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oOoKnown or Reasonabl

v Salmonella spp.
v Cronobacter spp.

v Other foodborne pathogens may also contaminate through
the environment or be naturally present on ingredients




External Contamination Routes

v Raw ingredients

v Facility design and
upkeep

v Employees and pests

created in biorender.com

Adapted from Walsky et al., 2024

, J. (2007). Moisture led to Salmonella  Podolak, R., Enache, E., et al. (2010). Sources and risk factors for contamination, surviv.
reak. USA Today 4(5), 2007. persistence, and heat resistance of Salmonella in low-moisture foods. J Food Prot,



Internal Contamination Routes

Persistent Bacterial Population Formation v Zoni ng
e ond saniation promotes furter bulGup and spread u Employee entrance/exit'cro
d‘d‘d‘d‘d : areas

u Poorly sectioned areas for we
u GMPs and Equipment Desig

Exposure Cross- Adaptation Dormancy Persistent
contamination population
introduction of | - . v Condensation collection
microorganisms Attaching Multiplication or Equilibration Formation of
to environment to food adaption to low- with LMF PBP . . i
through matrix moisture environment
g _Inolengs sftanment v Leaky and motion activated sinks

ingredients or v\ metabolism _ .
i |
g il v Insufficient cleaning and s
LMF PBP contaminates new product to begin cross-
contamination cycle again

created in biorender.com

u  Crosscontamination

CDC, 2012. Multistate Outbreak of Salmonella Podolak, R., Enache, E., et al. (2010). Sources and risk factors for
Bredeney Infections Linked to Peanut Butter contamination, survival, persistence, and heat resistance of
Manufactured By Sunland, Inc. (Final Update) Salmonella in low -moisture foods. J Food Prot, 73(10), 1919-1936.




Sanitation Preventive Controls
LMF Remix

|dentifying the hazard that will occur if a preventive control is not
In place when

Environmental contamination could occur prior to packaging
Severity of illness is extreme
Ask all the questions (go down the rabbit hole)
Flow of product and employees
Equipment maintenance, repair, wear and tear

Cleaning and sanitation with defined procedure, frequency,
monitoring and verification activities, and records

Preventive control must be:
validated (prove reduction or elimination of the hazard) and

verified (prove that it is being performed correctly).

SAFETY, MICROBIOLOGY
AND RESEARCH TECHNOLOGY
LABORATORY

A e 4
https://  www.claudialamoreaux.com /rabbit -hole-this-way/
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Sanitation Preventive Controls Tools

AND RESEARCH TECHNOLOGY
LABORATORY

Strengthening cGMPsand SSOPs already Iin place

Environment al monitoring
o0oseek and control o

Corrective actions
Pl an what youol |l do when you

Be ready to change something to prevent it in the future

Flexibility dbe prepared to reevaluate and adjust
(follow the clues left by the organisms)

https:// cjwerlinger.wordpress.com /tag/national -treasure/

UA
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Research that supports optimizing risk
based approaches to dry sanitation

2 Abby Snyder, PhD
== | |<] Associate Professor
==/ /s)  snyder@cornell.edu




RiskBenefit Tradeoffs

Sanitation

Moderate Risk Moderate Benefit

Moisture Introduction Pathogen Reduction

Breach Line Integrity Allergen Reduction

Pathogen Transfer Food Residue Removal



RiskBenefit Tradeoffs

Sanitation Provides A High . Sanitation Provides A Low
Level of Risk Reduction Level of Risk Reduction

High Benefit Moderate Risk

Moderate Risk [

'\ & Low Benefit
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RiskBenefit Tradeoffs

Sanitation Introduces A Sanitation Introduces A
Low Level of Risk . High Level of Risk
Low Risk Moderate Benefit
/b Moderate Benefit High Risk $ )




Cornell University

- Wet Cleaning ~ Dry Cleaning
" . |
C Washing with water and gsBJvueSeF')?ngd Wiping, Scraping,
detergent
ntation C Vacuuming
Sanitation
e C Material Flush
Wet Sanitizing ory __
Sanitation “e
— C Aqueous chemical sanitizer Dry SanltlZIﬂg
C Hot Oil Flush
C Heat

C Gaseous Chemical Sanitizers
There are tradeoffs associated with wet sanitation in LMF

facilities. C Alcohol Wipes




ADry processing environments pose unique challenges for environmental
cleaning and sanitation. Introducing water leads to microbial growth and

harborage.

