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Welcome Address

Dr. Ir. Peter Weegels
Chair Cereals & Europe

Dr. Dubravka Novotni
University of Zagreb, Croatia

8th Cereals & Europe Spring Meeting 

Ζagreb, 10-12 April 2024

Dear colleagues and friends,

On behalf of the Scientific Committee and the Organising Committee, we 
would like to welcome you to the 8th Cereals & Europe Spring Meeting 2024. 
The meeting will be held in beautiful Zagreb, Croatia, from 10 to 12 April 
2024. Zagreb is an old Central European city that is tailor-made for everyone. 
Today we face many challenges, from climate change to the grain supply 
chain, technological development and consumer demand. We realise more 
than before that cereal food safety, healthiness and security are extremely 
important to feed the future population and supports its healthiness. In 
these challenging times, the Cereals & Grain Association (formerly AACC 
International) continues to advance cereal science and bakery technology 
by providing the latest research, trends and perspectives from around the 
world/Europe. At meetings such as this, we continue to bring together 
industry and academic experts from a variety of fields to stay abreast of the 
latest developments in the exciting world of cereals. We have several topics 
planned for this meeting, including agronomic and climatic aspects of cereal 
systems, nutrition and health, quality, safety and consumer perception of 
cereal products, innovation and adding value to the cereal chain.

Please join us in a productive and eventful time at this meeting. We hope 
to celebrate again our successes, explore new ideas for future research, 
expand our networks and renew our friendships.We will stand by you and 
make you feel welcome and included. We look forward to your presence 
and wish you a pleasant stay in the city of Zagreb - a quiet and small but 
friendly place where you can relax or participate in a variety of activities.
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Application, challenges and possibilities of mass spectrometric analysis of cereal proteins

Sabrina Geisslitz

Department of Bioactive and Functional Food Chemistry, Institute of Applied Biosciences, Karlsruhe Institute 
of Technology (KIT), Karlsruhe, Germany 

Topic: Current Trends in Cereal Food Analytical Methods
Keywords: Mass spectrometry, proteomics, wheat, bioinformatics, database

Liquid chromatography-mass spectrometry (LCMS) is one of the most recent analytical methods to characterise 
cereal proteins to e.g., elucidate structure-function-relationship of proteins important for baking quality or to 
unravel reasons for the increase of the prevalence of wheat-related disorders. In most cases, the complex LCMS 
results are combined with additional experiments, such as baking experiments, mouse models or cell assays 
to answer these questions. Besides linking LCMS results with those from other experiments, there is a long 
list of challenges that can arise during the characterization of proteins using LCMS. The genomes of wheat, 
barley and rye have only been decoded in recent years, although not all results have yet been transferred and 
validated in the protein databases leading to repeated and incomplete database entries. Another challenge is 
the extractability of proteins after processing [1]. Often only flour, but not the actual product (e.g., bread, cake), 
is analysed and there is still a lack in knowledge on how processing influences the proteins on a molecular 
level. Even though difficulties occur, many questions have already been answered using LCMS. LC-MS was 
approved to be suitable to identify and quantify very small amounts of proteins in tiny wheat kernel layers [2]. 
It was shown that the aleurone layer differs significantly from the sub-aleurone and inner endosperm, what is 
of great interest for e.g., millers who produce flours with various applications. Furthermore, LCMS identified 
celiac disease active peptides in gluten-free barley beer, even though ELISA labelled these beers as gluten-free 
[3], what poses a health-risk for celiac disease patients. To conclude, LCMS is already a sensitive and reliable 
instrument to characterize cereal proteins. If the aforementioned and further challenges are met, new areas of 
application will emerge.

References:
1. Weegels, P., America, A.: Impact of food processing on the allergenic properties of amylase trypsin inhibitors 
from wheat, Frontiers in Allergy 4 (2023), 1228353, doi: 10.3389/falgy.2023.1228353
2. Hermans, W., Geisslitz, S., De Bondt, Y., Langenaeken, N.A., Scherf, K.A., Courtin, C.M.: NanoLC-MS/MS protein 
analysis on laser-microdissected wheat endosperm tissues: A comparison between aleurone, sub-aleurone 
and inner endosperm, Food Chemistry 437 (2024), 137735, doi: 10.1016/j.foodchem.2023.137735
3. Nye-Wood, M.G., Byrne, K., Stockwell, S., Juhász, A., Bose, U., Colgrave, M.L.: Low Gluten Beers Contain 
Variable Gluten and Immunogenic Epitope Content, Foods 12 (2023), 3252, doi: 10.3390/foods12173252
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Challenges in food 3D printing

Ana Pilipović

University of Zagreb Faculty of Mechanical Engineering and Naval Architecture, Ivana Lucica 5, 10000 Zagreb, 
Croatia 

Topic: Food 3D printing
Keywords: 3D food printing, challenges, food ingredients, nutritional disorders, processing parameters, post-
processing, recipes, rheology

With the development of the first 3D printer 37 years ago (1987), additive manufacturing began to be used 
in prototyping. Production was oriented to the creation of products with complicated geometry in a short 
time based on 3D CAD models without the use of tools and moulds. The first materials that were used in 
additive manufacturing were polymers. Recently, many 3D printers have been developed, i.e. different additive 
technologies that can make functional products, tools, and moulds from metal, ceramics and composites in 
various industries. The application of additive food production began in 2006, when it was exclusively used for 
research and development of space food. Recently, 3D food printing enabled the production of customized 
meals, having unique shapes and ingredients. The aforementioned opens up the possibility of making 3D 
printed food for people with digestion problems, so that they can make the food they want on the 3D printer 
choosing their own recipe and shape. However, each recipe requires special adjustment of the 3D printer 
depending on the applied additive technology. Can the requirements for model construction and processing 
parameters of polymer 3D printing be mapped to food 3D printing? Requirements for 3D modeling of food, the 
application of the support structure as well as different rheological properties and dosing of mixture, removal of 
air from mixtures before processing, adjustment of processing parameters, post-processing, and performance 
of the 3D printers themselves are all these challenges that must be overcome to obtain high quality 3D food. 
It is necessary to emphasize the challenge of post-processing on cereal snacks (mixture with wheat, oat, and 
barley flour) to keep their shape and prevent deformation. As part of the project 3Dsnack4health (Development 
of New Generation of Snack Food for Consumers with Specific Dietary Needs using 3D Printing Technologies), 
an attempt was made to overcome some of the mentioned obstacles in making food for people suffering from 
celiac disease and other digestive disorders (1-3).

References:
1. Radoš, K., Pastor, K., Kojić, J., Drakula, S., Dujmić, F., Novotni, D., Čukelj Mustač, N.: Influence of Infill Level and 
Post-Processing on Physical Parameters and Betaine Content of Enriched 3D-Printed Sweet Snacks, Foods, 12 
(2023), 4417, 15. doi: https://doi.org/10.3390/foods12244417
2. Radoš, K., Benković, M., Čukelj Mustač, N., Habuš, M., Voučko, B., Vukušić Pavičić, T., Ćurić, D., Ježek, D., 
Novotni, D.: Powder properties, rheology, and 3D printing quality of gluten-free blends, Journal of food 
engineering, 338 (2023), 111251, 10. doi: 10.1016/j.jfoodeng.2022.111251
3. Pilipović, A., Tujmer, M., Travaš, L.: Influence of FDM processing parameters and snack dimension on food 
printability, International Conference on 3D Printing & Additive Manufacturing (3D Printing & Graphene 2023), 
Dubai. Atlanta (GA): Scisynopsis LLC, 2023. str. 23-23
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Food Security and Food Safety: FAO’s Work on Cereals

Tamara Nanitashvili

Senior Policy Officer, the Food and Agriculture Organization of the United Nations, Regional Office for Europe 
and Central Asia
Keywords: Food security, healthy diet, food safety, climate-smart agriculture, partnerships

Established in 1945, the Food and Agriculture Organization (FAO), headquartered in Rome, Italy, leads global 
initiatives for hunger alleviation, nutrition enhancement, and food security. Serving 195 members worldwide, 
FAO manages crucial data, publications, and educational resources. Its focus includes food security, emergency 
assistance, agricultural support, food safety, climate resilience, capacity building, and sustainable food 
systems. Official statistical information on food and agriculture, including cereals as the major source of energy 
consumed worldwide by human beings, is a core element of FAO’s mandate, supporting decision-making at 
various levels. Data collected from countries regarding supply, demand, trade, stock, and prices are stored in 
publicly available corporate statistical database (FAOSTAT), informing policies and investments in food and 
agriculture sectors worldwide. FAO provides critical analytical and policy information on global cereal trade, 
overseeing market intelligence, early warnings of food shortages, and the promotion of transparent, efficient 
markets. FAO supports the development of food-based dietary guidelines to encourage healthy eating habits 
and inform public policies and nutrition education programs. Food safety is crucial for health, livelihoods, 
trade, economic growth, and overall prosperity. Here, FAO’s work encompasses expert advisory support, risk-
based management, communication networks, intelligence gathering, technology evaluation, and capacity 
building. FAO hosts Codex Alimentarius, setting global food safety standards. It also hosts the International 
Plant Protection Convention secretariat, comprising experts in agriculture and plant protection, pest risk 
management, and international trade and economics. FAO supports the development of the cereal industry 
by enhancing production capacities through improved seeds, stress-tolerant varieties, water technologies, 
pest and disease management. The Organization enhances support for Member Nations on climate resilience 
and emission reduction focusing on conservation agriculture, climate-smart agriculture, and precision farming 
technologies. Partnerships are central to FAO’s work. Collaboration with governments, other United Nations 
agencies, civil society, the private sector, academia, and research centers leverages knowledge and resources to 
combat food insecurity effectively.
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Genome editing for low acrylamide wheat, including Europe’s first CRISPR wheat field trial; 
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Acrylamide is a carcinogenic processing contaminant that forms from free (soluble, non-protein) asparagine and 
reducing sugars during high-temperature cooking and processing of grains, tubers, beans, storage roots and 
other plant products (Kaur and Halford, 2023). Food businesses face ever-tightening regulations on acrylamide, 
particularly in the European Union, with the prospect of Maximum Levels being set in 2024. Compliance 
would be greatly facilitated by the development of crop varieties with reduced acrylamide-forming potential. 
We have used CRISPR/Cas9 to knock out the asparagine synthetase-1 and -2 (TaASN1 and TaASN2) genes of 
bread wheat (Raffan et al., 2021). Wheat lines with mutations in the TaASN2 gene have also been produced 
by chemical mutagenesis, and we have also assessed the effect of a natural deletion that means that the B 
genome TaASN2 gene (TaASN-B2) is missing in some varieties. A field trial of TaASN2 knockouts produced using 
CRISPR/Cas9 and chemical mutagenesis (the first field trial of CRISPR wheat in Europe) was harvested in August 
2022, with the CRISPR lines showing significant reductions in free asparagine concentration and a concomitant 
decrease in acrylamide formation in heated flour (Raffan et al., 2023). Results of analyses of grain samples 
from a second field trial, including TaASN1/TaASN2 double knockouts, will also be presented. These and other 
genetic approaches are being undertaken alongside experiments on crop management strategies, including 
fertilisation rates, especially of sulphur, and disease control. The work is being conducted during a period of 
rapid change in the regulations governing gene edited crops in the UK, culminating in the Genetic Technology 
(Precision Breeding) Act, which gained royal assent in March 2023. The acrylamide issue in cereal products is the 
subject of the ACRYRED COST Action (https://acryred.eu/) and the aims, objectives and activities of ACRYRED 
will be introduced. 
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This presentation proposes an overview on the main issues linked to bread dough including flat bread and 
cake batter mixing. An overview on mixing technologies is first proposed including a patent review on non-
conventional mixing processes using specific gas and mixers under pressure. A focus will be proposed on 
targeted applications, a) bread, flat bread incl. gluten free, b) cake with application on the suppression of baking 
powders and c) biscuits. Aeration during the mixing process addresses specific challenges such as aeration, 
hydration, dissolution (salt sugar etc) and in some case, a complex set of reactions between the ingredients and 
the gas present around the dough/batter. As an example, pound cake or sponge cake are products for which the 
aeration of the crumb plays a key role in their palatability and sensorial perception. The aeration of the batter is 
obtained through the mixing stage and thanks to the use of baking powder made of a mix of sodium bicarbonate 
and a neutralizing acid. During mixing, opposite to bread, gliadin play a key role and are solubilized in the highly 
concentrated sugar syrup present in the batter resulting in an increase in viscosity and to the entrapment or 
gas cells. Alternative strategies to baking powder based on mixing under CO2 pressure was developed allowing 
the full suppression of the baking powder. Sensory tests showed that the cake without baking powder were 
preferred by consumers, even though the taste was quite affected by the absence of sodium salts left by baking 
powder. The crumb color was also more pale. This clean label and can be considered as reliable solution to 
enhance the “performance” of cake products in general. 
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Smart and predictive agriculture with artificial intelligence

Vinko Lesic
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Topic: Impact of Climate Change and Farm to Fork on Sustainability of Cereals

