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1. Rationale for Undertaking the Research  
 
Growing consumer demand for convenient sources of high quality protein has led to a substantial global 
market for ready-to-drink, shelf-stable dairy protein beverages. These products have significant 
technical challenges associated with their manufacture due to the high processing temperatures 
required to render them microbiologically stable. Issues arise during thermal processing and storage as 
the high protein content leaves formulations susceptible to protein denaturation and aggregation, 
development of volatile compounds with associated off-flavours, increased viscosity, and 
sedimentation. This has driven dairy processors to seek out alternative formulation approaches and 
thermal processing techniques which can minimise the thermally-induced changes in the product, while 
still achieving the required shelf life. Nutritional beverages based on milk proteins, including whey 
protein, are value-added products sometimes used within a sports training regime. The heat treatment 
of these beverages, which is necessary for shelf-life is known to cause instability that manifests as 

fouling in heat exchangers and involves protein aggregation, e.g. aggregation of -1actoglobulin with 
other proteins. As this aggregation-induced fouling has huge cost and can lead to product quality 
deterioration, technologies that reduce its occurrence are of considerable commercial interest. Pulsed 
electric fields (PEF) and ultrasound (US) were emerging technologies representing potential alternatives 
to conventional thermal processing of beverages. The aim of this project was to evaluate the impact of 
these technologies alone and in combination coupled with pressure and/or heat (ranging from 
moderate to high temperatures) on microbial inactivation and on several physico-chemical attributes of 
selected dairy beverages. Since the inception of this project the emergence of novel processing 
technologies at academic and industrial scale has exploded (particularly in the last 2 to 3 years). 
 
 
2. Research Approach  
 
Relatively few studies focused on a combined approach of investigating varied protein profiles in 
protein-enriched beverages with a range of thermal and non-thermal processing techniques. The 
objective of this research project was to investigate the impact of composition and processing 
parameters on the physical behaviour of high-protein milk beverage systems across a range of thermal 
and non-thermal treatment systems. This project proposed to investigate new technologies for heat 
processing (temperatures ≤180°C duration ≤1 s) dairy based beverages (protein concentrations ≤10%) 
namely (1) supersonic steam injection heating (SSIH, ≤180°C) and (2) cooled electrode ohmic heating 
(CEOH, ≤140°C) with the latter evaluated in the presence/absence of an additional high temperature 
pulsed electrical field (HTPEF) hurdle. SSIH generates hydrodynamic cavitation which minimises scaling, 
while CEOH generates heat within the bulk fluid with electrode cooling preventing fouling.  PEF is a 
technique which could be integrated with CEOH in a combined hurdle system with a view to sterilising 
products at lower temperatures than conventional heat processing.  While PEF is generally viewed as a 
"non-thermal" pasteurisation which inactivates vegetative cells, this project will assess its potential for 
spore inactivation when applied at higher temperatures in conjunction with CEOH.  The project 
monitored the microbial and sensory properties of model beverages after processing and project 
outputs will include fully characterised thermal processes, for processing of high protein beverages with 
good quality characteristics. 
Firstly, the technologies were design engineered and either purchased or manufactured from in-house 
knowledge. The SSIH system (Fig. 1) was built and installed in the Biofunctional Engineering Department 
in Teagasc Moorepark. The original plan for analysis of viscosity using rheometers proved very useful 
with a whole chapter and eventually a publication on a new methodology for assessing the thermal 
stability of protein beverage formulations by Dr. Clodagh Kelleher. 
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Fig. 1. SSIH process line where the main components of the line are shown; (1) steam supply and 
culinary steam filter, (2) SSIH injector, (3) holding tube, (4) flash vessel and condenser, (5) product 
return pump, (6) CIP tank, (7) control panel, and (8) vacuum pump.  
 
