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S UM M A RY  
The over-arching objective of this project was to study the impact of novel processing 
technologies, in particular high pressure processing (HPP) and ultrasonication, on nutritional, 
bioactivity, quality and safety of Irish potato cultivars, while inactivating the polyphenol oxidase 
(PPO). PPO is the enzyme responsible for browning in cut/peeled potatoes.  

The HPP treatment (600 MPa for 3 min) significantly inhibited PPO on whole and minimally 
processed (peeled & cut) potatoes. Ultrasonication at 20 KHz (200 W) reduced the activity of 
PPO significantly in the minimally processed potatoes, but not at the same magnitude as the HPP. 
A combination of ultrasonication and microwave technologies inhibited PPO activity by 40%, 
while the HPP+ ultrasonication by ~80%. Irrespective of novel processing treatments, either on 
stand alone or in combination, on the whole and peeled potatoes, there was, in general, no 
statistically significant difference on the total phenolic content, glycoalkaloids and radical 
scavenging activities, glycaemic indices (GI) as well as the starch retrogradation between the 
treated and untreated potatoes. Interestingly, the HPP at 600 MPa for 3 min also showed to be 
an efficient decontaminant processing on its own, and lesser in combination with the 
ultrasonication. The use of interventions such as the addition of fat, the amount and type of fat, 
fat or pre-treating of the samples with HPP had no significant impact on GI and carbohydrate 
parameters. Certain fibres (pectin and HPMC) were found to have a lowering effect on the GI and 
carbohydrate parameters of the potato sample, while inulin had no effect on any of the 
parameters.  

The project has thus enhanced the knowledge of alternate processing techniques that are not 
only useful for PPO inhibitions but also to extend the shelf life, which can be exploited by the 
potato processors along with the consumers’ confidence on nutritional consistency and safety. 
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Section 1 - Research Approach & Results 

Start Date 

01 October 2018 

End Date 

30 November 2020 

Research Programme 

Food Institutional Research Measure 

TRL Scale  

TRL 3: Experimental Proof of Concept 

NRPE Priority area 

Processing technologies and novel materials  

Total DAFM Award 

€199,988.64 

Total Project Expenditure 

€184,397.08 

Rationale for undertaking the Research  

Potatoes are considered a staple nutritional diet worldwide and one of the richest sources of antioxidants in the human diet. Recent reports of the Irish 

Farmers’ Association have shown that there is an increased sale of ready-to-eat processed potatoes in Ireland. Though processing extends shelf life, it affects 

the stability and levels of bioactive compounds, vitamins, and minerals. The loss of these bioactive compounds along with other micro-nutrients (vitamins and 

minerals) is a major concern for food processors during food processing operations and subsequent storage of food products. Another key problem in 

industrial potato processing is the ‘browning’ of peeled and cut potatoes initiated by the enzyme polyphenol oxidase. Current industrial practice is the usage of 

sulphites (E220-228) to prevent browning. However, the sulphites-usage has raised health concerns and the influence of sulphites on bioactive contents has 

been poorly documented. Furthermore, potato consumption has been associated with risk of type 2 diabetes and obesity mainly due to its high carbohydrate 

levels and consequently high glycaemic load (GL). However, recent reviews present conflicting results regarding potato consumption and the risk of type 2 

diabetes, obesity and cardio-metabolic health. Specifically, studies have shown that glycaemic index (GI) values decrease when cooking is followed by cooling, 

while they are greatly influenced by the cultivar. Novel technologies, which have potentials for future food processing, may serve better alternatives in 

retention of bioactive compounds and minimisation or elimination of anti-nutrients and browning in potatoes. 

