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INTRODUCTION

Vegetable oils unlike animal fat contain low amounts of Saturated Fatty Acids (SFA) and high
amounts of mono and polyunsaturated fatty acids including the Essential Fatty Acids (EFA):
Linoleic acid (n6) and linolenic acid (n3) (Souci et al., 2000). The EFAs were known as nutritional
factors since 1929 (Holman, 1998). EFAs are needed to build-up healthy cell membrane for
development and functioning of the brain and the nervous system, in addition to production of
hormone-like substance which regulate body functions as blood viscosity, blood pressure, immune
and inflammatory responses (Williams, 2000).

The n-3 and n-6 fatty acids are EFA as they cannot be produced within the human body and must
come from dietary sources (Williams, 2000). The n-3 fatty acids have positive implication for
human health and have been described as the beneficial fatty acid (Chow, 1992; Sargent, 1997). Its
main sources are fish and fish oil beside the plant sources including soybean oil, canola oil, walnut
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and flax seed. While the main sources of n-6 are liquid vegetable oils including soybean oil, corn oil
and safflower oil.

The ratio of n3-n6 fatty acids is important for human health, that is why appropriate quantities of
both should be considered for human dietary recommendations (Simopoulos, 2000). Current
recommendations are to limit intake of fat from animal sources and to use appropriate edible
vegetable oils in small amounts (WHO/FAQ, 2003). However, body needs an adequate balance of
omega 3 and omega 6 with a recommended ratio of 3.5:1 (Simopoulos. 2000).

VEGETABLE OILS

Dietary intakes of fat are important determinants of health, especially cardiovascular health
(WHO/FAQ, 2003). Saturated fatty acids elevate plasma cholesterol concentration and increase the
risk of coronary heart diseases, while mono and polyunsaturated fatty acids have the opposite
effect (Hu et al., 1997). Vegetable oils, of cultivated and wild plant species, are water insoluble,
consisting of a mixture of triglycerides of fatty acids and a small amount of other compounds such
as sterols and tocopherols which are anti-oxidant with important roles in biological processes (Van
der Vossen and Mkamilo, 2007). Most vegetable oils are obtained from seeds, or beans which in
addition are a good protein source. At least forty different species of plants and trees, mainly of
vegetable origin, have been used for the commercial production of fixed or fatty oils distinct from
volatile oils. Hundreds of more species are known to contain reasonable oil quantities (Gunstone
2002). In order to ensure oils and fats availability, it is suggested to look for new sources (Ziyada
and EL-Hussien, 2008).

The promising, unconventional and new sources of oil in the Sudan are the available species of the
family Cucurbitaceae (endogenous to Africa) (Boswell, 1949). Fatty acid composition of pearl
millet seeds from Sudan showed a high linoleic acid (45%) and a linolenic acid (3%) content
(Elhardallou and Haemavathy, 2004). Cucurbita seeds in Sudan were found to produce a
considerable amount of edible oils, an unconventional new source of oil (Ziyada and EL.-Hussien,
2008).

Rostami et al. (2012) reported that essential oils from aromatic and medicinal plants are
characterized by anti-fungal, anti-bacterial, anti-viral and anti-oxida activities. Post harvest apple
fruits treatment with essential oil, was found to minimize fruit softening and weight losses
(Shirzadeh and Kazemi, 2012).

Classification of vegetable oils: Vegetable oils are classified according to sources, groupings or
uses (Fairman, 1992).

Nutritional value of vegetable oils: A balance for good nutrition status of oils depends on variety.
Best oils include flaxseed, canola, soya bean, olive oil, pumpkin seeds oil; medium oils include
safflower, sunflower, corn, peanut and relatively less nutritive oils include cotton seed, palm kernel
and coconut oils (FAQO, 1985).

Vegetable oils provide a number of nutrients needed by the human body. In fact, the appropriate
amount of fat as a component of daily food consumption is subjected to some controversy. Oil is
vital in many types of cooking and some fat is required in the diet. The FAO and WHO have listed
the main roles of dietary oils as source of energy, essential fatty acids, cell structure and membrane
functions. Dietary oils provide means of oil-soluble vitamins and control of blood lipids (Alvarez
and Rodriguez, 2009). Mckevith (2005) reported that protein content of oil seeds range from 14-32
g/100 g); carbohydrates from <1 g-to >34 g/100 g). Oil seeds are a good source of food energy as

fat provides 9 kcal or 37 kJ g1). Oilseeds vary widely in their fatty acid composition but are
relatively rich in Monounsaturated Fatty Acid (MUFA) as peanuts or Polyunsaturated Fatty Acid
(PUFA) as sunflower seeds. Some seed oils contain significant amounts of the EFA linoleic and
linolenic acids. From these two fatty acids, the body can make the required fatty acids.
Arachidonic acid can be produced from linoleic while the long chain n-3 eicosapentaenoic acid
(EPA) and docosahaexanoic acid (DHA) (present in fish oils in large quantities) can be made from
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linolenic acid.

In addition, whole oil seeds are a source of fiber, phosphorus, iron and magnesium; vitamin E,
niacin and folate. Also, whole oil seeds contain phytoestrogens, a group of substances including
legnins and flavones. Phytoestrogens have a structure similar to the estrogen hormone, estradiol and
can bind to estrogen receptors. Phytoestrogens may provide a protective effect against coronary
heart disease as they have been shown to have a lowering effect on blood cholesterol, beside
vegetable oils are a good source of plant sterol (Goldberg, 2003).