Actual and upcoming climate changes are expected to have the largest impact on agriculture crops cultivation 
in terms of necessary deviation from traditional farming, reduced yield, and increased costs. The talk is focused 
on creation of “big data” for wheat crop with respect to various climate conditions, artificially created and 
permuted in the prototyping chambers through over 5000 different climate scenario experiments, automatically 
measured and corelated with plant development identifiers in different growth stages. The database of 6 million 
correlated measurements is used to develop mathematical models of different growth stages of wheat by 
applying artificial intelligence algorithms and utilize it for prediction of crop development and harvest. The 
talk will deal with questions on can we predict development of crops with hourly resolution: can we predict 
the level of photosynthesis that will occur in the plant within next 24 hours, grain humidity in three days, or 
plant biomass in one month? Answering these questions enables optimization of crop fertilizing, pesticides 
treatments, watering, or scheduling harvesting times, all aimed towards the efficient cultivation process with 
increased yield and resilience to climate change.
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Wheat is a widely consumed staple food and generally associated with various health effects. Wheat products 
however have also been associated with (extra-)intestinal symptoms in the absence of celiac disease and wheat 
allergy, i.e. non-celiac wheat/gluten sensitivity (NCWS/NCGS). In the ‘Well on Wheat?’ Project, financed by a 
public private partnership grant (TKI16060BMNU), we aimed to investigate potential triggers and mechanisms. 
Here, we summarize key project findings. First, we studied the impact of expectancy versus actual gluten intake 
on symptom occurrence in individuals with self-reported NCGS. Eighty-four participants consumed 2 slices 
of bread for breakfast and 2 for lunch, and were randomized into 4 groups. People who expected to receive 
gluten-containing bread and actually received gluten showed highest symptom scores. People that expected 
to receive gluten-free bread had lowest symptom scores, regardless of whether they actually received gluten-
free of gluten-containing bread1. We found a clear expectancy effect, but an additive effect of gluten cannot 
be ruled out. Next, in two randomized-controlled cross-over studies, we compared well-characterized breads 
made from bread wheat, spelt or emmer (5 slices each on different test days), either yeast (n=20) or sourdough 
fermented (n=20), on the occurrence of (extra-)intestinal symptoms. We found no differences between the yeast- 
or sourdough-fermented breads made of the different cultivars. Most of the people could tolerate at least one 
of the breads tested, but the type of bread tolerated differed between people2. Finally, in an anaerobic in vitro 
fermentation model, fresh fecal samples of 5 NCWS and 5 controls individuals were exposed to the 6-predigested 
breads for 5 hours. We found no impact on the overall microbiota composition, but a clear difference in volatiles 
produced over time. Future studies should investigate potential involvement of brain-gut interaction as well as 
the gut microbiome, taking into account inter-individual variation. 
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Wheat types and artisanal or modern-industrial bread making: does it matter for health?
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Aims: Wheat is the most widely consumed crop in the world, contributing between 10% - 50% of the total 
calories in different countries. Wheat also supplies beneficial components including dietary fiber, minerals, 
B vitamins and phytochemicals. However, wheat proteins may also result in adverse effects (allergy, coeliac 
disease, non-gluten wheat sensitivity) in some individuals. Furthermore, social media and popular press have 
created the expectation that common bread wheat and gluten cause illness and discomfort, that ‘gluten free’ 
is better for health, and that ancient types of wheat and sourdough bread contain less gluten and are more 
digestible. The “Wellonwheat?” project aimed to build a strong evidence base for understanding the real effects 
of grain types and food processing on health. Methods: The contents and composition of grains from bread 
wheat and “ancient” emmer, and spelt and processed doughs and breads were compared and the effects of 
yeast and sourdough fermentation on bread composition were determined and put into perspective of current 
knowledge. Results: Variation in the contents and compositions of dietary fiber, protein and amylase trypsin 
inhibitors (ATIs) exist within and between older and modern wheat types, reflecting the effects of both genotype 
and environment. However, there is little evidence of major quantitative differences between wheat types and 
species when grown in similar conditions. Similarly, although sourdough and yeast fermentation do affect 
bread composition (acidity, protein, amino acids, FODMAP, minerals) these effects are similar in breads made 
from bread wheat, spelt and emmer. Conclusions: There is no evidence that ancient wheats (spelt and emmer), 
compared to modern bread wheat and that sourdough, compared to yeast bread, contains less gluten and ATIs. 
Furthermore, literature review shows no evidence that gluten causes weight gain. Claims that sourdough bread 
is more digestible and nutritious, resulting in better tolerance and health, remain unsubstantiated.
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Health benefits and risks of cereal foods
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Cereal based foods provide a substantial share of nutrients in the human diet (1). It is therefore important 
to review the health benefits and risks of these foods. There is scientific consensus about a large number of 
benefits and pathogenic properties and these are mostly laid down in legal policies and regulations,  supported 
by a large number of epidemiological, clinical and prospective studies (2). As an example, consumption  of 150 
g of wholemeal bread is a source of or rich in 18 of the 27 essential nutrients and next to nutrient claims can 
carry ca. 100 EU approved health claims. Health risks of cereal based products on the other hand include ca 
2% of the population affected with cereal related allergies. These patients need to abstain consuming cereal 
based products. Other pathogenic properties are caused by microbial or chemical contaminants that originate 
from agronomy, logistics or processing and are legally maximized. On other health benefits and risks there is 
less scientific consensus and they require more investigation, e.g. the link between cereal components and 
non-coeliac wheat sensitivity (3), avoidance of consumption of carbohydrate or ultra processed foods (2). There 
is growing evidence that phytate, anti-oxidants and prebiotics from cereals provide various health benefits, 
such as reduction of cancer. Product development e.g. inclusion of nutrient rich ingredients or sour dough 
fermentation can further increase the nutritional benefits of cereal based products and reduce health risks.
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Identification and breeding of high-quality, fiber-rich cereals
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Increasing the fiber content of grain-based products is usually achieved by mixing the bran fraction with flour 
or by producing wholemeal flour. However, this procedure leads to a decrease in the quality and enjoyment 
value of the product. Drastic changes in the processing properties and the taste of the product can be avoided 
by genetically increasing the fiber content of the grain. The fiber content of wheat can be increased, among 
other things, by increasing the amount of starch resistant to digestion, or by increasing the quantitative ratio 
of cell wall-forming fiber components (arabinoxylan, β-glucan). We therefore set ourselves the following goals: 
production and characterization of wheat lines with a high fiber content (arabinoxylan (AX) and resistant starch); 
examination of the heritability, environmental influence and stability of the AX content; identification of new 
gene sources in different cereal species; and the identification of Quantitative Trait Loci (QTLs) related to fiber 
content using a wheat mapping population, for the purpose of developing molecular markers. An increase in 
the fiber content is usually accompanied by an increase in the fructan content, which is disadvantageous for 
people suffering from irritable bowel syndrome. We are therefore looking for gene sources that, in addition to 
high fiber content, have a low fructan content and therefore have a twofold positive health effect. Furthermore, 
differences between and within bread- and spelt wheat species were studied by high-density 25K Illumina 
Single Nucleotid Polymorphism (SNP) genotyping array and by phenotyping dietary fibers. Chromosome-
specific markers applicable for the reliable identification of spelt chromosomes in the wheat background were 
identified, providing a solid basis for future crop improvement.

This research was supported by project No. 135211 and TKP2021- NKTA-06 and No. SA-25/2021. This work is 
based upon the cooperation in COST Action 21149 ACRYRED.
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High intensity exercise can lead to Exercise Induced Muscle Damage (EIMD)1, causing strength loss and 
inflammation2. The current sports market is saturated with protein bars and shakes, therefore an alternative, 
soy (proven to reduce inflammation) soft pretzel (SSP) bites containing optimal nutritional quality for exercise 
recovery were developed3. Due to components (complete protein and isoflavones) found in whole soy flour 
and soymilk powder, it was hypothesized that consuming SSP post exercise will reduce muscle soreness and 
inflammatory markers. Thus the objective was to assess the acceptability and effectiveness of SSP in mitigating 
EIMD symptoms and inflammatory response. Ten male athletes aged 18-30 completed a double-blind crossover 
study and were randomly assigned the study agent or placebo. Soreness was assessed using a visual analog scale. 
Blood serum was analyzed for biomarkers associated with inflammation and EIMD. A 24-hour urine collection 
determined presence of isoflavones and assessed compliance. Both pretzels had high acceptability scores of 7 
out of 9 in a Hedonic test. Testosterone was significantly blunted in the serum following soy (418.96 ± 146.21) 
compared to wheat (471.31 ± 166.07), indicating increased uptake by the muscle due to protein and essential 
amino acids found in SSP (p=0.0072). IL-6 decreased more rapidly in the soy group beginning at the 6-hour time 
point. Isoflavones peaked in the blood 6 hours after consumption, suggesting they may be responsible for the 
rapid decline. Urinary isoflavones daidzein, genestein, glycitein were all significantly elevated (p< 0.001, 0.011 
and 0.011 respectively) following soy consumption, demonstrating that a one-time dose of soy is sufficient to 
elevate urinary excretion. This pilot study supports the use of SSP to mitigate some effects, especially associated 
with inflammation, of EIMD.
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Legume pasta, one of the latest innovations in the pasta world, has gained increasing interest among 
consumers not only because of the flavor, texture, high nutritional value and positive health impact, but also 
for sustainability. However, a better understanding of the effect of flour type and processing conditions on the 
technological and nutritional properties of red lentil pasta is needed and it has been, therefore, the objective of 
this work. Red lentil pasta (penne shaped) was produced with three flours: conventional (C) and two precooked 
flours (hydro-thermal treated at normal [P] or under pressure [N]), using a Fava-Storci total vacuum press. Flour 
and water were mixed for 8 min with 0.9 bars vacuum at 35°C and at low (80 bars) or high (120 bars) extrusion 
pressure which was modulated by water addition. Pasta was dried at either 50 or 80 oC, and was then assessed 
considering cooking quality, physical (i.e. texture, moisture) and nutritional properties (in vitro protein [IVPD] 
and starch [IVSD] digestibility) upon cooking. Results indicated greater solid loss when P and N were used, lower 
amount of rapidly digestible starch (RDS) and greater resistant starch (RS) content when N was selected (flour 
type effect); higher solid loss and RS and less RDS when 120 bars of extrusion pressure was applied (extrusion 
pressure effect); lower solid loss and RDS when 80 oC of drying temperature was used (drying temperature 
effect). In addition, high extrusion pressure (120 bars) and drying temperature (80 oC) contributed to making 
pasta with good cooking quality, lower RDS and higher RS content (combined effect), suggesting a reduced 
starch digestibility. Red lentil flour precooking (hydro-thermal treatment under pressure) and high extrusion 
pressure reduced the IVSD; high drying temperature reduced cooking loss and RDS. Physical property and IVPD 
were not impacted by any of the processing factors considered.
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Exploring tailored fermentation techniques in sourdough production emerges as a promising way for reducing 
FODMAP (Fermentable Oligosaccharides, Disaccharides, Monosaccharides, and Polyols) levels and enhancing 
the bioactive profile, offering potential benefits for both wheat and rye bread products. The study investigates 
the impact of selected bacteria strains and fermentation time on wheat and rye bread quality features, with a 
focus on optimizing the fermentation process to enhance nutritional value and reduce FODMAPs. The utilization 
of incoculated sourdough is explored as a novel approach to improve bread production. Lacticaseibacillus casei 
and Lactiplantibacillus plantarum underwent a 72-hour fermentation period in the production of both wheat 
and rye bread. This study conducted a comprehensive assessment, covering the analysis of FODMAP content, 
antioxidant activity, and organoleptic properties as well as dough, sourdough and bread quality parameters. For 
wheat bread, the incorporation of bacterial strains and extended fermentation significantly reduced FODMAP 
content to less than 0.1 g/100 g, while simultaneously increasing antioxidant activity. However, prolonged 
fermentation affected organoleptic properties. In rye bread, controlled fermentation with L. casei and L. plantarum 
led to increased antioxidative activity and reduced FODMAP compounds, maintaining the quality features. The 
longer fermentation with both bacteria strains had a significant impact on rye bread, improving its nutritional 
profile and consumer acceptability. The research highlights the effectiveness of bacteria strains selection and 
fermentation duration in reducing FODMAPs and enhancing antioxidant properties in both wheat and rye 
bread. While achieving positive outcomes, such interventions may impact organoleptic properties. The findings 
contribute to the understanding of sourdough-based interventions, offering insights for the development of 
healthier and nutritionally improved wheat and rye bread products.
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Potential of oat components in preventing hypertension and its cardiovascular 
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Hypertension is one of the major risk factors for developing cardiovascular disease. Oats have been reported to 
provide cardiovascular health benefits (1). Our goal was to assess the potential of oat components in preventing 
blood pressure elevation and providing cardioprotection. In the first study we examined the effects of oat 
avenanthramide C (AVc) and beta-glucan alone, or in combination, in an animal model of hypertension, the 
spontaneously hypertensive rats (SHR). Five-week-old male SHR and their age-matched normotensive controls, 
Wistar-Kyoto rats, received vehicle (deionized water), AVc and beta-glucan alone or in combination of AVc and 
beta-glucan via oral gavage daily for 15 weeks. Blood pressure, heart function, vascular function, oxidative stress 
and inflammation were measured in all animals. In the second study we examined the cardiovascular effects 
of beta-glucan in male vs. female SHR, as well as the comparative and combinatorial effects of beta-glucan 
and hydrochlorothiazide which is a standard antihypertensive medication. The results of our first study showed 
that SHR had very high blood pressure and abnormal diastolic heart function. Administration of beta-glucan 
alone prevented the elevation of blood pressure and diastolic heart dysfunction in SHR, however AVc alone 
or the combination were not effective. Administration of beta-glucan alone and AVc alone also prevented the 
increase in oxidative stress in SHR. The results of the second study showed that administration of beta-glucan 
was only effective in preventing elevation in blood pressure in male SHR but not in female SHR. Furthermore, 
beta-glucan prevented elevation in blood pressure in male SHR as much as hydrochlorothiazide, which is a 
standard hypertensive medication. The results of our preclinical studies suggest that beta-glucan has blood 
pressure lowering potential in male hypertensive animals, but not in female hypertensive animals. Our results 
also suggest that in male hypertensive animals, beta-glucan was as potent as hydrochlorothiazide.

