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Introduction 

Sustainable agriculture through digitization and innovation technologies

 Water management

 Plant protection products

 Land use

 Food quality and production levels

https://business.esa.int/funding/call-for-proposals-non-competitive/sustainable-transformation-agriculture-through-digitalisation-and-space



Introduction 

Controlled Environment Agriculture (CEA)

Ranging from simple shade structures to full indoor systems Sustainable and highly 
efficient farming ecosystem
with production up to 400 
times more efficient than 
traditional agriculture



Introduction 

CEA production practices do not eliminates microbial food safety risks

 Salmonellosis outbreak in the US linked to CEA grown produce



Introduction 

Listeria monocytogenes is commonly present in agricultural environments mainly in soil but also in

water and can be transfer to processing facilities and to fresh produce during processing



Objective 

• Microbial risk 

factors in 

controlled 

agriculture (CEA) 

production systems 

• Control strategies 

to prevent 

microbiological 

risks of fresh 

produce

• Microbial risk 

factors in 

processing plants



To detect pathogen sources and transfer routes of contamination through 

Environmental Monitoring (EM) plan

Nutrient solution

Floors

Soil Water

Trolley

Boxes

Workers

Raw 
materials

DrainageIrrigation hose
Harvest

equipment

Walls

1. Microbial risk factors in controlled agriculture (CEA)



Selection of three CEA production systems 2 Visits per CEA

25 - 30 sampling sites

1. Microbial risk factors in controlled agriculture (CEA)



• Food contact surfaces

• Non-food contact surfaces
• Product

1. Microbial risk factors in controlled agriculture (CEA)

Systematic sampling of different critical sampling sites



©Ana Allende 

Methodology

Listeria spp./Lm

Salmonella

1. Microbial risk factors in controlled agriculture (CEA)

Confirmation



• New production systems lead to new opportunities but also new hazards.

• Environmental monitoring implemented in CEA can reduce the prevalence 
of pathogenic microorganisms.

• Translate the mentality from processing plants to CEA production.

Key learning

1. Microbial risk factors in controlled agriculture (CEA)



Environmental monitoring – Transient – Persistence – Control measures

To identify through environmental monitoring the areas that may be hot 

spots of contamination

2. Microbial risk factors in processing plants



 3 Visits to each factory 

 75-80 sampling sites per EM

CUT LETTUCE CUT FRUIT WHOLE SALAD

 After processing

 After cleaning and disinfection 

2. Microbial risk factors in processing plants
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2. Microbial risk factors in processing plants



• Improve detection: Detection of Lm was enhanced with the modified ISO 
protocol. 

• Include different sampling times: After processing (2h) and after cleaning.

• Improvements with consecutive EM: Prevalence reductions.

2. Microbial risk factors in processing plants

Key learning
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3. Listeria control strategies

Post-process treatments: Bacteriophages

Listex was the most effective treatment to control Lm growth



3. Listeria control strategies

• Throughout 12 months

• Commercial conditions (3 days at
4ᵒC + 7 days at 7ᵒC) and abusive

temperature (10 days at 10ᵒC)

Validation of the industrial application of bacteriophages to control Lm growth

while preserving the quality of leafy greens

106-7 pfu/g



• Validation of the target dose reached during the industrial trials

• Quality characteristics (sensory evaluation, color changes and headspace 
gas composition) of treated baby spinach were not affected.

• Estimation of the cost-benefits: Critical for the industrial application of 
bacteriophages as a post-process treatment.

Key learning

3. Listeria control strategies



Thank you
Mabel Gil (migil@cebas.csic.es) 