Stevenson et al. (2007) reported that vegetable oils are rich sources of Vitamin E, an antioxidant
that could protect cells from free radicals that could damage them. However (Rinzler, 2009)
showed that vegetable oils are low in saturated fatty acid high in mono and poly unsaturated fatty
acids including the essential fatty acids, linolinec acid (Omega 3) and linoleic acid (Omega 6);
polyun saturated fatty acids are a good source of Vitamin E.

The significance of dietary fats and oils is that, they provide the essential fatty acids and a carrier
of the four fat-soluble Vitamins A, D, E and K. Inadequate fat results in the deficiency of these
vitamins leading to serious metabolic effects followed by manifestations like night blindness,
osteoporosis, bleeding from skin and mucus membranes, dry skin, eczema and infant susceptibility
to infection (FAO/WHO, 1977).

Nutritional value of Omega-3 and Omega-6: Gunstone and Herslof (2000) reported that (n-6) and
(n-3) polyunsaturated fatty acids are essential for life and good health as they cannot be
biosynthesized by human, they must be obtained from plant sources as part of the diet. Appropriate
levels of omega-3 fatty acids in the diet are also important for healthy pregnancy and proper
neonatal growth and development (Lanting et al., 1994; Egeland et al., 1998; Martinez et al., 1998).
Omega-3 fatty acids have been suggested or shown to be important in the treatment and prevention
of many diseases including elevated blood pressure, cholesterol, heart disease, stroke, diabetes,
arthritis, depression and some cancers. While, Gurr (1999) indicates that a diet with a high omega-6
and omega-3 ratio is associated with certain disease states and an appropriate balance has
implications for future diets and food and also suggests that only two fatty acids linoleic and
linolenic are truly essential. The Agency for Healthcare Research and Quality (AHRQ) assessed by
research evidence that the benefits of omega-3 fatty acids varied for a variety of disease conditions
(MacLean et al., 2004). Numerous studies in Alaska have linked omega-3 fatty acids with
reductions in heart disease in general and specifically to low incidence of heart disease and other
beneficial effects (Bang et al., 1976; Bang and Dyerberg, 1980; Dyerberg, 1989; Kris-Etherton et
al., 2002). While several reports suggest that omega-3 PUFAs decrease the risk of sudden cardiac
death following a heart attack (GISSI-Prevenzione Investigators, 1999; Albert et al.. 2002).

Also a good evidence of health benefit of omega-3 fatty acid for a condition such as diabetes was
illustrated by Kris-Etherton ez al. (2002) and heart disease by Li et al. (2003).

Innis (2007) stated that n-3 and n-6 fatty acids are essential for embryo development, infant brain
development and retina development. In a review of the health benefits ofn-3 fatty acid by Ruxton
et al. (2004), brain development and function were examined. These authors reported that the
human nervous system contains a significant quantity of DHA. Animal studies have been conducted
to examine the role of DHA in brain development where monkeys offered a diet that was deficient
in n-3 (PUFA) had a poor visual acuity and an increased incidence of stereo types, thus suggesting
an impaired brain development.

Simopoulos (2000) stated that many incidents of diabetes are associated with an increased
production of different chemicals in the body, all of which are increased by a rise in n-6 fatty acid
intake and decreased by increasing n-3 fatty acid intake (either alfa-linolenic acid or EPA and
DHA).

Research by Iso et al. (2001) reported the possible benefits from increased n-3 fatty acid intake in
the diet, against the incidence of stroke in human. However, in subsequent studies by Iso et al.



https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#1064417_ja
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=fatty+acid
https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#704676_ja
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=fatty+acid
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=fatty+acid
https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#359350_ja
https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#1063930_ja
https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#1063930_ja
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=fatty+acid
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=fatty+acid
https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#758342_ja
https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#36215_bc
https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#61018_ja
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=fatty+acid
https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#704560_ja
https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#1064343_ja
https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#61018_ja
https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#61018_ja
https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#1064400_ja
https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#44898_bc
https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#1064278_ja
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=fatty+acid
https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#1064373_ja
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=fatty+acid
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=fatty+acid
https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#101408_b
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=blood+pressure
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=fatty+acid
https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#1064389_ja
https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#56775_an
https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#1064340_ja
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=fatty+acid
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=fatty+acid
https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#101407_b
https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#56770_an
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=fatty+acid
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=fatty+acid
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=fatty+acid
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=fatty+acid
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=fatty+acid
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=fatty+acid
https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#101409_b
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=free+radical
https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#1064322_ja
https://scialert.net/fulltextmobile/?doi=pjbs.2014.1195.1208#101405_b
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=coronary+heart+disease
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=coronary+heart+disease

(2002), they stated that people with higher linolenic acid levels in their blood had a reduced risk of
stroke. Simon et al. (1995) linked high serum level of lionlenic acid with a reduced risk of stroke in
middle aged men, who had a high risk cardiovascular profile. Therefore omega- 6 fatty acids are
considered to be pro inflammatory, whereas the omega-3 fatty acids are considered to be anti-
inflammatory (Calder et al., 2002).

The tested roots of Zea mays seedlings treated with different lead concentrations, showed an
increased amount of unsaturated linoleic and linolenic fatty acids as a tolerance for protecting
membrane systems against lead toxicant stress (Heidari et al., 2005).