References:
1. Bouchard, J., Valookaran, A., Aloud B, Raj, P., Malunga, L., Thandapilly, S.,, Netticadan, T.: Impact of oats 
in the prevention/management of hypertension, Food Chemistry 381 (2022):132198. doi: 10.1016/j.
foodchem.2022.132198



23

Psyllium power: exploring the impact of ground psyllium fiber on the quality, nutritional 
value, polyphenols, and antioxidant activity of wheat bread

Agata Wojciechowicz-Budzisz1, Ewa Pejcz1, Sabina Lachowicz-Wiśniewska2, Joanna Harasym1

1Department of Biotechnology and Food Analysis, Wroclaw University of Economics and Business, 
Komandorska 118/120 Street, 53-345 Wrocław, Poland
2Department of Health Sciences, Calisia University, 4 Nowy Świat Street, 62-800 Kalisz, Poland

Topic: Healthy Cereal Foods for All 
Keywords: Plantago, psyllium, wheat bread, dietary fiber, antioxidant activity

Psyllium fiber - a mixture of 80% psyllium seeds (Plantago psyllium) and 20% psyllium husk (Plantago ovata 
Forsk), usually neglected, is a valuable ingredient with many health-promoting properties. Incorporation of 
psyllium fiber in bread matrices is one of the most effective strategies for encouraging increased fiber intake. 
However, enriching wheat bread with it is justified by its potential to develop healthier and more nutritionally 
balanced wheat bread recipes, which corresponds to the growing interest in functional foods and consumers’ 
health awareness (Wojciechowicz-Budzisz et al. 2023). The study aimed to investigate the impact of different 
proportions (0/100, 5/95, 10/90, and 15/85 ratios) of ground psyllium fiber on the quality characteristics (specific 
volume, overbaking - calculated based on the weight of the loaf and the flour used for baking, crumb porosity 
[Dallman’s scale], crust and crumb color, TPA), chemical composition (ash, total protein, total dietary fiber-
TDF), total polyphenolic content (TPC), and antioxidant activity of wheat bread. Utilizing wheat flour types 405 
and 750, and employing both single-phase and two-phase dough preparation methods, the incorporation of 
psyllium fiber resulted in notable changes. The study observed increased overbaking, total protein, ash, and 
TDF content in the wheat bread. While psyllium fiber improved antioxidant activity, it also caused a reduction 
in the crumb’s hardness, springiness, chewiness, and gumminess. The study also noted a darkening of both the 
crust and crumb. Importantly, the optimal proportion of psyllium fiber in wheat bread, considering both sensory 
properties and nutritional value, was determined to be 10%. Furthermore, bread prepared using the single-
phase method with type 750 wheat flour received higher ratings in the evaluation. 
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Fibre is a desirable and healthy component of bread and other bakery goods, but can damage the structure 
and palatability of these products, limiting the appeal of high-fibre products and the benefits they can deliver.  
Arabinoxylans (AX) are a form of soluble fibre that offers a new class of bakery ingredients, made possible by the 
emergence of biorefineries in which production of AX-based ingredients could be viable1.  Understanding the 
functionality of these novel ingredients remains a challenge, while also serving as an incentive to understand 
fibre functionality in bakery products more generally. In the current work, the Chopin Mixolab is applied to 
develop mathematical models that allow the effects of different AXs plus the associated water adjustment to 
be distinguished, and the effects of combinations of AXs to be predicted.  AX from wheat (WhAX), from maize 
(MzAX) and low molecular weight AX from maize (MzLMWAX) were investigated.  MzAX increased the required 
water absorption (WA) but was detrimental to bread quality; WhAX had little effect on WA but showed some 
benefits as a bread ingredient; and MzLMWAX decreased WA.  More importantly, the modelling allows predictions 
of combinations of AXs that would enhance specific aspects of the Mixolab profile related to bread quality while 
suppressing changes in other elements.  The approach gives the basis for formulating combinations of AXs 
and other fibre ingredients that deliver the benefits of fibre without the associated disadvantages, as well as a 
stronger scientific basis for understanding the behaviour of fibres in breadmaking.  This ability would enhance the 
efficiency with which fibre combinations could be formulated into ingredient mixes with targeted functionality, 
and facilitate the creation of new AX-based ingredients for the food industry, supporting the emergence of 
biorefineries and the sustainability benefits they contribute, while also supporting the food industry in pursuing 
its own sustainability agenda.
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Wheat bran has been shown to stabilise vitamin A. It is a side stream from the milling industry making it a cost-
effective food ingredient. However, wheat bran endogenous enzymes have been shown to compromise this 
stabilising effect. In this study, we elucidated the mechanism for this adverse effect in an accelerated storage 
experiment (60 °C, 70% relative humidity) with model systems consisting of native or toasted wheat bran, soy 
oil and retinyl palmitate (RP). RP degradation was monitored during storage using HPLC-UV. Lipid oxidation, free 
fatty acid production and RP hydrolysis were monitored by peroxide value measurements, HPLC-ELSD and LC-
MS, respectively. Both native and toasted wheat bran substantially stabilised RP. While RP was entirely degraded 
after ten days of storage in the absence of wheat bran, the RP retention after ten days was 22 ± 2 % and 75 ± 5 
% in the presence of native and toasted bran, respectively. The significantly stronger stabilising effect of toasted 
bran was attributed to the absence of bran endogenous enzymes. In contrast to toasted bran systems, noticeable 
free fatty acid production was observed for native bran systems. However, this did not result in a pronounced 
lipid oxidation. Next to lipid hydrolysis, wheat bran lipase was shown to hydrolyse retinyl esters to the less stable 
retinol and fatty acids. This reaction could explain about 66 ± 5 % of the difference in RP stabilisation between 
native and toasted wheat bran. As enzymes are widely present in raw materials and during food processing, the 
insights generated in this study are highly relevant to the food industry. They can aid in improving the stability 
of vitamin A in fortified food products. This is particularly important for RP-fortified cereal products, given the 
high susceptibility of retinyl esters to enzymatic degradation by cereal lipases. 
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Through dough kneading under CO2 gas pressure—a method that was successfully proven in pound cake in 
a recent study by Palier (2022)—the purpose of this study is to inhibit the use of baking soda (Ammonium-
bicarbonate-AB). Using a prototype mixer (VMI-France) with a spiral arm and a temperature-controlled mixing 
bowl, laminated biscuit dough was chosen as the study’s final model. The dough was mixed under CO2 gas 
while maintaining a gauge pressure of 0.5 bar. The biscuit dough underwent a 10-minute mixing process, either 
incorporating AB as a reference or under CO2 at 0.5 bar without AB. Various quality parameters for the biscuits 
were assessed, including water content, specific volume, thickness, hardness, sensory perception, acrylamide, 
and color. Biscuits with a hardness similar to the reference biscuits were produced by the solubilization of CO2 
while mixing under CO2. For the reference and CO2 biscuits, the values obtained regarding the water content and 
specific volume were 0.034 and 0.030 gwater/gdry-basis and 3.344 and 2.174 cm3/g, respectively. Despite the fact that 
reference biscuits produced more CO2, sensory testing revealed that the AB-free biscuits had a more pleasant 
texture. Furthermore, baking biscuits at high temperatures provides conditions susceptible to the formation of 
acrylamide, particularly when AB is present due to ammonia release. Lower levels of acrylamide were found in 
the biscuits after the AB elimination (analysis in progress). Additional studies are being conducted to achieve a 
comparable level of quality for CO2 and reference biscuits. In terms of customer benefits, this innovative study 
has produced new guidelines for manufacturing “clean label” biscuits free of baking soda.  
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This study investigates the impact of agronomical treatments, specifically sulfur (S) fertilization, nitrogen (N) 
fertilization, and seeding density (SD), on ‘old’ common wheat varieties (Triticum aestivum, L.) grown on sulfur-
deficient soils (Soofizada et al., 2022). Despite the positive health effects of wholegrain bakery products derived 
from ‘old’ varieties, these are characterized by poor rheological properties. The research focuses on 14 Italian 
‘old’ common wheat varieties. The study was conducted from September 2017 to July 2019, employing two 
SD (200 and 350 seeds m−2), three N levels (35, 80, and 135 kg N ha−1), and two S levels (0 and 6.4 kg S ha−1). 
Results reveal that both S and SD significantly increased grain yield without compromising protein content. N 
significantly enhanced protein content without adversely affecting yield. Dough strength increased with higher 
S and N levels but decreased with increased SD. ASN content increased by 111% as N levels rose from 35 to 
135 kg ha−1, while increased S levels led to an 85.1% reduction in ASN content. The findings suggest that a 
combination of 135 kg N ha−1 and 6.4 kg S ha−1 enhances the technical performance of ‘old’ wheat wholegrain 
flours while maintaining low ASN levels. Optimizing N and S levels, along with SD, is a promising strategy to 
enhance both yield and rheological characteristics, addressing potential health risks associated with elevated 
asparagine content in bakery products. These results contribute to balance the health benefits of ‘old’ common 
wheat varieties with the technological parameters, with implications for promoting sustainable and health-
conscious wheat production.
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Acrylamide, a molecule classified as probable human carcinogen [1], has been detected in a wide range of foods 
[2]. The reduction of acrylamide represents one of the food safety issues which has catalysed the greatest efforts 
in recent years. As no acrylamide was detected in raw foods, acrylamide was classified as a food processing 
contaminant. Acrylamide is generated during Maillard reactions which occurs under high temperature processes 
(T>120 °C) and low-moisture conditions, typical of frying, roasting, baking, toasting cooking techniques. Maillard 
reaction is a complex sequence of non-enzymatic reactions starting from reducing sugars and free amino acids, 
such as asparagine. Free asparagine content has been identified as a leading factor in wheat derivatives [3]. Our 
study aims to study free asparagine accumulation bread wheat (Triticum aestivum L.) elite varieties to identify 
contrasting genotypes for free asparagine accumulation and assess their acrylamide-forming potential. To this 
purpose we analysed the free asparagine accumulation in a total of 54 bread wheat cultivars that are relevant 
for the Italian market. Six field trials in three Italian locations over two years were considered. Wholemeal flours 
obtained from harvested seeds were analysed using an enzymatic method. Considering the 18 genotypes 
that were present in all the field trials, we evaluated possible environment and genetic influences for this trait. 
Some cultivars seemed to be highly affected by environment, whereas others showed a relative stability in 
free asparagine content across years and locations [4]. Specific genotypes were selected for their contrasting 
free asparagine accumulation (low or high) across years and growth environments. These genotypes have been 
separately used to produce wholemeal/refined flours to prepare wood oven baked pizza base. Acrylamide 
generated was measured and a reduction in the range 47-68 % was found for all the selected wheat cultivars, 
compared with a commercial flour, with significantly lower values registered when refined flour was used [5].
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Asparagine is one of the precursors of acrylamide that can form during bread production. Its content in wheat 
grain varies depending on the cultivar, environment and can be created by appropriate N and S fertilization. The 
aim of our work was to determine the effect of environment, genotype, sulphur fertilization and the interaction 
of those factors on asparagine content, technological value of wheat and acrylamide level in bread. The research 
material consisted of five wheat cultivars grown in two locations in Poland with nitrogen fertilization of 110 
kg ha-1 and sulphur fertilization of 0 and 30 kg ha-1, respectively. The standard ISO method for analysing the 
milling and baking properties of wheat were used. The UHPLC-MS/MS method for analysing the amino acids 
and GC/MS method for acrylamide in bread was implemented. The analysis of variance results indicated that 
the location had the biggest influence on the asparagine content and quality of wheat, followed by cultivar and 
then by the interaction between environment and cultivar. Sulphur fertilization had no significant effect on the 
asparagine content, but slightly lowered the gluten quality and bread volume. However, sulphur fertilization 
had a positive effect on lowering the acrylamide in bread obtained from flours with low starch damage.The 
asparagine content in tested cultivars ranged from 235 to 588 mg kg-1, acrylamide content from 8.0 to 23.4 µg 
100-1g, the protein content in wheat grain from 12.3 to 17.6 % d.m. Considering the quality requirements of the 
baking industry (high protein content) and food safety requirements (low asparagine and acrylamide content), 
the most valuable cultivar is ‘Pokusa’. Cv. ‘Pokusa’ is characterized by high protein content in grain (15.8 % d.m.), 
one of the lowest asparagine content in grain (397 mg kg-1) and acrylamide content in bread (14.2 µg 100-1g). 
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Acrylamide, a neurotoxic molecule that is also suspected to be carcinogenic, has been detected in many foods 
after high temperature processing. In wheat derivatives, free asparagine is a precursor of acrylamide formation. 
Increased levels may drive acrylamide quantity1. Therefore, the control of free asparagine levels in wheat seeds 
is of considerable interest in contemporary crop and food sciences. Currently, few information is available about 
the genetic control of this trait2. Our study aims to explore the natural variation of free asparagine levels in 
durum wheat (Triticum turgidum L. ssp. durum (Desf.)) grains to identify candidate genes controlling this trait. 
To this purpose, 201 durum wheat genotypes were selected from an international genotyped collection3. These 
genotypes were sown in an experimental field located in Italy for three years. Wholemeal flour was obtained 
from harvested grains and free asparagine content was measured using an enzymatic method. A good variability 
of this trait was shown. Both single-locus and multi-locus genome-wide association studies were performed 
to identify genomic regions associated with free asparagine content. Six Quantitative Trait Nucleotides on 
chromosomes 6A, 7A, 2B, 4B, 7B associated with this trait were identified. To deeply characterize metabolite 
variations associated to asparagine content, the whole grain metabolome of the 201 durum wheat genotypes 
was investigated by Ultrahigh Pressure Liquid Chromatography coupled to High Resolution Mass Spectrometry 
(UPLC-HRMS)4. Moreover, 100 selected samples were analysed through High Resolution Proton Nuclear 
Magnetic Resonance (1H-NMR) spectroscopy. Both spectroscopic determinations showed a good correlation 
with the enzymatic method for free asparagine content quantification, confirming the good variability observed 
in our experimental set. These analyses will allow to identify metabolic pathways associated to free asparagine 
accumulation and to characterize the metabolite composition of the whole grain of the 201 durum wheat 
genotypes. This work is based upon the work/cooperation in COST Action 21149 - ACRYRED.
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This presentation is about per- and polyfluoroalkyl substances (PFAS) based non-stick-coating for domestic 
cookware and baking applications. PFAS and silicon based non-stick-coatings are the most widely used. Alternative 
coatings such as ceramic coatings are too fragile to be used in industry use, while metal pans require the use of a 
non-stick-fluid. There is a growing pressure for a possible ban on PFAS in food processes. A literature review will 
be followed by results obtained with 11 frying-pans. Successive cooking of water(model food) was done. PFAS 
detection based on LC-MS/MS (triple quadrupole systems) or LC-HRMS (Orbitrap system) was developed with 
LOD (Limit of Detection) as low as 0.1 ng/kg for 13 PFAS oligomers including PFOS (Perfluorooctanesulfonate) 
and PFOA (Perfluoroctanoic acid). Presence of PFAS was detected on the first usage (< 0.5ng/kg) and declined 
for further cookings (test done for 5 cookings). The results of the National “SATIN-BAKING” project (2012-2016) 
for bread will be presented; 28 different PFAS analytes were investigated with LODs of 10 pg/g f.w. (fresh weight) 
(PFOS) 10-100 pg/g f.w. (PFOA) and 5/1000 pg/g f.w. (other analytes). The samples (breads baked in industry 
and under laboratory conditions) did not show any significant contamination by the various PFAS analytes. In 
conclusion, the results obtained indicate that the release of PFAS analytes from non-stick coatings to food is 
very low. The risk of transfer may occur during initial use or at the end of coating lifetime’s (1000-2000 cycles), 
showing that measures can be envisaged to anticipate the risk of transfer. 

