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Outline

* Be aware of historic food safety issues associated with fresh
produce

* |dentify 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

* Priorto 1990s
* Seasonal
* Local distribution
* Narrow selection
* Considered low food safety
risk
* Post-1990’s
* Ready-to-Eat packed salad

* Allyear around selection
* Centralized production

* Global sourcing




* Leading cause of foodborne illness outbreaks

Fish and shelfish 6%
6%

e Consumed raw

Fresh produce
46%

* Open to multiple contamination sources

Dairy and eggs
20%

e Lack of evolution in interventions

Meat and poultry
22% Source: Centers for Disease Control and Prevention



Dole under U.S. probe after deadly Listeria outbreaostco berry recall and hepatitis A: What you need to

Plant in Ohio linked to outbreak in Canada and U.S. resumed production last week :cination can prevent the onset of symptoms if given within 2 weeks of exposure,’ health officials say

Thomeon Reuters  Posted: Apr 30, 2018 1008 AMET | Last Updaled. Apr 30, 2016 10.08 AM ET News  Posted: Ape 26 2096 11:42 AM ET Last Updaied: Apr 26, 2016 12702 PME
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Four U.S. outbreaks traced to papayas from Mexico have sickened 235; more cases expected

-~ Fresh Produce and
The popularity of fi .hpm' 50! L S TSR .uom .;u e nk lni.

being infected in four ongoing Salmonella outbreaks. Possible widespread
F
s v

b

With 235 laboratory confirmed infections as
of this week, the Centers for Disease Control =
and Prevention reports the number of
Hispanic victims in the individual outbreaks
ranges from 50 percent to 91 percent. Two
people have died, but their ethnicity has not
been made public.

The CDC and Food and Drug Administration
are tracking eight different varieties of
Salmonella, all found in maradol papayas
from Mexico and matched by laboratory
testing to samples from the victims. As of
Thursday the CDC split the victims into four
outbreaks, based on four farms in Mexico that produced contaminated fruit.
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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 g

salad washed & ready to eat

e Centralized Production
* Low margins




Canada: 45 cases
US: 25 cases

Vague warning continues
Will there be new news in the New Year?

-




E. coliO157:H7 Romaine Lettuce March 2018

Canada 8 cases

2 &f

\M.' ) A US 210 cases
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Fresh Produce Distribution and Processing is
Complex Network

E. coli 0157:H7 - Romaine - Multi-state Outbreak [p2Y U.S. FOOD & DRUG
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@ Main Outbreak Strain
@ sSccond Outbreak Strain
© Other 0157 Strains

© Negative Site

FDA-CDC Environmental Assessment
June, July and August, 2018
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; \ @/ 48y THE LETTUCE INDUSTRY SPEAKS OUT




E. coliO157:H7 Romaine Lettuce October 2018

Canada 20 cases
US 59 cases

QUEBEC

—

Same E. coli O157:H7 strain as 2017




It's not easy being green:
Romaine lettuce E. coli outbreak
rattles food, grocery industries

The FDA's decision to request that the popular green gets pulled from
shelves sent "a strong message" to the produce sector while costing
supermarkets millions of dollars.



California <, vievia

Orcutt. Sisquoc

Q)
Vandenberg
Village
Los Olivos
Lompoc
Solvang
Gaviota

* Heavy irrigation of crop

* Irrigation water tested positive
for fecal indicators

* Chlorination treatment inoperative
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JIM PREVOR’'S

OPINION | COMMENTARY

Lettuce Try Not to Panic ' PERISHABLE | PUNDIT

Will a tragic overreaction topple Caesar and lead to the decline of the romaine
empire?

By Jim Prevor
Nov. 29,2018 6:37 p.m.ET

Propaganda
Pundit

ILLUSTRATION: PHIL FOSTER

The Centers for Disease Control and Prevention urged before Thanksgiving that “U.S.
consumers not eat any romaine lettuce, and retailers and restaurants not serve or sell

mirrant B eali anthrealk ic raenlvad Thie affactivaly rlacad daum tha



' “The LGMA welcomes the information provided by FDA today through their
investigation as it will be extremely valuable in helping the leafy greens industry
identify the source of this outbreak so that future illnesses can be prevented.

- As part of today’s
statement, the FDA is

providing some results
from environmental
findings being conducted

in counties identified as T T T T T I T T Ty T T ”
potential sources of
romaine lettuce involved

in this outbreak.



the improvement of safety
after the implementation of LGMA?