PUMPKIN

Pumpkin (Cucurbeta maxima) belongs to the family Cucurbetacea which include pumpkins, gourds,
melons and squashes. They are characterized by their seed oil content (Fairman, 1992). The
common name pumpkin is an English name derived from the Greek word pep on meaning ripe or
cooked in the sun, while in Tshivenda it is named as “thuri” and “ithanga” in IsiZulu. In Africa, it is
called “pampoen” and “lasagna” in SiSwati (Donalson and Bolton, 1986). In Spanish, as named
“Semillas de Calabaza”. The Sajerska region in northeastern Solvenia and southern Austria has a
long tradition of growing pumpkin (Cucurbita pepo) as an oil crop (Bavec et al., 2002) (Fig. 1).

Origin, distribution and description

Origin: Pumpkin plant has been grown since the earliest history of mankind (Brucher, 1989).
Pumpkins are grown all around the world for a variety of agricultural purposes. The annual species
is probably native to Asia but is now naturalized in many of the temperate and warmer areas of the
world. Yadegari et al. (2012) reported that Pumpkin (Cucurbita spp.) has 5 domestic and 10 wild
species; the most important species are Cucurbita moschota, Cucurbita pepo and Cucurbita
maxima.

Moreover pumpkins are native to North and Central America.

Fig. 1: Pumpkin (Cucurbita maxima) seeds. Endogenous cultivar Cucurbita maxima (Kadogli)
" " South Kordofan, Sudan)
Currently cultivation of pumpkins occurs throughout the world and commercial producers are the
United States, Mexico, India and China. Styrian pumpkin seed oil extracted from seeds of the
special Pumpkin variety Cucurbita pepo subsp. Styriaca, first emerged in Austria’s south-eastern
province of Styria. This species belongs to the Cucurbitaceae which is a diverse class of plants that
consists of at least 119 genera and over 825 species (Andres, 2004). Within this family, there is a
large genetic diversity both in vegetative and reproductive characteristics. The range of adaptation
for Cucurbita species includes tropical and subtropical regions, deserts and temperate locations
(Whitaker and Davis, 1962).

Distribution: A study on Cucurbita moschota seeds cultivated in Egypt showed that Cucurbita
mascota is more tolerant to harsh environmental conditions than other species (FU et al., 2006).
Most of pumpkins consumed in Sudan are grown in western Sudan (Hassan et al., 1984; El-Tahir,
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1991).

Description: The pumpkin plant has large leaves and sprawling vines with coiled, modified leaves
called tendrils. The root near the surface, the stem woody square, the flowers bright yellow and the
fruit is more fibrous and less sweet than winter squash. Seeds vary significantly in size depending
on variety and type (Fruhwirth and Hermetter, 2007). A study in Cameron showed that the cucurbits
family has tremendous genetic diversity, extending to vegetable and reproductive characteristics

(Ng. 1993).

Another study on Cucurbita maxima reported that fruits are variable in size, color, shape and
weight. They have moderately hard rind with a thick edible flesh below and central seed cavity with
numerous seeds. The fruit seeds are plump and tan or soft white, they are all covered with a testa
that serves as protectant around the seed (Robinson and Decker-Walters, 1997). Pumpkin seeds
have a natural protective coating called the hull. The hulls are edible but can be tough to chew
(Casio, 2000).

Pumpkin seeds: Esuoso et al., (1998) reported that seeds belonging to cucurbitaceae family are
known to be as rich in oil as Soybean, cotton seed or corn. While Lazos (1986) reported that
pumpkin seeds are excellent sources in both oil 37.8-45.4% and protein 25.2-37%.

Pumpkin seeds (also known as pepitas) are small, flat, green with white husk although, some
varieties produce seeds without them. The production of pumpkin seeds is on increase and
production technique requires further research (Bavec, 2000). Pumpkins have considerable variation
in nutrient content depending on the cultivation environment and species or part. A study in Korea
was run for three major species of pumpkin Pepo, Moschota and Maxima; analyzed for tocopherols,
carotenoid and beta sitosterol in the peel, flesh and seed of each pumpkin species. Maxima had
significantly more carbohydrate, protein, fat and fiber while the amino acid arginine and the
moisture content on all part of the pumpkin were higher on pepo. Moreover, the study reported that
each pumpkin part contained a significant amount of antioxidant, tocopherol and carotenoids (Kim_
etal.. 2012).

In Egypt, a study on pumpkin (Cucurbita moschota) showed that fruit has many nutritional
components including pumpkin polysaccharides, active proteins, essential amino acids, carotenoids
and minerals (Fokou ef al., 2004). In addition, pumpkin seeds have high nutritional value,
providing good quality oil and excellent source of protein (Mahasneh and El-Oglahm, 1999).
Pumpkin seeds are a good source of vitamins mostly the B Vitamins along with C, D, E and K
beside zinc magnesium, manganese, phosphorus and phytofsterol. One gram of pumpkin seed
protein contains considerable tryptophan. In another study (Casio. 2000) reported that pumpkin
seeds are rich in minerals, calories and protein. Also, they are a rich source of iron, zinc and
magnesium and contain omega 6 and omega 3 fats and high in fiber.

