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1.  Rationale for Undertaking the Research   

 

Milk is a source of high quality protein which is accepted by consumers as having excellent health 

maintaining and promoting properties. The Irish dairy sector is a significant producer of casein which is 

globally accepted by consumers as a ‘clean’ and ‘green’ source of dietary nitrogen and essential amino 
acids.  The abolition of dairy production quotas in 2015, leading to an estimated 50% increase in 

production by 2020, has presented the Irish dairy industry with an opportunity to add significant value to 

commodity products such as casein. FoodWise 2025recommends greater innovation by the dairy industry 
and a doubling of the level of resources committed to R & D. It also recommends that R & D should be 

targeted to new product development with a greater focus on product areas with addedvalue potential 

such as nutraceuticals and functional foods. Furthermore, it recommends investment to underpin science-

based innovation, profitability, competitiveness and sustainability. Aging is associated with increased 

levels of oxidant species and decreased levels of serum and cellular antioxidants. This can lead to 

increased oxidative stress which in turn enhances the aging process and accentuates susceptibility to age-

related diseases such as atherosclerosis. Aging is also associated with chronic low grade inflammatory 

responses; this in turn is associated with diseases such as atherosclerosis and rheumatoid arthritis. 
Preliminary in vitro and human cell culture work carried out in our laboratories prior to this project 

demonstrated that casein-derived peptides have both antioxidant and antiinflammatory activities. These 

are highly significant findings in terms of the functional food/nutraceutical ingredient potential of such 
peptides. It was deemed essential therefore to expand on the scientific and technological expertise to 

optimise the conditions for the generation of peptides with antioxidant and anti-inflammatory properties 
and to demonstrate the efficacy of these ingredients in humans. The elderly population presents specific 

challenges since the dietary bioavailability of food constituents can be reduced leading to increased risk 

of malnutrition due to low intake of nutrients and by impaired function of the gastrointestinal tract and 

the metabolic system. This inter institutional proposal brought together a multidisciplinary team to 

address the specific theme to ‘Strengthen scientific and technological expertise in food ingredients and 

nutritional beverages for the older population.’  

  

  

2.  Research Approach   
 
  

Sodium caseinate (NaCN) was hydrolysed using a wide range of bacterial, fungal, plant and animal derived 

enzymatic preparations, as well as enzyme combinations, to produce over three hundred different 

hydrolysates. The physicochemical properties of all samples were analysed, including the degree of 

hydrolysis (DH %), molecular mass distribution and hydrophobicity profiles.Samples were screened for 
antioxidant capacity using in vitro antioxidant assays such as the oxygen radical absorbance capacity 

(ORAC), 2,2-azinobis (3-ethylbenzothiazoline 6-sulfonate) (ABTS), ferric reducing antioxidant power 

(FRAP), diphenyl pieryl hydrazyl (DPPH) and superoxide radical scavenging assays. From this screening 

process 16 samples were selected for further analysis of their potential antioxidant and antiinflammatory 

properties using different cell lines in culture (murine macrophages, murine and human adipocytes, 
human lymphocytes). Based on the in vitro and cell culture data, in combination with the yield of 

hydrolysate, the physicochemical properties and potential bitterness of the hydrolysates, a lead candidate 

hydrolysate was then selected for semi-pilot scale GMP manufacture. The semi-pilot product was 
subjected to semi-preparative reverse phase HPLC fractionation. The most potent antioxidant fraction 

was isolated, the peptides therein were identified, a selection were chemically synthesised and their 

antioxidant activities were determined in vitro. Novel mass spectrometry methods were developed during 
the course of this research in order to identify novel long and short bioactive peptides.  
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The semi-pilot scale prototype product was tested in a human intervention study. In this case, novel 

technologies were applied taking an ex vivo – in vitro approach. This approach differed from the original 

proposal were it had been planned to conduct both an acute and a chronic human intervention study 

followed by assessment of serum changes in antioxidant and anti-inflammatory biomarkers. The novel ex 

vivo – in vitro approach involved assessing the potential anti-inflammatory response (TNF-α, IL-6 and IL-

