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CCS - Catching Contaminants Speedily: The role of ion mobility
in rapid contaminant detection for food and feed safety

CCS - Catching Contaminants Speedily: The role of ion mobility in rapid
contaminant detection for food and feed safety

Nicholas J. Birse

Queen’s University Belfast, Institute for Global Food Security, School of Biological Sciences, 19
Chlorine Gardens, Belfast, BT? 5DL, Northern Ireland, UK

Per- and polyfluoroalkyl substances (PFAS) are classes of chemicals, numbering almost 5,000 unique
compounds, that can be found in a wide variety of products and processes essential to modern life.
These classes of chemicals are widely used as they have desirable properties, such as imparting
water or friction resistance, meaning the products and processes for which they're used are
extremely wide reaching, from waterproof jackets to frying pans, fire extinguishers to carpets. The
desirable properties extend to the long-lasting nature of PFAS compounds, which are extremely
resistance to typical types of degradation, such as UV or ozone exposure, or mechanical stress.

The long-lasting nature of PFAS and their inclusion in a wide variety of industrial processes mean the
escape of PFAS compounds into the environment was widespread until more recent times and today
they can appear with alarming frequency in all types of food and animal feeds.

Testing complex food and feed matrices for PFAS retains the typical food and feed analysis problems
of needing relatively slow chromatography to achieve the desired separations required to enable
good compound identification, whilst needing rapid speeds to enable the high throughputs
essential for good representative sampling.

lon mobility has been demonstrated in recent years as a way to resolve compounds that cannot
otherwise be separated sufficiently through chromatography and/or high-resolution mass
spectrometry. lon mobility works by determining a third dimension, the collisional cross section
(CCS) value of an analyte, rather than just retention time and/or accurate mass.

In this workshop, MOBILion's high resolution ion mobility MOBIE platform for the Agilent 6545,
6545XT and 6546 mass spectrometers will be presented and its use in a rapid untargeted workflow
focusing on the detection of PFAS in food and feed matrices will be discussed, with key
considerations on the experimental design and method optimization requirements needed to both
improve speed of analysis and/or achieve separation of analytes that are difficult or impossible to
separate without the use of an ion mobility enabled mass spectrometer.
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mycotoxins

Expect the unexpected - Climate change and (emerging) mycotoxins

Julie Brunkhorst, Ronald Niemeijer, Emilee Easter, Jordan Steinberg

Trilogy Analytical Laboratory
Holly Lee

Sciex

Climate change is increasingly recognized as a critical factor influencing the prevalence and
distribution of mycotoxins, toxic compounds produced by certain fungi that pose significant health
risks to humans and animals. This workshop explores the complex relationship between changing
climatic conditions and mycotoxin contamination in agricultural commodities. We will discuss how
rising temperatures, and altered precipitation patterns, affect fungal growth and mycotoxin
occurrence. Additionally, the presentation will address the emergence of new mycotoxigenic fungi
in regions previously unaffected, driven by climate-induced shifts in environmental conditions.
Many studies have been performed in more recent years that are showing that mycotoxins are
occurring in areas of the world that historically have not had contamination such as Aflatoxin in wheat
in Europe. Mycotoxins are also occurring due to storage conditions from shipping containers that
are held up for months. Advances in technology have also proven that itis common to have multiple
mycotoxins occur in samples.

We will present a multi-mycotoxin analytical method, including emerging mycotoxins in cereals,
finished feeds and food matrices by liquid chromatography-Tandem Quadrupole Mass
Spectrometry with lower limits of detection, as well as a toolbox of quality assurance tools called
QualiT™.

This method development and study objective was to quantitatively detect multiple mycotoxins in
cereals, finished feed and food products at lower limits of detection. As mycotoxin regulations have
been lowered in some countries around the world and emerging mycotoxins detected, a method
that could extract and detect these at lower levels was developed.
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Optimization strategies to deliver performant PFAS and
pesticide quantitation in complex food matrices

End-to-end LC/MS workflows for analysis of PFAS in meat, dairy products, and
fish, through to infant foods and formulations

Day Powell
Application Scientist, Agilent Technologies, UK

This presentation describes workflows for multi-target PFAS determination in infant and adult foods
covering sample preparation steps to LC-triple quad MS detection. Sample preparation exploiting
traditional QUEChERS extraction followed by novel EMR mixed-mode passthrough cleanup using
Captiva EMR PFAS Food cartridges is described. An Agilent 6495D LC/MS system with modifications
on the LC system using PFC-free kit with large volume sandwiched injection onto a reversed phase
column is deployed to enable efficient analyte separation with sensitive detection.

Exploiting intelligent sample reinjection within a LC-HRMS workflow to improve
throughput and confidence in pesticide quantitation results

Nicola Cimino

LC/MS Product Specialist, Agilent Technologies, Italy

Here we present the exploitation of full spectra data acquisition with Revident LC/Q-TOF in
combination with fast LC gradients with data dependent, intelligent sample reinjection under
different chromatographic and MS acquisition modes to maximize both throughput and confidence
in the final result.
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Enhancing laboratory efficiency with Biotage® workflow solutions for streamlined
sample preparation from a range of food matrices

Monika Vezse

EMEA Analytical Market & Specialists Manager, Thomas Smith, Application Laboratory Team Leader
and Fausto Chiapparini, EMEA Distributor Sales Manager of Biotage

This workshop will be focusing on various automated techniques that can significantly improve
laboratory efficiency, by using real-life applications for analytes like acrylamide and pesticides, that
have been developed in-house by our R&D teams, with reference to method EN 16618: 2015 where
Biotage products were featured.

Attendees will explore advancements in sample pre-treatment with the Biotage® Lysera for matrix
pulverization, followed by clean-up processes utilizing ISOLUTE® and EVOLUTE® solid-phase
extraction consumables, including pre-packed ISOLUTE® cSPE for QUEChERS columns.

The session will also cover automated processing protocols with the Biotage® Extrahera™ HV-5000
workstation and solvent evaporation using the TurboVap® LV. Participants will gain practical
knowledge on implementing these automated solutions to enhance precision, reduce processing
times, and increase throughput in their laboratories.
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Paradigm shifts in food analysis: breakthrough solutions for
allergies, authenticity and traceability

Moving towards the next generation of food allergen analysis

Jens Brockmeye

Head of Department Food Chemistry, Institute of Biochemistry and Technical Biochemistry, University
of Stuttgart, Germany

The AllergenScreener solution is an advanced mass spectrometry (MS)-based technology designed
to detect a wide range of allergens across various matrices in a single analytical run. This innovative
solution encompasses a comprehensive workflow that includes meticulous sample preparation,
high-performance liquid chromatography-mass spectrometry (HPLC-MS) analysis, and sophisticated
data analysis software. By integrating these components, the AllergenScreener streamlines
laboratory workflows, making the process of detecting allergens in food products more efficient and
reliable. This holistic approach not only enhances the accuracy of allergen detection but also
significantly reduces the time and effort required for food product analysis, thereby offering a robust
tool for ensuring food safety and compliance with regulatory standards.

Chromatography-free screening and quantification of saffron adulteration with
safflower by DART-TQ

Linda Monaci

Research Director at Institute of Sciences of Food Production - National Research Council of Italy

The high price of saffron has made it a target product for adulteration with other species of lower
value, such as safflower. The increasing number of samples to be monitored for authenticity
assessment makes it necessary to have at disposal a rapid routine method to test the purity of saffron,
thus confirming its value. Direct analysis in real time (DART), a plasma-based ambient ionization
technique, permits the effective ionization of a broad range of compounds. It allows to identify,
search and quantify the presence of any adulterant species in saffron as case study that will be
described in the present communication. This chromatography-free technology allows a rapid
automated analysis, perfect for efficient routine work.

This project involves a fast sample extraction without any sample-prep required, the identification
and monitoring of potential markers of safflower as an adulterant added to saffron and the evaluation
in real samples of the power of DART for quantification purposes. The work has been carried out by
a simple fast workflow combining DART ionization coupled to triple quadrupole EVOQ DART-TQ".
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Simultaneous El and Cl in single GC runs for confident unknowns' identification in
non-target analysis

Eliska Ceznerova

Application Specialist, Tofwerk Ag, Switzerland

Non-target analyses in GC-HRMS suffer from unambiguous or insufficient scores in NIST searches of
El data and are prone to false positives. Therefore, often additional GC runs are performed with a Cl
source to add the molecular ion information for filtering the NIST search results or when appropriate
reference standards for compounds are not available. However, that requires mechanical source
switching, separate GC runs and generates issues with peak alignments. Presented here is a novel
GC-HRMS which simultaneously operates an electron ionization (El) and a chemical ionization (Cl)
source. Structural as well as accurate mass molecular ion information are generated in a single GC
run which highly improves the confidence for identifying unknown compounds. Various studies will
be discussed to prove the potential for non-targeted and suspect screening approaches, including
applications in fields such as environmental contaminants, material emissions, food flavor analysis
and metabolomic research.
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Recent advances in LC-MS/MS techniques for food analysis

Recent advances in LC-MS/MS technology have driven major increases in sensitivity and reduced the
need for extensive sample preparation and clean-up. However, this approach risks exposing
instruments to a higher matrix load and can lead to increased maintenance requirements. In order
to maximise instrument uptime and ensure quick and easy user intervention, when necessary, SCIEX
has launched several innovations which can help labs with a requirement for high throughput of
complex matrix samples to run routine analyses with the utmost confidence.

In this seminar, we will briefly describe the latest technologies and show their performance using
examples of real-world applications created with researchers from leading regulatory testing and
research laboratories. We aim to demonstrate how such innovations can change the landscape of
routine contaminant analysis and bring sensitive, accurate and fast analysis into routine use to meet
the increasingly more demanding regulations in food safety.

Main takeaways:

e Introduction to latest LC-MS/MS technologies
¢ Overview of latest multi-residue mycotoxins workflows
e Examples of new applications developed for quantitative and qualitative analyses
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"In food we trust”: a closer look on aroma- and authenticity
analysis

Can alcohol free beer be tasty?

Erich Leitner

Graz University of Technology, Institute of Analytical Chemistry and Food Chemistry, Stremayrgasse
9/2, 8010 Graz, Austria
email: erich.leitner@tugraz.at

First trials about the production of non-alcoholic beer (NAB) is dating back till the early sixties.
According to the Austrian, German and Swiss law an alcohol-free beer can have an alcohol
concentration of maximum 0,5% by volume. If a beer is labelled as “alcohol free” it actually has to be
0.0%. One of reasons of limited acceptance by consumers is the impact on the flavor interactions
due to the removed alcohol. Nevertheless, there is a constant increase in the market share. 2023 the
total turnover in Germany for NAB was 1.6 billion € which is approximately 7% of the beer
consumption.

One of the reasons for an increasing market share is the use of improved technologies resulting in
more palatable products. This talk will focus on various production technologies and the
characterization of aroma compounds in various NAB using different chromatographic methods and
sensory analysis.

A novel ion suppression-based MS methodology for identification and
authentication of liquid samples; wine as a case study

Maria Bikaki, Markus Ehrat

Genuine-Analytics AG, Solothurnerstrasse 259, 4600 Olten, Switzerland
email: markus.ehrat@genuine-analytics.ch

Authentication of complex samples with thousands of compounds is very often a tedious, time
consuming and expensive process. To date, LC-MS is a preferred technique for the analysis of such
samples due to its high sensitivity, selectivity and identification capability of a plethora of
compounds. However, complex samples often require extensive sample preparation and separation
before the compounds can be identified by a high-resolution MS. Whereas a simple sample
preparation and direct infusions into the MS source shorten time to result, sample matrix can cause
unwanted effects such as ion suppression orion enhancement. We present a novel MS methodology
for the authentication of wine. In contrary to existing methods, it is based on ion suppression or
enhancement effects. The samples are mixed with a solution comprising multiple chemical
compounds, which then are directly measured by ESI-MS in selected positive ion monitoring (SIM)
mode. The impact of the wine matrix on the ionization of the added compounds is detected
generating a unique MS signal pattern for each sample. For identification, this signal pattern is
compared with the reference wine patterns in our data library. This methodology requires a single
quadrupole MS, it has a run time of only 1.5 minutes, and it can be used to reliably determine the
origin, vintage and producer of the wine.
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SamplePrep - improved analysis of organic pollutants in food products (pesticide
residues) sample preparation by optimising bulk sample comminution alongside
automated residue extraction equipment

Stephan Siniscalco, Eric Smith, Paul Lynch

Cole-Parmer SamplePrep, Metuchen NJ, USA

Often overlooked the sample preparation step of any analytical method remains one of the most
critical parts for achieving ‘good’ analytical results. We view good analytical results as those which
demonstrate both accuracy and precision. Following the global use of the Cole-Parmer
Geno/Grinder 2010 for the extraction and clean up step of QUEChERS, Cole-Parmer has gone on to
develop a unique and versatile cryogenic bulk homogenizer called the Cryo-Blade.

The Cryo-Blade is an ultra-high-capacity cryogenic grinder for comminution and processing
capability up to 1 kg. The homogeneity of the sample is very efficient. Only 1 g is needed as a
representative test sample from a 1 kg ground batch. The high-throughput capability saves valuable
time for your laboratory and meets Food and Drug Administration (FDA) regulations. The Cryo-Blade
automatically dispenses liquid nitrogen to allow the sample to reach cryogenic temperatures and
then activates a grinding phaseto pulverize samples, resulting in repeatable and reproducible
sample preparation. No liquid nitrogen handling required. When liquid nitrogen is not desired or
available, the unit can be used with dry ice to achieve desired results.
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Advanced solutions for complex matrix multi-residues analysis

Despite great advances in mass spectrometry and sample preparation some complex food matrices
still prove difficult to analyse, such as dried pepper, turmeric, and chilli.

This seminar will address how even the most challenging residue analyses in complex food matrices
can be tackled using state of the art GCxGC-TOFMS technology. Learn about how LECO's new
industry leading instrumentation and software provide enhanced insights and high results
confidence in difficult applications including MOSH/MOAH and pesticides analysis. The renowned
sector expertise leaders, Giorgia Purcaro and Michal Stupak will describe their latest developments
and approaches in solving complex residue analysis challenges in two insightful presentations:

The role of GCxGC in MOSH & MOAH analysis

Giorgia Purcaro, Grégory Bauwens, Aleksandra Gorska, Paula Albendea

Gembloux Agro-Bio Tech, University of Liége, Passage des Déportés, 2, Gembloux, B-5030, Belgium

GCXGC is vital in addressing the limited separation performances of the current 1D LC-GC-FID
MOSH MOAH reference method in complex matrices, allowing thorough characterization and
resolution of possible coelutions which can otherwise impede accurate MOH quantification. Giorgia
will describe current best practices which increase quantification accuracy, whilst ensuring alignment
with the analytical criteria established in the most recent European Food Safety Authority opinion.

New strategies for pesticide residue analysis in chilli peppers using
GCxGC-TOFMS

Michal Stupak, Jingwen Han, Jana Hajslova

Department of Food Analysis and Nutrition, University of Chemistry and Technology Prague,
Technicka 3, 16628, Prague, Czech Republic

Chilli peppers are widely used in many food stuffs and are among imported foods which have
recently been reported via the EU rapid alert system for food & feed (RASFF) due to excessive
pesticide levels observed from some origins. Chilli peppers present significant analytical challenges
for residue analysis due to high matrix complexity, particularly regarding high concentrations of
capsaicinoids and alkaloids.

Michal Stupak will present the latest developments in addressing these challenges using the latest
ultra-high sensitivity GCxGC-TOFMS technology, the Pegasus BTX 4D, to provide excellent
separation and low LOQ detection capabilities and deliver high quality, accurate results.

11™ International Symposium on RECENT ADVANCES IN FOOD ANALYSIS, Prague, Czech Republic, November 5-8, 2024




VENDOR SEMINARS

<> TRAJAN

VENDOR SEMINAR:

Out of the routine - Automated analysis of contaminants like
MOSH/MOAH and Mycotoxins in a contract lab

New automated workflow for the analysis of MOSH/MOAH in different food
matrices

Sebastian WiBmuller

Food Chemist, Institute Burkon, Raudtener Str 19, 90475 Nirnberg, Germany

The analysis of MOSH/MOAH has become a standard parameter to be analyzed in a lot of food
matrices, not only in edible oil and fat. Chemical Institute Burkon is doing MOSH/MOAH analysis for
several years now. In routine analysis, manual sample workup and saponification is used to prepare
for subsequent LC-GC-FID analysis using epoxidation with mCPBA. As part of a project, the
"Automated Workflow” from Trajan Scientific and Medical / AxelSemrau was used to analyse
different matrices applying automated sample preparation/saponification an epoxidation with
performic acid in chloroform. The parameter setup and the results of the manual method vs
automated method are presented. After further improvements to the epoxidation procedure by
Marco Nestola from Trajan first validation data are shown for spiked samples using of 1-chlorbutane
and hydrogen peroxide 30 % as reagents.

Validation of an online pSPE system for the analysis of mycotoxins in food

Sebastian WiBmuller

Food Chemist, Institute Burkon, Raudtener Str 19, 90475 Nirnberg, Germany

The analysis of mycotoxins is an important parameter in each food lab and belongs to the most
requested analytes. Therefore, highly efficient methods are important for type of analysis. To achieve
this, Institute Burkon introduced an online coupled pSPE system to analyze these parameters. The
lecture presents the key considerations for the use of the automatization for the analysis of the
aflatoxins B1, B2, G1 and G2 at Chemical Institut Burkon. Further some validation data for four
matrices, in accordance with Commission Regulation (EU) 2023/2782 are reported as well as the
experience of the users with the system after half a year in routine analysis.
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The latest advancements in trace elemental analysis and
isotope fingerprints in food authenticity

ICP-MS workflow for enhanced efficiency and productivity

Matthew Cassap
Thermo Fisher Scientific, Hemel Hempstead, UK

The new Thermo Scientific™ iCAP™ MX Series ICP-MS systems consistently produces accurate data
with maximized instrument uptime. The systems powerful detection capabilities enable right time
results without compromising matrix robustness to simplify your food analysis, even with the most
challenging samples. To assess the suitability of the iCAP MX Series ICP-MS systems for the
elemental profiling of food, a wide range of samples were analyzed over extended periods of time.
We will present the data from these studies and demonstrate how the iCAP MX Series ICP-MS can
transform your elemental analysis workflows to consistently deliver accurate and precise results.

The next generation LC-IRMS for honey authenticity investigation

Mario Tuthorn

Thermo Fisher Scientific, Bremen, Germany

The new Thermo Scientific™ LC IsoLink™ [ IRMS System delivers a reliable, robust and efficient
solution for high precision honey fraud detection using carbon isotope fingerprint. The next
generation LC IsoLink Il Conversion Interface is now fully integrated in the innovative Thermo
Scientific™ Vanquish™ LC platform with modular pull-out design that is saving space and allows
easy accessibility of all system parts. The new cartridge-based oxidation reactor minimizes flow path
blockage and significantly enhances system uptime and productivity. We have tested the LC IsolLink
[ IRMS System in analytical food testing laboratories for over 2 years, allowing thorough assessment
of long-term stability, system robustness and data reproducibility. Here we report data
demonstrating excellent precision and reproducibility of 8'*C values for measurements of a
laboratory honey standard and commercial honey samples.
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Precision and innovation: Inert columns in mycotoxin and
pesticide analysis & automated alkaloid analysis in honey

Honey, we shrunk the analysis! - A case study on the automation and
miniaturization of the analysis of pyrrolizidine alkaloids in honey

Friedericke Habedank

State Office for Agriculture, Food Safety and Fisheries Mecklenburg-Western Pomerania,
ThierfelderstraBe 18, 18059 Rostock, Germany

The demand for automation in laboratory processes is growing rapidly due to workforce shortages
and significant advancements in robotics. Concurrently, the drive towards miniaturization poses
unique challenges. Rising chemical costs and the imperative for green chemistry, such as reducing
waste, underscore the need for innovative solutions.

One pertinent example is the detection of pyrrolizidine alkaloids (PAs) in honey. The investigation of
PAs in honey is crucial due to their hepatotoxic, genotoxic, and carcinogenic properties, which can
pose significant health risks to consumers. As natural contaminants originating from certain plant
species, PAs can enter the food supply through honey, necessitating monitoring.

In this seminar we would therefore like to present a case study and a solution for automation and
miniaturization for the detection of PAs from honey.

Unlocking precision: The power of inert columns in mycotoxin and pesticide
analysis

Tina Brandscher
Restek GmbH, Schaberweg 23, 61348 Bad Homburg v.d.H. Germany

In Mycotoxin and Pesticide analysis as well as in plant toxin analysis, screening methodologies are
normally used. In these multi-compound analyses, the peak form is crucial to identify and quantify
your analytes of interest.

Those multi-compound screenings include a variety of chemical classes with different and
sometimes difficult behaviour. For example, a lot of metal-sensitive compounds tend to interact with
active spots of the metal surface in the analytical pathway of an LC-Instrument or are even forming
chelates with these surfaces. Most of these active surfaces are in the column and notin the instrument
itself, especially in the frits at the beginning and the end of the column.

In this presentation, we are showing the benefits of a CVD passivation technique to minimize these
interactions from the beginning, making priming of the analytical system with either matrix of
expensive reference standards obsolete.
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Innovative workflows for the multi-residue analysis of organic
contaminants

“Pesticide Smart Kit”: A new comprehensive approach for multiresidue pesticide
analysis

Valérie Thibert

Thermo Fisher Scientific, Villebon-Sur-Yvette, France

Pre-configured “out of the box" pesticide workflow methods have been specifically designed and
optimized for multi-class pesticides analysis. These solutions include the hardware, software, built-in
instrument acquisition methods, and customizable data processing methods including view settings
and report templates, along with details of sample extraction and consumables for fast
implementation. This new approach, which enables the detection, identification, and quantitation of
up to 700 pesticides by GC-MS/MS and LC-MS/MS or LC-HRMS, combines results in a unique
software user interface to confirm the identity of residues quickly and accurately, especially those
amenable by both techniques. Here we will present analytical strategies related to the use of Thermo
Scientific™ TSQ Altis Plus™ (LC-MS/MS) and Orbitrap Exploris™ MX (LC-HRMS).

Automated and high throughput PFAS workflows

Avristide Ganci

Thermo Fisher Scientific, Villebon-Sur-Yvette, France

The choice between direct injection and the need for (automated) sample preparation is an

important consideration in PFAS analysis. This largely depends on the instrument’s dynamic range

and detection limits compared to the one required by regulation, as well as the complexity of the

analyzed matrix.

We will present two innovative workflows:

e Highthroughputanalysis of PFAS in drinking water through direct injection conducted on a high
sensitivity Thermo Scientific™ TSQ Altis™ Plus, which allows for rapid analysis meeting very low
regulatory limits.

¢ Anew versatile automated sample preparation workflow based on dispersive liquid liquid micro
extraction (DLLME), with extraction and pre-concentration conducted on a Thermo Scientific™
TriPlus™ RSH SMART and sample measured on an Orbitrap Exploris™ MX.
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Tackling separation challenges: Strategies for identifying
natural toxin isomers and analyzing Glyphosate & Co. in
complex matrices

During our lunch seminar, we will explore various technologies that aid in resolving separation
issues. You will discover how ion mobility introduces a highly resolved third dimension to your
analysis, revealing the composition of plant toxins. Additionally, you will learn how combining
modern mixed-mode column chemistries with a traditional 2D-LC approach offers new opportunities
for routine food testing labs analyzing Glyphosate & Co. in complex matrices.

lon mobility mass spectrometry to enhance the determination of natural toxins in
food samples

Laura Carbonell-Rozas

University of Almeria, Spain

The main challenge related to the determination of some natural toxins such as pyrrolizidine
alkaloids and ergot alkaloids (EAs) using LC-MS, is the existence of numerous co-eluting isomers that
lead to identical productions. In this context, ion mobility mass spectrometry (IMS) introduces a third
dimension of separation to LC-MS workflows, allowing compounds to be differentiated based on
their collision cross section (CCS). This seminar will present several IMS-based strategies aimed at
enhancing analytical performance in the determination of EAs and PAs across a variety of food
samples, including cereals, spices, herbs, and their derivatives. We evaluated different IMS
technologies, such as travelling wave-IM (TWIMS) and cyclic-IMS, in conjunction with LC and high-
resolution MS (LC-IM-HRMS), to address the current challenges associated with EAs and PAs
determination. We constructed and cross-validated CCS libraries for EAs and PAs across multiple
laboratories and additionally, utilized machine learning to support the experimental findings. The
incorporation of IMS into LC-MS methodologies helped reduce background noise, enhance the
signal-to-noise ratio, and consequently, improve signal sensitivity, yielding higher quality mass
spectra for compound identification. This is particularly beneficial in non-targeted analysis and
suspect screening. Moreover, cyclic IMS proved to be an effective alternative when a higher resolving
power was required, as was the case for some PA epimers that could not be separated by TWIMS.
IMS has proven to be a powerful technique for enhancing the performance characteristics of LC-MS
methods in the analysis of natural toxins within complex matrices, such as food samples and food-
related products.
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Bringing the direct analysis of Glyphosate & Co. in complex matrices into routine
food testing labs

Claudia Rathmann
Waters GmbH

The task of analyzing Glyphosate & Co. in food without the necessity for sample derivatization
appeared to be resolved with the numerous methods outlined in the QuPPe document. However,
matrices such as dried lentils, lemon concentrate, or black tea challenge this assumption in routine
environments. We will present a combined strategy, backed by data from renowned food testing
laboratories, that leverages the unique retention capabilities of modern mixed-mode column
chemistries and traditional 2D-LC chromatography. This approach effectively separates matrix
interferences that suppress highly polar analytes like AMPA, MPPA, glufosinate, and glyphosate.
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Integrated gluten management - Gluten testing along the food
production chain

Ronald Niemeijer
R-Biopharm AG

Ensuring the safety and compliance of gluten-free food products is crucial for consumer health,
particularly for those with celiac disease or gluten sensitivity. It is estimated around 1% of the
population suffers from celiac disease - a gluten-triggered auto-immune disease.

This workshop, "Integrated Gluten Management - Gluten Testing Along the Food Production," will
provide a comprehensive overview of the latest advancements in gluten detection methods and
integrating digital data management systems to enhance food safety and quality control.

We will delve into three pivotal gluten-testing methodologies:

1. Quantitative Lateral Flow Tests (LFDs): These rapid and user-friendly tests offer a quantitative
assessment of gluten presence, providing reliable results in a matter of minutes. LFDs are
increasingly utilized for their portability and ease of use, making them ideal for on-site testing
throughout various stages of food production. With the RIDA® SMART BOX or a selected
smartphone results can be interpreted quantitatively using the RIDA® SMART APP.

2. Enzyme-Linked Immunosorbent Assay (ELISA): Renowned for its high sensitivity and specificity,
ELISA remains a gold standard in gluten detection. This method allows for the precise
quantification of gluten proteins in complex food matrices, ensuring rigorous compliance with
regulatory standards.

