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22 Members of the FoodSafeR Advisory Board
representing EU and global multi-actors:
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c.Eminent outreach is given through on intemational Advisory Board spanning global dimensions,
which will also serve as hubs for the FoodSafeR to anticipate and mitigote future food crises.
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TABLE 1 Food safety hazards discussed at the FoodSafeR workshop.

Type of risk  Risk agent

Natural toxins Mycotoxins (e.g., Aspergillus toxins including affatoxins and
ochratoxin A, ergot alkaloids, and Fusarium toxins
including deoxynivalenol, fumonisins, T-2, HT-2 and
zearalenone), phycotoxins (e.g., ciguatera toxins), plant
toxins (e.g., pyrrolizidine alkaloids and tropane alkaloids)

Toxic elements Arsenic, cadmium, lead, mercury and other heavy metals

" Chemicals Allergens, bisphenol A, drug residues, environmental
inhibitors, ethylene oxide, flame retardants, food additives,
food processing contaminants (e.g., acrylamide), micro-
and nano-plastics, mineral oils, plasticizers, per- and
polyfluoroalkyl substances (PFAS), perfluorooctane
sulfonate (PFOS), persistent organic pollutants {e.g.,
dioxins), pesticide residues (e.g., fipronil and

neonicotinoids), and volcanic ashfall



Identification & managing emerging hazards/risks: digital hub
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&%  Other relevant case studies in
-~ Chemical hazard/risk emergence
e Combatting illegal addition of toxic chemicals:

case lead chromate and metanil yellow dye in
turmeric using portable spectroscopy devices

e Advanced mycotoxin monitoring in view of climate
change and improved prediction tools

e Reduction of furans and mycotoxins through %‘:"
mechanical & thermal processing at industrial scale o5 'i‘ -

e Advancing (bio)analytical sensing and diagnostic
tools, for the on-site testing of

- pyrrollizidine alkaloids (21 regulated) in herbal teas
- tropane alkaloids in cereals




Drivers of (emerging) food safety hazards/risks

based on participatory workshop with stakholders, interviews and @
International Advisory Board (in STEEP categories)

Social W’ Environmental
Drivers Drivers
Consumer behaviour; Environmental contamination:
- gluten free, high fibre, .. - Pesticides, heavy metals
- Bioaccumulation of toxins
Technological 71 Pelitical
Technologies in food production: Legislation, policies and
- Novel food sources (insects) EOVETTIance.
- Food safety monitoring (RASFF)

- Thermal dgm&aﬂnn of bontins

Economic .
Driver
Distribution:
- Food fraud, Authenticity

Proper Storage
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» Food fraud: Combatting the illegal addition of toxic
chemicals to food: the tumeric-lead chromate case.

e Turmeric = spice with numerous claimed
health benefits => addition of lead chromate

and metanil to give it a more vibrant yellow
colour

 Portable spectroscopy devices e.g. NIR,
FTIR, Hyperspectral imaginer, coupled with
chemometrics and Al and XRF devices
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Multi-elemental Measurement
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Drivers of (emerging) food safety hazards/risks

Sacial i — F Environmental
Drivers 3 X Drivers

Consumer behaviour: Environmental contamination:

S
“ﬁﬂ A

s

£

= gluten free, high fibre, ... - Pesticides, heavy metals
- Bioaccumulation af toxins
Teoshervsie! oy Political
Drivers [ % Difvars

Technologies in food production:

= Novel food sources (insects)

- Thermal degradation of toxins Bovernance:

» From both, a food systems and a
hazard analysis perspective

Liesbeth Jacxsens, U Ghent, 2025 # In total: 39 subdrivers

Legislation, policies and

- Food safety monitoring (RASFF




EU Rapid Alert System for Food and Feed (RASFF)

—

-
Recent — * mycotoxins = the third most
RASFF - notified hazard (401)
notifications e * notifications mainly
bii oo E— - concerned aflatoxins (331)

y 100 Rt * most common product

hazard —— g category: nuts, nut products,
category s seeds (226)

AP * most reported origin: US (85)
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https://food . eceuropa.euf/document/download/911dA9F2 -b3ef-4752-8ea3-5120dbbe5245 _enfilenamesacn_annual-report_Z023 pdf
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Drivers of (emerging) food safety hazards/risks ¢

B *  Environmental
Social Drivers
Environmental contamination:
E:Et::-.m h::;nur: - Pesticides, heavy metals
free, fibre, ... - Bioaccumulation of toxins

Technological St T E ‘ Political

14 T s S LT ¥ il P 2o g Drivers
Drivers n _:-E' :};1:'-. E p..-E.r =" : ] b =L e 'L_':.
Technologies in food production: R SE e T TR e ~ Legislation, palicies and

