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1. Rationale for Undertaking the Research  
 
The increase in obesity-related health problems has prompted food manufacturers to develop new 
products that promote health. A major strategy has been to reduce the overall calorific density and the 
fat content of foods. The market for healthy, natural food products is growing as consumers look for 
healthier products with clinically substantiated health claims, such as reducing cholesterol, have a low 
fat content, are rich in antioxidants or dietary fibre, yet still taste as good as high-fat counterparts. 
Smoothies are high-end premium products prepared with juice, fresh fruit as well as other dairy-based 
ingredients including milk or yogurt and constitute a “superfood”. The global market for smoothies is 
projected to reach $15.7 billion by the year 2022 (“Smoothies – a Global Strategic Business Report”, 
Global Industry Analysts Inc report 2016). Main drivers include rising health consciousness, on-the-go 
consumption convenience, and taste and naturalness. Further, aggressive marketing campaigns and new 
product developments are also driving smoothies’ market growth. The United States currently 
dominates the world smoothies market but this will change as new markets are opening up across 
Europe and the BRIC countries (source: GIA Report, 2010). This project thus targets the market need for 
highly palatable low-fat products and the commercial need to innovate new dairy processing 
technologies. Consumers want low fat (or low calorific density), healthy products that taste as good as 
their full fat counterparts. Manufacturing these products is extremely difficult and conventional 
carbohydrate and lipid-based fat replacers have not been particularly successful. Smoothies are 
premium products combining liquidised/pureed fruit usually with dairy ingredients such as milk or 
yoghurt. Factors limiting the adoption of smoothies include price, limited product choice, high fat and 
sugar content and relatively poor shelf life due to phase separation. Ireland is ideally placed as both a 
major dairy and nutritional beverage producer to pioneer sustainable development of new healthy 
yoghurt-based fruit smoothie products. This project addresses the technological challenge of reducing 
fat while maintaining the rich, creamy and pleasant mouthfeel that consumers demand.  
 
 
2. Research Approach  
 
In a recently completed FIRM project on creaminess perception (06-RTD-MFRC-431), a major finding 
was that microfludizing milk alone imparted a creamier mouthfeel to both milk and yoghurt. Full 
descriptive sensory analysis was performed and demonstrated that stirred yoghurts made from this 
microfluidized milk were significantly creamier and were more shelf stabile than those produced using 
conventional homogenised milk. This project takes this concept further by developing microfludized 
milks and milk/pectin-rich mixtures to form the yoghurt base for addition of fruit-based ingredients. The 
physical and sensory properties of products made with microfluidized milk and added pectin were fully 
characterised. Yoghurt bases containing either low (1.5%) or full fat (3.5%) milk were formulated with 
mango puree to produce fruit smoothies in 20l batches. In addition, a further objective was to evaluate 
the use of pectin as a functional ingredient. The feasibility of exploiting pectin-rich fruit wastes from the 
indigenous food industry was assessed. Originally we considered using a range of different 
fruit/vegetable wastes but it was decided to focus on apple fruit pulp (pomace) since it was readily 
accessible and would enable novel process development using vacuum. Smoothie formulations were 
based on yoghurts and contained the pectin extracts and fruits such as raspberry and mango.  Smoothie 
product viscosity, stability and sensory perception (consumer acceptance) were studied. Fruit smoothies 
made of these two primary ingredients (microfluidized milk and pectin) were thus formulated, up-scaled 
to pilot plant and validated for taste and texture using a commercial consumer acceptance panel. 
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3. Research Achievements/Results  
 
Low fat yoghurt-based fruit smoothies were successfully produced to pilot scale using a combination of 
pectin and microfluidization. Consumer testing confirmed that the smoothies made using microfludised 
milk with added pectin were significantly creamier than standard products. A cost-effective process for 
producing a pectin-enriched liquid concentrate from apple pomace waste was also developed.  This 
employed the use of ultrasonic dispersion and vacuum concentration without the addition of acid or 
ethanol as used by existing processing. The end-product was a pectin-enriched liquid concentrate (9 % 
total solids). This concentrate was then added to the milks during the yoghurt manufacture. The liquid 
pectin-enriched concentrate compared favourably with conventionally purified pectin in terms of final 
smoothie viscosity, stability and consumer acceptance. 
 
 
 
4. Impact of the Research 
 
The new processing and formulation developed in this project proves the-concept that the combination 
of microfluidization and pectin can be used to produce creamier, more stable yoghurt-based smoothies. 
Outputs from this project are thus of direct benefit to the Irish dairy and food ingredient/consumer 
foods industry. A technology offer was prepared and was promoted at the next Teagasc Technology 
Gateways event: “Gateways to Novel Processing Technologies” held on 23 November 2016 in Ashtown, 
Dublin. 
 
 
 
4(a) Summary of Research Outcomes 
 

(i)  Collaborative links developed during this research 
 
Collaborative links with UCC, who performed the consumer sensory analysis were established. A new 
collaborative link with an expert on ultrasonication (Brijesh Tiwari, Teagasc, Ashtown) was also 
developed.  
 

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

 
This project developed both new products and new process strategies for manufacturing dairy-based 
fruit smoothies.  This project confirmed that the addition of pectin improves the creaminess of low-fat 
yoghurt based smoothies and that this effect is significantly enhanced by using microfluidized milk. This 
could lead to new low fat dairy-based range of healthy beverages such as fruit smoothies that are both 
highly stable and have a creamy texture. Furthermore, the new pectin extraction process and ingredient 
adds value to an existing waste stream. New dairy-based fruit smoothies (Mango and Raspberry 
flavoured) were produced at pilot scale. A new pectin-enriched liquid ingredient was also produced and 
incorporated into the smoothie products. In addition, this concentrate could be used separately as an 
ingredient, for example in jams/fruit preserves or as a natural stabiliser/texture enhancer for beverages 
in general. 

