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S UM M A RY  
In this project novel technological strategies to reduce the addition of sugar without 
compromising product quality were investigated.  The project involved a market research on 
sugar-reduced/low sugar/no sugar cereal-based products and beverages. Those baked products 
were lighter in colour and their texture was crumblier. They had an artificial aftertaste. The 
beverages showed an artificial, sometimes a metallic aftertaste with mouth/tongue-covering 
effect.  

The two approaches to reduce added sugar taken in this project were enzyme technology and 
fermentation.   

For the natural polyol and exopolysaccharides (EPS) production using fermentation different lactic 
acid bacteria (LAB) and yeast strains were isolated from gluten-free sourdoughs resulting in 200 
LAB isolates and 40 yeast isolates, which were all screened for polyol/EPS production using HPLC 
analysis. 23% of the isolated LAB strains produced mannitol, and 17% were EPS producers. For 
further optimization genomes of four promising isolates have been sequenced and the genes 
involved in carbohydrate metabolism and genes encoding the mannitol-dehydrogenase enzyme 
were identified. Further genome analysis of Lc. citreum TR116, as the most promising strain for 
sugar reduction, led to production of a metabolic model of sugar and organic acid production.  

Furthermore, starch degrading enzymes to reduce the amount of added sugar and the total 
calories in foods was investigated Sourdough technology using TR116 as a dominant strain 
allowed the reduction of added sugar by up to 75% added sugar in bakery products. The 
application of LAB fermentation in beverages resulted in a reduction of sugar by 50% in apple 
juice.  

Enzyme technology was used to reduce sugar in bakery products and beverages. For bakery 
products an enzyme combination of 0.05% Bioinvert, 0.5% Amylo 300, 0.5% Hitempase and 
0.01% BioGox was applied. In apple juice 0.05% Bioinvert and 0.01% BioGox led to the optimal 
fermentation medium resulting in juice reduced in sugar by 50%. 
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Rationale for undertaking the Research 

Non-communicable diseases are increasing enormously. Sugar consumption is one of the main factors causing type-2-diabetes, cardiovascular disease and 

obesity. Thus, sugar intake has in recent years come under the scrutiny of both the media and of the population in general. In addition to this, the consumer 

expects foods with acceptable sensorial properties. The challenge for industry is to reduce the concentration of conventional tastants (e.g. sugar, salt etc) in 

foods while maintaining both flavour and processing parameters. In this context, the existing food science literature highlights three major areas: (i) the use of 

substitutes, (ii) action on the processing conditions and (iii) spatial modulation of a given tastant with the objective of the reducing the average tastant content 

while keeping an acceptable sensorial perception.  

When sugars are replaced by low calorie substitutes, more than just sweetness must be provided for by their replacement products. For instance, besides 

sweetness, sugar provides bulk, reduces the water activity in baked goods, acts as a humectant influencing the moisture of the finished product, and affects 

the gelatinization temperature of starches during baking, and thereby plays a significant role in the structure, volume, and tenderness of a wide variety of food 

products. These significant parameters are frequently not addressed adequately by the majority of alternative low-calorie sweeteners. These sweeteners are 

produced by chemical methods and can only be used in reconstituted foods, since they lack bulking properties, and some of them are not globally approved. 

Thus, novel technological strategies for sugar-reduction are urgently needed. 

Methodology 

Two novel technological approaches for sugar reduction and the combination of those were established: 

  

1. Fermentation technology  

Several microorganisms (MO), such as lactic acid bacteria (LAB) and yeast, are able to convert sugars into polyols. The conversion yield is strain-specific. Thus, 

LAB and yeast strains were isolated from sourdough, screened for their ability to reduce sugar and produce structure giving polysaccharides (EPS), and the 

genome of the best performing MO was sequenced to identify their metabolic pathways. Based on those results, the best performing strains were used for a 

controlled single-strain sourdough fermentation. The sourdough was characterised in depth (microbial growth, pH & TTA, metabolites, rheology) and applied 

in sugar-reduced sweet bakery products. Several analyses to determine volume, texture, structure and rheological properties of the baked products and 

doughs were performed to gain an in-depth understanding of sugar-replacement using innovative functional ingredients.  

 

2. Enzyme technology  

Starch degrading enzymes were used to increase the amount of single sugars originated from starch and reduce the amount of added sugar in the food 

products. Enzyme-treated flour was added to a range of sugar-reduced sweet bakery products (puff pastry, cakes, biscuits) to reduce the amount of added 

sugar and maintain taste and techno-functional properties. In beverages, enzymes were applied to provide the optimal media for fermentation by the 

conversion of sucrose naturally present in juice to glucose and fructose. Residual glucose was further converted to gluconic acid by the addition of glucose-

oxidase. 

