, 2012 |2004 et al,|2019a al, 2017 etal, 1996 |2012
2004

quality of oil and its oxidative stability are important for the desired uses by the consumers. The yield, quality, and
oxidative stability of oil can be affected by variety, climate, soil, growing conditions as well as by the extraction method,
among others (Can-Cauich et al., 2021; Nyam et al.,, 2009). Extraction techniques affect the oil stability and antioxidant
activities (Rezig et al., 2018). A recent study showed that pumpkin seed oil extracted through mechanical pressuring had
lower peroxide value compared to oils extracted by organic solvent (Can-Cauich et al., 2021). The use of high
temperatures during the extraction of vegetable oils promotes the formation of primary oxidation products (peroxides
and hydroperoxides) and secondary oxidation products (aldehydes and carbonyls, among others); this might explain why
mechanical pressing extraction at 45°C resulted in less oxidation (more stability) compared with organic solvent
extraction at 769C (Can-Cauich et al, 2021). Rezig et al. (2018) compared two different extraction methods, namely
solvent extraction and cold (mechanical) pressing. They found that pumpkin seed oil extracted by mechanical extraction
exhibited the best stability and highest tocopherol levels. In addition, it had the highest values of total carotenoids, total
phenolic compounds (TPC), B-carotene, quercetin, squalene, fecosterol, stigmasterol and antioxidant activities.
Antioxidant compounds such as phenolic compounds, tocopherols, phytosterols, and carotenoids increases the oxidative
stability of edible oils due to their antioxidant properties (Rezig et al., 2012; Nour et al., 2018). Consequently, refining
processes that reduce the contents of antioxidant compounds may render the oil more susceptible to oxidative
deterioration (Redondo-Cuevas et al,, 2018).

