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1. Rationale for Undertaking the Research  
 
Brewers’ spent grain (BSG) is the major by-product of the brewing industry. The main current 
application of BSG is as an animal feed, while the remainder is sent to landfill. Global demand is leading 
to an increased requirement for high quality food ingredients. BSG is mainly composed of carbohydrates 
and proteins which are of high nutritional value. Therefore, an opportunity exists to add value by 
extracting high value ingredients from BSG. National and international policy focuses on developing a 
higher level of innovation within the food industry with the need for a greater focus on product 
development in areas such as nutraceuticals and functional foods (FoodWise2025).  
Hordeins and serpins are the main proteins in BSG which have a range of bioactive peptide sequences 
encrypted within their primary structures. Furthermore, BSG is composed of bioactive phenolic 
compounds mainly hydroxycinnamic acids (HCAs) which are primarily composed of p-coumaric acid, 
caffeic acid and ferulic acid. A number of human conditions are associated with increased levels of 
oxidative species and decreased levels of antioxidants. Increased oxidative stress is associated with 
increased incidences of age-related diseases such as atherosclerosis. In addition, aging is associated with 
increased levels of low-grade inflammation. Previous studies using cells grown in culture showed that 
bioactive peptide preparations, derived from BSG proteins, as well as BSG phenolic rich extracts had 
beneficial effects on markers of oxidative stress and low grade inflammation.  
Therefore, an opportunity existed to develop health enhancing functional food ingredients from a low 
value raw material. This in turn could add value to BSG while contributing to the development of food-
based strategies for the management of age-related human disease conditions. 
 
 
 
2. Research Approach  
 
The specific objectives of this research were: to generate bioactive hydrolysates/peptides and phenolic 
rich extracts from BSG, to characterise the composition of these extracts, to assess the bioactive 
properties (using in vitro based approaches) of these extracts, to optimise and scale-up to semi-pilot 
scale the generation of the most promising preparations enriched in peptides and phenolic compounds, 
and finally to perform a human intervention study on selected test compounds.  
 
A novel approach to the generation of bioactive ingredients herein was to use a direct enzymatic pre-
treatment of BSG to aid the release of its bioactive compounds. The yield, physicochemical and the in 
vitro bioactivities properties of the hydrolysates generated from the conventional alkaline extracted 
protein were compared with those generated using the direct hydrolysis approach.  
 
The antioxidant activities of the laboratory-scale generated ingredients were assayed in vitro using the 
oxygen radical antioxidant capacity (ORAC), ferric reducing antioxidant power (FRAP), 2,20-azinobis (3-
ethylbenzthiazoline-6-sulfonic acid (ABTS) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) assays. Cellular 
antioxidant activity was also determined by measuring the cellular content of glutathione (GSH), and the 
activity of superoxide dismutase (SOD) and catalase (CAT) following an oxidative challenge. 
Furthermore, the DNA protective effects of BSG phenolic extracts were measured by their ability to 
protect against hydrogen peroxide (H2O2)-induced DNA single strand breaks in cells using the Comet 
assay. The anti-inflammatory activity of the hydrolysates and phenolics was determined in vitro using 
cell-based assays. Furthermore, the in vitro angiotensin converting enzyme (ACE) and dipeptidyl 
peptidase IV (DPP-IV) inhibition inhibitory activity (markers of antihypertensive and antidiabetic 
properties, respectively) were also determined (these latter analyses were additional to the original 
proposal). 
 
The process for the generation of those BSG fractions which proved most bioactive in the in vitro 
bioassays was then transferred from laboratory to semi-pilot scale. This was carried out in an external 
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GMP-compliant contract manufacturing facility. The resulting spray-dried samples obtained (kg 
quantities) were then characterized with respect to their composition using chromatographic (for 
phenolic compounds) and liquid chromatography-mass spectrometry (for hydrolysate peptides) 
techniques. Due to significant delays and technical issues in the generation of the required quality of the 
biofunctional ingredients at semi-pilot scale, it was not possible within the projects timeframe to 
perform human intervention studies. 
 
However, selected phenolic and peptide extracts generated at laboratory scale were tested in vivo for 
their anti-hypertensive properties in spontaneously hypertensive rats (an additional task which was not 
in the original proposal).  
 
