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Abstract 
The incorporation of various flours from seeds into wheat bread can improve its nutritional value. Pumpkin 

seeds flour can be a good alternative for nutritional enrichment of food products because of its high content 

of protein, oil, dietary fibers and minerals. The aim of the present study was to investigate the effect of 

pumpkin seed flour (PSF), added in the amount of 5% and 10% by the weight of flour, on the content of 

minerals in wheat bread. It was found that wheat bread with pumpkin seed flour had a significantly higher 

levels of minerals as compared to the control; except for sodium. Moreover, the minerals content of bread 

was found to increase markedly with increasing the substitutions ratio. The most pronounced was the effect 

of enrichment on the content of iron - at the addition of 10% PSF it was 8.98 mg/kg, which is 6.7 times 

higher than the control sample (1.34 mg/kg). A considerable increase in the content of magnesium and 

phosphorus was also found. Regarding the microelements, the amount of zinc increased most significantly 

– 5.09 mg/kg in the control sample; 9.27 mg/kg into the sample with 5% PSF; 12.7 mg/kg in the bread with 

10% PSF added. 

Keywords: pumpkin seed flour, wheat bread, mineral content, microelements, macroelements 

Abbreviations: PSF – Pumpkin seed flour; CX STAN – Codex standard; ISO – International organization 

for standardization; ICP-AES – Inductively coupled plasma atomic emission spectrometry; BSS EN – 
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Introduction  

Bread is the staple food of the population in many 

regions of the world. Nowadays in some Western 

European countries its consumption is declining due 

to factors such as changing eating patterns and an 

increasing choice of substitutes such as breakfast 

cereals (Prättälä et al. 2001; Siega-Riz et al. 2000). 

On the other hand, there is an increase in its 

consumption even in countries where bread is not a 

traditional food. Dewettinck et al. (2008) point out 

that in general, bread provides important amounts of 

most nutrients, but processing may decrease the 

levels of the bioactive components in grains. Many 

studies considered the incorporation of various flour 

from seeds such as sunflower seed, sesame seed, 

grape seed and others (Akusu et al. 2020; Kaur et al. 

2013; Mironeasa et al. 2012; Skrbic and Filipcev 

2008) into wheat flour in order to improve 

nutritional value.  

Recently, the pumpkin seeds and the partially 

defatted pumpkin seed, a by-product of pumpkin 

seeds oil processing, become more and more 

interesting for bakery sector, because of its 

nutritional composition. It’s well known that in 

some European countries, pumpkin seeds are used 

as raw material for the production of pumpkin seed 

oil (Ayyildiz et al. 2019; Vujasinovic et al. 2010), 

while in other countries they are regarded as an 

agro-industrial waste (Amin et al. 2019; Pham et al. 

2017). Moreover, in some countries they are 

consumed (Patel 2013) raw or roasted, or used as an 

additive to bread, salads etc. (Xanthopoulou et al. 

2009) due to their beneficial phytochemical 

composition (Tlili et al. 2020).  

Pumpkin seeds can be a good alternative for the 

nutritional enrichment of food products (Gorgonio 

et al. 2011). They are recognized as a good source 

of nutrients for fortification of baked products, 

especially bread (Dhiman et al. 2009; El-Soukkary 

2001). According to Mironeasa et al. (2016), Codină 

et al. (2017) and Nyam at al. (2013) pumpkin seeds 

could be used for food application, because of its 

high content of protein (37.80–45.40%), oil (25.20–

37.00%), dietary fibres (16.84-24.02%) and 

minerals (4.59%). Minerals are important for 

enzymatic activities and normal physiological 

functions in the human body. In addition to the 

essential nutrients (protein, fat, and carbohydrates), 

the body requires inorganic nutrients such as 

sodium, calcium, potassium, and phosphorus in 

available form (Chung et al. 2013; Gibney et al. 

2018). Most baked products made from wheat and 

other cereals are poor sources of essential nutrients 

(Alobo 2001). Different efforts have been made to 

promote the use of composite flours in which 

pumpkin seeds flour replaces a portion of wheat 

flour for production of bakery products. Pumpkin 

seeds can be processed into flour raw or after 

roasting. Some authors studied how this affects the 

nutritional value and the properties of the flour, used 

as additive in bakery products. It has been found that 

roasting of pumpkin seeds significantly improves 

total and extractable minerals as well as physico-

chemical properties of the seed flour (Hamed et al. 

