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1. Rationale for Undertaking the Research  
 
NutriCerealIreland exploited the high-yielding yet under-used natural cereal resources which 
Ireland currently has, while at the same time focussing on protecting these resources for the 
future: 
 
Cultivated oats and barley are annual crops. Ireland generally has globally high yields of both 
crops, due to our climate. Over the last decade, Ireland has had the highest average wheat and 
second highest average oats and barley yields in the world. As well as having high yields, these 
cereal crops contain significant levels of soluble fibre (beta glucan), phenolics and essential 
amino acids. However, their use in Ireland is predominantly limited to livestock feed and minor 
food applications. It has been reported that less than 10% of cultivated Irish oats are used for 
food applications Therefore, a researchable opportunity was addressed during 
NutriCerealIreland, whereby the project focussed on harvesting, milling and utilising Irish-
grown varieties of oat and barley as novel functional food ingredients. The project team initially 
concentrated on characterising the technological functionality of Irish-grown oat and barley 
milled varieties, followed by quantifying and isolating their bioactive components.  
A further aspect of NutriCerealIreland addressed the issue of bioprotection. Fusarium 
headblight is a disease of oats and barley. Recently, Fusarium strains have shown a high 
resistance to fungicides in Ireland, thereby threatening the cultivation of these cereals. The 
project also aimed to develop antifungal lactic acid bacteria strains as effective protectants, by 
virtue of their demonstrable antifungal activity against cultures of Fusarium species.  
Through science-based innovation, the NutriCerealIreland team developed new, innovative and 
healthy cereal-based ingredients and food products from Irish-grown barley and oats, targeting 
new market opportunities such as functional foods and health-enhanced processed foods.  
The research targets of the overall project were therefore twofold: 1) to provide knowledge 
and tools for the processing of foods and beverages of high nutritional quality which contain 
Irish-grown cereals, and 2) to assist with the production of disease-free crops.  
 
 
2. Research Approach  
 
Grain fractionation: 
Barley and oat varieties from 3 successive harvests were treated and fractionated to produce 
milling fractions of different composition and particle size.  

• A CD1 mill was purchased for the project. This was used to mill the de-hulled oats and 
barley and the process generated three milling fractions: bran, semolina, endosperm 
flour. 

• The grains were also wholegrain milled on a Perten mill. This generated wholegrain 
flours. 

• Varieties of barley were also selected for the pearling process, which removes the outer 
layers of the kernel and generates two fractions: pearlings and the pearled kernel. 

 
Composition analysis of the milled fractions: 

• Moisture, fat, protein, ash, minerals, total starch, total/soluble/insoluble fibres, fatty 
acids, yeast/mould and alpha-amylase activity of the milling fractions were analysed.  
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Hydration and capacity and starch functionality of the milled fractions: 

• Water holding capacity, water binding capacity and swelling capacity were determined.  
• Starch pasting properties of the fractions were established.  

 
Microstructure of the milled fractions: 

• Scanning electron microscopy was completed on all of the grain milled fractions 
(wholegrains, brans, middlings, endosperm flour). 

 
Bioactive and anti-hypertensive characterisation of the milled fractions:  

• Assessment of oat proteins as a source of PAF-AH, ACE, renin, DPP-IV inhibitory 
activities was completed.  

• Several varieties of de-hulled milled oats were used for protein extraction and 
hydrolysis. Protease enzymes (papain and ficin) were used for hydrolysis. The 
hydrolysed oat proteins were enriched using molecular weight cut-off filtration 
(MWCO). As bioactive peptides are typically relatively short in length, 3 kDa 
molecular weight cut-off centrifugal filters (Amicon Ultra-15, Merck Millipore) were 
used to isolate peptides less than 3 kDa. Novel peptides with predicted in silico 
bioactivity were chemically synthesised. All oat varieties were tested in vitro for 
renin, ACE-I, DPP-IV inhibition activity. The protein extracts, papain hydrolysates, 
and ficin hydrolysates, as well as several of the synthesised peptides (including IFFFL, 
FFG, WCY, PFL, FLLA and WWK) were used as test inhibitors.  

• In silico analysis of oat peptides was carried out, the data identified a number of 
bioactive peptides that had previously been reported in the BIOPEP database but 
also several novel peptides. The peptides were also predicted to be non-toxic and 
non-allergenic, meaning that they could be suitable as functional food ingredients 
for human consumption. 

