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1. Rationale for Undertaking the Research  

 

Meat based products are often criticised for their high fat and sodium content. Despite 

being immensely popular there is not a large range of low fat and/or low salt meat 

products available in the Irish market. The sodium content in salt is commonly related to 

high blood pressure (hypertension) and increases the risk of heart disease and strokes 

This association has prompted many public health and regulatory authorities to recommend 

a reduction of sodium intake. Daily salt intakes are thought to be too high in Ireland (11.1 g 

for men or 8.5g for women) and a reduction in salt intakes to 6g/day is being sought 

(FSAI, 2011). Around 70% of the salt consumed comes from foods and about 20% of this 

comes from meat products (Safefood, 2012).  

Although the Irish food industry has had great achievements in lowering fat and salt 

content, further reductions are still required to meet the targets of healthy salt 

consumption levels. Manufacturers are constantly looking for new ways to reduce levels 

further, without compromising food safety, consumer perception and processing. As a 

result of changing lifestyles, consumers are interested in food products which require 

little or no preparation time. However, while convenience is important, consumers are more 

concerned than ever with quality, health, taste and variety.  In order to compete in a more 

demanding environment, the meat industry needs to be capable of responding rapidly to 

change and needs to innovate rapidly in order to produce the variety of new value added 

products demanded by more sophisticated consumers. High pressure processing (HPP) 

offers unique solutions for these requirements.  Although HPP destroys living cells, it does 

not degrade small molecules like vitamins and flavours and has minimal effects on the 

sensory quality of cooked meats. The effects of HPP are instantaneously and uniformly 

transmitted throughout foods regardless of their geometry or size, and has been shown to 

have particular applications for meat products. 

Sodium in meat products has a variety of functions: microbiological safety, preservation, 

taste, flavour, texture, structural integrity, nutrition, and colour. The reduction of sodium 

in meat products presents significant challenges to developing meat products maintaining 

their quality attributes in an acceptable and affordable manner. e.g. too little sodium in 

meat products can result in unstable emulsions with poor texture. HPP, is an alternative 

method for food preservation, fulfilling consumer requirements for minimally processed 

and additive-free products and inactivates pathogenic and spoilage micro-organisms at 

room temperatures, maintains sensory and nutritional properties and can contribute to the 

development of meat products with lower salt content. The use of HPP as additional post 

packaging processing did not only increase the shelf life of the reduced sodium and 

preservatives meat products but also the safety of these meat products, that is necessary 

when reducing the sodium and preservatives content in meat products. Hurdle technology 

presents vast opportunities for processing and preserving food of excellent quality. The 

objectives of this project were to reformulate traditional meat products (ham and 

frankfurters) with significantly reduced sodium and preservatives; investigate the use of 

HPP and organic acids as hurdles to control pathogens and increase shelf-life in these 

products. The impregnation of flavour on pork and chicken meat using HPP leading to 

added-value-products was also investigated. Through shelf-life extension, a reduction in 

retailer supply chain wastage of these products was achieved, improving sustainability. 
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2. Research Approach  

 

The aim of this project was to develop consumer accepted and safe processed meat 

products with significantly reduced sodium and preservatives using hurdle technology. 

Response surface methodology (RSM) was applied to reformulate popular processed meat 

products (e.g. frankfurters and cooked ham) using consumer acceptability as response 

variable to the independent variables such as HPP, salt replacers and organic acids. This 

strategy was used to address the main bottlenecks in the development of processed meat 

products with significantly low salts and preservatives, allowing major improvement in 

safety, consumer acceptability of the developed meat products with significantly reduced 

sodium and preservatives. The major objectives in this project was achieved through eight 

scientific tasks. Task 1 involved recruitment and training of staff and development of 

experimental protocols. Tasks 2 dealt with reformulation of traditional meats products 

with reduced sodium and preservatives using RSM, the response variable for the 

optimisation process for the development of the meat products was consumer 

acceptability through sensory analysis. This task also assessed the impact of changing the 

formulation of the selected meat products on survival of pathogens and spoilage bacteria. 