The nutritional value of pumpkin seeds is related to its high protein and oil content. The latter is
40-60% of which oleic acid (upto 40.9%), palmitic (upto 14.5%) and stearic (up to 7.4) with a ratio
of mono to polyunsaturated fatty acid 0.60 : 0.75 (Murkovic et al., 1996; Nakic et al., 2006).

A study on twelve pumpkin seed cultivars showed that pumpkin seed oil varies from dark to brown
in color to a dark green-red oil that is produced from roasted pumpkin seeds when used for cooking
or as salad dressing. The study showed that the oil content is ranging from 10.9-30.9%, the

unsaturated fatty acid content ranged from 73.1-80.5%. The predominant fatty acids were linoleic,
oleic, palmitic and stearic, with low level of linolenic acid. The tocopherol content of the oil ranged

from 27.1-75 pg g”! of oil (Stevenson et al., 2007). The oil content of the Sajerska region pumpkin
seed (Cucurbita pepo L.) varies from 40-50% depending on genotype. The oil is dark green and
contains free fatty acids, Vitamin E content, especially gamma-tocopherol is very high (Idouraine
etal., 1996).

A study on two cultivars of Iranian Cucurbita maxima pumpkin seed (zaria and gaboor) reported
that it is considered to be an important oil crop. In Cameroon, a study on seed cultivated indifferent
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bioclimatic regions on five varieties of pumpkin seed showed that the oil content about 50%
(Martin, 1998) and 42-57% (Fokou et al., 2004). The study reported that most of the oil is made up
of unsaturated fatty acids with high amount of essential fatty acids especially linoleic acid 68.5%.

Fokou et al. (2009) investigated the chemical properties of Cucurbitaceae: Cucumeropsis mannii,
Cucurbita maxima, Cucurbita moschata, Lagenaria siceraria and Cucumis sativus seed oils, from
different areas in Cameroon. Results showed that these oils have 4 main fatty acids: Linoleic acid,
C18:2 (49-69%); oleic acid, C18:1 (9-25%); stearic acid, C18:0 (7-11%) and palmitic acid, C16:0
(10-19%). The chemical properties of these oils are similar to those of corn, cottonseed, sesame
and sunflower seed oils, suggesting their potential use as good table and cooking oils which can
increase HDL and reduce serum cholesterol and LDL levels, thus participating in prevention of
cardiovascular diseases.

In a study on the oil of ten pumpkin seed samples (Cucurbita maxima cultivars), the linolenic acid,
omega-3, content was found in the range of 0.42-0.21% (Elawad, 2012).

Several studies reported that the nutritional value of pumpkin seeds is based on high protein and
high energy potential due to high percentage of oil content and 40, 60, 98 and 99% of the oil
content is from fatty acids, oleic up to 46.9%, linoleic up to 60.8%, palmatic up to 14.5% and
stearic up to 7.4% (Murkovic et al., 1996; Nakic et al., 2006).

A study on Styrian pumpkin seed oil showed that the high content of linoleic acid is an important
nutritional aspect. Linoleic acid is an essential fatty acid for humans as it is required for the
formation of cellular membranes, Vitamin D and various hormones (Yoshida et al., 2004). Also,
Murkovic et al. (2004) reported that Tocopherols are the major lipophilic antioxidants found in
pumpkin seeds oils. The seeds contain considerable amounts of vitamin E derivatives tocopherol
and tocotrienol.

The study also reported that pumpkin seeds oil contain various minerals which are potassium,

magnesium, calcium and sodium; they were reported to be 183, 105, 27 and 3.6 mg g'1 dry seeds,
respectively.

Schuster et al. (1983) found that, in pumpkin seeds, magnesium, potassium and phosphorus
correlated positively with one another and that the concentrations of both potassium and phosphorus
depended on the variety and the location. Phytoesterols are compounds found in plant that have a
chemical structure very similar to cholesterol and when present in the diet in sufficient amounts are
believed to reduce cholesterol levels in blood, enhance the immune response and decrease risk of
certain cancers. Pumpkin seeds were richest in phytosterols about 265 mg/100 g (Phillips et al..
2005). As phytosterols are present in pumpkin seed oils, it can be expected that these components
together with the high content of linoleic acid can exert beneficial health effects in lipid-associated
disorders like atherosclerosis (Fruhwirth and Hermetter, 2007). Phytosterols content of pumpkin

seeds were found to about 1.5-1.9 mg g'1 dry seeds while pumpkin seed oil (3.5-4.0 mg g™ oil)
(Murkovic et al., 2004).

Alfawaz (2004) reported that Cucurbita maxima pumpkin seed kernel contained 39.25% crude
protein, 27.83% crude oil, 4.59% ash and 16.84% crude fiber together with moderate
concentrations of P, Mg, and K. The amino acids methionine and tryptophan are limited while
arginine, glutamic and aspartic acids were the most plentiful amino acids. The unsaturated fatty
acid value was 73.0 3% consisting of 18.14% oleic and 52.69% linoleic acid.

Studies indicated that pumpkin seeds provide a wide range of traditional nutrients, the Food
Ranking System qualified them as a very good source of minerals such as magnesium, manganese
and phosphorus and good source of iron, copper and zinc.

Snack of 32.25 g of pumpkin seeds provide 46.1% Daily Value (DV) for magnesium, 28.7% of the
DV for iron, 52.0% of DV for manganese, 24.0% of DV for copper, 17.1% of the DV for zinc and
16.9% of DV for protein (Ensminger et al., 1983; Ensminger and Esminger, 1986; Hyun et al.,
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2004; Jayaprakasam et al., 2003).