  

 



Project Results 

In order to understand the role of sugar in sweet bakery products and beverages, a market research showed the loss of quality characteristics such as texture 

and sensory properties due to the reduction of sugar, while the consumers' demand for sugar-reduced products increased significantly in the last decades. 

Furthermore, the role of sugar in burger buns was investigated by reducing sugar by wheat starch as a bulking agent. A reduction of more than 30% sucrose 

caused significant changes in volume and texture, as well as sensory profile.  

Natural fermented gluten-free flours resulted in 200 LAB isolates and 40 yeast strains. The screening for polyol and EPS production showed that none of the 

yeast strains was able to produce polyols, while 23% of the isolated LAB strains produced mannitol, and 17% were EPS producers. Furthermore, the genome of 

the best performing strains was conducted. For single-strain fermentation of flour Leuconostoc citreum TR116 was used, since it converts over 80% of the 

fructose into mannitol and additionally produces EPS and represented the most promising strain for sugar reduction in bakery products. Sourdough with TR116 

was investigated in depth and fully characterised and applied in low-sugar burger buns, sugar-reduced cake, low-sugar biscuits, and no-added sugar puff 

pastry. The application of mannitol-rich sourdough as a sugar replacer showed outstanding results and the great potential of this novel technological approach 

for industry.   

The reduction of sugar in beverages, such as juices, required a combination of enzyme technology and fermentation. Using the combination of both 

technologies, sugar reduced apple juice and wort-based beverages were produced. This optimised technology provides new solutions for sugar reduction to 

industry. 

 

Section 2 - Research Outputs 

 

Summary of Benefits / Improvements of Project Findings 

Sugar reduction gained a lot of interest over the last decades due to consumers' demand for healthy foods. Furthermore, industry is constantly looking for 

solutions to reduce sugar in their products, especially in beverages and sweet bakery products, due to introduction of sugar tax and the advice of the 

government to reduce the amount of sugar by 20% by 2020. Fermentation technology using specific strains to convert sugars into polyols in combination with 

enzyme technology represents a novel technological approach without using any artificial ingredients.  

The results of the TASTY project encouraged industry to produce sugar-reduced products using enzyme technology and fermentation instead of artificial 

sweeteners. 

Summary of Staff Outputs 

Research Output Male Female Total Number 

PhD Students 2 
 

1 3 

Research Technicians/ 

Assistants 

0  4 4 

  



Summary of Academic Outputs 

Research Outputs                  Total Number Details 

 

Publications in Peer 

Reviewed Scientific 

Journals 

9 Two literature reviews:   

1. Rice, Tom, et al. "A review of polyols–biotechnological production, food applications, 

regulation, labelling and health effects." Critical reviews in food science and nutrition 

60.12 (2020): 2034-2051.  

2. Sahin, Aylin W., et al. "Sugar reduction in bakery products: Current strategies and 

sourdough technology as a potential novel approach." Food Research International 126 

(2019): 108583.  

Seven research articles:  

1. Sahin, Aylin W., Claudia Axel, and Elke K. Arendt. "Understanding the function of sugar in 

burger buns: a fundamental study." European Food Research and Technology 243.11 

(2017): 1905-1915.  

2. Sahin, A. W., Axel, C., Zannini, E., & Arendt, E. K. (2018). Xylitol, mannitol and maltitol as 

potential sucrose replacers in burger buns. Food & function, 9(4), 2201-2212.  

3. Sahin, A. W., Rice, T., Zannini, E., Axel, C., Coffey, A., Lynch, K. M., & Arendt, E. K.(2019). 

Leuconostoc citreum TR116: In-situ production of mannitol in sourdough and its 

application to reduce sugar in burger buns. International journal of food microbiology, 302, 

80-89.  

4. Sahin, A. W., Rice, T., Zannini, E., Lynch, K. M., Coffey, A., & Arendt, E. K. (2019). Sourdough 

technology as a novel approach to overcome quality losses in sugar reduced cakes. Food & 

function, 10(8), 4985-4997.  

5. Sahin, A. W., Rice, T., Zannini, E., Lynch, K. M., Coffey, A., & Arendt, E. K. (2019). The 

incorporation of sourdough in sugar-reduced biscuits: A promising strategy to improve 

techno-functional and sensory properties. European Food Research and Technology, 

245(9), 1841-1854.  

6. Rice, T., Sahin, A. W., Lynch, K. M., Arendt, E. K., & Coffey, A. (2020). Isolation, 

characterisation and exploitation of lactic acid bacteria capable of efficient conversion of 

sugars to mannitol. International Journal of Food Microbiology, 321, 108546.  

7. Rice, T., Sahin, A. W., Heitmann, M., Lynch, K. M., Jacob, F., Arendt, E. K., &Coffey, A. 

(2020). Application of mannitol producing Leuconostoc citreum TR116 to reduce sugar 

content of barley, oat and wheat malt-based worts. Food Microbiology, 103464. 