In Task 3 the effectiveness HP treatment as post-processing method for the elimination 

of selected pathogens and spore formers in ready-to-eat (RTE) traditional meat products 

with reduced-sodium, lower preservatives and no artificial colours or flavours was 

determined. In Task 4 the bacteriological and sensory quality on pre-and post-HHP of 

traditional RTE meat products with reduced-sodium, lower preservatives and no artificial 

colours or flavours during refrigerated storage was assessed. Task 5 dealt with enhanced 

flavour impregnation on pork and chicken by HP treatment leading to added-value-products 

with reduced-sodium, lower preservatives and no artificial colours or flavours. In this task 

the bacteriological and sensory quality on pre-and post-high-pressure treatment of these 

products was also assessed. In Task 6 the effects of different cooking methods on the 

eating quality on pre-and post-high-pressure treatment of added-value meat products with 

reduced-sodium, lower preservatives and no artificial colours or flavours was also studied. 

Cooking methods such as steam cooking, microwaving and griddling on the eating quality 

parameters (Flavour, lipid oxidation, fatty acids, texture) of pork or chicken meat samples 

flavour impregnated using HP treatment was assessed. Task 7 assessed consumer 

acceptability of the developed meat products with reduced-sodium, lower preservatives 

and no artificial colours or flavours. Task 8 dealt with extensive dissemination of project 

results to the Irish meat processing industry and global academic and industry community 

through publication of scientific papers, conference presentations, pilot trials and 

demonstrations. Overall, this research approach adequately addressed the current demand 

of the market for healthy food (foods with reduced sodium and preservatives) and the 

demand of consumers and producers for safer processed meat products with reduced salt 

content. 
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3. Research Achievements/Results  

 

Response Surface Methodology (RSM) was successfully used to develop and optimise 

reformulation of consumer accepted processed meat products (e.g. frankfurters and 

cooked ham) with significantly lower salt content. The main independent factor that 

significantly influenced the quality and sensory response variables of the processed meat 

products was salt replacement. In general, quality parameters of the processed meat 

products such as pH, cook loss, sliceability, expressible moisture, TEF, colour, texture and 

sensory attributes were not significantly affected when NaCl was partially replaced (50%) 

with Artisalt™ (a salt replacer) compared to control samples. The optimisation process 

maximising the Overall Sensory Acceptability (OSA) indicated that the best formulation 

to obtain low-salt cooked ham was: Salt replacer Artisalt™ (53%), HPP (535 MPa) and 

concentration of Inbac™ (0.3%) while for frankfurters the optimum formulation and 

processing parameters were: Salt replacer ArtisaltTM (48%), HPP (580MPa) and 

concentration of Inbac™ (0.3%).  The validation process indicated that the observed 

responses were found to be quite similar to the predicted values for the OSA optimised 

low salt processed meat products indicating that the model obtained accurately predicted 

changes on the OSA of the cooked ham or frankfurters. Therefore, a 53% added salt 

reduction in the cooked hams from 2.6% to 1.4% was achieved while for frankfurters a 

48% added salt reduction was achieved reducing the total salt content from 2.5% to 1.3% 

in the cooked frankfurters. This significantly salt reduction in processed meat products 

without compromising the physicochemical or sensory quality and enhanced safety of these 

products were achieved through the use of salt replacer Artisalt™ which contains flavour 

enhancers along with the application of HPP and Inbac™ (a mix of organic acids) as 

hurdles.  

Assessment of the impact of new formulations on the micro-organisms at a phenotypic and 

molecular level in frankfurters was also carried out. At phenotypic level HPP significantly 

reduced Listeria in both control and reformulated meat products and a synergetic effect 

between organic acids and HPP was observed. HPP at both 580 and 480 completely 

eliminated Salmonella spp. from both the control and reformulated frankfurters. These 

findings indicate that HPP is a technology successful in inhibiting microbial spoilage and 

should be considered as a post packaging treatment option for meat products, thereby 

reducing the requirement of high salt levels in ready-to-eat (RTE) meat products.  

The hurdle approach used (a combination of HPP and organic acids) extended significantly 

the shelf life of low salt frankfurters or cooked ham by 73% or 51 %, respectively, 

compared to control samples, indicating the potential utility of the hurdle strategy for 

improving the shelf-life and safety of low-salt processed meat products and compensate 

the loss of safety due to salt reduction.  