• Response surface methodology (RSM) was used to design the optimum temperature 
and pH conditions for the extraction of high molecular weight beta-glucans from 
barley.  

• A number of antioxidant assays already set up in Teagasc Ashtown were adapted in 
assessing the bioactivity of different barley extracts. All samples, including milled 
barley and snacks, were measured for phenolic content (and their antioxidant 
capacity using the total phenolic content (TPC), total flavonoid content (TFC), 2,2-
diphenyl-1-picryl hydrazyl (DPPH), ferric reducing antioxidant power (FRAP), and 
oxygen radical absorbance capacity (ORAC) assays. 

• Similarly, flash chromatography and liquid chromatography-mass spectrometry 
methods were adapted and led to establishing the antioxidant capacities of different 
classes of polyphenols.  

• Microwave assisted methyl-ester derivatisation of fatty acids, which is a novel 
automated technique, was adapted for barley fatty acids and analysed by gas-
chromatography-flame ionisation detector (GC-FID).  

 
Malting potential of the barley varieties: 

• Malt was produced from the barley varieties following steeping, germinating, kilning 
and cleaning using the MEBAL standard malting regime. The following properties of 
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the malt (and wort) were assessed: viscosity, pH, filtration, total nitrogen, soluble 
nitrogen, malt friability %, protein, germination %. 

 
Development/characterisation and evaluation of Lactic acid bacteria for use as a biocontrol 
agent against Fusarium headblight: 

• Screening and optimisation of LAB for anti-fungal activity. 
• A new method to quantify antifungal compounds using LC-QIT/MS was established. 
• HRQ-TOF/MS and NMR were used to structurally identify the compounds. 

 
In vivo tests to show the effectiveness of antifungal compounds against Fusarium: 

• Field trials, glasshouse trials, dual plate assays, dual culture assays, detached leag assays 
and in vitro seed assays were completed. 

 
Developing novel baked and extruded snacks containing the milled barley and oat fractions: 

• Novel biscuit formulations were developed, containing oat fractions at 10% and 15% 
levels. 

• Novel saltine cracker formulations were developed, containing barley milled fractions. 
• Novel bread formulations containing 30% barley plus baking enzymes were developed. 
• A novel extruded snack formulation was developed, which contained 20% pearled 

barley. 
• Quality tests on the novel formulations: Dough rheology, mixing optimisation, 

texture/shelf-life/staling/acoustic assessment, specific volume and bake loss, 
expansion properties, 2D image analysis of crumb grain, crumb microstructure, 
sensory analysis, flavour chemistry/volatile analysis, phenolic, and antioxidant 
analysis.  

 
Characterisation of the composition and nutritional properties of the novel products: 
• Moisture, fat, protein, ash, starch, fibre, minerals, beta blucan, polyphenols, antioxidant 

potential, flavonoid content and lipophilic components of the novel baked and 
extruded snacks were assessed and quantified. 

 
 
3. Research Achievements/Results  
 
Task 1: Acquisition and preparation of Irish-grown oat and barley varieties. 
Barley and oat varieties over three successive harvests were pre-conditioned, in accordance 
with specific documented pre-milling preparations. These actions resulted in a significant range 
of barley and oat varieties which were in optimal condition for milling in the next task.  
 
Task 2: Generation of the milled fractions. 
The pre-conditioned barley and oat varieties from Task 1 were milled using the CD1 and Perten 
mills. This resulted in a number of different milling fractions being generated. These were: 

• Wholegrain flour 
• Bran 
• Semolina (generated from the break flour) 
• Endosperm flour (generated from the reduction flour) 
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Task 3: Nutritive value and chemical composition of the milled fractions. 
A complete breakdown of the composition (composition, functional properties, minerals) of 
each of the milled fractions and varieties, together with their microstructure was completed. 
The illustration below shows the structural difference between the fractions. These images are 
very novel, and such imaging work has not previously been completed on Irish cereal milling 
fractions.  
 
