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Abstract
Pumpkin flours (Cucurbita maxima D.) are alternative horticultural products and functional properties of food components. The main aim of this
study was to investigate the quality parameters of the pumpkin (Cucurbita maxima D.) fruit flesh flours of different cultivars: ‘Justynka F1’,
‘Karowita’ and ‘Amazonka’. Standard methods were applied to determine dry matter, crude fibre, crude protein, crude fat, crude ash, the neutral
dietary fiber (NDF), modified acid-detergent fibre (MADF), water-soluble carbohydrates (WSC) and carotenoids (β-carotene, lutein + zeaxanthin,
lycopene). The pumpkin fruit flours of ‘Justynka F1’ accumulated significantly highest content of dry matter, crude ash, crude fiber, water-soluble
carbohydrates (WSC). The highest amount of crude protein, crude fat and lutein + zeaxanthin were in the pumpkin fruit flours of ‘Karowita’. The
maximum of neutral detergent fiber (NDF) and modified acid-detergent fibre (MADF) was accumulated in ‘Amazonka’ pumpkin flour, respectively,
21.37, 20.13% DM, so that the flour of this pumpkin variety is  most suitable to enrich food with dietary fiber.
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Introduction
Pumpkins can be processed into flour which has a longer shelf-
life. This flour can be used for its flavour, sweetness, deep yellow-
orange color and considerable amount of dietary fiber. It can be
also used to supplement cereal flours in bakery products, soups,
sauces, instant noodles and also as a natural coloring supplement
for food 28, 29.

Currently Lithuanian consumers also buy more vegetables that
are grown in small farms and have exclusive properties (organic
products), vegetables of exceptional quality. In this way changes
are inevitable in the cultivation of raw materials, their processing
and marketing. Lithuanian climate is suitable for growing pumpkins
as well. They grow well in the soil which is sheltered from the
winds, in sandy loam or in clay, warming soil.

Pumpkins produce high yields in comparison with other
vegetables and they are rated for the simple production
technology14. The breeders have already created shrubby type of
pumpkin plants. Cucurbita maxima is cultivated for flesh and
seeds for human nutrition, either for direct consumption or for
preparation of other foods such as syrups, jellies, jams, and purees.
This vegetable can be processed in different ways. It can be baked,
frozen, dried, crystallized, marinated or lyophilized 10. The fruits of
pumpkins have a lot of biologically active compounds : vitamin C,
vitamin E, minerals, pectins and carotenoids. The beneficial
influences of carotenoids on human health have proven by  many
researchers. In the human body carotenoids keep same chemical
reactivity as in plants - catching free radicals and active atomic
oxygen 11. Carotenoids also potentially play an important role in
human health by acting as biological antioxidants, protecting cells

and tissues from the damaging effects of free radicals and singlet
oxygen. The protective role of xanthophyll pigments lutein and
zeaxanthin have been recently added to the list of potentially
beneficial nutrients for coronary heart diseases and stroke, cataract
and macular degeneration (AMD) 18. In China, Yugoslavia,
Argentina, India, Mexico, Brazil, and America pumpkins are utilized
in the pharmaceutical industry 30.

Pumpkins are good sources of proteins and fibre. Proteins are
irreplaceable, because other nutrients don’t have nitrogen or amino
acids. Many investigations have been reported which concerning
the health benefits or the quantities of the fibre found in fruits and
vegetables 13, 25. Most of the research has concentrated on the
physiological properties of fibres and how they influence the
gastrointestinal tract. The fibre plays an important role in the
prevention and cure of diabetes, obesity, atherosclerosis, heart
diseases and colon cancer 7, 8. The structural polysaccharides are
the major part of plant cell walls. The types of plant material that
are included within the definitions of dietary fiber may be divided
into two forms based on their water solubility: insoluble dietary
fiber, which includes celluloses, some hemicelluloses and lignin
and soluble dietary fiber which includes β-glucans, pectins, gums,
mucilages and some hemicelluloses 4.

Minerals play an important role for the human body. They affect
the utilization of dietary vitamins and are integral parts of bones,
teeth, soft tissues, muscles, blood and nerve cells. At least 22
mineral elements are required for the well-being of humans and
these can be supplied by a balanced diet 33.

Pumpkin flour is currently the main processed product of
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pumpkin fruit, because it can be easily stored for long time and
conveniently used in manufacturing formulated foods. Adding
pumpkin flour in the processing of noodles, breads and cakes,
not only enhances the content of various nutrients, but also
improves the flavour of products 6.

The main aim of this study was to investigate the quality
parameters of the pumpkin (Cucurbita maxima D.) fruit flesh flours
of cultivars ‘Justynka F1’, ‘Karowita’ and ‘Amazonka’.