Added value meat products with a high yield, good physicochemical and sensory quality and 

enhanced shelf life was also produced. Marinades add value to meat products such as 

chicken and pork chops which some consumers usually class as bland or flavourless; 

however, marinated meat products had short shelf lives. Nevertheless, when HPP was 

applied to marinated meat products, it not only increased the yield but also extended the 

shelf life significantly. HPP is well known to negatively affect the colour of raw meat 
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products. However, the sensory results showed that HPP meat products were not found to 

be less acceptable in terms of appearance which was due to the masking effects of the 

marinade. The highest pressure level (500MPa) resulted in a tougher meat and this result 

was reflected in the sensory analysis as these products were preferred the least in terms 

of texture and tenderness. Interestingly, there were no significant differences in the 

overall sensory acceptability (OSA) between the control and raw meat HPP at 300, 4000 

or 500 MPa. This may be due to the fact that the flavour was preferred in the higher 

pressure pork chops (400MPa and 500MPa) but texture was preferred in the control and 

marinated pork chops HPP at 300MPa. In this case, OSA was a compromise between 

flavour and texture resulting in all treatments having similar values for OSA. A 30 days’ 

shelf life extension was obtained in marinated pork chops that were HPP at 500MPa 

compared to control samples. Over the storage time, the tenderness and liking of texture 

in all treatments was increased; however, no significant differences were found in terms 

of OSA. The evidence presented here suggests the great potential of HPP to produce 

higher yield added value products with enhanced shelf life and safety. Two commonly used 

cooking methods (steaming and grilling) were examined to determine which method 

resulted in added value marinated meat products with better physicochemical and sensory 

quality. The results showed that steam cooking resulted in a softer, juicier, more tender 

meat with higher sensory acceptability, however; in regards to saturated fat content the 

grilled chop had a lower content. This suggests that steaming is the best method of 

cooking marinated HPP meat products and also provides convenience to consumers as the 

marinated meat products are steamed in their final packaging. 

The consumer study results showed that the consumers liked the developed products just 

as much as the commercial products, and in some cases they were even preferred, 

especially in terms of appearance and saltiness. Overall, the optimized low-salt ham and 

frankfurters performed to consumer expectations.  

The cost of implementing the use of HP at industrial level was estimated to increase the 

cost of the product by 40-50 cent €/kg, which isn’t a significant increase in order to 

manufacture product with enhanced shelf life and safety. 
 
 

4. Impact of the Research 

 

The sodium content in salt is commonly related to high blood pressure (hypertension) and 

increases the risk of heart disease and strokes and this association has prompted many 

public health and regulatory authorities such as the FSAI to recommend a reduction of 

sodium intake. Around 70% of the salt consumed comes from foods and about 20% of this 

comes from meat products (Safefood, 2012). In processed meat products, salt provides 

essential functions as it affects flavour, preservation, safety, texture characteristics and 

consumer acceptability. Moreover, salt activates proteins to increase hydration and water-

binding capacity; it increases the binding properties of proteins to improve texture and it 

is essential for flavour. Thus salt reduction in processed meat products is challenging as 

quality of the final product can be compromised and also due to the preservation 

properties of salt, when salt is reduced in meat products, the safety and shelf-life can 

also be compromised. Therefore, processed meat manufacturers are constantly looking for 
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new ways to reduce salt levels further, without compromising food safety, consumer 

perception and processing.  

In this project we used a novel approach which showed great potential in salt reduction in 

processed meat products.  The hurdle approach used (a combination of HPP and organic 

acids to enhance the safety of the salt reduced meat products) and the use of RSM to 

optimise salt replacers, HPP and antimicrobials for the development of sensory accepted 

low-salt frankfurters and ham with enhanced safety & shelf life. The developed products 

were similar and/or better after 48% or 53% of Sodium Chloride (NaCl) was replaced with 

Artisalt™ in the manufacture of frankfurters and cooked ham, respectively. The hurdles 

applied (HPP & a mix of organic acids) extended significantly the shelf life of the 

processed meat products compared to control samples. 

These results showed the potential of HPP at commercially feasible levels to facilitate 

product reformulation with reduced salt levels on processed meats, while maintaining 

microbiological stability and safety. This will support innovation in the processed meat 

sector for the manufacture of healthier processed meats. 
 
