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1. Rationale for Undertaking the Research  
 

Teagasc Food Research Centre, Moorepark, University of Limerick and UCC have for many years had  

an active research programme on the discovery of bioactive compounds with both food and medicinal 

potential arising from the bacteriocin based research or fermentation by lactic acid bacteria or 

enzymatic hydrolysis of dairy based substrates. These projects have attracted both national and 

international funding. These low molecular weight bioactive compounds are susceptible to enzymatic 

degradation especially in the digestive tract. Included in the existing repertoire are (a) bacteriocins 

with inhibitory activity against a range of gut pathogens and (b) peptides inhibiting angiotensin 

converting enzyme (ACE), (c) those involved in regulation of food intake and body weight and (d) 

peptides displaying antioxidant activity. However, targeted delivery of these peptides has always 

been the bottle neck in their exploitation (Rea et al 2010, O’Shea et al 2009, Hayes et al 2007). An 

in vivo study by Gardiner et al., (2007), using pigs as a model of the human GI tract has shown that 

lacticin 3147, the well characterised peptide antimicrobial produced by Lactococcus lactis, did not 

survive gastric transit. Therefore, methods to investigate the delivery of peptides with biological 

activity to sites in the human gastrointestinal tract are required to determine the effect of these 

peptides in vivo. 

 

 

2. Research Approach  
 

The first objective of the project was to encapsulate bioactive peptides using either wet or dry 

based technologies. The initial approach was to exploit the developed platform technology of protein-

based gel encapsulation for increased stability and targeted delivery of bioactive peptides. It was 

proposed that the peptides would be   encapsulated in micro-beads produced by vibrating nozzle 

technology. The rationale is, that on ingestion, the micro-beads will have the capability of passing 

intact through the stomach and be released in the small intestine. This technology has successfully 

been applied to encapsulate probiotic cultures in micro beads with the resultant delivery of high 

numbers of viable Lactobacillus GG to the gut and the technology has been patented (Patent No. 

W0210/119041/A2). However, in an early stage of the project it was decided that Nisin would be 

selected as a prototype peptide for encapsulation and its target site for delivery would be the colon. 

Therefore, the aim was to use encapsulation   techniques that would allow biologically active nisin to 

pass through the stomach and upper intestine and reach the colon intact. Nisin was chosen because 

it is commercially available and therefore sufficient Nisin could be sourced during the course of the 

project to meet the project needs. Nisin is widely used as a preservative in foods with both USDA 

and EFSA approval but more recently Nisin is being promoted as a possible antimicrobial for the 

control of gut pathogens due to its ability to inhibit a wide range of Gram positive gut pathogens.  

However, the gel based beads were broken down by digestive enzymes in the upper digestive tract 

and therefore this was not a suitable approach for the delivery of biologically active peptide based 

antimicrobials such as Nisin to the colon. 

The second objective of this project was to develop powder based products containing bioactive 

peptides. The aim was to produce dry bioactive powders which may enable the manufacture of custom 

made products which retain their bioactivity during gastric transit in the human host. Three 

approaches were taken whereby Nisin was spray coated using a variety of carriers, incorporated into 

gelatinised starch and spray dried or entrapped in retrograding starch and entrapped in the gel. 

Following digestion in the Infogest model the 3rd approach using retrograding starch was most 

effective and this product was successfully tested subsequently in vivo in a murine model. 
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The third objective was to study the modification of the physico-chemical properties of dairy based 

substrates for optimisation of peptide release with enhanced activity during gastric transit. It was 

proposed to study the role of protein oligomerisation, e.g., using food-grade cross-linking enzyme 

activities, on dairy protein susceptibility/stability to digestion during gastrointestinal transit. The 

bioavailability of cross-linked hydrolysates was determined using a Caco-2 cell monolayer system. The 

peptides/hydrolysates transported retained their antioxidant activity following absorption. The 

basolateral contents treated with cross-linked hydrolysates demonstrated higher ORAC activity than 

the non-cross-linked hydrolysates. The basolateral content of a selected cross-linked hydrolysate 

was analysed by Ultra   Performance Liquid Chromatography - Mass Spectrometry and Liquid 

Chromatography - Tandem Mass Spectrometry (UPLC/MS-MS) and multiple sequences therein 

were identified as corresponding to known bioactive peptides.  