'Something has to change': Parents speak out after 2-year-old's E.
coli-linked death
—

’

CTV National News: Casualty of contamination
Wi An Ontario couple speaks out about
: L losing their two-year-old boy to an
A&~ E coliinfection linked to lettuce. Avis
.. Favaro reports.

v ¥ &5 B =

Avis Favaro, Medical Correspondent, CTV National News
4l @ctv_avisfavaro

Published Saturday, May 4, 2019 10:14PM EDT
Last Updated Saturday, May 4, 2019 10:32PM EDT

It all started with a romaine salad.

Kristen and Brad Bell felt a little sick after eating the salad last October.



E. Coli Outbreak In Romaine Lettuce Underscores
Need For Change And Technology

Q000

‘ Phil Lempert, CONTRIBUTOR
FULL BIO \/

Opinions expressed by Forbes Contributors are their own.




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_w |

Post-WWI|I

* Increase in trade
* Reduce foodborne illness and food insecurity

WA/N Food and Agriculture
9 Organization of the
]2’ United Nations

* Food and Agriculture Organization (FAO) — Food Security
* World Health Organization (WHOQO) — Public Health VV’ World Health
* World Trade Organization (WTO) — Global Trade —

Vo) Hea
&3 Organization

- .
/, WORLD TRADE
Z/ ORGANIZATION



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)



Annual Agricultural Water [ U5 Foon & bRus
Assessments and Risk-Based Outcomes

Pre-harvest agricultural water for non-sprout covered produce

Based in part on inspections and maintenance of agricultural water
systems and an evaluation of various factors, including:

Nature of the water source and distribution system + Crop characteristics
Degree of protection of the water system + Environmental conditions
Water use practices + Other relevant factors

Is my water not safe or not of adequate Immediately discontinue use and implement
sanitary quality for its intended use? corrective measures before resuming use

Are

reasonably likely 1o introduce known or
reasonably foreseeable hazards from animal
activity, blologlcal soll amendments of
animal origin (BSAAO), or human waste?

Implement mitigation measures promptly
and no later than the same growing season

Are there other conditions that are

or reasonably foreseeable hazards onto

covered produce or food contact surfaces?

CONTINUE REGULAR
INSPECTIONS AND MAINTENANCE
OF YOUR AGRICULTURAL WATER SYSTEMS




Indoor Farming/Controlled
Environmental Agriculture
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History of Indoor Farming

Niche » Commercially Viable

Venlo Greenhouse

LED Technology




Benefits

The Vision The Reality

* Increasing productivity * Economics: Subsidies

* Reducing food insecurity * Energy costs

* Independence of locationand ¢ Consumer preference
climate (sustainability and local

 Environmental sustainability doesn’t sell)

* Lack of organic certification
outside US



Nomenclature of Indoor Farming

* Rapid diversification of growing methods Vertical Agriculture

Sky Farming
* Interchangeable use of terms

Vertical Farming —— | Urban Agriculture

* Require descriptive terms v Hydroponics

Bioponics

* Who will be responsible for agreed terminology



Bench

Hydroponics Seedling Seeds Rain Describe
Vertical | | Aquaponics A L= | GonC Pathogen fate
Salad Water J Surface | [ Risk management
Soil Soil-less Aeroponics ngbs Sources
Microgreens N Municipal
\ / Cucumber N Recycled
Growing System Wicking Trough (NFT)
— »| Trickle
Solar Indoor {Contained} Farming
Ebb & Flow
D Mistin
LE0e Algae € Deep Water Culture
Sodium lamp //BiOChaf \ Overhead spray | [‘gnauow Water Culture
/Anaerobic digest\
Fluorescent lamp Peat/Compost
Vemi ost Fertilizer
e Air st Rockwool
assive : ; i
Bioponics Synthetic Recycled (Jute, Ecoton)
Active Corn Steep Liquor Manure Hemp mats
HVAC Vinasses Fish Waste

Coconut mats

Compost Teas




Growth
Substrate
Listeria
monocytogenes
. Salmonella
Nutrient
Solution Toxigenic Escherichia

coli



Intervention/Decontamination
Approaches



Washing was not cutting it.