A recent study by Abd El-Aziz and Abd El-Kalek (2011) on pumpkin seeds placed them as rich in
oil and protein and they could potentially become another source of vegetable oil and protein.

Uses and benefits: Fruit and seeds of Cucurbita have enormous edible and medicinal uses in the
world. These plants have much fatty acids, proteins, Se and Zn (Robinson and Decker-Walters,
1997).

Pumpkin seeds oil is used in cooking due to the nutty taste of the oil with various properties.
Pumpkin seed oil is inexpensive when compared to other vegetable oils because of the abundance
of seed per fruit and relative ease of growing pumpkin. Pumpkin seed oil and seeds are rich in
unsaturated fatty acids especially essential fatty acid (Murkovic ef al., 1996).

Alfawaz (2004), showed that Cucurbita maxima is accepted for human consumption. Pumpkin
orange flesh is used as soup, jams and pies and the pumpkin seed are used as snack food in many
cultures throughout the world. The seeds are especially popular in Arabian countries after salting
and roasting (Al-Khalifa, 1996). Moreover, pumpkin seeds have been utilized as additives to some
food dishes (Nwokolo and Sim, 1987).

In Korea, pumpkin flesh is consumed in soups and juices or it is incorporated into various foods
such as rice cakes, candies and breads. In the United State and Canada, pumpkin is a Halloween and
snacks. Pumpkin seeds and pumpkin seed oil are also commonly consumed in some countries (Kim
etal.. 2012).

The healing powers of plants have been used for hundreds of years, about 80% of the available
therapeutic substances are originated from medicinal plants (Jones, 1996). Further more, scientists
showed that the plants had medicinal properties for their biological activities ranging from
antimicrobial to antitumor. The antimicrobial activity of plants has many applications including
raw and processed food preservation, pharmaceuticals, alternative medicine and natural therapies
(Rajakaruna et al., 2002; Reynolds, 1996; Reynold ef al., 2006).

As pumpkin seeds were used frequently in folk medicines, scientists began to conduct research on
the oil extracted from them. One study showed that pumpkin seed oil keep hormones from
inflecting damage on the cell of the prostate which helps to reduce cancer development. Another
study revealed that the seeds contain a significant amount of L-tryptophan which is beneficial in
batting depression (although it is believed the seeds do not have enough to treat major depression,
they can be used as a preventive measure). Other studies showed that pumpkin seeds can improve
bladder and urethra function and can help stopping the formation of kidney stones. Even though the
ingredient responsible is unknown, pumpkin seeds have pharmacological activities such as anti-
diabetic (Fu et al., 2006); antifungal, antibacterial and anti-inflammation activities and antioxidant
effect (Wang and Ng, 2003). Native Americans used pumpkin flesh/seeds for food, seeds to treat
intestinal infection and various kidney problems and flowers to soothe minor injuries. Although the
pulp is employed as food, the principal medicinal properties of the plant are in the seeds (Stuart
2003). Pumpkins have long been used for traditional medicine in many countries such as China,
Argentina, India, Mexico, Brazil and Korea (Stevenson et al., 2007).

In Korea, pumpkins have been used traditionally to relieve edema during pregnancy and after
delivery. Among the three species in this study, extracts of Cucurbita maxima and Cucurbita
moschata flesh are frequently used as a medicine (Kim et al., 2012).

The Iranian study showed that the main nutritionally relevant components of pumpkin seeds are
protein and oil. Oil of this plant is very important in many countries. Seeds have essential oil and
protein. Non-saturated oils, linoleic acid, a sytosterol and Vitamin E are used in making many
medicinal drugs (Yadegari ef al., 2012). Seeds of this plant are used for parasitic diseases cure in
African countries (Younis et al., 2000).

Styrian oil pumpkin seed extracts are considered important phyto-therapeutical agents for the
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treatment of Benign Prostate Hyperplasia (BPH) and have been used in the treatment of
symptomatic micronutrition disorders (Sultan et al.. 1984; Carilla et al., 1984). Mahasneh and El-
Oglah (1999) reported that in the traditional medicine in North America and Mexico, pumpkin
seeds have been used as an anthelmintic agent and for supportive treatment in functional disorders
of the bladder. Moreover, the constituents in pumpkin seed extract have reduced bladder pressure in
rabbits (Zhang et al., 1994). Currently, pumpkin seed oil is not widely used commercially even
though it has characteristics that are well suited for industrial application and contribute to healthy
human diet. Pumpkinseed oil is, however, sold in most reputable health stores in the United States
typically formulated in capsules containing 1 g of oil.

The critical health benefit attributed to pumpkin seed oil is preventing the growth and reducing the
size of the prostate (Tsai et al., 2006; Gossell-Williams et al., 2006). There is an evidence that
suggests pumpkin seed oil can retard the progression of hypertension (Al-Zuhair et al., 2000) and
mitigate hypercholesterolemia (Al-Zuhair et al., 1997) and arthritis (Fahim et al., 1995). Reduced
bladder and uraethal pressure and improved bladder compliance have been linked to pumpkin seed
lipid component (Zhang et al., 1994; Suphakarn et al., 1987). Pumpkin seed oil has been found to
alleviate diabetes by promoting hypoglucemic activity (Fu et al., 2006). Pumpkin seed oil has been
found to provide a significant source of Vitamins E tocopherol (Imaeda et al., 1999).