In UCD, thermal characterization of the continuous Pulsed Electric Field system was performed with the 
aid of fibre optic probes and Smart gaskets/thermocouples. A logging system was developed for 
temperature, flow and pressure and producing software in Labview.  Thermal inactivation kinetic data 
was generated for Bacillus subtilis spores were evaluated in both tap water and reconstituted skim milk 
powder. The results of which are described in Section 3. A 3.5 kW batch ohmic heating system was used 
for assessing conductivity at temperatures <100°C. In addition UCD has all the equipment required for 
imposing conventional physical preservation hurdles on liquids (e.g. pilot scale tubular (pasteurisation 
and UHT) (including data logging capabilities & a range of holding tubes), plate (pasteurisation) and 
steam infusion (UHT) conventional heat processing systems, an aseptic bag in box packaging system and 
also a laminar flow aseptic packaging system and appropriate refrigeration facilities). Pulsed electrical 
field rigs from Elcrak were operated in continuous and batch mode. A list of processing equipment used 
for homogenisation were high speed Silverson and 1000 W ultrasonic systems and a Niro panda 
pressure homogeniser.  
 

    
 



 4 

 
 

 

 
 
For Task 4 the Flavour chemistry Laboratory in Moorepark was pivotal in analysing samples across the 
project leading to useful volatile analysis of the products before and after treatment. The main 
equipment used in the project include gas chromatography with specialist detectors (flame ionization, 
quadrupole & ion trap mass spectrometry and pulsed flame photometric detections) and ancillary 
devices (static and dynamic head space, cryofocussing, solid phase microextraction, purge & trap and 
olfactory for aroma analysis); GCMSTQ (HS/SPME/Liq/ITEX), GCMSIT (HS/SPME/Liq), 1GCFID, 1 GCPFPD, 
GCO with Purge & Trap. The volatile analysis has been published in several of A1 publications listed later 
in this report. At UCD HPLC  was used to measure vitamin retention levels; headspace SPME–GC 
equipment for food flavour analysis, access to GC-MS facilities, visible, UV and fluorescence 
spectrophotometers for measuring enzyme activity & UV absorption and instrumental equipment for 
measuring temperature (fibre optic and thermocouple  thermometry systems and IR thermal imaging 
camera), rheology (Rheometers (Physica and Rheometrics models) and colour measurement systems 
(Minolta CR-300 and UV & visible spectrophotometers).   
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3. Research Achievements/Results  
 
Task 1: Design of model high protein beverage system, set up of equipment and staff training 
 
The SSIH, PEF and Ohmic heating technologies were successfully set-up as described in Section 2. The 
results of which has meant that since the project has finished the demand for this type of equipment at 
research and industrial level has been extensive. In Moorepark the SSIH system has been readily been 
used by students but also a substantial number of companies. Also, two PhD students and one Masters 
student graduated from funding provided by this project outlined later in Section 5. 
 
Task 2: The impact of novel food preservation treatments on microbial flora of high protein beverages 
 
When the sub-lethal injury effect of sonication and PEF were studied, it was found that higher electric 
field strength (EFS) (i.e. 32 kV/cm) resulted in increased levels of microbial inactivation most likely due 
to a potential irreversible permeabilisation of the cell membranes and loss of viability. Lower levels of 
sub-lethal injury were observed using MTS technology, suggesting an ‘all or nothing’ effect on microbial 
inactivation.  
Furthermore, an important finding of this Task was the conclusion that the innovative application of 
MTS/PEF combination in a sequence continuous system are suitable to inactivate not only certain 
vegetative bacteria, but also to maintain the nutritional attributes of various types of milks 
(homogenised and non-homogenised); as selected physical (colour, pH, conductivity and particle size), 
chemical (fat, protein, vitamin B2, vitamin B3) and enzymatic (alkaline-phosphatase, protease, lipase 
and lactoperoxidase) attributes showed similar (P > 0.05) retention/inactivation levels following 
MTS/PEF processing when compared to a conventional HTST approach, demonstrating that the 
combination of these technologies is capable of achieving similar levels of microbial inactivation when 
compared to conventional thermal processing for dairy-based beverages. This innovative MTS/PEF 
combination applied in a continuous system may be really attractive to industry as it is comparable to 
the usual continuous processing carried out in the dairy processing plants. Therefore, processors which 
have heat sensitive ingredients but need to ensure survival of the nutritional profile of the products, 
such as infant formula producers have shown real interest in these technologies. 
Note: PEF on its own or in combination with thermal treatment had no additional effect on the 
inactivation of B. subtilis endospores but did on the vegetative cells. Therefore, heat treatment still 
remained the best option for dealing with spore formers. 
 