Methodology 

ProcessPotato project was undertaken by a multidisciplinary team bringing together all the relevant skills in processing technologies, chemical, functional and 

microbiological characterisation to underpin the safety and quality and nutritive stability of Irish potato cultivars. Whole and peeled (diced) potatoes were 

subjected to high pressure processing (HPP) at 400 MPa and 600 MPa for 3 min, respectively on commercial-scale high pressure (Hiperbaric 55HT, Florida, 

USA) housed at HPP Tolling (St. Margarets, Co. Dublin, Ireland). Temperature and time for ultrasonication and microwave technologies were optimised for 

polyphenoloxidase (PPO) deactivation. The PPO activity, phenolic content, antioxidant activities and glycaemic index (GI) on treated and untreated potatoes 

were determined using UV-Vis spectrophotometric methods. Addition of fat or selected fibre on GI potatoes was also examined. Proximate analysis of protein, 

fat, dietary fibre ash and moisture content was performed according to of the Association of Official Analytical Chemists 1990. The colour differences were 

measured following the protocols of Commission Internationale de l’Eclairage (CIE) L*a*b* coordinates. The microbiological safety of minimally processed 

potatoes were analysed according to the criteria outlined in L196/27 following FSAI guidelines (FSAI 2017). The colour and microbial safety of the minimally 

processed potatoes were determined on day 0, 1, 7, 10 and 14. The physiochemical and functional properties of starch on the minimally processed potatoes 

were investigated using rapid visco-analysis. Specific (poly)phenolic compounds and glycoalkaloids were identified and quantified using LC-MS/MS. 

Project Results 

1. Inactivation of polyphenol oxidase (PPO) of up to 80% was achieved in minimally processed potatoes using the combination of high pressure processing 

(HPP) at 600 MPa for 3 min and optimised ultrasound (US) process of 20 KHz (200 W) for 15 min. This combined treatment did not affect the total phenolic 

content and antioxidant capacity of the potatoes. Statistically non-significant differences were found in the glycaemic index and rapid visco-analysis of 

potatoes treated with HPP and HPP+US. These studies were performed on the two commonly consumed Irish potato cultivars, namely Rooster and Maris 

Piper. HPP+US is thus the best physical method to reduce potato browning caused by PPO acitivity.   

  

2. Interestingly, the PPO inactivation of Rooster and Maris Piper following the combination of optimised US and microwave (MW) technology at 2000W at 90 

seconds remained the same as that of US treatment alone, i.e. 40% PPO activity. Therefore MW is not recommended for this purpose.  

  

3. HPP of potatoes at 600 MPa for 3 minutes significantly inhibited (48-70% inhibition) polyphenol oxidase (PPO), the enzyme responsible for browning in 

cut/peeled potatoes, when compared to 400 MPa-treated and untreated samples. Irrespective of high pressure (400 MPa, 600MPa) applied on the whole 

and peeled potatoes, there was, in general, no statistically significant difference on the total phenolic content and radical scavenging activities between the 

HPP treated and untreated potatoes. Use of HPP pretreatment may lead to use of less of allergen sulphites.  

  



4. At individual molecule levels, HPP at 600 MPa for 3 min led to degradation of the most abundant potato polyphenol - chlorogenic acid into its constituents 

caffeic acid and quinic acid, but did not impact on other minor polyphenols. Similarly, the levels of cytotoxic glycoalkaloids (α-solanine and α-chaconine) 

remained unaltered. Besides, HPP is an efficient decontaminant processing on its own, and lesser in combination with the ultrasound, thus enhancing the 

safety of the HPP treated potatoes.  

  

5. Information on the Glycaemic Index, Load and carbohydrate parameters of five commonly consumed potato cultivars was obtained. The 

use of interventions such as the addition of fat, the amount of fat, the type of fat or pre-treating of the samples with high pressure processing had no 

significant impact on Glycaemic Index, Load and carbohydrate parameters when using an in-vitro method. Potatoes when were incorporated as part of a meal 

the Glycaemic Index and Load was found to vary depending on the nutritional composition of the meal.  