3. Polymerase Chain Reaction (PCR): PCR-based techniques are employed to identify gluten-
containing cereals at the genetic level, offering exceptional specificity and the ability to
distinguish between different gluten sources (wheat, barley, and rye). This method is particularly
useful in validating gluten-free claims and ensuring product integrity.

Additionally, the workshop will highlight the integration of digital data management systems (cloud-
based platforms) in gluten testing with the RIDA® SMART APP. These systems facilitate real-time data
collection, analysis, and sharing, enhancing traceability and compliance across the entire food
production chain. This workshop aims to equip food industry professionals with the knowledge and
tools necessary to implement effective gluten management strategies, attendees will gain insights
into how digital solutions can streamline gluten testing processes, improve data accuracy, and
support proactive food safety management.

Join us to explore the cutting-edge technologies and best practices driving the future of gluten
testing and food safety. By attending this workshop, participants will gain a deeper understanding
of the latest methodologies and digital innovations in gluten testing, ensuring they are well-prepared
to meet the evolving demands of gluten-free product assurance.
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AUTHENTICITY & TRACEABILITY CLAIMS IN FOOD: HOW INDUSTRY CAN
OBJECTIVATE THEM THROUGH ANALYTICAL STRATEGIES

Michele Suman*™"

YA - Barilla G. R. F.lli SpA, Advanced Laboratory Research, via Mantova 166, 43122, Parma, Italy; B -
Department for Sustainable Food Process, Catholic University Sacred Heart, Piacenza, Italy, Italy
*Corresponding author - E-mail: michele.suman@barilla.com

As global food chains lengthen and grow in complexity, and also the geopolitical scenario is
increasingly complicated, it is progressively challenging to ensure that food products remain
authentic and of high-quality.

Food and beverage producers must comply with relevant food safety and authenticity regulations to
guarantee products will not pose a risk to consumers and avoid food adulteration and fraud risks
that may affect brand reputation and threaten financial stability.

In addition, in the digital age, consumers spend large amounts of time reading on social media,
trying to understand and assess the narratives and opinions to make informed choices regarding
claims.

For instance, geographical origin of ingredients and food products is nowadays a relevant aspect for
high-quality food characterization and consumers’ needs as well. This is beside the growing interest
into variety claims and demonstrable assurances that the label is fully consistent with the content.
Detecting and measuring food fraud is a complicated task for a very wide range of food ingredients
may be affected by numerous potential adulterants, many of which are yet unknown.

This scenario could be faced with the use of both rapid screening and confirmatory analytical
solutions that can be implemented, within an overall vulnerability assessment and mitigation plan
strategy, by food industries.

Several applied research activities, devoted to addressing the corresponding needs and concerning
different food chains (e.g. egg products, extra virgin olive oils, wheat...), will be illustrated as case-
study examples.

Keywords: authenticity, traceability, claims, industry, analytical strategies
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Al IN FOOD SAFETY: FROM METHODOLOGY TO APPLICATIONS

Bas Van der Velden*"

Y Wageningen Food Safety Research (WFSR), part of Wageningen University & Research, The
Netherlands
*Corresponding author - E-mail: bas.vandervelden@wur.nl

Al has the potential to revolutionize food safety by enhancing the accuracy, efficiency, and reliability
of monitoring and testing processes. This talk will describe the foundational principles of artificial
intelligence, including machine learning and deep learning, and will provide specific examples of
how Al is being applied to improve food safety. | will explore the use of Al in various aspects of the
food supply chain. Examples include the use of Al in measurement devices such as high-resolution
mass spectrometry and microscopy. The presentation will also address the technical necessities for
deploying Al in a research setting, including data requirements, computational resources, and
integration strategies. By leveraging Al, the food industry can better predict and prevent safety
hazards, ultimately ensuring a safer food.

Keywords: artificial intelligence, deep learning, food safety
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HIGH THROUGHPUT EFFECT-DIRECTED ANALYSIS FOR IDENTIFICATION
OF CHEMICAL MIXTURES IN ENVIRONMENTAL AND HUMAN SAMPLES

Marja Lamoree*™"

Y Vrije Universiteit Amsterdam, The Netherlands
*Corresponding author - E-mail: marja.lamoree@vu.nl

Human exposure to manmade chemicals occurs continuously, due to the widespread presence of
all kinds of chemicals in our everyday living environment (both in- and outdoors), in our water and
food and in the air. Traditionally, human exposure was assessed via the targeted analysis of a limited
number of chemicals that were a priori selected. Given the multitude of chemicals currently in use,
this approach does not provide a realistic, comprehensive picture of human exposure.

With the technological advancements in the field of high-resolution mass spectrometry (HRMS), the
feasibility of a more inclusive analysis of all chemicals presentin a sample appeared as an attractive
goal. The scientific community has created significant momentum in the field of suspect and
nontarget screening, with a focus on data processing and evaluation.

To prioritize the mass spectrometric features in the data acquired, several approaches and workflows
have developed over the years. In this presentation, | will show the added value of the
implementation of in vitro bioassays for effect assessment in the Effect-Directed Analysis (EDA)
setup. For identification, the signals that give rise to a biological/toxicological effect are prioritized,
focusing on those compounds that indeed may present adverse effects.

In EDA, fractionation using liquid chromatography (LC) is combined with i) HRMS data acquisition
and ii) high throughput in vitro bioassays measuring effects such as thyroid hormone disruption and
antibiotic activity. The identification efforts in the aligned HRMS data are dedicated to those fractions
(time intervals) where a response is measured in the bioassay. At the Vrije Universiteit, a high
throughput, high resolution fractionation instrument was developed in-house, for microfractionation
into 96/384 well plates that are typically used for the in vitro bioassays.

In this presentation, | will give examples of the use of EDA for the identification of chemicals of
concern in samples from the environment-food-human continuum. For these studies, a variety of in
vitro bioassays have been used, such as an antibiotic and a mutagenicity assay, assays focusing on
endocrine disruption such as thyroid hormone disruption. For HRMS analysis, a quadrupole Time-
of-Flight (qToF) instrument was used. Finally, the way forward including the expansion of the
application of EDA with regard to matrix, the fractionation approach to expand the chemical space,
but also to the type of bioassay used, will be highlighted.

Keywords: chemical identification, high throughput, in vitro bioassay, suspect and nontarget
screening, effect-directed analysis
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FOOD AND THE CHEMICAL EXPOSOME, WHERE DO WE STAND?
SUCCESSES, CHALLENGES, IMPACT ON PUBLIC POLICY

Bruno Le Bizec*!"), Jean-Philippe Antignac!”, Gaud Dervilly("

Y ONIRIS, INRAE, LABERCA, France
*Corresponding author - E-mail: bruno.lebizec@oniris-nantes.fr

For almosta 100-years now, we have been observing the profound upheavals on our planet, changes
of which we humans, nestled in a much larger and more complex ecosystem, are the main victims.
This era we are currently living through, which PJ Crutzen (Nobel Prize in Chemistry, 1995) has
proposed to call the Anthropocene, exposes us to increasing quantities of chemicals. These
molecules follow us throughout our lives, from conception to death. Exposure cocktails are specific
to each individual, depending on their environment, lifestyle choices (e.g. diet, professional activity).
While mortality linked to infectious diseases is proportionally decreasing, deaths associated with
chronic diseases are increasing (Landrigan, Lancet 2015), the risk factors identified in first place
being pollution and related chemicals. Biomonitoring studies are used to capture the overall picture
of the exposome by exploring different biological compartments (e.g. blood, hair) according to the
physicochemical and/or metabolic characteristics of the substances concerned. TK models can be
used to trace the exposure routes, specifying the relative proportions of ingestion, inhalation and
dermal contact. In the general population, food is the main route of exposure for many substances.
Exposure can be reduced by combining annual monitoring plans (risk managers) and total diet
studies (risk assessors). Changes in exposure are necessary both to refine the risk characterisation
and to assess the effectiveness of the management measures taken. Taking successive pictures of
the general population exposure is an obvious limitation of the methodology. Citizens, on the other
hand, are waiting for their specific lifetime exposure trajectory. Predictive models based on TK
enable these trajectories to be better assessed according to diet, year of birth or socio-professional
variables. Risk assessment agencies have not yet incorporated these models into their risk
characterisation. Another obvious limitation is that the number of substances screened is limited to
those that are regulated, or at the very least have been identified as dangerous; at most, there are
1,000-2,000 of them whereas the reality of the chemical exposome in humans probably reaches
100,000 molecules, and perhaps many more. This is what is at stake in deciphering the exposome
and the central role of analytical chemistry and bioinformatics in this field. The scientific community
is in full effervescence around this paradigm shift and unprejudiced approaches. The work of
scientists specialising in environmental, food and health issues must be based on an interdisciplinary
approach. Working in silos should no longer be the rule if the results are to match the ambitions,
which are to decipher the chemical exposome and understand the impact on human health and
ecosystems, in order to better guide public policies that will reduce exposure and optimally address
public health issues in terms of chronic diseases.

Keywords: exposome, chemicals, mass spectrometry, risk assessment, exposure

Acknowledgement: This work was funded by the French Ministry of Agriculture and was boosted by
LABERCA's link with the French National Infrastructure, France Exposome.
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ANALYTICAL CHALLENGES AND DECISION-MAKING PROCESS IN
SCREENING FOR HIGHLY-POLAR POTENTIAL EMERGING
CONTAMINANTS RELEVANT FOR THE EFSA’'S PROCESS OF
IDENTIFICATION OF EMERGING RISKS

Vit Kosek*", Vojtech Hrbek™, Michal Stupak!”, Jana Hajslova'", Jana Pulkrabova'

W Department of Food Analysis and Nutrition, Faculty of Food and Biochemical Technology, University
of Chemistry and Technology Prague, Czech Republic
*Corresponding author - E-mail: kosekv@vscht.cz

One of the many tasks of the European Food Safety Authority (EFSA) is the continuous assessment
of potential emerging risks associated with compounds that may contaminate unprocessed food
throughout the primary production chain. Following REACH 1 and REACH 2 projects in which
substances were prioritised for their potential to contaminate food and pose a health risk to
consumers, in the project OC/EFSA/SCER/2020/02 on “Screening for emerging chemical risks in the
food chain” (SCREENER) [1], EFSA called for the development of screening methods for 212
substances, categorised into two groups based on their polarity and, subsequently, the
development of quantitative methods for compounds of proven concern.

For the highly polar group of compounds, the developed sample preparation procedure was based
on extraction with acetonitrile (QUEChERS) or 50% methanolic solution (QuPPe) and used high-
performance liquid chromatography with hydrophilic interactions (HILIC) coupled with tandem mass
spectrometry for separation and detection. Some more volatile compounds required capillary
column gas chromatography with polar stationary phase coupled with tandem mass spectrometry.
The samples were various unprocessed plant and animal foods purchased in the Czech Repubilic,
Germany, the Netherlands and Poland, reflecting an overall European customer basket. A total of
194 samples were analysed.

The required target limits of detection (tLOD) were calculated based on the toxicity of the
compounds and the frequency of the food item in the consumer basket. These values served as a
guide for method development and comparability of results.

The results of the study were three new analytical methods suitable for monitoring of 27 substances
of concern in unprocessed foods as well as data obtained by analysing different types of food. The
compounds most frequently detected in the samples were N-methyl-2-pyrrolidone and N-
methylacetamide, which in some cases were even present in relatively high concentrations in
matrices such as flour and eggs.

[1] EFSA (European Food Safety Authority), Undas AK, Escher S, Hahn S,Hajslova J, Hrbek V, Kosek
V, Licht O, Lommen A, Mol H, Pulkrabova J, Stupak M, Zobl W,Hoogenboom R, 2024. Screening for
emerging chemical risks in the food chain (SCREENER). EFSA supporting publication 2024: EN-
8962. 183 pp. doi: 10.2903/sp.efsa.2024.EN-8962.

Keywords: screening, emerging contaminants, liquid chromatography, mass spectrometry

Acknowledgement: This work was supported by the project OC/EFSA/SCER/2020/02 on “Screening
for emerging chemical risks in the food chain” (SCREENER).
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BRIDGING THE GAP FROM MICRO- TO NANO-PLASTIC ANALYSIS IN
FOOD

Clementina Vitali”, Anna K. Undas!", Hans-Gerd Janssen®, Michel W.F. Nielen", Francesco Simone
Ruggeri*®

Y Wageningen Food Safety Research (WFSR), part of Wageningen University & Research, The
Netherlands

2 Unilever Foods Innovation Centre, The Netherlands

3 Wageningen University, Laboratory of Organic Chemistry, The Netherlands

*Corresponding author - E-mail: simone.ruggeri@wur.nl

The mismanagement of plastic waste and its accumulation in the environment has resulted in the
presence of microplastics (MPs) and nanoplastics (NPs) in the food chain and the exposure of
consumers (1). A variety of analytical methods has been developed for the analysis of MPs in food,
however they lack the spatial resolution and sensitivity required to gather insights into the presence
of NP contamination (2). The potential effects of NPs on human health have raised particular
concerns as their sub-micrometer size poses an elevated risk of traversing biological membranes
and their translocation and accumulation in human tissues can lead to toxic effects on the human
body.

In this presentation, we illustrate how infrared nanospectroscopy (AFM-IR) can be leveraged to
provide a comprehensive physico-chemical characterization of NPs. Due to the enhanced
spectroscopic sensitivity and nano-scale spatial resolution provided by the unique combination of
atomic force microscopy and infrared spectroscopy (3,4), the technique enables a thorough
multidimensional study of NP contamination, including toxicological relevant insights such as
chemical identification, particle size distribution, and 3-dimensional morphology.

We will first give an overview of how - building on our experience in MP analysis - we developed a
method for the analysis of NPs in bottled water, also illustrating our strict quality control measures.
We will then discuss the characterization of NP contamination and properties as analyzed in a set of
commercial bottled water samples. Later, we will display the optimization of a method for the
isolation and analysis of NPs from complex lipophilic matrices such as edible vegetable oils. By
addressing fatty matrices, we investigate the potential for MP/NP contamination in this overlooked
food category and demonstrate how infrared nanospectroscopy can find application in the analysis
of complex systems and advance our understanding of the fate and behavior of NPs. The proposed
methods, providing a powerful and reliable platform for the analysis of NPs in real samples,
contribute to the development of further strategies aiming at the assessment of the impact of NPs
on human health and the environment.

(1) C. Vitali, R. J. B. Peters, H. G. Janssen, M. W. F. Nielen, Trends Anal. Chem. 159, 116670 (2023).

(2) C. Vitali, R. J. B. Peters, H.-G. Janssen, M. W. F. Nielen, F. S. Ruggeri, Trends Anal. Chem. 157,
116819 (2022).

(3) F. S. Ruggeri, B. Mannini, R. Schmid, M. Vendruscolo, T. P. J. Knowles, Nat. Commun. 11 (2020).

(4) F. S. Ruggeri et al., Nat. Commun. 12 (2021).

Keywords: microplastics, nanoplastics, AFM-IR, bottled water

Acknowledgement: MONPLAS Project has received funds from the European Union’s Horizon 2020
research and Innovation Programme under the Marie Sklodowska Curie Grant Agreement No.
860775.
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NATURAL TOXINS IN PLANT-BASED FOOD: DOES A SHIFT IN THE DIET
COME WITH A SHIFT IN THE EXPOSURE?

Chiara Dall’Asta*"), Raquel Torrijos®, Octavian Mihalache("

" Department of Food and Drug, University of Parma, Italy
2 University of Valencia, Spain
*Corresponding author - E-mail: chiara.dallasta@unipr.it

The European market for plant-based foods has experienced substantial growth in the last years,
reaching €5.8 billion in sales in 2022, of which 38% came from plant-based beverages (PBBs) and
35% from plant-based meat alternatives (PBMAs). This trend can be explained due to an increase in
consumers adopting a vegan or vegetarian pattern, as well as by the overall transition towards more
sustainable dietary choices such as the flexitarian scheme. Besides ethical concerns and
sustainability, health issues like lactose intolerance and allergies to fresh milk have also contributed
notably to raising the popularity of plant-based milk.

While the benefits related to shifting towards alternative diets have been largely debated in the
recent literature, discussing the impact in terms of sustainability and health, little has been done so
far to assess the risk related to extensive consumption of plant-based meat and milk analogues,
especially considering that a strong transition to these foods can lead to a substantial change of
exposure to natural food contaminants compared to an omnivore diet.

Taking advantage of the large national project ONFOODS as well as of the EU projects PRISMA and
FunShield4Med, over the past 2 years we have performed a comprehensive survey from ltaly, the
UK, and Greece, covering a total of 220 PBMA and 230 PBBs.

Samples have been analyzed for regulated and unregulated mycotoxins, finding up to 19 co-
occurring mycotoxins in a single product. Starting from the collected data, exposure assessment
scenarios have been drawn and the potential burden of disease has been derived.

Although at rather low concentration levels, the widespread occurrence of mycotoxins - among them
aflatoxins - calls for the implementation of proper monitoring schemes and appropriate regulation
for plant-protein-based food.

Keywords: alternative diets, mycotoxins, exposure, burden of disease, risk assessment

Acknowledgement: Project funded under the National Recovery and Resilience Plan (NRRP), Mission
4 Component 2 Investment 1.3 - Call for tender No. 341 of 15 March 2022 of ltalian Ministry of
University and Research funded by the European Union - NextGenerationEU; Project code
PEQ0000003, Concession Decree No. 1550 of 11 October 2022 adopted by the ltalian Ministry of
University and Research, CUP D93C22000890001, Project title “ON Foods - Research and innovation
network on food and nutrition Sustainability, Safety and Security - Working ON Foods”.
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QUALITY, SAFETY, AUTHENTICITY AND TRACEABILITY OF BOTANICALS
AND FOOD SUPPLEMENTS: A NEW HOLISTIC CHALLENGE FOR THE
FOOD CHEMISTS?

Marco Arlorio*"), Jean Daniel Coisson!”, Fabiano Travaglia'”, Monica Locatelli), Matteo Bordiga!"

W Department of Pharmaceutical Sciences - Food Chemistry, Biotechnology and Nutrition Unit.
University of Piemonte Orientale "Amedeo Avogadro”, Italy
*Corresponding author - E-mail: marco.arlorio@uniupo.it

There is an increasing number of products marketed in the European Community as foods
containing concentrated sources of nutrients (vitamins, minerals and other bioactive substances),
presented for supplementing the intake of those nutrients from the normal diet. Food supplements
means “foodstuffs the purpose of which is to supplement the normal diet and which are concentrated
sources of nutrients or other substances with a nutritional or physiological effect, alone or in
combination, marketed in “pharmaceutical” dose form (such as capsules, pastilles, tablets, pills and
other similar forms, sachets of powder, ampoules of liquids, drop dispensing bottles...)" [1].

Despite the popularity and the large use of food supplements, often prepared using botanicals, a
large concern about their quality and safety have been raised, especially regarding their authenticity
and integrity (e.g. misidentification, adulteration with other/non permitted plant species) or the
presence of natural contaminants (e.g. food allergens), potentially triggering adverse reactions [2].
Food supplement-producing Companies must comply with strict EU laws, including the Directive
2006/46/EC, as well as any national laws set by EU member states. The lack of harmonization
(especially about botanicals) complicates a European vision. Even if the traceability botanicals is
sometimes hard to be clearly defined, the authentication of the plant/fungi ingredients in food has
been largely studied in the recent past, applying different analytical and bio-molecular methods.
Mass-based chromatographic analyses, spectroscopic methods, DNA analysis (PCR, DNA
barcoding, NGS) are usually used to authenticate the composition of the botanicals-based food
supplements. Anyway, advanced (and rapid) combined analytical approaches, also including more
advanced statistical post-analytical processing of data, are still required to assess the overall quality
and safety of these “special foods”. The selection of the more performing and functional molecular
markers, both considering non targeted and targeted methods, is a key point in food authentication
process [3,4]. Moreover, the creation of an “open access repository” of data in EU (at least for the
most commonly used ingredients/botanical products) could be of great significance in order to
protect the consumers.

All these facts, focusing on some specific case studies on fungi [5], algae and selected plant-derived
botanicals [6], will be discussed in this oral communication, highlighting the gaps that need to be
overcome to better protect consumers.

[1] Dir. 2006/46/EC.

[2] Palmer, M.E., et al. The Lancet 361.9352 (2003): 101-106.

[3] Angelis, E.D., et al. Foods 10(2021): 1238.

[4] Bayen, S., et al. Trends in Food Science & Technology 149 (2024): 104550.

[5] Fochi V., et al. Food Anal Methods 15(7) (2022): 1803-1815.

[6] Martoccia M., et al. Proceedings of ChimAli XIll (National Congress of Food Chemistry - SCI, 2023,
Marsala, IT).

Keywords: food supplements, botanicals, quality & safety, authentication/traceability
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In Europe, organic food control relies on both operator’s certification and physico-chemical analyses,
mostly focused on pesticides residues. However, several studies have shown that these controls
might not be sufficient. At the same time, consumers have doubts about the authenticity of organic
food. This presentation will focus on the development, validation, and industrial scale transfer of a
global multi-technique method for verifying the authenticity of organic apple juice, tomato and UHT
milk. These methods have been developed in the framework of the TOFoo (True Organic Food)
project, which involves both industrial and academic stakeholders in food quality control.

Thanks to a partnership with several associations, particularly ITAB (French Institute for organic food
and agriculture), databases containing an average of 500 samples for 6 different matrices have been
built. The sampling strategy aimed to maximize the variability of the samples in accordance with the
French market. For apple juice, samples of different production years, locations, varieties, filtered or
not were analyzed. For UHT milk, samples from different process, regions, and fat content were
collected.

Nuclear magnetic resonance ("H-NMR), liquid chromatography coupled with high resolution mass
spectrometry (UPLC-HRMS), and isotopic ratios mass spectrometry (IRMS) are preferred techniques
for untargeted analysis and food authentication. During method development, emphasis was placed
on the reproducibility of the fingerprint. At least two different instruments for each technique were
used in the database building. Additionally, correction strategies were implemented, especially for
UPLC-HRMS, to overcome the batch effect.

Data pre-processing is crucial for the reliability of the model. Only IRMS data do not require pre-
processing. For 'TH-NMR, peaks were realigned with a target spectrum built from the first 200 samples
in the database for each matrix. An external reference was used to correct for instrument differences
in intensities. Bucketing and logarithmic transformation were applied. For LC-HRMS, pre-processing
aimed to correct the batch effect using Quality Control (QC) samples and reduced the data size to
keep the processing time for several hundred samples reasonable.

Several classification models were trained on the data from each technique. To keep the cost of
testing reasonable, it was decided to retain the two techniques that produced the best results for
each matrix. A linear combination of the models scores was calculated to obtain the final
classification.

The models were assessed on independent datasets of at least 70 samples analyzed in routine mode.
For apple juice, more than 90% of the samples were correctly classified, with the rate reaching 96%
among organic samples. For UHT milk, 97% of the test samples were correctly classified.

Keywords: organic food, food authenticity, untargeted analysis, chemometrics, sampling strategies

Acknowledgement: The authors thank all the members of the TOFoo project, as well as the industrial
and academic partners.
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LC-TWIMS-HRMS TO ADDRESS BOTANICAL FOOD SUPPLEMENTS
QUALITY AND AUTHENTICITY
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Food supplements, which can be defined as ‘foodstuff’ according to European legislation, are a
source of concentrated substances with nutritional or physiological effects. Their consumption —
mainly as pills, tablets, or capsules — has increased in the last years since they have become a
potential complement to the regular diet. The European Food Safety Authority (EFSA) has already
established the tolerable upper intake level (UL) for vitamins and minerals provided by food
supplements. At the same time, food supplements’ production with other ingredients, such as
botanicals or their derived extracts, has gained particular interest since these can also contain diverse
chemical compounds associated with several health-beneficial effects. However, at least within the
UE, there is a lack of consistent, harmonised, and unified regulatory guidance regarding allowable
plants (as well as their corresponding parts) and well-established ULs, making the control of their
quality, safety, and authenticity a challenging task.

In this context, the present study shows the applicability of an analytical workflow based on liquid
chromatography-traveling wave ion mobility spectrometry-high-resolution mass spectrometry (LC-
TWIMS-HRMS) to assess the quality and authenticity of several botanical food supplements. In this
line, food supplements from three representative botanicals were evaluated — (i) 15 green coffees,
(ii) 15 Rhodiola rosea L., and (iii) 13 red beetroot supplements — focusing on the standardisation
levels of the bioactive compounds related to the purported health claim as well as the botanical
authenticity. Therefore, after sample processing consisting of a straightforward solid-liquid
extraction (SLE) with a hydroalcoholic extracting mix, samples were analysed through LC-TWIMS-
HRMS under common reversed-phase chromatography conditions. Regarding the HRMS detection,
each sample was acquired in positive and negative electrospray ionisation (ESI) modes, using a
quadrupole-time-of-flight (Q-TOF) mass analyser, working in full-scan MS mode (m/z range from 100
to 1000).

The profiling analysis (targeted and suspect analysis) through LC-TWIMS-HRMS provided an
extensive metabolomic characterisation of the analysed food supplements, including phenolic
compounds, phenylpropanoids, and betalains. In general, the obtained results evidenced a clear
quantitative and qualitative inhomogeneity and lack of standardisation for each of the tree groups
evaluated, exposing consumers to changing content and distribution of bioactive compounds.
Furthermore, the proposed method demonstrated its ability to detect green tea in the green coffee
supplements and could also suggest the substitution of some Rhodiola rosea L. supplements with
other botanical varieties (i.e., Rhodiola crenulata).

Keywords: botanical food supplements, LC-TWIMS-HRMS, green coffee, Rhodiola rosea L., red
beetroot
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CHICKEN GEOGRAPHICAL ORIGIN VERIFICATION VIA MULTI-
ELEMENTAL, ISOTOPIC, SPECTROSCOPIC AND METABOLOMIC
FINGERPRINTS

Zora Jandric*", Andreas Zitek®, Rebecca Hood-Nowotny?, Lisa Fischer?, Katharina Schott?, Sara
Kornfeind®, Andrea Watzinger'?, Christina Troyer?, Stephan Hann®

Y FFoQSI, Austria

2) BOKU, Austria
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*Corresponding author - E-mail: zora.jandric@boku.ac.at

Ensuring food authenticity and combating fraud are critical challenges in the global food supply
chain. Our research pioneers various methodologies to pinpoint the geographical origin of chicken
using a multi-faceted analytical approach, enhancing label verification from Austria and two
importing countries, Hungary and Germany. By leveraging multi-elemental, isotopic, spectroscopic,
and metabolomic analyses, we achieved a 95% confidence level in distinguishing chickens from
different farms. Our findings highlight that stable isotope ratios of nitrogen and carbon are effective
in differentiating samples, revealing distinct dietary signatures. Notably, varied carbon isotope
values indicate maize-rich diets in Austrian chickens compared to Hungarian and German
counterparts. This dietary variation was instrumental in discriminant analysis, where elemental
analysis exhibited exceptional classification precision and accuracy (94.6% and 97.7%), surpassing
MicroNIR (81.1% and 93.2%) and amino acids analysis (82.3% and 85.9%). Fusing elemental and
isotopic data significantly enhanced model performance to 95.7% precision and 98.3% accuracy.
Our research challenges the prevailing theory that global isotopic variations in drinking water
exclusively impact avian tissue, suggesting instead that feed signature plays a predominant role.
The advanced analytical tools developed in this study are pivotal for differentiating Austrian chicken
from imports, rationalizing import regulations, identifying fraudulent labelling, and verifying maize-
based diets. These methodologies hold substantial promise for administrative controls, supporting
meat producers, and safeguarding consumer interests, making them indispensable for food
authenticity, fraud detection, and forensic analysis.

