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S UM M A RY  
The objectives of the project were:  

• To determine the prevalence of L. monocytogenes in mushroom substrates and their components, and in the 
mushroom growing environment so that interventions can be targeted to best effect.  

• To develop and implement bacteriophage technologies and approaches to enhance microbial safety in mushroom 
production.  

• To identify novel inhibitors of L. monocytogenes from the mushroom production environment.  
• To examine the efficacy of currently employed and novel biocide control measures on biofilm forming L. 

monocytogenes.  
• To test the efficacy of the novel technologies in a mushroom growing environment.  

These objectives were achieved in full. L. monocytogenes was most commonly identified on floors and near drains but 
rarely on the harvested product. The project also demonstrated that steam cookout was effective for L. monocytogenes in 
compost but that it can survive on the floor as the floor does not reach the same temperature as the rest of the room. This 
has implications for the cleaning regime post cookout. L. monocytogenes strains isolated from the mushroom production 
environment were shown to be able to form biofilm on a range of industry relevant surfaces, with some correlation to 
surface roughness. Biocides approved for use within the mushroom industry were shown, in general, to be effective against 
L. monocytogenes biofilm, albeit with differing efficacy on different surfaces and contact time having an impact in some 
cases.   

A number of bacteriophage and bacteriocin based options were shown to have anti-listerial efficacy in lab-based studies 
but not in pilot scale studies in the mushroom production unit. This demonstrates the importance of real-world testing of 
antimicrobial interventions to assess suitability.   

Key industry relevant outcomes were disseminated to industry through meetings and workshops and a training video, 
including translations, was disseminated to all mushroom growers in Ireland. 
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NRPE Priority area 

Sustainable Food Production and Processing 

Total DAFM Award 

€520,625.00 

Total Project Expenditure 

€483,500.00 

Rationale for undertaking the Research 

Listeria monocytogenes contamination of food products is a critical concern for food industries, regulators and consumers alike. It is of particular concern due 

to its high mortality rate, its ability to form biofilms, its ability to grow at low temperatures and to survive a wide range of pH and low Aw conditions. It is a 

ubiquitous, saprophytic organism capable of growth in soil and decaying vegetation and other agricultural and horticultural environments.   

Mushrooms are the biggest export sector within Irish horticulture, with over 80% of Irish mushroom production destined for the UK market. The value of 

mushrooms sold in the retail market was £421 million in 2018, with 137,000 tonnes produced. There is limited information on the contamination of 

mushrooms by foodborne pathogens, including L. monocytogenes. Of particular concern in this regard is their ready-to-eat status. To date, there have been no 

reports of foodborne pathogen related illness attributed to the consumption of mushrooms but in recent years a number of recalls have occurred across 

Europe in relation to L. monocytogenes contamination of mushrooms. The industry cannot afford the economic and reputational damage associated with 

product recalls, or even worse to be associated with an outbreak of foodborne disease linked to consumption of their products and was therefore keen to 

identify possible harbourage sites for L. monocytogenes within their facilities, enabling the identification and implementation of effective strategic 

interventions in order to continue to provide assurance of the safety of their products. 

Methodology 

At the beginning of this project little was known about L. monocytogenes routes of transmission into and within mushroom production facilities, where and 

why Listeria containing biofilms may form or the efficacy of current processes to eliminate L. monocytogenes which may be present as an environmental 

contaminant. This project addressed these concerns using a multidisciplinary approach, underpinning microbiological surveillance studies with molecular and 

in-depth phenotypic analysis of isolates obtained. This phenotypic analysis included in-depth characterisation of biofilm forming potential on a range of 

industry relevant surfaces. A holistic whole chain approach was taken from the production of growth substrate right through to the finished product ready for 

retail distribution, to target intervention strategies. A key focus of the project was to identify novel treatments which could be utilised within the mushroom 

production cycle to minimise L. monocytogenes biofilm formation and possible subsequent contamination of both the mushrooms and the production 

environment. This focused on readily implementable, affordable technologies which have demonstrated previous application in the food sector. 