1β) of human subjects following ingestion of the lead candidate hydrolysate by determination of the 

responses of specific cells when grown in culture following incubation in ‘conditioned’ media. In this case 
the ‘conditioned’ media were serum extracts of blood from human subjects following an overnight fast 

and, serially, post-absorption of the hydrolysate. The advantage of this approach was that it allowed for 
comparison of the anti-inflammatory responses of specific cell lines (RAW264.7) when pre-incubated with 

(i) hydrolysate, (ii) hydrolysate subjected to a simulated gastrointestinal digestion process and (iii) 

‘conditioned’ media obtained following human ingestion of hydrolysate, using the same in vitro cell 

bioassay.  

  

  

3.  Research Achievements/Results   
 

  

Results from the ORAC and ABTS in vitro antioxidant assays show that the antioxidant capacity of the 

hydrolysates was significantly increased compared to unhydrolysed sodium caseinate and in most cases 

compared to a simulated gastrointestinal digested (SGID) control sample. Antioxidant capacity, as 

measured by the aforementioned assays, was enhanced by ultrafiltration (UF) through membranes having 
different nominal molecular mass cut off values The superoxide radical (SO) scavenging assay showed 

that, in many cases, hydrolysates with a low DH and UF fractions having comparatively larger molecular 
mass peptides had a greater ability to scavenge the SO radical. These analyses have resulted in a 

comprehensive set of antioxidant data on all samples generated thus indicating the mode of antioxidant 

activity therein. Moreover, the hydrolysates displaying the highest antioxidant activity, as measured by 
the ORAC assay, were subjected to SGID. The ORAC antioxidant activity was not significantly (p>0.05) 

affected by SGID indicating that the peptides contained therein were stable and may therefore be suitable 

candidates for inclusion as functional food ingredients.  

Hydrolysates showed significant anti-inflammatory activity in macrophages (RAW264.7 mouse 

macrophage cells) and lymphocytes (Jurkat T-cells). The anti-inflammatory activity of casein and several 

of the hydrolysates was also assessed in adipocytes. Intact casein had a significant pro-inflammatory effect 

in this cell line, while enzymatic hydrolysis of casein using two selected enzyme preparations appeared to 

prevent this pro-inflammatory effect. However, the hydrolysates did not demonstrate significant 

antioxidant effects in cells.   

In vitro and cell culture results, as well as information on yield, potential bitterness and physicochemical 

properties, allowed the selection of a lead candidate hydrolysate. This hydrolysate was manufactured at 

semi-pilot scale. This hydrolysate was subsequently subjected to semi-preparative reverse phase HPLC 

fractionation and the peptides therein were identified by mass spectrometry. This resulted in the 

identification of specific casein-derived peptide sequences, some with potent and some with modest 

antioxidant activities.  

The lead candidate hydrolysate was given to human volunteers. Following consumption of the test 
compound (hydrolysate, or intact sodium caseinate as a control) blood was withdrawn at various time 

points and the antioxidant activity of the serum was determined using the ORAC assay. No statistically 

significant differences were found in serum ORAC activity following ingestion of intact or hydrolysed 
sodium caseinate compared to basal levels. There was no significant change in the TNF-α response to 

lipopolysaccharide (LPS) challenge in whole blood from basal samples following ingestion of intact or 
hydrolysed NaCN. Furthermore, there was no significant change in the TNF-α response to an LPS challenge 

in whole blood cultures between intact and hydrolysed NaCN at basal or any time point postingestion. 
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Interestingly, a statistically significant (p < 0.05) decrease in the IL-6 response to LPS challenge in whole 

blood culture from basal was observed 30 min (-13%) and 60 min (-15%) following ingestion of intact NaCN 

and 30 min (-12%) and 60 min (-18%) following ingestion of the hydrolysate. These results are indicative 

of an anti-inflammatory response in the older human subjects.  