References:
1. Le-Bail, A., & al., Food contact material for baking a review on associated chemical risks and technological 
issues, EHEDG Yearbook 2011-2012, pp75-88
2. Prof LE-BAIL coordinated the SATIN-BAKING national project (ANR-11-ALID-004-01/2012-2016) on risk of 
transfer of PFAS to bread was leading a task on same topic in the AISQUAL Regional project(2007-2010)



33

Various facets of raw material: discrepancy in acrylamide formation in baked goods 
enriched with potatoes, carrots, and fried onions

Jagoda Swiacka1, Laura Kima1, Alexander Voß2, Sandra Grebenteuch2,3, Sascha Rohn3, Mario Jekle1

1Department of Plant-based Foods, Institute of Food Science and Biotechnology, University of Hohenheim, 
Stuttgart, Germany
2Institute for Food and Environmental Research (ILU) e.V., Arthur-Scheunert-Allee 40/41, Nuthetal, Germany 
3Department of Food Analysis, Institute of Food Technology and Food Chemistry, Technical   University of 
Berlin, Gustav-Meyer-Allee 25, 13355 Berlin, German

Topic:  Cereal Food Safety
Keywords: Food safety, breadmaking, acrylamide mitigation, baked goods, process contaminant

Acrylamide formation is notably influenced by high asparagine and reducing sugar concentrations, intensified 
under elevated processing temperatures (Ahn et al., 2002; Zyzak et al., 2003). In baked goods incorporating 
potatoes, carrots, or fried onions, acrylamide levels are augmented due to the presence of specific precursors: 
reducing sugars in carrots, asparagine in potatoes, or endogenous acrylamide in fried onions. Given the lack of 
systematic research on the effect of these ingredients on acrylamide levels in breadmaking, this study aims to 
elucidate their influence. For that, the acrylamide levels in wheat breads containing carrot strips, potato flakes, 
and fried onions, at varying dough yields as a mitigation approach, were investigated in a 3² factorial design. 
Wheat breads were prepared with water addition ranging from 56.5 - 79.1 g/100 g flour and 3 different levels 
of aforementioned ingredients. Analyses included asparagine (HPLC), reducing sugars (HPAEC–PAD) in doughs, 
acrylamide (HPLC-MS/MS) in crumbs and crusts and bread quality measures. The acrylamide concentrations in 
the crusts of breads with carrot strips, potato flakes and fried onions reached 142 ±13 µg/kg, 292.3 ±16.2 µg/kg 
and 545±30 µg/kg respectively. For carrot breads, significant correlations were observed between acrylamide 
and glucose (r = 0.88), fructose (r = 0.81) in doughs and crust moisture (r = -0.76). In potato-based breads, 
significant linear correlations were found between acrylamide in the crust and asparagine (r = 0.88), maltose (r = 
0.86) in doughs and addition of potato flakes (r = 0.88). In breads with fried onions, significant linear correlations 
were found between crust acrylamide and fried onion addition (r = 1.00). Acrylamide formation was thus strongly 
dependent on the raw material composition, influenced by the type of ingredient used, with dough hydration 
level showing to be an important mitigation strategy for carrot breads only. This research highlights the critical 
role of raw material quality in acrylamide formation, providing a solid foundation for improving food safety.
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Enzymatically active wheat malt has a complex matrix and a variety of functional enzymes. The functionality 
of wheat dough can be significantly influenced by adding these malts: wheat malt induces reduced dough 
stability, increased dough softening, and results in other product properties such as increased crust browning, 
and changes in crumb hardness. It is necessary to differentiate between the effects of the individual matrix 
components and the enzymatic activity to understand the mechanisms behind these influences. To analyse 
wheat malt’s proteolytic activities, an assay based on azogluten was developed. Compared to conventional 
assays, this gluten-based assay identifies effects directly on the protein and allows a conclusion on the cereal-
based product properties. By analysing different malted wheat samples, it was possible to distinguish that the 
proteases impact gluten and that the malting influenced the proteolytical activity. With this knowledge, wheat 
doughs with different malts were produced, and samples were taken during the baking process. They were 
analysed by LC-MS for changes in the composition of the amino acids for exoproteolytic activity and by RP-HPLC 
for changes in the gluten fractions for endoproteolytic activity. When analysing the amino acids, no change 
in composition could be detected. In the α- and γ-gliadin fractions, a significant decrease of up to 40 % was 
observed. This decrease was only slight and insignificant compared to a reference dough without malt and is 
probably due to the extractability. This shows that those proteases can, in principle, influence the gluten in the 
azogluten-assay. In a natural system, the conditions for a gluten structure change are insufficient. This means 
that the proteolytic enzymes cannot cause the observed effects of wheat malt on dough functions. These results 
help to understand the mechanisms behind the effects and to use malt to improve product properties such as 
crust browning, crumb texture, and the freshness of cereal-based products.
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Landraces are genetically heterogeneous populations of a crop, as they developed over time and only through 
natural selection. Often, they are closely associated with one specific location [1]. The selection criteria 
during breeding may have resulted in changes in the protein composition, which could have led to a higher 
immunoreactive potential of modern varieties [2]. This is important in terms of the increasing prevalence of 
wheat-related disorders such as celiac disease, wheat allergy and non-celiac wheat sensitivity. Known triggers 
are wheat proteins like gluten and amylase/trypsininhibitors (ATI) [3]. Against this background, different 
German common wheat landraces and modern varieties from three years of cultivation were analyzed. The 
protein composition was determined using reversed-phase highperformance liquid chromatography. The ATI 
content was analyzed by liquid chromatography-tandem mass spectrometry (LC-MS/MS). The gliadin content 
was higher in the landraces than in the modern varieties. The levels of γ- and αgliadins, which contain the most 
immunoreactive peptide (33-mer) [3], were also higher in the landraces than in the modern varieties. However, 
the glutenin content was slightly higher in the modern varieties. This resulted in a higher gliadin/glutenin ratio 
of the landraces. Although the albumin/globulin content of the landraces was lower than that of the modern 
varieties, the same could not be confirmed for the ATI present in this fraction. The ATI content varied greatly 
depending on the wheat variety and the year of cultivation. The average value of the landraces hardly differed 
from that of the modern varieties. Contrary to the expectations, these results suggest a lower immunoreactive 
potential of the modern varieties compared to the landraces. Further analyses such as the determination of the 
inhibitory activity with an enzymatic assay and the overall content of immunoreactive peptides with LC-MS/MS 
will follow to confirm these results.
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Dough adhesion occurs on the surface of dough in contact with processing surfaces, limiting processability 
due to cleaning and replacement operations [1]. In contrast to the investigation of influencing factors of dough 
adhesion, a novel approach aims to elucidate possible interactions at the dough-contact material interface. 
Based on adhesion theories, wetting could be one mechanism that affects dough adhesion at a fundamental 
level [1, 2]. Therefore, a new method was developed to determine the wetting properties of dough surfaces to 
put them in context with processability in terms of adhesion phenomena. The method is based on a wetting 
process by a defined contact of wheat dough with a carrier, which is then examined for the transferred liquid 
and its solvents, such as soluble saccharides, total nitrogen and free amino acids. After 60 minutes of contact 
time, 20.0±0.3 g/m2 of diffused free dough liquid was quantified. Macro- and microstructural changes due to 
dough contact were analyzed using surface roughness and CLSM. To exclude cohesive failure, the analysis was 
extended to HPLC analysis of the wetted carrier to investigate protein fractions with regard to solubility. Only 
water-soluble protein fractions were detected after 10 minutes of contact between dough and carrier. However, 
after 60 minutes, gliadins and glutenins were also analyzed, which shows a possible micro-cohesive failure 
after longer contact. The wettability of the liquid on different surfaces should be used to conclude possible 
interactions and consequently a further control of adhesion phenomena. This could drive the development of 
new functional surfaces, resulting in a safer production of baked goods.
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Arabinoxylans are important components of the cell walls of monocots. These complex hemicelluloses can have 
a positive impact on digestive health.  To assess the amount of arabinoxylans in cereals, they are usually quantified 
by analysing the monosaccharides after enzymatic or acid treatment. However, there is no harmonized method 
for quantification of arabinoxylans in cereals, which leads to a variety of methods for their determination. Given 
the wide variations in the structure of arabinoxylans within monocots, it is essential to investigate the hydrolysis 
parameters for the specific matrix. The aim of this study was to optimize the hydrolysis for three totally different 
gluten-free cereals, namely maize, rice and naked oat, in order to take matrix effects into consideration. The 
cereals differed both in terms of the arabinoxylan content (low in rice, medium in naked oats, high in maize) 
as well as in the structuring of the arabinoxylans. Furthermore, naked oats are characterized by a high content 
of beta-glucan and proteins, while rice and maize contain higher level of starch. The investigation was carried 
out using statistical experimental design, to achieve optimized hydrolysis conditions. Thereby, we examined 
temperatures ranging from 90 to 127 °C, time intervals spanning from 16 minutes to 7.5 hours, and molarities 
ranging from 0.1 to 3.9  mol trifluoroacetic acid (TFA). It was possible to identify one universal method that 
yielded a maximum amount of arabinoxylans for all the examined cereals without any detectable decomposition 
of the monosaccharides. The optimum hydrolysis conditions proved to be 1.9 M TFA, 2.4 h and 103 °C. Finally, 
the developed hydrolysis method, including the measurements using High-Performance Anion- Exchange 
Chromatography with Pulsed Amperometric Detection (HPAEC-PAD), was validated regarding limit of detection, 
limit of quantification, precision, selectivity, robustness and recovery. These findings are of essential importance 
for ensuring the accurate analysis of arabinoxylans in gluten-free cereals.
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Consumption of unsafe cereal products poses a serious threat to human health; hence, production of safe and 
high quality grain is key in Europe. Therefore, there has been increased implementation of robust production 
and post-production technologies. Thus, this review comprehensively synthesises published literature on cereal 
grain quality in Europe for the period 2014-2024 (last ten years). Metadata of 141 systematically selected article 
was retrieved from Scopus database, and analysed using Vosviewer. Results revealed increased research on 
cereal grain quality. The leading investigations in the period 2014-2020 were conducted in German, the UK, 
France, Italy, the Netherlands, Poland, and Hungary. The latest (2021-2023) countries to increase research on 
cereal grain quality were Spain, Austria, Estonia and Croatia. Targeted grain were of wheat, maize, rice, oats, and 
barley.  Key quality attributes investigated included coumaric acids, nitrogen, protein, starch, sulphur, amino 
acids, iron, and magnesium content of cereal grain. However, mycotoxins from Fusarium culmorum, Fusarium 
graminearum, and Aspergillus flavus degraded the quality of cereal grain. Besides, research was also focused on 
reducing accumulation of pesticides and heavy metals especially cadmium (cd) from cereal grain. Therefore, 
continuous grain chemometric analysis and quality profiling is necessary to guide research actions and policy 
interventions to ensure safe cereal products for human consumption.
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Optimal nitrogen (N) exposure is critical for high yield and quality of maize. Optimizing nitrogen (N) use doesn’t 
only improve productivity but ensures environmental health. Changing soil fertility dictates continuous search 
for appropriate nitrogen to enhance crop production. This experiment was conducted at Látókép Experiment 
Site of the University of Debrecen, Hungary. The study’s objective was to investigate the effect of N doses on yield, 
starch, moisture and protein parameters during the year 2020. The experiment was designed in randomized 
complete block design with four replications. Treatments included five N doses (60, 120, 180, 240 and 300 kg ha-

