
 

This project was funded under the Department of 
Agriculture, Food and the Marine Competitive Funding 
Programme. 
 

14F805 - Development of 
Fortified Blended Foods using 
fermented buttermilk/cereal  
Final Report 
  



S UM M A RY  
Fortified blended foods (FBF) are a dried blend of cereals and soybean, fortified with 
micronutrients, and distributed by the World Food Programme (WFP) to alleviate malnutrition. 
Kishk and Tarhana are dried fermented milk/cereal product which have been consumed for 
centuries across areas of Africa and Asia. Kishk has a relatively high fermented milk content 
therefore, FBF based on Kishk would be richer in essential free amino acids and free fatty acids 
than existing FBF. The goal of this project was to develop nutrient dense FBF products, modelled 
on Kishk, using Irish-sourced ingredients. The manufacturing process was optimised using a blend 
of fermented milk and bulgur wheat. Factors such as the ratio of fermented milk to cereal, drying 
time, co-fermentation time of the fermented milk and cereal, and mill size were investigated for 
their impact on the physical, nutritional and rheological properties of the FBF base product. 
Increasing the fermented milk content relative to cereal was shown to enhance the protein, 
lactose, fat and micronutrient content. The concentration of fermented milk was adjusted to yield 
a protein content of 19% to meet WFP specifications. The optimised process was used to prepare 
FBF base products with oat, wheat or barley. Oat FBF was the most viscous on reconstitution but 
was also most liked in sensory tests. The FBF were fortified with a micronutrient premix, soya oil 
and calcium to meet WFP specifications and packaged under vacuum in aluminium foil. 

Storage stability at 15°C, 30°C and 37°C was examined. The products were stable up to 18 
months at 15°C but at higher temperatures undesirable changes to physical, nutritional and 
rheological characteristics occurred. The outcomes of the project indicated that blends of 
fermented milk and oat, wheat or barley could be a technically viable and cost-neutral alternative 
to FBF currently on the market. 
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Rationale for undertaking the Research 

In 2018, there were an estimated 822 million people, equivalent to approximately 10.8% of the global population, classed as undernourished according to the 

Food and Agriculture Organisation (FAO). Additionally, it has been estimated that deficiencies of key micronutrients (Iron, vitamin A, Iodine and Zinc) are 

present in up to 2 billion individuals. Large numbers of individuals in the developing world rely on food assistance. The World Food Programme (WFP) aids 

almost 100 million food insecure people in over 70 countries annually by purchasing in excess of US$1 billion of food for distribution to those in need. FBFs are 

targeted at young children and have been used in humanitarian food assistance programmes for more than 40 years with few changes to their formulation 

during this time. It is recognised that there are limitations in the current FBF formulations in terms of their nutritional content and their rheological and 

sensory characteristics. The main FBFs are Super Cereal and Super Cereal Plus. Although Super Cereal Plus contains 8% skim milk powder, the primary protein 

source in both products is vegetable protein. Kishk has a high content of fermented milk which is a source of complete protein and could provide a more 

nutritious as well as a more palatable alternative to the current FBFs. In this project we developed new FBFs, modelled on Kishk, using Irish ingredients (skim 

milk powder, buttermilk powder, oat, wheat and barley). 

Methodology 

Commercial Kishk samples were assessed to establish a benchmark which would inform the formulation of the novel FBF. Kishk powders were analysed for the 

content of fat, protein, total solids, salt, starch, fibre, lactose, lactic acid, water activity and colour. Powders were reconstituted to 13.3% total solid and the 

rheological properties, pasting behaviour, water holding capacity, gelatinisation temperature and other starch characteristics were assessed. Bulgur wheat was 

used in the development stage of the novel FBF base product. 

Buttermilk powder, skim milk powder and cream were combined with a starter culture and the resultant fermented milk was blended with dehusked, 

parboiled bulgur wheat, dried to 4-7% moisture and milled. The ratio of fermented milk to cereal, drying time, and mill size were investigated to determine 

their effect on composition and rheological properties. The effect of adjusting the co-fermentation time of fermented milk-cereal on the composition, phytic 

acid content and reconstitution properties of FBF base product was also studied. Using the optimised process, FBF base products were produced using oats, 

wheat and barley with fermented milk at a ratio calculated to achieve a protein content of 19%. The FBF base products were fortified with a vitamin/mineral 

premix, calcium, potassium and soya oil. The composition, rheological properties, micronutrient content and sensory properties of the FBF were assessed. A 

cost analysis was conducted to establish the economic viability of the novel FBFs. The effects of reconstitution and heating FBF on vitamin contents and the 

bioavailability of minerals was measured using an in-vitro digestion method and a Caco-2 intestinal cell model. FBF aliquots were packaged in aluminium film, 

under vacuum and stored at 15°C, 30°C and 37°C. Analyses were conducted at 0, 2, 4, 6, 12 and 18 months to determine the effect of storage on rheological 

properties, nutrient content and other quality parameters. 