 

4(a) Summary of Research Outcomes 

 

(i)  Collaborative links developed during this research 

During the lifespan of this research project, collaborative links with The Agri-Food & 

Biosciences Institute (AFBI), Northern Ireland and HPP Tolling, Ltd were developed and 

this collaboration is ongoing. 
 

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

and/or adopted  

Processed meat manufacturers are constantly looking for ways to manufacture salt 

reduced products without compromising on quality, safety or consumer acceptability. Also 

consumers are becoming increasingly health conscience and are choosing foods lower in 

salt, especially in regards to processed meat which is well known to contain high amounts.  

The results of this research project are not only just of commercial and processing 

interest, but also of public health significance. In this project we used a novel approach 

which showed great potential in salt reduction in processed meat products.  The hurdle 

approach used (a combination of HPP and organic acids to enhance the safety of the salt 

reduced meat products) and the use of RSM to optimise salt replacers, HPP and 

antimicrobials for the development of sensory accepted low-salt frankfurters and cooked 

ham with enhanced safety & shelf life. The hurdles applied (HPP & a mix of organic acids) 

extended significantly the shelf life of the processed meat products compared to control 

samples which contain high amounts of salt. Similarly, HPP was used to enhance not only 

safety and shelf life of marinated meat products but also accelerate flavoured marinade 

impregnation in fresh meat products leading to added-value- meat products with reduced-

sodium and preservatives and no artificial colours and maintaining or improving the eating 

quality of meat products. These results showed the potential of HPP at commercially 

feasible levels to facilitate product reformulation with reduced salt levels on processed 

meat products, while maintaining microbiological stability and safety. This will support 
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innovation in the processed meat sector for the manufacture of healthier processed meats 

as this approach can also be used to other processed meat products. 
 

(iii) Outcomes with economic potential  

Salt plays a critical role in processed meat products as it affects flavour, preservation, 

safety, texture characteristics and consumer acceptability. High salt consumption has 

been largely associated with cardiovascular disease. The current trend is to reduce salt in 

processed foods whenever possible without compromising the quality & safety. There is an 

ever increasing demand in the meat industry for products which are lower in salt, 

preservatives, fat and calories whilst maintaining good-quality products in regards to 

physicochemical, nutritional, sensory characteristics. There is also a demand for minimally 

processed foods using novel processing treatments such as HPP. It has been well 

documented that high pressure processing maintains the sensorial and nutritional 

properties of cooked food products. HPP can also extend the shelf life by controlling the 

growth of both spoilage and pathogenic bacteria. This project develop a low-salt cooked 

ham and frankfurters using RSM while maintaining the sensory and physiochemical quality 

associated with this kind of products using salt replacers, HPP and a mix of organic acids. 

The developed low salt products not only were accepted by the consumer but also they had 

increased safety and shelf life compared to control samples which contained relatively 

high salt content. The developed products also increased sustainability of the production 

of these products due to reduced food waste. The experimental procedures and 

mathematical models developed in this project provide the food industry and regulatory 

authorities with novel processing technologies to enhance the safety and shelf life of low 

salt processed meat products.  

The results found in this task would be of great interest to meat companies and also 

consumers who require convenient products and with longer shelf life. Meat companies are 

constantly searching for new products which will have high consumer acceptability and 

enhanced shelf life. By extending the shelf life of these products, food waste is also 

reduced which benefits the environment and sustainability of food production.  The WHO 

recommend salt intake of <5g per day. The marinade contains 4% salt and the highest 

pressure level 500MPa resulted in a 2.9% marinade absorption which would result in a very 

low final salt content. Added value meat products such as marinated pork chops are 

popular consumer products. This product is HPP and also oven cooked in its final packaging 

containing the marinade making this is an extremely convenient product for consumer use.  

To the best of our knowledge, very few studies have been carried out which examine the 

effect of HPP on the marinade absorption of added value meat products such as pork 

chops, and their subsequent shelf life have been carried out before. Herein we have 

demonstrated that this relatively novel processing method can increase the yield/marinade 

absorption and extend the shelf life significantly without compromising physicochemical or 

sensory quality. 
 