Anti-oxidant properties

Pumpkin seed oil has strong antioxidant properties and has several health benefits such as prevention of the growth and
reduction of the size of prostate, retardation of the progression of hypertension, mitigation of hypercholesterolemia and
arthritis, reduction of bladder and urethral pressure and improving bladder compliance, alleviation of diabetes by
promoting hypoglycemic activity, and lowering levels of gastric, breast, lung, and colorectal cancer (Fu et al, 2006;
Stevenson et al, 2007; Nishimura et al, 2014). The antioxidant potential of seed oils can be attributed to PUFA,
tocopherols, total phenolic compounds, phytosterols, and carotenoids (Latif and Anwar, 2011; Zhang et al.,, 2010;
Redondo-Cuevas et al,, 2018). Pumpkin seed oil is a significant source of vitamin E (tocopherol) (Stevenson et al., 2007).
Tocopherols, collectively known as vitamin E, are classified into a-, 8-, y-, and §-isomers according to the number and
position of methylsubstituents on the phenolic ring moiety (Galli et al, 2017). Tocopherols are natural lipophilic
antioxidants mainly found in vegetable oils (Rezig et al, 2012). Tocopherol homologues are phenolic antioxidants that
occur naturally in vegetable oils and provide some protection against oxidation by terminating free radicals (Ardabili et
al,, 2011). The main sources of tocopherols are almond oil and other nut oils, olive oil, sunflower oil, rapeseed oil, corn oil,
linseed oil, and soybean oil (Szewczyk et al., 2021). Tocopherols in seed oil are extremely important due to their role in
the protection against oxidative deterioration of polyunsaturated fatty acids in plant material; due to their capacity to
reduce damage from free radicals, tocopherols play a putative role in prevention of Alzheimer's disease and cancer
(Tucker and Townsend, 2005). Diets high in pumpkin seeds have been associated with lower risks of gastric, breast, lung,
and colorectal cancers (Huang et al.,, 2004; Lowe and Ku, 1996). Most diets supply tocopherols, especially a-tocopherol
and y-tocopherol due to their relatively high concentration in food products (Szewczyk et al., 2021). In C. maxima and C.
pepo seed oil, a-and y-tocopherol were present in higher concentration than 8- and §-tocopherol (Srbinoska et al., 2012;
Nyam et al., 2009). Boujemaa et al. (2020) found y-tocopherol to be the most abundant in C. maxima, C. moschata and C.
pepo seed oils (Table 4); y-tocopherol ranged from 334.54 to 626.67mg/kg of oil while a and 8-tocopherol ranged from
8.49 to 22.02mg/kg and from 7.02 to 19.98mg/kg, respectively, across all the three Curcubita species. In addition, y-
tocopherol in C. maxima seed oil was 1.2 and 1.8 times higher than those of C. moschata and C. pepo, respectively. Kim et
al. (2012) found only a- and y-tocopherols in C. pepo, C. maxima and C. moschata peels, flesh and seed; similarly,
Kulczynski and Gramza-Michatowska (2019) found that cultivars of C. maxima contained only a- and y-tocopherols in the
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fruit pulp. However, Rezig et al. (2012) found 6-tocopherol to be the main component and represented about 42.27% of
total tocopherols in C. maxima seed oil, followed by a -tocopherol and then y-tocopherol (Table 4). Similarly, Amin et al.
(2019b) found &-tocopherol to be predominant in C. maxima seed oil at 544mg/kg, followed by y-and a-tocopherol at
112.0 and 54.0mg/kg, respectively. Ryan et al. (2007) found that pumpkin seeds contain more a-tocopherol (0.9mg/100g)
than butter beans (0.7mg/100g), spelt (0.6mg/100g), buckwheat (0.1mg/100g), maize (0.2mg/100g), millet
(0.2mg/100g), linseed (0.1mg/100g), mustard (0.6mg/100g), and poppy (0.2mg/100g). In addition they found that
pumpkin seeds contained the largest amounts of 3+y-tocopherol (14.8mg/100g). It has been reported that y- and §-forms
possess a much higher antioxidant activity than a- and B-forms; however, a-tocopherol is considered to have a higher
vitamin potency than any other tocopherol isomer (Murkovic and Pfannhauser, 2000; Tsaknis et al., 1997). It is the main
form of vitamin E with the highest tissue concentration; only a-tocopherol is retained at high levels in plasma and tissues.
Plasma and body tissues are 90% saturated with a-tocopherol while other forms of vitamin E are degraded and excreted
(Lee and Ulatowski, 2019). Consequently, only a-tocopherol is recognized as a nutrient (vitamin) that is able to meet
vitamin E requirements in humans (Szewczyk et al.,, 2021). The a- and y-tocopherol have the highest concentration in
food products (Szewczyk et al,, 2021); a-tocopherol is the most abundant isoform representing 90-95% of tocopherol
content in extra virgin olive oil (EVOO) (Beltran et al., 2010). Alpha tocopherol is recommended for human and animal
consumption because it has a higher biological activity than other tocopherols (Szewczyk et al, 2021); natural a-
tocopherol is the most biologically active isomer; biological activity of the other isomers is expressed as the a-tocopherol
equivalent (%), which is 50% for -, 10% for y- and 3% for §-tocopherol (Szewczyk et al., 2021). However, y-tocopherol
shows a higher antioxidant capacity compared to a-tocopherol (Fatnassi et al.,, 2009). The y-tocopherol has much higher
antioxidant properties and therefore could be important in controlling or preventing pre-diabetes or vascular injury
(Yadav et al,, 2010; Lampi et al, 1999). Stevenson et al. (2007) found that the total tocopherol contents in C. maxima
cultivars varied from 589 to 1234pug/g. Khalifa et al. (2012) found that the tocopherol content of seed oils of C. moschata
ranged from 67 to 158mg/100g of oil. Srbinoska et al. (2012) found slightly higher content of tocopherols in C. pepo
whole seed extract (153.79mg/kg extract) compared to C. maxima (121.24mg/kg extract). Indrianingsih et al. (2019)
found that the antioxidant activity of C. moschata seeds is higher than that of C. maxima seeds. In addition, the contents of
fat and protein in C. moschata seeds were also higher (28.49 and 19.23%) than that in C. maxima seeds, which were
10.42% and 12.33%, respectively. Benalia et al. (2015) found that C pepo seed oils had a relatively high level of total
tocopherols (104.7-221.2mg/kg of oil) (Table 4), which would be expected to contribute to good oxidative stability of the
oil during storage and processing. This content was higher than those of olive (114mg/kg oil), Babassu (60-130mg/kg oil)
and coco (less than 50mg/kg oil) (Kamal-Eldin and Andersson, 1997) but lower than of other oleaginous seeds such as
cotton (380-1200mg/kg oil) and maize (330-3720mg/kg oil) (Benalia et al., 2015). Al-Turky et al. (2024) found that C.
maxima seeds oil was rich in tocopherols (1433.637mg/kg o0il) compared to C. moschata which had 273.870mg/kg oil.
Gliszczynska-Swigto et al. (2007) found the total tocopherol contents of grapeseed oil (121mg/kg), olive oil (177mg/kg),
and peanut oil (226mg/kg) to be lower than some conventional edible oils like soybean oil (829mg/kg), maize
(829mg/kg), sunflower oil (609mg/kg) and rapeseed oil (468mg/kg). High levels of 8- tocopherol in the oils may
contribute to the greater stability towards oxidation (Benalia et al.,, 2015). It has been found that the high tocopherols
contents in C. maxima seed oil is the reason for high oxidative stability (Stevenson et al., 2007; Rezig et al,, 2012) and
makes C. maxima oil a good choice to use in industrial applications and for incorporation into human diet. Due to their
role in the protection against oxidative deterioration of polyunsaturated fatty acids in plant material, tocopherols in seed
oil are extremely important (Rezig et al., 2012). In addition, phenolic acids and sterols also enhance shelf life and
resistance of the oils against oxidation (Rezig et al., 2012; Siger et al,, 2008). In the food industry, tocopherols are used as
an antioxidant for frying oil, margarine, fried snacks, among others (Akoh, 2006). The tocopherol content in seeds may be
affected by several factors such as the oil extraction process, maturity, storage conditions, climate and the method of
determination of tocopherols (Murkovic et al., 1996b; Rabrenovic et al., 2014).