PhD Theses 2 Tom Rice:  

Characterisation of heterofermentative lactic acid bacteria and their application to beverage 

fermentations for sugar reduction  

Aylin Sahin:  

Sugar reduction in sweet bakery products: Sourdough technology as a novel technological approach 

to overcome quality loss 

Masters Theses 5 5 Erasmus students wrote their Masters Theses on sugar reduction using the approach outlined in 

the TASTY project. Four of those worked on the application in bakery products, while one Erasmus 

student worked on the isolation and characterisation of the microorganisms. 

 

Intellectual Property 

None 

 

Summary of other Project Outputs 

Project Outputs Details Total No. 

New Products Sourdough is known to be used in cereal-based products. However, the 

incorporation of sourdough into a sweet bakery product to compensate quality loss 

caused by sugar reduction is novel. This technological approach improved the 

techno-functional properties of sugar-reduced products and also maintained the 

taste due to synergistic effects between sweetness and sourness. 

1 

 

 

 



Potential Impact related to Policy, Practice and Other Impacts 

Impact Details 

Industry The outcomes of the TASTY project provides industry with a novel technological approach to reduce sugar without the 

addition of low-calorie sweeteners or a range of other functional ingredients, such as hydrocolloids or stabilisers. 

Dissemination Activities 

Activity Details 

Workshops at which results were 

presented 

Prof Arendt organized a two-day dissemination workshop “Creating value in wheat and gluten-free based bakery 

production chain” in May 2015 in Cork, Ireland. This workshop was attended by 96 people from 11 countries, 

representing universities, companies, associations and more, and was designed to disseminate research results to 

industry. The speakers came both from industry (Irish and international, e.g. Kerry, Nestle, Buehler, etc) as well as 

academia (Irish and international). The workshop was held in English and focused on the target group: SMEs (SME’s 

support association, bakery and pasta producing companies), RTD providers, consumer support association, policy 

makers, millers – and bakery ingredients suppliers. Prof Elke Arendt gave a presentation on the TASTY project. 

Workshops at which results were 

presented 

Prof Elke Arendt organized the 4th International Symposium on Gluten-Free Cereal Products and Beverages” and 

disseminated the TASTY project in form of a presentation and scientific discussions with industry and academia.  

The 4th International Symposium on Gluten-Free Cereal Products and Beverages, which took place in University College 

Cork from the 18 - 19 October 2016 under the directorship of Prof. Elke Arendt from the School of Food and Nutritional 

Sciences turned out to be a great success. 110 delegates from over 20 countries attended the Symposium. This truly 

multidisciplinary International Symposium brought together researchers and industry working in all fields relating to 

coeliac disease as well as foods and beverages designed for people requiring a gluten-free diet. The symposium was 

endorsed by the major international organisations: International Association of Cereal Chemists AACCI, International 

Association for Cereal Science and Technology ICC, German Agricultural Society (DLG), German Federation of Food 

Science and Technology (GDL) and the Coeliac Societies. 

Workshops at which results were 

presented 

Aylin Sahin (PhD student) was invited as a guest speaker at the “Forum Sauerteig IV” in Minden, Germany, organized by 

Ernst Böcker GmbH & Co. KG., where she presented the application of sourdough in sugar reduced sweet bakery 

products to overcome quality loss. 

Media Events Furthermore, the publication “Leuconostoc citreum TR116: in-situ production of mannitol in sourdough and its 

application to reduce sugar in burger buns” (Aylin W. Sahin et al.) won the internal research competition “Postgraduate 

Research Publication of the Year” organized by the School of Food and Nutritional Sciences, UCC. The competition as 

well as the award handing ceremony was exposed to the public via social media (Facebook, Instagram, website). 

Workshops at which results were 

presented 

UCC organised an internal workshop for the Cereal Science group at UCC as well as for the project partners in CIT. This 

workshop involved several topics, such as the role of sugar in cereal-based products; the challenges which are faced 

when reducing the sugar content in the product; strategies how to reduce sugar successfully; fundamental 

understanding of mannitol production using lactic acid bacteria; sourdough technology. 

Workshops at which results were 

presented 

Prof Elke Arendt organized the 7th International Symposium on Sourdough in Cork, Ireland and disseminated the TASTY 

project in form of a presentation and scientific discussions with industry and academia. Furthermore, the PhD student 

Aylin Sahin gave a presentation about the application of sourdough technology to reduce sugar in burger buns. The 

bakery industry showed high interest in the results. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Knowledge Transfer Activities 

 

Identify knowledge outputs generated during this 

project. 