 
 
 
 
 
 
 
 
 

Beard or brush hairs 

 

Aleurone layer 

Endosperm (starch) 

Starch granules (note bimodal size distribution) 

Epidermal layers (see diagram below) 

Seed coat 
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Task 4: Characterisation and quantification of bioactives in the milled fractions. 
• A 75% pure beta-glucan with average molecular weight of 350 kDa from 9 different 

barley cultivars was obtained. 
• Antioxidant activity in barley contributed largely by flavanols, and least by phenolic acid 

despite the higher abundance of the later class of polyphenols in barley. 
• The majority of health-beneficial bioactives (beta-glucan, polyphenols, tocols and 

sterols) in barley were located in the outer layers, indicated by the bran and 
middling fractions of roller-milled barley. This was also reflected in the barley-
derived snacks (crackers) showing significantly higher levels of health promoting 
bioactives when compared to wheat flour. 

 
Levels of beta glucans in barley milled fractions in five Irish cultivars. 
 
Task 5: Characterisation of the anti-hypertensive properties of the milled fractions. 

• The bioactivity of oat proteins were identified as renin-inhibitory (Figures below). In 
addition, novel peptides were identified with Angiotensin-I-converting and renin 
inhibitory bioactivities. These were identified using a combination of in silico analysis 
and in vitro bioassays. 

Anti-hypertensive properties (left) and renin inhibition (right) of the milled varieties. 
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Task 6: Malting of Irish-grown barley varieties. 
It was possible to place the various barley varieties into groups which allows for the prediction 
of the performance of the varieties during malting. The varieties Propino, Sanette and Paustian 
performed very well in the trials and could be recommended as raw materials for malters. 
 
Task 7: Development and characterisation of lactic acid bacteria which can be applied as 
biocontrol agents to fight Fusarium headblight. 
250 strains of LAB from the UCC collection were screened against 4 different strains of 
Fusarium, as well as Microsporella graminocola. 1.7% of the isolates showed antifungal activity 
against all Fusarium strains and Micosprella. Cyclic di-peptides and acid based antifungal 
compounds were identified and quantified in the various supernatants of the anti-fungal LAB. It 
was found that at the level the antifungal compounds produced in the LAB strains showed no 
cytotoxicity. The micro-organisms developed in this task were transferred to UCD to be applied 
in vivo on barley and oat seedlings. 
 

 
Screening of Lactic acid bacteria against Fusarium species 
 
Task 8: Technological evaluation of anti-fungal LAB. 
The results of dual culture assay assessments and detached leaf assays showed the effect of 
biological control using lactic acid bacteria for Fusarium control in spring barley. While the 
effects of using LAB in glasshouse and laboratory environments showed positive effects there 
was no significant yield effect when assessed in replicated field trials.  
 

 
Glasshouse trial.  
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Task 9: Development of novel functional ‘value-added’ baked and extruded snacks containing 
the milled oat and barley fractions. 
The following figures are examples of some of the baked and extruded products that were 
formulated with the Irish barley and oat varieties: 

 
1): Extruded snacks containing 30% of barley varieties (left) and stereomicroscope images of 
the extruded snacks (right). 
 
 

 
2): Control wheat bread (left), bread containing 30% barley + baking enzymes 
(xylanase/amylase) (right). 
 
 
 

 
3): Control wheat biscuit (left) and biscuits containing 15% oat flour, 15% wholegrain oat and 
15% oat bran (2nd left to right). 
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4): Control saltine cracker (left) and crackers containing 15% barley bran, 10% barley bran, 35% 
barley middlings and 15% barley middlings (2nd left to right).  
 
An optimised extruded snack formulation was formulated and characterised. The test samples 
contained corn, pearled barley, polydextrose, psyllium husk and spirulina; used both 
individually and as a blend. A characterisation of the qualitative and microstructural properties 
of each of the optimised extruded products was completed. Bread formulations containing 
barley wholegrain flour and natural enzymes were also formulated, along with biscuit 
formulations containing oat flour, oat bran and wholegrain oat flour inclusions, saltine cracker 
formulations based on 3 milled barley fractions, and the optimised oat hull-containing scone 
formulations. The mixing, rheology, baking, shelf-life and microstructural characteristics of the 
optimised products have been completed.  
 
Task 10: In vitro characterisation and quantification of the nutritional properties of the newly 
developed products. 
• Two products of the roller-milled barley, namely bran and middlings, contained the highest 

levels of health-salutary bioactives, namely β-glucans, polyphenols and lipophilic organic 
species.  

• Crackers with barley bran or barley flour incorporations had significantly higher β-glucan, 
polyphenol profile and antioxidant activities than the 100% wheat flour (control cracker). 