Task 3: Assessment/comparison of aggregation in high protein beverages heat processed by 
conventional and novel food preservation methods 
 
A new purpose-built, supersonic steam injection heating (SSIH) rig was designed, fabricated and 
commissioned. The rig was integrated into an existing indirect, tubular UHT pilot plant, making use of 
the preheating and cooling system. This indirect UHT plant was used to compare conventional heating 
against the novel SSIH system, having common components between both systems increased the 
accuracy of this comparison. A range of holding times can were used for both preheating and final 
heating stages. Data logging was carried out for a number of readings on both systems. A model for 
steam consumption was developed based on measurements of temperature, pressure and flow during 
trials.  
A number of analytic methods were developed in order to characterise the structural change in dairy 
products as a result of heating. These methods were used to determine particle size distribution, 
viscosity, whey protein denaturation, accelerated storage stability, changes in product colour, heat 
stability and various other physical changes. 
Trials were carried out using both the novel and conventional heating systems to determine the 
structural change which occurs in a skim milk system. Both systems were investigated over a number of 
preheat and final heat temperature combinations. It was found that steam injection resulted in a lower 
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particle size than its convention counterpart. The preheat temperature used affected the particle size 
with the lower preheat temperature, 70°C, resulting in a lower particle size than the higher 
temperature, 85°C. Whey protein denaturation was greatly affected by the form of heating used. 
Conventional heating resulted in significantly more protein denaturation than the novel SSIH heating. 
This is likely due to the reduced heat load imparted to the product as a result of the instantaneous 
heating and cooling during the final stage of heating. There was found to be no significant difference 
between the viscosities resulting from either heating technology.  
The application of temperature dependent viscosity models was demonstrated to be a useful, rapid tool 
in quantifying differences in product processing stability. Direct heating technology was applied to ESL- 
and UHT-treated whey protein solutions with a high protein content (4, 6 and8% protein (w/w)) 
resulting in reduced protein denaturation, viscosity and less extensive changes to the volatile profile 
compared to tubular heating. Clodagh Kellehers thesis provides new insights into interactions between 
milk proteins during thermal processing which influence the physical and volatile profile stability of 
protein beverages. The outcomes of the work have applications in such areas as high heat treatment 
processing of heat-sensitive milk proteins, allowing for minimised whey protein denaturation, reduced 
viscosity through formulation manipulation, and use of novel thermal technologies. 
The degree of whey protein denaturation was shown to be influenced by the type of heat treatment 
technology employed, but also by the CN:WP ratio of the beverage formulation. It was found that an 
increased proportion of casein reduced the degree of α-la denaturation for tubular heat treated 3.3% 
(w/w) protein solutions. This trend was seen across different protein concentrations and heating 
technologies, where protein solutions with a CN:WP ratio of 80:20 had a higher level of native α-la post-
heat treatment compared to those with a ratio of 0:100. For tubular-heated protein solutions presented 
in this thesis, solutions with an 80:20 CN:WP ratio had an average of 13 times more native α-la after 
heat treatment than 0:100 solutions (Chapters 3, 4, 5 and 6). For infusion-treated protein solutions, this 
trend was still evident but the difference in native α-la between 80:20 and 0:100 protein solutions was 
reduced with 80:20 solutions retaining 2.45 times more native α-la. This is likely due to the increased 
levels of native whey protein retention achieved for both 80:20 and 0:100 protein solutions through the 
application of infusion heating (Chapter 4 and 6). For tubular-heated 80:20 protein solutions, the level of 
native α-la retained after heat treatment decreased with increasing protein concentration (p < 0.05). 
This same effect was not observed for 80:20 solutions subjected to infusion or injection heating, or for 
tubular- and infusion-treated 0:100 solutions. This indicates that tubular heating may not be an 
appropriate heating technology selection for high-protein formulations in which limiting the degree of 
α-la denaturation is a concern. 
Temperature-dependent viscosity models can now be applied to dairy protein beverages during 
laboratory-scale heating as part of a novel method of predicting thermal stability, in terms of thermally- 
induced viscosity changes. The methodology enables rapid, quantitative evaluation of viscosity-
temperature profiles, and could be used in a product development and optimisation space to ease 
determination of the processing stability of dairy protein beverage formulations. This work addressed 
recent concerns about the widespread application of the Arrhenius equation by evaluating empirical 
alternatives, i.e., Generalized Arrhenius and Exponential equations. It was found that the WLF equation, 
despite its original development for amorphous polymers, is applicable to dairy beverage systems and 
provides a superior fit to viscosity data during heating than the traditionally applied Arrhenius equation. 
The application of direct heating technologies to high-protein beverage formulations provided 
significantly reduced thermally-induced changes for both whey protein- and skim milk-based protein 
beverages (0:100 and 80:20 CN:WP ratio, respectively). For protein-enriched skim milk-based beverages 
(80:20 CN:WP), infusion technology (on average 70 and 24% of native α-la and β-lg remaining) and 
tubular heating (on average 28 and 3% of native α-la and β-lg remaining) resulted in substantially 
different levels of native whey protein. Even more striking was that novel SSIH-treatment produced 
beverages with levels of whey protein denaturation which were lower than even traditional direct steam 
infusion technology (on average 82 and 66% of native α-la and β-lg remaining).  
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Task 4: The impact of novel food preservation treatments on sensory & chemical attributes of high 
protein beverages 
 