1) and the control. Two maize hybrids namely FAO490 and FAO530 were studied in this experiment. Data analysis 
was conducted using Genstat 12th Edition statistical tool. Data collected on grain yield and quality parameters 
such as starch, moisture and protein content were analysed using ANOVA, and means were separated using 
Duncan Multiple Range Test. Nitrogen doses significantly affected grain yield and quality attributes. However, 
there were no significant differences in grain yield between N doses 120, 180, 240, and 300 kg ha-1. Generally, 
the highest (13.9 kg ha-1) and lowest (12.3 kg ha-1) grain yield were obtained in 300 and 60 kgha-1 N compared to 
the control (8.6 kg ha-1), respectively.  Grain protein followed a similar trend with the highest (8.6%) and lowest 
(7.4%) obtained in 300 and 60 kg ha-1 N compared to the control (6.7%), respectively. Contrary, higher N doses 
significantly reduced starch content from 65% for control to 60.7% at 300 kg ha-1. In conclusion, it appears that 
maize yield slightly increased by 5.3% however N-dosage of 120 kg ha-1 was observed as an economical dose 
that sustains high maize yield and quality. The study recommends application of Nitrogen fertilizers to boost soil 
fertility in order to increase maize grain yield and yield-related parameters.
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Durum wheat (T. turgidum ssp. durum) stands as a crucial staple in the Mediterranean basin, providing the 
semolina base for numerous mediterranean diet foods. Despite a commendable increase in the production of 
both bread and durum wheat over recent decades, it is evident that its current yield is not poised to meet the 
escalating demands of the growing global population. Wheat yield, a complex trait influenced by a myriad of 
genes and environmental factors, has been the subject of intensive research. Notable genes like Gw2, Gw7, DEP1, 
and GS1 have been identified in association with yield. This study engages in scientific inquiry, examining the 
role of the Tonneau1 (Ton1) gene, with a focal point on its isoform Ton1b in durum wheat. Ton1, a key player in 
the TTP (TON1-TRM-PP2A) protein complex, has been known for its involvement in preprophase band formation 
and cell division control in plants1, affecting the kernel size. A pCreloxpGEMTeasy-Ton1b2 construct was prepared 
and used for callus transformation. The Ton1b gene was placed under the control of an endosperm-specific 
promoter and terminator, both isolated from the gene encoding the high molecular weight glutenin subunit 
Dx53. The obtained intragenic lines showed a significant increase of 100-kernel weight and grain length without 
negative effects on the seeds number. This intriguing outcome challenges the conventional trade-off among 
key yield-related traits4. These lines also showcased a strategic energy reallocation observed in reduced spike 
length and spikelet numbers. Noteworthy, despite shorter spikes, the fertility of all flowers was maintained, 
optimizing resource allocation for maximum yield. The investigation of Ton1b’s level expression and its influence 
on linked genes were carried out with the aim to understand the molecular mechanisms regulating grain length 
in durum wheat. In conclusion, this study underscores the potential of Ton1b in enhancing durum wheat yield, 
presenting a promising avenue for addressing global food security concerns.
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The phenomena of swelling and destructuring of the starch granules that occur during conventional baking 
are strongly modified in the case of ultra-rapid baking like flat breads. As part of the European Flat Bread Mine 
project, we are studying in detail the impact of the heating rate on the wheat starch gelatinization process. 
Rapid baking modifies the conventional gelatinization process (swelling/dispersion), resulting in a sudden 
starch granule disruption / explosion resulting from a pressure rise within the internal zones of the granules. 
Recent investigations showed that a rapid baking yields a more pronounced leaching of amylose via radial 
channels of starch granules leading to a stronger amylose gel on the one hand, and on the other hand, to the 
partial dismantling of the branches of amylopectin into dextrins. The short chains dextrins appeared to form 
dextrins (from amylopectin)-lipid complexes. These phenomena have a strong effect on the texture, hardness 
and staling of flatbreads.
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In recent years, interest in spelt is rising because consumers associate the products with a healthy and sustainable 
lifestyle. However, baking bread with spelt is a challenge because the dough is harder to process and the bread 
has a lower volume. In our study, we developed a dough processing method that provides high bread volume 
and height-to-width ratio and investigated the texture of the breads to increase the baking quality. To reduce 
the number of experiments, we used the Box-Behnken Model and included 3 factors: amount of yeast (1, 2, 
3%), water absorption (350, 450 and 550 BU) and speed of mixing (40, 51.5 and 63 rpm). To prepare the dough, 
we mixed flour, salt, sugar, plant fat and yeast in a farinograph and added water. After the fermentation in the 
proofer, breads were baked at 210 °C for 10 min. We found that with a higher amount of yeast, the specific bread 
volume increased as well. Other factors did not affect the results significantly (T-test with H0 = Effect is 0; p ≤ 
0.05). The height-to-width ratio was not significantly impacted by any of the factors tested. When measuring the 
texture, we found that the breads with lower amounts of yeast and higher water absorption resulted in a higher 
hardness, gumminess and chewiness. A higher amount of yeast and a lower water absorption increased the 
springiness and resilience. A lower hardness, gumminess and chewiness as well as an increase in springiness and 
resilience are signs of a better bread quality. Therefore, the optimised baking method used the factors 3% yeast, 
350 BU water absorption and 40 rpm speed of mixing to reach the highest specific bread volume. Following 
the above method, 99 spelt samples (33 cultivars from three different locations) were baked to breads and the 
baking quality was analysed.
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Bread is a staple product that faces the challenge of food waste due to its short shelf-life mainly caused by the 
bread staling. Depending on the final bread characteristics, different heating rates (HR) classified as low HR 
(conventional breads ca~7°C/min), or high HR (e.g. flat bread ~200°C/min) are applied. However, it has been 
linked, the increase of the staling effect in time was linked to a high HR during baking (1). The most accepted 
technique against staling is the addition of exogenous enzymes (often “bacterial”) namely amylases, and are 
characterised to have a higher thermal stability than endogenous enzymes (2). This contribution aims at the 
assessment of Malted Flour (MF) as a source of maltogenic amylases, with an α-amylase activity of 10.4±3.9 
U/g dry flour.  Bread (100g flour, 57g water, 1g dry yeast, 1.8g salt, 0.3g MF) was prepared using a miniaturized 
heating system based on a Peltier heater (1). Two heating rates were compared (5 and 40°C/min). The staling 
was monitored by measuring the Young modulus of the baked crumb and the melting enthalpy of amylopectin 
crystallites during 2 weeks storage at 10°C.  Results showed a significant impact of the heating rate on the 
kinetics and magnitude of staling. The amylopectin retrogradation was higher with increasing heating rate, 
and also the addition of MF increased this value for both HR, in agreement with literature (3). For the 5°C/min 
heating rate, the addition of MF increased the crumb firmness, at 40 °C/min, no significant impact on the crumb’s 
texture was observed, giving the same result with or without MF, showing a lower action of the MF’s enzymes. 
Results are discussed against existing literature (3), which highlighted the limitation of an endogenous source 
vs exogenous enzyme source regarding their thermal stability. 
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Starch is a main component in cereal-based foods for its technological attributes (thickener, gelling agent, 
stabilizer) and nutritional implications. Nevertheless, there is still limited information about the relationship 
among the physical properties of starch, particularly its viscosity, and its hydrolysis to glucose by digestive 
enzymes. This topic acquires even more importance when considering the correlation between the digestion 
of starchy foods with postprandial glucose response. The objective of this work was to analyze the influence 
of viscosity in the enzymatic in vitro digestion of starch gels. To get a wider picture different starch gel systems 
were evaluated either made only with starch (different sources and concentrations), or starch combined with 
hydrocolloids (locust bean gum, guar gum, xanthan gum, hydroxypropylmethylcellulose K4M, psyllium). The 
rheological properties of these systems were analyzed and correlated with the digestion parameters during the 
in vitro starch hydrolysis. Corn starch gels at different concentrations revealed that, those with higher viscosity 
had a more compact microstructure, showing reduced enzymatic hydrolysis. This effect led to an increase in 
the slowly digestible starch (SDS) content and a reduction in the digestion rate constant (k). Similar results 
were observed in the case of gels from corn, wheat, and rice, made with variable viscosity. These findings 
confirmed a negative correlation (r=-0.82) between gel viscosity and digestion rate (k). Additionally, within a 
starch-hydrocolloid system, a negative correlation (r=-0.55) was observed between gel viscosity at 37ºC and the 
hydrolysis kinetic. Results are pointing out the impact of viscosity on the kinetics of starch hydrolysis by digestive 
enzymes. Overall, the study suggests that the viscosity of starchy foods could be a very valuable parameter for 
predicting the digestion of starch-based systems. Future in vivo studies would be advisable in this direction to 
design healthy foods with lower postprandial glucose response.
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Mycotoxins are fungal metabolites primarily produced by genera such as Aspergillus, Fusarium, and Penicillium. 
These toxins find their way into the food chain either directly from plant-based foods or indirectly through the 
growth of toxigenic fungi. Mycotoxins pose a risk of acute or chronic toxicity in humans and animals, impacting 
economies and international trade. Regulations specifying limits for mycotoxins are established based on 
the scientific assessments of authoritative bodies, and these regulations are harmonized within economic 
communities, such as the European Union (EU). While good agricultural practices, plant disease management, 
proper storage conditions, and safe transportation can limit mycotoxin levels in the food chain, complete 
elimination is not achieved1. Although chemical preservatives can, to some extent, succeed in inhibiting 
microbial growth and extending shelf life, they do not interact with pre-existing mycotoxins in the food itself. 
During food processing the mycotoxin levels can be further reduced primarily through physical means (e.g. 
shorting, pre-milling) while secondary processes (e.g. fermentation, mixing, baking) may also have an impact2. 
This work from one hand focuses on the occurrence and concentration of mycotoxins in wheat flours reported 
worldwide between 2013 and 2023 while on the other hand summarizes the impact of processing on mycotoxin 
content in cereal foods. 
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Oat and barley contain non-starch polysaccharides (NSP) like β-glucans and arabinoxylans which are known 
for their health benefits. The molecular weight (Mw) of β-glucans can be reduced during bread making due 
to endogenous β-glucanase. Pulsed-electric field (PEF), a non-thermal technology using high-voltage pulses, 
emerges as a solution to minimize enzymatic degradation of β-glucans (Duque et al., 2019). Therefore, we 
investigated the effect of PEF treatment (12 kV/cm for 162 ms) of oat/barley flour on β-glucanase activity, 
β-glucan extractability, and Mw, using the Megazyme kit (Bray, Ireland) and gel-permeation chromatography, 
respectively. Specific volume, colour, and texture of flat breads (FB) with untreated or PEF-treated flours were 
instrumentally measured. The PEF treatment reduced the 76.5% of oat and 40.2% of barley β-glucanase activity. 
Compared to untreated, in treated oat and barley flours, the β-glucans content was higher (25.2 and 18.7%, 
respectively), but NSP Mw decreased (9%) or increased (6-33%) differently for oat and barley flour due to the 
complex nature of this mixture of linear β-d-glucan and branched arabinoxylan macromolecules.Replacing a 
30% of semi-refined wheat flour with oat/barley flour resulted in FB with 65-87% higher β-glucans content. 
Compared to the FB made with untreated flours, FB with PEF-treated oat and barley flour had higher β-glucans 
content (17-24%, respectively) due to the improved extraction and the inactivation of β-glucanase. Thus, FB 
enriched with oat flour can be labelled as a ˝source of fibre˝ (5.1 g/100 g), while those with barley flour as “high 
fibre” (8.1 g/100 g). In FB with PEF-treated flours the crust colour was unchanged, the bread volume was reduced, 
while the crumb texture of barley bread was improved compared to control, indicating a need for adjustment of 
bread making process. The results of this study show the potential of using alternative flours and PEF to improve 
the nutritional value of flatbread with dietary fibre.
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3D-printing applied to food systems uses cold or hot extrusion for the most. Also, powder bed concept using laser 
sintering, and layer deposition are commonly used. This presentation concerns hot extrusion, which addresses a 
challenge in terms of ink viscosity; a low viscosity is researched whereas the ink which is deposited must ideally 
undergo a rapid hardening to mitigate spreading and to allow vertical construction. This presentation proposes a 
presentation of a recent patent EP2022/058028 “Method of additive manufacturing by hot-extrusion”. The patent 
concerns an ink and an associate process, with the ink being based on modified starches with enhanced gelling 
properties thanks to Dry Heat Treatment (DHT), ozone, or pulsed electric field (PEF) processing. One of concept 
lies in the fact that these treated starches are dispersed in a pregelatinized starch gel to prevent sedimentation 
of the non gelatinized starch. The process using this ink is based on a hot extrusion system combining two zones 
heated at different temperatures; a feeding reservoir (temperature below gelatinization temperature) and a 
heated printing die ensuring starch gelatinization during inflow thermal treatment. This combination provides 
a low-viscosity ink and a possibility to enhance the mass flow rate compared to cold extrusion. Also, the firmness 
of the gel allows rapid superposition of layers. The best results were obtained with DHT flour, which is known 
to enhance water-holding capacity of starch. DHT combined to an ozone post treatment even  enhanced the 
starch performance and the 3 printing performance; this was attributed to a higher amount of carbonyl and 
carbonxyl groups. 
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Bread dough mixing presents specific challenges such as dough aeration, gas cells, and achieving the final dough 
rheology. Ascorbic acid (AA) participates in glutathione oxidation and ultimately in glutenin polymerization 
through inter-disulfide (SH) bonds between glutenin subunits. AA is activated in the presence of O2, by the 
catalytic action of ascorbic acid oxidase (a wheat endogenous enzyme) into L-threo-dehydroascorbic acid (DHA) 
(Beghin et al., 2022)and thus also molecular oxygen (O2. This latter triggers a cascade of enzymatic reactions, 
crucial for the formation and stability of the gluten network. This study investigates the relationship between 
the addition of AA (0.08% flour basis) to the bread recipe (flour, water, yeast, and salt) and gas-pressure mixing 
(1 bar and 1.5 bar) with air, the N2-O2 mixture (50-50 v/v), and CO2 on dough and crumb properties. Moreover, 
sunflower oil (5% flour basis) was also added to the recipe. A prototype mixer was implemented (VMI, France). 
The rationale was based on the specific action of these gases: O2 may contribute to the suppression of AA, while 
CO2 may promote the stabilization of the gas cells in the dough. Microscopic and breadcrumb analyses showed 
differences between the tested conditions. AA activity was effectively enhanced by N2-O2; nevertheless, N2-O2 
was not sufficient for the suppression of AA. Oil’s addition to the recipe improved the gas-retention properties 
of the dough and inhibited the gas-bubble coalescence, resulting in a finer crumb structure. Several hypotheses 
are currently being tested to compare the separate impact of AA and lipid on dough’s gas retention and final 
crumb structure and to determine if a synergic relationship should be considered. 
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The FLAT BREAD MINE project is focused on the development of healthier and safer flatbreads, customized 
to meet the specific needs of consumers. This study was centered around formulating a gluten-free Greek 
pita bread (GFGPB) and subsequently assessing its physico-chemical and textural properties. The formulation 
included a blend of rice flour and corn starch, supplemented with CMC, DATEM, and xanthan gum to improve 
the bread’s structural characteristics. Furthermore, a kefir-based sourdough was incorporated into the process.To 
systematically investigate the impact of three factors-sourdough, rice starch, and proofing time-a face-centered 
central composite design with seventeen formulations was implemented. A second-order polynomial model 
effectively captured the majority of responses observed in the breads. The variations were aptly described by pH, 
TTA, and mechanical properties determined through the tensile test (max force, toughness, and extensibility). 
Response surface methodology (RSM) was employed to determine the optimal conditions for the operational 
factors. The optimal GFGPB formulation was found to include 13% sourdough, 63.3% rice flour, and a proofing 
time of 14 hours. The respective control recipe with baker’s yeast only and proofing time 2h was also prepared 
for comparison purposes. The accuracy of the predicted models was evaluated by comparing the predicted 
value with the experimental ones with t-test.

Funding:
This paper is supported by the PRIMA program under grant agreement No. 2031, project Flat Bread of 
Mediterranean area: INnovation & Emerging process & technology (Flat Bread Mine). The PRIMA program is an 
Art.185 initiative supported and funded under Horizon 2020, the European Union’s Framework Programme 
for Research and Innovation. The results and content found on this paper reflects only the author’s view. The 
PRIMA Foundation is not responsible for any use that may be made of the information it contains.
References:
1. Lazaridou, A., Duta, D., Papageorgiou, M., Belc, N., & Biliaderis, C. G. (2007). Effects of hydrocolloids on dough 
rheology and bread quality parameters in gluten-free formulations. Journal of food engineering, 79(3), 1033-
1047
2. Chochkov, R., Savova-Stoyanova, D., Papageorgiou, M., Rocha, J. M., Gotcheva, V., & Angelov, A. (2022). Effects 
of teff-based sourdoughs on dough rheology and gluten-free bread quality. Foods, 11(7), 1012



56

Enhancing rye bread quality and nutritional profile through chia flour blends: a 
comprehensive study on rheological, pasting, and baking properties

Agata Wojciechowicz-Budzisz1, Ewa Pejcz1, Łukasz Bobak2, Joanna Harasym1

1Department of Biotechnology and Food Analysis, Wroclaw University of Economics and Business, 
Komandorska 118/120 Street, 53-345 Wrocław, Poland
2Department of Functional Food Product Development, Wrocław University of Environmental and Life 
Sciences,51-630 Wrocław, Poland

Topic: Healthy Cereal Foods for All
Keywords: Salvia hispanica L., rye dough rheology, Mixolab, rye bread, quality 