• Flavanols were the dominant class of polyphenols in barley, and the specific flavanols such 
as catechin, procyanidin B were significantly higher in barley bran and barley flour 
substituted crackers ) with respect to the control cracker.  

• However, there was not a significant difference between the overall lipophilic bioactive 
contents of the crackers. 

• Procyanidin trimer C was susceptible to thermal degradation into dimeric procyanidin B 
and monomeric catechins.   
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4. Impact of the Research 
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• Industry:  
o A number of novel baked and extruded snack formulations were devised and 

fully characterised (texture, shelf-life, sensory properties).  
o A method was optimised for the production of β-glucan from barley, resulting in 

obtaining a high yield and high molecular weight β-glucan product. These are 
desirable attributes for manufacturers of healthy food or functional food 
products. The processes optimised for extraction of β-glucan and proteins from 
whole grain barley involved food–grade chemicals and solvents and hence can 
be adopted by industry. The outcomes of this project also encourage food 
industry to use barley as food ingredients, and not only for beverage production. 

o As a result of oral presentations made at cereal workshops and food science 
conferences, a large number of industry personnel have also been in contact 
with the research team, resulting in current liaisons with bakeries and the cereal 
industry.  

o The new formulations which were developed over the course of the project have 
a high relevance to industry, providing a new opportunity for food innovation 
involving Irish cereals. The NutriCerealIreland project has already had much 
interest from industry. The outcomes of the project have highlighted the 
potential of Irish barley and oats in food production systems. The outcomes are 
directly relevant to the milling and baking industry, offering a new opportunity 
for Irish raw materials/cereal as sources of ingredients for novel formulations. 
 

• Farmers and crop-breeders:  
o The components (polyphenols) in barley that contribute the most to its observed 

anti-oxidant activity were identified. This information will allow breeders and 
farmers to develop new varieties with desirable amounts of these bioactive 
components.  

o The research carried out during the NutriCerealIreland project has demonstrated 
the real potential of increasing the use of Irish-grown cereals as food ingredients 
in new snack and bakery formulations.  
 

• Consumers:  
o Awareness of healthy and health-promoting attributes of barley and its extruded 

products to the consumers. 
 
• Scientific:  
Following the completion of NutriCerealIreland, there is now a significant body of novel applied 
and scientific information relating to the application of Irish cereals in new ways to generate a 
range of novel products with novel textures and tastes.  

o The research has resulted in a significant body of new scientific information, 
which has been published in the form of peer-review publications, presentations 
at scientific conferences, and postgraduate theses. 

o Response Surface Methodology can be used to optimise the solid–liquid 
extraction of high yield and high molecular weight beta glucans from barley. 
Separation techniques such as flash chromatography in combination with 
analytical techniques (mass spectrometry) can help to understand food structure 
or component (e.g. polyphenols) and its function.  
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o Several novel ACE-I and renin inhibitory peptides were identified as a result of 
this work. This could potentially add value to cereal crops and promote the 
development of new markets for oat varieties. 

o Formulation trials involving the baked and snack foods were undertaken using 
scientifically sound methods and statistical analysis. As a result of this, a set of 
new, fully characterised formulations have been developed.  

 
• Highly trained / skilled individuals: 

o Nirupama Gangopadhyay obtained her PhD; she is now working as a senior 
research and development manager in India. 

o Josh Taylor obtained his PhD and is now working as an Enzymes Application 
Scientist at Kerry. 

o Dr. Norah O’Shea completed her contract as the researcher on the project, and 
subsequently obtained a permanent position in Teagasc, Moorepark. 

o Shane Dowling completed his DIT undergraduate final year food science research 
study on part of this project and subsequently received a 1H degree. 

 
 

4(a) Summary of Research Outcomes 
 

(i)  Collaborative links developed during this research 

• Researchers from the project linked with UCC Nutrition researchers, coordinated by Dr. 
Alice Lucey, in a successful 2013 FIRM research proposal  entitled ‘Beneficial effects of 
blackberry (Rubus) polyphenols on cardiovascular & metabolic health’, and  also 2017 
project  entitled ‘Development of a novel high protein, polyphenol enriched dairy 
beverage for athletes and physically active individuals.’ 

• Good collaboration was established with the cereal industry, leading to a presentation 
by the co-ordinator on the outputs of the project at the National Tillage Conference in 
January 2018.  