There are a number of alternative thermal and non-thermal treatment technologies available with the 
capability of rendering food microbiologically safe and extending shelf life. These alternative 
technologies can minimise degradation of food quality and sensory attributes, making them attractive 
options for processors looking to deliver products to meet minimal processed requirements increasingly 
demanded by consumers. Direct heat treatment can be used to process challenging whey protein 
beverages with a high-protein content, achieving final product properties that are unattainable with 
traditional indirect heat treatment methods. The application of this technology to the growing high-
protein beverage market resulted in products with greater nutritional value and flavour. 
The design of the supersonic steam injection heating meant that the product received high shear rates, 
short contact time between protein particles reducing the time for aggregate bond creation and 
therefore the number of aggregates created. Higher levels of shear stress fractured the weak spots in 
large agglomerates. The reduced degree of β-lg denaturation showed a reduction in the levels of 
‘cooked’ off flavours and sulphur volatiles in the skim milk. The substantially lower levels of denatured 
whey protein in injection-heated formulations is a significant differentiating attribute (e.g. with respect 
to sensory, colloidal stability and protein quality) for the final product, compared to infusion- and 
tubular-heated formulations. 
 
Steam Infusion-treated protein beverages had a volatile profile which was closer to unheated control 
samples, than indirect-treated variants, and a significant reduction in volatile compounds associated 
with ‘off-flavours’. The application of direct heating technology has the potential to produce long shelf-
life dairy beverages with significantly reduced off-flavours and provide competitive advantage to dairy 
processors who choose to adopt the technology. Dairy processors are been made aware of these results 
at meetings in-house at Teagasc. 
 
Task 5: Performance and economic evaluation 
 
The purpose of the economic evaluation was to investigate the cost involved in the thermal processing 
of dairy-based protein beverages comparing two forms of heat treatment plants; conventional tubular 
heat exchanger and novel supersonic steam injection heating. The analysis of the technologies was 
carried out for small, medium and large production scales. In the evaluation, it was assumed that the 
preparation of the protein beverages prior to heat treatment and subsequent product handling were 
standard, regardless of the heat treatment technology employed. Therefore, the operational cost of 
product preparation (raw materials, mixing, handling, transportation, and storage) and subsequent 
processing (aseptic filling, cold storage, handling and transportation) are not considered in the cost 
analysis. The focus was purely the cost of the heat preservation operation. Three production scales were 
considered in the study, namely small (4000 L/day), medium (16000 L/day) and large (64000 L/day).  
Heat treatment technology 
Heat treatment of the protein beverage was evaluated for two UHT plants; direct and indirect.  
Indirect heat treatment was carried out using a tubular heat exchanger plant, fitted with two heat 
exchangers for heating purposes and two for cooling purposes. The pilot plant is representative of 
common conventional heat treatment technologies used in the industry today.  
Description of conventional tubular heat exchangers  
Tubular heat exchangers employ indirect heat treatment technology, meaning heat transfer is promoted 
from one fluid to another across a thermally conducting, but otherwise impermeable, interface. Indirect 
systems being those which promote heat transfer from one fluid to another across a thermally 
conducting, but otherwise impermeable, interface. Indirect heat exchangers can be used as either 
heaters or coolers and are often involved in heat regeneration and the application of pinch point 
analysis. There are a number of indirect technologies available, such as plate, tubular and scraped 
surface heat exchangers, which come in a number of designs and options as per the process 
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requirement. The form of tubular heat exchanger in the pilot plants which provided the experimental 
data for the report was a helical shell in tube heat exchanger. 
The detailed economic evaluation can be provided as a Pdf document if needed. 
 