Microbiological surveys were also complemented by a metagenomic analysis of casing during commercial production to elucidate the changes which occur in 

microbial communities present. 

Project Results 

A brief summary of the project results is as follows:  

• L. monocytogenes was detected at all stages of the mushroom production chain.  

• There were 77 L. monocytogenes pulsotypes identified from the 279 isolates; 40 of the pulsotypes had only one strain and 37 had two or more strains, 

indicating great diversity in the isolates.  

• Trials before and after cook out in two facilities indicated that, while the growth substrate reached the target temperature and killed L.monocytogenes, 

the floors did not reach temperatures sufficient to kill L. monocytogenes.   

• L. monocytogenes isolates were capable of forming biofilm on all surfaces tested. Concrete was found to support the greatest level of biofilm formation.  

• In lab trials the results for the biocides tested under clean conditions ranged between 3.7-log to 6-log reduction of L. monocytogenes biofilm, while under 

simulated dirty conditions the results ranged between 1.7-log to 6-log reduction, demonstrating their efficacy. They were also effective on biofilm formed 

on concrete floors.  

 



• Nisin producing Lactococcus lactis was identified in a number of commercial mushroom production facilities. In vitro assays demonstrated that nisin was 

effective at reducing L. monocytogenes biofilm and that the producing strain was effective in reducing L. monocytogenes biofilm formation in co-culture 

biofilm experiments.   

• A bacteriophage endolysin (a protein that results in the death of L. monocytogenes cells) was purified and produced as a dry powder. The endolysin 

prevented adhesion of L. monocytogenes cells to surfaces but was not as effective in removal of biofilm.  

• In pilot-scale trials in a mushroom growing facility none of the biocontrol agents tested reduced L. monocytogenes on the floor of the 

• facility or in the casing soil during crop production.  

  

Overall, the project greatly enhanced understanding of L. monocytogenes occurrence in the mushroom production environment, potential routes for cross 

contamination and the efficacy of currently used hygiene practices with specific focus on L. monocytogenes minimisation. Although the purified biocontrol 

agents showed promising results in the laboratory, optimisation of the application would be required to better evaluate activity in a mushroom growing 

facility. There are many factors that could inhibit their activity during mushroom production. These include the extensive use of water during mushroom 

growth, proteinases in the growth substrates and the effect of competing bacteria in the growth substrate during growth. Current cook-out hygiene practice 

was effective at killing L. monocytogenes in substrates but not on floors. Some commercial biocides were effective at killing L. monocytogenes on floors. 

 
Summary of Project Findings 

This project fostered deeper research collaborations with the mushroom sector in relation to food safety issues, with a particular focus on the potential 

presence of L. monocytogenes in the mushroom production environment. Through research undertaken in commercial facilities it was possible to identify 

likely routes of contamination during production, and accordingly the steps which were most likely to be successful in preventing cross contamination of the 

crop. This was complemented by an analysis of the efficacy of the cook out procedure on commercial sites. Based on these results a training video was 

prepared to be used as part of staff training, demonstrating key steps to be taken to minimise L. monocytogenes cross contamination.  

This work was complemented by an in-depth analysis of the ability of mushroom industry derived L. monocytogenes to form biofilm on different surfaces and 

the efficacy of biocontrol and biocidal agents for minimising L. monocytogenes biofilm through lab based and pilot scale trials. Such information is of direct 

benefit to the industry itself and regulators alike. Indeed, studies arising from this project have already been cited in an EFSA Opinion.  

The project generated a significant amount of new scientific knowledge which has been communicated to the scientific community through the publication of 

7 peer reviewed articles to date. The project outputs have also been disseminated through international conference presentations and through the HuPlant 

Control COST Action. 