 
(iii) Outcomes with economic potential  

 
New products could be developed arising from this applied project that both exploit a natural waste 
material (apple pomace from the cider industry) and high shear processing to produce highly palatable 
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smoothie products. The new pectin extract product could be used in manufacture of jams/preserves in 
addition to improving texture and stability of yoghurt-based beverages. 
 

 (iv) Outcomes with national/ policy/social/environmental potential 
 
There are some environmental benefits associated with this project. The pectin extract developed in this 
project is derived from a natural raw material made using a more sustainable process technology, 
employing lower heat processing and no additives such as concentrated acids than in conventional 
pectin manufacture. This adds value to what is normally a waste by-product of the beverage industry.  
 
 
4 (b)  Summary of Research Outputs 
 

(i) Peer-reviewed publications, International Journal/Book chapters. 
 
None 
 

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

 
None 

(iii) National Report 
 
A Teagasc Technical Update entitled: “Nano-engineered dairy-based beverages with enhanced 
Creaminess” summarising the key features of this project has been prepared and is published on the 
Teagasc Website. This Technical update can be found here: 
https://www.teagasc.ie/media/website/publications/2015/6615-Technical-Update.pdf 
 
In addition, the following key Irish dairy companies: Glanbia, Dairygold, Kerry, Ornua and Glenisk 
Organic Yoghurt have been contacted directly, informing them of the project and attaching the update. 
 

(iv) Workshops/seminars at which results were presented  
 

 (v)  Intellectual Property applications/licences/patents 
 
Both new products (creamy low-fat smoothies) and new processes (method for pectin extraction) were 
developed in this project and these have obvious commercial application. In order to capture IP, two 
separate Invention Disclosure Forms have been prepared: 
 
Invention 1. “New fruit based smoothies produced using a combination of microfludization and pectin 
additions were creamier than those produced using conventional processing.” 
 
Invention 2. “A new cost-effective method for produce a new liquid pectin concentrate from waste 
apple (pulp) was developed.” 
 
Following extensive discussions with the Teagasc IP office, it was decided not to pursue full patent 
applications at this time as more analytical and technology development work is needed, in particular to 
characterise the liquid pectin-enriched concentrate. However, a Technology Update highlighting the 
commercially relevant results of this project has been prepared and disseminated publically via the 
Teagasc website and directly to industry contacts. 

 
 

https://www.teagasc.ie/media/website/publications/2015/6615-Technical-Update.pdf
https://www.teagasc.ie/media/website/publications/2015/6615-Technical-Update.pdf
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(vi) Other 
 
 
 
5. Scientists trained by Project 
 
As part of this pre-commercialisation project, one post-doctoral researcher was employed. This 
researchers was fully trained in pilot scale dairy manufacture, food formulation and specialised analyses 
such as advanced microscopy techniques. 
 
Total Number of PhD theses:       __0__ 
 
Total Number of Masters theses:      __0_ 
 
 
6. Permanent Researchers  
 

Institution Name Number of Permanent staff 
contributing to project  

Total Time contribution (person 
years) 

Teagasc 1 0.173 

   

   

Total 1 0.173 

 
 
7. Researchers Funded by DAFM 
 

Type of Researcher Number Total Time contribution (person 
years) 

Post Doctorates/Contract 
Researchers 

1 1.165 

PhD students   

Masters students   

Temporary researchers   

Other   

Total 1 1.165 

 
 
 
8. Involvement in Agri Food Graduate Development Programme 
 

Name of Postgraduate / contract researcher Names and Dates of modules attended 

Dr Anant Dave                                           
                                                          
 

August 2014: Post-Doctoral induction module 
(Ashtown, Dublin) 
September 2014:Advanced Scientific Writing 
Workshop (Grange, Co. Meath) 

  



 6 

9. Project Expenditure 
 
Total expenditure of the project:     €80,140.92 
 
Total Award by DAFM:       €80,140.92 
 
Other sources of funding including benefit in kind and/or  
cash contribution(specify):      € 
 
 
Breakdown of Total Expenditure 

 
 
 
10. Leveraging 
 
This project essentially proves the concept that new dairy-based fruit smoothies containing indigenous 
raw materials can be produced and will form the basis of a new commercialisation proposal for 
submission to Enterprise Ireland. 
 
 
 
11. Future Strategies  
 
Following extensive consultation with the Teagasc Technology Transfer Office, outputs with commercial 
potential from this project have been captured by two IDF’s. Results of this research project indicate 
that the new pectin extraction process (invention 2) has some promise, but more analytical work is 
required to determine the actual pectin concentration and the overall composition of the pectin extract 
before we can proceed further with IP protection. It is highly likely that the pectin-rich concentrate also 
contains polyphenolic compounds which are known to have further health benefits and this would be 
well worth investigating. There is therefore a strong case for doing further analytical work and technical 
development that could, for example, be funded through an Enterprise Ireland commercialization 
proposal. Discussions with EI are ongoing to this effect.  
 

Category Name Institution 1 Total 

Contract staff   

Temporary staff   

Post doctorates 49,708.20  

Post graduates   

Consumables 7,236.14  

Travel and subsistence 1,740.73  

Sub total 58,685.07  

Durable equipment   

Other (subcontracting) 5,429.85  

Overheads 16,026  

Total 80,140.92  


