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Introduction 

Research into foods with potential health-promoting properties is increasingly seen as 

a component of a strategy to both prevent and mitigate the effects of many chronic diseases, 

including civilization diseases. Functional foods, in addition to their nutritional properties, 

have proven beneficial effects on the body, manifested in the improvement of health and well-

being, as well as in reducing the risk of serious diseases. It acts as a specific link between 

food and medicine. It can be created according to individual needs of specific consumer 

groups (children, adults, athletes, allergic people). An excellent method for producing 

functional food is using plant additives, which are the source of polyphenolic compounds with 

strong antioxidant properties. A diet rich in antioxidants has a positive effect on the entire 

body, contributes to the prevention and mitigation of diseases related to the cardiovascular 

system, cancer, metabolic and neurodegenerative diseases, which are currently the diseases of 

civilization affecting an increasing percentage of humanity. It is therefore extremely 

important to search for new food formulas that respect certain conditions of being functional 

foods. 

The aim of the research 

The aim of this study was to design, manufacture and perform analyses of innovative gluten-

free products that may constitute potential functional foods. I tested extracts for both 

qualitative and quantitative content of polyphenolic compounds and their antioxidant activity. 

Interdisciplinary work was carried out in cooperation with the Department of Process 

Engineering at the University of Life Sciences in Lublin. 

  



Materials and methods 

The new range of gluten-free functional foods presented in this dissertation included: 

 gluten-free pasta with chestnut flour (Castanea sativa Mill.) made in the traditional 

way; 

 gluten-free corn and bean pasta with varying percentages of xanthan gum added; 

 extruded gluten-free porridges enriched with different percentage of chokeberry fruit 

(Aronia melanocarpa (Michx.) Elliott); 

 extruded gluten-free corn porridges with different percentages of chokeberry (Aronia 

melanocarpa (Michx.) Elliott), elderberry (Sambucus nigra L.) and strawberry 

(Fragaria ananassa L.) 

I used ultrasound-assisted extraction (UAE) to isolate polyphenolic compounds. The obtained 

extracts were screened for polyphenolic compounds content using high-performance liquid 

chromatography HPLC-ESI-MS/MS (Agilent 1200 Series chromatograph, QTRAP 3200). I 

determined the antioxidant activity of the studied samples using spectrophotometric methods 

(Thermo scientific UV-Vis Genesys10S spectrophotometer) using DPPH stable radical 

solution and Follin-Ciocalteu reagent. I also used thin-layer chromatography (TLC-DPPH 

assay) to confirm the tested antioxidant activity of the extracts. Plates were developed in a 

horizontal chamber (DS-II Chromdes) upon prior using an automatic applicator (Desaga AS-

30) for applying extracts. I used a Sorbfil TLC Videodensitometer computer program to 

obtain a quantitative interpretation of the results. Each of the determinations was performed 

three times. Statistical processing of the obtained data was performed using Statistica 12.0 

program (Statsoft, USA). 

Cooperation with the University of Life Sciences in Lublin allowed to extend the 

methodology of research on gluten-free functional food. Complementary to the conducted 

research, going beyond the basic theme of the doctoral dissertation, the number nutritional, 

technological and functional properties tests were carried out. 

Results 

I determined phenolic acids in all the studied extracts obtained from pasta with different 

percentage of chestnut flour, the highest amount of phenolic acids (13 acids) was observed in 

pasta with 50% addition of chestnut flour. The results obtained from the study suggest high 



antioxidant activity of the tested pasta, and the antioxidant properties increase with increasing 

amount of chestnut flour addition. 

Gluten-free corn and bean noodles with different additions of xanthan gum were made by the 

traditional method. The experiment showed that the addition of xanthan gum, designed to give 

a suitable structure to the product, does not significantly affect the amount of phenolic acids. 

Only 1% of xanthan gum unfortunately decreases their content. I determined 8 phenolic acids 

in the analyzed pasta samples. The methods used to determine the antioxidant capacity of the 

tested extracts showed their strong antioxidant properties, except for the sample with 1% 

addition of xanthan gum. More than this, the greater addition of gum to pasta, the lower the 

cooking losses, the increase in its heat capacity and water absorption were observed. This has 

an impact on the elasticity of the studied pasta and easy manufacturing. I found that a small 

addition (up to 0.75%) of xanthan gum has no negative effect on the health-promoting 

properties of the analyzed pastas. I have shown that the traditional method of pasta making is 

also suitable for the production of innovative gluten-free pasta with functional food character. 

