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Outline 

• Be aware of historic food safety issues associated with fresh 
produce
• Identify the main pathogens of concern and sources.
• Be aware of food safety initiatives and limitations
• Be aware of alternatives to post-harvest washing to 

decontaminate fresh produce



Fresh Produce 

• Prior to 1990s
• Seasonal 
• Local distribution
• Narrow selection
• Considered low food safety 

risk

• Post-1990’s
• Ready-to-Eat packed salad
• All year around selection
• Centralized production 
• Global sourcing 



Fresh Produce Food Safety

• Leading cause of foodborne illness outbreaks

• Consumed raw
• Open to multiple contamination sources
• Lack of evolution in interventions





Fresh Produce Food Safety Problem





Sources of Contamination



Fresh Produce Market
• Ready-to-eat Salads Market Growing at 10% per Year 
• Current Market Value >US$70bn 
• Greater Diversity of Produce Available (All Year Round) 
• Global market and supply chains
• Centralized Production
• Low margins



E. coli O157:H7 Romaine Lettuce November 2017
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Canada: 45 cases
US: 25 cases 



E. coli O157:H7 Romaine Lettuce March 2018

Canada 8 cases
US 210 cases



Fresh Produce Distribution and Processing is 
Complex Network

























Options to enhance food safety of fresh 
produce
• Regulations and guidelines

• Policy to guide industry 
• Requires inspectors to enforce
• Which regulations would cause a change

• Indoor Farming/Controlled Environmental Agriculture
• Growing sector 
• Protection from Environmental sources

• Intervention Technologies
• Alternative to washing
• Transition from research to commercial practice  



Regulations

• Legal frameworks

• Establish boundaries of Business

• Protect consumers

• Protect environment

• Rulebook to judge compliance vs 
non-compliance



Codex Alimentarius : Unifying factor

Post-WWII
• Increase in trade
• Reduce foodborne illness and food insecurity
• Standards and regulations- regional, weak science based 

• Food and Agriculture Organization (FAO) – Food Security 
• World Health Organization (WHO) – Public Health
• World Trade Organization (WTO) – Global Trade



FSMA Final Fresh Produce Rule 

• Management of biological/organic amendments
• Domestic and wild animal exclusion
• Worker health and hygiene
• Equipment, tools and buildings
• Agriculture water rule

• Sprouted seeds
• Growers take reasonable steps to prevent contamination of crops
• Exemption if a validation kill step is included in the process



Pre-harvest Agriculture Water Rule

Agriculture risk assessment
• Location
• Water distribution system
• Nearby sources of contamination
• Type of irrigation
• Irrigation withdrawal times
• Environmental events (storms, drought, temperature, rains events, 

weather fluctuations) 
• No microbiological criteria 



Pre-harvest Agriculture Water Rule

• Risk Management Strategies
• Effective  (validated) mitigation and control methods

• Treating water (PAA, chlorine)
• Re-evaluation of water sources
• Validation (water testing)





Indoor Farming/Controlled 
Environmental Agriculture



Food Safety Guideline for Indoor Farming

Publication: March 2025





Benefits 

The Vision 
• Increasing productivity
• Reducing food insecurity 
• Independence of location and 

climate
• Environmental sustainability 

The Reality 
• Economics: Subsidies 
• Energy costs
• Consumer preference 

(sustainability and local 
doesn’t sell)
• Lack of organic certification 

outside US



Nomenclature of Indoor Farming 

• Rapid diversification of growing methods

• Interchangeable use of terms

• Require descriptive terms

• Who will be responsible for agreed terminology 

Vertical Farming

Vertical Agriculture

Sky Farming 

Urban Agriculture

Hydroponics 

Bioponics



Describe
Pathogen fate
Risk management



Seeds

Growth
Substrate

Nutrient
Solution

Listeria 
monocytogenes
Salmonella
Toxigenic Escherichia 
coli



Intervention/Decontamination 
Approaches



Washing was not cutting it.

Cut Edges Biofilms

Natural Openings Vacuum Cooling

Laboratory 
4-5 log count reduction 

Commercial scale
0-2 log count reduction 

Independent of sanitizer type 





Disinfection Byproducts

Reaction of hypochlorite with organics pH 6-7
• Trihalomethanes
• Halogenic acetic acids
• Chlorophenols 
• N-chloroamines

• Carcinogenic. Pollutants, Sensory impact

• Contributes to ORP but not antimicrobial activity  
• ORP narrow analytical range
• ORP sensors- slow response time



Feedback Loop to Maintain Hypochlorite and pH 

Typical Wash Tank



If we cant decontaminate then prevent cross-
contamination

What level of 
pathogen 
inactivation and at 
what rate?



Alternative Approaches

• Protective cultures (Effective Microbes)

• Electrolyzed water
• Gas plasma 
• Ultraviolet light 
• Hydroxy-Radical Process



Hydroxyl-radical process



Hydroxyl 
Radicals









Seeds and Seedlings 

Raw agricultural product 
• Seed production focus on plant pathogens 
• Little control over human pathogen
• Salmonella and E. coli O157:H7 can survive >2 years on harvested 

seed.
• Human pathogen source

• Sprouts
• Microgreens
• Baby leaf 



E. coli O157:H7 Introduced onto Seed and 
Cultivated Hydroponically 





Clean Flow Treated Seeds
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Mode of Inactivation







Survival of Pathogens in Hydroponic Solution
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Inactivation of pathogens in hydroponic solution

NDNDND

Advanced Oxidation Process

64 mJ/cm2

500 ppm H2O2

ND: Not Detected





















Avocado 



Avocado: Non-treated Control



Hydroxyl Radical Treatment 



Day 15

Hydroxyl-radical Treatment

Non-treated Control









Final Thoughts

• Fresh produce remains the main cause of outbreaks
• Pathogens have become endemic in produce-growing areas

• Climate change
• Population growth
• Extended distribution chains

• Indoor farming protected from the environment but not safer
• Intervention methods are key to enhancing food safety and 

extending shelf-life.
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