
“Challenges in the 
holistic risk 

assessment of the 
21st century”

Panagiotis N. Skandamis
Professor
pskan@aua.gr
Agricultural University of Athens

PN Skandamis: Joined FoodSafeR-HoliFood meeting, 9-12 June 2026 1

mailto:pskan@aua.gr


Knowledge is memory 
Novelty is oblivion
Francis Bacon (adopted from Plato, 
the ancient Greek!)
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The One-Health 
Challenge 

Emerging risks

Drivers

Food supply chain analysis

Resilience

Early warning

Cost-benefit

Combined exposure
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TERMS OF REFERENCE
• The toxicological safety of the substance
• The efficacy, 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

Holistic risk assessment for the use of decontamination agents



Well-known cost-benefit dilemmas 

•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
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Cost-benefit in sampling to prevent diseases 

Stathas et al. (2026) IJFM  111709 
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Cortesy of Prof. Yangtai Liu



Microbiological challenges
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Challenge 1: Variability
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•Variability exists everywhere
•Variability makes our life beautiful
•But variability causes (food safety) 

“headaches”



Variability in cellular physiology within a single colony!
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Courtesy of D. Wilson and T. Brocklehurst. Institute of Food research, Norwich (slide from 2000!!!!)
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GFP is fused in the 
promoter of cadB gene

Up-regulation of
GFP-tagged gene

Colony in light microscopy
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Arvaniti et al. 
2022, 2023, 2024 
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Variability in generation times among cells in different microcolonies

Arvaniti et al. 2024a, b. Int. J. Food Microbiol. & Food Res. International



Agricultural University  of Athens

3. Division time variability
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Treatment with 30 
ppm PAA → 2 sub-
populations with 
different growth 
dynamics: 

bimodal probability 
distribution of the lag 
times.
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The fastest 
recovering 
fraction 
(short lag) =          
high risk

Severely 
injured
(long lag)=
Low risk



Alive Listeria cells after 
exposed to PGL for 10h 
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Stochastic 
inactivation of       

L. monocytogenes 
by lytic phages
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Challenge 2: Probabilities matter
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•Probabilistic (risk-based) way of 
thinking is the only way
•This is how we can accommodate 

variability and uncertainty
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Variability sources 

• Product characteristics (pH, aw, preservatives)
• Time-Temperature
• Bacterial physiology

• Cooking preferences
• Serving size
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Stochasticity in the food supply chain

100 
packages

12 
packages

20 
packages

25 
packages

18 
packages

12 
packages

8 packages

5 packages Number of 
products

2oC 4oC 6oC 8oC 10oC 12oC 14oC

2oC

4oC

6oC

8oC

10oC

12oC

14oC
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Extrapolate this example by replacing Temperature with:
 time on the shelf, product characteristics, etc.



Variability of 
intrinsic properties 

(pH)

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



20
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Distribution of
pH

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

Microbiological limit of100 CFU/g = 2 Log CFU/g

Distribution of 
time to exceed 
the regulatory 

limit

95% of pH and T distribution

5% of pH, and T distribution. Distribution 
of T
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https://skandamis.shinyapps.io/Microbial-Growth-Predictor-Dashboard/ 

Skandamis 2025
Food Res. Int. 116329
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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?

Monte Carlo simulation
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"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

Big data = big challenges 
From Data Collection to Data Connection

Challenge 3: Make the most out of data
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A typical example of multivariate machine-
learning processing

This is the place for biomarkers? 
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https://skandamis.shinyapps.io/Videometer_Predictor/
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Predicting (assigning a P value) of persistence 
based on genotypic data of L. monocytogenes

PN Skandamis: Joined FoodSafeR-HoliFood meeting, 9-12 
June 2026 26

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. 



AI-in food safety
Harness the technology to move 
forward – revisit classical approaches
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Challenge 3: Ride on the future (follow the “tsounami”)
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Harnessing the capacity of machine learning 
algorithms – going beyond (or ignoring) causality



YOLO: Object recognition for traffic regulation
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https://www.youtube.com/watch?v=i0yqhHKWY0A&list=PPSV 

https://www.youtube.com/watch?v=i0yqhHKWY0A&list=PPSV


Ma et al. (IAFP symposium #20 in IAFP 2025)
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ML prediction of Furan levels in 
sauces based on multispectral data

Independent validation: very good!
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Information . Data ! Knowledge !! Wisdom
!!!(?)

Handbooks/textbooks, review articles, 
Expert knowledge exchange, certification

Laboratory analysis, technical 
papers

Scientific publications, data bases, 
statistical process control

Spatio-temporal illustration, interactive 
tools, cloud-based applications, (AI), 

ChatGPT

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

…Is it the same as truth??

TO CONCLUDE
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Classical predictive modelling AI-assisted quantitative assessments

…to maintain balance, transparency needs to also enable fit-for-purpose efficiency
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