 
Task 6: Dissemination  
 
(See Section 4b and 5) 
 
4. Impact of the Research 
 
This research project has demonstrated a multitude of processing techniques for reducing the microbial 
load in protein products while maintaining excellent nutritional and sensory attributes.  
 
 
4(a) Summary of Research Outcomes 
 

(i)  Collaborative links developed during this research 
 

• The links between the three RPO centres (i.e., Teagasc, UCD and UCC) have been strengthened 
and built upon for new ideas and projects.  

 

• Links with equipment suppliers for heat treatment systems such as Microthermics (USA) and 
novel technologies (PEF: ELCRACK, Germany) who are providing instruments and novel 
processes to the Dairy industry. 

 

• Through the PhD Viva process links with the international scientific community were developed; 
whereby for Clodagh Kelleher’s Viva the external examiner was Prof. Todor Vasiljevic from the 
University of Victoria whom was on a sabbatical trip to the Netherlands. From this engagement 
Prof. Vasiljevic has agreed that further development and even collaboration for new projects 
and co-supervision of future PhD students would be very much welcomed. 

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

adopted  
The following are a list of technologies examined extensively in the project: 

• Supersonic Steam injection heat treatment (This equipment was designed and built for 
the project (Fig. 1.)) 

• Ohmic heating 

• Pulsed electric Field 

• Ultrasonics 
 
(iii) Outcomes with economic potential  
Capability to heat treat heat sensitive milk proteins which contain high microbial loads. Some 
products (e.g. whey protein concentrate waste streams) which previously were not governed for 
microbial quality are now under Codex regulations stating that low bacterial count is essential, 
with one company having used data from this project directly to heat treat ingredients.  

 
(iv) Outcomes with national/ policy/social/environmental potential 

Social –  
Clodagh Kelleher completed her PhD last year on the efficient heat treatment of high protein beverages 
using novel heating techniques such as supersonic steam injection. Since completing her PhD, Clodagh 
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has taken up full time employment with PepsiCo in Cork. She is working in the Dairy Division on new 
protein products and on heat treatment systems which is directly related to the experience she gained 
from her PhD.  
Oliver Cregenzan Alberti completed a PhD which was part funded by an EU FP7 project (Smartmilk) and 
part funded from the present project.  His work on the present project was in microbial inactivation and 
exploring the potential for HTPEF for spore inactivation. This work is predominantly described in chapter 
7 of his thesis. His thesis also focused on PEF and US and their use in microbial inactivation in milk.  He 
stayed at UCD for a number of months following his PhD, working on Industry project for Irish SME’s and 
would have been happy to remain in Ireland but for personnel reasons had to return to Spain.  He is 
currently Technical and Production manager at AT Capselos (a company which produces 
microencapsulated products for animal feed and human food additives) in Barbastro Spain. He was 
appointed to this role on the basis of his knowledge of novel processing technologies and microbiology 
which he gained from his PhD and which he continues to use on a day to day basis. It is certain that his 
PhD helped him to take up employment. 
Vincenzo del Grippo completed a MSc on this project in the area of ohmic heating.  He has continued to 
work with Prof. Jim Lyng on ohmic heating and is now a permanent employee of UCD - he is currently 
working on the commissioning of a new ohmic heater at UCD. It is worth pointing out that Vincenzo has 
permanently moved from Italy to Ireland as a result of this project and in his role as a Food 
Technologist/Technician at UCD he continues to educate and train Irish students on our Food Science 
undergraduate programme and his expertise as a Chemical Engineer complements the expertise within 
our group. His MSc from this project equipped him with the skills to contribute to our ongoing research 
projects. 
 
Environmental potential – Ohmic heating and Non-thermal PEF and ultrasonication technologies could 
potentially be an economical method for inactivating vegetative bacterial cells in waste water streams. 
Although high temperature heat treatments would be required for inactivating spores. 
 