In recent years, bread consumption has declined, prompting a search for innovative methods to produce 
appealing functional bread. This involves incorporating diverse cereals, pseudocereals, and oil seeds like chia. 
Chia seeds are gaining interest due to their exceptional nutritional value, offering significant quantities of 
beneficial nutrients, particularly dietary fiber and high-quality fatty acids in a favorable profile. The objective 
of this study was to evaluate the impact of varying proportions (0/100, 5/95, 10/90, 15/85, 20/80, and 25/75 
ratios) of ground chia seed – chia flour on the rheological (Mixolab test) and pasting characteristics (falling 
number, amylograph) of blends of rye flour types 580 and 720, separately. Additionally, our investigation 
focused on assessing the quality (specific volume, overbake, crumb porosity [Mohs’ scale], crust and crumb 
color, organoleptic assessment) and nutritional (total protein, TDF) aspects of rye bread, by employing single-
phase and two-phases dough preparation methods. Chia flour into rye flour incorporation resulted in a 3.4% 
total protein content and 24.1% falling number increase. This additives extended the dough development 
time by more than three times and the stability of the blends by almost four times. Notably, chia flour into 
rye bread incorporation improved the organoleptic appearance score by 13.1% and the crust color by 24.1%, 
while reducing the taste score by 20.3%. At the same time, this resulted in an increase in overbake by 10.3%, 
the content of total protein in bread by 3.5% and TDF by 5.8%. However, this incorporation caused the color 
of the crust and crumb of rye bread to darken. Significantly, the results showed that the use of 10% chia flour 
addition to rye bread could be considered as a potentially beneficial functional ingredient that could improve 
the nutritional value without negative impact and even improve the physical and sensory properties.
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The increasing demand for healthy gluten-free bakery products is prompting researchers to reassess traditional 
recipes using alternative ingredients, addressing their typically poor nutritional profiles and simplifying 
ingredient lists. To meet specific nutritional aims, protein concentrates obtained through sustainable methods 
such as dry-fractionation can be used. A comparative study was conducted on gluten-free focaccia, a popular 
Italian flatbread (Pasqualone et al., 2022), prepared by adding 5% dry-fractionated chickpea or pea protein 
concentrates (protein content = 55%), evaluating the nutritional features and consumer acceptability of the 
finished products. The data indicate that the both fortified focaccias were “low-fat” (<3 g/100 g), “source of fiber” 
(>3 g/100 g of fiber) and “source of protein” (>12% of energy provided by proteins), due to the inclusion of pulses 
and psyllium husk powder, aligning with EC Regulation No. 1924/06. In addition, chickpea and pea proteins 
enhanced lysine content by addressing the deficiency of this amino acid in cereals. The amino acid scores were 
132.9 and 130.1 for chickpea- and pea-enriched focaccias respectively, markedly higher than the non-fortified 
control (score = 40.2). Consumer tests revealed no significant differences in color and flavor liking between the 
fortified and non-fortified focaccias. However, the pea-fortified samples exhibited a lower liking score for odor. 
Overall liking ratings slightly favored the non-fortified over the fortified focaccias. These findings underscore 
the potential of using pulse proteins in gluten-free focaccia and highlight the challenges in formulating gluten-
free products to enhance their nutritional characteristics without compromising sensory acceptability. Further 
research is needed to improve the odor of finished products, especially for those added of pea flour.
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Gluten-free bakery products are mainly formulated with starch containing ingredients, which is associated with 
an elevated glycemic response. The recipe formulation is crucial for developing breads with reduced glycemic 
impact, although previous studies have suggested that part-baking process reduce the glucose level after wheat 
bread consumption. However, no further studies have been conducted to confirm if that processing alternative is 
valid on gluten-free flatbreads. The objective of this study was to develop a gluten-free flatbread (FB) formulation 
and evaluate the impact of different baking processes on the in vitro starch hydrolysis. A recipe based on whole 
rice-based flatbreads was optimized by adjusting water content to reach the optimal dough consistency (1.1 
Nm) and the proofing performance of the dough. Baking processes evaluated included: reference FB baked at 
300ºC for two minutes; part-baked FB cooked at 300ºC for one minute followed by freezing till -18ºC, and final 
cooking was done in a toaster. Technological properties (baking weight loss, moisture, color, and texture), and in 
vitro starch digestibility were analyzed. The reference FB presented higher weight loss after the full baking in one-
stage. As expected, part-baked FB showed higher elevated moisture content, which decreased after toasting. 
Texture analysis revealed a decline in the strength of flatbreads after the two-stages baking. Depending on the 
baking process applied, the hydrolyzed starch fractions and hydrolysis kinetics were modified. Baking FB in two 
stages reduced rapidly digestible starch and hydrolysis rate. Likewise, part-baked FB presented an increased 
content of slowly digestible and resistant starch compared to reference FB. These findings confirm that recipe 
design and bread baking in two-stages not only provide gluten-free FB with different technological properties, 
but it could be used to develop FB with a reduced glycemic index.
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Unlike plants and microorganisms, humans and other animals cannot synthesise lysine, and so must acquire 
it from their diet. Wheat (Triticum aestivum) and other cereal grains are low in lysine. Therefore, people who 
live an exclusively plant-based lifestyle or live in a less developed country, below the poverty line, do not have 
access to sufficient protein or calories from meat, and subsequently are at a greater risk of lysine deficiency 
and protein energy malnutrition (PEM). Soybeans and other legumes do contain higher concentrations of 
lysine, but if we are to reduce our dependency on meat, which is one of the recommendations for achieving 
net zero CO2 emissions, a broader and more sustainable source of plant-based lysine will be required. Lysine 
is synthesised by the DAP (diaminopimelate) pathway, of which the rate-limiting step is the conversion of 
L-aspartate semialdehyde and pyruvate into (4S)-4-hydroxy-2,3,4,5-tetrahydro-(2S)-dipicolinic acid, catalysed 
by the enzyme DHDPS (dihydrodipicolinate synthase). High levels of lysine are prevented from accumulating 
by feedback inhibition of DHDPS by lysine. In this study, we attempt to produce wheat with a lysine-insensitive 
DHDPS using gene editing (GE) via CRISPR/Cas9 and homology directed repair, with the aim of increasing free 
lysine levels in the grain. DHDPS inhibitors have been synthesised and will be used as selective agents to identify 
successfully edited plants. Thus far, genetically modified (GM) plants have already been produced via particle 
bombardment. Data will be presented on the transformation process of the GM plants, their response to the 
DHDPS inhibitors and the lysine content in their grain. This project is currently ongoing and producing GE plants 
is the next key step in this process.
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Enriched products are group of functional food products highly appreciated among consumers due to their 
possible positive impact on health. Rosa canina L. is found growing as a shrub in the fields of Western Asia, North 
America and Europe and rosehips are false fruits or pseudocarp of Rosa species belonging to the family Rosaceae 
that is gaining more attention due to its high nutritional and medicinal value (1). Tea biscuits are popular and 
often enjoyed baked good and thus suitable food for enrichment by adding different ingredients. The aim of this 
work was to prepare rosehip (Rosa canina L.) enriched tea biscuits samples and to determine the acceptability of 
the samples by consumers. For this purpose, 4 (four) samples of tea biscuits with different proportions of dried 
and pulverized rosehip in the product recipe were prepared and evaluated. The data obtained from the sensory 
evaluation were processed and analyzed in Microsoft Excel and IBM SPSS Statistics 25 programs. The results are 
presented as arithmetic means ± standard deviation. One-way analysis of variance (ANOVA) with Tukey’s post-
hoc test was used in data analysis. Tea biscuits enriched with dried and pulverized rosehip has been rated highly 
by consumers. From the obtained results of sensory evaluation, it can be concluded that the most acceptable 
sample is the one with a proportion of 15 % of dried and pulverized rosehip to the total dry ingredients. The 
data show that for some sensory properties there are statistically significant differences between the samples, 
especially for the samples with the highest proportion of dried and pulverized rosehip. 
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Inclusion of legume flour in gluten-free bread can improve its low nutritional value, but could negatively affect 
its physical properties. This study aimed to investigate the influence of adding yellow pea flour (25%, flour basis) 
in combination with proline, fructose (0.1% and 1%, respectively, flour basis) and sourdough (SD; 10% SD, 20% 
SD or 30% SD, dough basis) on quality of gluten-free bread. Physico-chemical parameters (pH, total titrable 
acidity – TTA, crumb and crust color by colorimeter, crumb texture by TPA test, bread specific volume by rapeseed 
displacement method) of bread prepared without (control) and with mentioned improvers were determined. 
The sourdough was prepared with Lactobacillus brevis DSM 20054, with addition of arginine (0.1%, flour basis) 
and protease (0.25%, protein basis). The addition of pea flour, sourdough and other improvers significantly 
affected most of the parameters analyzed, except bread specific volume and crumb springiness. As expected, 
bread with a higher sourdough content had a lower pH and a higher TTA. Compared to the control, the bread 
with improvers had 15% darker (average L* 51.9) and up to 44% redder upper crust (a* 23.1), and only up to 5% 
changed crumb color parameters. Breads with 20% SD and 30% SD were 13% softer (2524 g), up to 20% less 
chewy (chewiness 1409), up to 8% less cohesive (cohesiveness 0.577) and up to 18% less resilient (resilience 
0.254) compared to the control. Different proportion of added sourdough significantly affected only the crumb 
resilience, with the lowest value measured in 20% SD bread. It can be concluded that the application of 20% or 
30% SD in combination with other improvers is the most promising in improving quality of gluten-free bread.
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Acrylamide is a natural by-product of the reaction that occurs during the baking or frying food at temperatures 
above 120°C in industry and in households. In 2015, the European Food Safety Agency (EFSA) stated in 
its opinion that animal studies show that acrylamide and its metabolites are genotoxic and carcinogenic as 
they damage deoxyribonucleic acid (DNA). For the exposure assessment, the results of food monitoring for 
acrylamide from grains and grain based products for the period 2018-2021 and data on food consumption from 
the National Survey on Food Consumption of the Adult Population in Croatia, conducted in 2011 and 2012 on 
a representative sample of 2002 participants, were used. Considering the fact that acrylamide is a contaminant 
with carcinogenic and genotoxic effects, chronic exposure of the adult population of the Republic of Croatia was 
calculated based on the margin of exposure (MOE) approach to determine the health concern. The BDML10 value 
used for neoplastic effects is 170 µg/kg body weight/day, and for the end point of neurotoxicity 430 µg/kg body 
weight/day. The MOE for neoplastic effects for average exposure (UB) is 991, while for the 95th percentile (UB) it 
is 414, and MOE for neurotoxicity for average exposure (UB) is 2506, while for the 95th percentile (UB) it is 1048. 
The MOE is considered safe if it is above 10 000. Taking into account the results obtained for the MOE for both 
BMDL values, it can be concluded that the intake of acrylamide through food category “Grains and grain based 
products” can be possible health concern for the adult population in the Republic of Croatia. 
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Rheological properties play an important role in food printability and the quality of the final 3D-printed products. 
Artificial neural networks (ANN) are widely used for modelling and prediction in food systems, showing good 
accuracy and applicability for a wide range of situations and processes in food engineering. This study aimed to 
develop ANNs to investigate the influence of gluten-free dough rheology (loss factor, storage/loss modulus and 
complex viscosity) on the quality of 3D-printed snack products (line print precision, height stability, width print 
precision and shape deformation). Three ANNs were developed using Statistica v. 14 software (Tibco Statistica, 
Palo Alto, SAD), with 70% of the data used for network training, 15% for testing and 15% for validation. The 
suitability of the developed networks was evaluated based on the R2 value for training, testing and validation. 
High R2 values for testing (0.888-0.909) showed that the developed ANNs described the influence of rheology 
on print quality well, but validation R2 <0.8 (0.716 to 0.760) indicated that the influence can only be observed 
qualitatively. The global sensitivity analysis indicated that complex viscosity had the greatest influence on 
the chosen parameters of snack quality (41.5%), followed by G’’ (28.5%), G’ (22.07%) and loss factor (1.39%). 
The highest accuracy of ANN can be achieved for predicting the value of line print precision (R2

training=0.983; 
R2

validation=0.983), followed by height stability (R2
training=0.938; R2

validation=0.640) and width print precision 
(R2

training=0.781; R2
validation=0.445). Furthermore, the R2 values for the prediction of shape deformation were also 

high (R2
training=0.931; R2

validation=0.971), indicating a high applicability of the developed ANN for the prediction of 
the observed property. To conclude, ANNs describe the influence of dough rheology on print quality well, but 
only in the case of line print precision and shape deformation do they provide quantitative predictability in 
addition to qualitative.
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Various heat treatment processes are used in the culinary processing of cereal grains. The quantity and quality 
of VOCs generated during these processes were studied. It was examined how much the type of hydrothermal 
treatment used may affect the consumer’s sensory perception, and whether VOCs formed could have an adverse 
effect on the consumer’s body.The research material included: buckwheat, millet, couscous, and barley, which 
were boiled microwaved, or autoclaved (ready-to-eat). In preliminary studies, solid-phase microextraction 
(SPME) conditions were selected, i.e. fiber type, incubation/extraction temperature and time, and desorption 
time in the GC port. Then certain SPME parameters were employed to analyze the profile and content of VOCs 
by GC with mass spectrometry. The internal standard d4-pyrazine was added to each sample. VOCs, belonging 
mainly to the chemical groups of aldehydes, ketones, terpenes, and carboxylic acids, have been identified in all 
kinds of groats. A total number of 32 volatile were detected in barley groats after thermal treatment. In turn, 
33 compounds were identified in millet, 39 in couscous, and the lowest number (23) in buckwheat. In tested 
samples, the dominant compounds were hexanal and 2-pentyl-furan, except cooked barley groats, in which, 
apart from hexanal, limonene also dominated. Hexanal also dominated in millet whereas o-cymene (microwaved 
groats), benzaldehyde (cooked) and 2-pentyl-furan (autoclaved) were the second most abundant compounds. 
In the case of buckwheat, except for hexanal, a high content of limonene was found in autoclaved and cooked 
samples. Due to unhealthy properties, we put special attention to furfural formation. The highest amount of 
furfural was notified in couscous after microwaving and autoclaving, while the cooked couscous had almost 5 
times lower furfural content. Lower content of furfural was found in autoclaved millet than in microwaved one. 
Similar dependence was observed in buckwheat samples. Furfural was not detected in cooked millet.
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Since its discovery, maize has played a vital role in global agri-food systems. Due to its great adaptability to 
various environmental conditions, valuable nutritional composition, and highest yield potential, it has become 
one of the most widely cultivated crops [1]. By 2050, food demand is expected to increase by 70% [2,3], making 
the increase and sustaining maize production a challenging goal given the constraints of climate change and 
the deterioration of fertile soils.