Acknowledgement: This study was performed within a research project of the Austrian Competence
Centre for Feed and Food Quality, Safety and Innovation (FFoQSI). The COMET-K1 competence
center FFoQSl is funded by the Austrian federal ministries BMK, BMDW and the Austrian provinces
(Lower Austria, Upper Austria and Vienna) within the scope of the COMET - Competence Centers for
Excellent Technologies.
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IDENTIFICATION OF MECHANICALLY SEPARATED MEAT IN MEAT
PRODUCTS: THE NEW APPROACHES DEVELOPED BY THE "MPSQA"
PROJECT IN ITALY
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Paolo Oliveri?, Cristina Malegori®, Rogerta Dalipi®, Emanuele Sangiorgi®®
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As reported in a Scientific Opinion released in 2013 by the BIOHAZ Panel of EFSA [1], the
identification of a meat product containing mechanically separated meat (MSM) has a significance
from a point of view of both meat quality and safety. The same Panel asked "to identify and rank the
parameters that may be used to distinguish between the different types of MSM and compare them
as well with fresh meat, minced meat and meat preparations, as defined in EU legislation".
Consequently, the development of reliable analytical methods, useful to discriminate among foods
obtained from those not obtained from MSM is an impelling task for subjects involved in food
inspections.

In this study five different analytical approaches, developed within the “MPSQA", a research project
financed by the Italian Ministry of Health, are described.

The first approach is based on the simultaneous determination of Sr-90, Sr-88, Ca and ash, coupled
to multivariate analysis. The precision of this tool (87%) was higher than the reference method
(determination of calcium concentration, also evaluated in this study, 76%) [2].

The second approach is based on the qualitative identification of MSM presence due to the presence
of bone fragments that generate ESR signals after irradiation. At least six characteristic signals,
identified by specific “g-factors” were observed, identified and characterized. The quantitative
approach was also proposed through the validation procedure with good sensitivity (LOD and LOQ
equal to 16 and 48 mg/100g (w/w f.w.), respectively), precision (CV%: 12.8%), trueness (mean error
percentage: 9%) (n = 18) and measurement uncertainty (14.6%) [3].

The third approach is based on the simultaneous determination of Ca and Mg by cation-exchange
ion chromatography with suppressed conductivity detection. The difference in the concentration
between 2 ions, named “MSMine", was effective for identifying MSM presence in meat products
containing MSM percentage higher than 25% [4].

The fourth approach is based on the determination of 43 trace elements by ICP-MS coupled to
multivariate analysis. The chemometric classification models were rigorously validated, both
internally and externally. A cross-validation strategy with six cancellation groups was applied for an
internal validation, achieving a total prediction rate in cross validation of 97.2% regarding MSM
presence in meat products [5].

The last approach is based TXRF analysis combined with PCA. This method clearly distinguished
different types of meat products containing MSM with a quantification limit of 40% MSM [6].

[1] EFSA Panel on Biological Hazards (BIOHAZ) (2013) EFSA Journal, 11(3), 3137.
[2]lammarino et al (2020) J Food Sci Technol 57(2), 484-494.

[3]Tomaiuolo et al (2019) Eur Food Res Technol 245, 2331-2341.

[4] lammarino et al (2021) Int J Food Sci Technol 56, 5305-5314.

[5] Miedico et al (2022) Food Chem 397, 133842.

[6] Dalipi et al (2018) Spectrochim Acta B 148, 16-22.

Keywords: mechanically separated meat, food safety, multivariate analysis, meat quality, novel
analytical methods
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NOVEL FOODS IN THE EU - REGULATORY FRAMEWORK AND RISK
ASSESSMENT. A CLOSE-UP LOOK AT THE ALLERGENICITY RISK
ASSESSMENT CHALLENGES: REQUIREMENTS, KNOWLEDGE GAPS AND
RESEARCH NEEDS
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In the European Union, foods and food ingredients not significantly consumed before May 1997 are
considered novel. The European Food Safety Authority (EFSA) is responsible for assessing novel
foods' (NFs) safety. Current market developments and EU and national food policy strategies
generate increasing interest in alternative protein sources. However, the introduction of foods of
proteinaceous nature in the diet also raises concerns about their safety regarding allergenicity.

This work provides outlines the scientific requirements for NFs safety assessment as described in the
recently updated EFSA guidance. Emphasis is given to the requirements necessary to establish the
potential allergenicity of NFs. The assessment process which still embed the "weight-of-evidence"
approach will be illustrated through past examples of scientific opinions.

Different requirements are deemed necessary for NFs according to their complexity, production
process, and regulatory status. For those with unknown allergenicity potential, on a case-by-case,
the risk assessment can be supported by scientific evidence available in literature, phylogenetic
analysis, protein identification and quantification, bioinformatic analysis to predict cross-reactivity, in
vitro protein stability and digestion, and in vivo tests.

Yet, the allergenicity risk assessment is currently facing challenges due to the rapid pace of food
innovation and biotechnology advances. The lack of (i) reference standard materials, (ii) targeted
and internationally validated investigative means meeting regulatory requirements, and (iii)
complete understanding of the mechanisms underlying immune-mediated reactions are some of the
major limitations. This highlights an urgent need for development of reference materials and
internationally validated food allergen test methods.

Disclaimer: The views expressed in this work are those of the authors and should not be interpreted
as representing the official position of EFSA. Thus, the present work is published under the sole
responsibility of the authors and may not be considered as an EFSA scientific output. EFSA cannot
be held accountable for any errors or inaccuracies that may appear.

Keywords: food allergens, allergenicity, risk assessment, novel foods, EFSA
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A ROBUST MULTI-ALLERGEN PROTEOTYPIC SCREENING METHOD FOR
FOOD CONTROL

Alexander Scherl*", Alexandre Piletta-Zanin®, Pierre Zimmerli®¥, Didier Ortelli), Phlippe
Eigenmann®, Patrick Edder("

Y Official Food Control Authority of the State of Geneva, Switzerland
2 Geneva University Hospitals, Switzerland
*Corresponding author - E-mail: alexander.scherl@etat.ge.ch

Five to eight percent of the population suffers from a food allergy, which can lead to a serious
reaction in case of accidental consumption. Analyses carried out by food control authorities are
important to ensure correct allergen declaration, especially for pre-packaged foods. This report
presents a screening method based on the identification of 44 proteotypic peptides corresponding
to 12 major food allergens after enzymatic digestion and analysis by liquid chromatography coupled
to high-resolution tandem mass spectrometry. The target allergens are cow’s milk, crustaceans,
eggs, fish, wheat and barley gluten, lupine, molluscs, mustard, nuts (almond, Brazil nut, cashew,
hazelnut, pecan, pistachio and walnut), peanut, sesame and soy. The screening method was applied
for reliability testing to a wide variety of food matrices, including processed and heat-treated foods.
In order to validate the method for food safety control, more than 200 prepacked food samples were
collected during official controls, and an additional 69 samples suspected of having triggered an
allergic reaction were collected during a clinical study. Comparison with the ingredient list and
systematic confirmatory analysis of samples containing undeclared food allergens by ELISA or PCR
revealed no false positive results. Ten foodstuffs contained indeed undeclared food allergens, seven
among them above the Swiss legal limit of 1g/kg. These seven samples were thus not compliant with
the food legislation. Systematic confirmatory analysis on negative samples suspected of having
triggered an allergic reaction indicated that the false negative rate was also very low. In summary,
the method is robust, specific and sufficiently sensitive for food control. The ability to screen for
multiple food allergens in virtually any processed food matrix using a single method represents an
alternative to targeted ELISA or PCR tests and contributes to food safety for allergic consumers.

Keywords: LC-MS/MS, food allergens, food control
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With the changing food allergen landscape in Europe, there is an increasing need to monitor both
prepacked and non-prepacked food products to better protect consumers with a food allergy.
Although food allergy affects up to 10% of consumers worldwide, a European harmonised approach
for managing precautionary allergen labelling, allergen reference doses, analytical methods, or food
product monitoring is not in place. This results in limited food choices for consumers with food
allergies and can lead to serious allergic incidents. The current state of non-harmonised and
unregulated food allergen monitoring in Europe poses risks and considerable costs for individual
consumers and society in general. Researchers with expertise in food allergen regulation and
measurement joined forces to argue for the introduction of harmonised guidelines for food allergen
monitoring at the European level, discussing the wide-ranging implications of their absence. We
consider there is a pressing need to update European legislation on food allergens, including the
introduction of harmonised monitoring programmes, which will lead to improved overall food safety
and better protection and options for consumers with food allergies. This presented work is finalized
to be published in a position paper.

Acknowledgement: Special thanks go to Patrick O’'Mahony with whom we could discuss and who
gave input during the process of preparation of the position paper. Our appreciation and thanks go
to Marc de Loose, Isabel Taverniers and Daniela Bartsch, who have helped us during the process of
shaping the outline of the position paper. This work was marked as strategically relevant and internally
financed by WFSR.

oo
w

11" International Symposium on RECENT ADVANCES IN FOOD ANALYSIS, Prague, Czech Republic, November 5-8, 2024




LECTURES

L16
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At the moment patients that are diagnosed to suffer from a particular food allergenicity have no
other option than avoiding products that contain this ingredient. The EU developed a legislation on
labeling of fourteen allergenic ingredients, whenever used in different food formulations, in order to
protect the consumers (Regulation EU No 1169/2011).

It is therefore essential to develop sensitive and reliable analytical methods to detect the presence
of these allergens in various foodstuffs. They are regularly detected by commercial test kits, based
on Enzyme-Linked ImmunoSorbent Assays (ELISA), Lateral Flow ImmunoAssays (LFIA) or on
Polymerase Chain Reaction (PCR) but mainly as individual testing. Furthermore, it is known that
certain proteins can be difficult to detect using the immunoassays, especially in processed food. As
analytical laboratory and National Reference Laboratory, one of our goals is to develop a
complementary methodology such as Liquid Chromatography - tandem Mass Spectrometry
(UHPLC-MS/MS), able to detect simultaneously multiple food allergens in one sample, even though
itis highly processed. This qualitative UHPLC-MS/MS method is able to screen specific proteins from
these allergens after their extraction, enzymatic digestion, and purification(s). The interpretation of
results is based on signature peptides, carefully selected to give an estimated concentration of the
total allergenic protein content.

The presented method is accredited under ISO17025 and is able to detect six allergenic foods: milk,
egg, peanut, soybean, lupin and nuts including almond, hazelnut, walnut, cashew nut, pecan nut,
pistachio, Brazil nut, and macadamia nut. In this communication, we describe the performance of
this qualitative method, in progress developments, and encountered limitations.

Keywords: food allergen, peptides, detection, method, mass spectrometry
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STANDARDIZATION OF A REFERENCE METHOD FOR MULTIPLE
ALLERGEN DETERMINATION IN FOODS, PRECAUTIONARY ALLERGEN
LABELLING AND REFERENCE DOSES: THREE ISSUES IN FOOD ALLERGY
RESEARCH
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Food allergy is considered a major safety issue for allergic consumers. European legislation with
regulation 1169/2011 mandated the labelling of 14 allergenic ingredients whenever intentionally
introduced into a food, although the risk of detecting allergens in foods expected to be allergen free
is likely to exist due to the likelihood of cross-contamination. The risk of accidental cross-
contamination, by allergens, has prompted food industries to make excessive use of Precautionary
Allergen Labelling (PAL) and the WAO working group on food allergens is currently highlighting the
need for a regulated, international framework to underpin application of PAL .

Efforts to protect allergic population have been put in place in the last decade at several levels: i)
developing sensitive and reproducible analytical methodologies to detect and quantify even minute
amounts of allergenic ingredients in foods, to verify compliance with the reference doses
recommended ii) regulating the use of precautionary labelling iii) establishing reactivity thresholds
for each individual allergen. All these aspects representing crucial issues in food allergy research
and efforts in progress at international level to overcome these obstacles will be discussed in this
note.

Emphasis will be given to illustrate advantages of analytical methods developed according to the
international European guidelines and to illustrate the last results obtained within the ThRAIl
project @ recently concluded about the development of a MS/MS based reference method for
multiple allergens determination in complex food matrices. Finally, application of the method for
multiple detection of allergens in two types of bakery products such as cookies and rusks produced
at pilot scale will be also presented.

[1]Linders Y.F.M., Lentz L. R., Blom W. M., Michelsen-Huisman A., Strikwerda J., van Dijk L. M., Knulst
L. M., Houben G.F., van Os-Medendorp H., Holleman B.C.. Precautionary allergen labeling: Current
communication problems and potential for future improvements. Food Control, 147, 2023, 109561.
[2] Mills ENC, Adel-Patient K, Bernard H, De Loose M, Gillard N, Huet AC, Larré C, Nitride C, Pilolli R,
Tranquet O, Pouke CV, Monaci L. Detection and Quantification of Allergens in Foods and Minimum
Eliciting Doses in Food-Allergic Individuals (ThRAIl). J AOAC Int. 2019 Sep 1;102,1346.

Keywords: analytical methods, mass spectrometry, reference doses, food allergen labelling, food
allergy

oo
ol

11" International Symposium on RECENT ADVANCES IN FOOD ANALYSIS, Prague, Czech Republic, November 5-8, 2024




LECTURES

L18
SAVING TIME, ORGANIC WASTE, AND MONEY: NEW NEEDS IN MULTI-
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Food safety control has significantly improved in recent years, with large-scale monitoring, very low
limits of quantification (LOQs), and high analytical performance. Simultaneously, the number of
samples tested has increased dramatically, now amounting to millions of samples each year in the
EU. These stringent controls are no longer seen as merely restrictive but are understood to be
essential for extensive residue monitoring. This is driven not only by concerns for human health but
also by the need to protect the environment.

Therefore, this situation has led laboratories to prioritize reducing analysis time, lowering costs per
analysis, and minimizing organic waste to increase productivity and provide better service to the
community. To meet these new demands, it is essential to revisit multiresidue methods and explore
new approaches that can address these objectives effectively. Optimizing calibration procedures
and injection volumes, especially considering the latest advances in mass spectrometry. Additionally,
automation and miniaturization are critical areas that can support these expanded objectives. In this
research, we explore and discuss advancements in analytical process/tools, focusing on both newly
introduced technologies and those on the cusp of implementation. This analysis highlights the
innovative evolution of analytical methodologies, with a strong emphasis on efficiency and eco-
friendly approaches.

We have categorized the examples into three distinct phases. First, we focus on the automation of
sample extraction, particularly in dry commodities. Next, we address the importance of calibration
and cleanup procedures and the application of Micro-SPE. Lastly, we examine chromatography, with
a focus on microflow chromatography. The evaluation of these approaches, whether new or
relatively established, shows their potential to enhance sample throughput, reduce laboratory waste,
and meet the performance standards required by ISO 17025.

Keywords: multi-residue methods, pesticide residues, enhanced sample throughput, reduction
laboratory waste
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Many pesticides/metabolites tend to covalently (but still reversibly) bind to matrix components (e.g.
sugars, amino acids) leading to “conjugated residues”. These conjugates may potentially break
down, e.g. during food processing or digestion releasing the original compound. For this reason,
conjugates are sometimes included in the residue definitions (RDs) for enforcement and risk
assessment. In rare cases, the RDs name specific conjugates that may be analyzed as such, thus
obviating the need for hydrolysis. But in most cases the “conjugates” (and the esters) stated in RDs
are unspecified. In such cases the analytical methods employed should involve a generic hydrolysis
step to release the analyte. Such methods are more laborious than multiresidue methods and, due
to the harsh hydrolysis conditions needed, not suitable for multiclass analysis. For a better effort-to-
benefit ratio, most labs apply the methods involving hydrolysis only if the marker (typically the
analyte in free form) is detected using a routine method at a level exceeding the trigger. The choice
of reasonable trigger-levels, however, requires knowledge about the typical share of conjugated
residues in samples. Empirical data on conjugation-rates of acidic pesticides in various samples with
incurred residues are currently being collected by the EURL-SRM. A second data collection gives
insight on the matrices likely to contain residues of pesticides with relevant conjugates in their
enforcement-RDs. Finding generic and mutually recognized hydrolysis conditions for routine
monitoring laboratories is quite challenging, as the term “conjugates” is mostly not specified and
may include conjugates of very different hydrolysis resistance and extractability. The hydrolysis
behavior of conjugates can only be studied on the few model conjugates (mostly glucosides)
available as standards. So, little is known about the share of resistant conjugates (e.g. amino acid
conjugates of acids) in samples. The lack of standards further impedes proper validation. Esters are
commercially available, but their hydrolytic resistance is strongly matrix-depend. No wonder, de-
conjugation conditions in methods provided by PPP-applicants vary greatly, involving alkaline, acidic
or enzymatic hydrolyses. The EURL-SRM has studied the various hydrolysis approaches in
combination with QuEChERS, but the focus of this presentation will be on purely chemical
approaches. Using particularly “resistant” esters as model compounds and checking the breakup of
incurred conjugates from real samples, generic hydrolysis conditions were elaborated for a wide
range of matrices. As not all matrices can be tested, the EURL-SRM proposes the introduction of
agreed performance criteria in order to demonstrating that the method used was fit-for-purpose,
rather than on striving for achieving exhaustive hydrolysis. Specific” resistant esters” were tested for
their suitability as QC-standards, i.e. for verifying hydrolysis efficiency.
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EXPERIENCES AND CHALLENGES FROM THE PERSPECTIVE OF THE EURL
FOR PESTICIDE RESIDUES IN CEREALS AND FEEDING STUFFS
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W EURL-CF, National Food Institute, Technical University of Denmark, Denmark
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The European Union Reference Laboratory on Pesticide Residues in Cereals and Feeding Stuff was
appointed in 2006. One of the primary objectives of the EURL is to enhance the performance not
only of the National Reference Laboratories (NRLs) but also of the Official Control Laboratories
(OfLs). This is achieved through the dissemination of relevant knowledge on analytical methods,
method development, workshops, and proficiency tests, as outlined in Commission Regulation
2017/625. In this presentation, | will share examples on the work that has been carried out in 2022-
2024.

Proficiency tests: The EURL has been accredited according to ISO 17043 since 2010. To date, we
have organized 18 proficiency tests covering various cereals such as barley, oat, rice, rye, and wheat,
as well as specific feed matrices like composite feed, hay, and straw. For the years 2023 and 2024,
the matrices under examination were wheat kernels and wheat straw.

Method development: To remain at the forefront of analytical methods in the field of cereals and
feeding stuff, we have actively engaged in testing and validating new automatic clean-up systems,
specifically on micro-solid-phase extraction (USPE). Our investigations have included both
commercially available cartridges and customized methods. We also work on optimising the
extraction of incurred pesticide residues and recent experiments have shown that extended
extraction can improve the results with 30-50%. Furthermore, we have explored techniques for
analysing pesticides in insects used for feed. The analysis has been used in a feeding study on Black
Soldier fly larvae (Hermetia illucens) and mealworms (Tenebrio molitor). Our findings show that
pesticides are transferred from the feed/substrate to the larvae, and that the transfer is dose
dependent.

Another important task for the EURLs is to provide scientific advice to the Commission and EFSA.
Both entities require information on achievable limits of quantification (LOQs) and analytical feasible
residue definitions. Achieving this necessitates the validation of pesticide residues for newly
approved pesticides and reevaluated pesticides. Additionally, there is a need to lower the LOQs
obtained from previous validations, not only to fulfil the MRLs but to refine intake calculations.

Keywords: EURL, pesticide residues, proficiency test, method development
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HARMONISATION OF RESIDUE CONTROL IN EUROPE - EXAMPLES OF
TOOLS OF THE EURL FOR RESIDUES OF VETERINARY DRUGS
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REGULATION (EU) 2017/625 defines in Article 94 the tasks of the European Union reference
laboratories (EURL). These are among others the provision of suitable residue control methods, the
assistance to National Reference Laboratories (NRLs) in the implementation of these methods and
the control of the successful implementation by inter-laboratory comparative testing. This includes
the provision of pure standard substances for the implementation of methods and the production of
incurred reference materials. The key objective of these tasks is to ensure harmonized residue
control within the EU. The presentation shows examples of uncommon measures that strengthen this
harmonization and helps network laboratories to improve their performance.

Proficiency tests (PTs) with standard solutions

The PTs regularly organized by the EURL are performed with incurred matrix materials. These PTs
sometimes led to results where the Horwitz ratio (Horrat) is significantly above the expected outcome
(expected Horrat <1.5). PTs with standard solutions as test items can provide insight into the
uncertainty contributions arising from the applied calibration solutions. The PT findings may
represent a starting point for reducing the reproducibility standard deviation in matrix PTs.
Collaborative trials applying experimental design-based validation plans.

Method ring tests usually require a relatively large number of participating laboratories.
Experimental design-based validation plans may offer a comparable level of reliability of method
performance data whilst reducing the number of participating laboratories. An example of method
ring test with European NRLs for validation of an EURL method for coccidiostats in egg is provided
and possibilities for additional data evaluation are discussed.

Participation in key comparisons of the BIPM worldwide network of National Metrology Institutes
(NMI)

The network of NMIs regularly organises key comparisons with the aim of proving the worldwide
traceability of measurement results to Sl units. Successful participation in these key comparisons
allows the claiming of CMC (calibration and measurement capabilities) entries in the key comparison
data base of the BIPM (Bureau International des Poids et Mesure, www.bipm.org). These CMC entries
allow calibration of test items and issuing of Sl-traceable calibration certificates which are accepted
worldwide. By use of such test items in proficiency tests a link between the metrology network and
the NRL network can be established, and worldwide comparability of measurement results is
promoted.

Acknowledgement: The financial support of the European Commission is gratefully acknowledged.
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HALOGENATED POPS IN FEED AND FOOD
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The European Union Reference Laboratory (EURL) for halogenated POPs in Feed and Food (EURL
POPs) and the network of EURL and National Reference Laboratories (NRLs) of EU member states
cover a wide range of halogenated POPs in food and feed. The current focus is, besides
polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) and polychlorinated biphenyls
(PCBs), on per- and polyfluoroalkyl substances (PFAS), brominated contaminants like
polybrominated diphenylethers (PBDEs), hexabromocyclododecanes (HBCDDs) and emerging
brominated flame retardants (eBFRs), polychlorinated alkanes (PCAs, as main constituent of the
technical product chlorinated paraffins (CPs)) and polychlorinated naphthalenes (PCNs). For
PCDD/Fs, PCBs and PFAS legal limits and criteria for analysis are currently defined in EU legislation.
One main task of the EURL is the organization of proficiency tests and interlaboratory studies for
NRLs. In the last years, the EURL organized EURL PTs for various food and feedstuffs (e.g. milk
powder, bovine meat, fish meal, compound feed) for analysis of PCDD/Fs, PCBs, PBDEs, HBCDDs
and PFAS. Additionally, for analytes of interest that are not yet established in most NRLs,
interlaboratory studies on the analysis of other brominated contaminants (e.g. eBFRs), PCNs and
polychlorinated alkanes were offered.

The EURL is establishing methods for the aforementioned analytes of interest in different food and
feed matrices. For further development of analytical criteria and guidance for their analysis, the core
working groups formed within the EURL/NRL network together with additional support of invited
independent experts, exchange recent analytical information and work on developing guidance
documents. These guidance documents are published on the EURL website (eurl-pops.eu) and are
regularly discussed and updated.

In addition to the work within the EURL/NRL network and the scientific support of the European
Commission regarding analytical issues in halogenated POPs analysis, the four EURLs working in the
field of contaminants cooperate and develop guidance documents or recommendations on
analytical and regulatory issues of interest to all four EURL/NRL networks. These four EURLs are the
EURL for metals and nitrogenous compounds in feed and food (EURL MN), the EURL for mycotoxins
and plant toxins in feed and food (EURL M&P), and the EURL for processing contaminants (EURL PC)
and the EURL POPs.

Keywords: EURL, halogenated POPs, analysis, food, feed
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MYCOTOXINS AND PLANT TOXINS IN FOOD AND FEED
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Recently the European Commission has published implementing regulations (EU) 2023/2782 and
(EU) 2023/2783 laying down the methods of sampling and analysis for, respectively, mycotoxins and
plant toxins in food. These regulations align with the new Commission Regulation (EU) 2023/915 that
defines, amongst other contaminants, the maximum levels for mycotoxins and plant toxins in food.
For feed the new implementing regulation (EU) 2024/771 describing the methods for sampling and
analysis of contaminants is now in place.

One of the challenges often encountered in the analysis of plant toxins is the huge sample
inhomogeneity. A few tiny plant parts or seeds can contaminate the commodity at ML or above. To
achieve representative test samples, the whole batch (often several kg) needs to be homogenized,
requiring labor-intensive sample pre-treatment. To address this issue, studies were undertaken to
compare conventional milling approaches with slurry mixing. Three representative cases of
contamination were investigated: cumin spice with Heliotropium seeds, dried herbs with PA-
containing plant parts and maize containing Datura seeds. Slurry mixing generally performed better
in homogenization of the samples, but there are some important points of attention, in particular
regarding the stability of the toxins, that need to be addressed.

Recently two EFSA opinions were published that identified data gaps necessitating the development
of (improved) analytical methods. The EURL-MP is currently working on an analytical method for
grayanotoxins in honey that will meet the low LOQs indicated in EFSA opinion 2023:7866 (Risks for
human health related to the presence of grayanotoxins in certain honey). A particular challenge is
the limited availability of analytical standards. Work is also undertaken on a method for tremogens
and ergot alkaloids in grass/hay/silage, to address the call for occurrence data expressed in EFSA
opinion 2024:8496 (Risks for animal health related to the presence of ergot alkaloids in feed).

To monitor the capabilities of NRLs and their progress made in implementing methods for Official
Control yearly a number of proficiency tests are organized. In the past period this covered the
analysis of ergot alkaloids in cereals, opium alkaloids in poppy seeds and bakery products, aflatoxins
and ochratoxin in maize and cocoa, and hydrocyanic acid in almonds and linseed. The results of
these PTs will be discussed.

Keywords: EURL-MP mycotoxins & plant toxins, legislation, sampling, analysis, proficiency test
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UNION REFERENCE LABORATORY FOR PROCESSING CONTAMINANTS
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When it comes to contaminants formed during the preparation and processing of foods, the
European Union Reference Laboratory for Processing Contaminants (EURL-PC) provides analytical
methods for this type of processing contaminants. The EURL-PC thereby support the analytical
quality for the European National Reference Laboratories (NRLs) and contribute to disseminate
relevant knowledge to the NRLs and provides scientific advice to the EU Commission.