  

  

4.  Impact of the Research  
 
  

Research from this project is of particular relevance to the dairy industry and to the food protein industry 

in general as there is currently a major interest and need within these industries to identify specific 
peptide sequences that are associated with bioactivities. These outcomes are particularly of relevance to 

the dairy industry as they give very specific information on how to add value to NaCN. The development 

of bioactive NaCN hydrolysates that are stable to in vitro digestion the taste can be readily made 

acceptable through the addition of a common flavouring agent could provide a relatively inexpensive 

source of bioactive peptides for incorporation into functional foods. Hydrolysis of NaCN using the specific 
protocols developed herein resulted in a prototype ingredient with antioxidant and anti-inflammatory 

properties in vitro and in cell culture models. The test strategies developed in this project for the in vitro 

and the ex vivo – in vitro validation of the potential health effects of casein hydrolysates will have broad 

applicability to practitioners in the field (manuscript in preparation).  The work has further demonstrated 

and supported the research capacity and competence in human trials, and the integration of the in vitro 

discovery through to in vivo evaluation in humans. The sustained interaction of this multidisciplinary team 
approach has led to new discoveries, critical appraisal and further innovation that enhances the 

knowledge and professional development of all researchers and the wider communities they serve.   

 

 

4(a) Summary of Research Outcomes  

  

(i) Collaborative links developed during this research  

  

The collaborative link that previously existed between the Proteins and Peptides Group led by Prof. 

FitzGerald at UL and Prof. Nora O’Brien’s research group at UCC was further developed during this 

research project. Furthermore, Prof. Phil Jakeman at UL also joined this successful collaboration bringing 

the ability to determine the bioactivity of test samples in human subjects. This multidisciplinary approach 

allowed for the development of a test compound exploiting data obtained from in vitro to ex vivo – in vitro 
studies.   

  

  

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

adopted   

This research has resulted in the following:  

a) the optimisation of protocols for the generation of hydrolysates and hydrolysate ultrafiltration 

fractions which have antioxidant and anti-inflammatory properties in vitro, in cell culture models 

and in ex vivo – in vitro models  

b) the scale-up of protocols from laboratory to semi-pilot scale  

c) the generation of the kilogram quantities of a prototype hydrolysate  

d) the development of a NaCN hydrolysate-containing beverage in which bitter/pungent 

hydrolysate flavours have been successfully masked.  
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e) the bioactivity-led fractionation of the NaCN hydrolysate resulting in the discovery of a peptide 

fraction having potent antioxidant activity  

f) the discovery of specific peptide sequences having potent antioxidant activity  

  

(iii) Outcomes with economic potential   

  

The research in this project led to the development of a base of expertise/information in state-of-the-art 
technologies supporting innovation and product development in the Irish food industry.  The outcomes 

from this project include protocols for the Irish food industry to generate well characterised bioactive 
ingredients for human health and nutrition, specifically for the older population. Furthermore, protocols 

for the identification of specific bioactive sequences within milk protein hydrolysates were developed 

within this project and are of particular interest to the dairy and non-dairy food proteins industries. These 

protocols may help to add economic value to products in these industries. Moreover, protocols developed 

within this project to evaluate the bioactivity of food protein hydrolysates from in vitro through cell culture 

models and in ex vivo – in vitro models may also add economic value through the generation of new 
knowledge.   

  

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

  

Results from this project have developed scientific capability which may lead to enhanced 

competitiveness of the Irish food sector through the development of value-added ingredients/products.  

  

  

4 (b) Summary of Research Outputs  

  

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

  