Diets high in pumpkin seed have also been associated with lower levels of gastric, breast, lung and
colorectal cancer (Huang et al., 2004). There are also potential health benefits to be gained from the
various carotenoid pigments found in pumpkin seed oil (Matus et al., 1993) and carotenoid from all
sources of pumpkins fruit have been linked to prevention of prostate cancer (Jian et al., 2005).
Despite the aforementioned health benefits, pumpkin seed oil has been shown to exhibit
antimicrobial activity (Hammer ef al.. 1999) In a multi-center controlled study, involving more
than two thousand subjects, a product containing pumpkin seeds were evaluated for the treatment of
Benign Prostate Hyperplasia (BPH). The results indicated that not only were pumpkin seeds
effective in reducing symptoms associated with BPH, especially in its early stages but also no side
effects of note were reported by the patients involved in the trial (Friederich et al., 2000).

In a Swedish study involving 53 patients, pumpkin seed reduced symptoms related to BPH without
any side effects (Carbin et al., 1990). Other clinical trials also show that pumpkin seeds along with
pumpkin plant have been used in the traditional medicine of many countries including India and
Mexico for many years principally to eliminate tapeworms.

Pumpkin seed oil has shown to possess strong antioxidant properties in animal experiments (Fahim
et al., 1995). The anti-oxidant properties of tocopherols could play a significant role in the
therapeutic effects of pumpkin seed oil. Roasted pumpkin seed oil was containing higher levels of
roasted alpha and gamma tocopherol than roasted sunflower oil (Jakovljevic ef al., 1995). The
constituents in pumpkin seed extracts have reduced bladder pressure in rabbits (Zhang et al., 1994).
Clinical research in Thailand has shown that pumpkin seeds increase the level of inhibitors of
crystal formation or aggregation that reduce the risk of bladder stone disease (urolithiasis)
(Suphiphat et al., 1993; Suphakarn et al., 1987). The seed oil is used for salad dressings but also has
uses in pharmacology and alternative medicine (Wagner, 2000).

The study of Styrian pumpkin seed oil reported that the seeds of the Styrian oil pumpkin contain
considerable amounts of D7-phytosterols either in free form or bound to sugar molecules. A lipid-
steroidal extract of hull-less seeds was also found to have an inhibitory effect on Sa-reductase in
cultured human prostate fibroblasts (Sultan et al., 1984; Carilla et al., 1984). Furthermore, the same
authors reported on an anti-inflammatory effect of this extract in carrageenan-or dextran-induced
edema models.

Schilcher et al. (1987) reported that orally administered D7-phytosterol-rich Cucurbita pepo subsp.
Pepo seeds (3-4 days before prostatectomy) decreased the amount of dihydrotestosterone in prostate
tissue of patients. In addition, the same authors detected D7-phytosterols in the prostate tissue of
these patients. In castrated rats, a lipid-steroidal extract antagonized testosterone-induced prostate
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development in a dose-dependent manner has also been used to treat learning disorders and general
recommended in some countries as a brain food. Zimmerman (1997) reported that the seeds and the
oil of pumpkin have been claimed to promote HIV/AIDS wellness while the lignin and phytosterol
such as delta 7-sterol and delta 5-sterol are of special interest (Nakic et al., 2006). Antioxidative
compound such as Vitamins E especially gamma-tocopherol are also high in fresh dried seeds.
Concentration of alpha-tocopherol is 37.5 microgram/g and gamma-tocopherol is 383 microgram-/g
(Murkovic et al., 2004). Pumpkin seed oil has shown to possess strong antioxidant properties in
animal experiment (Fahim ez al., 1995).

Pumpkin seed oil is typically highly unsaturated oil with predominance of oleic and linoleic acids. It
contains very low level of linolenic acids and highly unsaturated fatty acids which provide high
oxidative stability for storage or industrial purposes and production of low free radical human diets
(Stevenson et al., 2007). The highly unsaturated fatty acid composition of pumpkin seeds oil make
it well-suited for improving nutritional benefits from food. Pumpkin seed oil has been implicated in
providing many health benefits (Fu et al., 2006).

DESERT DATES, HEGLIG (BALANITES AEGYPTIACA) KERNEL OIL

Balanites aegyptiaca belongs to the family Zygophyllaceae (Balanitaceae). It has many common
names. In English, the fruit has been called desert date, in Arabic it is known as “heglieg” and
“laloub” (Elfeel, 2010). Orwa et al. (2009) reported that Balanites aegyptiaca in Amharic is named
“kudkuda”, “jemo”, “bedeno” and in Arabic the tree is named “zachun”, “zaccone”, “heglig” and
the fruit is called “zacon”, “kuge”, “lalob” while in Bengali it is named “Hin” and the English name
“soap”, “berry”. The Egyptians named the tree “lalob” and “heglig”. The French names,
“myrobalou de”, “Egypte”, “dattier sauvage”, “dattier du desert”. In India, it is called “engua”,
“ingudi”, “betu”, “hingan”, “hingn”, “hingot”, “hongot”, “hingota”. The Swahili name is “mjunju”
and “mwambangoma” while “adua” and “tanni” in Nigeria. In the Sudan, the tree is called “heglig”
(Elhardallou, 2011). The trade name of the fruit is zaccone, zachun, desert date and dried fruit
(Hardman and Sofowora, 1972) (Fig. 2).