 
 
3. Research Achievements/Results  
 
Stepwise protocols were developed for the extraction of phenolic acids and peptide-rich fractions from 
BSG. The protocols developed throughout the project were successfully transferred to semi-pilot scale in 
conjunction with industrial partners resulting in the generation of sufficient quantities (kg) of the 
peptide rich extract for the planned human feeding study. The protocol for the isolation of phenolic 
acids involved shearing of the BSG to reduce particle size followed by direct hydrolysis with 
commercially available (low proteinase activity) carbohydrases. This resulted in the release of bound 
phenolic acids entrapped within BSG while minimizing the release of protein. Interestingly, treatment of 
dried BSG with combinations of carbohydrases containing ferulic acid esterases resulted in the highest 
quantities of extracted phenolic acids. This treatment resulted in a yield of 26% of phenolics from BSG. 
Following extraction of the phenolic acids, the BSG sediments were then incubated with commercial 
available food-grade proteinases for the generation of peptide-rich fractions. A combination of 
proteinases was utilised to obtain the peptide rich fractions. Direct proteolysis of BSG with a 
combination of Alcalase and Flavourzyme resulted in a yield of 63% of the original protein nitrogen. 
Analysis of the peptide rich extract showed that it contained approx. 45% protein equivalent, a result 
which was higher to that obtained during the conventional alkaline extraction procedure. 
 
The phenolic acid-rich extracts demonstrated high antioxidant activity when analysed using a range of 
standardised in vitro antioxidant assays. The DPPH, FRAP and ORAC assays all demonstrated a high 
antioxidant capacity of the phenolic-rich extracts. In general, U937 human lymphocyte cells were more 
responsive to the phenolic-rich extracts in comparison to Jurkat T cells. Assessment of the impact of BSG 
phenolic extracts on the cellular antioxidant status in HepG2 cells demonstrated that all extracts 
significantly protected against a hydrogen peroxide-induced decrease in glutathione content, and 
superoxide dismutase and catalase activity while one of the BSG phenolic extracts demonstrated anti-
cancer potential. The phenolic extracts from BSG also demonstrated neuroprotective effects in cell 
culture models suggesting that these fractions may also have potential as functional food components in 
the prevention and management of neurodegenerative conditions. This would require further studies to 
validate same in vivo. BSG peptide rich extracts also demonstrated potent antioxidant ability using a 
range of antioxidant assays. BSG peptide rich extracts were also shown to display anti-inflammatory 
effects in a number of cell lines. The peptide rich extracts generated using the direct hydrolysis method 
were compared to extracts generated using the alkaline extraction method in terms of their 
bioactivities. In general, no significant difference was observed in terms of ACE inhibitory, DPP-IV 
inhibitory, anti-inflammatory and antioxidant activity. Finally, selected phenolic and peptide extracts 
were tested in vivo for anti-hypertensive properties in spontaneously hypertensive rats (SHR) giving 
significant blood pressure reducing effects. 
 
The identification of potent bioactive compounds was also successfully achieved. Using a combination of 
ultrafiltration and reverse phase HPLC, the phenolics ferulic and p-coumaric acid were identified within 
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the phenolic rich extracts. The peptide extracts generated at semi-pilot scale were fractionated using 
semi preparative RP-HPLC and the most potent bioactive fraction was analysed by UPLC-ESI-MS/MS to 
determine the peptide sequences therein. A total of 45 peptides were selected for chemical synthesis 
and their in vitro bioactivities were then tested. Specific peptide sequences, i.e., Ile-Pro-Tyr, Ile-Pro-Leu-
Gln-Pro and Ile-Pro-Val-Pro were identified as having potent antioxidant, ACE and DPP-IV inhibitory 
activities, respectively.  
 
 
4. Impact of the Research 
 
The present research used enzymatic approaches (i.e., pre-treatment with food-grade carbohydrases 
and proteinases) to release bioactive compounds (phenolic acids and peptides) from BSG. This direct 
hydrolysis approach resulted in a higher yield of protein-derived peptides in comparison to the 
conventional alkaline extraction of proteins. This represents an alternative more efficient extraction 
approach. This direct extraction protocol was successfully scalable (eventually on overcoming a number 
of technical issues) to semi-pilot scale. This is of significant interest to the food ingredients industry.  
 
The phenolic and peptide-rich extracts demonstrated a wide range of, in certain cases, previously 
unexplored in vitro bioactivities such as antioxidant, anti-inflammatory, anticancer, neuroprotective and 
antihypertensive activities. This indicates that these extracts may have potential for use in the 
management of low grade inflammation and associated autoimmune diseases. Furthermore, the 
individual peptides potentially responsible for some of these bioactivities were identified. This new 
information is of relevance for consumers and for industry interested in the consumption and in the 
manufacture, respectively, of functional products or ingredients with potential health benefits.  
 