Laboratory
4-5 log count reduction

Commercial scale
0-2 log count reduction

Independent of sanitizer type

Natural Openings




ORP (mV)

1000
900
800
700
600
500
400
300
200
100

0

—@— ORP Tank 1 ——ORP Setpoint =@ Free Chlorine ppm

40
35

3/ AN AN R AR
u

30
25
20
15
Al v 10
il Uil ;

0
000 100 200 300 400 500 600 700 800 900

Time into Processing (h)

1YyD 9944

wddauuo

ORP (mV)

1000
900
800
700
600
500
400
300
200
100

0

0.00

45

40

o Free Chlorine ppm

30

25

—@— ORP Tank 2
20

= ORP Setpoint

15
~@— Free Chlorine ppm

10
S

0
2.00 4.00 6.00 8.00 10.00

Time into Processing (h)



Disinfection Byproducts

Reaction of hypochlorite with organics pH 6-7

* Trihalomethanes " - o
. . . % O :
« Halogenic acetic acids Aoy R o~
Chloroacetic Ackd Trichloroacetic Acid SNOmoscetic Acle
* Chlorophenols C'Y]L T
. (0] r
* N-chloroamines I Wgr)ko”

Dichloroacetic Acid Dibromoacetic Acid

* 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

1 2 3 s
| : i
) | |
\ |
| | :
CHLORINE | FORMATION OF | CHLORORGANICS | FREE AVAILABLE
DESTROYED CHLORORGANICS | AND CHLORAMINES |  RESIDUAL FORMED
sy | AND CHLORAMINES ] PARTLY | (SOME CHLORORGANICS
Luwcwc | !  DESTROYED 1 REMAIN)
2 ,owowo* | 1
B | |
2 I | |
3 | | I
(3 | . 1 1
g . Typical Wash Tank :
=
S ' | :
5 i ' 5
) ' o
[-Y
| x
i <
I ! = FREE
| )
: i AVAILABLE
\ \ RESIDUAL
I |
| I
| |
i Il COMBINED RESIDUAL

CHLORINE ADDED =i



If we cant decontaminate then prevent cross-

contamination

Water-Mediated Cross-Contamination

Contaminated \ Clean
© D@

Pathogen Released into Water

Pathogen Sur\ ival Insufficient

+ Sufficient
Pathogen lnacm ation -
Antimicrobial

Antimicrobial

@ DH ¢ =B

Pathogen Transfer No Pathogen Transfer
o s L

V “ < Viable ’ d‘
High Risk 2 Non-v 1ab|e Low Risk

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



Oxidant Oxidation Potential (V)

Fluorine [F2] 3.0
Hydroxyl radical [HO’] 2.8
Sulfate radical [SOx4 '] 25-3.1
Ozone [Os3] 2.1
Persulfate [S20s2] 2.1
Peroxymonosulfate [HSOs] 1.8
Hydrogen peroxide [H20Ox] 1.8
H yd r Oxyl Permanganate [MnOx] 1.7
Chlorine dioxide [ClOz2] 1.5

Radicals




History of the Hydroxyl -radical Process

73 -
C \ s Q A Organic
E % Molecule

c)/ \, Radical ® H0

(a)10°

0 0520 230 0 38

®) Peroxide Concentration (%)

Henry Fenton
H,O, + F(ll)
Fenton Reagent

Advanced Oxidation Process
Wastewater Treatment
uv +H,0,

Elopak
Carton Sterilization

Hydroxyl Radical Process
Fresh Produce
Decontamination

UV +H,0, vapor

UV + H,0,+ 0,
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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. coliO157:H7 Introduced onto Seed and
Cultivated Hydroponically

E.coliO157:H7

o Y N w SN m
|
l
|
|$

Time (Day)
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Germinat-ion of Arugula seeds after 48h, A: nontreated seeds, B: Clean Flow.
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% Germination (24h)
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Clean Flow Treated Seeds

% Germination 24h
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Listeria Log CFU/g
N w

N

Radish Asian Blend

Hm Control  ®Clean Flow
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H Control mCleanFlow

Asian Blend



Activated Water



Mode of Inactivation

G

Cell
Structure

Propagation Activation

Fe(lll) /\
— amm o
H Feill) ,0, >-<

R-C=0
{\ HO" HO®*HO® H;0,

RCOO-

R




CFU/g

8.E+06
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4. E+06
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1.E+06
0.E+00