&

3. Cordier (2007)|
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Cornell University

Moisture elevates risk in dry processing environmen
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Cornell University

Wet sanitation in dry facilities significantly raises environmental
relative humidity up t0100% RH

100.00
g 80.00
2
@)
= 60.00
-
T
()]
2 40.00 '\ I I J
T Y Y Y Y
T Flood Water ATP Swabbing Sanitization

20.00 Cleaning Rinse and QC Checks

0.00

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

Time Since Start of Sanitation (h)

Unpublished Data (Slaughter et al., 2025)



Cornell University

Humidity changes the evaporation kinetics of surface moisture

33% RH= Low Moisture Retention 97% RH= High Molisture Retention

100 -

Mass of Soil (mg)
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Time (h)

Unpublished Data (Slaughter, ChuangyicLandsborough and Snyder, 2025)
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Cornell University

I . A : 10.00
Preliminary Results: Humidity impacts 079 RH =819 RH —e64% RH —a_51% RH —s_33% RH

SalmonellaGrowth on Soiled Surfaces 9.00 - . :
8.00
A > 4log increase in CFUwithin 48 hof ;%: 700
inoculation of PIF soiled couponsat 97% RH § 6.00
. . - S 500
A > 1-log increase in CFUwithin 48 hof 5 400
inoculation of PIF soiled couponsat 81% RH >
4 3.00
A Reduction in Log(CFU) occurred afte72 h at 2.00

81% RH but not at 97% RH oo

O-OO T T T T

A High relative humiditiesand condensation
created by wet sanitation have the potential to
support the growth of pathogenson
insufficiently cleaned and sanitized food

contact surfaces. PIF soiled coupon

(0.02 g / coupon)

'L

Unpublished Data (Slaughter et al., 2025)



Application method affects the efficacy of sanitizers

Coupon Scale = ﬁ - :
Bench Scale +
6.0 | Pilot Scale

9.0 A

Manual Spray

(Pilot Scale)
A

Submitted for publication
(Jiao et al., 2025). Pre
print available:

40 -

3.0 A

2.0 A

Log-Reduction (CFU Listeria / Surface)

1.0 1

0.0 A

3s-0s 3s-2m 2m-0s (6-19s) — 2m

Treatment (Application Time - Contact Time)

CornellCALS Gtidae"



Considerations for sanitizing

ASanitizers are bactericidal and effective at killing vegetative
pathogens.

ABench-scale efficacy tests do not provide evidence of reaworld risk
reduction. Sanitation efficacy Is hard to study.

AMicrobial reduction comes from both cleaning and sanitizing.

CornellCALS ntiaar



Cornell University

Microbial reduction from dry physical cleaning

1.1

1.2

1.3

Scenario 1
(No Cleaning)

Food contact surface
in production line is
contaminated

Y

Milk powder passes
over contaminated
surface during the

course of a
production run

|

Contaminated milk
powder is packaged

Simulated Production
Campaign

A 30,000 kg of milk powder processed
In one production run.

A Milk powder is packaged in 300 g
consumer-sized units.

A 100,000 milk powder units are
produced in one production run.

A For a given scenario, 1,000
production runs are simulated.

A Initial contamination levels: 100, . .
10,000, or 1,000,000 cells of llustration by Celeste Withiam
Salmonella. -

Daeschel et al., 2025. Applied Environmental Microbiology. Available hereEI



Cornell University

Scenario 1: How does a surface contaminated wigalmonellacross-
contaminate milk powder?

Scenario 1 RGSU'tS.
(No Cleaning) 195 . / \
Food contact surface 190 . Median number of units
in production line is ] . ; : .
L sl ® : contaminated with Salmonella :
£ 5 150 72 [p5: 24, p95: 96]
2 g *
o © . :
3 £ : Concentration of Salmonella
a 80 £ 175 : within units:
g 3 -2.33 log cfulg [p5:-2.46, p95:-1.86]
= £
5 @ J
S E -2.001
Y O O
Milk powder passes 5 401 o)
over contaminated = 9
1.2 surface during the s} c
course of a g D -2.2957
production run zZ s
! 2.50 | ‘ = ~'J1 4Salmonell
A 4 > I'og . > |'Dg 300 g - to da m:)ne_ta
13 | Contaminated milk Starting Contamination Starting Contamination Per proauct uni

powder is packaged




Cornell University

Number of Contaminated Product Units

Scenario 1: How does a surface contaminated wigalmonellacross-
contaminate milk powder?