 

 

3. Research Achievements/Results  

 
• New methods for the quantification and purification of Nisin were developed and published 

and also shared with other projects in UL and UCC (APC Microbiome Institute). 

 

• Using simulated gastrointestinal digestion it was shown that Nisin interacted with bile under 

physiological conditions likely to be encountered in the Gastro Intestinal Tract (GIT). Nisin 

interacts with bile, forming a complex that alters the relative amounts of the nisin fragments 

produced by digestion. This study highlights the importance of including bile in simulated 

digestions of antimicrobial peptides regardless of the presence or absence of a lipid 

component in the test samples.  

 

 

• A novel process for encapsulation of Nisin using high amylose corn starch (HACS) was  

developed and tested in vivo in a murine model. Using next generation MiSEC sequencing the 

results indicated that biologically active Nisin was delivered to the colon and impacted on the 

gut microbiota and that the starch formulation itself has a positive effect on the microbiota 

including Akkermansia muciniphilia which is currently being promoted a novel functional 

microbe with probiotic properties.  

    

• Nisin, in addition to its use as a bio-preservative, has now been muted as a possible 

therapeutic for the control of gut pathogens and as a growth promoter to replace the use of 

antibiotics in feed for animals for human consumption. The ability of nisin peptides to retain 

some biological activity, after encapsulation, both in vitro after treatment with digestive 

enzymes of the GIT and in vivo in an animal model broadens the scope of its use for these 

applications. 

 

• The bioavailability of cross-linked hydrolysates was determined using a Caco-2 cell monolayer 

system. The peptides/hydrolysates transported retained their antioxidant activity following 

absorption. The basolateral contents treated with cross-linked hydrolysates demonstrated 

higher ORAC activity than the non-cross-linked hydrolysates. The basolateral content of a 

selected cross-linked hydrolysate was analysed by UPLC/MS-MS and multiple sequences 

therein were identified as corresponding to known bioactive peptides.  

 

• The results demonstrate that TGase cross-linking does not adversely affect the in vitro 

bioactivity of the hydrolysates. This has not been previously demonstrated in the scientific 
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literature. This is relevant to end users in that it shows that TGase treatment does not alter 

DPP-IV inhibitory activity. The results also demonstrate for the first time that TGase 

treatment does not alter the cell proliferation inhibition activity of the hydrolysates; this 

again is a novel scientific result of relevance to users of hydrolysates generated in 

conjunction with TGase treatment. 
                                                                                                                                                                        

 

4. Impact of the Research 

 
The outputs from this project are published in peer reviewed journals and these will be available 

for reference for industry and in academic research 

 

Methods were developed through the course of the project that are of value to end users in industry 

and the scientific community and have already been incorporated in other FIRM and SFI funded 

projects. 

 

One PhD student has been trained in advanced protein chemistry, biochemistry and peptide 

identification techniques cell culture techniques  

In addition a second PhD student has been trained in the use of the in vitro digestion methods and 

advanced analytical techniques for the detection and quantification of peptide antimicrobials and 

their stability in the GIT He has also been trained to run animal trials including the care of the 

animals and has received certification covering animal (rodent) husbandry, ethics and legislation. He 

received training in the area of next generation sequencing and interpretation of large data sets.  

 

The skill base acquired by the students is of relevance to industry and academic research and 

contribute to the development objectives in the food arena. 

 

 

4(a) Summary of Research Outcomes 

 

(i) Collaborative links developed during this research 
 

• Dr. Jakki Cooney of University of Limerick on nano encapsulation of bacteriocins.  

 

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

and/or adopted. 