 Materials and Methods
Three pumpkin (Cucurbita maxima D.) cultivars ‘Justynka F1’,
‘Karowita’ and ‘Amazonka’ were grown in the experimental field
of ecological farm (Lithuania, Kaunas distr.). The field was not
fertilized. Pumpkins were sown in the plastic cups in the end of
April, 2012–2013 (2–3 seeds were put into one hole of 2–4 cm
depth) and were considered in the glasshouse. Into the constant
growing place of the field shoots were planted on the middle of
May, 2012-2013. Plants were grown in four replications. Pumpkins
were harvested at the end of September.

Plant material and flour preparation: The pumpkin fruits were
washed, halved and the seeds were removed. The flesh and peel
were sliced, and dried at 60°C in the thermostat (Termaks, Norway).
Dried slices of pumpkin were grinded using ultra centrifugal mill
(ZM 200, Retsch, Germany) to produce flours, which were kept
chilled in an air-tight container at 12–18°C temperature, until the
laboratory analysis. The samples were evaluated in triplicate for
each analysis.

Methods of sample preparation and chemical analyses: The
studies were carried out at the laboratories of Lithuanian Research
Centre of Agriculture and Forestry, Agriculture and Food Sciences
Institute of Agronomy Faculty of Aleksandras Stulginskis
University and Faculty of Human Nutrition and Consumer
Sciences, Warsaw University of Life Sciences (WULS-SGGW).

Dry matter (DM) content of the pumpkin flesh flours was
determined by drying samples to the constant weight at 105°C 20.
Amounts of crude protein, crude fibre 22, crude ash and crude fat
were also determined 22.

The amount of water-soluble carbohydrate (WSC) was
determined using anthrone method 35. Samples were subjected to
the analyses of fiber components: neutral detergent fiber ((NDF)
cellulose, hemicellulose and lignin) and modified acid-detergent
fibre (MADF) using cell wall detergent fractionation method
according to Faithfull 5 and Van Soest et al. 34.

Carotenoids (β-carotene, lutein + zeaxanthin, lycopene) content
were detected according to the methods Konings and Roomans 15

and Helsper et al. 12. Analyses were performed with Shimadzu
HPLC 10A system.

The experimental data was statistically processed by the
analysis of variance (ANOVA), software STATISTICA 7.0
(StatSoft, USA).  Arithmetical means and standard
errors of means of the experimental data were
calculated. Tukey test (p<0.05) estimated statistical
reliability of mean differences.

Results and Discussion
One of the most important chemical content quality
indicator is the amount of dry matter. It ensures the

quality and output of the recycled products. Depending on the
type and cultivar, the amount of the above mentioned substances
in pumpkin flesh can fluctuate from 4.15% to 23.1% 16,  27. The fruits
of great pumpkins accumulate higher amounts of dry matter
compared with the amount of the fruits of oil pumpkins. This is
due to the relatively high sugar content in the flesh of Cucurbita
maxima fruits 1, 26. Great pumpkins that are grown in Lithuania can
accumulate 7.41–22.20% of dry matter. Plant fertilization with
complex and humus fertilizers increases dry matter content in the
fruits of pumpkins 17.

The amount of dry matter in different great pumpkin fruit
flesh flours ranged from 7.57 to 12.44% (Table 1). The significant
higher quantities of the above mentioned substances have been
found in ‘Justynka F1’ – 12.44%.

Protein is important for tissue repair and cell growth. They
provide the building block for just about every tissue in human
body (i.e. muscle, hair skin, blood, enzymes, etc.). They affect
transport through the cell membranes of various vitamins and
minerals. The content of crude protein in dry matter of tested
pumpkin fruit flesh flours was in the range from 8.35 to 11.33%
(Table 1). ‘Amazonka’ flesh accumulated the lowest amounts of
crude protein (8.35%). This can be explained by the shortest
vegetation period of this cultivar. In the pumpkin ‘Karowita’ flesh
flours had twice higher amount of crude protein (Table 1).

Quantities of minerals in pumpkins are influenced by numerous
complex factors including genotype, soil, environmental
conditions and nutrition interactions 32. It is very beneficial to
consume food with sufficient amounts of these substances. The
content of crude ash in the fruit flesh flours of tested pumpkins
was in the range from 6.61 to 8.89% (Table 1). The highest amount
of crude ash was accumulated in the flesh flours of  ‘Justynka’.

Cucurbits are among the most important plant families supplying
with edible products and useful fibres 2. The fibre is mainly present
as cell-wall polysaccharides, which have cholesterol-lowering
properties. Antioxidative effects of these pumpkin components
have been also reported 24. On the average, most of the crude fibre
in dry matter was accumulated in ‘Justynka F1’ flesh flours (6.66%)
(Table 1). The fruit flesh of analysed cvs. accumulated similar
amounts of crude fibre.