120

801

401

2 I'og
Starting Contamination

-1.251

Mean Log CFU/g in Contaminated Units

-2.501

-1.501

-1.751

-2.00

N
M
)

SEEBSE S H B & " & B

2 Ilog
Starting Contamination

Contamination
) Reported Concentration
Recalled I.)l oduct Organism Contamination (Log CFU/g) Reference
Details .
Concentration or (Log
MPN/g)
-Recalled Powdered
Infant Formula (PIF)
-Produced in January
2007 2.78 Jongenburger
22,000 kg batch | Cronobacter spp. | -2.78 Log CFU/g = (Jongenburger
was recalled Log CFU/g etal. 2011)
-Product packages
contained two 400g
bags
-Recalled PIF
-Produced in 1985 . -2.65t0-1.87 (Rowe et al.
PIF was packaged Salmonella Ealing 1-6 CFU/450g Log CFU/g 1987
in 25kg bags.
-Recalled wheat
flour E coli O121 0.15t00.43 -2.82t0-2.37 (Gill et al.
-Produced in 2016 ' MPN/100g Log MPN/g 2019)
-1kg and 10kg bags
-Recalled raw wheat
flour “Sfr‘lij o baking Salmonella 0.0036100.024 | -244t0-1.62 | (McCallum et
. Thyphimurium MPN/g Log MPN/g al. 2013)

-Produced in 2008




Cornell University

How do cleaning interventions reduce the prevalence and concentration of

Salmonellacontamination?

Scenario 1
(No Cleaning)

Scenario 2
(Product Flush)

Food contact surface
in production line is

Food contact surface

1.1 : 3.1 in production line is
contaminated contaminated
—— \ 4
Production line is
flushed with milk
32 powder product.
Flushed product is
discarded
Y \ 4
Milk powder passes Milk powder passes
over contaminated over contaminated
1.2 | surface during the 3.3 | surface during the
course of a course of a
production run production run
13 Contaminated milk 3.4 Contaminated milk
) powder is packaged powder is packaged




Cornell University

Scenario 1: Howsalmonellacontaminates sequential units produced during
production.

CFU/g in Product Unit

2 log 4 log 6 log
0.04 o 400
0.031 3 2001
0.021 21 2007
0.01 1 L 1007 L
0.00- [l_\ 04 0.
0 100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 500

The n-th Product Unit in Simulated Production Run

500" unit produced
after 6 log
contamination
breach: 1 CFU/g

15t unit produced
after 6 log
contamination
breach: 100 CFU/g




Cornell University

Scenario 2: Product Flushing

1001
. Median number of units Percentage of simulations
o : contaminated with Salmonella where flushing removed all
5 - : after flushing: Salmonella before production:
s ! '
S | ‘
(a . . .
3 ; : Goflushing: 72 [24, Q / No flushing: 0% \
£ 501 i :
5 l 30 kg flush: 20 [0, 82] 30 kg flush: 17%
S :
= ; 150 kg flush: 0 [0, 42] 150 kg flush: 63%
g 25 i
E 300 kg flush: 0 [0, 16] 300 kg flush: 80%
\_ L Y
N —
0 30 150 300

Flushed Product (kg)



Where do we go from here?

CORNELL

AWe are working with the industry to conduct
studies that:

A DRY SANITATION
Establish a process to identify the most
problematic niches in a processing line. RESEARCH
A Demonstrate how to quantify microbial reduction ADVISORY COUNCIL
In those niches.
A Develop a QMRA that can be used to compare
outcomes among different sanitation regimens.
- A\ 4
DéMa USDA ZZENIFA
Contact Us: snyder@cornell.edu DAIRY MANAGEMENT INC:. - @
NationaIsttuteof Food and Agrculie

CornellCALS Sk oioatre


mailto:snyder@cornell.edu

FREE Low Moisture Food Safety Series

A June 24" 12-1 pm: Supply Chain Food Safety Through Disruption

. A Speakers:Martin Wiedmann (Cornell), Aaron Adalja (Economist, Cornell), Mark
FOOd safety Vll'tual Nisbet (Mars Wrigley) and Hazel Tatosian (Ingredion)

