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Novelty is oblivion
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the ancient Greek!)
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£ £ ONE HEALTH

' Human hesith and animai health are interdependent.
AL the same time, both depend on the envionment.

The One-Health

Challenge

Emerging risks Resilience

Drivers Earty warning

Food supply chain analysis
Combined exposure

Cost-benefit
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Holistic risk assessment for the use of decontamination agents

'@ _Z.

EFSA Joumnal
SCIENTIFIC OPINION eJ ”F

ADOPTED: 25 October 2018

doi: 10.2903/j.efsa.2018.5482

Evaluation of the safety and efficacy of the organic acids
lactic and acetic acids to reduce microbiological surface
contamination on pork carcasses and pork cuts

TERMS OF REFERENCE

The toxicological safety of the substance

The -, i.e., does the individual use of the substance significantly reduce the level of contamination of
pathogens on the target food

The potential emergence of reduced susceptibility to biocides and/or resistance to therapeutic
antimicrobials linked to the use of the substance

The risk related to the release of the processing plant effluents, following the use of the substances in the

environment
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Well-known cost-benefit dilemmmas

* Nitrites in cooked meat products ->
* Nitrosamines vs control of Clostridium botulinum

* Chlorination in fresh produce washing ->

* Tri-halogens vs control of microbial contamination in
washing water

* Thermal processing of tomato-based products ->
* Formation of furans vs control of spore-formers

PN Skandamis: Joined FoodSafeR-HoliFood meeting, 9-12
June 2026



Cost-benefit in sampling to prevent diseases
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Microbiological challenges



Challenge 1: Variability

* Variability exists everywhere

* Variability makes our life beautiful

* But variability causes (food safety)
“headaches”



Variability in cellular physiology within a single colony!

Courtesy of D. Wilson and T. Brocklehurst. Institute of Food research, Norwich (slide from 2000!!!!)

Colony in light microscopy
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Available online at www sciencedirect com Cumrrent Opindon in
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Defining bacterial heterogeneity and dormancy

with the parallel use of single-cell and population
level approaches

Marianna Arvaniti and Panagiotis N Skandamis B anricLs
JAY s, | @8 Spectruny )

Listeria monocytogenes Sublethal Injury and Viable-but-

Nonculturable State Induced by Acidic Conditions and
Disinfectants

Marianna Arvaniti,” Panagiotis Tsakanikas,” Vasiliki Papadopoulou.” Artemis Giannakopoulou.” Panagiotis Skandamis®
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Sl International Journal of Food Microbiology
Arvaniti et al.

2022, 2023, 2024
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Deciphering the induction of Listeria monocytogenes into sublethal injury using T
tluorescence microscopy and RT-qPCR
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Variability in generation times among cells in different microcolonies
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Arvaniti et al. 2024a, b. Int. J. Food Microbiol. & Food Res. Internationa
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Stochastic
inactivation of
L. monocytogenes
by lytic phages

Alive Listeria cells after

exposed to PGL for 10h




Survival Strategies of Listeria monocytogenes:
Understanding Microbial Variability

Strain Population
Diversity Heterogeneity
Varlation Between Different e Genotysic Varlants

- Divessty ooross diferect qumbc Nnmomdu incfudes ronsiect
[iviages determmines Jong taem pordeter” outhe end stable,

Serivl i SPOCINC efranon ents llﬂml‘ﬂl SIYGSSdEsslant Matinis

Uatoda
monocytogenes

@#ﬁ

: Transient Persistor Colln

Moo ardverited survtonl dewen by 1A =

(HipA, MO2EF) and RecA - mediatnd 305
responses

i
: @

{comK.l m
Foodtone caged adapaation and S0S Response
PTG in fped plnts & TA Systems
Trhg0es Goment states
10 SUive kvl svess.

Stalse mutaticns i xR (hest/pressine
registance) and Twmu reistnce)
SRS loog lerm robusiness.

Genetic Elomum System Responses Targeted Mutations
Rl ids & Preghages ( L1 S0% Reaporas & TA Syxtems ctel & rpel)
RECA, HigA, of MazeF afef
SUPPONS riche-apecifia adoptation Trggers Gmant states 1o DOreases e sience 1 hoat
M0 PRYSEISAOR I SIOCESRNG DR e bethal s1ocss eSS, Il SO IVBLONENTS. 202¢

M Nossboosi M

.o, (s 24oied b

3) Extrinsic Properties A ;

»e )z wee [&M“%““ )

=¥ |l s0vc

Temgarature Variabiity
'wmmcp—hm‘
4) Food Pro«ahg Paramcun

mﬂmh hmomenm

Why Pathogens Survive:
The Science of Microbial Variability

How faod characteristics, strasn divarsity, and processing paramaters
combine 1o create unpredictable microbial growth and survival pattems

1) Product Characteristics OUTCOME:
(Intrinsic Factors) Unpredictable Survival
Patterns & Persistence
Log-Linear vs. Talling nactivation
| U"'O"lv
Food Matricos (Log Wﬂow
Aririuskc fachars Sos vk
red o conpostion
Fowth Unaypoctos
Survival
g K ; {Tabbag)
Those
Seval froction

Sengithes WS- Type Saress-Resletant Variant




Challenge 2: Probabilities matter

* Probabilistic (risk-based) way of
thinking is the only way

* This Is how we can accommodate
variability and uncertainty



Risk Assessment Infograph: Variability sources

Product characteristics (pH, aw, preservatives)
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Stochasticity in the food supply chain

Extrapolate this example by replacing Temperature with:

time on the shelf, product characteristics, etc.