The identification of the active compounds present in the phenolic and peptide-rich fractions is of 
relevance to regulatory authorities. Development of approved health claims currently requires detailed 
information on the compositional characteristics of biofunctional ingredients. 
 
The research performed is of relevance to policymakers in that it has clearly demonstrated the potential 
of BSG as a source of potent bioactive ingredients. These ingredients can contribute to the generation of 
added-value to BSG while meeting consumer demand for high quality biofunctional sustainable plant-
derived ingredients. 
 
The project has resulted in the advancement of science and technology. It has led to the training of high-
level post-graduates and post-doctoral fellows. In addition, it has led/is leading to quartile 1 peer 
reviewed publications. 
 
 
 
4(a) Summary of Research Outcomes 
 

(i)  Collaborative links developed during this research 
Ongoing collaboration with Prof. Nora O’Brien at UCC and with R & D personnel at Kerry 
have been augmented by this research. Furthermore, new linkages with Prof Jakeman’s 
human science research group at UL have been developed. 

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

adopted  
New approaches, e.g., direct hydrolysis, have been developed and successfully 
transferred to semi-pilot scale for the generation of bioactive BSG-derived functional 
food ingredients. 
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(iii) Outcomes with economic potential  

The extraction of biofunctional ingredients from BSG can add value to this low value co-
product of the brewing industry. 

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

 
This project has advanced our knowledge and innovation capacity in (a) the 
development of multifunctional health enhancing ingredients and (b) constitutes an 
environmentally sustainable benefit by converting the major by-product obtained from 
the brewery industry (BSG) into health enhancing food ingredients. 

 
4 (b)  Summary of Research Outputs 
 

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

• Crowley D, O’Callaghan Y, McCarthy AL, Connolly A, FitzGerald RJ, O’Brien NM. Aqueous 
and enzyme-extracted phenolic compounds from brewers’ spent grain (BSG): Assessment 
of their antioxidant potential. J Food Biochem (2017) 41, e12370.   

• Crowley D, O’Callaghan Y, O’Brien NM. The Immunomodulatory Potential of Cereal 
Grains. (Review) Curr Nutr Food Sci (2017) 13. 

• Crowley, D., O'Callaghan, Y., McCarthy, A., Connolly, A., Piggott, C. O., FitzGerald, R. J., & 
O'Brien, N. M. (2015). Immunomodulatory potential of a brewers' spent grain protein 
hydrolysate incorporated into low-fat milk following in vitro gastrointestinal digestion. 
International Journal of Food Sciences and Nutrition, 66(6), 672-676 

• 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. 

• Connolly, A., O'Keeffe, M. B., Nongonierma, A. B., Piggott, C. O., & 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. 

• Crowley, D., O'Callaghan, Y., McCarthy, A., Connolly, A., FitzGerald, R. J., & O'Brien, N. M. 
(2017). Aqueous and enzyme-extracted phenolic compounds from brewers' spent grain 
(BSG): Assessment of their antioxidant potential. Journal of Food Biochemistry 41(3) DOI: 
10.1111/jfbc.12370 . 

• Connolly, A., Cermeño, M., Crowley, D., O’Callaghan, Y., O’Brien, N. & FitzGerald, R. J. 
(submitted). Characterisation of the in vitro bioactive properties of alkaline and enzyme 
extracted brewers’ spent grain protein hydrolysates.  

• Cermeño M, Connolly A, O'Keeffe MB, Flynn C, Alashi AM, Aluko RE, FitzGerald RJ (2019) 
Identification of bioactive peptides from brewers’ spent grain and contribution of Leu/Ile 
to bioactive potency. Journal of Functional Foods 60, 103-455. 
doi:https://doi.org/10.1016/j.jff.2019.103455 

• Connolly A, Cermeño M, Crowley D, O'Callaghan Y, O'Brien NM, FitzGerald RJ (2019) 
Characterisation of the in vitro bioactive properties of alkaline and enzyme extracted 
brewers' spent grain protein hydrolysates. Food Research International 121, 524-532. 
doi:https://doi.org/10.1016/j.foodres.2018.12.008 
 

 
 

https://doi.org/10.1016/j.jff.2019.103455
https://doi.org/10.1016/j.jff.2019.103455
https://doi.org/10.1016/j.foodres.2018.12.008
https://doi.org/10.1016/j.foodres.2018.12.008
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(ii) Popular non-scientific publications and abstracts including those presented at 
conferences  

• Connolly, A., O’Keeffe, M.B., Nongonierma, A.C., Piggott, C.O. and FitzGerald, R.J. (2016) 
Identification of dipeptidyl peptidase IV (DPP-IV) inhibitory peptides from a Brewers’ 
Spent Grain protein isolate hydrolysate. 15th International Cereal and Bread Congress 
(Istanbul). 
 