= Novel food sources (insects)
= Thermal degradation of toxins

EOvernance:
- Food safety monitoring {RASFF)
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Based on
EFSA data from
175.000 food samples

Worldwide contamination of food-crops with mycotoxins: | ¢ giomin data from
Validity of the widely cited ‘FAO estimate’ of 25% 1.900 fee d'-ﬁmﬁles'
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Current mycotoxin occurrence above the EU and
Codex limits confirm the FAO 25% estimate, while
this figure greatly underestimates the occurrence
above the detectable levels of (up to 80%). The
high occurrence is likely explained by a
combination of the improved sensitivity of
analytical methods & impact of climate change.
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Targeted mycutnmn analysis — employed routine
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efsam EFSA data 2010-2015
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166,885 Analyses

135,169 Analyses

36,200 Analyses

GDSH Biomin feed survey 2008-2017

28,132 Analyses

24,731 Analyses

21,958 Analyses

Eskola et al,, 2020; Worldwide contamination of food-crops with mycatoxins: Valldity of the widely cited "FAD estimate’ of 254
Grubss-Dorninger et.al, 200%; Global Mycotozin Gocurence in Feed: A Ten-Year Survay
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Advancing Mycotoxin Detection in Food and Feed: Novel o .
Insights from Surface-Enhanced Raman Spectroscopy '
(SERS)
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Multi-Class-Analysis by LC-MS/MS:
Dilute & shoot for 500 mycotoxins

Josirmal of Chromategraphy A
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>1.200 contaminaﬁfﬁ in 45 min



Accelerating multi-toxin LC-MS/MS

UHPLC + fast polarity switching
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»Quantification of
931 secondary
metabolites
in 11 min

»L0Qare: 1.7 pg/keg
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Exploring the limits of UHPLC-MS/MS with
polarity switching towards the

quantification of 931 mycotoxins and other
secondary metabolites in cereal-based food
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4.300 samples analysed with a multi-mycotoxin
approach
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(Identification of) emerging hazards
and associated risks Mycotoxins

Emerging risk definition (EFSA)
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First report on the natural occurrence of conjugated = ¢

(masked) DON in wheat (2005)
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Culmorin inhibits detoxification of the mycotoxin
deoxynivalenol by plant UDP-glucosyltransferases
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Decynivalencl (DON)
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The Fusarium metabolite culmorin suppresses the in vitro
glucuronidation of deoxynivalenol
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The foodborne contaminant deoxynivalenol el ™

exacerbates DNA damage caused by a broad omagngsgent |

spectrum of genotoxic agents T
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DON increases genotoxicity induced by colibactin, a bacterial toxin
produced by certain strains of E. coli bacteria in the large intestine
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Stressor climate change: Monitoring the occurrence
of (emerging) secondary metabolites in food crops

e leads to accurate forecasting @ “Tool
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Lower Austria
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Giftiger Schimmelpilz in Mais entdeckt

Ferucher an far Oeiversitil fir Hoderdttar i Tiln enideckten sieen Sthimmeipls, fov

Aflatoxin: ,Mais wird stindig kontrolliert”

Fikd .'ul.drug:ung sargli dio Enideckanyg sines Forschartaams der Unawersithl {ar Dadenkodtur,
s im Mais aud eines Versuchstehl in Talln das Gift Allatoxin nachyies. Von der
Landwirtschaftshammer hellft is, 5 weerde snit Jahsens stindlg kontrolhiert.




How to identify emerging hazards

against the backdrop of climate change “§-/

and plant breeding?
LC-High Resolution Mass Spectrometry

- full scan of all/new secondary metabolites
- reinterrogation of (historical) data possible
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What can only be seen by LC-MS based
multi-toxin approaches?




Pilot plant / industrial scale DoE on A 4

Furan in Foods different food sauces production

Furan is widely prasent in foods because it can be formed from
multiple precursors through different heat-induced pathways.

Maillard reactions Thermal degradation

Ciidative processes
Bolognese Sauce
v v v Markel Samples
Food compasition pH Prasence furan furans sum
Processing time and Irractiation af metals
PRTPApLCS average: 52 97
Caidation conditions = e
max: 71 131
G"'\.
{DH | T T ,;-‘ - fawr.—- State-of-the-art
e N ol -0O7- =, i
i &" :I" -"? Y Wi ﬂ=’t:F ﬂ

HS-SPME-GC-MS/MS method with
stable isotope dilution analysis

IARC classified furan as "possibly carcinogenic to —
humans” (Group 2B) ‘ Barilla

Furan Z-Mathylfuran  3-Mathylfuran 2. 5-Dimathyifuran  2-Z-Bulenedial



Plant-based products

Daturo Senecio
Cereal harvesting stramonium angustifolius Focibos harvesting
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The danger af plant 1o
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Stressor Climate Change & plant toxins: 200 tropane | *
alkaloids: decreased heartrate, hallucinations,...