Mung Beans 24h Steep

E.coliO157 Salmonella Listeria

Pathogen

B Water
m Activated Water

m Initial



Sprout Yield

8.5% Increase in Yield

Control Activated Water A |_i | Activated Water B



Log CFU/mL

Survival of Pathogens in Hydroponic Solution

Time (Day)

14

20

-eo-Salmonella
-eo-E.coli

—e—Listeria



Inactivation of pathogens in hydroponic solution

9.00 M Initial W AOP uv H202
8.00 Advanced Oxidation Process
7.00 64 mJ/cm?2
6.00 500 ppm H,0,
S 5.00
L
O
20 4.00
&)
—
3.00
2.00
1.00
0.00 ND
almonell Listeria E coli

ND: Not Detected



* 2% Hydrogen peroxide
* 114 mJ/lcm?2 UV-C

GrOWth * 2ppm Ozone
Substrate &
Trays

* >5log CFU Salmonella Reduction




Microgreens

* Pre-harvest treatment

* Reduction Listeria
monocytogenes: 1.0-1.5 log CFU




Chlorophyll Concentration

W Chlorophylla  ® Chlorophyll b
0.7
0.6

0.5
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mg/g DW
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Control Hydroxyl-Radical Process




Kale Microgreens: Clean Flow Shelf-life

Control Clean Flow




Salad Greens




Fig 1

Stomata closure

v

Salicylic acid —{ Wall fortification

Prime PR genes

Phenolics
Redox enzymes

Reactive Oxygen Species

Systematic Acquired Resistance

v

Reduce respiration rate

Accumulation of sugars and amino acids |———

Accumulation of phenolic compounds
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Food
Safety of Leafy

Greens

ing

Enhanc

UV-C, hydrogen
peroxide and ozone

* Mature and baby
spinach
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* Shelf-life extension



Clean Flow Treatment of Vines




Ontario innovator wins Food Waste
Challenge

Published: 3 days ago
News

By Lilian Schaer

Reading Time: 3 minutes

RO LT

eland Estates Winery. | Clean

Qe i} e K

3 .\ Riar :43‘ 3 ,#
The Clean Works system installed on a grapevine harvester at Vin
Works photo




Avocado

e Exterior Color

* Internal Defect Level

8606




Avocado: Non-treated Control

| Clean Works Validation

COhtI’O| : '5, ;’ : \ Clean Works Validation
S . : Contr()l

Day 0 Day 10



Hydroxyl Radical Treatment

| Clean Works Validation

Treated

Day O Day 10



Day 15

Hydroxyl-radical Treatment

®

Non-treated Control




Commercial Units







Frozen Vegetables




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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2025 Teleclass Education Topics

(most of them at least)

FEBRUARY
6 ... Policy and Practice for Environmentally Sustainable Products in Healthcare: Joining the Dots
With Prof. Mahmood Bhutta, UK
13 ... Food Safety of Fresh Produce: An Old Food Safety Problem Nut With New Solutions
With Prof. Keith Warriner, Canada
20 ... To aeruginosa or Not to aeruginosa: How Significant are Pseudomonads in Waterborne Healthcare Infections
With Prof. Helen Rickard and Prof. Elaine Cloutman-Green, UK
26 ... WHO Teleclass ... The Global Situation of Infection Prevention and Control and the Case for Action and
Afro-European . .
Teleclass Investment in Improving It
With Prof. Benedetta Allegranzi, Switzerland, and Dr. Michele Cecchini, France

MARCH
Af 4 ... Preventing MRSA Bacteraemia: An Achievable Outcome Even in High Endemic Hospitals
ro-European . I
Teleclass  With Prof. Michael Borg, Malta

13 ... The Next Pandemic - Are We Prepared?
With Prof. Michael Klompas, US

20 ... Frugal Innovation for Low-Resource Settings
With Prof. Davide Piaggio, UK

APRIL
3 ... Assessment of Mould Remediation in a Healthcare Setting Following Extensive Flooding
With Manjula Meda, UK
10 ... Use of Artificial Intelligence for Healthcare-Associated Infection Surveillance
With Prof. Ruth Carrico, US
.. Cost Analysis of a Hand Hygiene Improvement Strategy in Long-Term Care Facilities

22 .
Afro-European . .
Teleclass  With Dr. Anja Haenen, Netherlands



Thanks to Teleclass Education
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