  
• Methods for purification and quantification of Nisin 

 

• Novel method of encapsulation using food grade substrates was developed for the 

protection of the biological activity of Nisin during transit in the upper GI tract. 

 

• An IDF (A simple, economical, more sustainable process for large scale production of 

bacteriocins) has been prepared with Teagasc TTO office (IDF# 2016504) in 

conjunction with Peptide Protectant project (DAFM Project Reference No: 13 F 462) 

incorporating some of the techniques developed in the Pepencap project. 
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• A technique was developed to test bioavailability of hydrolysates/peptides through 

the Caco-2 cell monolayer system using the trinitrobenzene sulfonic acid method 

(TNBS).   
 

(iii) Outcomes with economic potential  
• Novel encapsulation method developed for the delivery of Nisin to the lower 

gastrointestinal using low cost food grade carrier material. 

• New scientific information generated outlining the role of TGAse treatment on 

protein hydrolysate biofunctional properties 
 

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

 NA 

4 (b)  Summary of Research Outputs 

 

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

 
1. Gough, R., Gómez-Sala, B., O’Connor PM., Rea, MC., Miao, S., Hill, C. and Brodkorb, A. (2017). 

A Simple Method for the Purification of Nisin. Probiotics & Antimicrobial Proteins. DOI 

10.1007/s12602-017-9287-5 

2. Gough, R., O’Connor PM., Rea, MC., Gómez-Sala, B., Miao, S., Hill, C. and Brodkorb A. (2017). 

Simulated gastrointestinal digestion of nisin and interaction between nisin and bile. LWT- 

Food Science and Technology 86; 530, DOI 10.1016/j.lwt.2017.08.031. 
3. Gough, R., O’Connor PM., Rea, MC., Crispie, F., A. Cabrera Rubio, R Gómez-Sala, B., Miao, S., 

Cotter, PD., Hill, C. and Brodkorb, Hill, C., and Rea, MC.  Nisin and starch formulation affect 

the gut microbiota in vivo. In preparation 

4. Cermeño, M., Fitzgerald, RJ. &O’Brien, NM. (2016). In vitro antioxidant and 

immunomodulatory activity of transglutaminase-treated sodium caseinate hydrolysates. 

International Dairy Journal, 63, 107-114 

5. Cermeño, M., O'Callaghan, Y., O'Brien, N., & FitzGerald, R. J. (2015). Bioavailability of 

transglutaminase cross-linked sodium casein hydrolysates. Proceedings of the Nutrition 

Society, 74(OCE4). 

6. Cermeño M., O’Brien N. and FitzGerald R.J. (submitted to International Dairy Journal). 

Angiotensin converting enzyme and dipeptidyl peptidase-IV inhibitory activities of 

transglutaminase treated sodium caseinate hydrolysates.  

 

7. Cermeño M., O’Keefee M., O’Brien N. and FitzGerald R.J. (Manuscript in preparation). 

Transport of peptides from transglutaminase-treated sodium casein hydrolysates through 

the Caco-2 cell monolayer. 
 

 

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

at conferences  
1. Project highlighted in GUT Reaction (Newsletter of the Alimentary Pharmabiotic 

Centre) Issue 7,  January 2014 
http://www.ucc.ie/research/apc/content/news_events/newsletters.html  

 

http://www.ucc.ie/research/apc/content/news_events/newsletters.html
http://www.ucc.ie/research/apc/content/news_events/newsletters.html
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2. A. Brodkorb, Guest Editor of “Bioencapsualtion Innovation” newsletter Spring 2014 on 

Encapsulation of Probiotics  http://bioencapsulation.net/; The newsletter is send to 

7,000 people worldwide, from both academia and industry 

 

 

(iii) National Report 
None 

   

(iv) Workshops/seminars at which results were presented  
1. Work presented at Departmental Seminar Food Chemistry and Technology in TFRC 