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

While there are a huge number of publications on salt reduction on processed meat 

products, it is surprisingly to find out that salt reduction using RSM and hurdle technology 

for the purposes of extending the shelf-life or improving the safety of actual low salt 



 8 

processed meat products is surprisingly small. The publications generated in this project 

add to the publications on novel processing technologies and the application of these novel 

processing technologies and hurdle technology to extend the shelf life and safety of low 

salt processed meat products. Similarly, limited or no studies on the use of HPP for 

enhancement of impregnation of flavours on meat products leading to added-value-

products with reduced-sodium and preservatives and no artificial colours are currently in 

the scientific literature. In this research, it was demonstrated that HPP not only can 

accelerate flavoured marinade impregnation but also enhance safety and shelf life of 

these products maintaining or improving the eating quality of meat products. In addition, 

the use of these techniques have been made it possible to broaden the processing 

analytical capabilities of the research group, allowing real processed meat products such 

as raw meat products and cooked meat products such as ham and frankfurters with 

significantly low salt to be developed and the safety and shelf life of the developed 

products outperformed to samples that contained high concentrations of salt as 

preservative. The RSM models developed and the hurdle technology applied in this project 

for salt reduction purposes and enhanced safety of the low salt meat products have wide 

range applications in the food industry. Through shelf-life extension of the low salt 

products, a reduction in retailer supply chain wastage of these products can be achieved, 

improving sustainability. The outcomes of the HP-RTE meat project have strong strategic 

impact on: 1) the processed meat industry, 2) Novel processing industry, 3) sustainability, 

4) technology development, 5) food safety and public health, 6) society, 7) education and 

training of young scientists, and obviously 8) science. 

 

 

 4 (b)  Summary of Research Outputs 

 

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

 

O’Flynn, C.C., Cruz-Romero, M.C., Troy, D.J., Mullen. A.M. and Kerry, J.P. (2014). The 

application of high-pressure treatment in the reduction of salt levels in reduced-

phosphate breakfast sausages. Meat Science 96, 1266-1274. 

O’Flynn, C.C., Cruz-Romero, M.C., Troy, D.J., Mullen. A.M. and Kerry, J.P. (2014). The 

application of high-pressure treatment in the reduction of phosphate levels in breakfast 

sausages. Meat Science 96, 633-639. 

Molinaro, S., Cruz-Romero, M., Sensidoni, A, Morris, M., Lagazio, C. and Kerry, J.P. (2015). 

Combination of high-pressure treatment, mild heating and holding time effects as a means 

of improving the barrier properties of gelatin-based packaging films using response 

surface modelling. Innovative Food Science and Emerging Technologies 30, 15-23. 

Morris, M.A., Padmanabhan, S.C., Cruz-Romero, M.C., Cummins, E. and Kerry J.P. (2017). 

Development of active, nanoparticle, antimicrobial technologies for muscle based packaging 

applications. Meat Science 132, 163-178 

Clarke, D., Tyuftin, A.A., Cruz-Romero, M.C., Bolton, D., Fanning S., Pankaj S.K., Bueno-

Ferrer, C., Cullen, P.J. and Kerry, J.P. (2017). Surface attachment of active antimicrobial 

coatings onto conventional plastic-based laminates and performance assessment of these 
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materials on the storage life of vacuum packaged beef sub-primals. Food Microbiology 62, 

196-201. 

Hannon, J., Kerry, J., Morris, M., Cruz-Romero, M., Azlin-Hasim, S., and Cummins, E. (2017). 

Kinetic desorption models for the release of nanosilver from an experimental nanosilver 

coating on polystyrene food packaging. Innovative Food Science and Emerging Technologies 

44, 149-158. 

Sullivan, D., Cruz-Romero, M.C, Azlin-Hasim, S., Kerry, J.P and Morris, M.A. (2017). Natural 

antimicrobials for use in food packaging.  In Atul Tiwari (Ed.), Handbook of Antimicrobial 

coatings (pp. 181-234).Oxford: Elsevier Inc.  

Cruz-Romero, M.C. and Kerry, J.P (2017). Packaging systems and materials used for meat 

products with particular emphasis on the use of oxygen scavenging systems.  In Enda 

Cummins and James Lyng (Eds), Emerging technologies in meat processing (pp. 229-259). 

Oxford: Wiley-Blackwell. 

O’Neill, C.M., Cruz‐Romero, M.C., Duffy, G. and Kerry, J.P. (2018). The application of 

response surface methodology for the development of sensory accepted low-salt cooked 

ham using high pressure processing and a mix of organic acids. Innovative Food Science 

and Emerging Technologies 45, 401-411.  