• New links have also been established with the ingredient industry, following 
dissemination activities from the project.  

 
(ii)  Outcomes where new products, technologies and processes were developed 

and/or adopted  
• A service has been developed for the analysis of polyphenols and the assessment of ‘in 

vitro’ antioxidant assays to industries/agents.  
• Novel peptides were identified in this study including peptides with the amino acid 

sequences FFG, IFFFL, PFL, WWK, WCY, FPIL, CPA, FLLA, and FEPL. These were 
assessed using in silico analysis for predicted solubility, resistance to digestion, 
toxicity, and allergenicity. Most of the peptides were predicted to be poorly soluble, 
probably due to their high hydrophobic residue content. However, as the peptides 
are all below five amino acid residues in length they were soluble in water, DMSO 
and other substances used as the carrier solvent in the in vitro bioassays. Most of 
the peptides were predicted to be broken down by the GI digestive enzymes, 
although this could be overcome by methods such as encapsulation. The peptides 
were also predicted to be non-toxic and non-allergenic, meaning that they could be 
suitable as functional food ingredients for human consumption. 
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• A bakery company has adopted the milling procedure from the project, and is also using 
the oat-based biscuit formulation developed in the project for further R&D work at 
their premises. 

 
(iii) Outcomes with economic potential  

• Industry production potential of nutritious milled fractions from Irish cereals in baked 
and extruded products, and in malting. 

• Lactic acid bacteria strains with potential to fight Fusarium headblight. 
 

(iv) Outcomes with national/ policy/social/environmental potential 
 
 
4 (b)  Summary of Research Outputs 
 

(i) Peer-reviewed publications, International Journal/Book chapters. 
 

1. Joshua P. Taylor; Fritz Jacob; Elke K. Arendt (2018) Fundamental study on the impact of 
transglutaminase on hordein levels in beer. Journal of American Society of Brewing 
Chemists: https://doi.org/10.1094/ASBCJ-2015-0527-01.  

2. Joshua P. Taylor, Fritz Jacob, Elke K. Arendt (2018) A study on Malt Modification, used as 
a Tool to Reduce Levels of Beer Hordeins. Journal of the Institute of Brewing: 
https://doi.org/10.1002/jib.482  

3. Joshua P. Taylor, Fritz Jacob, Elke K. Arendt (2018) Reduction of Hordein content in beer 
by applying Prolyl-endoprotease to the malting process. Journal American Society of 
Brewing Chemists: https://doi.org/10.1094/ASBCJ-2017-3072-01  

4. Bleakley, S. (2018). Cereal Proteins: Potential health applications and allergenicities. In: 
Novel Proteins for Food, Pharmaceuticals and Agriculture: Sources, Applications and 
Advances (Editor Hayes, M, Wiley) 77-93. 

5. Bleakley, S., Hayes, M., O’Shea, N., Gallagher, E., and Lafarga, T. (2018). Predicted 
release and analysis of novel ACE-I, Renin, and DPP-IV inhibitory peptides from Common 
Oat (Avena sativa) Protein Hydrolysates Using in silico analysis. Foods, 
10.3390/foods6120108  

6. O’Shea, N., Kilcawley, K. and Gallagher, E. (2017). Aromatic composition and 
physicochemical characteristics of crackers containing barley fractions. Cereal 
Chemistry: http://dx.doi.org/10.1094/CCHEM-10-16-0256-R 

7. O’Shea, N. and Gallagher, E. (2017). Textural quality and sensory properties of saltine 
crackers as influenced by sourdough inclusion. Food and Function, under review. 

8. Gangopadhyay, N., Rai, D.K., Brunton, N.P., Gallagher, E., Harrison, S.M. (2017). Fatty 
acids, sterols and tocols in Irish barley varieties: Profiling and correlation analysis. 
European Journal of Lipid Science and Technology: 
https://doi.org/10.1002/ejlt.201600213  

9. N O’Shea, K. Kilcawley & E. Gallagher (2016). Influence of α-amylase and xylanase on the 
chemical, physical and volatile compound properties of wheat bread supplemented with 

https://doi.org/10.1094/ASBCJ-2015-0527-01
https://doi.org/10.1094/ASBCJ-2015-0527-01
https://doi.org/10.1002/jib.482
https://doi.org/10.1002/jib.482
https://doi.org/10.1094/ASBCJ-2017-3072-01
https://doi.org/10.1094/ASBCJ-2017-3072-01
https://doi.org/10.1002/ejlt.201600213
https://doi.org/10.1002/ejlt.201600213
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wholegrain barley flour. European Food Research and Technology, Volume 242, Issue 9, 
pp 1503–1514. 