The EURL-PC has supported the NRL network with analytical methods for polycyclic aromatic
hydrocarbons (PAHSs), 3-monochloropropane-1,2-diol (3-MCPD), 3-MCPDE fatty acid esters and
glycidyl fatty acid esters to be used for the compliance testing of foods in relation to the maximum
limits as described in EU regulation 2023/915. Furthermore, the EURL-PC has established an
analytical method for the determination of furan and alkylated furan in foods, which can be used for
matrixes mentioned in the EU Recommendation 2022/495 and thereby as basis for establishing data
for the further discussion of levels found in foods. For acrylamide Benchmark levels are currently set
in Commission Regulation 2017/2158 and the focus has been on improving the limit of quantification
for acrylamide and recommendation for troublesome matrixes to be able to meet the low levels set
for some of the foodstuffs.

More recently mineral oil contamination of foods has been added to the tasks of the EURL-PC where
the MOSH and MOAH determination in foods are in focus. Furthermore, as a consequence of the
discussions concerning contaminants in smoke flavours there was a need for development of
analytical approaches suitable for determination of 2(5H)-furanone and 1,2 Benzenediol in smoked
food including meat, cheese and fish.

The analytical challenges are widely promoted by the EURL-PC throughout supporting the NRLs with
hands-on trainings and supporting videos picturing the analytical procedures, which can be used for
the processing contaminants.

The presentation will outline the most recent approaches and achievements by the EURL-PC, hosted
by the National Food Institute at Technical University of Denmark (DTU Food) within the food area.

Keywords: 3-MCPD esters, PAH, MOSH/MOAH, 2(5H)-furanone, 12-benzenediol
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The area of competence of the European Union reference laboratory for metals and nitrogenous
compounds in feed and food (the EURL-MN) include all metals, other elements and nitrogenous
compounds in feed and food. As an EURL we contribute to the improvement and harmonisation of
analytical methods used for official feed and food control.

In this presentation a brief overview of recent legislative developments in the area of competence of
the EURL-MN will be presented. Furthermore, the presentation will include some of the recent
analytical advances and give an overview of our latest work on method development. Focus during
the last years have been on development of methods for the determination of N-nitrosamines, MeHg
(methylmercury) and F (fluorine). We have developed a method for the determination of N-
nitrosamines in food (covering both volatile and non-volatile compounds) using QuEChERS
extraction and LC-MS/MS. For the determination of MeHg in seafood we have developed and
validated a method using acidic extraction and reversed-phase HPLC-ICP-MS. Currently, we are
developing a method using IC for the determination of F in feed. The presentation will provide brief
overview of the methodological developments.

Keywords: EURL, food regulation, maximum levels, metals, nitrosamines
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EMN FOOD: PRIORITIES AND STRATEGIES FOR DRIVING METROLOGY IN
SUPPORT OF FOOD SAFETY AND SUSTAINABILTY
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The provision of safe, high-quality food is vital for human health, and innovation in the food sector is
needed to protect the environment, ensure sustainability, and respond to future needs. EURAMET,
the association of National Metrology Institutes (NMI) in Europe, approved in May 2022 the European
Metrology Network (EMN) for Safe and Sustainable Food (EMN Food). The EMN Food aims to foster
collaboration and coordination in the measurement science community to meet metrology needs
along the food chain, working within the European Union’s Farm to Fork Strategy.

The network promotes a harmonised approach to food measurements, reference materials and
standards, which will allow National Metrology Institutes (NMls) and Designated Institutes (Dls)
across Europe to respond to stakeholders and regulations with confidence and quality. This will
afford greater protection to citizens and the environment and accelerate the response to emerging
and future metrology needs. The Strategic Research Agenda (SRA) of the Network have been drafted
to give as much of a comprehensive overview as possible of the major metrological challenges faced
by workers in the food safety and sustainability area, as envisaged by stakeholders of this field and
specialists in metrology. Based on the outcomes of dedicated surveys, the stakeholders’ needs have
been identified and addressed by specific training courses and workshops.

The EMN has also contributed to specific activities in the framework of the World Metrology Day
2023: "Measurements supporting the global food system”. It has also supported exchanges of
researchers across Europe for sharing knowledge and experience and for promoting interaction with
key stakeholders such as European Reference Laboratories. The EMN-Food has also promoted
scientific activities related to metrological research in food safety and sustainability, and in the
framework of national and European projects, for guaranteeing an adequate economical support of
the EMN activities.

A key objective of the EMN is the definition of a common approach for the production of Certified
Reference Materials and Reference Materials for food and food-related matrices and analytes In this
presentation, the SRA and the EMN strategy for reference materials will be presented, together with
the national and international projects involving the consortium and aligned with the scope of the
EMN.

Keywords: food safety, food sustainability, metrology, networking

Acknowledgement: The project 20NET02 Food-MetNet has received funding from the European
Metrology Programme for Innovation and Research (EMPIR), co-financed from the European Union’s
Horizon Europe Research and Innovation Programme and by the Participating States.

O
!

11" International Symposium on RECENT ADVANCES IN FOOD ANALYSIS, Prague, Czech Republic, November 5-8, 2024




LECTURES

L27
SAFETY ASSESSMENT OF FOOD CONTACT MATERIALS IN THE CONTEXT
OF EUROPEAN REGULATIONS

Erich Leitner*"

W Graz University of Technology, Institute of Analytical Chemistry and Food Chemistry, Austria
*Corresponding author - E-mail: erich.leitner@tugraz.at

The global food packaging market size was valued at USD 362.9 billion in 2022 and is expected to
expand at a compound annual growth rate of 5.7% from 2023 to 2030 [1]. There are different types
of packaging materials on the market, one of the largest groups are various polymer materials
("plastic”). Approximately 40% of virgin polymers and 50% of produced paper are used for
packaging applications.

Also, in accordance with the European Strategy it is planned preventing packaging waste, boosting
reuse and refill, and making all packaging recyclable by 2030 [2].

A new commission regulation released in September 2022 deals with the use of recycled polymers
as food contact materials [3].

The European initiative, which stipulates that all packaging materials used must be either reusable
or recyclable by 2030, means that new analytical methods are urgently needed to check the safety
of products. In addition, the new Regulation (EU) 2022/1616 came into force in October 2022 to
create the basis for achieving the ambitious targets: it relies on the development of new recycling
technologies ("Novel Technologies", NT). In order to promote this, it enables recycled plastics
produced using NT to be placed on the market before an assessment by the European Food Safety
Authority (EFSA). In order to guarantee the safety of the products in accordance with Regulation (EC)
1935/2004, "scientific evidence and studies" must be provided when registering the NT. Further data
on the technology will be generated during a test period for each batch produced.

These include, for example:

- Detailed data on contamination in the input material and the most likely sources of this
contamination

- Remaining contaminants in the recycled product, in particular potentially still present genotoxic
substances and endocrine disruptors

- An estimation of the migration of these contaminants into a packaged foodstuff

Paragraph 2 in this document clearly mentions that “a pre-requisite to any increase in recycled
content in food packaging and other food contact materials remains the need to secure a high level
of protection of human health.”

So, there is a high demand to develop and use different methods to proof the safety of these
materials. In this presentation strategies for safety evaluation by various analytical techniques will be
discussed.

[1] https://www.grandviewresearch.com/industry-analysis/food-packaging-market.
[2] https://ec.europa.eu/commission/presscorner/detail/en/ip_22_7155.
[3] https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32022R1616.
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INCREASING THE RELIABILITY OF MOSH & MOAH ANALYSIS IN FOOD BY
IMPROVED SAMPLE PREPARATION AND HYPHENATED
CHROMATOGRAPHIC TECHNIQUES

Giorgia Purcaro*", Gregory Bauwens'", Aleksandra Gorska!", Paula Albendea™

Y Gembloux Agro-Bio Tech, University of Liege, Belgium
*Corresponding author - E-mail: gpurcaro@uliege.be

Mineral oil hydrocarbons, usually referred to as MOSH and MOAH in food, belong to a class of
ubiquitous contaminants and represent a long-lasting analytical challenge due to the complexity of
their mixture and the difficulty in separating them from the naturally occurring interferences. The
routine method involves the use of online LC-GC-FID; nevertheless, it fails to give a more detailed
insight into the composition of the contamination. Starting from 2008-2009 the use of GCxGC was
suggested, and in 2020, the use of a hyphenated LC-GCxGC-FID/MS system has been proposed
and then validated. The use of GCxGC provides more robust data interpretations and a more
accurate quantitative insight into the different subclasses of the MOSH and MOAH. Nevertheless,
the uncertainty related to the sample preparation step, notably extraction/saponification and
epoxidation, still significantly impacts the uncertainty of the determination.

In this presentation, the optimization of an improved saponification method using microwave-
assisted saponification and extraction is presented to overpass the uncertainty caused by the
recently introduced ISO method, which causes a significant discrepancy in the ratio of the internal
standards used for quantification, i.e., TBB/2MN of about 1.25. The optimized procedure achieved a
TBB/2MN ratio in the 1.05+0.01 tested in five different fats and oils, namely, sunflower, rapeseed,
coconut, palm, and extra virgin olive oils. Furthermore, an alternative to the epoxidation step, which
is also a step that significantly contributes to the uncertainty of the determination (causing ~30-40%
of MOAH losses), is proposed based on a chromatographic purification using the same LC column
used for separating MOSH and MOAH but with a different solvent gradient. The proposed
purification allows for ~90% of recovery and good removal of the naturally occurring interferences
without any chemical reaction involved.

Keywords: mineral oil saturated hydrocarbons, mineral oil aromatic hydrocarbons, LC-GCxGC-
FID/MS, sample preparation
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From any packaging materials, chemicals might be transferred into the food and result in consumer
exposure. Those migrating substances, both intentionally added substances (IAS) and non-
intentionally added substances (NIAS) can represent a multitude of compounds such as plasticizers,
antioxidants, biocides, natural substances or oligomers, all exhibiting various physico-chemical
properties. Besides the challenge of identification, the ability to detect and accurately estimate the
quantity of these migrating chemicals is crucial to avoid any overestimation or, worse still, an
underestimation that would bias the conclusions about the packaging food safety assessment.
Consequently, to characterize the large number and wide chemical diversity of NIAS, the choice of
an appropriate analytical strategy is essential. Targeted approaches are normally employed when
dealing with known molecules. However, NIAS comprises both known and unknown molecules
requiring non-targeted approaches. Therefore, the use of a complementary approach involving
liquid chromatography (LC) and gas chromatography (GC) to screen from non-volatile to volatile
substances is relevant. Mass spectrometers are unavoidable for identification and detectors such as
Charged Aerosol Detector (CAD) or Flame lonization Detector (FID) are more suitable for semi-
quantification as both are known to be universal, meaning, generate a response independently of
the properties/structure of the molecule.

The aim of this study was to investigate the accuracy of the semi-quantification and the universality
of the detectors for around 100 analytical standards covering a wide space of physico-chemical
properties by using two analytical platforms, LC-CAD/HRMS and GC-FID/MS. Detectors, LC-CAD,
GC-FID, LC-HRMS in positive and negative ionization modes and GC-MS were compared amongst
themselves. Based on experimental values and on the physico-chemical properties of the studied
substances, the ability of these detectors to detect chemicals and their universality in terms of
response factor were screened and interpreted. Concerning the detectability, results revealed that
LC-HRMS turned out to be the most universal detector in comparison to LC-CAD which presented
limitation mainly related to the volatility of substances. To understand the accuracy of semi-
quantification, relative response factors (response of analytical standards compared to an external
reference) were calculated. CAD and FID appeared to provide the most accurate semi-quantification
and results confirmed that external references used were relevant. Optimization of mobile phases
composition (pH and salt) enabled a significant increase (~100 times) in the response generated by
HRMS in negative ionization mode for some chemicals, especially for bisphenols, without affected
the response generated by HRMS in positive ionization mode.

Keywords: semi-quantification, non-Intentionally added substances, non-targeted analysis,
packaging food safety assessment, complementarity

O
~N

11" International Symposium on RECENT ADVANCES IN FOOD ANALYSIS, Prague, Czech Republic, November 5-8, 2024




LECTURES

L30
CP-MIMS: A NEW FRONTIER FOR THE REAL-TIME MONITORING OF
HAZARDOUS CHEMICAL MIGRATION FROM FOOD CONTACT MATERIALS
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Condensed Phase Membrane Introduction Mass Spectrometry (CP-MIMS) is a promising technique
for direct on-line analysis that does not require sample preparation and chromatographic separation
[1]. It involves a semi-permeable hollow fiber membrane that is immersed directly into the sample
and through which a liquid acceptor phase continuously flows, conveying the permeated
compounds to the MS ion source. Since only compounds fulfilling certain physicochemical
properties can permeate through the membrane, adequate selectivity can be reached even in
untreated complex matrices. These aspects, together with a fast analysis time, make CP-MIMS a
suitable strategy for the continuous real-time monitoring of dynamic processes. Despite these
advantages, to date the potential of CP-MIMS for food control has been poorly explored.

In the field of food safety assessment, the migration of emerging and re-emerging contaminants
from food contact materials (FCMs) into food is an issue that analytical chemistry has to face [2]. In
this context, the recent reduction of the tolerable daily intake of bisphenol A (BPA) by EFSA has
renewed interest in evaluating its release from FCMs, for which current specific migration limit is set
at 50 pg/kg (EU Reg. 2018/213). A safety concern for not yet regulated BPA analogues is also
emerging.

In this study, for the first time, a CP-MIMS method was developed and validated for the real-time
monitoring and quantification of BPA, BPE, BPF, and BPS released from FCMs. The CP-MIMS probe
was coupled to an electrospray source. A full factorial DoE and desirability functions were applied to
optimize experimental conditions on the basis of multiple response variables. Method validation was
performed in drinking water and food simulants, obtaining LODs at low pg/L; in addition, the reliable
applicability of the method in beverage samples was proved. The CP-MIMS method was finally used
to monitor in real-time the migration profile of bisphenols over time in the case of plastic FCMs that
showed detectable release, thus enabling unexplored levels of material characterization for food
safety.

[1]V. Termopoli, et al., Separations 2023, 10, 139.
[2] M. Mattarozzi et al., Anal. Bioanal. Chem. 2023, 415, 119.

Keywords: membrane introduction mass spectrometry, direct mass spectrometry, real-time
monitoring, food contact materials, hazardous chemical migration
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Since the ban on single-use plastic articles in Europe, the food contact material (FCM) industry has
been forced to move to more sustainable alternatives. All plastic packaging should be reusable or
easily recyclable by 2030 in accordance with the EU strategy for Plastics in the Circular Economy.
Various alternatives have been developed, focusing on bioplastics or recycled materials.
Alternatively, the applications of other materials have been extended. For example, straws made of
single-use plastic have been replaced by paper straws. Paper and board FCM offer a significant
advantage, i.e., versatility. Indeed, depending on the coating or treatment of the paper and board
material, they can be used for liquids, frozen, fresh, or dry foods. In addition, paper and board is the
main material used in fast-food restaurants. Although paper and board FCM are convenient
alternatives, they must be safe for consumers. Therefore, it is crucial to evaluate the migration of
potentially harmful substances. These substances can be intentionally added, e.g., additives,
synthetic fibers, adsorbents, treatment agents, and colorants, or be present unintentionally, like
degradation products or substances originating from the recycling process. Furthermore, paper and
board FCMs are often coated, glued, printed, composed of several layers, or combined with other
materials, so the final FCM contains even more potential. Limited data exist on takeaway articles or
straws, although they are gaining popularity, especially since the Covid-19 crisis. Therefore, this
study aims to investigate potential migrations of various substances(e.g., plasticizers,
photoinitiators, primary aromatic amines, mineral oil, PFAS and bisphenols) from straws and
takeaway articles made of paper and board using targeted analysis but also untargeted analysis.
Twenty straws and fifty-eight takeaway articles were carefully selected and investigated using liquid
and gas chromatography coupled with mass spectrometry or flame ionization detector. Twenty-
three substances of all the targeted categories were found in takeaway articles, including seven
plasticizers, two photoinitiators, one primary aromatic amine, two bisphenols, nine PFAS and the
saturated and aromatic fraction of mineral oil (MOSH and MOAH, respectively). At least one of the
target substances was detected in 57% of the samples, demonstrating the importance of further
evaluation of these materials. Therefore, in addition to targeted analyses, untargeted analyses using
LC-HRMS and GC(xGC)-TOFMS were performed on a panel of samples, highlighting the presence
of numerous substances potentially migrating into food.

Keywords: targeted analysis, untargeted analysis, paper and board, food contact materials
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Acrylamide (AA) is a process contaminant formed during the Maillard reaction, mostly from the
precursors asparagine and reducing sugars [1]. The International Agency for Research on Cancer
IARC classified AA as "probably carcinogenic" to humans (Group 2a) and the European Food Safety
Authority EFSA stated that acrylamide increases the potential cancer risk for consumers of all age
groups [2].

Therefore, numerous mitigation measures have been developed to reduce the acrylamide content
in food since AA was first detected in food in 2002. For food stuffs that have shown to be particularly
prone to the formation of AA such as gingerbread, coffee, potato chips and French fries, mitigation
measures and benchmark levels (BMLs) have been laid down in Regulation (EU) 2017/2158, which
has been in force since 11t April 2018.

The Chemical and Veterinary Investigation Office (CVUA) Stuttgart is an official control laboratory
(OCL) that investigates acrylamide in food samples centrally for southwestern Germany. Between
2018 and 2023, a total of 2426 samples ranging from the usual suspects potato chips, coffee and
French fries to matrices like roasted nuts or oxidized olives were analysed for AA. Product groups
having BMLs laid down in Regulation (EU) 2017/2158 rarely exceeded the respective indicative
values. Furthermore, the average AA content was generally well below the corresponding BML. In
contrast, some products that are not yet regulated in (EU) 2017/2158, such as vegetable chips or
oxidized olives, were often found to contain very high levels of AA [3]. The acrylamide contents of
the investigated food groups will be shown and discussed in the presentation.

[1]Stadler RH, Blank |, Varga N, Robert F, Hau J, Guy P A, Riediker S. 2002. Acrylamide from Maillard
reaction products. Nature 419:449-450. https://doi.org/10.1038/419449%a.

[2] EFSA Panel. 2015. Scientific opinion on acrylamide in food. EFSA Journal, 13(6):4101-4424.
https://doi.org/10.2903/j.efsa.2015.4104.

[3] Breitling-Utzmann C M. 2024. “5 Jahre EU-Acrylamid-Verordnung - Alles gut?”, internet report by
CVUA Stuttgart: https://www.cvuas.de/pub/beitrag.asp?subid=1&Thema_ID=2&ID=3941.

Keywords: acrylamide, process contaminant, official control laboratory, regulation (EU) 2158/2017
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Acrylamide is a thermal processing contaminant commonly found in heat treated foodstuffs
(> 120°C) of plant origin, with L-asparagine and reducing sugars play a pivotal role as its precursors.
Although acrylamide has been classified as a probable human carcinogen, it is not legislatively
regulated and only benchmark levels have been set in the EU (Regulation 2017/2158). In case of
benchmark level excess, mitigation measures should be applied, e.g., thermal processing at a lower
temperature. The setting of maximum levels for acrylamide is under consideration, following the
Commission Recommendation 2019/1888 on the monitoring of the acrylamide presence in certain
foods. Considering that the expected sample loads are going to increase by a potential regulatory
limit enforcement, rapid methods are highly needed to complement the chromatographic testing.
In this study, we achieved non-destructive and cost-effective acrylamide content prediction by using
image data analysis acquired by the camera of 2 smartphones and 1 tablet. The prediction is based
on the hypothesis that during acrylamide formation a dark colour is being formed on the food surface
which is increasing overtime indicating the possibility to correlate the colour formation to acrylamide
concentration [1]. Carrot crisps, originating from 7 different varieties, were prepared and processed
using conventional, vacuum and air frying. The RGB colour space was used as the analytical signal
and the R channel values correlated towards the colour formation. In addition, correlation was
noticed towards the acrylamide concentration obtained by an accredited liquid chromatography
tandem mass spectrometry (LC-MS/MS) method. Actually, the correlation between acrylamide
concentration and R channel values was fitted with a one-phase exponential decay function based
on experimental results acquired at 5 endpoints during frying. Importantly, the inter-device result
variation was investigated by measuring the same samples with three different devices and not major
differences were found. This is a very important finding as there is controversy related to the camera
effect on the recorded colour due to the different optical parts used by manufacturers. Overall, the
proposed approach has the potential to intensify acrylamide testing and can be applied even at the
point-of-need.

[1]1R. Sdez-Hernandez et al., Determination of acrylamide in toasts using digital image colorimetry
by smartphone, 2022, Food Control, 109163.

Keywords: smartphones, LC-MS/MS, processing contaminants, food safety, screening method
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Children under the age of 3 are highly vulnerable to chemical hazards because their immune
system is immature, and their food absorption capacity is greater than that of adults. Given that food
is a major source of exposure, process-induced toxicants like furan and several of its derivatives,
formed during heat treatments are of particular concern. Furan is in fact ‘possibly carcinogenic to
humans' and is also suspected to affect reproductive and nervous systems. In addition to furan, 2-
methylfuran (2-MF), 3-methylfuran (3-MF) are also targeted by the European Commission (2022) and
the latter is today recommending to expand research to other possible derivatives of furan which
could also be at risk for infants.

Due to the ability of furan to be generated by heating processes and its volatility, its quantification in
complex matrices like infant foods still represents a real challenge. Although different couplings
between the most popular headspace extraction techniques and Gas Chromatography- Mass
Spectrometry (GC-MS) systems have been proposed, no study published to date has really made it
possible to identify an indisputable method for its quantification [1]. This paper demonstrates the
value of the accuracy profile approach for assessment, validation and benchmarking of methods and
shows that static headspace -GC-Q Exactive Orbitrap MS is the best choice for the quantification of
Furan, 2-MF and 3-MF in infant foods. Moreover, it also points out that GC-Q Exactive Orbitrap MS
is also relevant for suspect screening exploration of furan derivatives in infant foods. A broad range
of compounds are given, including compounds never reported until now in infant foods.

Given that infants are more exposed to furan than adults mainly via ready-to-eat meals and more
particularly via vegetables-based meals, mitigation strategies are needed to reduce infant dietary
exposure to furan and to its derivatives in these foods. These mitigation strategies rely on the
development of less generating industrial processing but also on recommendations for adapted
home practices. Based on the analytical developments described above, the impact of mild
processing technologies like High Pressure Thermal Processing and key domestic practices like
post-reheating stirring on the level of furan and derivatives in infant food is demonstrated.

[1] Frank, N., Delatour, T., Dubois, M., Novotny, O., Dufossé, T., Mollergues, J., Scholz, G., & Moulin,
J.(2024). Do GC/MS methods available for furan and alkylfurans in food provide comparable results?
- An interlaboratory study and safety assessment of 2-pentylfuran in food. Food Additives &
Contaminants: Part A, 41(1), 22-32.

Keywords: furan and derivatives, infant food, GC-Q Exactive Orbitrap-MS, home practices, mild
processing
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Industrial food processing, especially vegetable oil refining may lead to undesirable chemical
changes in the final product. The most important processing contaminants of edible oils include (not
only) ester-bound chlorinated contaminants. The largest share of the content of chlorinated
processing contaminants in refined oils constitutes of esters of chloropropanediols (MCPD). As
shown in recent studies, in addition to chloride, organochlorine compounds can be precursors
(chlorine donors) for MCPD esters formation.

In our previous work, focused on chlorinated paraffins (CPs) as potential precursors of MCPD esters
during simulated vegetable oil deodorisation / deacidification (heat treatment at 230 °C for 2 hours),
a substantial increase in MCPD levels (up to 3.4 times the control levels) was observed in systems
spiked with a technical mixture of CPs. During this work, a hypothesis was started regarding the
possible chlorination of double bonds in unsaturated fatty acids bound in acylglycerols, by HCI
released from CPs during heat treatment, to form (bound) chlorinated fatty acids (CFA). Very little
toxicological data is available regarding these substances. Furthermore, commonly used methods
of fatty acid analysis involve chemical hydrolysis and derivatisation, which was deemed not suitable
for CFA, due to a possible impact of chemical reagents on the compounds of interest.

In this study, a mild alternative procedure, employing enzymatic hydrolysis with non-specific lipase,
was successfully developed and optimized and the challenges presented during optimization were
discussed. A high throughput method, utilizing ultra-high performance liquid chromatography
coupled to tandem high resolution mass spectrometry (UHPLC-HRMS/MS), was optimized for
simultaneous targeted screening of released potentially chlorinated fatty acids and a nontargeted
‘fingerprinting’ of hydrolysed vegetable oils. In-house synthetised standards of CFA, a library of
theoretical m/z values, and in silico fragmentation patterns were utilized for CFA screening. Using
lipidomic analysis, multivariate statistical approaches and tentative identification with available
spectral libraries, it was possible to discuss changes in CFA profile and origination and content of
other lipid species during simulated vegetable oil refining.

Keywords: vegetable oil refining, organochlorine compounds, chloropropanediol (MCPD) ester,
chlorinated fatty acids, enzymatic hydrolysis
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Glycation (“Maillard reaction”, “non-enzymatic browning”) and oxidation are the most important
deterioration reactions of dietary proteins [1,2]. The Maillard reaction is responsible for the aroma,
taste, and appearance of thermally processed food. Just as protein oxidation, it may induce structural
and functional changes in food proteins. Recent studies postulated that dietary glycation
compounds, often denoted as “advanced glycation end products” or “AGEs", may pose a nutritional
risk as “glycotoxins” due to a possible link to chronic inflammation and other metabolic diseases.
The specific expression of an "AGE content" assessed by ELISA techniques, either in foods or
biological samples, is not scientifically justified without giving details about the individual structures
targeted by the antibodies [3]. Similarly, quantification of “protein carbonylation” is only targeted on
minor protein oxidation structures in food. For a reliable quantification of individual glycation and
oxidation compounds, methods measuring structural features such as LC-MS or GC-MS and
thoroughly characterized reference materials must be used.

Recent results on structure-based methodology will be presented. Protein oxidation and/or
glycation compounds were analyzed in malt, beer, honey, and pasta products by HPLC-MS/MS and
by HILIC-MS/MS [4,5]. These data will show the limited applicability of ELISA-based sum methods
that are often used in (food) glycation research. In UHT and evaporated milks, up to 8% of methionine
was oxidized, whereas up to 33% of methionine was oxidized in milk drinks containing added cocoa
or coffee components. Methionine oxidation in brewing malts can be as high as 60%. The
concentrations of methionine sulfoxide in milk products or brewing malts are far above the
concentrations of protein carbonyls measured by the DNPH method [5,6].