Project Results 

Analysis of Kishk and Tarhana powders, and porridges therefrom, found significant variation between products. In general, products with a higher dairy 

content had higher protein, fat and mineral contents and a lower starch content. The consistency of the reconstituted FBF can influence its nutritional value 

and an assessment of the rheological properties of the FBF was an important aspect of the project. Products which had a higher dairy content were also 

observed to have a lower pasting viscosity. Similarly, in the development of the FBF base product it was found that altering the ratio of fermented milk to 

bulgur wheat had a significant impact on both the nutritional content and the functional properties. An increased fermented milk content was associated with 

increased protein, fat, lactose, galactose, lactic acid, calcium and vitamin E and lower levels of starch and fibre. Increasing the fermented milk content relative 

to cereal also resulted in lower water holding capacity and viscosity and an increased flowability. Alteration of mixing/kneading times and mill size had no 

significant impact on nutritional and functional properties. The formulation with a 19% protein content (fermented milk:wheat bulgur; 4:1) was selected for 

further investigation. Increasing the duration of co-fermentation of the fermented milk and wheat from 0 to 72 h resulted in base powder with lower lactose, 

phytic acid and pH, and higher contents of lactic acid and galactose. Increased co-fermentation time was also associated with lower pasting viscosity, yield 

stress, consistency index and viscosity on shearing. The changes in pH and phytic acid were complete after 24 h co-fermentation while others (lactose, 

galactose and lactic acid, pasting viscosities, flowability) proceeded more gradually over 72 h. The optimised process was used to produce FBF base products 

with oat, wheat or barley. The FBF prepared using oats had a higher water holding capacity and viscosity on reconstitution than either the wheat or barley FBF. 

 



The oat FBF also had a higher content of starch and fat and lower levels of lactose, lactic acid and amylose. Sensory analysis found that oat FBF was the most 

preferred and barley was the least preferred. A comparative cost estimate found that the FBFs produced for this project could be produced for a similar cost to 

the products already on the market. An investigation of the effect of reconstitution and cooking on the vitamin content of the FBF found that the vitamin C 

content was unaffected on reconstitution but was reduced on heating. The bio accessibility of calcium and iron were lowest from the oat FBF and iron bio 

accessibility was increased following cooking in the wheat and barley FBF. Mineral bioavailability was found to be low for all FBF products. FBFs stored at 15°C 

were overall quite stable over the 18-month storage period. However, FBF stored at 37 °C showed a deterioration in colour, pasting viscosity, flow behaviour 

and vitamin content. The changes in the composition, colour and reconstitution properties of powder stored at 30 °C were intermediate between those 

observed at 15 and 37 °C. 

 

Section 2 - Research Outputs 

 

Summary of Benefits / Improvements of Project Findings 

Novel fortified blended foods comprised of oat, wheat or barley in combination with fermented milk have been developed. The production process, based on 

that of a traditional Middle Eastern product, Kishk, has been optimised during the project. The outcomes of the project indicate that dairy cereal blends 

produced using oat, wheat and barley could be a technically viable and cost neutral alternative to the fortified blended foods (FBF) currently on the market. 

The process was fully developed and has been published. The product is a source of complete protein and the nutrient content was sufficient to meet the 

World Food Programme specifications for FBF and could be suitable for distribution to undernourished and micronutrient deficient individuals in the 

developing world. In addition, there were no negative alterations to the products over an 18-month storage period provided they were stored at or below 

15°C. These novel products could potentially be modified to boost the nutritional status in elderly individuals in the developed world and in other nutritionally 

vulnerable groups. Glanbia were a named project partner and they have now hired the PhD student in the role of an oats and grain technologist. 

Summary of Staff Outputs 

Research Output Male Female Total Number 

PhD Students 0 1 1 

Post Doctorates 0 1 1 

Summary of Academic Outputs 

Research Outputs 

 

Total Number Details 

 

Publications in Peer 

Reviewed Scientific 

Journals 

6 
Research articles detailing the methodology developed in the project and the project findings 

have been published across a range of peer-reviewed food science journals 

PhD Theses 1 Ashwini Shevade submitted her thesis entitled "Development of Fortified Blended Food and 

the effect of selected parameters on its composition and functionality" in September 2019 

and passed her viva examination in December 

2019 

 

Intellectual Property 

We do not foresee intellectual property rising from the project. 

  



Summary of other Project Outputs 

Project Outputs Details Total No. 

New Products Four different FBF were prepared using different cereal sources (oats, wheat, barley 

and bulgur). These products were found to compare favourably with the existing FBF 

Super Cereal and Super Cereal plus in terms of nutritional quality, rheological 

properties and cost of production. 