Extrusion is a technological process very often used to produce functional foods. 

Temperature, humidity, pressure and screw speed can influence the health-promoting 

properties of food. In a study on chokeberry-enriched porridge, I showed that the total 

polyphenol content was higher at a screw speed of 80 rpm than at 120 rpm. Thus, I confirmed 

the conjecture that it is important to determine optimal conditions for production also in order 

to preserve the antioxidant properties of functional foods. In the porridge sample with 20% 

chokeberry fruit addition I observed the highest total content of polyphenolic compounds and 

flavonoids, while the lowest in the control sample (without chokeberry fruit addition). The 

obtained results suggested strong antioxidant properties, which I confirmed by TLC-DPPH 

test. I found that as the amount of chokeberry fruit added increased, the antioxidant potential 

of the tested porridges increased too. The strongest effect was observed in the sample with 

20% chokeberry fruit addition produced at an auger speed of 80 rpm. During the HPLC-ESI-

MS/MS analysis of this sample I determined the presence of 9 phenolic acids. Thanks to 

appropriately selected technological parameters, porridge enriched with 20% chokeberry fruit 

addition showed strong antioxidant properties and may be a rich source of polyphenolic 

compounds. 

Studies conducted on the effect of different fruit additives (chokeberry fruit, elderberry, 

strawberry) to extruded snacks showed that the addition of the functional component affects 

the physical and textural properties of the studied gluten-free snacks. The higher addition of 



the fruit component, the more the expansion ratio decreased, while the bulk density of the 

analyzed snacks increased. On the basis of tests of firmness and consistency of snacks it was 

concluded that the optimal amount of functional additive should not exceed 15% of the total 

range. It was found that the screw rotational speed applied during production had a significant 

effect on the expansion, density and textural properties of the studied snacks. The best results 

were obtained at 120 rpm. 

Conclusions 

The work involved the formulation, production (also using an innovative extrusion method) 

and analysis of the composition and content of polyphenolic compounds, as well as 

determination of the antioxidant properties of a new functional food range.  

Ultrasound-assisted extraction (UAE) proved to be an appropriate method for the isolation of 

polyphenolic compounds enabling further spectrophotometric and chromatographic 

determinations. 

Thanks to the applied chromatographic analysis, a significant diversity in the polyphenolic 

profile of the studied extracts was observed: 

 in gluten-free pasta extracts with addition of chestnut flour were determined 13 

phenolic acids: gallic acid, protocatechuic acid, 4-hydroxybenzoic acid, salicylic acid, 

vanillic acid, gentianic acid, trans-synapic acid, cis-synapic acid, trans-caffeic acid, 

cis-caffeic acid, p-coumaric acid, ferulic acid and isoferulic acid (HPLC-ESI-MS/MS); 

 8 phenolic acids were determined in gluten-free pasta extracts with xanthan gum; they 

were: protocatechuic acid, 4-hydroxybenzoic acid, vanillic acid, trans-caffeic acid, cis-

caffeic acid, cis-p-coumaric acid, trans-ferulic acid and trans-synapic acid (HPLC-

ESI-MS/MS); 

 9 phenolic acids were identified in the extracts of extruded corn porridges with 20% 

addition of chokeberry fruits: protocatechuic acid, 4-hydroxybenzoic acid, gentisic 

acid, salicylic acid, trans- and cis-caffeic acid, p-coumaric acid, ferulic acid and 

isoferulic acid (HPLC-ESI-MS/MS); 

Increasing the amount of functional plant additive is positively correlated with both 

qualitative and quantitative content of polyphenolic compounds, as well as with the 

antioxidant activity, the quality characteristics and physical properties of the products. The 



selection of appropriate technological parameters applied during manufacturing processes also 

has a major influence on the mentioned activity. 

The chosen manufacturing method (extrusion) proved to be a suitable technique for obtaining 

functional foods. Thanks to the appropriately selected production environment, all health-

promoting properties of the studied food are preserved, including antioxidant properties, 

which makes it possible to use this type of products by people with special individual dietary 

needs. 

  



 


