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INTRODUCTION AND AIMS 

 

Increased intake of dietary fibre is preventive against widespread, diet-related diseases. With 

growing scientific evidence for their health-supportive effects and with increasing consumer 

demand, more and more fibre-enriched products are available on the market. Among many 

possibilities, cereal bran fractions are the most promising dietary fibre -sources.  It is possible 

to increase the nutritive values of food with cereal fibre enrichment, but, at the same time, 

dietary fibre incorporation provokes a pronounced decrease in consumer acceptance hindering 

the increase of dietary fibre intake in the population. A great challenge in the development of 

fibre-rich food products is the incorporation of dietary fibres into existing food systems with 

minimizing the negative technological effects and retaining consumer acceptability. Careful 

selection of fibre sources, the development of new processing techniques and product 

development are equally important. Another possible strategy is the modification of fibre 

components with chemical and enzymatic methods that are acceptable in the food industry. 

 

The general aim of the present PhD thesis is to make a contribution to the development of 

marketable cereal fibre-rich food products and to the understanding of the role of cereal fibre 

components in complex food systems. The research focused on the examination of a newly 

developed, industrially produced aleurone-rich flour (ARF). The applicability of ARF in pasta 

and bread production and the oxidative modification (hydroxyl radical (•OH) oxidation and 

enzymatic crosslinking) of its most abundant non-starch polysaccharide component, 

feruloylated arabinoxylan (AX) were investigated.  

 

The detailed objectives of my thesis are the investigation of 

 

1. the nutritive values of aleurone-rich flour made pasta and bread products in comparison 

to conventional refined products,  

 

2. the effects of aleurone-rich flour addition on pasta quality (cooking quality, textural and 

sensory properties, and consumer acceptance) in comparison to conventional pasta, 

 

3. the effects of aleurone-rich flour addition on bread quality (loaf volume, textural and 

sensory properties, and consumer acceptance) in comparison to conventional bread, 

 

4. the effects of hydroxyl radicals on cereal AX’s structural properties (viscosity in 

aqueous solution, molecular size, ferulic acid content, A/X ratio), 

 

5. the effects of hydroxyl radical oxidation and oxidative crosslinking on bile acid binding 

capacity, 

 

6. the effects of hydroxyl radical oxidation and oxidative crosslinking on techno-

functional properties of flour with added AX (dough forming and pasting properties in 

model flour system). 
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BACKGROUND 

 

The main product of the wheat milling industry is white flour due to the high proportion of the 

kernel’s endosperm and the centuries-old conventions. The fibre-rich cereal bran is considered 

to be a by-product and mainly used as livestock feed or energy source. Nevertheless, modern 

industrial milling technologies are able to produce milling products that contain different 

anatomical parts of the wheat kernel in different proportions. The food purpose utilization of 

this nutritionally valuable fraction would be a great benefit in the economical point of view and 

would enable the better utilisation of the dietary potential of the whole grain providing health 

support for a wider part of the society. One of the approaches to improve the techno-

functionality of wheat fibre-rich fractions is the application of special milling processes. These 

processes aim the separation of the bran’s negative and positive elements. In most cases the aim 

is the production of wheat bran milling fractions that do not contain the outermost layers of the 

kernel since these layers are considered to be responsible for the adverse effects of fibre 

addition. Inner layers, mainly the aleurone layer are believed to have better functionality than 

the whole bran. These tissues, particularly the aleurone layer containing high amounts of 

bioactive components, are considered to be the major contributor to beneficial health effects 

associated with whole grain consumption. Until now, several studies have been published 

dealing with laboratory or semi-industrial scale-produced aleurone-enriched milling fractions. 

These studies demonstrated that the usage of such fractions resulted in a bread product that is 

nutritionally comparable to wholegrain products, but has better acceptability than those. 

Industrially produced aleurone-rich milling products have not been studied yet. 

 

Besides the examination of complex fibre-rich milling fractions, there is also need for the 

evaluation of dietary fibre molecules individually since each of them has different health-related 

effects and technological properties. The improvement of the techno-functionality of a given 

fibre component with enzymatic/chemical modification might provide valuable knowledge 

about the fibre component itself and can contribute to the improvement of fibre-rich fractions 

at the molecular level. Modification of feruloylated arabinoxylan (AX), which is the most 

important fibre component in wheat, has been widely investigated. The best-studied approach 

is the endoxylanase-mediated hydrolysis of AX, which is routinely applied in the bakery 

industry. Besides, there are oxidative enzymes (laccase, peroxidase) that enable the oxidative 

crosslinking of AX backbone through ferulic acid dimers resulting in a gel structure, which has 

considerably different functionality from the native polymer. Another effective tool for 

structural and functional modification is hydroxyl radical (•OH) oxidation of carbohydrate 

polymers. •OH oxidation of cereal beta-glucan has been examined comprehensively, and it has 

been found that •OHs provoke polymer degradation and other chemical changes. It was 

suggested by the literature that the oxidative treatment of beta-glucan improved its health-

related properties, namely its bile acid-binding capacity, suggesting an increased blood 

cholesterol-reducing effect. It was also demonstrated that oxidation alters the techno-

functionality of beta-glucan. Studies on •OH oxidation of other carbohydrates are scarce; the 

direct •OH oxidation of AX has not been investigated yet. 
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MATERIALS AND METHODS 