  

6. Certain fibres (pectin and HPMC) were found to have a lowering effect on the Glycaemic Index and Glycaemic Load and carbohydrate parameters of the 

potato sample, while inulin had no effect on any of the parameters. The pectin and HPMC was also shown to increase the viscosity of the sample, whilst 

inulin did not cause a change in the viscosity. 

Section 2 - Research Outputs 

 

Summary of Benefits / Improvements of Project Findings 

Industry: The PPO activity, the enzyme responsible for potato browning, was significantly reduced when treated with HPP at 600 MPa as opposed to 400 MPa 

for 3 minutes. HPP followed by ultrasonication attenuated the PPO activity by ~80% with little compromise on the nutritive and bio-functional attributes. The 

process was an efficient way to inactivate microbes, and further supports industries who routinely use HPP for food product’s microbial safety. The project 

provides scientific evidence to the industries on the positive impact of novel processing, when used appropriately.  

  

Consumers: The novel processing technologies did not alter the nutrient content, toxic glycoalkaloids and antioxidant polyphenols in potatoes. All chronic 

diseases have a common underlying cause, i.e. oxidative stress. The aforementioned knowledge would impart positive health benefits and assure safety to the 

consumers.  

  

Regulatory: Processors commonly use sulphites to inhibit browning in potatoes. However, sulphites are allergens under the EU Regulation No. 1169/2011. The 

usage of sulphites must be declared and the level should not exceed 10mg/kg (10 ppm). The exploitation of novel processes developed here can allow 

processors to comply with the regulations but can do so in much lower sulphite concentrations.  

  

Scientific Community: Currently there is no study on HPP combined with ultrasonication (or microwave) on deactivation of PPO. The literature described this 

far has used only one non-thermal technique, where PPO inactivation of 50-77% were recorded. The sequential HPP plus ultrasonication deactivated PPO by 

~80%. The abundant chlorogenic acid in potatoes is associated with browning. HPP, besides decreasing the PPO activity, also degraded chlorogenic acid to its 

constituent organic compounds. Intervention of high glycaemic index of potatoes with fats and dietary fibre has been explored for the first time. It is evident 

that only certain type of fibre can reduce the GI of potatoes, and the fats play no role. 

 

Summary of Staff Outputs 

Research Output Male Female Total Number 

Post Doctorates 0 1 1 

MSc Students 0 1 1 

Summary of Academic Outputs 

Research Outputs Total Number Details 

 

Publications in Peer 2 

Reviewed Scientific 

Journals 

1. Tsikrika, K.; O’Brien, N.; Rai, D.K. The effect of high pressure processing on 

polyphenol oxidase activity, phytochemicals and proximate composition of irish potato 

cultivars. Foods 2019, 8, 517.  

2. Tsikrika, K.; Burgess, C.M.,Walsh, D.; Joseph, A.; N.; Rai, D.K. High-Pressure 

Processing and Ultrasonication of Minimally Processed Potatoes: Effect on the Colour, 

Microbial Counts, and Bioactive Compounds. Molecules. Molecules 2021, 26(9), 2614; 

https://doi.org/10.3390/molecules26092614. 



Peer Reviewed Conference 

Papers 

1 

1. Tsikrika, K. and Rai, D.K. The Effect of High Pressure Processing on Antioxidant Activity of 

Irish Potato Cultivars. Proceedings 2019, 11, 9; doi:10.3390/proceedings2019011009. 

Masters Theses 1 
Thesis Title: The Glycaemic Index of Fresh and Processed Potatoes. UCC. (A. 

Muldoon) 

Training Courses 6 
Epigeum course:  

1. Research Integrity: Concise (core course -IRE version) completed by Dilip Rai on 1st 

November 2018.  

2. Research Integrity: Concise (core course -UK version) completed by Dilip Rai on 2nd 

Nov. 2018.  