O’Sullivan, S.M., O’Keeffe, M.B., FitzGerald R.J. and O’Brien, N.M Immunomodulatory effect of casein 
hydrolysates generated using a range of enzymes in stimulated Jurkat T cells and RAW264.7 
macrophages. In preparation.  
O’Sullivan, S.M., O’Keeffe, M.B., FitzGerald R.J. and O’Brien, N.M. Effect of sodium caseinate hydrolysates 
on inflammation in adipocyte cells in culture. In preparation  
O’Keeffe, M.B., O’Sullivan, S.M., O’Brien, N.M. and FitzGerald R.J. Identification of antioxidant and anti-
inflammatory peptides from a sodium caseinate hydrolysate. In preparation  
O’Keeffe, M.B., Conesa C. and FitzGerald R.J. (In Press). Identification of angiotensin converting enzyme 
(ACE) inhibitory and antioxidant peptides in a whey protein concentrate (WPC) hydrolysate produced at 
semi-pilot scale. International Journal of Food Science and Technology.  
O’Keeffe, M.B., Norris R., Alashi M.A., Aluko R.E. and FitzGerald R.J. (2017). Peptide identification in a 
porcine gelatin prolyl endoproteinase hydrolysate with angiotensin converting enzyme (ACE) inhibitory 
and hypotensive activity. Journal of Functional Foods 34, 77-88.  
Neves A.C., Harnedy P.A., O’Keeffe M.B. and FitzGerald R.J. (2017). Bioactive peptides from Atlantic 
salmon (Salmo salar) with angiotensin converting enzyme and dipeptidyl peptidase IV inhibitory, and 
antioxidant activities. Food Chemistry 218, 396-405.  
Karnjanapratum S., O'Callaghan Y.C., Benjakul S., O'Keeffe M.B., FitzGerald R.J. and O'Brien N.M. (2017). 
Purification and identification of antioxidant peptides from gelatin hydrolysates of unicorn leatherjacket 
skin. Italian Journal of Food Science 29 (1) 158-170  
Connolly A., O'Keeffe M.B., Nongonierma A.B., Piggott C.O. and FitzGerald R.J. (2017). Isolation of 
peptides from a novel brewers spent grain protein isolate with potential to modulate glycaemic 
response.  
International Journal of Food Science and Technology 52(1), 146-153  