Amount of crude fat in pumpkin fruit flesh flours ranged from
2.45 to 3.21%, between cultivars there were insignificant differences
(Table 1). Pumpkin flesh flours have very low amount of crude fat.

Foods produced from plants abounds with natural biologically
active compounds, such as polyphenols, vitamin C or b-carotene,
have antioxidant properties and are the great value to human
health 3. The most notable positive effect of processing on the
overall quality or health capacity of food is the increased
bioavailability of b-carotene resulting in an increased antioxidant
status. According to scientists, Pumpkin varieties with high lutein
content and low carotene content show a bright yellow color in
seeds 19.

 

Cultivars Dry matter 

% 

Crude protein 

% DM 

Crude ash 

% DM 

Crude fibre 

% DM 

Crude fat 

% DM 

'Justynka F1' 12.44±1.89b* 9.91±1.1ab 8.89±0.62b 6.66±0.82a 2.45±0.40a 

'Karowita' 8.35±1.33a 11.33±1.33b 6.85±1.61a 6.09±0.71a 3.21±1.35a 

'Amazonka' 7.57±0.08a 8.35±0.16a 6.61±0.02a 5.61±0.47a 2.90±1.19a 

Table 1. Dry matter, crude protein, ash, fibre and fat contents (mean ± s.d.) in the
great pumpkin flesh flours.

*Means in column with different letters are significantly different (p < 0.05) for the different cultivars.
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Our results show that great pumpkin flesh flours are rich in
source of carotenoids, especially in lutein and zeaxanthin. Of
course there are other carotenoids that are good precursors of
vitamin A. It was established that the amount of lutein and
zeaxanthin was significantly different in all cvs. pumpkin fruit flours
(Table 2). According to our results significantly highest amount
of lutein and zeaxanthin was in pumpkin flours of ‘Karowita’ 12.31
mg/100 g.

Murkovic et al. 23 reported that three species of pumpkin (C.
pepo, C. maxima and C. moschata) consisted of beta-carotene
(0.06-7.4 mg/100 g), alpha-carotene (0-7.5 mg/100 g) and lutein (0-
17 mg/100 g).

Lycopene concentration is lower than that of other carotenoids.
The fruit flesh of cv. accumulated lycopene amount varied from
0.72 to 0.81 mg/100 g, and the significant highest was identified  in
‘Justynka’ F1 flours (Table 2).

Our  results show that the highest amount of b-carotene was  in
‘Justynka F1’ and ‘Amazonka’ (accordingly 2.42 and 2.44 mg/100
g) and lowest in ‘Karowita’ (1.86 mg/100 g) pumpkin flesh flours.

 A higher amount of lignin is undesirable in NDF fiber content,
since it reduces the other fiber, hemicellulose and cellulose
degradation 21, 31. According to Nawirska et al. 26, the NDF fiber
content in C. pepo pumpkin flesh ranges 0.23 – 4.37% fresh matter,
C. maxima pumpkin 1.20 – 4.37% fresh matter., ADF fiber,
respectively,  0.22 – 0.47% fresh matter and 0.43–1.46% fresh matter.
The NDF fiber content is more dependent on the cultivars than
the genotype. The NDF content ranged between 18.80 and 21.37%
DM in the flour of three pumpkin cultivars (Table 3). The NDF
content is high in the pumpkin flour from ‘Amazonka’ and slightly
lower in ‘Justynka F1’ and ‘Karowita’.

The MADF content in the flour of all the pumpkin cultivars was
different. The MADF content varied between 16.43 and 20.13%
DM depending on cultivars (Table 3). The highest MADF content
was in ‘Amazonka’ flour, the lowest content in ‘Justynka F1’.

It was observed that ‘Justynka F1’ pumpkin flour contains
maximum amounts of water-insoluble fiber. However, in ‘Amazonka’
pumpkins the highest number of NDF and MADF fiber was
indicated.

WSC quickly digested energy-rich compounds are the primary
products of photosynthesis, so their content is highly dependent
on temperature, sunlight and other environmental factors 9.

The content of WSC varied depending on cultivars. Pumpkin
flours displayed high content of total WSC (44.73% DM) in
‘Justynka F1’and lowest content  in ‘Karowita’ (36.40% DM)
(Table 3).

Conclusions
The pumpkin fruit flours of ‘Justynka F1’ accumulated significantly
highest content of dry matter, crude ash, crude fiber, water-soluble
carbohydrates (WSC). The highest amount of crude protein,
crude fat and lutein+zeaxanthin was  in  fruit flours of ‘Karowita’.
The maximum neutral detergent fiber (NDF) and modified acid-
detergent fibre (MADF) was accumulated in ‘Amazonka’ pumpkin
flour, respectively, 21.37, 20.13% DM, so the flour of this pumpkin
variety could be most suitable to enrich manufactured food with
dietary fiber.
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