Training modules attended by Dr. Konstantina Tsikrika:  

1. Lab Safety training course on 15/01/2019.  

2. Project Management course, 13-14 March 2019.  

3. Library & Information Service on 01/04/2019.  

4. Fire warden training on 09/04/2019. 

Other 7 Oral Presentations:  

Aine Muldoon, entitled “Spectrometry Studies on the Effect of High Pressure 

Processing on polyphenoloxidase Inactivation, Glycaemic Index and Phenolics of Irish Potato 

Cultivars” at European Conference on Spectroscopy of Biological Molecules, 19-22 August 

2019, Dublin, Ireland.  

Konstantina Tsikrika, entitled “The effect of high pressure processing on polyphenoloxidase 

activity, nutrients, and phenolics in Irish potato cultivars” at 33rd EFFoST International 

Conference, 12-14 November 2019, Rotterdam, The Netherlands.  

Poster Presentations:  

Tsikrika, K. and Rai, D.K. The effect of high pressure processing on the activity of polyphenol 

oxidase and nutritional qualities of Irish potato cultivars. 

Presented at the 47th Annual Food Research Conference organised by UCC and IFSTI . 

December 6-7, 2018, Cork.  

Tsikrika, K. and Rai, D.K. The effect of high pressure processing on antioxidant activity, 

phenolic and nutritional contents of Irish potato cultivars. ‘Natural 

Products and the Hallmarks of Chronic Diseases NutRedOx COST Action 16112 —

Personalized Nutrition in Ageing Society: Redox Control of Major Age-Related Diseases’ 

Conference. March 25-27, 2019, Luxembourg.  

Muldoon, A, O'Connor, T.P., Rai, D.K., and O'Brien, N. “Impact of fibre on 

Glycaemic Index of potato assessed using an in-vitro model” at 48th Annual Food Research 

Conference organised by UL and IFSTI (December 16, 2019, Limerick).  

Launch and Committee:  

Rai D.K. at the UCC Food Institute launch. 18 Jan. 2019.  

Rai, D.K. as a local organising committee member at European Conference on Spectroscopy 

of Biological Molecules 2019. 19-22 August 2019, Dublin, Ireland. 

 

Intellectual Property 

"Know-how" processes to inhibit polyphenol oxidase enzyme responsible for potato browning will be made available to stakeholders through consultation with 

Teagasc Technology Transfer office. 

Summary of other Project Outputs 

Project Outputs Details Total No. 

 
New Industry 

Collaborations Developed 

1. Project partner in Enterprise Ireland Industry Innovation Partnership funded 

project on Technological innovations to ensure product safety and quality of novel 

product. (Funding reference: IP 2018 0758E).  

2. Project partner Enterprise Ireland Industry Innovation Partnership funded 

project on development of an effective industrial process to extract protein from 

plant food by-product (Funding reference IP20190856E) 

2 

 



Potential Impact related to Policy, Practice and Other Impacts 

Impact Details 

 

Industry Potato processing industries are guided by the EU Regulation No. 1169/2011 on the usage of sulphites to inhibit 

browning in potatoes. Since sulphites are allergens and must be declared on the food label, which should not exceed 

10mg/kg (10 ppm). Industries can adhere to the regulation by adapting novel processing technologies and do so even 

in lower concentration of sulphites to prevent browning. 

 

Dissemination Activities 

Activity Details 

 

Other Outcomes of this project were presented at various national and international conferences, besides scientific publications. 

 

Knowledge Transfer Activities 

 

Identify knowledge outputs generated during  

this project. 

1. The combination of high pressure processing and ultrasonication can attenuate the activity 

of polyphenol oxidase by 80% in minimally processed potatoes.   

2. The above combination treatment did not affect the proximate composition, 

glycaemicindices and antioxidant capacities of potatoes.  

3. Safety in terms of microbial growth inhibition and unaltered levels of cytotoxicglycoalkaloids 

in HPP treated potatoes established. 

Identify any knowledge transfer activities 

executed within the project. 