http://www.sciencedirect.com/science/article/pii/S1756464617302074
http://www.sciencedirect.com/science/article/pii/S1756464617302074
http://www.sciencedirect.com/science/article/pii/S1756464617302074
http://www.sciencedirect.com/science/article/pii/S1756464617302074
http://www.sciencedirect.com/science/article/pii/S1756464617302074
http://www.sciencedirect.com/science/article/pii/S1756464617302074
http://www.sciencedirect.com/science/article/pii/S1756464617302074
http://www.sciencedirect.com/science/article/pii/S1756464617302074
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=xd2D-hgAAAAJ&sortby=pubdate&citation_for_view=xd2D-hgAAAAJ:0EnyYjriUFMC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=xd2D-hgAAAAJ&sortby=pubdate&citation_for_view=xd2D-hgAAAAJ:0EnyYjriUFMC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=xd2D-hgAAAAJ&sortby=pubdate&citation_for_view=xd2D-hgAAAAJ:0EnyYjriUFMC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=xd2D-hgAAAAJ&sortby=pubdate&citation_for_view=xd2D-hgAAAAJ:0EnyYjriUFMC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=xd2D-hgAAAAJ&sortby=pubdate&citation_for_view=xd2D-hgAAAAJ:0EnyYjriUFMC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=xd2D-hgAAAAJ&sortby=pubdate&citation_for_view=xd2D-hgAAAAJ:0EnyYjriUFMC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=xd2D-hgAAAAJ&sortby=pubdate&citation_for_view=xd2D-hgAAAAJ:0EnyYjriUFMC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=xd2D-hgAAAAJ&sortby=pubdate&citation_for_view=xd2D-hgAAAAJ:0EnyYjriUFMC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=xd2D-hgAAAAJ&sortby=pubdate&citation_for_view=xd2D-hgAAAAJ:0EnyYjriUFMC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=xd2D-hgAAAAJ&sortby=pubdate&citation_for_view=xd2D-hgAAAAJ:0EnyYjriUFMC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=xd2D-hgAAAAJ&sortby=pubdate&citation_for_view=xd2D-hgAAAAJ:5nxA0vEk-isC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=xd2D-hgAAAAJ&sortby=pubdate&citation_for_view=xd2D-hgAAAAJ:5nxA0vEk-isC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=xd2D-hgAAAAJ&sortby=pubdate&citation_for_view=xd2D-hgAAAAJ:5nxA0vEk-isC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=xd2D-hgAAAAJ&sortby=pubdate&citation_for_view=xd2D-hgAAAAJ:5nxA0vEk-isC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=xd2D-hgAAAAJ&sortby=pubdate&citation_for_view=xd2D-hgAAAAJ:5nxA0vEk-isC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=xd2D-hgAAAAJ&sortby=pubdate&citation_for_view=xd2D-hgAAAAJ:5nxA0vEk-isC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=xd2D-hgAAAAJ&sortby=pubdate&citation_for_view=xd2D-hgAAAAJ:5nxA0vEk-isC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=xd2D-hgAAAAJ&sortby=pubdate&citation_for_view=xd2D-hgAAAAJ:5nxA0vEk-isC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=xd2D-hgAAAAJ&sortby=pubdate&citation_for_view=xd2D-hgAAAAJ:5nxA0vEk-isC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=xd2D-hgAAAAJ&sortby=pubdate&citation_for_view=xd2D-hgAAAAJ:5nxA0vEk-isC
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Sae Leaw T., Karnjanapratum S., O'Callaghan Y.C., O'Keeffe M.B., FitzGerald R.J., O'Brien N.M. and 
Benjakul S. (2016).  Purification and identification of antioxidant peptides from gelatin hydrolysate of 
seabass skin. Journal of Food Biochemistry 1-11  
O’Keeffe, M. B., & FitzGerald, R. J. (2015). Identification of short peptide sequences in complex milk 
protein hydrolysates. Food Chemistry, 184, 140-146.  
Norris, R., O’Keeffe, M. B., Poyarkov, A., & FitzGerald, R. J. (2015). Peptide identification and 
angiotensin converting enzyme (ACE) inhibitory activity in prolyl endoproteinase digests of bovine 
αscasein. Food Chemistry, 188, 210-217.  
Guo, L., Harnedy, P. A., O'Keeffe, M. B., Zhang, L., Li, B., Hou, H., & FitzGerald, R. J. (2015). Fractionation 
and identification of Alaska pollock skin collagen-derived mineral chelating peptides. Food Chemistry, 
173, 536-542.  
Connolly, A., O’Keeffe, M. B., Piggott, C. O., Nongonierma, A. B., & FitzGerald, R. J. (2015). Generation and 
identification of angiotensin converting enzyme (ACE) inhibitory peptides from a brewers’ spent grain 
protein isolate. Food Chemistry, 176, 64-71.   
Harnedy, P. A., O’Keeffe, M. B., & FitzGerald, R. J. (2015). Purification and identification of dipeptidyl 
peptidase (DPP) IV inhibitory peptides from the macroalga Palmaria palmata. Food Chemistry, 172, 400-
406.  
Di Pierro, G., O’Keeffe, M. B., Poyarkov, A., Lomolino, G., & FitzGerald, R. J. (2014). Antioxidant activity of 
bovine casein hydrolysates produced by Ficus carica L.-derived proteinase. Food Chemistry, 156, 305-311.  
Norris, R., Poyarkov, A., O’Keeffe, M. B., & FitzGerald, R. J. (2014). Characterisation of the hydrolytic 
specificity of Aspergillus niger derived prolyl endoproteinase on bovine β-casein and determination of 
ACE inhibitory activity. Food Chemistry, 156, 29-36.  
  

Book Chapter:  

  

Nongonierma, A. B., O’Keeffe, M. B., & FitzGerald, R. J. (2016). Milk Protein Hydrolysates and Bioactive 
Peptides. In P. L. H. McSweeney & J. A. O'Mahony (Eds.), Advanced Dairy Chemistry,  (pp. 417-482): 
Springer New York.  
  

  

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

Conference Presentations:  

O’Sullivan S.M., O’Callaghan Y.C., O’Keeffe M.B., FitzGerald R.J. and O’Brien N.M. (2014).  

Immunomodulatory effects of casein hydrolysates in RAW264.7 mouse macrophages. Annual Food 

Research Conference (Dublin).    

O’Brien N.M. and O’Connor T.P. (2015). Development of a protein-rich, novel fermented milk/cereal 

product as a delivery vehicle for micronutrients and bioactive compounds. 106th AOCS Annual Meeting 

(Orlando).  