10. Joshua P. Taylor, Elke K. Arendt (2016) A Fundamental Study on the Relationship 
between Barley and Hordein levels in Single Barley Malt Beers. Journal of Institute of 
Brewing: https://doi.org/10.1002/jib.321  

11. O’Shea, N., Kilcawley, K. and Gallagher, E. (2016). Influence of α-amylase and xylanase 
on the chemical, physical and volatile compound properties of wheat bread 
supplemented with wholegrain barley flour. European Food Research and Technology 
DOI: 10.1007/s00217-016-2651-y  

12. Gangopadhyay, N., Rai, D. K., Brunton, N. P., Gallagher, E., & Hossain, M. B. (2016). 
Antioxidant-guided isolation and mass spectrometric identification of the major 
polyphenols in barley (Hordeum vulgare) grain. Food Chemistry 210, 212-220.  

13. Gangopadhyay, N., Wynne, K., O’Connor, P., Gallagher, E., Brunton, N. P., Rai, D. K., & 
Hayes, M. (2016). In silico and in vitro analyses of the angiotensin-I converting enzyme 
inhibitory activity of hydrolysates generated from crude barley (Hordeum vulgare) 
protein concentrates. Food Chemistry 203, 367-374. 

14. Gangopadhyay,N., Wynne, K., O’Connor, P. M., Hayes, M., Rai, D. K. (2016). In silico and 
in vitro analyses of the angiotensin-I converting enzyme inhibitory activity of 
hydrolysates generated from crude barley (Hordeum vulgare) protein concentrates. 
Food Chemistry, 203, 367-374. 

15. Joshua P. Taylor, Fritz Jacob, Elke K. Arendt (2015) Fundamental study on the impact of 
silica gel and tannic acid on hordein levels in beer: Low gluten beer production. 
Innovative Food Science and Emerging Technologies: 
https://doi.org/10.1016/j.ifset.2015.07.007.  

16. Gangopadhyay, N., Hossain, M.B., Rai, D.K., Brunton, N.P. (2015). Optimisation of yield 
and molecular weight of β-glucan from barley flour using response surface 
methodology. Journal of Cereal Science 62, 38-44. 

17. Gangopadhyay, N., Hossain, M.B., Rai, D.K., Brunton, N.P. (2015). A review of extraction 
and analysis of bioactives in oat and barley and scope for use of novel food processing 
technologies. Molecules 20, 10884-10909. 

 
 

(ii) Popular non-scientific publications and abstracts including those presented at 
conferences  

 
1. Gallagher, E. (2018). The use of Irish cereals in novel baked and extruded snack 

formulations. National Tillage Conference 2018, Lyrath Hotel, Kilkenny. 

2. Gangopadhyay, N, Hossain, M.B., Brunton, N.P., Gallagher, E., Rai D.K. (2016). 
Identification of the health promoting polyphenols in barley. The 1st International 
Conference on Food Bioactives and Health, 13-15 September 2016, Norwich, UK.  

3. Gangopadhyay, N., Brunton, N.P., O’Shea, N., Rai, D.K., Gallagher, E., Harrison, S. M. 
(2016). Lipophilic phytochemicals in barley fractions and effect of baking on these 
phytochemicals. IFT Conference, 16-20 July 2016, Chicago, USA.  

https://doi.org/10.1002/jib.321
https://doi.org/10.1002/jib.321
https://doi.org/10.1016/j.ifset.2015.07.007
https://doi.org/10.1016/j.ifset.2015.07.007
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4. Gangopadhyay, N., Brunton, N.P., Gallagher, E., Rai, D.K., Gallagher, E. Hossain, M.B. &  
Rai, D.K. (2016). Identification of health-promoting polyphenols in barley and impact of 
baking on these polyphenols. 18th IUFoST Conference, 21-25 August 2016, Dublin, 
Ireland. 

5. O’Shea, N. and Gallagher, E. (2016). Sourdough applications of saltine crackers. 
International ISEKI Food Conference, Vienna, Austria. 