4 

New Processes A new process for the production of FBF from a blend of fermented milk with oats, 

wheat or barley has been fully developed and published in peer reviewed scientific 

journals. 

1 

 

 

Potential Impact related to Policy, Practice and Other Impacts 

Impact Details 

Socio-Economic Novel FBFs with a high content of milk protein and suitable for distribution by the World Food 

Programme for the alleviation of hunger and micronutrient deficiencies have been developed. The FBF may also have 

potential to be adapted for use as a nutritional supplement for elderly or other nutritionally vulnerable groups. 

Industry The process for the production of the FBF has been published and is available as a resource for those in industry 

involved in developing new dairy:cereal blends or fermented cereal products for the market. 

Dissemination Activities 

Activity Details 

Seminars at which results were 

presented 

1. Nutritional composition of a range of traditional Kishk products. Summer meeting, Nutrition Society, New 

technology in nutrition research and practice. Dublin, Ireland 11–14th July 2016- poster presentation.   

2. Fortified Blended Foods- Effect of cereal type on rheological and pasting characteristics. International Food 

Science and Technology Ireland, 46th Annual Food Science and Technology Conference, Dublin, Ireland, 6-7th 

December 2017oral presentation.   

3. Development of Fortified Blended Foods using fermented milk/cereal. 25th Annual Walsh Fellow Seminar, 

Teagasc, Ashtown, Ireland. 18th September 2018oral presentation.   

4. Development of Fortified Blended Foods using fermented milk/cereal. 25th Annual Walsh Fellow Seminar, 

Johnstown Castle, Ireland. 5th October 2018 poster presentation.   

5. Impact of fermented milk content on the composition and reconstitution characteristics of dried fermented 

milk-wheat composites. International Food Science and Technology Ireland, 47th Annual Food Science and 

Technology Conference. Cork, Ireland, 6-7th December 2018- oral presentation.   

6. Cereal type impacts the composition and reconstitution properties of fermented milk-parboiled cereal 

7. blends. International Association for cereal science and technology, 19th International Cereal Conference. 

Vienna, Austria, 24-25th April 2019- poster presentation.   

8. Tom O’Connor visited the Food and Agriculture Organisation of the United Nations (FAO) in Rome, Italy (April 

10-14, 2017). During the visit he gave a seminar to approximately 50 FAO staff including a description of this 

project 14F805. He also had extensive technical discussions related to the project with relevant FAO staff. 

Tom’s visit to FAO was funded by EU ERASMUS programme. 8. Tom O’Connor and Nora O’Brien visited 

Vietnam National University of Agriculture (VNUA), Hanoi, Vietnam and delivered the following 

presentations/ seminars: a. Development of novel Fortified Blended Foods (FBFs) b. Human Nutrition in the 

Developing World- an evolving picture c. Use of cell culture model system to assess bioavailability of minerals 

and other dietary components from foods including novel Fortified Blended Foods (FBFs)  

9. Both Professor Nora O’Brien and Dr Tom O’Connor each gave invited seminars at the University of Montana 

on 04/04/2018 relating to Project No. 14/F/805. Tom’s presentation outlined the technical details relating to 

the manufacture of our novel FBFs. Nora’s presentation on the nutrition status of lactating women and 

children in rural Ethiopia included discussion on how these novel FBFs we are developing in 14/F/805 could 

help alleviate some of the key nutritional deficits identified in this vulnerable population group. We both also 

participated in discussions/meetings relevant to 14/F/805 throughout our time at University of Montana with 

a range of academic staff in the area of Global Public Health. University of Montana has longstanding interest 

in multiple areas relating to Global Public Health which are relevant to 14/F/805.   

Title of presentations: Nutritional status of lactating women and their children in two agro-ecological zones of 

rural Ethiopia.  (Nora) Nutrition in humanitarian emergencies – development of novel fortified blended foods. 

(Tom) 



Media Events 

 

1. Development of Fortified Blended Foods for Malnourished Children at UCC Science for All competition 2018, 

organised by the College of Science, Engineering and Food Science, APC Microbiome Ireland and The Irish 

Photonics Integration Centre. Ashwini Shevade, along with 5 others, proceeded to the final round of the 

competition which took place on 22nd March 2018 at UCC. http://apc.ucc.ie/wpcontent/uploads/2015/06/UCC-

Science-for-All-2018-competition-details.pdf http://apc.ucc.ie/events/uccscience-2018-final/ A newspaper article 

entitled “My plan to feed the world’s poorest” Shevade A was published in the Evening Echo, Tuesday, September 

11, 2018 subsequent to the event.  