The experiment was carried out in 2022 at the Látókép Plant Production Experimental Site of the University of 
Debrecen (Hungary). We aimed to evaluate maize nutrient content during the growing season, specifically at 
six phenological stages (V6, V12, R1, R2, R4 and R6) to understand and reveal its specific nutrient requirements 
for achieving self-sufficiency. Therefore, four plants were collected from two hybrids and partitioned into 
leaves, stalk+tassel, ear+silk, cob, kernels, and husk. Average plant dry matter (DM) was measured and nutrient 
concentrations were determined from the dried biomass using Ethos Plus Milestone microwave destructor 
followed by measurement in ICAM 7000 spectrophotometer. The maximum DM accumulation was 23784.4 kg/
ha. Our findings demonstrated that the plant parts absorbed different nutrients in different amounts at each 
growth stage. Nitrogen was the nutrient absorbed in the greatest quantity (205.7 kg/ha), and its mobilization 
was mainly observed in the leaves between R1 and R4. Potassium was the second most accumulated nutrient 
by the plant (261 kg/ha), with the stalk mobilizing the nutrient in large amounts between V12 and R6. Sulfur 
(17.7 kg/ha), Copper (0.24 kg/ha), and Zn (0.3 kg/ha) were among the least nutrients accumulated, yet they were 
mobilized mostly by the kernels at R6. Our study highlights the crucial aspect of understanding the nutrient 
needs of maize associated with its developmental phenophases to implement effective nutrient management, 
ensuring balanced nutrition and maximizing yield [4,5].

References:
1. Erenstein, O., Jaleta, M., Sonder, K., Mottaleb, K., Prasanna, B.M. : Global maize production, consumption and 
trade: trends and R&D implications, Food Security 14 (2022), 1295–1319, doi: https://doi.org/10.1007/s12571-
022-01288-7
2. Godfray, H.C.J., Beddington, J.R., Crute, I.R., Haddad, L., Lawrence, D., Muir, J.F., Pretty, J., Robinson, S., Thomas, 
S.M., Toulmin, C.: Food Security: The Challenge Of Feeding 9 Billion People, Science 327 (2010), 812-818, doi: 
10.1126/science.1185383
3. Randive, K., Raut, T., Jawadand, S.: An Overview Of The Global Fertilizer Trends And India’s Position In 2020, 
Mineral Economics 34 (2021), 371-384, doi: 10.1007/s13563-020-00246-z
4. Vilas Bôas, I.A., Fernandes, F.A., Fernandes, T.J., Muniz, J.A.: Study of dry matter accumulation in maize hybrids 
using nonlinear models, Pesquisa Agropecuária Brasileira 58 (2023), 1-7, doi: https://doi. org/10.1590/S1678-
3921.pab2023.v58.03077
5. Von Pinho, R.G., Borges, I.D., Pereira, J.L.D.A.R., Reis, M.C.D.: Macronutrients Absorption Process And Dry 
Matter Accumulation In Corn, Brazilian Corn And Sorghum Magazine, 8 (2010), 157-173, doi: https://doi.
org/10.18512/1980-6477/rbms.v8n02p%p



Traditional Cereal Products
for Tasty Nutrition



70

Effect of wet-fractionation of maize on the efficient arabinoxylan and protein recovery

Ulrich Sukop1, Katharina Höfler2, Carmen Boyaciyan3, Stefano D‘Amico2, Mario Jekle3, Regine Schönlechner4, 
Konrad J. Domig1 and Denisse Bender1

1Institute of Food Science, Department of Food Science and Technology, University of Natural Resources and 
Life Sciences, Vienna, Vienna, Austria 
2Institute for Animal Nutrition and Feed, AGES – Austrian Agency for Health and Food Safety, Spargelfeldstraße 
191, 1220 Vienna
3University of Hohenheim, Stuttgart, Department of Plant-based Foods, Garbenstraße 25, 70599 Stuttgart
4Institute of Food Technology, Department of Food Science and Technology, University of Natural Resources 
and Life Sciences, Vienna, Vienna, Austria 

Topic: Traditional Cereal Products for Tasty Nutrition
Keywords: Gluten-free, corn, wet fractionation, pulsed electric field

Past research has shown that application of isolated arabinoxylans (AX) improve GF bread properties by 
forming a secondary network and interacting with proteins. However, the impact of their interaction on this 
network remains poorly understood. Given the significant influence of processing conditions on the structure 
and functionality of these biopolymers, establishing an optimal isolation process is crucial. This study aimed 
to investigate the effect of wet fractionation as a first isolation step to recover maize fractions rich in these 
biopolymers. Various steeping acids (lactic, acetic, hydrochloric acid) as well as pH values (2.5-3.5) were tested 
using a lab-scale fractionation process. Scalability to pilot scale as well as further process optimization using 
a pulsed electric field (PEF) was applied and the effect on the recovery yield and the composition of the three 
produced fractions (fiber-rich, starch-rich, protein-rich fraction) was analyzed. The use of lactic acid during 
steeping (40 h, 50 °C, 0.2 % SO2, pH 2.5) was most effective acid as approximately 56 % of proteins (Kjeldahl 
determination) and 95 % of total dietary fiber (TDF) (according to AACC No. 32-07.01) were recovered in the 
fiber-rich fraction. Fractionation at a higher pH value of 3.5 reduced the TDF content, only marginally increased 
the protein recovery. Upscaling the wet fractionation process resulted in a less effective separation of fractions, 
particularly in the fiber-rich fraction, in which more starch was found. PEF pre-treatment caused an additional 
reduction in the TDF content of the fiber-rich fraction and an increase in fat in the protein-rich fraction compared 
to the lab-scale process. However, all fractionation approaches yielded a high starch purity in the starch-rich 
fractions, being highest when using PEF (from 87.39 % up to 95.62 %). Promising maize fractions, high in protein 
and AX, could be identified as potential starting materials for further enrichment and application in gluten-free 
bakery products. 



71

Flatbread from retarded dough: the influence of oat and barley sourdough fermented with 
bran

Tomislava Grgić, Nikolina Čukelj Mustač, Saša Drakula, Bojana Voučko, Dubravka Novotni

Department of Food Engineering, University of Zagreb Faculty of Food Technology and Biotechnology, 
Pierottijeva 6, 10000 Zagreb, Croatia

Topic: Traditional Cereal Products for Tasty Nutrition 
Keywords: Acidification kinetics, β-glucans, dough darkening, specific volume, phytic acid, flatbread

Dough retardation is a popular method for prolonging its shelf-life, but its application to flatbread presents 
a challenge. The large surface area of flatbreads favors enzymatic browning and loss of quality, due to a gas 
and weight loss during storage (Banerji et al., 2018). This study investigated the fermentation conditions of oat 
and barley sourdough and their effects on the quality of flatbread from retarded dough. Dough yield (DY) 200 
and 300, oat/barley flour alone and flour:bran mixture (3:1); commercial starters LV1/LV4 (LIVENDO®, Lesaffre, 
France), and temperatures 22 and 30°C were tested for sourdough fermentation. The pH value was recorded 
every 10 minutes over the course of 24 h to calculate the acidification kinetics according to the Gompertz 
model. The colony forming units, titratable acidity and organic acids content were measured. Sourdough (30% 
and 50% of dough weight) obtained under most favorable fermentation conditions (flour:bran mixture, DY 300, 
30°C, 15 h, LV1 starter) was used in making flatbread. Dough colour during 48h of retardation was monitored 
instrumentally. β-glucans and phytates content as well as physical properties of flatbreads were determined. 
Barley, particularly with LV1 starter, had a higher acidification power than oat flour. The addition of bran and 
the higher fermentation temperature accelerated the acidification of both flours, resulting in a lower pH (7-8%), 
higher TTA (19-31%), and more desirable lactic to acetic acid ratio at the end of sourdough fermentation. The 
addition of sourdough slowed down the enzymatic darkening of the dough during retardation by 36-78%. A 
24-hour dough retardation reduced the phytate content (27-32%), crumb hardness (9-16%) but also β-glucans 
content (6-28%) and specific volume (9-18%) of oat and for barley flatbreads. The application of oat and barley 
sourdough at 30% (dough basis) can be recommended for improving nutritive value of flatbread and preventing 
enzymatic browning of dough.
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This study’s hypothesis, derived from our earlier research, centers on evaluating two pre-baked commercial 
organic sourdough breads—Traditional sourdough bread (TB) and Cereal sourdough bread (CB) made of corn, 
barely, spelt, rye and buckwheat flour. In the prior investigation, these bread varieties, subjected to different 
baking durations (shorter - 9.5 minutes, longer - 17 minutes at 230 ºC), gave consumer feedback in the Just 
About Right (JAR) test, with findings indicated the toasted odor perceived as excessively intense for CB-L and 
overly mild for CB-S. Additionally, in the overall aroma assessment, TB, irrespective of baking time, received 
evaluations as significantly too low compared to CB. To explore the impact of varied baking times and different 
bread types (pure wheat flour - TB or wheat flour with added cereals - CB) on the global aroma profile, crust and 
crumb/crust mix odors were subjected to SPME-GC/MS extraction and analysis. Volatile Organic Compounds 
(VOCs) were identified using three criteria: comparison with literature for Kovats retention index, matching mass 
spectra with the Wiley 6 library, and aligning retention index with corresponding standards. Notably, the toasted 
odor in CB exhibited differences, with the longer-baked bread containing two times higher concentrations of 
compounds like 3-methyl butanal (acrid and pungent odor) or benzeneethanol (sweet and floral odor) nearly 
five times higher concentrations of furfural and 1-(2-furanyl)-ethanone, and 6.5 times higher concentration 
of 5-methyl furfural (grilled odor). Additionally, CB-L’s toasted profile featured compounds like 1H-Pyrrole-2-
carboxaldehyde, 2-ethyl-3-methyl-pyrazine, and 2-ethyl-6-methyl-pyrazine (grilled odor), absent in the CB-S 
sample. Conversely, the distinct recipe influenced the global aroma, introducing compounds such as 3-methyl-
furan, 1H-Pyrrole-2-carboxaldehyde, 2-ethyl-5-methyl-pyrazine, and 2-ethyl-3-methyl-pyrazine (grilled odor) 
exclusively in CB, and 2-methyl-phenol (pungent and sweet odor) and 3-methyl-furan (grilled odor) exclusively in 
TB. The presence of different volatile compounds combined with their specific odors may explain the difference 
in aromatic perception of the different sourdough breads.
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Nutritional value of oats sets them apart from other cereals, but consumers’ acceptance of oat products in 
Croatia has not yet been defined. Scottish-style oatcakes (SSO) are characterized by a high proportion of oats, 
while recipes differ mainly in the choice of shortening. Therefore, in the first part of the study, the consumption 
habits of oats and the interest in SSO of 408 participants were analyzed using a Google online survey. In the 
second part, the influence of the shortening type (sunflower oil, butter, vegetable fat, lard) on the texture and 
sensory properties of SSO was investigated. SSO were prepared from oat grains and flakes (50:50) following a 
modified recipe by Ranhotra&Gelroth [1], molded [2] and baked in a convection oven at 160°C/16 min. Texture 
properties were analyzed instrumentally (e.g., hardness) [2]. Twelve panelists participated in the descriptive and 
hedonic sensory analysis (scales 0-10 and 1-9, respectively) [3]. The majority of survey participants were women 
(75%), aged 18-40 (69%), and had a university degree (64%). The survey showed 70% of respondents consume 
oat products, specifically 18% on a daily, 46% on a weekly, and 36% on a monthly basis. Oat flakes, muesli/
granola and oatmeal are mostly consumed, and interest in tasting SSO is high (88%). Depending on the type of 
shortening used, SSO differed in perceived saltiness, buttery odor, overall odor intensity, buttery and fatty flavor, 
and the overall perception. The butter oatcakes were the most likable (7.0±1.3), had the highest overall odor 
intensity (6.0±1.1), and the highest hardness (585.3±72.4 g). The least favorable were oatcakes with sunflower 
oil (5.8±1.4), characterized by the strongest fatty flavor (4.4±2.0) and the softest texture (402.9±57.5 g). To 
summarize, the high acceptance of oat products in Croatia indicates a great potential of SSO on the market, but 
with considering the right choice of shortening.

References: 
1. Ranhotra G.S., Gelroth J.A.: Food uses of oats, In The Oat Crop: Production and Utilization. (1995), 409-432
2. Čukelj N., Novotni D., Sarajlija H., Drakula S., Voučko B., Ćurić D.: Flaxseed and multigrain mixtures in the 
development of functional biscuits, LWT 86 (2017), 85-92, doi:10.1016/j.lwt.2017.07.048 
3. International Organisation for Standardisation. ISO 13299: 2016. Sensory analysis-Methodology-General 
guidance for establishing a sensory profile. 2016



74

Reducing fructan content in wheat and rye breads through probiotic intervention and 
prolonged fermentation

Ewa Pejcz, Agata Wojciechowicz-Budzisz, Joanna Harasym

Department of Biotechnology and Food Analysis, Wroclaw University of Economics and Business, 53-345 
Wrocław, Poland 

Topic: Traditional Cereal Products for Tasty Nutrition
Keywords: Sourdough fermentation, fructans, FODMAP, bread quality, probiotic strains