6. Gallagher, E. and O’Shea, N. (2016). Wholegrain barley flour and enzyme inclusions in 
wheat bread. 18th IUFoST World Congress of Food Science and Technology, Dublin, 
Ireland. 

7. Gallagher, E. (2016). Latest innovations for optimizing the quality and sensory properties 
in gluten-free products. Fourth International Symposium on Gluten-free Cereal Products 
and Beverages, Cork, Ireland. 

8. Gangopadhyay, N., Rai, D.L.,  Brunton, N.P., Harrison, S. (2015). Phytosterols and fatty 
acids profile of roller milled fractions of barley. 18th EuroFoodChem Conference 
(Upcoming challenges in Food Science), 13-16 October 2015, Madrid, Spain. 

9. O’Shea, N. and Gallagher, E. (2015). Wholegrain barley & enzyme inclusions in wheat 
bread. Poster and oral presentation at International Journal of Food Science and 
Technology Conference, New Zealand. 

10. Joshua Taylor, Fritz Jacob, Elke K. Arendt (2015). Novel approaches for reducing gluten 
in beer. 35th European Brewing Conference, Porto, Portugal. 

11. Nirupama Gangopadhyay, Dilip K. Rai, Nigel P. Brunton, Sabine Harrison (2015). 
Phytosterols and fatty acids profile of roller milled fractions of barley. 18th 
EuroFoodChem Conference (Upcoming challenges in Food Science), 13-16 October 
2015, Madrid, Spain. 

12. Nirupama Gangopadhyay, Dilip K. Rai, Nigel P. Brunton, Eimear Gallagher, Mohammad 
B. Hossain (2015). Antioxidant activity-guided fractionation of major polyphenols of 
barley (Hordeum vulgare). Teagasc Walsh Fellowships Seminar, 12 November 2015, RDS, 
Dublin.  

13. Gangopadhyay, N., Rai, D.K., Brunton, N.P., Hayes, M. (2014). A streamlined approach to 
the generation of bioactive peptides with health benefits from barley proteins: In silico 
analysis and ACE-I-inhibitory peptide generation’. 28th EFFOST conference (Innovations 
in attractive and sustainable food for health), 25-28 November 2014, Uppsala, Sweden. 

14. Gangopadhyay, N., Hossain, M.B., Rai, D.K., Brunton, N.P. (2014). Response surface 
methodology for optimising extraction of high amount and high molecular weight β-
glucan from barley. 28th EFFOST conference (Innovations in attractive and sustainable 
food for health), 25-28 November 2014, Uppsala, Sweden. 

15. Taylor, J. and Arendt EK (2013). Reduction of gluten levels in beer using stabilising 
agents. 11th International Trends in Brewing, Belgium. 

16. Taylor, J. Hager, A.-S. and Arendt EK (2013). The effect of a beer stabilising agent on 
gluten content of beers produced from different barley varieties. Teagasc Annual Food 
Research Conference, Ashtown, Dublin. 27 - 28th June 2013. 
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17. Hager, A.-S. Lauck, F. Taylor, J. Zannini, E. and Arendt EK (2013). The application of 
Scanning Electron Microscopy (SEM) and Confocal Laser Scanning Microscopy (CLSM) for 
the investigation of cereal ultrastructure. Cereals and Europe Spring meeting, Leuven, 
Belgium. 29-31st May 2013. 

 
(iii) National Report 

National Tillage Conference 2018.  
 

(iv) Workshops/seminars at which results were presented  
 
Gangopadhyay, N. Rai, D.K., Brunton, N.P., Gallagher, E., Hossain, M.B. Antioxidant activity-
guided fractionation of major polyphenols of barley (Hordeum vulgare). Teagasc Walsh 
Fellowships Seminar, 12 November 2015, RDS, Dublin. 
 

(v)  Intellectual Property applications/licences/patents 
0 
 

(vi) Other 
0 
 
5. Scientists trained by Project 
 
Total Number of PhD theses:       2 
 

1. Nirupama Gangopadhyay, University College Dublin submitted her PhD thesis entitled 
“An investigation if bioactive compounds in Irish barley, its milled fractions and barley 
containing food products” on 2nd September 2016 and defended her viva on 7th 
December 2016. She has already graduated.  