2. Development of Fortified Blended Foods for Malnourished Children at Ag-Venture 2018 organised by Irish 

Agriculture Science Teachers’ Association held in University College Cork on 14th April 2018. 

https://www.iasta.ie/2018/02/10/ag-venture-2018/  

3. The details of the project were presented at a stand during the launch of the food institute in University College 

Cork, on 18 Jan 2019. The launch was attended by leaders of the food industry and academia. 

 

 

Knowledge Transfer Activities 

Identify knowledge outputs generated 

during this project. 

A new process for the production of FBF from a blend of fermented milk with oats, wheat or barley has been 

fully developed and published in peer reviewed scientific journals. Following fortification with a vitamin/mineral 

premix the novel FBF produced in this project were sufficient to meet World Food Programme specifications. 

Four different FBF were prepared using different cereal sources (oats, wheat, barley and bulgur). These products 

were found to compare favourably with the existing FBF, Super Cereal and Super Cereal plus, in terms of 

nutritional quality, rheological properties and cost of production. 

Identify any knowledge transfer 

activities executed within the project. 

The findings of the project were disseminated through publications in peer-reviewed journals, popular scientific 

journals e.g. TResearch and newspaper articles. The project was presented at both national and international 

conferences. The project details were presented to the Food and Agriculture Organisation of the United Nations 

(FAO) at a seminar in Rome. The PhD student on the project was a finalist in the UCC Science for All competition 

2018, organised by the College of Science, Engineering and Food Science, APC Microbiome Ireland and The Irish 

Photonics Integration Centre. 

List any impacts resulting from the 

knowledge transferred during the 

project. 

The PhD student that worked on this project was employed by Glanbia in the role of an Oats and Grain 

Technologist. Glanbia was one of the partners in this project. 

 

Section 3 - Leveraging, Future Strategies & Reference 

Leveraging Metrics 

 

Type of Funding 

Resource 

Funding € Summary 

None €0.00 None 

 

 

Future Strategies 

Full commercialisation of the Fortified Blended Foods (FBF) would entail two further research steps. The first of these are acceptability studies with 

malnourished individuals (young children) in potential beneficiary countries. Many of these countries have food traditions that involve the consumption of 

fermented cereal products and our FBFs are likely to be very well received in potential beneficiary countries. Secondly, a controlled intervention trial in 

potential recipients would be necessary to compare the efficacy of our novel FBFs with existing FBFs. We would anticipate a positive outcome from this trial 

due to the high dairy content of our FBF product. The knowledge generated in this project could inform other applications for the FBF product. Additional 

ingredients could be incorporated into the FBF for flavour enhancement or to amplify bioactive properties such as antioxidant, anti-inflammatory or probiotic 

effects. The FBF product could be designed to optimise the consistency and target nutritional deficiencies for the elderly, those with metabolic disorders or 

other vulnerable groups. 

 
 

 

 

 

 

 

 

 

 

 



Project Publications 

Peer-reviewed articles  

1. Shevade AV, O’Callaghan YC, O’Brien NM, O’Connor TP and Guinee TP. The proportion of fermented milk in dehydrated fermented milk parboiled wheat 

composites significantly affects their composition, pasting behaviour, and flow properties on reconstitution. Foods 7:113 (2018).  

2. Shevade AV, O’Callaghan YC, Kennedy D, O’Brien NM, O’Connor TP and Guinee TP. Cereal type significantly affects the composition and reconstitution 

characteristics of dried fermented milk-cereal composites. J Sci Food Agric 99:3097-3105 (2019).   

3. Shevade AV, O’Callaghan YC, O’Brien NM, O’Connor TP and Guinee TP. Fortified blended food base: Effect of co-fermentation time on composition, phytic 

acid content and reconstitution properties. Foods 8:388 (2019).   

4. Shevade AV, O’Callaghan YC, O’Brien NM, O’Connor TP and Guinee TP. Development of a dehydrated fortified food base from fermented milk and parboiled 

wheat, and comparison of its composition and reconstitution behaviour with those of commercial dried dairy-cereal blends. Food Sci Nutr 7:3681–3691 

(2019).  

5. O’Callaghan YC, Shevade AV, Guinee TP, O’Connor TP and O’Brien NM. Comparison of the nutritional composition of experimental fermented milk:wheat 

bulgur blends and commercially available kishk and tarhana products. Food Chem 278:110-118 (2019).   

6. Shevade AV, O’Callaghan YC, O’Brien NM, O’Connor TP and Guinee TP. Composition, reconstitution characteristics and storage stability of fortified blended 

foods prepared by co-fermentation of parboiled cereals and fermented milk. Submitted: September 2019 Popular scientific articles  

7. Guinee TP. Fortified blended foods using Irish ingredients. TResearch 10, 4 (Winter), 30-31 (2015).  