Macro- and micronutrients

Pumpkin seeds are a good source of potassium, phosphorus and magnesium; they also contain moderately high amounts
of Ca, Na, Mn, Fe, Zn and Cu, and these elements make pumpkin seed valuable for food supplementation (Petkova and
Antova, 2015; Lazos, 1986; Raphael et al,, 2014). Rezig et al.(2012) found potassium to be the most prevalent element in
seeds of C. maxima, followed in decreasing order by phosphorus, sodium, calcium, magnesium, copper, zinc, iron, and
manganese (Table 5). Potassium helps reduce blood pressure and water retention, protect against stroke and helps
prevent osteoporosis and kidney stones. High iodine is due to high content of unsaturated fatty acids and indicates that
the seed oil has the good qualities of edible oil and drying oil purposes (Eromosele et al., 1997; Ardabili et al., 2011).
Pumpkin seeds are a good source of zinc, containing about 1.5 milligrams of zinc per 20 grams, or 10.3 milligrams per 100
grams. Zinc is believed to play a role in the proper functioning of some sense organs such as those required for tastes,
sense and smell (Payne, 1990). Zinc ion is required by all the steroid hormone receptors to maintain their secondary
structure and function and to normalise the concentration of testosterone, LH and FSH (Agrawal and Shahani, 2021). High
concentration of zinc in the human prostate gland helps in normal functioning. Bataineh et al. (2002) and Vartsky et al.
(2003) indicated that zinc plays an important role in proteins structure, cell membranes and protection against damage,
as it helps in growth and development of the immune response, functioning of nervous system and reproduction. Zinc also
play a critical role in protein and carbohydrate metabolism and also vitamin A mobilization from its storage site in the
liver and facilitates the synthesis of DNA and RNA (Guthrie, 1989). Pumpkin seeds have highest iron content (95.85 *
33.01ppm) in comparison with 11 types of seeds and nuts known for its nutritional value (Kim et al., 2012).
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Conclusion

Pumpkin fruit is rich in carbohydrates, proteins, lipds, macro- and micronutrients and other health-prmoting chemical
compounds. Pumpkin seeds, being the storage parts of the plant, have higher nutrient content than the fruit flesh. The
seeds are rich in protein, fibres, minerals, polyunsaturated fatty acids, phytosterols, antioxidant vitamins such as
carotenoids and tocopherols as well as macro- and micronutrients.
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