O’Neill, C.M., Cruz‐Romero, M.C., Duffy, G. and Kerry, J.P. (2018). Shelf life extension of 

vacuum-packed salt reduced frankfurters and cooked ham through the combined 

application of high pressure processing and organic acids. Food Packaging and Shelf life, 

17, 120-128. 

O’Neill, C.M., Cruz‐Romero, M.C., Duffy, G. and Kerry, J.P. (2019). Comparative study on the 

acceptability and consumer appeal of commercial products and research optimised low-salt 

frankfurters and cooked ham manufactured using high pressure processing and organic 

acids. European Food Research and Technology. DOI https://doi.org/10.1007/s00217-018-

3213-2 

O’Neill, C.M., Cruz‐Romero, M.C., Duffy, G. and Kerry, J.P. (2018). Comparative effect of 

different cooking methods on the physicochemical and sensory characteristics of high 

pressure processed marinated pork chops. Innovative Food Science and Emerging 

Technologies (Under Review). 

O’Neill, C.M., Cruz‐Romero, M.C., Duffy, G. and Kerry, J.P. (2018). The application of 

response surface methodology for development of sensory-acceptable, low-salt, shelf-

stable frankfurters using high pressure processing and a mix of organic acids. European 

Food Research and Technology (Under Review).   

O’Neill, C.M., Cruz‐Romero, M.C., Duffy, G. and Kerry, J.P. (2018). Improving marinade 

absorption and shelf life of marinated pork chops through the application of high pressure 

processing as a hurdle. Food Packaging and Shelf life (Under Review) 

 

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

at conferences  

Reduce salt, nitrates, and increase shelf life. What’s not to love? International Magazine 

for the Meat and Poultry Industry. Meat Packing Journal 2017, 4(3): 52-55.  

Cruz-Romero, M. and Kerry, J.P. (2017). Potential applications of smart packaging systems 

to bakery products. Baking Europe Winter 2017: 24-30. 

https://doi.org/10.1007/s00217-018-3213-2
https://doi.org/10.1007/s00217-018-3213-2
https://doi.org/10.1007/s00217-018-3213-2
https://doi.org/10.1007/s00217-018-3213-2
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Cruz-Romero, M., Forde, E.E., Mullen, A.M. and Kerry, J.P. (2014). A combination of high-

pressure and mild heat treatment effects of on the quality and safety of pork meat during 

refrigerated storage. 8th International Conference on High Pressure Bioscience and 

Biotechnology. July 15th – 18th, 2014, Nantes, France. 

Molinaro, S., Cruz-Romero, M., and Kerry, J.. (2014). The use of a combination of high 

pressure and mild heating treatment to improve barrier properties of gelatin-based 

packaging films. 8th International Conference on High Pressure Bioscience and 

Biotechnology. July 15th – 18th, 2014, Nantes, France. 

Cruz-Romero, M., Erdílal, R., Mullen A.M. and Kerry, J.P. (2015). Combined effects of high 

pressure processing and mild heat treatment on the microbiological and physicochemical, 

characteristics of a convenience chicken meal. 29th EFFoST conference, November 10-12, 

2015, Athens, Greece. 

O’Neill, C.M., Cruz‐Romero, M.C., Duffy, G. and Kerry, J.P. (2015). The application of 

response surface methodology in the development of low‐salt content frankfurters using 

high pressure processing and organic acids as hurdles. 29th EFFoST conference, November 

10-12, 2015, Athens, Greece.   

O’Neill, C.M., Cruz‐Romero, M.C., Duffy, G. and Kerry, J.P. (2015). Response surface 

methodology applied to salt reduction on frankfurters using high pressure treatment. 29th 

EFFoST conference, November 10-12, 2015, Athens, Greece. 

McCarthy, G., O’Neill, C., Cruz-Romero, M., Patterson, M. and Duffy G. (2016).  

Investigation the effect of an organic acid mixture in combination with high pressure 

processing on spoilage microorganisms and pathogens during chilled vacuum-packaged of 

salt reduced frankfurters. IUFoST 2016 Dublin –the 18th World Congress of Food 

Science and Technology, Co.Dublin, Ireland. 