  

Newsletter article:  

O’Keeffe, M.B. Mass spectrometry identification of health promoting peptides. Irish Mass Spectrometry 

Society – The Fragment (2015)  

  

(iii) National Report  

  

n/a  

(iv) Workshops/seminars at which results were presented   

  

n/a  

(v) Intellectual Property applications/licences/patents  

http://onlinelibrary.wiley.com/doi/10.1111/jfbc.12350/full
http://onlinelibrary.wiley.com/doi/10.1111/jfbc.12350/full
http://onlinelibrary.wiley.com/doi/10.1111/jfbc.12350/full
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n/a  

(vi) Other  

  

5.  Scientists trained by Project  

  

Total Number of PhD theses:              __1__  

 

Author:      Siobhán M. O’Sullivan  

Institution:      University College Cork  

Thesis Title:  Bioactivity of protein hydrolysates derived from casein, bovine blood 
and lung tissues in cultured cells  

Submission Date:    05/04/2017  

  

  

Total Number of Masters theses:             _0___  
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 6.  Permanent Researchers   

  

Institution Name  Number of Permanent staff 

contributing to project   

Total Time contribution (person 

years)  

University of  1  

Limerick  

0.4  

University College  1  

Cork    

0.3  

Total  2  0.7  

  

  

7.  Researchers Funded by DAFM  

  

 

Type of Researcher  Number  Total Time contribution (person 

years)  

Post Doctorates/Contract  4  

Researchers  

4.49  

PhD students  1  2.42  

Masters students  0  0.00  

Temporary researchers  

Other  

3  

  

0.57  

  

Total  8  7.48  

   

 

 

 

 

 

8. Involvement in Agri Food Graduate Development Programme  

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

Siobhán M. O’Sullivan  FS6628: Next generation food  

formulation. February 20th - 22nd 2015  
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9.  Project Expenditure  

  

Total expenditure of the project:         € 472,293.75  

  

Total Award by DAFM:            € 478266.45  

  

Other sources of funding including benefit in kind and/or   

cash contribution(specify):           €30,000  

  

  

Breakdown of Total Expenditure  

Category  

Name  

University of 

Limerick  

Name  

University  

College Cork  

Name  

Institution 3  

Name  

Institution 4  
Total  

Contract staff  7817.32  0.00        

Temporary staff  0.00  0.00        

Post doctorates  186,931.77  29,850.00        

Post graduates  0.00  51,650.00        

Consumables  51,752.63  30,764.40        

Travel and subsistence  
1,755.02  2,781.75        

Sub total  248,256.74  115,046.15        

Durable equipment  
0.00  0.00        

Other  0.00  0.00        

Overheads  74,477.02  34,513.85        

Total  322,733.76  149,560.00      472,293.76  

  

  

10. Leveraging  

 

Kerry Ingredients provided the starting substrate and contributed to the semi-pilot scale manufacture of 

the test lead functional hydrolysate. They also carried out microbiological testing of the product to 
ensure its safety for human consumption and formulated the product into a palatable protein drink.    

  

Prof. Dick FitzGerald was involved in the following H2020 bid which is currently under consideration: EU 

SusFood Proposal: Clean processing technologies for the production of sustainable proteinaceous food 

and ingredients with improved functional properties. This proposal involves 7 partners coming from 
Ireland, Germany, Spain and Finland and is currently under evaluation. This proposal includes the 



  10  

development of advanced methodologies for the separation and identification of bioactive peptides and 

the semi-pilot scale fractionation of hydrolysates developed within this project. Unfortunately, this 

submission was not funded although it was well ranked in the evaluation process.  

  

  

11. Future Strategies   

 

There are currently three peer-reviewed publications in preparation from this research as outlined in 
section 4(a) above. There were 13 additional peer-reviewed publications which included the use of novel 

methodologies for the identification of bioactive peptides that were developed within this project. 

Furthermore, this research has resulted in the development of skills for the identification of bioactive 
peptide sequences within complex mixtures. Such capabilities are valuable and we believe they will lead 

to further funding. For example, we already have specific interest from dairy and non-dairy industry in 

collaborating in the identification of peptides within different commercial samples. 