In conclusion, sum methods based on the (immuno)reactivity of more or less characteristic structures
of protein oxidation and glycation may have been helpful in gaining first insights into these reactions.
However, in order to avoid misinterpretations concerning adverse effects of individual amino acid
derivatives on health, chromatography coupled to mass spectrometry is essential [7].

[1] Hellwig M. Angew Chem Int Ed 2019, 58, 16742.

[2] Hellwig M, Henle T. Angew Chem Int Ed 2014, 53, 10316.

[3] Hellwig M, Humpf HU, Hengstler JG, Mally A, et al. J Agric Food Chem 2019, 67, 11307.
[4] K&lpin M, Hellwig M. J Agric Food Chem 2019, 67, 8967.

[5] Fleischer K, Hellwig M. Eur Food Res Technol 2023, 249, 199.

[6] Scheidegger D, Radici PM, Vergara-Roig VA, Bosio NS, et al. J Dairy Sci 2013, 96, 3414.
[7] Hellwig M, Diel P, Eisenbrand G, Grune T, et al. Arch Tox 2024, accepted.
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Although metabolomics is a relatively established analytical strategy, understanding some aspects
of data processing and handling can still be complicated, especially for beginners. However, the
correct handling of data is crucial for the outcome of the study and can lead to unstable statistical
models that are unable to correctly classify samples or produce a misleading list of potential marker
compounds, to name just a few. This seminar aims to provide an overview of the typical workflow in
a metabolomics study, including classical and novel approaches that deliver robust results.

Keywords: metabolomics, statistics, chemometrics
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Tea is the world’s most widely consumed beverage. Its global supply chain is complex and lacks
transparency, making it extremely vulnerable to fraud, especially for geographical indication (Gl)
products. This is because the market value and important tea characters, such as flavour and taste,
are largely determined by their geographical origin. Therefore, the easy-to-use and sustainable tools
must be developed to test fraud and uncover products with false declaration of geographical origin.
This work presents the development of tea geographical origin authenticity testing system based on
Fourier Transform Infrared (FTIR), Near Infrared (NIR), and X-ray Fluorescence (XRF) spectroscopy,
data fusion strategies and artificial intelligence algorithms. A total of 532 authentic black tea samples
originating from four world-leading tea producing Gl regions, namely Assam, Darjeeling, Keemun,
and Sri Lanka, were collected and analysed by FTIR, NIR, and XRF spectroscopy with three replicates
per sample.

The whole datasets were divided into training set and two independent test sets to ensure the
unbiased analysis. Different data pre-treatment and transmission methods were analysed for each
data type individually. The hyper-parameters of each machine learning and deep learning models
were fine tunned through training set before modelling.

IR vibration-based spectroscopy, such as NIR and FTIR, can detect hundreds of molecular features
simultaneously and provide a rapid, high throughput, unbiased, and non-destructive test, which is
fit for on-site testing and effective management of fast-paced global food networks. XRF
spectroscopy can measure multi-elemental contents with advantages of being rapid, non-
destructive, cost efficient, environmental-friendly.

Additionally, the advanced different data fusion strategies, including low-level fusion, mid-level
fusion, and high-level fusion, enhanced the applicability of these techniques. The application of
different machine learning and deep learning algorithms, such as random forest, k-nearest
neighbour, support vector machine, and multilayer perceptron, increased the accuracy of decision-
making results. The sufficient model validation system, including internal cross validation and
independent external validation make sure the reliability of the final predictions.

The results showed that the corroboration of the information provided by these three analytical
techniques enhance the discrimination capability of the developed recognition models (accuracy up
to 100%) as compared to the case when only one technique is used. Moreover, this study highlights
the importance of using advanced artificial intelligence algorithms to capture key information, learn
recognition patterns, and make accurate predictions.

Keywords: data fusion, artificial intelligence, rapid testing, geographical origin, tea authenticity
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Lathyrus sativus L., also called grass pea, possesses favourable nutritional characteristics as well as
adaptative traits for handling stress [1]. Its consumption associated to a very restrictive non-
diversified diet, has been linked to the onset of lathyrism. The discovery of a neurotoxin BN-oxalyl-L-
a, fliaminopropionic acid (BODAP), tarnished the image of grass pea as a valuable food source [2].
Nevertheless, grass pea has undeniable nutritional value, being a precious source of L-
homoarginine, L-hArg, a promising cardio protector compound [3].

Advanced vibrational spectroscopy to characterize legumes nutritional quality has been applied for
different legumes [4,5], but its use to characterize grass pea accessions is still very limited. In this
study, we applied ATR-FTIR spectroscopy supported by machine learning methods focusing on the
development of robust, and cost-effective models for ODAP, homoarginine and phenolic
compounds content in grass pea.

For that, we cropped more than 200 different accessions of grass pea over three years under similar
conditions in Alvaidzere (Portugal). The aqueous extracts were analysed by HPLC-ESI-MS/MS to
determine ODAP and homoarginine contents [6]. The ethanolic extracts were analysed by
spectrophotometry to determine the total phenolic content by Folin-Ciocalteu’s method, and the in
vitro antioxidant activity by Oxygen radical absorbance capacity (ORAC) [7]. We screened the
samples applying the Attenuated Total Reflectance - Fourier Transformed Infrared Spectroscopy,
ATR-FTIR (Thermo Nicolet 6700 spectrometer).

Different algorithms were applied to more than 2000 collected spectra based on partial least square
regression multivariate analysis, kernelized Support Vector Machine (SVMs), 1D convolutional neural
nets e random forests, combined with variable selection methods to restrict the spectrum to relevant
areas were applied using Python interface programming language to recognize patterns and
explore the potential correlations between ATR-FTIR spectral data and the quantified quality
parameters.

Following the numerous combinations of pre-processing methods and hyperparameters, 9600
pipelines were tuned by random search cross-validation. Data suggested the adequacy of ATR-FTIR
for predicting quality parameters only after specific pre-processing methods (e.g., detrend, Savitzky-
Golay derivatives, and multiplicative scatter correction, MSC). ATR-FTIR was able to derive alpha-
ODAP (R?=0.73), beta-ODAP (R?=0.86), and Homoarginine (R?=0.78), considering the spectral
region between 1806 and 892 cm'. Other algorithms are currently being tested.

The results of the present work suggest that ATR-FTIR spectral data can represent fundamental tools
to support future breeding programs dedicated to the improvement of grass pea’s quality.

[1]10.3389/fnut.2021.826208.
[2]10.1007/s00425-018-03084-0.
[3110.1111/fcp.12858.
[4]10.1002/leg3.40.
[5]10.3153/FH18008.

[6] 10.3390/molecules24173043.
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UNLOCKING TOMATO QUALITY ATTRIBUTES IRRIGATED WITH TREATED
WASTEWATER USING MACHINE LEARNING
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The increasing competition for freshwater resources, especially in drought-prone regions, is
exacerbating water scarcity globally. One solution lies in the increased utilisation of treated
wastewater for irrigation, with the potential to reduce the demand on river and groundwater. It is
important to note that while treated wastewater is a source of fresh water and nutrients, it also
contains many anthropogenic chemicals and elements, which could affect not only safety, but also
the quality of the crops. This study aimed to assess the effects on tomato fruit quality by comparing
tomatoes irrigated with potable and treated wastewater, grown in soil (lysimeters) and
hydroponically. Soil-grown tomatoes were irrigated with: (S1) potable water containing commercial
fertilizer, (S2) wastewater effluent, (S3) wastewater effluent spiked with 14 model contaminants of
emerging concern (CEC) at 0.1 mg L. Hydroponically grown tomatoes were irrigated with: (H1)
potable water containing fertiliser (H2) potable water containing fertilizer and spiked with CEC at 0.1
mg L. The model CEC included industrial chemicals (bisphenols), pharmaceuticals (non-steroidal
anti-inflammatory drugs, estrogens), and common stimulants (caffeine).

The quality of the tomato fruits was assessed in terms of the amino acids, fatty acids, carotenoids,
polyphenols, volatile organic compounds and elemental composition, using optimized and
validated methods based on GC-MS, GC-FID, LC-MS, HS-SPME GC-MS, ICP-MS. These quality
parameters were chosen since they influence flavour, texture, structure, mouthfeel, the colour of
tomatoes, and the content of bioactive compounds and specific elements that promote good health.
To investigate whether fruit quality was influenced by growing and irrigation media, we employed
explainable machine learning. We trained classifiers with quality parameters to predict five different
treatments for tomatoes grown in soil and hydroponic systems. Robust benchmarking demonstrated
that the classifiers achieved 90-95% accuracy in detecting the treatment. Using the explainable SHAP
method, we identified the most important quality parameters associated with each treatment.

Keywords: tomato, wastewater reuse, quality attributes, explainable machine learning
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SAFEGUARDING OUR FOOD CHAIN: NOVEL STRATEGIES FOR THE
CONTROL AND ANALYSIS OF MYCOTOXINS AND OTHER EMERGING
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Food safety and security are pressurized by multiple threats including climate change, increased
food intolerance, and dietary changes, to mention just a few. Consequently, next level measures are
required to adequately respond to these threats. In particular, global warming accelerates the (co-)
emergence of foodborne pathogens, natural toxins and toxic elements in food crops and food
systems. The major goal of the European Commission funded project FoodSafeR, which was kicked
off in October 2022, is to identify, assess, and manage emerging chemical and microbial food safety
risks.

Climate-related impacts, such as heavy rainfall, are expected to increase the contamination rate of
plant food sources and farm animals kept in extensive housing. Unintentional chemical contaminants
in food, such as environmental and food process contaminants (e.g., furans) and natural toxins
(especially mycotoxins and plant toxins), are posing growing public health concerns. To address
emerging chemical contaminants and associated risks, several advanced analytical approaches need
to be advanced and explored. These include improved prediction tools for mycotoxin and plant
toxin occurrence in major food commodities using big data approaches, the development of novel
(bio)analytical sensing and diagnostic tools, possibly integrated into smartphones to facilitate the
detection of plant toxins in products like herbal teas and buckwheat. There is also a need for horizon
scanning approaches, combining targeted LC-MS/MS and untargeted LC-HRMS metabolomics
(liquid chromatography-high resolution mass spectrometry) to study the influence of climate change
on the presence of emerging (toxic) secondary metabolites and agrochemicals.

This presentation will focus on advancing innovations to combat selected (emerging) contaminants
in the context of climate change and globalization, utilizing cutting-edge management approaches
and novel tools in analytical chemistry.

[1] Krska R, Elliott C, McNerney O, Wagner M. Emerging global food safety challenges and how to
address them. New Food Magazine. 2022;25(4):6-9.
Keywords: emerging contaminants, mycotoxins, food safety, climate change
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Beer is the second most consumed alcoholic beverage worldwide, and mycotoxin contamination of
beer is a significant and unresolved food safety issue. Besides deoxynivalenol and its glycosides as
the most common mycotoxins in beer, other mycotoxins with even higher toxicity such as T2 toxin,
HT2 toxin, fumonisins and ochratoxin A may occur. The main source of mycotoxins and their
glycosides in beer is malt, but its control before the brewing process is complicated - for the majority
of mono-/oligoglycosides, no analytical standards are available, and they cannot be targeted by
control laboratories. Therefore, rapid deglycosylation methods that allow easy quantification of the
complex mycotoxin pool are very important to enable rapid control of malt quality in routine brewing
laboratories. The achievements in this field will be discussed.

Regarding the reasons for the presence of high levels of mycotoxins in malt, extensive research has
been carried out so far and grain germination has been identified as the most critical phase. Within
the lecture, the recent technological progress in minimizing fungal contamination and mycotoxin
production during malting, represented specifically by the pulsed electric field technology (PEF), will
be presented. Important results of the research include the demonstration of the reduction potential
of PEF for fungal pathogens and mycotoxins, especially for T2/HT2-producing species, under
optimal PEF treatment conditions that inhibit fungal development during malting without affecting
the enzymatic activity and technological quality of the final malt. Especially the latter is of paramount
importance to maintain the best sensory properties of the final beer with minimized mycotoxin
content. Finally, recent methodological and data-processing advances related to the description of
the germinating grain physiology and the ‘grain-pathogen’ crosstalk for a complex understanding of
the mutual interactions influencing malt/beer safety at the metabolomics and transcriptomics level
will be discussed. The open-access software platforms and workflows for effective data mining,
feature annotation and multi-omics data integration with 3D visualization will be shown. The use of
artificial intelligence and machine learning approaches for beer quality and safety prediction will be
outlined as a future perspective.

Keywords: mycotoxins, malt, beer, metabolomics, multiomics
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Natural toxins have incredibly complex chemical structures, and factors like climate change,
circularity, and reduced pesticide use will alter them even further. Therefore, we need innovative
methods to resolve this complex mixture and improve our ability to confidently identify and annotate
emerging toxins.

In recent years, the scientific community has increasingly adopted non-targeted methods,
particularly those based on high-resolution mass spectrometry (HRMS), to capture a broader
spectrum of compounds. Additionally, ion mobility mass spectrometry (IMS) has been employed to
enhance the separation of isomeric species. This is crucial because natural products often contain
numerous isomers, reflecting the unparalleled chemical diversity that nature produces. These
isomeric species are challenging to separate using traditional chromatographic techniques. For
example, in regulatory contexts such as with pyrrolizidine and ergot alkaloids, isomers are often
reported as a sum of their epimers due to these difficulties.

However, in certain cases, different isomers exhibit distinct properties. For instance, CBD and THC
are chemically similar, but only THC has psychoactive effects, making their resolution critical. In our
recent publication [1], we demonstrated the power of advanced ion mobility technologies,
specifically cyclic IMS, to resolve the isomeric complexity in cannabis-derived products. By
leveraging the unique adduct-forming properties of silver ions, we developed a milliseconds-
separation method for 14 cannabinoids using cyclic IMS—mass spectrometry.

This talk will focus on novel approaches, such as cyclic IMS, for enhancing isomeric separation of
plant toxins and mycotoxins, as well as the necessity of using advanced computational tools and data
processing strategies to deconvolute the complexity of the data generated in non-targeted studies.

[1]Huang, S. et al. (2024) Anal. Chem. 96, 10170-10181.
Keywords: natural toxins, ion mobility mass spectrometry
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THE ANALYTICAL CHARACTERIZATION OF THE CIGUATERA POISONING
AS AN EMERGING RISK IN EUROPE THROUGH THE EFFORTS CARRIED
OUT DURING THE TWO EDITIONS OF THE EUROCIGUA PROJECT
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The incidence of Ciguatera poisoning (CP) in certain subtropical areas of Europe, as Canary islands
(Spain) and Madeira (Portugal) as a result of climate change, and other factors which favour the
migration of microalgae responsible for this natural contamination of the marine environment and
consequently on seafood from the affected coastal areas, has become an emerging risk of particular
interest for the European Food Safety Authority (EFSA).This interest was reflected on the EFSA efforts
to establish a Framework Partnership Agreement with several EU Institutions to characterize the Risk
CP in Europe. Among the Institutions involved on this FPA, is the University of Vigo responsible for a
Specific Grant focused on the analytical characterization of the CP risk by identifying the Ciguatera
toxins (CTXs) involved in this risk. This analytical characterization is a major analytical challenge, not
only because of the complexity of the chemical structures of the toxins involved, but also due to the
complexity of the biological matrix in which CTXs are present at trace level. On top of that and as a
very critical limitation, is the lack of reference materials commercially available, which hamper the
characterization of the different CTX analogues involved, as well as compromise the advances on
the development of efficient analytical methods for their control. On the other hand a critical
limitation as a consequence of the lack of reference materials is the lack of toxicological data on the
toxicity of the different CTX analogues, which also compromise the establishment of regulatory levels
due to the lack of information about toxicity equivalent factors, which are essential for an adequate
quantitation. The work carried out over the last seven years under EuroCigua projects cofinanced by
EFSA has been very successful in terms of analytical characterization of the CP risk in Europe. These
results are going to be summarized and a revision on the main analytical challenges, as well as the
future perspectives will be also presented and discussed.

Keywords: alagal toxins, ciguatoxins, characterization, LC/MS
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FATE OF MYCOTOXINS DURING GLUTEN-FREE PASTA PROCESSING:
UNTARGETED 13C-LABELLING LC-HRMS BASED APPROACH
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Our multidisciplinary academic-industrial research companies started several years ago to conduct
in-depth research in order to investigate and understand how the fungal toxins behave during
various food production chains. Based on the previous experience and current knowledge in this
area, it is assumed that the toxins could degrade or be modified due to exposure to energetic and
mechanical conditions during the process, and thus form novel modified mycotoxins.

However, reduction of mycotoxin level does not have to necessarily result in a mitigation of
toxicological effects. Nowadays, most of the information on the novel degradation products of
mycotoxins is still missing identification and investigation of their structure and toxicity potential is of
a high interest for risk assessment strategies.

To study the fate of mycotoxins during food processing is a very challenging task for several reasons:
(i) characterization and structural identification of degradation products in complex matrix is difficult,
(ii) matrix composition varies over the production steps, (iii) availability of analytical standards is
limited, (iv) preparation of “in-house” analytical standards in larger amounts needed for structural
confirmation and for toxicological assessment is costly and time-consuming. Therefore, most of the
published studies were mainly focused on the detection of the parent mycotoxins and calculation of
the rate of decline over the production.

In this study, the untargeted stable isotope labelling (SIL)-LC-HRMS approach was applied. Material
used for food production is treated with a mixture of non-labelled and '3C-labelled standard of
mycotoxin, intermediate products and final pasta are then analyzed by liquid chromatography-high
resolution mass spectrometry (LC-HRMS). Detected pair of signals originated from non-labelled and
isotopically labelled compounds are extracted from the full-scan chromatogram.

Results on aflatoxins and fumonisins fates along this industrial process will be presented.

Keywords: gluten-free pasta, aflatoxins, fumonisins, degradation products, untargeted stable
isotope labelling (SIL)-LC-HRMS
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Nuclear Magnetic Resonance (NMR) spectroscopy is an established analytical technique in food
science, with many applications in research, process and quality control. Quantitative deuterium
NMR spectroscopy, also called SNIF-NMR (Site Specific Isotopic Fractionation) spectroscopy, has
been implemented as standard method for official control purposes already 30 years ago and allows,
for example, the detection of chaptalization and water addition to wine. In recent years, proton NMR
("H-NMR) spectroscopy has become increasingly important in food control due to technical
improvements, particularly in automation and analytical reproducibility. The main applications are
linked to authenticity testing as sensitivity of TH-NMR spectroscopy allows the detection of food
ingredients with high reproducibility. In this regard, "H-NMR spectroscopy is applied to characterize
food using targeted and non-targeted approaches. Nowadays, detection of key ingredients and their
quantification in a few minutes is possible using '"H-NMR spectroscopy. Furthermore, the non-
targeted application of "H-NMR enables to detect anomalies in food samples and the verification of
product properties that make this technique of utmost interest for food surveillance.

The presentation will include state of the art NMR applications in official food control including the
quantification of ingredients, determination of standard purity, non-targeted analysis, detection of
unknown adulterants, jointly usable spectral databases, and comparison to mass spectrometry in
terms of sensitivity.

Keywords: food analysis, adulteration, quantification, databanks, detection of unknowns
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SPECTROSCOPY FOR THE AUTHENTICITY TESTING OF PEPPER
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Economically motivated adulteration (EMA) is an increasing concern for the food industry, driven by
the globalization of trade, the complexity of supply chains and high demand. Spices and seasonings
are an important commodity for global trade. Pepper is economically one of the most important and
the most widely used spice crops. Having a high added value and being a part of a complex supply
chain, pepper has become a frequent target for EMA requiring fast and efficient authenticity testing.
High-field NMR spectroscopy combined with multivariate statistical analysis is a robust analytical tool
to verify food authenticity, determine origin, and detect fraud. However, the high cost of supercooled
magnets, associated infrastructure and cryogens, hampers the wider application of NMR in food
authentication. The advent of bench top, Fourier Transform low-field permanent NMR magnets
opens up the opportunity to incorporate them in the daily routine work of the laboratory to verify
food authenticity and detect EMA; however, their usefulness must be assessed on a case-by-case
basis.

In the present communication the comparison between proton (1H) NMR spectra of the deuterated
methanol and chloroform extracts collected at 400 and 60 MHz for pepper authenticity assessment
is presented. As a proof of concept, a set of authentic Piper nigrum samples and a wide range of
commonly used adulterants were measured, and the data were elaborated using multivariate
statistical analysis. Furthermore, the limit of detection of adulteration was assessed and compared.
The spectral data from both high and low-field NMR equipment showed consistently similar ability
to discriminate authentic and adulterated Piper nigrum and enabled the classification of the peppers
studied according to their degree of ripeness. Data-driven soft independent modelling of class
analogy (DD-SIMCA) models built using high-field "H NMR data of the deuterated methanol extracts
achieved 100% sensitivity and 95% specificity while low-field '"H NMR data of the deuterated
methanol extracts resulted in sensitivity and specificity of 96%. These results highlight the promising
potential of 60 MHz benchtop NMR as a relatively inexpensive and useful tool for rapid screening,
and routine control of pepper authenticity.

Acknowledgement: This study was supported by the UMT ACTIA “Authenticity Markers and Analytical
Innovations” (Joint Technological Unit - French Ministry responsible for Food) and by the French
Region Grand Est.
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DEVELOPMENT OF RELIABLE WINE AUTHENTICATION MODELS
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Wine, being recognized as one of the European Union's premier agricultural commodities, holds an
important economic value and is therefore a target for fraud on the worldwide market. In this regard,
a prevalent type of falsification is the commercialization of wine with a false declaration of its origin.
In response to this issue, significant efforts are being undertaken by the research community and
control authorities to develop and implement reliable methods for detecting and preventing subtle
forms of wine adulteration. Recently, to mitigate the drawbacks given by the employment of
acknowledged approaches such as stable isotope ratios determination, in the field of wine
traceability assessment, a special interest has been manifested in the development of new wine
recognition tools relying on analytical techniques that are non-invasive, non-destructive, more
environmentally friendly and easy-to-use.

The present study aimed to test the potential given by the fusion of two spectroscopic techniques,
'H-NMR and Raman, for the development of new wine recognition models based on machine
learning (ML) in regard to the cultivar, geographical origin, and vintage. For this purpose, a data set
consisting of 50 authentic white wine samples, belonging to four cultivars (i.e. Chardonnay, Pinot
Gris, Riesling, and Sauvignon) and produced in the most representative viticultural regions of
Romania (i.e. Transylvania, Muntenia, and Moldova) during five consecutive years (i.e. 2012 - 2016),
has been employed.

Due to the high amount of information generated by the fusion of two spectroscopic data sources
(i.e. more than 20,000 variables), special attention had to be given to the data dimensionality
reduction step for the construction of reliable classification models. Therefore, prior to machine
learning application, a supervised feature selection algorithm relying on Partial Least Squares
regression has been employed to identify, for each investigated classification criterion, the most
discriminant "H-NMR and Raman markers. The effectiveness of the proposed data fusion strategy for
constructing wine classification models was demonstrated by the obtained performance metrics,
reaching 100% accuracy in both cross-validation and on an external test set. Nonetheless, in the case
of the cultivar recognition, the corroboration of the relevant variables found from the '"H-NMR and
Raman spectra has significantly outperformed the differentiation capabilities of the models
developed on a single-source input data, emphasizing the suitability of integrating these two
spectroscopies for attaining a stronger recognition capacity concerning wine traceability
assessment.

Keywords: data fusion, wine authentication, TH-NMR, Raman, machine learning
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Researching food fraud threats is crucial due to their growing prevalence and adverse impacts on
public health, consumer trust, and economic activity. Developing effective models, theories,
frameworks, methods, techniques, and tools for combating food fraud remains critically important.
Our work explores the potential of combining Laser-Induced Breakdown Spectroscopy (LIBS) and
Raman spectroscopy for food authentication and fraud prevention. We plan to enhance the accuracy
and reliability of product classification, thereby improving authentication efforts and addressing a
key aspect of food fraud. Our project involved designing and testing an early prototype of a hybrid
Raman and LIBS system, which offers both elemental and molecular analysis capabilities.

LIBS is an analytical technique that uses a high-intensity laser pulse to ablate a small amount of a
sample, creating a plasma. The emitted light from this plasma is analyzed to determine the sample's
elemental composition. LIBS is valued for its rapid in situ analysis with minimal sample preparation,
making it suitable for various applications, including recent advancements in food analysis.
Conversely, Raman spectroscopy studies vibrational, rotational, and other low-frequency modes in
a system through inelastic scattering of monochromatic light, usually from a laser. This technique is
commonly used in analytical chemistry to provide a molecular fingerprint for identifying molecules.
Our research aimed to leverage the strengths of both LIBS and Raman spectroscopy by combining
the elemental analysis capabilities of LIBS with the molecular identification strengths of Raman. This
combination was intended to enhance food authentication and fraud prevention. We developed and
evaluated a custom-built hybrid Raman/LIBS system (Hy-R-LIBS) and compared its performance in
food analysis to conventional single-spectroscopy systems. Spectral analyses and classification tasks
were performed using actual food samples, assessing the performance of multiple classifiers
through a multivariate feature selection approach, which included two different data fusion methods.
A substantial component of our project focused on enhancing the system's performance and refining
the measurement protocols of the hybrid benchtop instrument. We leveraged machine learning to
develop feature-selection algorithms for LIBS/Raman fingerprinting, significantly improving the
evaluation of food products using our hybrid technology. Furthermore, we designed and developed
the first simple prototype of a portable instrument capable of performing Hy-R-LIBS measurements
directly in the field, eliminating the need for laboratory-based analysis.

Keywords: LIBS, Raman, food fraud, food authentication
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Significant technological advances over the past decade have changed food authentication. A wide
range of analytical strategies can now be applied to measure intricate changes in sample
composition resulting from the presence of adulterants, different production methods, or varying
geographical origins of food. While the relative ‘explosion’ of applications of marker-based
approaches is to be welcomed in the complex fight against food fraud, there is a need for a
systematic and harmonized approach to describe, discover and validate such markers. In this
presentation, we introduce our recommendations for terminologies and definitions that should be
applied in the field, including the terms “primary” and “secondary” markers, “single” and “dual”
authenticity markers, and authentic “profiles” and “fingerprints”. We also advocate for harmonization
in marker discovery approaches and propose guidelines for the analytical community relating to the
approaches taken to validate markers. We believe the adoption of these approaches will prove to
be a major step forward in achieving the ultimate goal of providing a broad range of fully validated
and accredited methodologies that can be implemented in a forensic capacity in food authenticity
monitoring and control programmes.

The complete publication can be found at: https://doi.org/10.1016/j.tifs.2024.104550.