Ofﬁce Hou rs A July 1st 121 pm: Process Validation in Low Moisture Foods - Reducing the
Risk of Failure

A Speakers:Wendy White (Georgia Tech), Kaitly@asulli (Risk Busters), Brian
CornellCALS Farina (Deibel Labs)

College of Agriculture and Life Sciences A

July 15" 12-1 pm: Allergen Control Programs: Transitioning to Risk -Based
Management Systems

A Speakers:Joe Baumert (Nebraska Lincoln), Ben Remington (Nebraska Lincoln),
FOOd Safety Abby Snyder (Cornell)
Virtual Office Hours A July 239 12-1 pm: Product testing methods and schemes for low moisture

Low-Moisture Food Series foods T limitations and opportunities

A Speakers:Martin Wiedmann (Cornell), Matt Stasiewicz (lllinois), Pam Wilger

There is a lot of food safety educational content out there, but very little that (POSt)’ Catharine Carlin '(ﬂXﬂS)
addresses the unique needs of the low moisture food industry. Low moisture

foods like dairy powders, spices, chocolate, nuts, snack foods, and baked

goads present distinct food safety challenges that aren't always addressed by

conventional food safety information. This webinar series is designed to focus

on those nuances and support the industry in advancing more targeted, risk-

based strategies for managing food safety in dry environments.

https:// cals.cornell.edu/institute -for-food-safety/resources/virtual-office-hours
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Is your kitchen dry?
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The War on Water €l
A Contamination risk ¥ '....
A Chemical l ,'\"f::;;; | i
_ A Physical (y o] iy

A Microbiological

A Regulatory

of

Compressed i

From a microbi ol
Unnecessary water is like gasol
for a fire.

ine

Water should be by exception ol

nly.




Why is the WOW (War On Water) important?

A Leads to significant microbiological growth in our product
environments

A Pathogens i Listeria, Salmonella, etc.
A Spoilage i Yeast, Mold, etc.
A Human safety hazard
A Chemical usage
A Slip hazards

A Equipment reliability and function
A Electrical issues

Regulatory focus
Environmental and sustainability goals

o o

7N
©rsn




Cleaning Method 1 Order of Preference

No cleaning needed
Redundant or dedicated equipment (isolated)
Purge (next product or inert material)
Dry clean
Dry clean w/chemicals
CIP (Clean in Place)
Controlled wet clear-out of place
Automated washer

ACS (Assisted Cleaning System)
Controlled wet clear-in place
Flood cleaning

34 GENERAL MILLS



Control Water/Moisture

Necessary Water
I Process water
I Wet washing

Unnecessary Water
— Condensation
— Leaks
— Ingress
— Internal
— Drains (leak or baekp)

Minimize/Manage
Eliminate/Reduce

Fix Root Cause
Fix Root Cause
Fix Root Cause
Fix Root Cause
Fix Root Cause




Action plan € rsa

\o/
A Find it
A Fix it

A Prevent it




Find It

A Water Audit

A Uncontrolled water
- A Condensation

A Wet cleaning

A Leaks

A Drips

A Pooling

A Ice/frost

A Steam

/‘\
\o/

FS
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Fix it

A Corrective action plan

A Guidance documents

A Insulate surfaces
o A Heat surfaces

A Dry air

A Dry surfaces

A Seal spaces

A Ventilate

A Pressurize spaces

A lIsolate
A Maintain as sanitary




Prevent It € rsa

A Early Management

A Discuss uncontrolled water risk early and
- often

A Engineering focus > design it out

A Facility and system
A HVAC

A Plumping




Key Takeaways

ADevelop a Water Control Program
A design
A train
A audit/inspect
A respond

AFollow the ranked cleaning method proposal to minimize the
Impact of cleaning

AEstablish a risk based framework to ensure that the appropriate
cleaning and sanitation protocols are applied.



Key Learnlngs ET%S\ENEINEERINE &

A Clearly define clean expectations to cross functional teams

A Wet/dry zoning is needed

A Component level of disassembly

A If you get it wet, you must fully clean and validate

Alfitis dry, keep it dry & treat water like glass

A If you wet clean, get it dry quickly, then keep it dry

A Mechanical action is critical 8 focus on low flow areas

A Spend time on the plant floor auditing and reviewing practices

A Visual inspection is everyone's best sanitation tool!