• Crowley DJ, O’Callaghan YC, McCarthy AL, Piggott CO, FitzGerald RJ, O’Brien NM. The 
immunomodulatory potential of an in vitro digested low-fat milk supplemented with 
brewers’ spent grain protein hydrolysate; selection of a non-toxic level of digestate. Proc 
Nutr Soc (2015) 74, OCE1.  
 

• Crowley DJ, O’Callaghan YC, McCarthy AL, Connolly A, FitzGerald RJ, O’Brien, NM. 
Bioactivity of phenolic extracts of Brewers’ Spent Grain (BSG) - assessment of their DNA 
protective effect against oxidantinduced DNA single strand breaks in U937 cells. Proc 
Nutr Soc (2015) 74, OCE4.  
 

• Crowley DJ, O’Callaghan YC, McCarthy AL, Connolly A, FitzGerald RJ, O’Brien, NM. Cellular 
antioxidant and apoptotic potential of brewers’ spent grain (BSG) phenolic extracts. 44th 
Annual Food Research Conference (2015) P42.  
 

• Crowley DJ, O’Callaghan YC, Connolly A, FitzGerald RJ, O’Brien, NM. Effect of enzyme-
extracted brewers’ spent grain protein hydrolysates on inflammatory response in cells 
associated with atherosclerosis. Proc Nutr Soc (2016) 75, OCE3. 

 
 

(iii) National Report 
N/A 

 
 

(iv) Workshops/seminars at which results were presented  
See conference details above 

 
 

(v)  Intellectual Property applications/licences/patents 
 N/A 

 
 

(vi) Other 
 N/A 

 
 
5. Scientists trained by Project 
 
Total Number of PhD theses:       1 
 

Damien Crowley, UCC 
Title thesis: Cytochemical assessment of brewers’ spent grain (BSG) extract bioactivities. 
Submission date: December 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) 

UL 1  0.40 

UCC 1  0.96 

   

Total        2                                                     1.36 

 
 
7. Researchers Funded by DAFM 
 

Type of Researcher Number Total Time contribution (person 
years) 

Post Doctorates/Contract 
Researchers 

6 
2 

4.353 
0.360 

PhD students 1 3.417 

Masters students 0  

Temporary researchers 0  

Other   

Total 9 
 

8.13 

 
 
 
8. Involvement in Agri Food Graduate Development Programme 
 

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

Damian Crowley 'Next Generation Food Formulation' May 20th-
22nd, 2015 at UCC 
 
'21st Century Workplace Skills', 11th-13th May, 
2016 at UCC 

  

 
9. Project Expenditure 
 
Total expenditure of the project: UL €206,586.49 excluding equipment and overheads 
     UCC €112,304.04  
 
Total Expenditure:  €415,304.45 including equipment and overheads 
 
Total Award by DAFM: €456,586.10      
 
Other sources of funding including benefit in kind and/or  
cash contribution(specify):       
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Breakdown of Total Expenditure:  
 

 
 
10. Leveraging 
 
Additional funding was recently awarded by DAFM to continue innovative studies in BSG as follows: 
DAFM Project Reference No: 15/F/647 
Project Title: Incorporation of novel brewers spent grain (BSG)-derived protein hydrolysates and 
blended ingredient in functional foods for older adults and assessment of health benefits in vivo (BSG-
NIVO) 
 
11. Future Strategies  
 
To carry out a more detailed fractionation of BSG and to subsequently formulate the different fractions 
in the development of functional foods with multifunctional health benefits related to satiety, 
cardiovascular and immunomodulatory effects. It is planned to test selected products during the course 
of a human intervention study (see FIRM funded project 15/F/647). 

Category UL UCC   Total 

Contract staff €14,779.90    €31,962.89 

Temporary staff      

Post doctorates €165,567.71    €148,384.72 

Post graduates      

Students  €72,147   €72,147 

Consumables €22,037.16 €36,384.80   €58,421.96 

Travel and 
subsistence 

€4,201.72 €3,776.24   €7,977.96 

Sub total €206,586.49 €112,308.04   €318,894.53 

Durable equipment €742.00     

Other      

Overheads €61,975.95 €33,692.41   €95,668.36 

Total €269,304.54 €146,000.45   €415,304.45 