2008). Among mineral elements, pumpkin seed 

contain especially phosphorus, magnesium and 

potassium (Alfawaz 2004; El-Adawy and Taha 

2001), while other authors emphasize that they are 

known as good source of elements such as zinc 

(Glew et al. 2006), iron and magnesium (Lim 2012).   

Apostol et al. (2020) studied the mineral 

composition of wheat flour (used as a control 

sample) and of mixtures containing wheat flour and 

pumpkin seed flour in a ratio of 95%:5%, 90%:10% 

and 85%:15%. They pointed out that pumpkin seeds 

flour is a valuable source of minerals, especially 

iron, potassium, calcium and magnesium.   

Pumpkin seed flour has been used for nutritional 

enrichment and for improving the rheological and 

sensory properties of different bakery products, 

including bread (Abdelghafor et al. 2011).  Jukić et 

al. (2018) study the quality of biscuits produced 

from composite blends of pumpkin seed oil press 

cake and wheat flour. They concluded that pumpkin 

seed oil press cake flour can be successfully used as 

a functional and nutritionally valuable substitute for 

wheat flour, even in quantities up to 60%, without 

significant deterioration of the technological quality 

of biscuits. According to Jeevitha and Bhuvana 

(2019) the addition of pumpkin seed flour at 5%, 

10% and 15% to the whole wheat flour improved 

bread properties. The authors found higher values of 

specific volume at 15% pumpkin seed flour 

addition. Proximate composition of bread samples 

showed higher crude protein content (12.22%). 

Nowadays the enrichment of food products is an 

important tool to manage or prevent specific 

nutritional deficiencies. Thus, in order to meet the 

consumers’ requirements, the enrichment of bread 

with different types of flour with higher content of 

minerals is an acceptable approach to increase daily 
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intake and to achieve consumption close to the 

recommended intake of minerals.  

The aim of the present study was to investigate the 

effect of pumpkin seed flour (added in the amount 

of 5% and 10% by the weight of flour) on the 

content of minerals in wheat bread. 

 

Materials and Methods 

Materials  

For the preparation of the bread samples, the 

following raw materials were used:  

• commercial wheat flour (type 500) (average 

chemical composition: fat 0.90 g/100 g of which 

saturated 0.30 g; carbohydrates 70.30 g/100 g, of 

which sugars 3.40 g, fiber 4.00 g/100 g; protein 

10.80 g/100 g);  

• flour from cold-pressed pumpkin seed cake 

(average chemical composition: fat 10.00 g/100 g of 

which saturated 1.00 g; carbohydrates 34.00 g/100 

g, of which sugars 0 g, fiber 16.00 g/100 g; protein 

56.00 g/100 g). The manufacturer of the flour used 

is Balcho Agro Product, EOOD, Sofia; 

• water – according to ISO 6107-1:2004;  

• compressed yeast - supplied by Lesaffre Bulgaria 

Ltd;  

• salt – according to Codex Standard for Food Grade 

Salt CX STAN 150-1985. 

Methods 

Preparation of dough and bread samples 

Kneading was performed by a two-phase process of 

dough preparation to obtain a dough with a 

homogeneous mass and an initial temperature of 25 

– 26 ℃. First, knead the yeast (2.00 kg/ 100 kg 

flour), flour (control and experimental samples to 

obtain 100 g) and water (100 g) of dough in 

kneading machine (Labomix 1000, Hungary). The 

control sample was prepared only with wheat flour 

and the other bread samples tested were prepared 

with pumpkin seed (PS) flour replacing 5 % or 10 

% of wheat flour. The dough thus prepared matured 

for 60 min at 33°C. Then the dough was mixed to 

obtain a homogeneous mass by adding the other 

ingredients (flour and water) according to the 

formulation and salt (1.33 kg/100 kg flour). The 

dough was left to rest for 20 min and was then 

divided into pieces of 440 g – pan bread. After 

shaping, the dough was subjected to a final 

fermentation at 33 ℃ for 60 min in a fermenting 

chamber (Tecnopast CRN 45-12, Novacel 

Rovimpex Novaledo Trento, Italy). The dough was 

then baked in an electric floor oven Salva E-25 

(Salva Industrial S.L.U., Lezo, Spain), preheated to 

a temperature of 220 – 230℃, for 22 – 24 min. After 

baking, the breads were allowed to cool for 3 h at 

room temperature (Chochkov et al. 2022). 

The bread formulations are given in Table 1.   