Moorepark 12th February 2013 

2. Work to date presented to Cork Bacteriocin Group in UCC 20th February 2013 

3. Work presented at Vth training School on Bioencapsulation Ecole Nationale 

Vétérinaire, Agroalimentaire et de l’Alimentation, Nantes, France 

4. Work presented at 42nd Annual Food Research Conference, Teagasc Food Research 

Centre, Ashtown, Dublin 

5. Work presented at XXI International Conference on Bioencapsulation, Seminaris 

Campus Hotel Berlin, Berlin, Germany 

6. Work presented at Departmental Seminar, Teagasc Food Research Centre, Fermoy, 

Cork 

7. Work presented at Cork Bacteriocin Group, Garryvoe Hotel, Cork 

8. Encapsulation of bioactive peptides for delivery to the colon. STEPS Postgraduate 

training course University College Cork, Cork 7-8th April 2014. 

9. Starch Coatings for Targeted Colonic Delivery of Bioactive Peptides.  Summer 

Course Glycosciences (13th European Training Course on Carbohydrates). Hof van 

Wageningen, Wageningen, The Netherlands. 13-17th April 2014. 

10. Fluorescent labeling of a bioactive peptide.  Food Research Conference. University 

College Dublin .10-11th Dec 2014. 

11. Encapsulation of bioactive peptides for delivery to the colon. Pepencap Project 

Meeting. Teagasc Food Research Centre, Moorepark, Fermoy Cork. 13th January 

2015 

12. Encapsulation of bioactive peptides for delivery to the colon. School of 

Microbiology Seminar series. University College Cork. 12th February 2015 

13. Impact of transglutaminase cross-linking of sodium caseinate hydrolysates on 

biological activity. University of Limerick, Life Sciences Department Research Day 

Meeting. Radisson Blu Hotel, Limerick. 7th May 2014 

14. Bioavailability of transglutaminase cross-linked sodium caseinate hydrolysates, 

Abstract of an oral presentation presented at the Department of Life Sciences 

(University of Limerick) 2015 Annual Research Day, Radisson Blu Hotel, Limerick, 

Ireland, May, 2015. 

15. Bioavailability of transglutaminase cross-linked sodium casein hydrolysates. Abstract 

of an oral presentation presented at the Nutrition at key life stages: new findings, 

new approaches conference (University College Cork), Cork, Ireland, June, 2015 

16. Effect of cross-linked sodium caseinate on anti-cancer activity in human carcinoma 

cells, Abstract of an oral presentation presented at the 44th Annual Food Research 

Conference Teagasc Food Research Centre, Moorepark, Fermoy, Cork, Ireland. 

December 2015. 

http://bioencapsulation.net/
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17. Encapsulation of bioactive peptides for delivery to the colon. Oral presentation at 

the School of Microbiology Seminar Series, in UCC, Cork, on the 12th of February 

2015. 

18. Encapsulation of bioactive peptides for delivery to the colon. Oral presentation at 

the Food Biosciences Departmental seminar, in Teagasc Food Research Centre, 

Fermoy, Co. Cork, on the 21st of April 2015. 

19. Colonic delivery of a bioactive peptide. Poster presentation at the UCC School of 

Microbiology annual review, in UCC, Cork, on the 30th of November 2015. 

20. Colonic delivery of a bioactive peptides: Poster presentation at the 44th Annual 

Food Research Conference, in Teagasc Food Research Centre, Fermoy, Co. Cork, on 

the 14th of December, 2015. 

21. Digestion of nisin. Oral presentation at the Food Chemistry and Technology 

Departmental seminar, in Teagasc Food Research Centre, Fermoy, Co. Cork, on the 

22nd of February 2016. 

 
 

(v) Intellectual Property applications/licences/patents 
 

An IDF has been prepared with Teagasc TTO office (IDF# 2016504) in conjunction with Peptide 

Protectant project (DAFM Project Reference No: 13 F 462) incorporating some of the techniques 

developed in the Pepencap project. 