Research Output                                     Male Female Total Number 

PhD Students 2 0 2 

 

Summary of Academic Outputs 

Research Outputs Total Number Details 

PhD Theses 2 This project resulted in the submission of two PhD theses, one each to Cork Institute of 

Technology and University College Cork.  

1. Pennone, Vincenzo. PhD CIT 2019. The occurrence of Listeria monocytogenes in the 

mushroom production chain and the use of bacteriophage for its control.  

2. Dygico, L. K. PhD UCC 2019. Listeria monocytogenes in the mushroom production 

environment: biofilm formation and control measures. 

Publications in Peer Reviewed 

Scientific Journals 
7 1. Bolocan, A., V. Pennone, P. M. O’Connor, A. Coffey, A. I. Nicolau, O. McAuliffe and K. 

Jordan. (2016). Inhibition of Listeria monocytogenes biofilms by bacteriocin producing 

bacteria isolated from mushroom compost. Journal of Applied Microbiology, 122, 279-

293.  

2. Jordan K., K. Hunt, A. Lourenco, Pennone V. (2018). Listeria monocytogenes in the 

Food Processing Environment. Current Clinical Microbiology Reports: Vol 5 No. 2: 106-

119.  

3. Pennone V., A. Lehardy, A. Coffey, O. McAuliffe and K. Jordan. (2018). Diversity of 

Listeria monocytogenes strains isolated from Agaricus bisporus mushroom production. 

Journal of Applied Microbiology: Vol 125 No. 2: 586-595  

4. Dygico, L. K., O’Connor, P. M., Hayes, M., Gahan, C. G. M., Grogan, H., and Burgess, C. 

M. (2019). Lactococcus lactis subsp. lactis as a natural anti-listerial agent in the 

mushroom industry. Food Microbiol. 82, 30–35.   

 



5. Pennone V., M. Sanz Gaitero, A. Coffey, K. Jordan, M.J. van Raaij and O. McAuliffe. 

Reduction of L. monocytogenes by the amidase domain of the phage vB_LmoS_293 

endolysin: in-vitro studies. Viruses 11(8): 722.  

6. Dygico, C.G.M. Gahan, H. Grogan, and C. M. Burgess. (2020) The ability of Listeria 

monocytogenes to form biofilm on surfaces relevant to the mushroom production 

environment. Int J Food Microbiol. 16;317:108385  

7. Pennone V., L.K. Dygico, A. Coffey, H. C.G.M. Gahan, H. Grogan, C.M. Burgess, O. 

McAuliffe and K. Jordan. (2020) Effectiveness of hygiene practices currently in use for 

the decontamination of Listeria monocytogenes from the mushroom production 

environment. Food Sci Nut 8(7): 3456-3468 

Dygico, C.G.M. Gahan, H. Grogan, and C. M. Burgess. (2020) Examining the efficacy of 

mushroom industry biocides on Listeria monocytogenes biofilm. J Appl Microbiol 

https://doi.org/10.1111/jam.14681 (cited in EFSA Opinion) 

Peer Reviewed Conference 

Papers 
16 Poster presentations: 

1. Pennone, V., A. Lehardy, A. Coffey, O. McAuliffe and K. Jordan. 2016. Diversity of L. 

monocytogenes strains isolated from Agaricus bisporus mushroom production. 

Proceedings of the XIX ISOPOL Conference, Paris, France, June 2016.  

2. Pennone V., M. Sanz Gaitero, A. Coffey, K. Jordan, M.J. van Raaij and O. McAuliffe. 

2017. Purification and characterization of the Listeriophage vB_LmoS_293 endolysin 

and tail fibre proteins and their potential applications against biofilms of Listeria 

monocytogenes. Proceedings of the 1st German Phage Symposium, Stuttgart, 

Germany, October 2017.  