Description and distribution: Balanites aegyptiaca (L.) Del. belongs to the family Balanitaceae. It
is a multibranches, evergreen tree distributed throughout the drier parts of India (Anonymous,
1986). It is widely grown in the Sudano-Sahielian region of Africa, the Middle East and South Asia
(Yadav and Panghal, 2010; Sands, 2001; Hall and Walker, 1991; Shanks, 1991).

=

Desert date (Balanites aegyptiaca) seed kernel. Endogenous trees (Balanites aegyptiaca),
Blue Nile state, Sudan

It is also found in Arabian Peninsula, India, Iran and Pakistan (Arbonnier, 2004). Elfeel et al. (2009)
reported that Balanites aegyptiaca is a deep rooted arid zone tree with a very wide natural range.
The tree is valued for its fruits and seeds. The seed kernel is rich in oil, protein, minerals and edible

Fig. 2:
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as snacks after boiling. The tree is widely distributed all over the world such as tropical, Africa,
Sudan, Egypt, Morocco and Algeria, Arabian Peninsula and Latin America, showing a wide
ecological distribution.

Balanites aegyptiaca is a multi-branched, spiny shrub or tree which grows up to 10 m in height. The
leaves are alternate, two foliate, petioles are 3-6 mm long, leaflets are elliptic and have broadly
pointed petioles up to 5 mm long. The spines of the plant are simple, straight, stout, rigid, green,
alternate, supra-axilary, up to 5 cm long. Inflorescence is supra-axilary clusters or rarely supra-
cemose. The flowers are small, bisexual, greenish white, fragrant in axillary clusters, few or many
in number, cymes or fascicles. The sepals are five in number (free), ovate and 3 mm long. The
petals are five in number (two free), oblong-obovate and longer than the sepals. The stamens are ten
in number, filaments glabrous and anthers are dorsi-fixed. The ovary is ovoid, silky, five-celled and
ovules are solitary in each cell, the style is short and conical. Fruit is an ovoid drupe, 2-5.6 cm long,
found on a short thick stalk and is faintly 5 grooved. The ripe fruit is brown or pale brown with a
brittle coat enclosing a brown or brown-green sticky pulp and a hard stone seed (Yadav and

Panghal, 2010).

Balanites aegyptiaca in Sudan: In Sudan, this plant is found in all the regions of the country in
wadis (sandy lands) and river banks. Its fruits in Sudan are called Lalob rather long narrow drupe
2.5-7 cm long, 1.5-4 cm diameter. Young fruits are green then become yellow or cream color when
mature. The seeds are extremely hard, each is 1.5-3 cm long, light brown. It makes upto 50-60% of
the fruit. In Sudan, it is the species with widest natural range, occuring in all zones except in very
high altitudinal areas or at rain fall exceeding 1100 mm/annum (Badi et al., 1989). It makes up one
third of the total tree population in central region of Sudan (NRC, 2008).

Nutrition and health value of Balanites aegyptiaca: Nutritionally, Balanites aegyptiaca leaves,
flowers and fruits are a good sources of protein and minerals (K, Mn, Zn and Cu). It contains about
64-72% carbohydrates plus crude protein, steroidal, saponnins, vitamin C, ethanol and other
minerals (Abu-Al-Futuh, 1983).

Balanites aegyptiaca seed kernel is considered as an oil source. The fleshy plump of the fruit can be
extremely useful edible product. It contains good quality oil and high protein content. The kernel oil
yield was 45% containing four major fatty acids: Linoleic, oleic, stearic and palmitic; the level of
unsaturated fats (65%) was higher than that of saturated (34.4%) (Abu-Al-Futuh, 1983).

A study investigated the fixed oil composition of Balanites aegyptiaca. The Results showed
remarkable biological activity of fixed oil and proved its importance as natural bioactive source.
Three major fatty acids in Balanite aegyptiaca oil are unsaturated linoliec acid (C18:2) (75.86%),
saturated palmitic acid (C16:0) (14.73%) and stearic acid (C18:0) (9.40%). The overall oil sample
contained saturated and unsaturated acids of 24.13-75.86%, respectively (Nour et al., 1985). Studies
conducted on some parts of the plant indicated the presence of many flavanoids, saponins and other
important phytochemicals (Maksoud and El Hadidi, 1988). The alcoholic extract of the pulp and
kernel contained sterols, terpenes and saponins as predominant compounds whereas tanins,
alkaloids and resins were found in slightly small amounts (Abdel-Rahim et al., 1986). A study on
two samples of Balanites aegyptiaca fruit collected from different regions of Sudan showed that the
edible mesocarp contained 1.2-1.5% protein, 35-37% sugars of which 81.3-91.1% are reducing
sugars. The kernel contains 45-46% oil of which palmitic, stearic, oleic and linoleic acids were the
main fatty acids. The ratio of saturated to unsaturated fatty acids 10:26 in two samples (Nour et
al., 1985).

An investigation conducted to evaluate the toxicity of Balanites aegyptiaca seed oil on rats did not
show any toxicological concern but should be used with caution having indicated subtle
hepatotoxics effects in the treated group (Obidah et al., 2009).