Number of
products

5 packages

12
packages

20
packages

100 25 -
packages packages

packages

packages

8 packages
2°C  4°C 6°C 8°C 10°C 12°C 14°C
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5.790 6.349

)

Variability of
Intrinsic properties
(PH)

+ 2 x SD = 0.34 (95%)

+ 3 x SD = 0.51 (99%)
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Log CFU/g, (ml, etc.)

Variability

of intrinsic/extrinsic
variables (e.g., pH, T),
induces variability in U, .-
and the time for an R
organism to reach a certain .
threshold :

Distribution of

time to exceed

the regulatory
limit

-\
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Skandamis 2025

v

Time (days, hours, etc.)

Food Res. Int. 116329

https://skandamis.shinyapps.io/Microbial-Growth-Predictor-Dashboard/
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UNCERTAINTY challenge: How sure we are about the shape of each distribution,
or the mathematical formula of a Dose-Response model?

INPUT Cooking

Monte Carlo simulation




Challenge 3: Make the most out of data

Big data = big challenges
From Data Collection to Data Connection

"To those who devote their lives to science, nothing can give
more happiness than making discoveries, but their cups of joy
are full only when the results of their studies find practical

applications®.
Louis Pasteur
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A typical example of multivariate machine-
learning processing

This is the place for biomarkers?
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Predicting (assigning a P value) of persistence
based on genotypic data of L. monocytogenes

Confusion Matrix: Radial ‘'non linear’ SYH Model Conf. Matrix: Rnd_Forest Rgr Model Confusion Matrix: Boosted Tree Model [xgboost)
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Confusion matrix results for persistence classification from Multivariate Food Predictor, based on presence

absence of (virulence) genes. A total of 316 isolates were included in the dataset, 220 of which were used for
training the model, and 96 for testing of model accuracy.




Challenge 3: Ride on the future (follow the “tsounami”)

Al-in food safety
Harness the technology to move
forward — revisit classical approaches



Harnessing the capacity of machine learning
algorithms — going beyond (or ignoring) causality

1 wac  |AppPlied and Environmental FOOD MICROBIOLOGY

L SOCETYFOR |y . . -

~N MICROBIDLOGY Mlﬂf@b@]ﬂg}" —_
Check for
updates

Accelerating the Detection of Bacteria in Food Using Artificial
Intelligence and Optical Imaging

“Luyao Ma,? Jiyoon Yi,” Nicharee Wisuthiphaet,? Mason Earles,” " Nitin Nitin®°
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https://www.youtube.com/watch?v=i0yqhHKWY0A&list=PPSV

Ma et al. (IAFP symposium #20 in |IAFP 2025)

Spinach Cotija cheese Chicken
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4 Spinach unannotated

9
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L=
* T

0 .
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Confidence level

Unannotated: ML trained on bacteria dataset only
Annotated: ML trained on both bacteria and food datasets



Future Food Industry: Automated Spectroscopic Classification

Based on Tsakanikas et al. (2020)
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ML prediction of Furan levels in Independent validation: very good!
sauces based on multispectral data

Nr Sample Obs Value Prediction
Predicted vs Observed 1 Prova 4 senza 46.00 33.84
Carote 1250C 31-
= _| ® Prova 2 no Carpte 125eC 20-07-24 L]
™ | » Prova 3 senza Carote 11%0C 31-07-24 07-25
* Prova & con Carote 119eC 30-07-24
* Prova 8 con Carote 119eC 31-07-24
Prova @ con Carote 1250C 31-07-24 . 2  Prova 3 3009 24.00 18.86
® Bolo 300g 1220C, meta Carote, 16-07-24
Jr%; 2 | - Bolo 300g 1220C. meta Carcte, ¥o Batch 17-07424 senza Carote
‘= # Industrial Trials- 1 Std with carrots and thermal’sterilization cicle in std conditéon 1190C 01-08-24
s ® Industrial Trials- 2 Std no carrots and thermal sterilization cicle in std conditions
= # Industrial Trials- 3 Std no carrots and thermal sterilization cicle reduced condition
3 o | * Industrial Trials- 4 Std no carrots and thermal sterilization cicle reduced condition 3 Industrial Trials- & 24 00 29 /0
5 # [ndustrigl Trials- 5 Std no carrots an ermal sterilization cicle reduced condition
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S Pilot Trial- Sample B - Bolo Expert 5td Cicle- water vapor flow closure high thermal
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& cesta 5 autoclave
R 3
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o C - Bolo Export
| | | | | Std Cicle- thermal
40 50 60 70 80 stressed
PREDICTED wval fd dent iakl B, ]
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L]
“ * C1 - Bolo Export
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32
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TO CONCLUDE

Handbooks/textbooks, review articles, Laboratory analysis, technical Scientific publications, data bases, Spatio-temporal illustration, interactive
Expert knowledge exchange, certification papers statistical process control tools, cloud-based applications, (Al),
ChatGPT

Wisdom
Information . Knowledge !!

111(?)

..Reality is what we observe, what we measure and what we can tolerate...

..Isitthe same as truth??

PR

g R __Agricultural University of Athens
LA Department of Food Science g o Technology
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lassccal predictive modelling

Al-assisted quantitative assessments

~ ,A. A -

b .

\

/ A\
AUSALIT;

EFFICIENCY |

Po-oon
-

..to maintain balance, transparency needs to also enable fit-for-purpose efficiency
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“Challenges in the
holistic risk
assessment of the
21t century”
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Panagiotis N. Skandamis
Professor
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