O’Neill, C.M., Cruz‐Romero, M.C., Duffy, G. and Kerry, J.P. (2016). Application of response 

surface methodology for the development of low salt hams using high pressure processing 

and organic acids as hurdles. 18th World Congress of Food Science and Technology, 

IUFOST 2016, August 21st-25th, Dublin, Ireland. 

O’Neill, C.M., Cruz‐Romero, M.C., Duffy, G. and Kerry, J.P. (2017). The use of hurdle 

technology for the development of consumer accepted low-salt ham with enhanced shelf 

life. 63th International Congress of Meat Science & Technology, August 13th-18th, 2017, 

Cork, Ireland. 

O’Sullivan, M.G., Cruz‐Romero, M. and Kerry, J.P. (2017). Affective and descriptive (novel) 

sensory and physicochemical comparison of traditional bone-in dry-aged beef loin. 63th 

International Congress of Meat Science & Technology, August 13th-18th, 2017, Cork, 

Ireland. 

 

(iii) National Report 
 
 

(iv) Workshops/seminars at which results were presented  

Cruz-Romero, M. Exhibitor in Novel Processing Technologies at the Prepared Consumer 

Foods Innovation Gateways, 3rd  June 2015, Teagasc Food Research Centre, Ashtown, 

Dublin. Available at 

http://www.teagasc.ie/events/2015/documents/Final_Programme_of_Exhibitors-

http://www.teagasc.ie/events/2015/documents/Final_Programme_of_Exhibitors-PCF_Gateways.pdf
http://www.teagasc.ie/events/2015/documents/Final_Programme_of_Exhibitors-PCF_Gateways.pdf
http://www.teagasc.ie/events/2015/documents/Final_Programme_of_Exhibitors-PCF_Gateways.pdf
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PCF_Gateways.pdf and 

http://www.teagasc.ie/events/2015/documents/Final_Technology_Portfolio-

PCF_Gateways.pdf  

Cruz-Romero, M.C., Hadbi, P-M., Duffy, G. and Kerry, J.P. 2015. Comparative effect of 

microwave or steam cooking on the physicochemical characteristics of marinated chicken 

using high pressure treatment. 2015 International Nonthermal Processing workshop. 

November 12-13, 2015, Athens, Greece. 

Duffy, G. 2015. Demonstration of reformulated HPP frankfurters for enhanced safety and 

shelf life. Teagasc /UCC Gateway Event at December 10th Teagasc Fermoy. 

Duffy, G. (2016) Demonstration of reformulated HPP frankfurters for enhanced safety 

and shelf life Teagasc Gateway Event at IUFoST 2016 Dublin –the 18th World Congress of 

Food Science and Technology, Co.Dublin, Ireland. August 21 to 25th 2016. 

McCarthy, G.,  O’Neill, C.M.,  Cruz-Romero, M.C. Kerry, J.P. and Duffy G.  2017. The impact 

of High Pressure Processing on inactivation of micro-organisms in reformulated processed 

meats. Industry Workshop on HPP at UCC, June 23rd , 2017. 

O’Neill, C.M., Cruz‐Romero, M.C., Duffy, G. and Kerry, J.P. 2017. The application of hurdle 

technology (high pressure processing and organic acids) for the development of salt 

reduced processed meat products with enhanced safety. Industry workshop on HPP at 

UCC, June 23rd, 2017. 

Cruz‐Romero, M.C., Duffy, G. and Kerry, J.P. 2017. Effects of high-pressure treatment and 

different cooking methods on the physicochemical characteristics of marinated chicken.  

Industry workshop on HPP at UCC, June 23rd, 2017. 

Duffy, G. High Pressure-Temperature (HPT) processing for inactivation of spores in ready 

to eat meals. Industry workshop on HPP at UCC, June 23rd, 2017. 