3. Pennone V., A. Coffey, O. McAuliffe and K. Jordan. 2018. Effectiveness of cookout on 

Listeria monocytogenes survival in the mushroom production industry. Proceedings of 

the FoodMicro 2018 Conference, Berlin, Germany, September 2018.  

4. Pennone V., M. Sanz Gaitero, A. Coffey, K. Jordan, M.J. van Raaij and O. McAuliffe. 

2018. Purification and characterization of the Listeriophage vB_LmoS_293 endolysin 

and tail fibre proteins and their potential applications against biofilms of Listeria 

monocytogenes. Proceedings of the FoodMicro 2018 Conference, Berlin, Germany, 

September 2018.  

5. Pennone V., M. Sanz Gaitero, A. Coffey, K. Jordan, M.J. van Raaij and O. McAuliffe. 

2019. Inhibition of L. monocytogenes biofilm formation by the amidase domain of the 

phage vB_LmoS_293 endolysin. Proceedings of the OHEJP conference, Dublin, May 

2019.  

6. Dygico L.K., Gahan C., Burgess C.M. (2016). Testing the efficacy of bacteriocin/inhibitor 

producing bacteria isolated, from mushroom growth substrate, against Listeria 

monocytogenes. 25th International ICFMH Conference, Food Micro 2016, Dublin, 

Ireland, 19– 22 July 2016.  

7. Dygico L.K., Gahan C., Burgess C.M. (2016). Isolation of bacteriocin/inhibitor producing 

bacteria with anti-listerial activity, from mushroom growth substrate. 18th IUFoST – 

World Congress of Food Science and Technology, Dublin, Ireland, 21-25 August 2016.  

8. Dygico L.K., Gahan C., Grogan H., Burgess C.M. (2018). Investigating the ability of 

Listeria monocytogenes to form biofilm on surfaces relevant to the mushroom 

production environment. IAFP's European Symposium on Food Safety, Stockholm, 

Sweden, 25-27 April 2018.  

9. Dygico L.K., Gahan C., Grogan H., Burgess C.M. (2018). Naturally present lactic acid 

bacteria as a biocontrol agent against Listeria monocytogenes in the mushroom 

production environment. Microbiology Society Focused Meeting 2018: Microbes 

underpinning agriculture, Cork, Ireland, 1-2 October 2018.  

10. Dygico L.K., Gahan C., Grogan H., Burgess C.M. (2019). Where can Listeria 

monocytogenes grow? Investigating its ability to form biofilm on surfaces relevant to 



the mushroom production environment. One Health European Joint Programme 

Annual Scientific Meeting 2019, Dublin, Ireland, 22-24 May 2019.  

Oral presentations: 

11. Pennone V. Reduction of L. monocytogenes by the Amidase Domain of the Phage 

vB_LmoS_293 Endolysin: in-vitro Studies. Proceedings of the OHEJP conference, 

Dublin, May 2019.  

12. Dygico L.K., O’Connor P., Gahan C., Burgess C.M. (2017). Utilisation of bacteriocin 

producing bacteria, isolated from the mushroom production environment, as a 

biocontrol option for L. monocytogenes biofilm. SfAM’s Annual Applied Microbiology 

Conference, Gateshead, UK, 3-6 July 2017.  

13. Dygico L.K., Gahan C., Grogan H., Burgess C.M. (2017). Investigating the ability of 

Listeria monocytogenes to form biofilm on surfaces relevant to the mushroom 

production environment. IFSTI 46th Annual Food Science and Technology Conference, 

Dublin, Ireland, 6-7 December 2017.  

14. Dygico L.K., Gahan C., Grogan H., Burgess C.M. (2019). Survival dynamics of Listeria 

monocytogenes and its transfer potential from growth substrate to crop: A mushroom 

production pilot-scale study. COST Action: HUPLANTControl Symposium, Dubrovnik, 

Croatia, 2-3 April 2019.  