 

Table 1. Formulations of bread samples 

 

Ingredients 

of bread 

recipe 

Bread samples 

Control 

sample 

of bread 

Samples of bread 

with pumpkin 

seed flour (%) 

5 % 10 % 

Wheat flour, g 450.00 427.50 405.00 

Water, ml 248.00 248.00 248.00 

Yeast, g 9.00 9.00 9.00 

Salt, g 6.00 6.00 6.00 

Pumpkin seed 

flour, g 
- 22.50 45.00 

 

Mineral content determination 

To determine the content of mineral elements a 

validated multistep analysis methodology was used 

using ICP-AES method. The atoms collide with 

energetically excited argon species and emit 

characteristic atomic and ionic spectra that are 

detected with a photomultiplier tube. Mineralization 

of the sample is performed according to BSS EN 13 

805:2015 “Food products. Determination of trace 

elements. Digestion under pressure.” It includes 

ashing in a microwave system and dissolving the 

ash residue in HNO3. The resulting solution is 

injected into the plasma. Wavelengths are given for 

each element as follows: Fe = 259.90 nm, K = 

766.50 nm, Ca = 317.93 nm, Mg = 285.20 nm, Mn 

= 257.60 nm, Na = 589.60 nm, S = 181.00 nm, P = 

213.82 nm, Zn = 213.86 nm, Cu = 327.40 nm, Ni = 

232.00 nm. The concentration of the tested elements 

in the sample was determined by the calibration line 

method constructed using a standard solution Fluka 

51844 Multielement standard solution 4 for ICP. 

Statistical Analysis 

All analyses were carried out in triplicate. The 

results are presented as an average mean ± standard 
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deviation. Statistical evaluation was performed by 

one-way analysis of variance (ANOVA) using 

Statgraphics Centurion statistical program (version 

XVI, 2009) (Stat Point Technologies, Ins., 

Warrenton, VA, USA). Mean differences were 

established by Fisher’s least significant difference 

test for paired comparison with a significance level 

α = 0.05. 

 

 

Results and Discussion 

In the present study, the content of seven mineral 

elements was analyzed: calcium (Ca), magnesium 

(Mg), sodium (Na), potassium (K), iron (Fe), sulfur 

(S) and phosphorus (P), as well as an additional four 

trace elements: zinc (Zn), copper (Cu), manganese 

(Mn) and nickel (Ni). 

The results concerning the effect of the pumpkin 

seed flour addition on the content of Fe, K, Ca, Mg, 

Na, S and P in bread are presented in Table 2. 

 

Table 2. Mineral composition of wheat bread and bread containing PSF 

 

Minerals 

 

Mineral content of bread samples, mg/kg 

Wheat bread 

 (control sample) 

Bread containing PSF in the amount of  

5 % 10 % 

Fe 1.34 ± 0.18c 4.52 ± 0.64b 8.98 ± 1.26a 

K 718.00 ± 50.77b 1105.00 ± 78.14a 1349.95 ± 95.39a 

Ca 108.00 ± 7.64b 138.00 ± 9.76ab 166.00 ± 11.74a 

Mg 158.00 ± 11.17c 447.00 ± 31.61b 652.00 ± 46.10a 

Na 3014.00 ± 213.12a 2540.00 ± 179.61ab 2203.00 ± 155.78b 

S 589.00 ± 41.64b 934.00 ± 66.04a 1037.00 ± 73.33a 

P 511.00 ± 36.13c 1344.50 ± 94.40b 1882.00 ± 133.08a 
PSF – pumpkin seed flour 

* a-c Means in a row without a common letter differ significantly (p < 0.05). 

 

The results in Table 2 show that bread prepared with 

pumpkin seed flour has a significantly higher levels 

of some minerals as compared to the control, such 

as Fe, K, Mg, S, P. Moreover, the minerals content 

of bread increased with increasing the substitutions 

ratio of flour.  

The lowest iron content (1.34 mg/kg) was measured 

in the sample of bread prepared from wheat flour 

only. When 5% of PSF were added, iron content 

was 3.4 times higher. When the level of replacement 

of wheat flour with PSF was 10%, the iron content 

was about 9.00 mg/kg, which is 6.7 times higher 

than the control sample. Consumption of the usual 

amount of wheat bread per day satisfies only 3.05% 

of the recommended daily intake of iron (EFSA 

2019), while the bread containing 10% PSF 

provides 20.41%. The importance of these results is 

connected with the fact, that iron deficiency 

adversely affects the physical growth of school-

aged children. Iron deficiency anemia affects >1.2 

billion individuals worldwide, and iron deficiency 

in the absence of anemia is even more frequent 

(Camaschella 2019). El-Ghany et al. (2010) 

reported that the iron content of pumpkin seeds is 

9.76 mg/100 g. Increasing of iron content in biscuits 

supplemented with PSF in the amount of 5%, 10%, 

15% and 20% on the basis of wheat flour is reported 

by Kanwal et al. (2015), although to a lesser extent. 