Mainly through scientific publications and conferences. 

List any impacts resulting from the knowledge 

transferred during the project. 

No impact at this time. 

 

 

Section 3 - Leveraging, Future Strategies & Reference 

Leveraging Metrics 

Type of Funding    Funding €  Summary Resource 

 

Exchequer National 

Funding 

€78,134.00 

Enterprise Ireland Industry Innovation partnership on technological innovations to ensure 

product safety and quality of novel juice. (Funding reference:  

IP 2018 0758E). This project used high pressure processing (HPP), and the PI's (D. Rai) role was 

to assess the phenolic content, antioxidant capacity and enzyme activities of juice following the 

HPP treatment. 

Exchequer National 

Funding 

€75,583.00 

Enterprise Ireland Industry Innovation partnership on development of an effective industrial 

process to  

extract protein from plant food by-product.(Funding reference IP20190856E). The role of the 

PIs (D. Rai and B. Tiwari) was to develop novel extraction methodologies for plant protein 

extraction, and assess the levels of co-extracted phytochemicals using LC-MS/MS. 



EU R&I programmes €269,460.00 
Teagasc Research Leadership through Marie Skłodowska-Curie Actions Co-fund (H2020) for 

project entitled "Innovative plant-based functional beverages from brewers' spent grain" 

where novel processing technologies, in vitro assays and analytical methods used in the 

'ProcessPotato' project will be employed. 

EU R&I programmes €533,300.00 
H2020 project entitled "Algae4IBD –From nature to bedside- algae based bio compound for 

prevention and treatment of inflammation, pain and IBD". The PI (D. 

Rai) has 12 months post-doc on analytical chemistry part of the project. 

 

Future Strategies 

Exploitation of the outputs of the project would require significant industry’s financial and intellectual input with regard to setting up the novel processing 

technologies for both inhibition of browning and up-scaling of extraction methods of antioxidant polyphenols from the peels at a commercial level. Besides, 

further research work is needed to assess the required levels of sulphites on physically treated potatoes. Similarly, the exposure of minimally processed 

potatoes in the subsequent ultrasonication (and microwave) treatments has resulted in significant colour change. This requires additional packaging studies of 

minimally processed potatoes to minimise the exposure, and thereby the colour change. When all processes are fine-tuned, then validation of the processes is 

needed in pilot scale. Similarly – formulation of pectin and HPMC, which may in turn also minimise browning, need further investigation and validation prior to 

upscaling. In order to carry out these studies, funding from FIRM, Enterprise Ireland, Walsh Scholarships, etc. will be explored. 

Project Publications 

1. Tsikrika, K. and Rai, D.K. The Effect of High Pressure Processing on Antioxidant Activity of Irish Potato Cultivars. Proceedings 2019, 11, 

9;doi:10.3390/proceedings2019011009.  

2. Tsikrika, K.; O’Brien, N.; Rai, D.K. The effect of high pressure processing on polyphenol oxidase activity, phytochemicals and proximate composition of 

irish potato cultivars. Foods 2019, 8, 517. https://doi.org/10.3390/foods8100517 3. Tsikrika, K.; Rai, D.K Recent advances in anti-browning methods in 

minimally processed potatoes - a review. Journal of Food Processing and Preservation. Revision ongoing.  

4. Tsikrika, K.; Muldoon, A; O’Brien, N.; Rai, D.K. Polyphenol oxidase inactivation of whole and peeled potatoes through high pressure processing and its 

impact on polyphenols and glycaemic indices. Foods. Revision on going.  

5. Tsikrika, K.; Burgess, C.M.,Walsh, D.; Joseph, A.; N.; Rai, D.K. High-Pressure Processing and Ultrasonication of Minimally Processed Potatoes: Effect on the 

Colour, Microbial Counts, and Bioactive Compounds. Molecules 2021, 26(9), 2614; https://doi.org/10.3390/molecules26092614. 

 


