
  

 

 
1 

Technology Updates Food  

 

Kaye Burgess                        Email: kaye.burgess@teagasc.ie. Contact 

http://www.teagasc.ie/publications/ 

Project number: 6752 Date: Oct 2019 
Funding source: Department of Agriculture, 
Food and The Marine 

Project dates: Dec 2014 – May 2019 

 

 

 

 
 

 

    
 

Main results:  
 Listeria monocytogenes was detected in the mushroom growing environment and in growth 

substrates used for mushroom production.  

 Comparison of the isolates obtained indicated a diversity of isolates, with some  cross-contamination 
between growing facilities observed, possibly as a result of common transport lorries or people etc. 

 Commonly used hygiene practices in the mushroom production facilities, such as ‘cook-out’, are not 
sufficient to eliminate L. monocytogenes from the floors. 

 In laboratory experiments, various biocontrol agents including purified bacteriophage proteins, nisin 
and competitive exclusion microorganisms showed activity against L. monocytogenes isolates from 
the mushroom production environment. 

 In pilot-scale trials in a mushroom production environment these biocontrol agents demonstrated no 
activity against L. monocytogenes. 

 Biocides approved for use in mushroom production demonstrated efficacy against L. monocytogenes 
in lab scale and pilot scale conditions. 
   
 

Opportunity / Benefit:  
Awareness of the issues relating to the potential presence of L. monocytogenes in mushroom production 
was created, and guidelines were provided to growers on steps to reduce cross-contamination of L. 
monocytogenes from the growing environment to the mushrooms. 
 

Collaborating Institutions:  
Teagasc, Ashtown & Moorepark; CIT; UCC 

Key external stakeholders:  
Mushroom growers; mushroom growth substrate suppliers; Bord Bia; FSAI; DAFM; research community  
 

Practical implications for stakeholders: 
Listeria monocytogenes can be present in the mushroom production environment and can form biofilm on 
production facility surfaces. Reduction of cross-contamination of L. monocytogenes from the growing 
environment to the mushrooms can be achieved through awareness of the issues and vigilance. 

 

Assuring the safety of 
mushrooms by the 
introduction of novel 
processes to reduce 
Listeria monocytogenes 
biofilms & environmental 
contamination in 
mushroom production 
facilities 
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Dr. Vincenzo Pennone, Kenneth Dygico.  
 

1. Project background:  
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. An outbreak of L. monocytogenes associated with cantaloupe melons in the USA, 
resulting in 33 deaths, highlighted the potential role of processing environments in contamination.  
Mushrooms are Ireland’s most valuable horticultural crop, 80% of which is exported. There is limited 
information on the potential for contamination of mushrooms with L. monocytogenes. Of particular concern in 
this regard is their ready-to-eat status. To date, there have been no reports of listeriosis attributed to the 
consumption of mushrooms. However, it is interesting to note that since September 2013 there have been 
four notifications on the European Commission’s Rapid Alert System for Food and Feed (RASFF) in relation 
to L. monocytogenes contamination of mushrooms, with one case from mushrooms produced in Ireland. This 
clearly demonstrates that contamination of mushrooms with pathogens such as L. monocytogenes does 
occur. 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. 
Every effort should be put in place to minimise contamination of the crop during production and ensure the 
safety and quality of the final produce.  
 
Commercial mushroom production is a unique form of production. Briefly, the mushroom mycelium is mixed 
with a growth substrate (consisting on composted straw, chicken manure, water and gypsum which is then 
pasteurised), this is covered with casing soil (consisting of peat neutralised with lime) and the mushroom 
mycelium grows from the substrate through the casing and forms fruitbodies on the casing surface. The 
substrate and casing are prepared by different manufacturers and delivered to the growing unit where they 
are used. Within the production process, the possibility of the presence of L. monocytogenes, naturally or 
recontamination of the substrate or casing during transport, mushroom production, harvest, storage, 
packaging or delivery to retail outlet is constant. L. monocytogenes are hardy microorganisms which have 
been shown to persist for periods ranging from months to years in various environments including soil and 
food processing environments, facilitated by biofilm formation. They can also survive in a desiccated state for 
many months and their ability to form biofilm adds to the difficulty of eliminating them should they be present 
in a food production or processing facility. Such persistence can ultimately lead to disease outbreaks, as 
exemplified by the cantaloupe melon outbreak. It would be of great benefit to the mushroom industry to 
identify possible harbourage sites for L. monocytogenes within their facilities, enabling identification and 
implementation of effective strategic interventions in order to provide enhanced assurance of the safety of 
their products. In this project a number of options were examined to identify the most suitable approaches 
from an industry perspective. This was complemented by a root and branch analysis of the prevalence of L. 
monocytogenes in the different parts of mushroom production continuum, and an in-depth analysis of the 
impact of novel interventions that could facilitate control of L. monocytogenes in mushroom production 
facilities.   
 

2. Questions addressed by the project: 
o What is the rate of occurrence of L. monocytogenes in the mushroom production chain and where 

are the main areas that should be targeted with intervention strategies?  
o Do mushroom industry surfaces support L. monocytogenes biofilm formation? 
o Can biocontrol agents be used to inactivate L. monocytogenes? 
o Can reduction in the occurrence of L. monocytogenes be achieved in pilot-scale mushroom 

production trials? 
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3. The experimental studies:  
This project focused on three main topics; identifying potential sources of L. monocytogenes in mushroom 
production, understanding L. monocytogenes behaviour in industry like conditions and assessing the efficacy 
of biocontrol agents for L. monocytogenes minimisation. Thirteen sites in the mushroom production chain 
were sampled with targeted sampling, mainly of non-food contact surfaces. In total, 750 samples were 
analysed for the presence of L. monocytogenes using the ISO 11290-1 and 2 standard methods for detection 
and enumeration of L. monocytogenes, respectively. In two facilities, samples were taken before and after 
hygiene practices were applied, in order to determine if L. monocytogenes survived the hygiene practices. 
The ability of mushroom industry derived isolates of L. monocytogenes to form biofilm was assessed on 
twelve different surface materials commonly found in the mushroom production environment. Furthermore, 
the efficacy of eleven biocidal products, either in use or approved for use in the mushroom industry, was 
assessed against L. monocytogenes biofilm. 
Mushroom growth substrates were screened for the presence of potential biocontrol agents (bacteriocins and 
bacteriophage) with antilisterial activity. Bacteriophage proteins were expressed and purified and their 
efficacy evaluated against L. monocytogenes cells and biofilm. The proteins were also attached to 
bionanoparticles.  
In a pilot-scale mushroom production facility the ability of the identified biocontrol agents to reduce L. 
monocytogenes on the floor of the facility or in the casing during crop production was assessed. 
 

4. Main results:  
o L. monocytogenes was detected at all stages of the mushroom production chain. 
o There were 77 pulsotypes 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 (Figure 1). 
 

 
Figure 1. A minimum spanning tree showing the diversity of the isolates obtained. A complete circle 
indicates a single strain of that type was isolated; where the circle is divided into segments, each 
segment represents a strain of the same type. 

 
o 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.  

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

o 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. 
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o 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.  

o 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. 

o 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.   
 

5. Opportunity/Benefit: 
Awareness of the issues relating to L. monocytogenes in mushroom production was created, and guidelines 
were given on reducing L. monocytogenes cross-contamination from the growing environment to the 
mushrooms. Datasets were produced demonstrating the ability of mushroom industry surfaces to support L. 
monocytogenes biofilm formation and the efficacy of mushroom industry biocides on L. monocytogenes in 
biofilm. 
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