 

(v)  Intellectual Property applications/licences/patents 

IDF-17-42. “Impregnation of flavour components by High Pressure treatment on meat 

products” 
 

(vi) Other 

 

 

5. Scientists trained by Project 

 

Total Number of PhD theses:       _1___ 

 

Ciara O’Neill, University College Cork, High Pressure Processing as a Hurdle Technology for 

development of Consumer-Accepted Low-Salt Processed Meat Products with Enhanced 

Safety and Shelf-Life. Submitted on June 2018.   
 

http://www.teagasc.ie/events/2015/documents/Final_Programme_of_Exhibitors-PCF_Gateways.pdf
http://www.teagasc.ie/events/2015/documents/Final_Programme_of_Exhibitors-PCF_Gateways.pdf
http://www.teagasc.ie/events/2015/documents/Final_Technology_Portfolio-PCF_Gateways.pdf
http://www.teagasc.ie/events/2015/documents/Final_Technology_Portfolio-PCF_Gateways.pdf
http://www.teagasc.ie/events/2015/documents/Final_Technology_Portfolio-PCF_Gateways.pdf
http://www.teagasc.ie/events/2015/documents/Final_Technology_Portfolio-PCF_Gateways.pdf
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6. Permanent Researchers  

 

Institution Name Number of Permanent staff 

contributing to project  

Total Time contribution (person 

years) 

UCC 2 0.70 

Teagasc 1 0.42 

Total 2 1.12 

 
 
 

7. Researchers Funded by DAFM 

 

Type of Researcher Number Total Time contribution (person 

years) 

Post Doctorates/Contract 

Researchers 

2 3.76 

PhD students 1 4.00 

Masters students   

Temporary researchers   

Other   

Total 3 7.76 

 

 

8. Involvement in Agri Food Graduate Development Programme 

 

Name of Postgraduate / contract 

researcher 

Names and Dates of modules attended 

Ciara O’Neill Next Generation Food Formulation 22-

24 March, 2017 

  

 

 

 

9. Project Expenditure 

 

Total expenditure of the project:     € 459,497 

 

Total Award by DAFM:      € 496,818 

 

Other sources of funding including benefit in kind and/or  

cash contribution(specify):      € - 
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Breakdown of Total Expenditure 

 

 

10. Leveraging 

 

Teagasc secured EU 2020 funding: Deployment of High Pressure and Temperature food 

processing for suitable, safe and nutritious food with fresh-like quality. Grant agreement 

n° 635643. 

 

11. Future Strategies  

 

HPP is one of the few novel processing technologies applied at industrial scale and its 

application is growing around the globe. The developed processed meat products with 

significantly lower salt content realized here have significant commercial potential and 

provides a framework upon which future research on the application of HPP in processed 

and fresh meat products can be based.  RSM have shown to be a powerful tool that can be 

successfully used to develop low-salt, low-fat, low-sugar food products. The interest of 

Irish companies to increase the shelf life and safety of food products have also opened 

opportunities for the application of HPP. HPP has the potential to enhance the shelf life of 

food products and the application of these technology not only to processed meat products 

open opportunities on the application of this technology to enhance safety of food 

products. During the life span of this project, considerable know-how was gained and HPP 

technology was not only applied to processed meat products but also to a variety of food 

products (among others:  soups, juices, sport drinks, RTE foods such as humus, dips, etc). 

The knowledge gained in this project has allowed us to engage with the food industry and a 

potential collaboration between the Food Packaging Group in UCC and Irish Food companies 

Category UCC 
Teagasc 

AFRC 

Name 

Institution 3 

Name 

Institution 4 
Total 

Contract staff 107,569 86,439   194,008 

Temporary staff - -    

Post doctorates - -    

Post graduates 87,080 -   87,080 

Consumables 27,262 22,738   50,000 

Travel and 

subsistence 
13,429 8,779   22,207 

Sub total 235,340 120,389    

Durable 

equipment 
1,129    1,129 

Other      

Overheads 69,686 36,117   105,073 

Total 306,154 156,505   459,497 
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on the application of HPP as a hurdle to enhance the safety and shelf life of food products 

is under discussion. The knowledge gained in this project has allowed us also to develop 

collaboration links with HPP Tolling Ltd who have an industrial high pressure processing 

unit which can help in scaling up processes developed at lab scale and this collaboration is 

ongoing. However, we recognize that commercialization is complex and can be difficult and 

requires expert input.  To this effect we have or will carry out the following steps. 

1. Apply to Enterprise Ireland funding for a feasibility study.  This study will help us 

to identify opportunities, markets, roadblocks and strategies.   

2. Develop examples of consumer accepted low salt processed meat products and 

supply these products to potential customers for external validation. 

3. Assess spin-out opportunities. 

4. Seek secondary government and private funding for commercialization. 
 