15. Dygico L.K., Gahan C., Grogan H., Burgess C.M. (2019). From lab-scale to pilotscale: 

assessing the efficacy of anti-listerial biocontrol agents. Microbiology Society Annual 

Conference 2019, Belfast, UK, 8-11 April 2019.  

16. Dygico L.K., Gahan C., Grogan H., Burgess C.M. (2019). A study on the survival of 

Listeria monocytogenes and the impact of biocontrol agents in a pilot-scale mushroom 

production facility. One Health European Joint Programme Annual Scientific Meeting 

2019, Dublin, Ireland, 22-24 May 2019. 
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Summary of other Project Outputs 

Project Outputs Details Total No. 

New Processes Through the research undertaken as part of this project key steps to minimise cross 

contamination in the mushroom production environment were identified. This 

information for utilisation during mushroom growing and house preparation was 

summarised in a training video provided to all mushroom growers in Ireland. 

1 

 

Potential Impact related to Policy, Practice and Other Impacts 

Impact Details 

Other This project produced a number of industry and regulatory agency relevant outcomes including data on areas most 

susceptible to L. monocytogenes contamination, data on the efficacy of steam cook out for reducing L. monocytogenes in 

different parts of the mushroom production environment, data on the efficacy of approved biocides against L. 

monocytogenes biofilm and data on the ability of L. monocytogenes to form biofilm on industry relevant surfaces. This 

information has direct impact for mushroom producers, as by using this information they can ensure their processes and 

facilities are designed in such a way to minimise cross contamination with L. monocytogenes and minimise biofilm 

formation, thereby contributing to providing food safety assurance. Similarly, for the scientific community, regulatory 

bodies and public health agencies, this project has direct impact, as it provides much needed information about the 

prevalence of L. monocytogenes in mushroom production environments, its most likely sources and the behaviour of 

isolates directly relevant to the environment which supports the development of appropriate risk minimisation strategies. In 

addition, the project has an impact for stakeholders, providing direct evidence of the importance of trialling biocontrol 

agents in real world situations to determine their efficacy, as opposed to just lab based studies. 

 

 



Dissemination Activities 

Activity Details 

Workshops at which results were 

presented 
A workshop was held for the mushroom industry in Monaghan in March 2019 and a presentation was given outlining the 

results of this project. This workshop was very well attended and resulted in a number of follow up discussions with 

industry. 
Workshops at which results were 

presented 
Results from the pilot scale study were presented at the HuPlant COST Action workshop held in Dublin in September 

2019. This workshop brought together horticultural producers and regulators to discuss food safety challenges in the 

industry and measures which can be taken to address these. The two events were attended by over 50 people. 
Seminars at which results were 

presented 
Pennone V. National Conference on Listeria, Moorepark, May 2018. 

Other Technical publications:   

1. Dygico, L. K., Grogan, H., Jordan, K., and Burgess, C. M. (2018). Ensuring the safety of mushrooms. Tresearch 13, 

34–35. Available at: https://www.teagasc.ie/publications/2018/tresearch-winter-2018.php  

2. Vincenzo Pennone, Olivia McAuliffe, Kaye Burgess, Kieran Jordan. 2018. Bacteriophages solutions for 

environmental decontamination in food production facilities. Tresearch 13, 32-33. Available at: 

https://www.teagasc.ie/publications/2018/tresearch-winter-2018.php 

Other Cross contamination prevention video produced for, and provided to mushroom industry 
  

 

Knowledge Transfer Activities 

Identify knowledge outputs generated during this project. 

 

• 2 PhD theses  

• 7 peer reviewed publications targeting the scientific community and regulators  

• 3 technical publications targeting industry  

• 1 training video targeting industry 

Identify any knowledge transfer activities executed within the 

project. 

• 2 industry targeted workshops  

• 12 presentations at national and international conferences 

List any impacts resulting from the knowledge transferred 

during the project. 

• Implementation of training video in training programmes in commercial grower 

facilities. 