 
 

 
Thermal death time curves for B. subtilis endospores in (●) tap water 
and (▲) reconstituted skimmed milk matrixes. 
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4 (b)  Summary of Research Outputs 
(i) Peer-reviewed publications, International Journal/Book chapters. 

 

• Kelleher, C. M., J. A. O'Mahony, A. L. Kelly, D. J. O'Callaghan, and N. A. McCarthy. (2018a). 
Evaluation of Models for Temperature‐Dependent Viscosity Changes in Dairy Protein Beverage 
Formulations During Thermal Processing. Journal of food science 83(4):937-945. 

 

• Kelleher, C. M., J. A. O’Mahony, A. L. Kelly, D. J. O’Callaghan, K. N. Kilcawley, and N. A. McCarthy. 
(2018b). The effect of direct and indirect heat treatment on the attributes of whey protein 
beverages. International Dairy Journal 85: 144-152 

 

• Kelleher, C. M., J. T. Tobin, J. A. O'Mahony, A. L. Kelly, D. J. O'Callaghan, and N. A. McCarthy. 
(2019). A comparison of pilot-scale supersonic direct steam injection to conventional steam 
infusion and tubular heating systems for the heat treatment of protein-enriched skim milk-
based beverages. Innovative Food Science & Emerging Technologies 52: 282-290 
 

• Cregenzán-Alberti, O., Arroyo, C., Dorozko, A., Whyte, P., & Lyng, J. G. (2017). Thermal 
characterization of Bacillus subtilis endospores and a comparative study of their resistance to 
high temperature pulsed electric fields (HTPEF) and thermal-only treatments. Food Control, 73, 
1490-1498.  
 

• Cregenzán-Alberti, O., Halpin, R. M., Whyte, P., Lyng, J., & Noci, F. (2014). Suitability of ccRSM as 
a tool to predict inactivation and its kinetics for Escherichia coli, Staphylococcus aureus and 
Pseudomonas fluorescens in homogenized milk treated by manothermosonication (MTS). Food 
Control, 39, 41-48.  
 

• Cregenzán-Alberti, O., Halpin, R. M., Whyte, P., Lyng, J. G., & Noci, F. (2015). Study of the 
suitability of the central composite design to predict the inactivation kinetics by pulsed electric 
fields (PEF) in Escherichia coli, Staphylococcus aureus and Pseudomonas fluorescens in milk. 
Food and Bioproducts Processing, 95, 313-322.  
 

• Halpin, R. M., Cregenzán-Alberti, O., Whyte, P., Lyng, J. G., & Noci, F. (2013). Combined 
treatment with mild heat, manothermosonication and pulsed electric fields reduces microbial 
growth in milk. Food Control, 34(2), 364-371.  
 

• Halpin, R. M., Duffy, L., Cregenzán-Alberti, O., Lyng, J. G., & Noci, F. (2014). The effect of non-
thermal processing technologies on microbial inactivation: An investigation into sub-lethal injury 
of Escherichia coli and Pseudomonas fluorescens. Food Control, 41, 106-115. 
 

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

conferences  

• Kelleher, C.M., O’Mahony, J.A., Kelly, A.L., and O’Callaghan, D.J., Comparison of the effect of 
supersonic injection and direct heating methods on the physical characteristics of skim milk. 
IFSTI Conference 2014, Dublin, 10 – 11th December 2014. 
 

• Kelleher, C.M., O’Mahony, J.A., Kelly, A.L., and O’Callaghan, D.J., Viscosity temperature profiles 
of milk protein beverage models. 44th Annual Food Conference, Teagasc Moorepark, Cork, 14th 
December 2015. 
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• Kelleher, C.M., O’Mahony, J.A., Kelly, A.L., and O’Callaghan, D.J., Modelling the temperature-
dependence of the viscosity of model dairy protein beverage formulations of differing protein 
and carbohydrate levels. IDF Dairy Science and Technology Symposium, Dublin, 11 – 13th April 
2016. 
 