Keywords: accreditation, classification algorithm, food fraud, foodomics, machine learning
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EXPLOITING THE POTENTIAL OF DART-HRMS FOR RAPID AUTHENTICITY
TESTING AND FOOD FRAUD DETECTION: INTRODUCING AN
INTEGRATED WORKFLOW IN THE CASE STUDY OF EXTRA VIRGIN OLIVE
OIL
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Thomaidis*®
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Authenticity assessment has been emerged as a critical issue in today's globalized food market.
Incidences of food fraud of any kind (e.g. adulteration, mislabelling) are commonly reported, thus
posing significant threats to public health and consumer’s trust. One of the food products most
affected by these kinds of bad practices is extra virgin olive oil (EVOO). EVOO is highly ranked in the
global market, as a landmark food of the Mediterranean diet with several beneficial properties
associated to its consumption. Therefore, economically motivated adulteration often takes place
across EVOOs' supply chain, with one of the most frequent profit-driven fraudulent procedures
being its substitution with cheaper alternatives, such as other vegetables oils or olive oils of lower
quality.

Chromatographic techniques prevailed so far, often coupled to mass spectrometry, while effective,
are often time-consuming and labour-intensive. The main limiting factor is the chromatography,
which requires a significant amount of time, as well as a large volume of analytes that end up as toxic
waste to the environment. Moreover, specific sample treatment step is required to extract the
fraction of interest, which increases the time and the cost of analysis. Thus, there is a growing need
for more rapid, yet efficient, and eco-friendly approaches.

In the present study, the potential of direct analysis in real time (DART) coupled to quadrupole-time-
of-flight mass spectrometry (QTOF-MS) was exploited for food authenticity assessment. In this
context, a holistic methodology was developed and optimized for the case study of EVOO, taking
into account its total profile (no sample treatment step was applied). Aiming to detect potential
adulteration, vegetables oils commonly used as adulterants (corn, sunflower, canola, soybean,
sesame and linseed oils) and olive oils of lower-quality (olive pomace, refined oils and mixed olive
oils), were analysed along with EVOO samples. Noteworthy differentiations in their profiles were
recorded, and robust prediction models were built, successfully discriminating authentic EVOOs
from adulterated ones. Advanced chemometrics were also employed to predict adulteration and
assess EVOOQO's authenticity, introducing a rapid, integrated workflow, highly applicable in routine
analysis. Finally, authenticity markers of each oil category were highlighted and successfully
identified, utilizing high-resolution mass spectrometry (HRMS) potential. It is worth mentioning that
this is the first study, to the best of our knowledge, which achieves the discrimination of 10 different
oil categories in one comprehensive methodology. Key point of this study and main advantage is
the introduction of a holistic approach, applicable in different cases of food authenticity assessment,
which incorporates nicely the reliability of HRMS workflows and the fast screening of DART.

Keywords: DART, authenticity, extra virgin olive oil, HRMS, adulteration
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FIGHTING DEFORESTATION THROUGH ADVANCES IN ANALYTICAL
CHEMISTRY
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Deforestation in the rainforest is a significant environmental issue, particularly in the Amazon, which
is the largest rainforest in the world. There are many reasons why this has occurred, but the main
drivers have been clearing land for cattle ranching, soy plantations, and other crops and large-scale
logging. Deforestation in the Amazon has severe impacts on biodiversity, indigenous communities,
and globally climate change.

The European Union (EU) has implemented various legislative measures to combat deforestation
and promote sustainable land use practices. These are part of the EU's broader environmental and
climate policies aimed at reducing the environmental footprint of its consumption patterns. The EU
Deforestation Regulation (EUDR) which came into force in 2023 with the aim of preventing the import
and sale of products linked to deforestation and forest degradation in the EU market. This includes
important food and feed commodities like soy, palm oil, cocoa, coffee, and beef (the big 5), and all
products derived from these commodities.

While such legislative initiatives must be welcomed as with all legislation the enforcement will be a
major challenge. The collective world trade in the big 5 estimated to be over $1.3 trillion. There are
multiple stakeholders involved ranging from many million smallholders to large multinational
companies involved along with highly complex and often opaque supply chains. Vast sums of money
changes hands and many in industry have expressed major concerns about the unintended
consequences of the legislation in terms of impact on smallholders, availability and price rises for all
the big 5 globally.

Another unintended consequence will be the massive opportunity for fraud i.e. false claims about
where the big 5 were farmed in terms of links to deforested land. There is a clear and important role
for analytical science to help identify where the big 5 originated from, to determine links to
deforestation and to combat food fraud.

The presentation will give an overview of the scale of the challenge and how science and technology
can be exploited to support the fight against deforestation.

Keywords: deforestation, food and feed commodities, food fraud
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THE KNOWNS AND THE UNKNOWNS: THE ANALYTICAL TOOLBOX TO
TACKLE THE PFAS CHALLENGE
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The PFASs problem has evolved to an unprecedented societal challenge. PFASs are found
everywhere in our environment and foods, the number of compounds is continuously expanding,
and already at low levels exposure may be exceeding the safe levels. Food and drinking water are
important vectors for human exposure, and its therefore of utmost importance that analytical tools
become available to unravel the PFASs problem in food. In this presentation, a comprehensive
toolbox will be presented that we have developed, that allow investigation of the following:

- Mass balance analysis, i.e. the determination of the total PFASs amount in foods

- Targeted analysis, i.e. the (sub) pg/g level determination of PFASs in foods

- Unknowns identification, i.e. the screening and identification of (yet) unknown PFASs in foods
These methods are applied to a wide range of foods and abiotic samples (food contact materials,
water). Highly sensitive targeted approaches for reliable, ultrasensitive (low/sub pg/g level) are
developed for carboxylic acids, sulfonates, telomer sulfonates, telomer alcohols, sulfonamides,
ultrashort-chain PFAS etc. The mass balance approach was applied on freshwater fish samples,
showing that over 50% of the extracted organic fluorine could not be attributed to the know PFAS
(as determined by targeted approaches). This means that a substantial amount of yet unknown PFAS
are present in these samples. A Thermo Scientific Orbitrap 1Q-X Tribrid HRMS is used to identify the
unknown PFAS causing this missing proportion of extracted organic fluorine. For that purpose, we
have developed a workflow to screen for suspects in sample extracts. In addition, advanced
acquisition modes were developed combined with specific data filtering tools (i.e. Kaufman
approach, Kedrick mass defect) are applied to elucidate unknown PFAS signals in food extracts,
which the need further confirmation by (ideally) Level 1 identification using reference standards.
Altogether, this toolbox allows for battling the PFAS challenge in foods and other samples, as it
provides insights into PFAS contamination from different angles. Next to current state-of-the-art,
analytical challenges will be addressed, as well as the needs to advance this field further in the future.

Keywords: PFAS, mass balance, ultra-sensitive targeted analysis, HRMS suspect screening and
identification, extractable organic fluorine (EOF)
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SIMULTANEOUS ACTIVATION OF 3 LEVERS TO EXTEND THE SPECTRUM
OF PFAS STUDIED IN FOOD MATRICES, THE APPROACH THAT MAKES
ALL THE DIFFERENCE
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Chronic exposure to chemical hazards through the environment and diet can contribute to the
development of certain chronic diseases. From a public health perspective, it is essential to
characterize as many as possible of the chemical substances to which humans are exposed
throughout their lives, in order to implement effective health prevention strategies.

PFAS have been produced since 1950s and are used in various types of industrial and consumer
products, due to their water- and oil-resistant properties. Popularised as “forever chemicals”, they
are considered as contaminants of emerging concern (CECs), listed for a few of them in the
Stockholm Convention as persistent organic pollutants (POPs) while four have recently been
regulated in food. However, these chemicals exist in several thousand chemical structures, which
need to be monitored to provide a more complete picture of environmental contamination and
human exposure.

Recent non-targeted profiling technologies are making it possible to assess the chemical exposome
in an increasingly global way, offering access to knowledge of a wider spectrum of chemicals. As
food, particularly eggs and fish, is the main route of exposure to PFAS, our research focused on
developing an alternative, suspect and non-targeted approach for identifying PFAS in addition to
those traditionally monitored in foodstuffs. We have activated three levers to extend PFAS chemical
space: sample preparation (optimised QUEChERS), data acquisition (LC-HRMS) and data processing
(prioritisation of fluorinated signals).The ability to detect novel PFAS compounds was assessed
against a traditional ISO17025 targeted approach currently in routine use involving SPE and MS/MS
acquisition (QqQ). This new non-specific approach proved conclusive, as applied to a wide range of
food samples it enabled other PFASs to be detected in addition to the twenty or so substances
regularly monitored. For example, perfluoropropanoic acid (PFPrA), which is not usually monitored
but is known to be present in the environment, was detected and identified (level 1) in several foods.
In the interests of better risk assessment, this methodology breaks with conventional approaches
and paves the way for broader characterisation of consumer exposure to these compounds of
concern.

Keywords: PFAS, non-targeted screening, sample preparation, QUEChERS
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PFAS ANALYSIS IN FOOD: A MULTI-TECHNIQUE APPROACH FOR
REGULATORY COMPLIANCE AND CONSUMER PROTECTION
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Per- and polyfluoroalkyl substances (PFAS) are a group of synthetic chemicals that have been widely
used in various industrial and consumer products due to their water and grease resistance
properties. However, they have been found to be persistent in the environment and can accumulate
in the food chain, posing potential human health risks.

The European Food Safety Authority (EFSA) has set a Total Weekly Intake (TWI) at 4.4 ng/kg body
weight for four main PFAS, namely perfluorooctanoic acid (PFOA), perfluorooctane sulfonic acid
(PFOS), perfluorononanoic acid (PFNA) and perfluorohexane sulfonic acid (PFHxS)[1]. As a response
to health risks, the European Commission issued recommendations and regulations ((EU) 2022/1431
and (EU) 2022/2388)) [2, 3] requesting Member States to monitor PFAS levels in foodstuffs. Strong
emphasis is put on four the four PFAS with targeted LOQs, indicative levels, and Maximum Levels
(MLs) established in a selection of foods. Apart from these four PFAS, the EU Recommendation
requests the monitoring of 23 other PFAS, such as fluorotelomer alcohols and sulfonates. Targeted
limits of quantification (LOQs) requested for the four main compounds, depending on the matrix,
are in range from 0.001 pg/kg for fruits, vegetables, tubers and infant foods to 0.5 pg/kg for offal and
fish oil.

This presentation will highlight the need of a combination of analytical techniques, for being able to
meet the EU requirements. Liquid chromatography-tandem mass spectrometry (LC-MS/MS) is
commonly used for the quantitative determination of PFAS with MLs and targeted LOQs. However,
for certain PFAS such as fluorotelomer alcohols, gas chromatography (GC) is more preferred. This
technique is more suitable for the analysis of volatile PFAS, which may be present in food matrices.
Furthermore, for the analysis of a broader range of PFAS, including those that may be added on the
list of monitored PFAS in future, liquid chromatography-high resolution mass spectrometry (LC-
HRMS) is another alternative to be considered.

This presentation will share our experience and technical choices made in our facilities to provide
the best respect to EU requirements.

[1] EFSA, European Food Safety Authority - Risk to human health related to the presence of
perfluoroalkyl substances in food. 2020: p. https://www.efsa.europa.eu/fr/efsajournal/pub/6223.
[2] EU, COMMISSION RECOMMENDATION (EU) 2022/1431 on the monitoring of perfluoroalkyl
substances in food. 2022.

[3] EU, Commission Regulation (EU) 2022/2388 of 7 December 2022 amending Regulation (EC) No
1881/2006 as regards maximum levels of perfluoroalkyl substances in certain foodstuffs. 2022.
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PFAS IN FRUITS AND VEGETABLES: AN INTERLABORATORY VALIDATION
STUDY ON THE ACHIEVABILITY OF EU TARGETED LOQS
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More than 7,000 synthetic chemicals, known as per- and polyfluoroalkyl substances (PFAS), are used
in food packaging and other materials to provide resistance to fat, fire, and water. Industrial waste
emissions of PFAS contaminate water, air, and soil. PFAS are likely to contribute to human
carcinogenesis and reprotoxicity, as well as vaccine resistance and immune system depression.
People may be exposed to PFAS daily through the environment, food, or water. The European Food
Safety Authority recommends acceptable weekly intakes for PFOA, PFOS, PFHxS, and PFNA. The EU
has advanced in the fight against PFAS contamination by releasing guidelines, recommendations,
and legislation to limit their presence in food and by seeking new data to better estimate the extent
of human exposure. In this framework, there is an urgent need for validated analytical methods for
assessing the level of PFAS listed in Commission Recommendation (EU) 2022/1431. This will support
control and regulatory bodies to undertake suitable actions and decisions related to food safety and
the protection of human health. The aim of this study was to validate, according to EURL-POPs
guidance, an analytical method for assessing PFAS levels in vegetable and fruit samples using an
interlaboratory approach. The study was conducted involving at two different laboratories (INRIM
and CVUA-FR) to achieve interlaboratory validation, including all the steps from the sample
preparation (exchanging extracts prepared in both laboratories) to the instrumental analysis by
liquid chromatography coupled with mass spectrometry. Different analyzer types were selected:
HRMS and TQ-MS, aiming to determine the highest grade of variance and to develop a robust and
accurate methodology. Also, in the individual laboratories the analysis was performed by at least two
different operators for intralaboratory validation of the method and the spectrometers chosen were
from different manufacturers (such as Waters and Thermo) keeping an eye on different MS analyzer
types to better evaluate the targeted LOQs to be achieved. The PFAS selected were extracted using
an ion pair approach and quantified, including, besides the four EU regulated ones, new generation
and branched PFAS, with a focus on PFCAs and PFSAs that can most likely occur in fruit and
vegetables. Chromatographic separation was performed using mixed-mode chromatography with
a pH gradient. The conclusions of the study aim to produce a robust, accurate, and validated method
for quantifying PFAS and to evaluate the possibility to achieve the EU target levels specified by the
latest recommendations in fruit and vegetable matrices. The finding will help develop a standard
analysis approach for quantifying PFAS in samples of plant origin in order to support the
development of EU legislation in this area.

Keywords: PFAS, HRMS, food safety, fruit and vegetables, TQ-MS
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NON-TARGETED SCREENING FOR PFAS IN COMPLEX FOOD MATRICES:
FOCUS ON THE KEYS TO DATA PRIORITIZATION
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Human exposure to per- and polyfluoroalkyl substances (PFAS) is mainly dietary (EFSA, 2020). They
can enter foods through environmental contamination [1] or through migration from food
packaging. In consequence, maximum levels for four PFAS (i.e. PFOA, PFNA, PFHxS and PFOS) have
been set for foodstuffs in 2022 [2]. However, occurrence data for larger number of compounds are
required. Yet, the considerable number of PFAS renders almost impossible to use authentic
reference standards to monitor them all in conventional targeted analysis. As such, non-targeted
screening approaches (NTS) based on high-resolution mass spectrometry (HRMS) coupled to
efficient data reduction and prioritization have become essential to broaden the scope. In this
context, this work focused on developing a specific PFAS NTS workflow to be applied in complex
food matrices based on HRMS (Thermo Q-Exactive). MS1 and MS2 data were acquired in fullscan
and data independent acquisition (DIA) mode respectively. Raw files were then processed using
Compound Discoverer SP2 (Thermo Fisher). Data reduction and prioritization on PFAS suspect
features was made possible after estimation of the carbon number using isotopic peaks, calculation
of mass to carbon (m/C) and mass defect to carbon (md/C) ratios [3]. Finally, features were tentatively
identified using Kendrick mass defect homologue series, databases and suspect list matching along
with the investigation of fragmentation pattern and profiles. The results of the proof of concept of
this method, with validation parameters and the identification workflow of suspect PFASs will be
presented. The potential of ion-mobility mass spectrometry to focus on PFAS chemical domain and
to provide additional identification criteria will be introduce as an improvement of NTS strategies.
These results will be illustrated by the elucidation of unsuspected PFAS in food matrices.

[1]1 EFSA, 2020. Risk to human health related to the presence of perfluoroalkyl substances in food.
EFS2 18. https://doi.org/10.2903/j.efsa.2020.6223.

[2] European Commission, 2022. Commission Regulation (EU) 2022/2388 of 7 December 2022
amending Regulation (EC) No 1881/2006 as regards maximum levels of perfluoroalkyl substances
in certain foodstuffs.

[3] Kaufmann, A., Butcher, P., Maden, K., Walker, S., Widmer, M., 2022. Simplifying Nontargeted
Analysis of PFAS in Complex Food Matrixes. Journal of AOAC INTERNATIONAL 105, 1280-1287.
https://doi.org/10.1093/jaoacint/gsac071.

Keywords: PFAS, HRMS, suspect-screening, prioritization, ion-mobility mass-spectrometry
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ACCESSIBLE: EXPLORING LOW-RESOLUTION LC-MS/MS AS A SUITABLE
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Polychlorinated alkanes (PCAs) are a group of high-production volume chemicals with a general
formula CiHzn+2.Cl.. They are the main ingredient of chlorinated paraffin (CP) technical mixtures,
widely used in various industries as machining fluids, plasticisers, and flame retardants. Current
evidence suggests that PCAs are persistent and bioaccumulative, with a toxicological profile
showing mammalian and environmental toxicity, posing potential risks to human health. PCAs are
virtually ubiquitous in food samples, especially products of animal origin and high lipid content.
However, the recent human health risk assessment of PCAs conducted by the European Food Safety
Authority was inconclusive, partially due to the lack of supporting food occurrence data. Such an
outcome may seem surprising, considering that CP technical mixtures have been manufactured
since the 1920s, and the first studies on their occurrence date back more than 50 years. Nevertheless,
the enormous complexity of PCAs renders them challenging to study by conventional instrumental
workflows employed for POP analysis.

Most recent studies rely on high-resolution mass spectrometry (HRMS), a long-sought antidote that
enables comprehensive characterisation of PCAs. By contrast, low-resolution MS (LRMS) applications
are becoming scarce. This trend limits the availability of PCA analysis because HRMS is a more costly
instrumentation that may not always be accessible in food analytical chemistry laboratories.
Therefore, in this study, we developed a simplified LC tandem MS (LC-MS/MS) method for
quantifying PCAs-C10.17Clss in food, which could serve as a feasible alternative to more complex
HRMS methods. The LC-MS/MS method was validated and compared to an LC-Orbitrap-MS method
regarding analytical performance. The results show that the simplified approach can accurately
quantify PCAs in food samples and provides consistent results with the LC-HRMS method.

This presentation will focus on method development. Specifically, it will cover (i) the selection of
mobile phase additives (i.e. ammonia chloride and ammonia acetate) to improve PCA ionisation and
fragmentation, (ii) the choice of reversed-phase stationary phases for better resolution between
critical PCA homologue groups that are isobaric under low-resolution MS conditions, and (iii) the
optimization of LC gradient conditions to maximise separation efficiency.

Keywords: polychlorinated alkanes, chlorinated paraffins, tandem mass spectrometry, liquid
chromatography, environmental contaminants

Acknowledgement: This work was supported by the Latvian Council of Science under the
Fundamental and Applied Research program (PARAFood: Prioritizing Analytical Rigor and
Addressing Gaps in Data for Understanding Chlorinated Paraffins in Food, No. Izp-2023/1-0559).

11" International Symposium on RECENT ADVANCES IN FOOD ANALYSIS, Prague, Czech Republic, November 5-8, 2024

—
N
~N




LECTURES

L59
STUDY OF MINERAL OIL HYDROCARBONS IN DIFFERENT TYPES OF
UNPROCESSED MEAT BY LC-GCxGC-FID/MS
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Mineral oil hydrocarbons (MOH) are a complex mixture of liposoluble environmental and processing
contaminants of petrogenic origin. They may pose different toxicological risks to humans depending
on their structure (i.e., saturated (MOSH) or aromatic (MOAH)) [1]. The increasing interest in more
detailed information on the composition of MOH is driving a shift from LC-GC-FID, considered the
routine technique, to more advanced techniques, notably LC-GCxGC-FID [2]. Moreover, due to the
complexity of MOH and food matrices, an efficient sample preparation method must be performed.
This work aimed to optimize a method to determine MOH in meat and to characterize in more detail
the MOSH profile (i.e. linear and cyclic), as requested by the European Food Safety Authority Opinion
published in 2023 [1].

For the sample preparation, two microwave-assisted saponification and extraction (MASE)
procedures were evaluated in terms of recovery and internal standards distribution. Indeed, it was
recently shown that the saponification procedure strongly impacts the internal standard partition,
affecting the reliability of the results [3]. The first method referred to a recently published procedure
using KOH saturated solution in methanol [4], while the other was adapted from [3], using KOH 2 M
in EtOH/H20 (1/1 v/v). The optimization was performed using three different types of meat (raw
bacon, pig rib, and beef rib). The most accurate internal standard distribution and the highest
recoveries were obtained with the later method.

Meat samples coming from various types of animals (mammals, poultry, and ruminants) were
purchased from different local supermarkets. They were subjected to the MASE with KOH 2M in
EtOH/H20 (1/1 v/v) before their analysis in LC-GCxGC-FID. The use of GCxGC together with the
information obtained by the MS allowed for a detailed investigation and to differentiate linear from
cyclic MOSH when present.

[1] EFSA, Update of the risk assessment of mineral oil hydrocarbons in food, J. EFSA 21 (2023) 1-
143.

[2] G. Bauwens, A. Gorska, G. Purcaro. The role of comprehensive two-dimensional gas
chromatography in mineral oil determination; ABC 415 (2023) 5067-5082.

[3] G. Bauwens, G. Purcaro, Improved microwave-assisted saponification to reduce the variability of
MOAH determination in edible oils, Anal. Chim. Acta 1312 (2024) 34278.

[4] P. Albendea, C. Conchione, L. Menegoz Ursol, S. Moret. A study on mineral oil hydrocarbons
(MOH) contamination in pig diets and its transfer to back fat and loin tissues; Animals 14 (2024) 1450.

Keywords: LC-GCxGC-FID/MS, meat, mineral oil hydrocarbons, LC-GC-FID, microwave-assisted
saponification
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Short- and medium-chain chlorinated paraffins (SCCPs and MCCPs, respectively) are emerging and
ubiquitous groups of environmental pollutants associated with adverse effects on human health
(such as endocrine disruption and possible carcinogenicity of SCCPs). They are classified based on
their carbon chain lengths (SCCPs with C10-C13 and MCCPs with C14-Cy7). The analytical chemistry of
CPs is a very challenging task, mainly due to the nature of the compounds (their technical mixtures
contain thousands of isomers and homologues, which are practically inseparable by conventional
chromatographic techniques) and the lack of suitable commercially available internal standards.
This study evaluated the risk assessment of SCCPs and MCCPs in a novel food category - edible
insects. CPs were extracted from insect-based food from the Czech market (n=67) and samples
obtained directly from farms (n=22) by ethyl acetate partitioning. The CPs were then isolated from
co-extracting lipids using solid phase extraction on a silica gel (deactivated by 2% of water) and then
analysed by gas chromatography coupled to high-resolution mass spectrometry operated in
negative chemical ionisation (GC-NCI-HRMS; Agilent 7890B GC with coupled with Agilent 7200B
quadrupole-time of flight mass spectrometer - GC/Q-TOF system; the CPs were separated on HP-
5MS Ul column, 15 m x 0.25 mm x 0.25 pm, all Agilent Technologies, USA). The method was
validated, with recoveries in the 70 - 100% range and repeatabilities (expressed as relative standard
deviations) <17%. The limits of quantification (LOQs) were 0.01 and 0.03 pg/g lipids (SCCPs and
MCCPs, respectively).

The CP concentrations in samples from the Czech market were in the range of <0.01 - 21.36 (median
0.08) pg/g lipids and <0.03 - 7.74 (median 0.09) pg/g lipids (SCCPs and MCCPs, respectively). The
consumption of analysed samples would not exceed the tolerable daily intakes (30 and 4 ug/kg body
weight, SCCPs and MCCPs, respectively). Nevertheless, the CPs dietary exposure is expected to be
low in the Czech Republic, therefore the consumption of insect-based foodstuff would be a
significant source of exposure to CPs, with a possible increase of the share in the total dietary intake
of insect-based food, due to the approval of edible insects being safe for human consumption in the
EU.

To find the possible source of contamination in the edible insects, samples obtained directly from
farms were also analysed. The CP concentrations were in the range of <0.09 - 2.16 (median 0.24)
ug/g lipids and <0.05 - 1.81 (median 0.44) ug/g lipids (SCCPs and MCCPs, respectively). The
samples were more contaminated than samples from the market (by medians), with lower extremes.

Keywords: chlorinated paraffins, gas chromatography, high resolution mass spectrometry, edible
insect
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ANALYTICAL STRATEGIES TO DETERMINE 3-7 RING MOAH IN FOOD AND
FOOD CONTACT MATERIALS: DACC-HPLC-GC AND GCXGC

Martin Lommatzsch*("

W Laboratory Lommatzsch & Sdger GmbH, Germany
*Corresponding author - E-mail: lommatzsch@mosh-moah.de

The contamination of food with different types of hydrocarbons is an on-going topic. The
introduction pathways are wide-ranging and can occur at all stages of the production chain from
farm to fork. The main focus is remaining on mineral oil hydrocarbons (MOH), which can be
subgrouped into mineral oil saturated hydrocarbons (MOSH) and mineral oil aromatic hydrocarbons
(MOAH). MOSH & MOAH can enter the food in substantial amounts during processing or via
migration from food contact materials (e.g. cardboard & jute bags). These contaminants are routinely
measured via online HPLC-GC-FID, which is enabling a matrix clean-up as well as a separation into
MOSH and MOAH fraction.

From a human health perspective, the MOAH fraction is considered of major concern by the
European Food Safety Authority (EFSA) [1]. However, an evaluation of MOAH is subdivided. On the
one hand, MOAH containing 3 or more aromatic rings (usually up to 7 rings are considered), are
associated with genotoxicity and carcinogenicity, due to their structural similarity to non-alkylated
polycyclic aromatic hydrocarbons (PAH). On the other hand, currently no toxicological information
is available for 1-2 ring MOAH. Consequently, a human health concern regarding 1-2 ring MOAH
cannot be excluded by the EFSA[1]. In order to obtain a better data base for an exposure calculation
and risk assessment, a routine analytical differentiation of the MOAH subgroups is highly demanded
[1].

Two analytical strategies are presented to enable a quantification of 1-2 ring and 3-7 ring MOAH.
Firstly, a comprehensive GC (GCxGC) analysis of the MOAH fraction is shown, which is providing an
optimized 2D GC separation for 1-2 ring and 3-7 ring MOAH [2]. Secondly, an online HPLC-GC-FID
method involving an additional HPLC separation step via a donor-acceptor-complex
chromatography column is discussed, which is enabling a further HPLC subdivision of the MOAH
fraction into mono-/diaromatic fraction (MDAF) and tri-/polyaromatic fraction (TPAF) for
quantification [3].

[1] EFSA Panel on Contaminants in the Food Chain (CONTAM), Update of the risk assessment of
mineral oil hydrocarbons in food, EFSA J. 21 (9) (2023).

[2] M. Biedermann, A. Eicher, T. Altherr, G. McCombie, Quantification of mineral oil aromatic
hydrocarbons by number of aromatic rings via comprehensive two- dimensional gas
chromatography: First results in food, J. Chromatogr. Open 2 (100072) (2022).