• Citing of peer reviewed publications in international publications including a 

recent EFSA Opinion. 



 
Leveraging Metrics 

 

Type of Funding Resource Funding € Summary 

Exchequer National Funding €995,412.05 The DAFM funded project 'Quantifying, understanding and mitigating microbial and chemical 

food safety risks in horticulture' commenced on 01 August 2020. The SafeMush project 

directly contributed to the development of this project with the wider horticulture sector. 

 

 

Future Strategies 

This project was very successful at building relationships with mushroom industry and the broader horticulture sector. The project team continues to interact 

with the industry through the Bord Bia convened mushroom stakeholder group and as part of this have discussed potential research opportunities. This project 

was also instrumental in the development of a follow-on project which addresses microbial and chemical contaminants in the wider horticulture sector. This 

four-year project, funded by DAFM, commenced in August 2020 and aims to support the industry in minimising microbial contamination during crop 

production, whilst reducing the risks of chlorate build up in crops. 

Project Publications 

Peer reviewed publications:  

  

1. Bolocan, A., Vincenzo Pennone, Paula M. O’Connor, Aidan Coffey, Anca Ioana Nicolau, Olivia McAuliffe and Kieran Jordan. (2016). Inhibition of Listeria 

monocytogenes biofilms by bacteriocin producing bacteria isolated from mushroom compost. Journal of Applied Microbiology, 122, 279-293.  

2. Pennone V., A. Lehardy, A. Coffey, O. McAuliffe and K. Jordan. (2018). Diversity of Listeria monocytogenes strains isolated from Agaricusbisporus 

mushroom production. Published in Journal of Applied Microbiology: Vol 125 No. 2: 586-595  

3. Dygico, L. K., O’Connor, P. M., Hayes, M., Gahan, C. G. M., Grogan, H., and Burgess, C. M. (2019). Lactococcus lactis subsp. lactis as anatural anti-listerial 

agent in the mushroom industry. Food Microbiol. 82, 30–35. doi:10.1016/j.fm.2019.01.015.  

4. Pennone, V., Sanz-Gaitero, M., O' Connor, P., Coffey, A., Jordan, K., van Raaij, M. J.. and McAuliffe, O (2019) . Inhibition of L.monocytogenes Biofilm 

Formation by the Amidase Domain of the Phage vB_LmoS_293 Endolysin. Viruses, 11, 722; doi:10.3390/v11080722.  

5. Dygico, L. K., Grogan, H., Gahan, C. G. M., and Burgess, C. M. (2020). The ability of Listeria monocytogenes to form biofilm on surfaces relevant to the 

mushroom production environment. Int J Food Microbiol 317:108385  

6. Pennone V, Dygico KL, Coffey A, Gahan CGM, Grogan H, McAuliffe O, Burgess CM, Jordan K. (2020). Effectiveness of current hygienepractices on 

minimization of Listeria monocytogenes in different mushroom production-related environments. Food Sci Nutr 20;8(7):34563468.  

7. Dygico L.K., Gahan C.G.M., Grogan H. and C. M. Burgess* (2020) Examining the efficacy of mushroom industry biocides on Listeriamonocytogenes biofilm. 

J Appl Microbiol. https://doi.org/10.1111/jam.14681  

  

  

Popular publications:   

1. Dygico, L. K., Grogan, H., Jordan, K., and Burgess, C. M. (2018). Ensuring the safety of mushrooms. Tresearch 13, 34–35. Available at: 

https://www.teagasc.ie/publications/2018/tresearch-winter-2018.php  

2. Vincenzo Pennone, Olivia McAuliffe, Kaye Burgess, Kieran Jordan. (2018). Bacteriophages solutions for environmental decontamination in food 

production facilities. Tresearch 13, 32-33. Available at: https://www.teagasc.ie/publications/2018/tresearch-winter-2018.php 3. Short film for 

mushroom producers. 

 