 

Using ARF, pasta and bread model products were prepared with standard laboratory 

procedures.  To examine the effects of ARF on the nutritional value of these products, major 

chemical composition (crude protein, crude fat, ash, soluble and insoluble dietary fibre content) 

and AX content were examined. Textural characterization, (firmness, adhesiveness, 

extensibility for pasta; Texture Profile Analysis for bread), sensory evaluation (Descriptive 

Profile Analysis) and consumer acceptance tests (hedonic scale for pasta; penalty analysis after 

consumer segmentation in the case of bread) were carried out.  

 

AX was extracted from ARF. •OHs were generated with the Fenton reaction. AX crosslinking 

were induced with peroxidase/H2O2. The formation and the effect of •OHs on AX were 

investigated by means of electron paramagnetic resonance and viscosity measurements in 

aqueous AX solution. The electron paramagnetic resonance spectroscopy was carried out using 

a POBN/EtOH spin-trapping method that is selective to •OHs. •OH treated and enzymatically 

crosslinked AX samples were prepared and examined for structural (molecular size with SE-

HPLC, ferulic acid content with RP-HPLC, A/X ratio with IEX-HPLC), health-related (bile 

acid-binding capacity), and techno-functional properties. Bile acid-binding of AX was 

examined with kinetic analysis of bile salt passage across a dialysis membrane. Techno-

functional properties were examined in wheat flour/AX blends (4 g/100g AX): dough 

development (microdoughLab) and pasting properties (Rapid Visco Analyser) were 

investigated. 

 

RESULTS  

 

Based on its high protein content it was assumed that the newly developed, industrially 

produced ARF is rich in aleurone layer and/or in subaleurone cells. ARF was usable for bread 

and pasta production, without applying any flour improver additives.  ARF addition improved 

the nutritional balance of bread and pasta compared to conventionally consumed products 

through increasing the dietary fibre (by 8 and 6 g/100g for bread and pasta respectively) and 

protein content (by 5 and 7 g/100g) at the expense of readily digestible carbohydrates (reduced 

by 18 and 13 g/100g). My results suggest that ARF addition results in considerably more 

beneficial composition than whole-meal products. 

 

Although consumer acceptance of pasta decreased with ARF addition, cooking and textural 

characterisation showed that ARF addition did not provoke poor quality characteristics (lower 

firmness, higher adhesiveness and cooking loss) that are generally observed for fibre addition. 

According to my assumptions, this behaviour was caused by the particular properties of ARF: 

high protein content, high fat content, and fine particle size of ARF might have contributed to 

processes that compensated the negative effects of fibre incorporation.  The protein profile and 

carbohydrate composition of the aleurone layer could also have importance. While the other 

parts of the bran consist of large quantities of cellulose, the main non-starch polysaccharide of 
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ARF is AX, which is a more reactive dough constituent than cellulose and can interact with the 

gluten network. Based on these results, we suppose that despite its decreasing consumer 

acceptance compared to white pasta, ARF is more applicable in value-added pasta production 

than wheat bran fractions or whole-grain flour. These deductions need confirmatory studies, 

especially working with other pasta types and with other pasta making procedures. 

 

Examining bread samples, ARF addition led to a reduced loaf volume and height, changed outer 

appearance, a darker crumb, altered texture, more intense, sourer odour, bitterer, sourer, more 

rye-like flavour, and more intense after- and off-taste. Presumably, dietary-fibre incorporation 

and related substances (e.g. flavour-active phenolic compounds) were responsible for these 

changes in the first place, but other compositional traits (e.g. the high protein content and the 

high proportion of AX within the fibre fraction), similarly to pasta, might also have played an 

important role. AB acceptability in the selected target consumer group was similar to WB 

acceptability. Penalty analysis showed that the too intense odour, flavour, and bitter taste and 

the too weak sweet taste were associated with decreased acceptability of AB. The results 

suggest that these negative properties can be eliminated with WF addition in reasonable 

amounts. For 40 % AB, the flavour and odour proved to be “not enough”, which suggests that 

the optimal blending ratio is between 40 % and 100 % for the selected consumer group. 

Furthermore, AB’s sensory properties that negatively affected the acceptability might be 

eliminated with specific ingredients (e.g. the lack of sweet taste with natural non-sugar 

sweeteners) and the AB quality could potentially be improved with fibre modification processes 

e.g. endoxylanase enzymes.  