Bread, a dietary staple food, is sometimes limited for those with irritable bowel syndrome, mainly due to its high 
FODMAP (Fermentable Oligosaccharides, Disaccharides, Monosaccharides, and Polyols) content, emphasizing 
the need for alternatives. The study investigates the impact of probiotics and extended fermentation 
time on fructan content in both wheat and rye bread, aiming to produce low-FODMAP options to address 
gastrointestinal concerns. Wheat flour (bread type 750) and rye flour (bread type 720) served as the base for 
this study. Probiotic strains, including Bacillus coagulans, Lactoplantibacillus plantarum, Bifidobacterium infantis, 
Saccharomyces boulardii, Lactobacillus reuteri, Lactobacillus rhamnosus, and Bifidobacterium animalis, were 
incorporated to enhance the sourdough production process. A two-phase method was employed to evaluate 
bread properties post-baking. This included measuring fructan content and assessing quality features such as 
volume (measured using the Sa-Wy apparatus, with the volume of millet grains equivalent to that of the bread 
loaf ), pH (potentiometric method), and consumer approval of taste and aroma in rye bread with sourdough 
fermentation. Enzymatic-photometric determination (AOAC Method 999.03) was used for fructan level analysis. 
Prolonged fermentation resulted in decreased fructans and pH levels in wheat bread. The addition  of B. 
coagulans, L. plantarum, S. boulardii, L. rhamnosus and B. lactis allowed to obtain low-FODMAP breads, and 72-
hour fermentation achieved the greatest fructan degradation. Various probiotics in wheat bread and sourdough 
fermentation in rye bread allowed for the production of low-FODMAP options. Despite quality changes, 
including reduced volume and overdraft, both types of bread remained acceptable to consumers. The study 
proved that inoculated acid fermentation effectively reduces fructans and impacts the quality of wheat and rye 
bread. The study concludes that while there are observable changes in key characteristics, the resulting bread 
remains palatable and offers potential as a low-FODMAP dietary alternative.
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Plants have a complex way to store energy inside their cells. This complex structure is called starch, and it is the 
major source of carbohydrates in human diets. According to its rate of digestion in our body, starch can have 
different classifications. One of particular interest is called Resistant Starch (RS). RS is considered a dietary fiber 
since it escapes digestion in the mouth and small intestine but can but can be partially or completely fermented 
in the large intestine by our microbiota. RS has been reported as having benefits on health, but its “resistance” 
is mainly attributed to its conformation and inaccessibility to digestive enzymes. This means that processing 
conditions could either increase or decrease its content in the final product, by changing its configuration. The 
aim of this study was to explore the basic phenomena happening during breadmaking process – gelatinization 
and retrogradation, and their impact on RS content in white wheat flour and in potato starch. A rheometer 
MCR102 varying between 20°C and 98°C (considering onset, peak and completion temperature of gelatinization) 
was used to simulate the phenomena on the samples. Considering different time points, with different 
temperatures, samples were obtained to determine RS content using Megazyme kit K-RSTAR (AOAC 2002.02). In 
general, gelatinization did not increase RS content, which is expected, since it increases digestibility by making 
amylose and amylopectin more exposed to digestive enzymes (like this, the starch is rapidly or slowly digested, 
decreasing the “non-digestible fraction” – resistant starch). Instead, for retrogradation, RS content increased 
around 30% compared to the end of gelatinization, especially under fast cooling conditions (at 4°C and -20°C). 
These results are important to understand the starch state throughout the breadmaking process and the reason 
why RS content is usually low in breads.
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Production of fermented plant-based drinks has become an area of great interest in the food industry due to the 
potential to address health concerns considering dairy protein allergies or lactose intolerance and to contribute 
to the reduction of adverse environmental impacts. This study aimed to investigate the fermentation of almond-
based drinks to develop a formulation for an innovative functional product. The almond drink was purchased at 
the market and fermented by two starter cultures (VEGE 033 LYOand VEGE 053 LYO, DuPont Danisco, France). In 
the preliminary phase of the research, the addition of various hydrocolloids (xanthan gum, guar gum, psyllium, 
carob seed flour, inulin, starch, and pectin) at concentrations (w/v) 0.5 %, 1 %, and 1.5 % were tested to obtain 
formulations resulting in acceptable consistency and optimal fermentation time. To improve the experimental 
drinks’ nutritional profile, 1 %, 1.5 %, and 3 % (w/v) addition of rice protein, hemp protein, and okara (by product 
of tofu and soy drink production) was also tested. As a result, two formulations containing guar gum and rice 
protein and the mixture starch/pectin with okara, respectively, were selected for further research, along with 
the respective control samples. Four fermented formulations were produced and cool stored at 4 C for 21 days, 
during which sugar content, dry matter, ash, acidity, syneresis, water holding capacity, and rheological, sensory, 
and microbiological properties were analysed while they were also tested for consumer acceptance. The results 
showed that adding 1 % okara as a potential dietary fibre reduced syneresis compared to all other samples. In 
comparison, the formulation with 1 % okara, 1.5 % starch, and pectin received the highest sensory scores and 
the best acceptance by consumers. Further research is needed to optimize the proposed formulations’ shelf life 
stability and nutritional profile. 
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The Dry Heat Treatment process (DHT) can produce new functional flours for clean label sponge cakes 
production with non-collapsing cake structure and a desirable final volume. The DHT process is based on a time-
temperature combination treatment and mainly relies on the denaturation of proteins located at the starch 
granule surface and the starch characteristics (1). However, the link between the DHT parameters and the flour’s 
functionalities is still scarcely documented. This study aims at further exploring the DHT flour’s functionalities for 
sponge cake application with a substitution rate of 100% of the standard flour. The DHT process was performed 
at different time and temperature combinations ranging from 108 to 150 °C and from 10 to 40 min. Analysis of 
starch gelatinization enthalpy using DSC, flour properties using Mixolab-2 (Chopin-France) and batter viscosity 
using a rheometer were performed. DSC results showed that temperature-time factors had no effect on the 
flours’ enthalpy, however, the Tp was negatively and significantly affected by the temperature factor. The pasting 
properties showed significant changes in starch behaviour and protein quality due to DHT. The batters made 
with DHT flours had higher viscosities than the batter made with standard flour (control), ranging from 1.759 
± 0.094 Pa.s to 2.705 ± 0.121 Pa.s vs. 1.397 ± 0.078 Pa.s. Control cakes and cakes made of flours treated at 108 
°C-25 min had similar specific volumes after cooling, of 2.69 ± 0.20 cm3/g and 2.58 ± 0.10 cm3/g, respectively. 
However, the structure was reported as collapsed for the control cake, but not for the cake made of the DHT 
flour. The combination of these results yielded to the assumption that DHT flour exhibit a facilitated starch 
gelatinization during heating combined with a better pasting property compared to the control. The DHT flours 
showed enhanced functionalities as a clean-label ingredient.  
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Nowadays there is an observed shift towards a rich in fibers and bioactive compounds diet. Pita bread (PB) is a 
type of flatbread prepared with wheat flour low in fibre and bioactive compounds. Acorn whole meal flour (AM) 
following a debittering process [1] represents a promising ingredient for the production of flatbreads since it 
contains a high level of bioactive compounds and dietary fibres [1,2]. This work aims to evaluate the AM effect 
on the physicochemical characteristics of PB. In the present study, AM was added at 5, 10, 15 and 25% levels. The 
PB was analyzed for different quality and physicochemical parameters such as specific volume, colour, moisture 
and texture on storage at 4°C. The substitution of wheat flour with AM significantly decreased the specific volume 
of the breads that were darker than the control. The moisture of the PB increased with increasing AM level till 
10% and after that decreased. In general, the moisture content decreased with increasing storage time till day 3; 
a further extension of storage till day 5 did not show a significant decrease. Nevertheless, it was observed that 
the moisture decrease is concentration-dependent with flatbreads with a substitution level of 10% resulting in a 
lower moisture decrease. The addition of AM decreased the maximum peak force in the Kramer shear test of PB 
(till 10%) but increased at higher AM addition. AM could be used to nutritionally enrich   PBs while maintaining 
PB quality attributes.
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Over the last decade, there has been a growing interest in developing new bakery products with enhanced 
nutritional value either by partially or completely replacing wheat flour with alternative ingredients or 
incorporating additional nutritional compounds [1,2]. In the present study, hemp protein (Cannabis sativa L.) 
was incorporated into wheat flour dough at concentrations of 5%, 10%, and 15% to investigate its impact on 
the rheological characteristics of the enriched dough. Various rheological techniques were employed to analyze 
the dough samples, including uniaxial compression to measure Young’s modulus of elasticity and lubricated 
squeeze flow viscometry to assess elongational viscosity (EV). The doughs enriched with hemp protein exhibited 
significantly higher values of Young’s modulus compared to the control (no hemp addition) indicating that 
the incorporation of hemp protein affected the firmness of the doughs. EV curves for all samples exhibited 
pseudoplastic behavior, with the doughs fortified with hemp protein displaying higher EV values compared to 
the control dough. Results also revealed that the rheological properties of the fortified wheat flour doughs were 
influenced by the concentration of the added hemp protein. These differences in rheological behavior could be 
attributed to the presence of hemp protein in the matrix of the wheat flour dough. In conclusion, the results 
suggest that the addition of hemp protein has the potential to enhance the rheological properties of wheat 
flour dough. However, further studies are needed to explore whether the hemp protein could be used as an 
alternative protein source to enhance the quality and nutritional value of bakery products.
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Bread volume is a crucial quality aspect in industrial baking. Yeast activity contributes to dough expansion 
during fermentation and baking. The bread volume increases to approximately one-third of its initial volume 
during the oven spring, before being limited by the crust formation. Industrial bakers are interested in obtaining 
bread with higher volume. To this end, the objective of this work is understanding better the impact of the 
baking conditions on oven spring and strategies to improve it. To reach this, various baking conditions (baking 
temperature, fan speed, steam injection) were modified and their impact on oven spring was evaluated using 
a newly developed dynamic baking camera which can monitor the changes in size, volume, and color of bread 
during baking. Moreover, ohmic baking was used to study the influence of crust formation on oven spring. 
Obtained results demonstrate the significant impact of baking temperature on oven spring. Lower baking 
temperature resulted in a sustained and gradual CO2 production by yeast which led to a higher oven spring. 
However, the bread obtained at this baking temperature was prone to collapse during cooling phase due to 
its softer texture. Steam injection coupled with higher baking temperatures resulted in a significant increase 
in oven spring. Water vapor expansion and consequently, delaying in crust formation could be mentioned as 
responsible factors in this phenomenon. Results obtained by ohmic baking could verify this hypothesis. Trials 
performed with variations in fan speed during baking showed no or little impact on oven spring in conventional 
baking. Results obtained in this study demonstrate the importance of optimizing baking conditions and oven 
settings and increases our understanding of the factors influencing the oven spring. A combination of variation 
in baking temperature and steam injection can significantly increase the oven spring and results in a desirable 
final baked product.
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Ancient grain varieties such as Einkorn (Triticum monococcum) have gained significant public interest in recent 
years for their perceived health benefits, as they are rich in bioactive compounds and protein (Gazza et. al., 2023). 
However, the underutilization of Einkorn wheat has been mainly attributed to its low cultivation yields, as well as 
its poor processing properties, limiting the industrial bread production. Up to now, Einkorn bread continues to be 
produced manually and blended with other ingredients, due to its high dough stickiness and low kneading and 
fermentation tolerance. To address these challenges, the main aim of this study was to investigate the influence 
of various emulsifiers (soy lecithin, Panodan®: Dimodan® mix), hydrocolloids (hydroxypropyl methylcellulose, 
locust bean gum), enzymes such as xylanase, transglutaminase and glucose oxidase and later their interaction 
on the stickiness and baking properties of Einkorn wheat. First results showed that hydrocolloids did not affect 
the dough stickiness significantly, while emulsifiers and enzymes were able to reduce this property by 15.6-
22%, especially at low enzyme dosages (2 – 27 U /100 g flour), also increasing dough softness. These findings 
also suggested that dietary fibers may play an important role in the adhesive behaviour of Einkorn. Ingredient 
interactions were further studied on the most promising additives, in a 23 + star central composite design. They 
revealed that the emulsifier and xylanase affected the rheological properties of Einkorn the most, decreasing 
dough stickiness and firmness. The specific volume, crumb firmness and relative elasticity, as well as gas cell 
properties, were mostly not affected by the addition of these ingredients, in contrast to the crumb color and 
baking loss, which were significantly reduced by the glucose oxidase and/or the emulsifier. Despite these 
findings, further research is needed to improve the handling properties of Einkorn, specifically addressing its 
dough stickiness.
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Post-processing affect many characteristics of 3D-printed products [1,2]. This study investigated how different 
post-processing techniques (oven-drying followed by air-frying (AF) or oven-drying (OD)) and temperatures 
(120 or 160°C) impact the quality of 3D-printed cereal-based snacks. Gluten-free dough was 3D-printed into a 
12-layer cloud-shaped form. Post-processing took 12-30 min until constant weight, which was determined by 
monitoring weight and water activity. Instrumental analyses included shape dimensions, snacks texture, color, 
and volatile flavor compounds. Descriptive and hedonic sensory evaluations involved 12 panelists, using scales of 
0-10 and 1-9, respectively [3]. Majority of instrumentally measured parameters were influenced by the interaction 
of post-process temperature and technique. The technique alone influenced the shrinkage of snacks, which was 
on average significantly lower after OD (26.3%) than after AF (58.2%), as well as snack firmness (7.6 N for OD and 
13.4 N for AF), which was also confirmed by the sensory analysis. OD120 samples exhibited highest crunchiness 
(62.6±4.02 Nmm), while lowest firmness (7.3±0.6 N) and dimensional deviations (≤27%). AF160 samples showed 
the highest intensities of the following sensory parameters: brown color (7.3±1.6), burnt odor (3.1±2.8), total 
odor (5.0±1.7), roasted flavor (5.8±1.8), and sensory firmness (3.8±0.9). However, the high intensities were not 
perceived as positive; AF160 also had the lowest overall liking score (4.3), followed by OD160 (5.2), OD120 (5.4) 
and AF120 (6.3). Redness, related to burnt color, was influenced by temperature only, being significantly higher 
after post-processing at 160°C (8.8) than at 120°C (5.8). Consequently, burnt odor, bitter taste/aftertaste were 
also higher in snacks post-processed at 160°C. Samples post-processed at 120°C had 2-3 times lower peak areas 
of 2-pentilfuran (nutty), benzaldehyde (almondy) and E,E,-2,4-decadienal (roasted) compared to 160°C samples, 
while hexanal (grassy) and E-2-octenal (fatty) were reduced at higher temperatures. Generally, post-processing 
at lower temperatures proved favorable for the quality of 3D-printed snacks, with both techniques showing 
positive and negative aspects.
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Bread wheat (Triticum aestivum) and spelt (T. spelta) are allohexaploid species possessing the same AABBDD 
genomes. Considerable genetic similarities of both cereals promote introgression and the production of 
breeding lines that could combine the desirable traits of bread wheat with the high nutritional value of spelt. 
The aim of our study was to determine differences in the technological quality of grain of 36 spring breeding 
lines derived from single-cross hybrids between three bread wheat cultivars and five spelt breeding lines, in 
comparison to the grain of the parental lines. The content of basic nutrients in grain, milling quality of grain, 
rheological properties of dough, and bread quality were evaluated. Grain yields were around 18% lower in 
hybrid lines than in bread wheat. Gluten content was significantly higher in the grain of hybrid lines (34.0% vs 
27.5%), and it did not differ significantly from that noted in spelt grain (36.1%). The gluten index did not differ 
significantly between hybrid lines and bread wheat cultivars (77 vs 85), and it was significantly higher than 
in spelt (43). Protein content was significantly higher in the flour obtained from hybrid lines than from bread 
wheat. Mixolab parameters in hybrid lines assumed intermediate values relative to parental forms, and protein 
parameters had a stronger discriminatory power than starch parameters. The results clearly indicate that bread 
made from the flour of T. spelta x T. aestivum hybrids is characterized by superior sensory attributes, compared 
with bread made from spelt flour. These hybrids represent a new category of crops with novel characteristics, in 
particular traits that are desirable from the agricultural point of view. The results of this study provide valuable 
inputs for expanding the biodiversity of agricultural phytocenoses, reducing pressure from pests and pathogens, 
and promoting sustainable cereal production. 
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