[3] M. Lommatzsch, M. Eckardt, J. Holzapfel, S. Sdger, T. Simat, Advanced separation of mineral oil
aromatic hydrocarbons by number of aromatic rings using donor-acceptor-complex
chromatography to extend on-line coupled liquid chromatography-gas chromatography, J.
Chromatogr. A 1715 (464600) (2024).
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INTERACTIVE SEMINAR: STEP BY STEP STRATEGIES FOR FAST
DEVELOPMENT OF SMART ANALYTICAL METHODS
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This educational seminar is intended not only for young scientists, all other RAFA attendees are also
welcomel!

Interactive demonstration of general approaches to fast development and troubleshooting in
laboratory focused on food quality and safety control will be provided. The moderators will introduce
interesting real-life case studies with various conceivable scenarios for each step in the method
development (including both sample preparation and instrumental analysis) and/or for each
troubleshooting problem. Attendees will be invited to identify the most suitable solution using an
anonymous online voting; discussion about each presented option will follow. Attendees will have a
possibility to check their knowledge, present their experience and, last but not least, win special
prizes by participating in a short quiz.

You are invited on the board and enjoy the special atmosphere of this informal seminar, which has
become a popular and well-received event at previous RAFAs.

Join the discussion, share your vision, learn something new and have some fun!

Keywords: troubleshooting, analytical methods development, sample preparation, instrumental
analysis
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SENSORY EVALUATION AS ESSENTIAL TECHNIQUE FOR THE
DETERMINATION OF OFF-FLAVOURS IN FOOD

Barbara Siegmund*("

W Graz University of Technology, Institute of Analytical Chemistry and Food Chemistry, Austria
*Corresponding author - E-mail: barbara.siegmund@tugraz.at

The flavour of food is one of the most important quality criteria as it is directly perceived by the
consumers. In general, consumers are very sensitive to changes or alterations of a product’s flavour
which they are familiar with. Changes in flavour may be caused by various reasons, such as changes
in the formulation, raw materials or conditions during production. Furthermore, off-flavour, which is
the occurrence of sensory characteristics that are not usually associated with the product and
therefore have a negative impact on the food, may be perceived. The occurrence of off-flavour is of
serious concern for the food industry as it may cause significant economic damage.

The reasons for off-flavour formation are manifold, for example (i) chemical reactions of food
components such as oxidative reactions (e.g. lipid autoxidation in edible oils), Maillard reaction
during processing and storage, light-induced radical reactions (e.g. the formation of sunstruck
flavour in beer) or acid-catalysed rearrangement reactions in citrus juices; (ii) microbial
contamination of the food leading to the formation of odour-active secondary metabolites; (iii)
genetically determined factors such as the formation of androsterone leading to the formation of
boar-taintin pork; (iv) formation of off-flavour in eggs, meat or milk products based on odour-active
components in the feedstock, or (v) migration of odour-active compounds from the packaging
material into the food as well as permeation of odour-active compounds from the surrounding
through the packaging material into the packaged food. For the producers itis of utmostimportance
to identify the compounds which are responsible for the off-flavour formation, in order to quickly set
measures to avoid the occurrence of off-flavour in further batches.

For the identification of off-flavour, sensory evaluation is of particular importance. Many compounds
which may cause off-flavour show very low odour thresholds, which implies that even though the
compounds cause a sensory defect in the product, they are present ultra-trace concentrations only.
This requires targeted analytical methods for the identification and quantification of the compounds
of interest. When performing sensory evaluation of tainted food commodities, a panellist's statement
"this is stinky” is not sufficient. The panellists must be well-trained to be able to specifically address
the quality of the perceived off-odour (in the best case to address the compound class which is
responsible for the taint). With this information at hand, the methods for targeted analysis of the
samples can be developed. The use and the importance of sensory evaluation for the identification
of off-flavour will be demonstrated with several case studies.

Keywords: sensory evaluation, off-flavour, odour threshold, targeted analysis
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RESPONSE SURFACE METHODOLOGY (RSM) AND UNTARGETED-
TARGETED METABOLOMIC ANALYSIS AS TOOL TO OBTAIN
POLYPHENOLS-ENRICHED EXTRACT FROM CITRUS MEDICA L. WITH
PROMISING USE IN NUTRACEUTICAL FIELD

Vittorio Calucci”, Ludovica Lela!”, Nadia Benedetto!”, Tereza Jaegerova?, Luigi Milella*"), Jana
Hajslova®

W Department of Sciences, University of Basilicata, Via dell’Ateneo Lucano, 10, 85100 Potenza, Italy,
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2 Department of Food Analysis and Nutrition, Faculty of Food and Biochemical Technology, University
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Citrus medica L. (citron) cultivar Diamante Liscia is a typical fruit cultivated in Italy (Calabria region).
It is currently underutilized in the nutraceutical field; however, it has been used in traditional
medicine for centuries for its carminative and anti-inflammatory properties [1]. This latter might be
due to the presence of antioxidant bioactive compounds that have been reported in C. medica [2].
In recent years growing demand for natural products and extracts is leading to the development of
appropriate or alternative extraction methods to reduce the use of organic solvents, raw materials
and time for increasing heath promoting molecule extraction yield [3].

For this purpose, in this work, the Response Surface Methodology (RSM) was built using three
independent variables (temperature, solvent, and time) and as dependent variables the antioxidant
activity was evaluated by Total Polyphenol Content (TPC), 2,2-diphenyl-1-picryl hydrazyl (DPPH) and
Ferric Reducing Antioxidant Power (FRAP) [4]. In order to investigate the impact of the three
independent variables, the untargeted-target screening of bioactive compounds was performed
using ultra-high performance liquid chromatography coupled with high-resolution mass
spectrometry (UHPLC-HRMS). Moreover, the antioxidant activity of the optimized extract was
evaluated in an intestinal cell line (Caco-2).

Optimal conditions obtained by RSM for the extraction of compounds with high antioxidant activity
were 47°C, 60 min and 82% EtOH. The optimized extract (yield 3.56+0.13%) reported the following
data: 3.79+0.09 mgGAE/g, 4.45+0.03 mgTE/g and 10.62+0.26 mgTE/g for TPC, DPPH and FRAP,
respectively. The results revealed that the optimized extract returned from the RSM is a rich source
of bioactive compounds like polyphenols followed by limonoids and phenolic acids. Furthermore,
the optimized extract reported no toxic effect at tested doses (10-400ug/mL) in Caco-2 cells after 2
and 24 h of treatment measured by 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide
(MTT) assay and exerted a protective effect against oxidative stress by reducing reactive oxygen
species and restoring the expression of cytoprotective enzymes, such as superoxide dismutase
(SOD), catalase, and NADPH-quinone oxidase NQO1.

In this framework, the RSM represented a valid method in our study to predict the best extraction
condition to obtain an extract rich in bioactive compounds paying particular attention on phenolic
compounds. Moreover, a comprehensive profiling ensured by untargeted-targeted metabolomics
on the whole fresh fruit was provided.

[1] Pieroni, A., et al. Journal of Ethnopharmacology, 91(2-3), 331-344.
[2] Carlucci, V., et al. Plants, 12(12), 2267.

[3] Yolmeh, M., et al. Food and bioprocess technology, 10(3), 413-433.
[4] Kleijnen, J. P. In Handbook of simulation optimization (pp. 81-104).

Keywords: Citrus medica L., response surface methodology, antioxidant activity, polyphenols
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USING HRMS TO IDENTIFY POTENTIAL MIGRANTS IN BIOBASED AND
BIODEGRADABLE FOOD CONTACT MATERIALS: POLYESTER AND
POLYLACTIC ACID BASED MATERIALS AS A STUDY CASE
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Univ, Spain
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*Corresponding author - E-mail: patriciavazquez.loureiro@usc.es

Biobased and biodegradable food contact materials (FCMs) are replacing conventional plastics
derived from petroleum sources to create more environmentally friendly polymers. However, from
the food safety perspective, there are still huge knowledge gaps such as the migration of low
molecular weight compounds that can be present and susceptible to migrate to the food, as well as
the risk assessment that is associated.

In this work, acetonitrile extracts of polyester and polylactic acid (PLA) type FCMs, mainly bags for
fruit and vegetables, were investigated using non-targeted strategies. For the analysis of non-volatile
compounds, Liquid chromatography coupled to high resolution mass spectrometry (HRMS) with
electrospray as ionization source (LC-ESI-Q-Exactive) was employed using a C18-like column (100
mm x 2.1 mm, 1.9 ym), while semivolatile compounds were analysed by gas chromatography
coupled to HRMS using electron impact as ionization mode (GC-EI-Q-Exactive) with a DB-5MS (30
m x 0.25 mm, 0.25 pm) column. Structural elucidation was based on MS' and MS? experiments as
well as scientific literature, mass spectral libraries (NIST libraries) and "in-house" databases.
Intentionally added substances (IAS) including a great variety of additives such as antioxidants,
plasticizers or slip agents, and non-intentionally added substances (NIAS) including reaction and
degradation products and oligomers were identified. It should be noted that numerous
combinations of oligoesters were identified in polyester samples, including linear and cyclic
combinations arising from diols and diacids used as monomers such as ethylene glycol, 1,3-
butanediol and/or neopentyl glycol with adipic acid and/or phthalic acid. Previous works support
these results [1,2,3,4]. PLA oligomer series were also newly identified in PLA samples. The toxicity of
these substances has not been evaluated and many of the detected compounds remain to be
elucidated.

[1] Omer etal., 2018, 10.1007/s00216-018-0968-z.

[2] Lestido-Cardama et al., 2022, 10.3390/polym1403048.

[3] Cariou et al., 2022, 10.1016/j.jhazmat.2022.129026.

[4] Vazquez-Loureiro et al., 2023, 10.1016/}.fpsl.2023.101183.

Keywords: LC and GC-HRMS, biobased, biodegradable, food packaging, NIAS
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SIMULTANEOUS ANALYSIS OF 17 ANTIVIRAL SUBSTANCES IN POULTRY
MUSCLE BY UHPLC-MS/MS

Christelle Robert*™"), Gilles Pierret", Nathalie Gillard@

Y CER Groupe, Belgium
2 CER Groupe, Analytical Laboratory, Belgium
*Corresponding author - E-mail: c.robert@cergroupe.be

Although antiviral drugs are not licensed for the treatment of influenza in food-producing animals,
there have been reports of their illegal use in poultry. In consequence, these compounds are now
considered as Prohibited or unauthorised pharmacologically active substances in food-producing
animals regarding the regulation (EU) 2022/1644.

The study aimed to detect 17 antiviral drug residues in poultry muscle (chicken and turkey) using
liquid chromatography coupled with tandem mass spectrometry (UHPLC-MS/MS). This included 9
influenza-related drugs and associated metabolites (amantadine, rimantadine, oseltamivir,
oseltamivir carboxylate, memantine, arbidol, and moroxydine), anti-herpes drugs (acyclovir,
ganciclovir, famciclovir, penciclovir), an immunomodulator (imiquimod), the pro drug of Ribavirin
viramidine as a multipurpose drug and others.

The method was based on Douillet et al (2022) involved chromatographic separation using a
hydrophilic interaction chromatographic (HILIC) BEH amide column to retain the highly polar
compounds. Detection was achieved with a triple quadrupole mass spectrometer operating in
positive electrospray ionization mode. The determination of the target compounds was conducted
in less than 12.0 min, and specificity was ensured by the use of multiple reaction monitoring (MRM)
positive acquisition mode.

Various sample preparation protocols were evaluated to accommodate polar compounds, with the
most effective procedure involving acid/acetonitrile-based protein precipitation followed by a
defatting step with hexane. The sample was further pretreated using a modified QUEChERS method.
The method was validated according to the EU 2021/808 guidelines for qualitative confirmatory
method across different poultry species, including chicken and turkey. As no target value or
minimum method performance requirement has yet been set, a target concentration of 2.5 pg/kg
was used. Decision limits varied from 2.7 pg/kg to 3.7 pg/kg. Ribavirine, zanamivir and favipiravir did
not pass the validation criteria due to a lack of sensitivity. The method can be now implemented to
official controls to control the illegal use of antiviral drugs in poultry.

Keywords: antiviral drugs, chicken muscle, LC-MS/MS method
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DEVELOPMENT OF A DNA METABARCODING METHOD FOR PLANT
SPECIES IDENTIFICATION IN FOOD
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Plant materials make up the base of human and animal nutrition around the world, from staple grains
to side dishes, drinks, and spices. In accordance with frequent use, several of the common targets
for food fraud are plant-based: vegetable oils (olive in particular), fruit juices, honey, spices, and
herbs. Recurring types of fraud include substitution with cheaper alternatives, waste diversion, and
adulteration [Haji et al., 2023, Food Science and Nutrition]. To enable consumer choice and ensure
the proper labelling of food as per EU Regulation No. 1169/2011, efficient identification methods
need to be established. Screening methods such as DNA metabarcoding offer a significant
advantage because of the application of universal primers. The next generation sequencing (NGS)
technology employed allows efficient large-scale parallel sequencing, as well as analysis of samples
with mixed composition.

Expanding from the Codex Alimentarius Austriacus, a list of 900 food-relevant plant species was
compiled. Of these, 694 ITS2 reference sequences were available in the NCBI database. In silico
analysis of the ~270 bp barcodes was performed using the CLC genomics workbench software,
assessing the theoretical capability to differentiate plant species. DNA was extracted using a
commercially available kit (Maxwell®), followed by amplicon PCR. Primers were optimized to achieve
better PCR amplification. DNA library preparation was performed according to a protocol from
lllumina [Dobrovolny et al., 2019, Food Chemistry]. The samples were sequenced on the MiSeq®
instrument. The resulting FastQ files were processed with a Galaxy analysis pipeline and the results
compared to those of a DADA2 analysis pipeline [Callahan et. al., 2016, Nature Methods]. BLASTn
was used to identify the generated DNA sequences.

We have developed an ITS2 primer system for DNA metabarcoding of plants. Reference materials
tested with this method include fruits, grains, honey, juices, leaves, nuts, oils, spices and vegetables.
Of the sequences generated, 94 % could be identified on genus level, 65 % on species level. As
expected, differentiation between closely related species, such as Brassica spp., Citrus spp., or
Triticum spp., turned out to be the most challenging. Testing will be expanded to include more
processed food samples. Proficiency test samples of known composition will be used to validate the
method. When comparing the results of data analysis by Galaxy pipeline, it was observed that
roughly 31 % of the total number of reads could be used for analysis, whereas the application of the
DADAZ2 pipeline resulted in 66 % of usable reads after data processing.

In conclusion, ITS2 DNA metabarcoding seems promising for differentiating plants in food on genus
level, and further capable of identifying many plants on species level. Furthermore, the DADA2
pipeline is more suitable for our data analysis.

Keywords: DNA metabarcoding, Next Generation Sequencing (NGS), plant species identification,
food authenticity
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PAPER-IMMOBILIZED LIQUID PHASE MICROEXTRACTION FOR DIRECT
PAPER SPRAY MASS SPECTROMETRY AND IMMUNO-DETECTION OF
ATROPINE IN BABY FOOD, BUCKWHEAT CEREALS, AND EDIBLE OILS AT
REGULATORY LEVELS
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Contamination with tropane alkaloids (TAs), such as atropine (ATR), in different food commodities is
increasing globally, but frequent TA-analysis is expensive and time-consuming. Moreover, the range
of relevant matrices, as well as corresponding differences in required detection limits are wide,
further complicating the matter. Therefore, the objective of the current work has been to develop a
more rapid and affordable paper-based workflow, combining immuno-detection and mass
spectrometry to detect ATR in buckwheat, baby cereals, and canola oil at relevant levels (0.5-15
ug/kg). In this workflow, ATR is extracted from the food commodities with a dilution or solid-liquid
extraction, followed by a selective enrichment using a dual paper-immobilized liquid phase
microextraction (PI-LPME; enrichment factor of £144). One of the two PI-LPME papers can be directly
coupled to a validated indirect competitive lateral flow immunoassay (icLFIA; IC50-value = 0.56
ng/mL) for initial screening at the point-of-need. During validation of this icLFIA, a cut-off value was
established at a false negative rate of 1% resulting in an estimated false positive rate of 0.7%. In case
of a suspect sample, the second PI-LPME paper can be transported to the laboratory, where it can
be stored at room temperature (stability of ATR > 90% up to at least 10 days). In the laboratory, the
PI-LPME paper can be rapidly analyzed with paper spray-high resolution mass spectrometry (PS-
HRMS). The developed PS-HRMS method could reach detection limits in matrix below regulatory
levels (0.8 - 2.7 ug/kg). Furthermore, the PS-HRMS exhibited good performance compared to HPLC-
HRMS (after PI-LPME sample preparation) in terms of precision (1% - 12% vs. 6.3% - 10%) and
accuracy (0.2% - 15% vs. 0.9% - 17%). In conclusion, our paper-based workflow reduces the average
sample-to-result time, required storage space, and the amount of samples requiring HPLC-MS/MS
analysis in the laboratory. Therefore, it has the potential to aid in the fast and inexpensive monitoring
of ATR. Importantly, the method’s suitability is demonstrated for very diverse matrices, and it is
expected that it can be easily adapted to monitor for other food safety hazards - given the wide
applicability of liquid-liquid extractions.

Keywords: tropane alkaloids, immunoassay, on-site sample preparation, ambient ionization mass
spectrometry
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ELEMENTOMICS, METABOLOMICS, AND CHEMOMETRIC APPROACHES
AS TOOLS IN EXPLORING BLACK PEPPER IDENTITY
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Black pepper (Piper nigrum L.) is one of the most used spices worldwide because of its flavouring
and taste enhancement potential. Its use in traditional medicine is attributed to the antimicrobial and
therapeutic properties of the bioactive compounds. The sensory and chemical characteristics of
black pepper are highly influenced by the environment encompassing geographical origin, soil
quality, and handling processes. In recent years, consumers have placed high economic importance
on product geographical indication, as a way of preventing fraud through protecting the origin of a
product and its characteristics. This trend has increased the demand for detailed information
regarding the geographical source of food products. Verifying the geographical origin of black
pepper is relevant to protect value chain actors while upholding food integrity and well-being.

The present study aims to assess the geographical traceability of black pepper using elementomics,
untargeted metabolomics, and chemometrics tools. A total of 150 black pepper samples collected
from 5 countries (Vietnam, Indonesia, India, Brazil, and Cambodia) were analysed using inductively
coupled plasma mass spectrometry (ICP-MS) and liquid chromatography quadrupole time-of-flight
mass spectrometry (LC-QToF-MS) to obtain elemental and chemical fingerprints of the samples,
respectively. Chemometric technique was used for the multivariate statistical analysis of the
generated elemental and chemical fingerprints, specifically the unsupervised model principal
components analysis (PCA) and the supervised model partial least squares-discriminant analysis
(PLS-DA) for the discrimination and classification of the samples. Our models demonstrated a
classification accuracy rate of above 90% regardless of the instrumentation used. Application of data
fusion technique on the data improves the classification of the geographical origin to above 95%.
Our findings provide empirical evidence for combined elementomics, metabolomics and
chemometrics techniques as a tool for black pepper authentication and possible application to other
food products for fraud prevention while ensuring the quality and safety of end users.

Keywords: black pepper, authenticity, elementomics, metabolomics, chemometrics
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EMERGING CONTAMINANTS EXPOSED: COMBINING EFFECT-BASED
TESTING AND ANALYTICAL CHEMISTRY FOR FOOD AND FEED SAFETY
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Food authorities strive to ensure the safety of our food, necessitating highly sensitive analyses to
detect both banned and regulated substances at low concentrations. Additionally, comprehensive
screening methods are essential to identify new and emerging risks. Effect-based bioassays, when
combined with mass spectrometric analyses, provide a significant advantage in achieving these
goals.

Utilizing both effect-based bioassays and conventional mass spectrometric techniques in routine
monitoring may reveal discrepancies. These discrepancies can be further investigated with analytical
methods to identify and confirm the presence of emerging substances that exhibit similar biological
effects to already regulated substances.

For example, during routine monitoring of dioxins in agricultural products, samples are initially
screened using the DR CALUX (Dioxin-Responsive Chemical Activated Luciferase Gene Expression)
bioassay. Suspect samples are then analyzed for dioxins using the confirmatory gas chromatographic
high-resolution mass spectrometric (GC-HRMS) method. A discrepancy was observed in egg and
broiler fat samples between the results of the DR CALUX bioassay and the GC-HRMS analysis. The
bioassay indicated high responses, suggesting a significant exceedance of the maximum dioxin
limits, yet regulated dioxins or dI-PCBs were not detected by the GC-HRMS analysis.

Ultimately, a comprehensive screening analysis using GC-HRMS led to the identification of 2,3,7,8-
tetrabromo-dibenzofuran (2,3,7,8-TBDF) in both egg and broiler fat samples. This finding was
confirmed by comparison with a commercial standard solution, and the bioactivity of this compound
was verified using the DR CALUX bioassay.

The source of the contamination remained unknown, prompting the analysis of various samples,
including bedding material, poultry feed, feed additives (choline chloride and L-lysine), and
seaweed. Both the poultry feed and feed additives contained 2,3,7,8-TBDF. By employing a feed-to-
food transfer model, it became evident that the poultry feed was likely the source of 2,3,7,8-TBDF in
broilers and eggs, originating from a feed additive like L-lysine or choline chloride [1].

During the presentation, this example, along with others, will be discussed to highlight the
importance of combining effect-based screening assays with sensitive analytical methods in
detecting potential new and emerging risks.

[1]Dirks, C.; Gerssen, A.; Weide, Y.; Meijer, T.; van der Weg, G.; van de Schans, M.G.M.; Bovee, T.F.H.
Brominated Dioxins in Egg, Broiler, and Feed Additives: Significance of Bioassay-Directed Screening
for  Identification =~ of  Emerging Risks in  Food. Foods 2024, 13, 931.
https://doi.org/10.3390/foods 13060931

Keywords: food and feed safety, effect-based bioassays, mass spectrometry, emerging
contaminants
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Our in-house method is fully validated and capable of quantifying over 1000 fungal metabolites and
plant toxins in 40 minutes, with 2 injections in positive/negative ionization modes, 20 minutes each.
To explore the extent to which the method can be accelerated without compromising accuracy and
precision, we applied fast polarity switching (FPSW) alongside with scheduled multiple reaction
monitoring (sMRM).

Nine (9) different setups were tested to compare the applicability of HPLC & UHPLC column, to
explore variations in method performance between FPSW and positive/negative polarity as well as
the impact of accelerated gradients, ranging from 20 minutes measurement time to 10 minutes
measurement time.

To determine whether the implementation of these accelerated methods is feasible without
significant deterioration of data quality, all 9 methods were validated according to SANTE
11312/2021(V2). Validation was carried out on 5 distinct samples of oats and muesli. Samples spiked
on a high concentration level (pre- and post-extraction) were tested to determine both repeatability
as well as intermediate precision, matrix effects and recoveries of the extraction. Additionally, three
low concentration levels were employed to determine the limits of detection (LOD) and
quantification (LOQ).

Final analysis of the validation data is pending due to the extensive number of validated setups.
Results retrieved so far indicate that matrix effects are not significantly affected by FPSW, while
repeatability and intermediate precision still comply to official criteria. However, applying a fast
UHPLC-gradient on top of FPSW severely compromises data quality especially on lower
concentration levels.
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In the last decade, the increasing demand for healthy and sustainable foods enhanced the interest
on bioactive molecules from natural sources. Among these, secondary metabolites, with more than
8000 molecules currently identified in several plant and food matrices, are well known for their
antioxidant activities and therapeutic powers. In this context, achieving a complete characterization
of complex food samples often requires the use of advanced chromatographic platforms. Among
these, comprehensive two-dimensional liquid chromatography hyphenated with PDA and MS or
MS/MS detectors is one of the most used approaches to obtain high-quality data for unequivocal
identification.

The determination of secondary metabolites in food analysis is generally carried out by reversed-
phase liquid chromatography (RP) and hydrophilic interaction liquid chromatography (HILIC)
separation mode. The object of the current contribute is to compare different platforms (HILIC x RP,
RP x HILIC, RP x RP) employing a fixed solvent modulation for the analysis of complex matrices.
Their performances were evaluated in terms of peak capacity, orthogonality and maximum number
of identified compounds.

In particular, this contribution was focused on food products naturally derived from herbs and spices,
such as sumac, herbal liqueur and juice; these under study platform enabled the identification of a
huge number of compounds, higher compared to conventional monodimensional separations. The
increase in separation power allowed for a more accurate and robust quantification of the analytes,
due to the possibility to solve many coelutions and reduce matrix effects related to interfering
compounds.

Acknowledgement: The authors are thankful to Shimadzu and Merck Life Science Corporations for
the continuous support. The researches were performed within the framework of the Research Project
PRIN PNRR - MISSIONE 4, COMPONENTE 2, INVESTIMENTO 1.1 - BANDO PRIN 2022 PNRR -
DECRETO DIRETTORIALE N. 1409 DEL 14-09-2022: Sumac nutraceutical Potential through Innovative
and Comprehensive invEstigation (SPICE), supported by the Italian Ministry of University and Scientific
Research, CODICE IDENTIFICATIVO: P20224B5BE, CODICE CUP: J53D23014460001.
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Micro-/Nanoplastics (MPs/NPs) are emerging environmental pollutants of concern, with scientific
evidence on potential exposures and health risks still rapidly evolving. Contamination of the food
chain is considered as one of the pathways of human exposure to MPs/NPs. While there are a number
of monitoring studies that reported occurrence of MPs/NPs in food products, the interpretation of
reported results is challenging due to the lack of a harmonised method, resulting in highly variable
results that may not be directly comparable. There is an urgent need to develop a set of validated
methods for reliable identification, characterization and quantification of MPs/NPs in food.

We have developed and validated an analytical method for MPs that can be used to simultaneously
identify, size characterize and quantitate MPs that are present in table salts and seafood by both
number and mass. The analytical method was subsequently deployed for a retail survey of MPs in
table salts and seafood to provide occurrence data to aid in risk assessment. For NPs, we have built
a multi-technique based analytical platform to identify, characterize and quantify NPs in water
samples. Starting from a simple matrix, it has the potential to be applied to complex food types. The
established analytical platform can fill an analytical gap by offering a solution for quantifying size-
resolved mass concentrations of NPs.

Currently, there is no legislation for MPs/NPs as contaminants in food. More exposure and toxicity
data are needed to fill the gaps in scientific knowledge and risk assessment of MPs/NPs to human
health, and to facilitate the final translation of data into policy decisions.

Keywords: microplastics, nanoplastics, identification and quantification, food matrix, multi-
technique-based analysis
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The food production system contributes to one-third of global greenhouse gas emissions, with a
significant portion associated with animal farming. Sustainable alternative protein ingredients,
particularly whole flour or protein fractions from cereals and pulses, are being introduced to the
market as substitutes for animal proteins due to their functional properties. These ingredients require
a thorough nutritional assessment and evaluating anti-nutritional factors (ANFs) is a critical part of
this process. This investigation is focused on commercial ingredients selected to be
comprehensively studied in the context of the Horizon Europe project GIANT LEAPS.