Probably it depends on how the PSF is obtained. 

Hamed et al. (2008) study the effect of roasting on 

the mineral composition of pumpkin seeds. Authors 

emphasize that Fe content significantly (p < 0.05) 

decreased when seeds are roasted – before roasting 

the iron content in pumpkin seeds is 23.97 mg/100g, 

and after roasting its amount decreases by 27.60%.  

Potassium in the control sample was 718.00 mg/kg. 

Supplementation of PSF (10%) causes almost 

twofold increase in its amount (1349.95 mg/kg). 

Our results are very close to the findings of El-

Demery and Lotfy (2015). In bread containing 5% 

defatted PSF potassium content was 113.70 

mg/100g, and at the addition of 10% PSF – 140.90 

mg/100g. Other authors also pointed out the high 

content of potassium – Ike et al. (2020) found that 

pumpkin seed flour has almost 5 times higher 

potassium (994.10 mg/100g) than wheat flour 

(204.50 mg/100g).  
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Calcium is an important bone related macro element 

(Soetan et al. 2010). Calcium content in bread 

increased with increasing substitution of the added 

PSF, but not as significantly as iron and potassium. 

The sample with 10% pumpkin seed flour gave the 

highest value compared to the control – the increase 

was 34.90%. A similar increase in the content of 

calcium in bread (i. e. 35.9%) with the addition of 

10% PSF was reported by El-Demery and Lotfy 

(2015).  

Enriching bread with pumpkin seed flour leads to a 

significant change in magnesium content – in the 

100% wheat flour bread it was 158.00 mg/kg. The 

inclusion of only 5% pumpkin seed flour in the 

bread recipe increased its amount 2.8 times, and 

when the degree of substitution with PSF was 10%, 

the magnesium content was more than 4 times 

higher than in bread of wheat flour. Research 

conducted by other authors (Apostol et al. 2020) 

came to the same conclusion – the enrichment of 

bread with pumpkin seed flour is accompanied by 

an increase in magnesium content. High amount of 

Ca, K and Mg have been reported to reduce blood 

pressure, so the consumption of bread enriched with 

pumpkin seed flour may serve this purpose. 

Sodium content is shown to decrease with increased 

substitution of PSF, this is probably due to the 

higher content of Na in wheat flour. The same trend 

was found by Apostol et al. (2020) and Oyet and 

Chibor (2020) – with the increase in the amount of 

pumpkin seed flour added, the sodium content 

decreases, although to a lesser extent. Other authors 

published results that contradict ours. According to 

El-Demery and Lotfy (2015), the sodium content of 

wheat bread increases with the addition of PSF. 

Probably in this case the variety of pumpkins from 

which the seeds are obtained, the composition of 

soil on which they are grown and other factors have 

an impact. 

According to Samaha (2002), the seeds of pumpkin 

are rich in sulfur-containing amino acids. Therefore, 

the content of this element in wheat bread was 

significantly affected by PSF enrichment. With 

increased substitution of pumpkin seed flour 

sulphur content increased. The results range from 

589.00 mg/kg to 1037.00 mg/kg, with sample with 

10% PSF given the highest value followed by 

sample with 5% PSF and the control bread (made 

with wheat flour only).  

The phosphorus content in the tested samples varied 

from 511.00 mg/kg (in wheat bread) to 1882.00 

mg/kg (in bread enriched with 10% PSF). This 

means that the addition of 10% pumpkin seed flour 

to the bread recipe causes almost 4 times higher 

phosphorus content. The so obtained results are in 

accordance with data published by other authors 

(Dhiman et al. 2009). It was observed by Akintade 

et al. (2019) and Ertop et al. (2020) that processing 

methods in the production of flour showed greatest 

retention with respect to other minerals, while 

increases were noticed in phosphorous content – in 

flour from raw pumpkin seed (Curcubita maxima) 

phosphorus content was 42.66 mg/100 g, from 

fermented seeds – 58.73 mg/100 g, while in flour 

from roasted pumpkin seed – 51.34 mg/100 g. 