41



| used to be addicted to soap...

But I'm clean now.




|(E R RY The Future of Sustainable Nutrition

WHAT IS ANICHE
AND THEIRIMPACTON D

Nathan Mirdamadi, Global Director of Sanitatio



A Growthled
Industry Leader

137 70+

Manufacturing Technology
locations and Innovation
centres

21,000+ 1,100+

Employees R&D scientists

Global Headquarters

A SPRAY DRYING Global and Regional

Technology &
Innovation Centres

A SEASONS/FLAVORS

O Manufacturing Plants

A DRy & LIQuUID O sales Offices

Note
Ireland & UK: 24 manufacturing plants, 2 sales offices




OURCONSUMEmRB IKERRY

Our obligation:

A Our customers (& families)

A Our Brands/Businesses




PERFECTION KERRY

A The BIG Picture of Food Safety

A Leverage existing HD Guidance
A 3A, NAMI, GMA, EHEDG

A Identify the gaps and develop Periodic
Equipment Cleaning (PEC)

A Determine Foundational vs Priority
PEC Tasks




WHATIS THEPROBLEMNITHA NICHE? KERRY

A A segment of the market

A A place where microorganisms can
establish themselves, multiply, and
potentially contaminate food —




WHEREDO WE FINDNICHES?

IKERRY

To T o T To TIo To I

Pits

Cracks

Recesses

Open seams
Un-hermetically sealed joints
Poorly design connections
Dead ends/legs

Areas were food/water

accumulates

R4

=‘=*=L = Drain




WHO CANWE BLAMEFORNICHES? KERRY

A Maintenance Technicians
A Bean Counters

A Design Engineers

A Food Safety

A Company Culture




WHY ARENICHESA PROBLEM KERRY

A Ignorance

A Lack of focus
e

A Appreciation (in lon-moisture products /

/
A Poor cost analysis 1
A Initial Cost vs Total Cost Ownership
A Resource vs Materials
A Assumptions l ;
t

A Realities of Fabrication & Construction / T T \

A UseEOFPRESENCEEWATER

A INCREASE®IFFICULTYOF DRYCLEANING




WHENARENICHESPROBLEMATI@ KERRY

()
O
O
L
=
Tw|
<
=

IMPACT

{ Low Risk (' Moderate Risk @ High Risk . Critical Risk




How DO WE MANAGEAND AVOIDTHEM? KERRY

A Sanitary Design

A New or Existing Equipment

N "
v )
A Period Equipment Cleaning \/ W
S W




DEFINETHEGAP & URGENCY IKERRY

A Define the Risks

A Microbiological, Chemical, Physical

A Public Health, Regulatory, Business

A Determine Ideal Case (End in
Mind Thinking)




KERRY




Questions?



International Association for

IAFP Offers Open Access to Webinars During June 2025! Food Protection,
- WEBINAR

i 7N &3
Food and Agriculture 7 :3’ World Health susr&l}?‘n

Organization of the

N M =k DEVELOPMENT
United Nations & Organization GOALS

7June 2025
World Food Safety Day

Food safety:
science
in action

#WorldFoodSafetyDay

World Food Safety Day is June 7, 2025 Scan to link

In recognition of this day to increase awareness about food safety, IAFP will provide
open access from June 11 30, 2025
to all recorded webinars in the IAFP archives for non-Members.

(Please share this message with your colleagues.)

S OnSOI‘ed B R [nternational Association for
P y ( | ) TOIDATER ‘ Food Protection,



JULY 27- 30

https://www.foodprotection.org/annualmeeting/



Be sure to follow us on social media

@IAFPFOOD

IAFPFood

InternationalAssociationforFoodProtection

®

internationatassociatioAor-food-protection



This webinar is being recorded and will be available for accelgsHby
membersat www.foodprotection.orgwithin one week.

Not a Membef? We encourage you to join today.
For more information go toyww.FoodProtection.org/membership/

All IAFP webinarsire supported by the IAFP Foundation with no charge to participants.

Please consider making a donation to thé-P Foundatioso we can continue to

provide guality information to food safety professionals.
< )IAFP
FOUNDATION



http://www.foodprotection.org/resources/webinar-archive/
http://www.foodprotection.org/membership/
http://www.foodprotection.org/about/iafp-foundation/
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