 

Besides the examination of ARF in complex food systems, its most abundant non-starch 

polysaccharide component, AX was also examined. The effect of •OH oxidation on AX was 

investigated for the first time. It was demonstrated that •OH oxidation did not induce ferulic 

acid dimerization and thus gelation processes in aqueous AX solution, although the examined 

AX sample was capable of gel formation upon enzymatic oxidation. Instead of gelation, •OH 

oxidation provoked viscosity decrease in AX solution, which resulted from the oxidative 

degradation of the polymer. The degradation could be enhanced with a higher concentration of 

oxidizing agents and by increased temperature. High temperature led to •OH formation in AX 

solution, also without the application of any oxidizing agents, most likely due to endogenous 

transition metals and the reducing capacity of AX at high temperature, which provoked radical-

generating Fenton reaction. Merely by increasing the temperature, viscosity decrease of AX 

solution was induced, however, it is not clear if depolymerisation or conformational changes 

were responsible for this behaviour and if hydroxyl radicals played a role in these changes. 

 

In contrast to the literature data of beta glucan, •OH oxidation did not affect the bile acid 

retention of AX, while enzymatic crosslinking significantly enhanced this property, presumably 

due to the bile salt retention-effect of the gel structure. This result suggests that crosslinking 

enhances the cholesterol-lowering effect. 
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The effect of oxidation of AX on pasting properties and on dough development in flour was 

presented for the first time. It was found that •OH oxidized AX caused significantly lower water 

absorption than NOX when added to wheat flour, presumably due to its lower molecular weight.   

On the other hand, the addition of POD increased the water absorption; probably due to the gel 

structure that had considerably higher water-holding capacity than NOX. •OH oxidized samples 

decreased; POD increased the viscosity during RVA measurements compared with NOX 

addition. These changes were probably caused by the differences in the molecular size among 

the differently oxidized samples. Further studies are needed to investigate the possibilities of 

the utilization of the modified functional properties of AX.  
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NOVEL SCIENTIFIC FINDINGS 

 

1. The nutritional value of pasta and bread products can be increased significantly with the 

newly developed industrially produced aleurone-rich flour (ARF). Using ARF the 

dietary fibre content of bread and pasta products can be increased by 8 and 6 g/100g 

respectively, while their available carbohydrate can be decreased by 18 and 13 g/100g 

compared to refined products. (Paper I and II) 

 

2. ARF addition does not cause poor quality characteristics (lower firmness, higher 

cooking loss and adhesiveness) that are generally reported for fibre addition. According 

to these results, ARF is more applicable in value-added pasta production than wheat 

bran fractions or wholemeal flour. (Paper I) 

 

3. The suboptimal product characteristics of ARF made bread were identified. Penalty 

analysis showed that the too intense odour, flavour, and bitter taste and the too weak 

sweet taste were the key attributes that resulted in decreased acceptability. (Paper II) 

 

4. •OH oxidation does not induce ferulic acid dimerization and gelation processes in 

aqueous arabinoxylan solution. Instead of gelation, •OH oxidation provokes viscosity 

decrease in arabinoxylan solution, which is caused by the oxidative degradation of the 

polymer. The degradation can be enhanced with a higher concentration of oxidizing 

agents and by increased temperature. (Paper III and IV) 

 

5. •OH oxidation does not affect the bile acid retention of arabinoxylan, while crosslinking 

significantly enhances this property (KNOX=0.17 h-1 versus KPOD=0.093 h-1), presumably 

due to the bile salt retention-effect of the gel structure. This result suggests that 

crosslinking enhances the cholesterol-lowering effect of arabinoxylan. (Paper IV) 

 

6. •OH oxidized arabinoxylan addition to wheat flour results in significantly lower water 

absorption than the addition of native arabinoxylan, due to its lower molecular weight. 

Crosslinking increases the water absorption due to the gel structure that has considerably 

higher water-holding capacity than native arabinoxylan. •OH oxidation of arabinoxylan 

decreases; crosslinking increases the viscosity during flour pasting compared with 

native arabinoxylan. (Paper IV) 
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POTENTIAL APPLICATIONS 

 

Commercialisation of pasta products made of ARF was launched in 2014 by Gyermely Zrt. 

These products are still available on the retail market. Based on the results of the present thesis 

a marketing-focused development of bakery products can be launched. It is expedient to 

consider the usage of non-sugar sweeteners and endoxylanase during product development. The 

results demonstrate the importance of consumer segmentation, which can effectively support 

the understanding of consumer expectations towards fibre-rich food products. 

 

The in vivo investigation of the bile acid binding capacity of crosslinked AX is highly 

expedient. Other health-related properties might be worthy of consideration. 

 

Besides the understanding of the effects of oxidation, these results also support the 

understanding of the AX’s role in the complex food systems, as well as might open up new 

prospects for the utilization of AX in food matrices. 
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