• Grippo V. Finite element method for assessing temperature and velocity profiles in fluids 
undergoing cooled electrode ohmic heating. IFSTI Conference 2014, Dublin, 10 – 11th December 
2014  
 

• Grippo V. Finite Element Method for Assessing Temperature and Velocity Profiles in Fluids 
Undergoing Cooled Electrode Ohmic Heating. IFT15 conference (Chicago July 11-14, 2015) 

 
 

(iii) National Report 
 
 

(iv) Workshops/seminars at which results were presented  
 

• A local Seminar was given to post-doctorate and post graduate students at Teagasc Moorepark 
on the benefits of novel heat treatment technologies. 

 
(v)  Intellectual Property applications/licences/patents 

 
 

(vi) Other 
 
 
 
 
 
5. Scientists trained by Project 
 
Total Number of PhD theses:       __2__ 
 
Dr. Clodagh Kelleher (2018) 
Supervisors: Noel McCarthy (Teagasc), Donal O’Callaghan (Teagasc), Seamus O’Mahony (UCC), Alan Kelly 
(UCC) 
Title: Thermal processing techniques of protein-enriched beverage production 
 
Dr. Oliver Cregenzán Alberti (2014) 
Supervisors: James Lyng, Paul Whyte, Michael O'Sullivan (UCD) 
Title: An assessment of the impact of pulsed electric fields and ultrasound on the microbial and physico-
chemical aspects of dairy-based beverages. 
 
Total Number of Masters theses:       ___1_ 
Mr. Vincenzo del Grippo (2016) 
Supervisors: James Lyng, Paul Whyte, Michael O'Sullivan (UCD) 
Title: An evaluation of the potential for cooled electrode ohmic heating in the production of high protein 
beverages 
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6. Permanent Researchers  
 

Institution Name Number of Permanent staff 
contributing to project  

Total Time contribution (person 
years) 

Teagasc 
University College 
Cork 
University College   
Dublin 

7 
2 
 
5 

 0.389 
 0.1 
 
 0.5 

Total 14 0.989 

 
 
7. Researchers Funded by DAFM 
 

Type of Researcher Number Total Time contribution (person 
years) 

Post Doctorates/Contract 
Researchers 

0 0 

PhD students 2 5.25 

Masters students 1 2.08 

Temporary researchers 0 0 

Other   

Total 3 7.33 

 
 
 
 
8. Involvement in Agri Food Graduate Development Programme 
 

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

  

Clodagh Kelleher 
 
 
 

Attended the Science Writing and Presentation 
Skills for the Agri Food Researcher module of 
the Agri Food Graduate Development 
Programme run by UCD on 22-24 Oct 2013 in 
Stillorgan Park Hotel, Dublin. 

  

Vincenzo del Grippo Attended the Science Writing and Presentation 
Skills for the Agri Food Researcher module of 
the Agri Food Graduate Development 
Programme. 
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9. Project Expenditure 
 
Total expenditure of the project:     €337,981.12 
 
Total Award by DAFM:       €356,104.00 
 
Other sources of funding including benefit in kind and/or  
cash contribution(specify):      €0 
 
 
Breakdown of Total Expenditure 

 
 
10. Leveraging 
 
UCD were able to offer Vincenzo a permanent position as a Food technologist/Technician after he 
completed his Masters programme, due to the experience he gained from this project. 
 
 
11. Future Strategies  
 
The work on Ohmic heating has continued in UCD with Prof. Jim Lyng and Mr. Vincenzo del Grippo. 
Discussions with equipment suppliers has continued to progress and in 2016 Teagasc purchased an 
industrial sized cavitation pump and plans have been put in place to now purchase an industrial scaled 
microwave heating system. This project has kept the interest in novel technologies to the fore of 
research and industrial personnel and something that will continue to be investigated. 
The rheological methodologies developed for predicting viscosity of protein beverages has been 
transferred to the EI funded DPTC project and been used extensively to predict changes in the product 
quality of industrial samples. 

Category Teagasc UCD 
Name 

Institution 3 
Name 

Institution 4 
Total 

Contract staff 0 0    

Temporary staff 0 0    

Post doctorates 0 0    

Post graduates 87,500.00 87,699.48    

Consumables 30,374.83 15,626.85    

Travel and 
subsistence 

1,323.24 4,168.17    

Sub total 119,198.07 107,494.50    

Durable equipment 0 25,034.30    

Other (Rental) 18,246.48     

Overheads 35,759.42 32,248.35    

Total 173,203.97 164,777.15    