According to Elfeel (2010) findings, a very high significant variation in all seed kernel chemical
contents analyzed among and within locations; the oil content ranges from 50-20% while protein
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varied from 37-27%. In comparison, appreciable amount of linolenic acid was detected in the seed
oil of Moringa oleifera (Obeid and Khairi, 2012).

Uses of Balanites aegyptiaca: Balanites aegyptiaca is a perennial tropical plant used in food
preparations and herbal medicine especially in Africa and some developing countries. It had been
used over thousands of years for multiplicity of uses and almost every part of the plant is useful
including leaves, thorns, bark, root and fruit. However, its traditional roles and values were well
known for thousands of years as fruits and found in tombs of the 12th Egyptian dynasty (Von
Maydell, 1986). In Sudan, the bark is used as a traditional body purgative factor (Elhardallou
2011).

Balanites aegyptiaca seed kernel is considered as an extremely useful edible product. It contains
good quality oil and high protein content (Mohamed ef al.. 2002; Abu-Al-Futuh, 1983).

The de-bittered kernel is used as snacks (nuts) by humans. The extracted oil used for many purposes
and the remaining cake is used as animal feed (Nour et al., 1985). Furthermore, both fruits and
kernel were widely used in many countries during the dry season and drought periods including
Nigeria (Lockett et al., 2000), Ethiopia (Guinand and Lemessa, 2001) and Sudan (Grosskinsky and
Gullick, 2001). The seed kernel contains high amount of oil and protein that varies among different
sources (Elfeel, 2010). The oil is very similar to sesame and groundnuts oils in quality and quantity
(Abu-Al-Futuh, 1983) and has no any serious safety concern (Obidah et al., 2009). A study in
Nigeria showed that Balanites aegyptiaca seed oil has been used as ingredient and substitute to
groundnut oil in the preparation of local foods. The study attempted to evaluate the toxicity of the
oil after dietary exposure in rats for four weeks. The results showed that dietary exposure of crude
Balanites aegyptiaca seed kernel oil in rats did not result in marked changes in assayed
toxicological parameters. Thus, consumption of the crude oil at the present level of exposure may
be of no serious safety concern, especially on liver and kidney injury. Also the study reported that
oil is used for frying food and adding flavor to the food. It was also used to add flavor to tea
(Obidah et al., 2009).

All parts of the tree have medicinal uses including fruits, seeds, barks and roots. The most important
is steroidal saponins which yield diosgenin, a source of steroidal drugs such as corticosteriods,
contraceptives and sex hormones (FAO, 1985; Farid et al., 2002). Traditionally, various parts of B.
aegyptiaca have been reported to possess medicinal properties in different ethnobotanical surveys
(Ojo et al.. 2006; Hamid et al., 2001; Neuwinger, 2004; Bukar et al.. 2004). It finds its place in the
Ayurvedic pharmacopoeia of India and has also been described in some monographs but none have
described the complete traditional uses, phytochemistry and pharmacology of this plant (Yadav and

Panghal, 2010).

Orwa et al. (2009) showed that the roots of Balanites aegyptiaca boiled in soup are used against
oedema and stomach pains. Beside they are used as an emetic; bark infusion is used to treat
heartburn. The wood gum mixed with maize meal porridge is used to treat chest pains. The bark is
used to deworm cattle in Rajasthan. Beit-Yannai et al. (2011), Farid et al. (2002) and FAO (1985)
reported that the most important parts are fruit pulp and kernel that contain saponin which have
wide industrial and medicinal values.

Balanites aegyptiaca is used to treat many illnesses including, laxative, diarrhea hermorrhoid,
stomach aches, jaundice, yellow fever, syphilis and epilepsy (Ojo et al., 2006) and has anticancer
activities (Al Ashaal et al.. 2010). For instance, the fruit is used to treat liver disease and as a
purgative and sucked by schools children as a confectionary in some countries (Barley, 1962;
Croach, 1962). The bark is used in the treatment of syphilis, round worm infections and as a fish
poison. The aqueous leaf extract and saponins isolated from its kernel cakes have anti-bacterial
activity (Bashir et al., 1984; Doughari et al.. 2007) and potent larvicidal activity (Zarroug et al.,
1988), respectively. In Nigeria, a study reported that the seed oil obtained from Balanites
aegyptiaca has been used for treatment of skin disease and rheumatism (Obidah et al.. 2009). Also,
it can be used for biodiesel production (Chapagain et al., 2009). Recent studies showed that the
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kernels of Balanites aegyptiaca are good source of oil which can be used as a diesel substitute. In
these studies, the oil yield was 34.52%; three fatty acids: Palmitic, Linoliec and Stearic acid with
14.73, 75.86 and 9.40%, respectively. The oil exhibited good physical and chemical properties
which can be used in biodiesel production as the fuel properties were within ASTM 6751 standard
specifications (Gutti e al., 2012). The seeds are used for rosary beads, necklaces and in the game of
Warri played in Sudan. In Tigray region of Ethiopia. Balanites aegyptiaca tree is preferred by
farmers for fuel wood, provision of shade, fodder and as a medicinal plant (Kindeya, 2004). An
emulsion made from the fruit or bark is lethal to the freshwater snails that are the host of miracidia
and cercaria stages of bilharsia, in addition to a water flea that acts as a host to the guinea worm
(Khiri, 1985).
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