Datura in soybean and maize

Especially a problem in organic farming
e most frequent toxin: atropine

(EU limit for grain-based
baby food) & scopolamine

e Recall of Tortilla chips
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Gerhard Adam,

dﬁ:\é@ R. Krska, 2023



by
S Sample preparation using
paper immobilized liquid-

phase micro-extraction

e Pre-validated for buckwheat
cereal samples at 5 to 10 pg/kg
contamination levels of atropine
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Modular Point-of-Need Tropane Alkaloid Detection at Regulatory
Levels: Combining Solid-Liquid Extraction from Buckwheat with a
Paper-lImmobilized Liquid-Phase Microextraction and Immuno-
Detection in Interconnectable 3D-Printed Devices

18 R, Lemmiak, Lands Willemnaeih, Eok Bej, Tolee F, H Bervps, Han Fuillal, snd Gert 1), Salentijn®
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Optimized: Extraction solvent,

Extraction Ume, 3D-printed design

Rapid detection of tropane alkaloids (TAs)

Hie— | |. §
= 15 min

Optimized: icLFIA conditions,
automated read-out, 30-printed design
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Validation of the novel test kit for %
tropane alkaloids

Development & validation of a rapid test
for tropane alkaloids

Lemmink et af, Polnt-of-Need Tropane Alkalold Detectlon. Analytical Chemlstry
Lemmink et al, Paper-immobil lzed ligubd phase microextraction, Analytica Chimica
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Qb %
Pyrrolizidine alkaloids in Rooibos
Co-harvesting of 5enecio Angusfifolius Distribution of pyrrolizidine alkaloids (PAs) in Rooibos

Four substances account for 70% of PAs in Rooibos

& Senecionine-N-oxide
" Senecionineg

® Ratorsine

= Rotorsine-N-oxide

B i

Picron et al, Analytical strategies for pyrrolizidine alkaloids in plant based food. 2018, Food Chemistry
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Towards rapid pyrrolizidine alkaloid detection
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Development and validation of a rapid
test for pyrrolizidine alkaloids

Distribution of pyrrolizidine alkaloids in rocibos R,
¥ Sanacionine=-N-oxide R3
E Sgnecionine
* Retorsing \.
® Hetorsine-N-oxida N G'}
& Ot hor 6
=
Pyrrolizidine alkaloid  Pyrrolizidine alkaloid
N-oxide

Legislated as the sum.of 35 pyrrolizidine alkaloid-
(N-oxides) at 400 pg kg in rocibos
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Towards rapid pyrrolizidine alkaloid detection

Development and validation of a rapid
test for pyrrolizidine alkaloids

Workflow of the 3D-printed biosensing toolkit

Lenmbnk et al, Polnt-of-nead Imrmunoasssy for pyrredizidine alkalold. In preparation
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Validation exercise

Test the pyrrolizidine alkaloid test kit in
26 EU member states
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Intemational user-validation: production




FFoQSI and BOKU/IFA-Tulln — head office
members validating pyrolizidine test kits
In the chemical lab (Case 4]
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Drivers of (emerging) food safety hazards/risks  “¢y

Social
Drivers Wt Environmental
Drivers
Consumer behaviour:

Environmental contamination:

- gluten free, high fibre, ... - Pesticides, heavy metals

- Bioaccumulation of toxins
Political
Drivers
Technalogies in food production; Legslation, policies and
- Movel food sources (insects) EOVETTIance. _
- Thermal degradation of tosins - Food safety monitoring (RASFF)
th-ﬂnminn
Fw:lfril.ld; Authenticity
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ﬁ%ﬁ% Gluten-free pasta: thermal
-=.~ degradation of mycotoxins

Attractive Dpportunities in the Gluten:Free Products Market
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Conclusions and future needs

» For each of the 5 major drivers of (emerging) food safety hazards
analytical chemistry is crucial to manage the challenges:

» LC-MS/MS for the ultra-fast quantification of multiple classes of chemical

substances. Provides selectivity, sensitivity and speed even in complex food and
feed

» SIL assisted LC-HRMS approaches reveal novel conjugated metabolites, also
ideal for long term monitoring against the backdrop of climate change

~ Stable isotope assisted LC-MS based tracer fate studies provide novel
insights into the fate of mycotoxins during thermal processing

~ Indirect competitive lateral flow immunoassay for atropine has been developed

~ Novel approach for the determination of pyrrolizidine alkaloids in Rooibos
based on a 3D-printed biosensing toolkit introduced

~ Portable spectroscopy devices e.g. XRF (combined with ML) as a new tool to
determine illegal lead chromate in turmeric developed and tested
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