• A fundamental understanding about commercially available low-sugar products 

• including the ingredients industry uses for sugar reduction  

• An in-depth knowledge about the metabolic pathway of LAB strains suitable for sugar 

reduction applications  

• Full characterisation of Leuconostoc citreum TR116  

• Optimised enzyme combination for sugar reduction in sweet bakery products and 

beverages  

• Process optimisation of upscaling process of apple juice fermentation in bioreactors in 

combination with enzyme application  

• Production processes of sugar reduced/low-sugar biscuits, cakes, burger buns and puff 

pastry using sourdough technology  

• Optimised conditions of sourdough fermentation to achieve a high fructose to mannitol 

conversion 

 

Identify any knowledge transfer activities executed 

within the project. 

• 9 pre-reviewed publications including 2 literature reviews and 7 research articles in high 

impact journals  

• 4 Workshops at which results of the TASTY project were transferred to industry and other 

universities  

• Knowledge transfer via Media advertising the published research articles  

• 19 conference abstracts accepted for oral presentation or poster presentation at various 

international conferences with a high number of international companies and universities  

• Media exposure by winning a prize for 'best internal annual publication 2019" 

List any impacts resulting from the knowledge 

transferred during the project. 

The approach to use sourdough technology to reduce sugar is novel and gained a lot of interest from 

industry as well as from other universities. This is proven by invitations from different organising 

committees to present results of the TASTY project at different conferences and workshops. 

 

Section 3 - Leveraging, Future Strategies & Reference 

Leveraging Metrics 

 

Type of Funding Resource Funding € Summary 

EU R&I programmes €1,324,436.37 PROTEIN2FOOD project. This project has received funding from the European 

Union’s Horizon 2020 research and innovation programme under grant agreement No 635727 

EU R&I programmes €324,437.10 JPI-HDHL-Longlife project. This project has received funding from the European 

Union’s H2020 Research and Innovation Programme under grant agreement No 

696300 

Non-Exchequer National 

Funding 

€546,677.99 DAFM-funded project: 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 

EU R&I programmes €621,670.00 MASTER project: This project has received funding from the European Union’s Horizon 2020 

research and innovation programme under grant agreement No 818368. 

EU R&I programmes €1,281,588.00 SmartProtein: This project has received funding from the European Union’s 

Horizon 2020 research and innovation programme under grant agreement No 

862957 

 

Future Strategies 

Using fermentation technology for sugar reduction showed the wide range of application fermentation provides. The fermentation of juices can be still 

optimised regarding flavour profile. Furthermore, specific yeast strains, which do not produce polyols could be used to improve the flavour profile of the 

prototypes produced in this project. 

 

 

 

 

 



Project Publications 

1. Rice, Tom, et al. "A review of polyols–biotechnological production, food applications, regulation, labelling and health effects." Critical reviews in food 

science and nutrition 60.12 (2020): 2034-2051.  

2. Sahin, Aylin W., et al. "Sugar reduction in bakery products: Current strategies and sourdough technology as a potential novel approach. “Food 

Research International 126 (2019): 108583. 7 research articles:  

3. Sahin, Aylin W., Claudia Axel, and Elke K. Arendt. "Understanding the function of sugar in burger buns: a fundamental study." European Food 

Research and Technology 243.11 (2017): 1905-1915.  

4. Sahin, A. W., Axel, C., Zannini, E., & Arendt, E. K. (2018). Xylitol, mannitol and maltitol as potential sucrose replacers in burger buns. Food& function, 

9(4), 2201-2212.  

5. Sahin, A. W., Rice, T., Zannini, E., Axel, C., Coffey, A., Lynch, K. M., & Arendt, E. K. (2019). Leuconostoc citreum TR116: In-situ production of mannitol 

in sourdough and its application to reduce sugar in burger buns. International journal of food microbiology, 302, 80-89.  

6. Sahin, A. W., Rice, T., Zannini, E., Lynch, K. M., Coffey, A., & Arendt, E. K. (2019). Sourdough technology as a novel approach to overcome quality 

losses in sugar-reduced cakes. Food & function, 10(8), 4985-4997.  

7. Sahin, A. W., Rice, T., Zannini, E., Lynch, K. M., Coffey, A., & Arendt, E. K. (2019). The incorporation of sourdough in sugar-reduced biscuits: A 

promising strategy to improve techno-functional and sensory properties. European Food Research and Technology, 245(9), 1841-1854. 8. Rice, T., 

Sahin, A. W., Lynch, K. M., Arendt, E. K., & Coffey, A. (2020). Isolation, characterisation and exploitation of lactic acid bacteria capable of efficient 

conversion of sugars to mannitol. International Journal of Food Microbiology, 321, 108546.  

8. Rice, T., Sahin, A. W., Heitmann, M., Lynch, K. M., Jacob, F., Arendt, E. K., & Coffey, A. (2020). Application of mannitol producing Leuconostoc citreum 

TR116 to reduce sugar content of barley, oat and wheat malt-based worts. Food Microbiology, 103464. 