Enrichment with PSF makes bread a much better 

source of phosphorus – while the control sample 

provides 23.23% of the recommended daily intake, 

bread with 10% PSF provides 85.55%. 

Considering the macronutrients K, Ca, Mg and P, 

the results from the present study reveal that PSF is 

a substantial source of these minerals. 

The results concerning the effect of the addition of 

PSF on the content of Ni, Cu, Mn and Zn in wheat 

bread are presented in Fig. 1. 
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PSF – pumpkin seed flour 

a-b Means with different lowercase letters for a specific trace element differ significantly (p<0.05) 

Figure 1. Content of Ni, Cu, Mn and Zn in wheat bread and bread containing PSF (5% and 10%) 

 

As it can be seen from the figure, addition of 5% 

PSF did not affect nickel content of wheat bread, at 

the level of substitution of 10% less than half 

milligram per kilogram bread was measured. This 

metal ion was classified as a “possibly essential 

element” for animals and humans as early as 1970-

s (Nielsen and Ollerich 1974). The importance of 

nickel as a beneficial element for human health, 

especially being essential for microorganisms that 

colonize the human guts, is examined by Zambelli 

and Ciurli (2013). Nickel requirements by humans 

have been estimated between 5.00 and 50.00 μg per 

day (EMEA 2008).  

According to Karim (2018), copper is an essential 

trace element. Its deficiency is involved in the 

etiology of many diseases of gastrointestinal and 

neurological systems as well as affects function of 

heart, pancreas etc. Wheat bread does not contain a 

high amount of copper. The bread with 10% PSF 

had twice higher copper content (1.93 mg/kg) than 

the control sample and 18.6% higher content than 

bread with 5% PSF. Higher copper content in 

mixtures of wheat flour and partially defatted 

pumpkin seeds flour than in the wheat flour was 

reported also by Apostol et al. (2020).  

The manganese content of wheat bread was also 

affected by the enrichment with PSF, and in this 

case its amount had a clear effect. The lowest 

content was reported in the control sample (3.26 

mg/kg). The addition of 5% PSF led to increase of 

manganese content almost twofold. The bread with 

10% PSF had 1.4 times higher quantity of 

manganese than those with 5% PSF. Similar results 

were reported by Apostol at al. (2020) – a composite 

flour, containing 95% wheat flour and 5% partially 

defatted pumpkin seeds has 2.26 times higher 

contents of manganese than wheat flour. Wheat 

bread enriched with 10% PSF satisfies 65.33% of 

the recommended daily intake of manganese. This 

is 2.4 times higher than control sample and 1.4 time 

higher than sample with 5% PSF. 

Of all the studied trace elements in wheat bread, 

zinc had the highest amount – 5.09 mg/kg. 

Replacing part of the wheat flour with PSF had a 

very pronounced effect on the zinc content of bread 

– it was 9.27 mg/kg into the sample with 5% PSF 

added, which is almost twice as high as the control. 

In this case, the influence of the amount of the 

additive on the content of the studied element was 

well visible. When 10 % of the wheat flour were 

replaced with PSF Zn content was 12.70 mg/kg. 
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Oyet and Chibor (2020) pointed out that inadequate 

intakes of micronutrients (including Zn) have been 

associated with increased disease conditions and 

mental impairment. Kaur and Sharma (2018) 

investigated the content of zinc in wheat cakes 

enriched with flour from raw and roasted pumpkin 

seeds, replacing 10%, 20% and 30% of wheat flour. 

It was observed that pumpkin seed flour 

supplementation whether in raw or roasted form in 

bakery products is highly acceptable. Zinc content 

increased in the samples supplemented with raw or 

roasted pumpkin seed. Other authors also found an 

increase in zinc content when PSF was added to 

wheat flour (Ike et al. 2020).   

 

Conclusion 

The results from the present study show that wheat 

bread prepared with the addition of pumpkin seed 

flour has a significantly higher level of all minerals 

as compared to the control; except for sodium. 

Moreover, the minerals content of bread was found 

to increase markedly with increasing the 

substitutions ratio. The most pronounced is the 

effect of enrichment on the content of iron, 

magnesium and phosphorus. Regarding the 

microelements, the amount of zinc increases most 

significantly. 

The inclusion of pumpkin seed flour in 

supplemented bakery products should be 

encouraged so as the enriched bread samples would 

contribute substantially to the recommended dietary 

requirements for minerals.   
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