 
   

(vi) Other 
 

None 

 

 

5. Scientists trained by Project 

 

Total Number of PhD theses: 2 

       
1 Maria Cermeño: PhD awarded by University of Limerick. Thesis submitted in May 2016.  

 

Title: Contribution of transglutaminase cross-linking to the physicochemical, bioactive 

properties and bioavailability of sodium caseinate hydrolysates 

 

2 Ronan Gough: Expected submission date Dec 2017 

Title: Protection of Bioactive peptides 

 

 

Total Number of Masters theses:  
None       
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6. Permanent Researchers  

 

Institution Name Number of Permanent staff 

contributing to project  

Total Time contribution (person 

years) 

TEAGASC 4 1.25 

UCC 2 0.40 

UL 1 0.80 

Total 7 2.45 

 
 
 

7. Researchers Funded by DAFM 

 

Type of Researcher Number Total Time contribution (person 

years) 

Post Doctorates/Contract 

Researchers 

  

PhD students 2 6.90 

Masters students   

Temporary researchers   

Other   

Total 2 6.90 

 

 

8. Involvement in Agri Food Graduate Development Programme 

 

Name of Postgraduate / contract 

researcher 

Names and Dates of modules attended 

Ronan Gough Ronan Gough attended the Agri- Food Graduate 
Development Programme (AFGDP) Summer 
School held in partnership with Food for Health 
Ireland (FHI) in UCD 11-13th June 2014. There 
were 3 modules in this course: 
Day 1: Building Commercial Awareness 
Day 2: Developing Postgraduate Skills 
Day 3: Getting prepared for an interview 

 

 

 

8. Project Expenditure 

Project Expenditure 

 

Total expenditure of the project:     €282,805 
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Total Award by DAFM:      €300,000 

Other sources of funding including benefit in kind and/or  

cash contribution(specify):      € 

 

 

10. Leveraging 

No additional funding was leveraged. 
 

 

11. Future Strategies  
 

• Methods developed during this project are currently being exploited in Peptide Protectant 

project (DAFM Project Reference No: 13 F 462) and in SFI Funded Spoke 1 Microbes to 

Molecules Microbiome Institute Grant # SFI/12/RC/2273.  

 

• Novel results on the contribution of TGase treatment to hydrolysate properties are 

in preparation for publication.  

 

Re further advances/work 
• Results from the small animal trial (mice) carried out as part of the Pepencap project will be 

further tested in a pig model to determine the effect of Nisin on microbiota and weight 

through the on-going SFI-funded APC project in conjunction with FIRM Peptide Protectant 

project (13/F/462).  

 

• Fractions and individual peptide fragments of the hydrolysates produced in the Pepencap 

project need to be assayed in cell culture experiments   with a view to identifying and 

validating the active sequences. 

 

Re further advances for end product realisation:  

Category 
Name  

TMFRC 

Name 

 UCC 

Name  

UL 

Name 

Institution 4 
Total 

Contract staff      

Temporary staff      

Post doctorates      

Post graduates 85,250  62,952  148,202 

Consumables 38,441 17,540 6,240  62,221 

Travel and 

subsistence 
2,494        35    372  2,901 

Sub total 126,185 17,575 69,564  213,324 

Durable 

equipment 
     

Other 6,350    6,350 

Overheads 36,990 5,272 20,869  63,131 

Total 169,525 22,847 90,433  282,805 
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• In vivo studies in small animals and ultimately in humans will be required for end product 

realization of the hydrolysates produced during the project; EI Commercialisation Fund may 

be an avenue for funding for the continuation of this work.  

 

• New material with pre-biotic effect: While the starch material used for encapsulation had 

some positive properties for the protection of the bacteriocin, the material itself showed a 

significant effect on the microbiota. Hence, further research is planned to explore the 

potential of starch materials for the modulation of specific bacterial populations in the gut 

microbiota.  

 

• Specifics:This project showed that type 3 resistant starch had positive effect on the genus 

Akkermansia. This genus has been shown to have a positive effect in obesity related 

studies. To test the effect of type 3 starch on human microbiota and health a human 

intervention study would be required: EI Commercialisation Fund may be an avenue for 

funding for the continuation of this work.  

 