 
2. Josh Taylor, University College Cork, submitted his PhD thesis entitled “Development of 

a toolbox for the reduction of hordeins in barley malt beers” on May 9th, 2016 and 
successfully defended his viva. He has already graduated.  

 
 
Total Number of Masters theses:       1 
 

1. Michael Byrne, University College Dublin, submitted his MSc thesis entitled “An 
assessment of Lactic Acid Bacteria as potential biocontrol agents against Fusarium head 
blight in spring barley” in December 2017 and will graduate in September 2018.  
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6. Permanent Researchers  
 

Institution Name Number of Permanent staff 
contributing to project 

Total Time contribution (person 
years) 

Teagasc 4 2.963 

UCC 1 0.350 

UCD 1 0.040 

Total 6 3.353 

 
 
 
7. Researchers Funded by DAFM 
 

Type of Researcher Number Total Time contribution (person 
years) 

Post Doctorates/Contract 
Researchers 

3 3.831 

PhD students 2 6.583 

Masters students 1 1.887 

Temporary researchers  0.3958 

Other   

Total 6 11.9141 

 
 
 
8. Involvement in Agri Food Graduate Development Programme 
 

Name of Postgraduate / contract 
researcher 

Names and Dates of modules attended 

  

Nirupama Gangopadhyay  
  

• Futurology: Hot Topics in Food and 
Nutrition Research (19th-21st Feb 
2014)  

 
 
 
 
 
 
 
 
Norah O’Shea  

• Leadership skills for the Agri-food 
researcher (29th April-1st May 
2014)  

• Team development and People 
management (29th July – 31st July 
2014) . 

• Post graduate Unit operations 
course (29th – 31st October 2014) 
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• Supervising and Professional Skills – 
Mentoring 

• Project Management course 

• Project Management course 

• Time building course 

• Science writing skills 
 

Josh Taylor • Leadership Skills for the Agri Food 
Sector 
 

 
 
 
9. Project Expenditure 
 
Total expenditure of the project:     €684,765.17 
 
Total Award by DAFM:      €732,354 
 
Other sources of funding including benefit in kind and/or  
cash contribution(specify): € all samples of barley and oat 

varieties throughout the project 
were donated in-kind 

 
 
Breakdown of Total Expenditure 

 
 

Category Teagasc UCC UCD  Total 

Contract staff 145,928.36    145,928.36 

Temporary staff  17,377.80   17,377.80 

Post doctorates      

Post graduates 66,000 63,560 43,450  183,010 

Consumables 81,605.68 49,151.26 8,712.08  139,469.02 

Travel and 
subsistence 

14,614.36 5,230.41 120.00  19,964.77 

Sub total 308,148.40 135,319.47 52,282.08  495,749.95 

Durable 
equipment 

26,387.86 13,902.38 0  40,290.24 

Other      

Overheads 92,444.52 40,595.84 15,684.62  148,724.98 

Total 426,980.78 189,817.69 67,966.70  684,765.17 
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10. Leveraging 
 
Two Horizon 2020 projects have been awarded (Protein 2 Food and Longlive). 

1. PROTEIN2FOOD project. This project has received funding from the European Union’s 
Horizon 2020 research and innovation programme under grant agreement No 635727, 
UCC-code: 4600R16344 

2. JPI-HDHL-Longlife project. This project has received funding from the European Union’s 
H2020 Research and Innovation Programme under grant agreement No 696300, UCC-
code: 4600R17017 

 
One project funded by DAFM and two projects funded by ABInBev has been awarded: 

1. Novel Technological Approaches for the development of low FodMap food products. 
This project has received funding from the Department of Agriculture, Food and the 
Marine (FIRM) under the project code: 15/F/602 

 
11. Future Strategies  
 
Milling and food formulation techniques which were developed during NutriCerealIreland are 
now being applied to ongoing research projects at Ashtown.  
The methods which were optimised in this project have been adopted by current research 
projects. This will lead to a number of new publications in other projects, which would not have 
been possible without their inception during NutriCerealIreland. These methods will also be 
written into future collaborative national and international research proposals.  
 
Continued research work with industry: 
Currently a number of innovations from the project are being adapted by industry.  
 
Application of outputs from the project in future projects: 
The co-ordinator of this project is currently a partner in current FIRM projects (SweetLow and 
TALENTFOODS), where a number of the methods and formulations will be carried forward from 
the current project.  