We developed an analytical pipeline to investigate how protein fractionation impacts key ANFs—
phenolics, phytic acid, lectins, and protease inhibitors—in high-protein food ingredients derived from
cereals, pulses, and press cake. Phenolics were included as ANFs for their ability to bind proteins,
thereby interfering with their digestibility and bioavailability. The combination of quantitative
spectrophotometric determinations, electrophoresis, and high-resolution mass spectrometry
allowed the discrimination of ingredients based on the amount of ANFs. The activity of
proteinaceous ANFs, identified by mass spectrometry, was confirmed with biological assays. Active
lectins were examined via an in vitro hemagglutination test, and trypsin inhibition tests assessed the
presence of active serine protease inhibitors.

Our analyses revealed that protein fractionation affects both non-proteinaceous and proteinaceous
ANFs, influencing the levels of these factors in the final ingredient. We found a connection between
mass spectrometry semi-quantitative determinations and confirmatory biological activity assays.
Depending on the type of ANFs, the fractionation process does not necessarily increase ANFs
activity, with wet and dry extraction leading to lower and higher activity, respectively. On the other
hand, both wet and dry protein fractionation led to a concentration of phytic acid, especially in
pulses.

The collected evidence strongly suggests the need for a communicative bridge between ingredient
producers and food product designers to adequately inform them about the type and quantity of
ANFs present in each ingredient.

Keywords: protease inhibitors, lectins, phytic acid, mass spectrometry, hemagglutination
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In recent years, many questions related to proteins within food and feed safety were raised, including
"which allergens are present in (processed) foods, and in what concentrations?” and “what are the
new food and feed safety risks of the protein transition?”.

Mass spectrometry techniques are increasingly used to answer these questions as other techniques
(alone) do not achieve the specificity and/or sensitivity needed. Within WFSR, we developed a non-
targeted proteomics workflow based on liquid chromatography coupled to high-resolution mass
spectrometry (LC-hrMS/MS) in data-independent acquisition (DIA) mode. In short, proteins are
extracted from food or animal feed and enzymatically cut into specific peptides by protease. The
resulting peptides are then analyzed with LC-hrMS/MS in DIA mode. Resulting peptides are
identified and mapped to corresponding proteins by applying neural network-based software such
as FragPipe and DIA-NN. Afterwards, a uniqueness test (UniPept) is performed to quickly evaluate
which peptides are taxonomically unique for a given species and/or tissue (e.g. specific to soy, pea
or other plant ingredients).

Recently, we applied this non-targeted proteomics workflow to a selection of heat-processed
legumes with or without adding sugar and/or salt. Legumes are increasingly used in our nutrition,
unprocessed or processed, or are entering the food chain unintendedly, resulting in potential
allergic reactions of consumers when not labelled correctly. Therefore, in both cases, qualitative and
(semi)-quantitative analysis of the legume proteins is relevant but occurs to be difficult in processed
foods as proteins tend to react and change upon processing (e.g. Maillard reaction). Due to these
chemical changes, proteins and thus corresponding signature peptides might escape targeted
analysis by applying standard settings. In our research, we applied our workflow to investigate the
(in)stability of legume proteins (and subsequent signature peptides) during processing. We further
evaluated the possibility to accurately quantify legume proteins in heated matrices by LC-hrMS/MS.
We will present our findings on the application of this non-targeted LC-hrMS/MS proteomics
workflow to heat-processed legumes, revealing both the identification of process-stable peptides
and the challenges ahead in quantifying legume proteins in complex food matrices.

Keywords: proteomics, safety, quantification, processing, legumes
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USING MASS SPECTROMETRY
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Since the last decade, proteomics has an increasing role to play in food analyses and control. The
food labels information must be validated, and therefore precise and reliable analytical methods are
required in order to check the seller's declaration and confirm that the provided information is
accurate with regard to product safety, composition and quality expected by the consumers. The
proteomic methods are suitable to authenticate the protein origin in food products.

In our Laboratory of Applied Proteomics at the University of Chemistry and Technology in Prague,
we employed two mass spectrometric techniques (matrix-assisted laser desorption/ionization time-
of-flight (MALDI-TOF) and liquid chromatography-electrospray ionization quadrupole time-of-flight
mass spectrometry (LC-ESI-Q-TOF)) to the analyses of four approved edible insect species (Acheta
domesticus, Alphitobius diaperinus, Locusta migratoria, and Tenebrio molitor) and six not yet
approved insect species (Blaptica dubia, Gryllus assimilis, Hermetia Illlucens, Schelfordella tartara,
Schistocerca gregaria, and Zophobas morio). We looked for optimal conditions (e.g. weight of
sample, time of enzyme digestion, matrix to sample ratio) for samples preparation and then for m/z
values and amino acid sequences characteristic for each analysed insect species to be able to
distinguish them.

Using PostgreSQL database system, which was accessed using the pgAdmin tool, we found tens to
hundreds of the characteristic m/z values and amino acid sequences for each insect species. We
verified the applicability of these markers on model samples on selected commercial products from
edible insects. Using MALDI-TOF, the insect origin of the model samples was determined, which
were like blank samples prepared by mixing two or three different insect species. It was also possible
to determine the insect origin of selected commercial products. The results obtained from LC-ESI-
Q-TOF show also a great potential in the authentication of insect species in food products.

In the lecture, we would like to point out the critical points of sample preparation and the possibilities
and limitations of the applicability of proteomic methods in the determination of insect species in
food.

Keywords: proteomics, mass spectrometric techniques, edible insects, insect species identification,
food analyses and control
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Most infant formulae use cow’s milk as the only protein source. As cow’s milk allergy is one of the
most common food allergies for infants, the proteins can be hydrolysed into smaller peptides, thus
destroying epitopes recognised by the immune system and reducing the allergic potential. These
hypoallergenic (HA) formulae are used for prevention or therapy of cow's milk allergy. The
physiological evaluation of these products is particularly important since infants are a highly sensitive
target group. Peptides have a direct impact on the nutritional quality but have mainly been
investigated qualitatively. Therefore, quantitative peptide profiling is necessary as it provides further
information on the peptide composition to give a comprehensive overview of the profile and ensure
adequate quality control of infant formula.

An untargeted diaPASEF (data independent acquisition parallel accumulation serial fragmentation)
approach on a microLC-IM-QTOF-MS/MS system was applied in the present study for a relative
quantification of the peptide profiles. As DIA performs an unbiased selection of precursor ions, a
spectral library is required to deconvolute the resulting mixed MS/MS spectra. Therefore, a DDA
(data dependent acquisition) approach was used to generate a sample- and device-specific spectral
library containing the information required for peptide identification. The data was evaluated with
the software PEAKS” Online.

The DDA library, generated from 16 different commercial HA formulae, consists of 583 proteins and
5546 peptides. It was used for the subsequent optimisation of the diaPASEF method. For this
purpose, py_diAID, a freely available Python package, was applied. It generates diaPASEF methods
with variable isolation widths adjusted to the precursor density, thus overcoming the limitations of
an original method with equidistant widths. The optimisation process increased the number of 17
equidistant to 30 variable ion mobility windows and reduced the cycle time from 1.8 to 1.7 sec. The
method was then further optimised using one specific sample and individualised for infant formula.
Comparison of the original and final method revealed a 20.3% increase in identification rate and a
29.2% improvement in quantitative reproducibility. 628 peptides were identified with a CV of 0.8%
and quantified with a CV of 17.2%.

This diaPASEF method was used to analyse the 16 HA formulae from the spectral library. Depending
on the sample, between 275 and 955 peptides were identified using an LFQ (label free
quantification) approach. This data was then used to compare the quality of the commercial products
on an extended basis. In this way, not only the length or origin of the peptides can be considered,
but also their relative abundance and composition. The results showed that the peptide profile of
HA formula differs greatly between manufacturers, which highlights the need for a quantitative
approach to not only differentiate but also evaluate the products.

Keywords: hydrolysed infant formula, peptide profiling, diaPASEF, spectral library, quantitative
proteomics
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Volatilomics is an emerging discipline aimed at characterizing volatile metabolites in various
samples. Recently, two-dimensional gas chromatography (GCxGC) with parallel flame ionization
detector (FID) and mass spectrometry (MS) has gained attention for combining compound
identification (via MS) with accurate quantification (via FID). Typically, FID and MS traces are
processed separately. This study focuses on merging MS and FID chromatograms to improve pattern
recognition during template matching and enable quantitative volatilomics on a large set of features.
Features matching is guided by MS spectral similarity, reducing mismatches and extracting FID
responses for accurate quantification.

This approach was tested for characterizing the aromatic identity of hazelnuts, a premium
confectionery ingredient. GCxGC-FID/MS traces of hazelnuts highlight molecules that differentiate
cultivars, geographical origin, post-harvest treatments, bacterial/mold contamination, oxidative
stability, and sensory quality [1]. This strategy aligns with the Sensomics-Based Expert System
(SEBES), which act as an Al-Smelling predicting food aromas without human olfaction [2].

The dataset included raw hazelnut samples analyzed over four years of production, in which MS
response variability requires normalization and internal standards correction for consistent analysis.
Chromatographic misalignments over time can cause 2D peak pattern inconsistencies [3]. Data
fusion, guided by MS spectral similarity, reduces false negatives by about 80% on 441 detectable
features in raw hazelnuts compared to FID alone and minimizes false positives, enhancing method
specificity and selectivity. Data fusion also halves processing time and facilitates metadata transfer.
After pattern recognition step, FID signals are extracted for quantitation based on calibration or
predicted FID response factors.

Quantitative volatilomics with parallel detector signal fusion reliably tracks aroma changes over
crops and shelf-life, enabling robust marker discovery for industrial quality assessment.

[1] Squara S., ... Cordero C. 2023. Artificial Intelligence decision-making tools based on
comprehensive two-dimensional gas chromatography data: the challenge of quantitative
volatilomics in food quality assessment. J. of Chromatography A, 1700, 464041.
https://doi.org/10.1016/j.chroma.2023.464041.

[2] Nicolotti L, ... Schieberle P. 2019. Characterization of Key Aroma Compounds in a Commercial
Rum and an Australian Red Wine by Means of a New Sensomics-Based Expert System (SEBES) - An
Approach to Use Artificial Intelligence in Determining Food Odor Codes. J. Agric. Food Chem. 67,
4011-4022. https://doi.org/10.1021/acs.jafc.9b00708.

[3] Stilo F, ... Cordero C. 2019. Untargeted and Targeted Fingerprinting of Extra Virgin Olive Oil
Volatiles by Comprehensive Two-Dimensional Gas Chromatography with Mass Spectrometry:
Challenges in Long-Term Studies. Agric. Food Chem, 67(18), 5289-5302.
https://doi.org/10.1021/acs.jafc.9b01661.

Keywords: quantitative metabolomics, comprehensive two-dimensional gas chromatography,
volatilomics, MS-FID Fusion, artificial intelligence smelling
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Coffee is the second largest global commodity, and its characteristic aroma is essential for its appeal.
By fermenting green coffee beans in a controlled manner, it is possible to enhance the flavour and
sensory profile of the coffee beans to achieve higher specialty coffee association (SCA) gradings on
specialty coffees [1]. In the literature, various bacteria and yeast strains are described for controlled
coffee fermentations [2]. This could be of interest to the industry, as this would lower the production
costs of such coffees. However, this could also lead to a misuse by claiming controlled fermentation
on unfermented low-grade coffees.

To date, the analysis of the metabolome of fermented coffee beans is commonly based on HPLC or
HPLC-MS [3] and solid phase microextraction (SPME)-GC-MS for volatilome [4]. With cup tastings,
SCA trained experts compare and describe the sensory properties of coffees by the smell, aroma,
sweetness, body and several more sensory attributes [5].

The aim of this study is the development of a screening technique for the confirmation of a controlled
coffee fermentation. In a later step, a fingerprint-based model for the differentiation between
microorganisms used for controlled fermentation will be established.

An authentic sample set was acquired on a coffee farm in brasil, by fermenting ripe and washed
coffee cherries with the addition of three different known yeasts and without the addition of
microorganisms, respectively. As a fast-screening method, GC-IMS was used to compare the volatile
profiles of the samples. Furthermore, the sensory properties of the different fermented coffees were
evaluated by experts. For complementary data, an in-depth metabolomic analysis of the coffees was
carried out with HPLC-ESI-HRMS and metabolomic workflows.

The sensory profile of coffee beans is highly dependent on various factors including variety,
processing, origin, profile of roasting and fermentation inoculum. To avoid adding skewness to the
analysis, as many confounding variables as possible were excluded. The analysed coffee beans were
from the same origin, variety, processing and profile of roasting and differ only in their fermentation
inoculum. The assessed GC-IMS data is high-dimensional and partially colinear and demands for a
multivariate data analysis approach. For the evaluation of HPLC-MS data, a univariate analysis was
chosen to highlight possible marker substances for specific microorganisms used in fermentation.
In this talk, a multivariate evaluation of GC-IMS data for a fast classification of coffee fermented with
different microorganisms will be presented. Furthermore, a univariate data analysis of HPLC-HRMS
data for the tentative identification of a marker substances will be shown.

[1] Bressani et al. 2020.

[2] Aditiawati et al. 2020; da Silva et al. 2021.
[3] Elhalis et al. 2020.

[4] Lee et al. 2016.

[5] Martinez et al. 2017; Wang et al. 2020.

Keywords: volatilomics, machine-learning, coffee fermentation, GC-IMS, HPLC-HRMS
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Traceability of food products throughout the supply chain is an integral part of ensuring the quality,
safety and authenticity of the food we consume. Significant fraud cases have been reported in the
European Union and many other countries over the past few years. Food fraud concerns the whole
agri-food sector, from small local shops and farmers markets to supermarket chains, internet sales,
and global large-scale retailers. To contribute towards assuring consumer confidence of the food
supply chain, in addition to administrative controls, it is highly important to have robust analytical
methods that can verify food labelling claims in an objective and independent way.

Technological advancements made over the recent years in the field of vibrational spectroscopy
allow performing rapid, cost-effective non-targeted food authenticity screening. Benchtop and
portable spectroscopy devices offer high sample throughput, low cost, ease-of-use in routine
operations and applicability to on-site/on-line analysis. These analytical approaches can be used as
Tier 1 screening techniques and have the potential to be easily integrated into quality management
procedures at various stages of the food supply chain.

We present an overview of the recent applications of benchtop and portable infrared spectroscopy
techniques, multispectral imaging as well as gas chromatography-ion mobility spectrometry that
have been used at the Joint FAO/IAEA Centre of Nuclear Techniques in Food and Agriculture for
the verification of food authenticity and determination of geographical origin. Applications of these
techniques, combined with chemometrics and data fusion, for the geographical discrimination of
rice and palm oil, and the authenticity testing of Arabica coffee, will be presented. We discuss
validation strategies, advantages, challenges, and future perspectives of these rapid screening
approaches for food authentication.

Keywords: food fraud, food authenticity, geographical origin, infrared spectroscopy, gas
chromatography-ion mobility spectrometry
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PORTABLE NIR SPECTROSCOPY AND MACHINE LEARNING FOR A
GLOBAL HONEY AUTHENTICATION AND FRAUD DETECTION
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The present study aims to illustrate the potential of near-infrared spectroscopy (NIR) by portable
instrumentation, combined with machine learning techniques and chemometrics, for the global
authentication of honey origins and the detection of adulterants.

Beekeeping is currently facing significant challenges due to climate change, agrochemical overuse,
spread of parasites, industrialization, and fraudulent practices. Recent coordinated actions led by the
European Commission (From the Hives, 2021-2022) underscore the impact of honey frauds,
emphasizing the necessity for fast and easy-to-use analytical techniques able to ensure the
authenticity of the high numbers of products on the market. Authenticity involves adherence to
declared information, regulatory standards, and safety protocols. European legislation mandates
labels to specify honey origin and prohibits adulterants, reflecting consumer demand for accurate
floral and territorial attribution.

Reliable analytical methods are crucial for detecting adulterants and tracing their origins, particularly
in imports and internal markets susceptible to fraud. In this context, portable NIR spectroscopy offers
on-site analysis capabilities, circumventing costly delays associated with laboratory testing.

This research focused on simultaneously predicting the origin of honey and detecting adulterants
using a portable NIR by analyzing multifloral and unifloral honey samples from Spain and lItaly.
Samples were adulterated with syrups containing glucose, fructose, and maltose. Several
approaches were tested for modelling, including simple chemometrics techniques and machine
learning for variable selection. Linear discriminant analysis (LDA) was used to discriminate samples
based on botanical and geographic origin, while partial least squares (PLS) regression was used for
adulterant quantification. Different spectral pre-treatments were evaluated while genetic algorithms
(GA) were used for variable selection.

The study achieved prediction accuracies of 90% and 95% for botanical and geographical origins,
respectively. LDA models discriminated pure from adulterated honey samples with over 92%
accuracy. PLS models demonstrated high accuracy, with performance influenced by botanical origin
and the composition of adulterants.

The findings highlight the potential of NIR spectroscopy combined with chemometrics for global
honey authentication, predicting origins and detecting adulteration.

Keywords: honey, near-infrared spectroscopy, machine learning, adulteration, traceability
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ELEMENTAL PROFILE OF HONEY: INSIGHTS RELATED TO THE
ENVIRONMENTAL INFLUENCES AND THE DEVELOPMENT OF
AUTHENTICATION MODELS
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One of the oldest natural sweeteners, honey is a highly desired commodity worldwide. As a result,
significant amounts of honey having various botanical and geographical origins are produced. The
main chemical compounds of honey are sugars and water, having also small amounts of amino acids,
proteins, vitamins, and minerals, all of which contribute to the nutritional value. In this context, the
elemental content of honey is an important attribute, as it is enriched in macro-minerals (i.e. K, Mg,
P) and essential trace elements (i.e. Fe, Se, Zn). Apart from these valuable elements, other potentially
toxic metals need to be monitored (i.e. As, Cd, Pb), as well as emerging contaminants such as the
Rare Earth Elements group (REEs). The latter unsafe elements can be presentin honey and are linked
to its geographical origin. It was determined that the soil elemental composition is reflected in the
content of honey, as the plant uptakes these elements through the root system, which concentration
ratios remain consistent in plants/flowers, and even after bees’ digestion and honey production. As
the REEs distribution in soil is highly influenced by hydrothermal processes, depth, or environmental
pollution (i.e. mining; waste from car/device production), more research should be conducted
regarding the REEs link to soil and foodstuff distribution. This work aims to further our understanding
of those factors related to the REEs content in honey. In this regard, the possible connections among
several essential and trace elements were screened, as well as interdependencies that influence the
REEs content in honey were analyzed. For this purpose, 212 honey samples having more than 25
botanical origins and collected from six countries, were measured to determine their isotopic and
elemental fingerprint. Pearson correlation was employed to assess these interdependencies and
results with a high degree of generalizability were obtained because of the samples' diverse
distribution. The present study also examines variations in REEs, isotopic and elemental content of
honey based on geographical areas where plants grow (horizontal distribution), by comparing the
profile of the samples from Romania with samples produced in other EU countries. Moreover, it was
assessed whether the analyzed profile of the samples is influenced by the root depth of the plant
used for honey production, by determining the discriminators among samples derived from deep-
rooted tree sources (i.e. acacia, linden, chestnut, fir) and from shallow-rooted Herbaceous plants (i.e.
colza, sunflower, raspberry, black grass). The obtained markers for the horizontal comparison were
subsequently used as input for developing accurate differentiation models in terms of geographical
origin by the employment of Partial Least Squares Discriminant Analysis. The same methodology was
applied to the discriminators responsible for the depth influence, in order to obtain botanical
authentication models.

Keywords: honey analysis, isotopic and elemental fingerprint, rare earth elements, elements
correlation, inorganic contaminants
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SOYA ELEMENTOMIC FINGERPRINTING AND PREDICTIVE MODELING:
PAVING THE WAY TOWARDS ADDRESSING DEFORESTATION
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The escalating level of rainforest deforestation, primarily driven by the production of Forest-Risk
Commodities (FRC) such as non-dairy cattle products (beef and leather), cocoa, palm, and soya,
presents significant global challenges—such as loss of biodiversity, climate change, and impacts on
global carbon storage. This pressing issue not only jeopardizes rainforests—often referred to as the
“lungs of the earth”—but also underscores the urgent need to address deforestation driven by FRC
production. The urgency of this issue is further highlighted by emerging regulations such as the EU
Deforestation Regulation (EUDR) of 2023, which aims to curb deforestation associated with these
commodities.

To address these challenges and enhance transparency in the soya supply chain we introduce an
innovative approach to traceability and responsible sourcing within the soya industry. Our work
emphasizes the development and validation of a cutting-edge analytical method capable of creating
a ‘chemical map’ for the precise geographical identification of soya origin. Utilizing ICP-MS, we
conducted the elemental profiling of over 300 soybean samples from the world’s top seven soya-
producing countries, representing 95% of global soya production. Through the application of
chemometric modelling, we developed a predictive model capable of discerning the source of soya
with an accuracy rate higher than 95% and identifying the elemental markers that play a key role in
the elementomic origin classification model of soya.

Our research determined that for a more accurate approach, seeds (soybeans) and soya meal should
be analysed separately due to intrinsic differences in their elemental composition, as shown in
models comparing both groups. Additionally, we explored the impact of deforestation on soya
composition. As a preliminary study, we collected a small number of soya meal samples from
impacted areas and compared their elemental analysis with samples from non-impacted areas. The
results are promising; the two types of soya meal were separated according to their elemental
composition, suggesting the potential for using elementomics and chemometric analysis to identify
samples from deforested areas.

Our next major steps are to attain accreditation for our method, which will not only signify the
robustness and reliability of our analytical approach but also establish a benchmark for quality in the
industry, and to develop a cloud-based system utilizing our database of samples and chemometric
models.

This initiative aligns with global efforts to counteract deforestation associated with soya production.
By unravelling the complexities of soya production, comprehending its impact on deforestation, and
exploring sustainable alternatives, we actively contribute to a unified effort that holds the promise of
a more sustainable future for our planet.

Keywords: food authenticity, elemental profiling, chemometric modelling, deforestation, ICP-MS
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Food fraud is a concern for consumers in general. Seafood in particular has been identified as the
food commodity with the second highest potential for fraud by the European Parliament [Pardo,
2018, Food Control]. This is promoted by significant price ranges between species of similar
morphology and by complex distribution systems. As EU Regulation No. 1379/2013 requires the
correct labelling of seafood, there is a need for analytical methods that can ensure food authenticity.
To fulfil these legal requirements, DNA based methods such as PCR and DNA barcoding are often
used for species identification in seafood. DNA barcoding combined with next generation
sequencing technologies is called DNA metabarcoding. This technology allows the investigation of
species mixtures and efficient sample screening for routine analysis. Therefore, we developed a DNA
metabarcoding method to identify and differentiate seafood in food products.

The method targets a mitochondrial 16S rDNA fragment of 150 bp to 210 bp, depending on the
primer pair. DNA was extracted from samples by a modified cetyltrimethylammonium bromide-
protocol [Dobrovolny et al., 2019, Food Chemistry]. Reference sequences were downloaded from
the NCBI database and aligned with the CLC software for primer design. The universal primers with
the most promising in silico characteristics were tested with varied PCR conditions. In this study, 69
primers were tested in 101 combinations. After the final PCR conditions were established, DNA
amplicons from reference material (202 samples) and processed foods (112 samples) were analyzed
on lllumina iSeq 100° and MiSeq® sequencing platforms. Data evaluation was performed on the
published and adapted analysis pipeline in Galaxy [Dobrovolny et al., 2022, Foods]. The creation of
customized databases in combination with the Galaxy pipeline facilitated automized data evaluation
(>600 reference sequences).

Five primer systems were designed for seafood: 1) crustaceans (Malacostraca), 2) squids (Coleoidea),
3) oysters and scallops (Ostreidae, Pectinidae), 4) mussels, razor clams, sheath clams, venerids,
cockles (Mytilidae, Pharidae, Solenidae, Veneridae, Cardiidae) and 5) sea and land snails
(Gastropoda). We successfully identified the reference material and detected seafood species in
complex and highly processed food matrices such as squid ink linguine, lobster butter and spice
mixes for instant noodles. The amount of falsely declared samples ranged from 7 % to 34 %,
depending on the seafood group. The systems will be validated with the aim of applying the method
in official food laboratories.

Our results show that DNA metabarcoding is suited for the detection and identification of seafood
in highly processed food products. Additionally, they emphasize the fact that routine monitoring of
seafood is necessary to ensure food authenticity.

Keywords: DNA metabarcoding, food authentication, next generation sequencing, seafood
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Nuts and nut products are highly priced raw materials used in various foods produced in Germany,
such as ,Elisenlebkuchen”, a traditional gingerbread defined by its high oil seed content. Hence,
they are an essential commodity for domestic food manufacturers. Prices vary depending on the
season, climate and crop yield of a given year. Import of e.g. walnuts to Germany usually happens
through a complex, international supply network, since commercial cultivation of walnut takes place
mostly overseas. Therefore, nuts and especially nut products are vulnerable to adulteration with
cheaper alternatives, possibly to meet global market demands or to raise profits along the supply
network.

Currently, mostly targeted approaches are established to elucidate adulteration in this
scenario. Targeted methods can provide highly sensitive detection of adulterations, if the origin of
the blended material is known, while the presence of unexpected material remains undetected. This
also applies to untargeted proteome analysis, because peptides are generally identified by
database-dependent sequencing. In this study, a method is presented in which nut samples are
measured by truly untargeted peptide profile analysis via microLC-ESI-IM-QTOF-MS/MS (data-
dependent acquisition mode) after in-solution endoprotease Glu-C digestion. Feature detection and
database-independent de novo peptide sequencing was performed using PEAKS® online. By
omitting protein database alignment, the resulting peptide profiles are suitable for a non-target
readout from the generated raw data detecting also unexpected adulterations.

Comparison of ground walnuts spiked with 1 - 50 % of various adulterants with 27 authentic
reference samples from three harvest years and seven origin countries allowed for qualitative
assessment of authenticity (one-class classification) with up to 96 % sensitivity with 98 % specificity.
This was challenged by analyzing 10 blinded test samples of unknown composition, which were all
correctly classified by this approach. The protocol was also applied to real samples supplied by a
cooperation partner from a German food manufacturer.

Discriminating peptide sequences from the untargeted data set were then subjected to downstream
analysis using a reviewed protein sequence database (Uniprot-swissprot). Thus, the qualitative
composition of the adulterant in the test samples could be reliably identified. The identification of
marker peptides could be utilized to develop targeted quantification methods in a cascade
approach, which has been demonstrated by exemplary LC-QqQ-MS measurements.

In summary, the presented method enables the untargeted authentication and characterization of
adulteration of walnut raw materials by unknown matrices.

Keywords: food fraud, walnut, untargeted shotgun proteomics, database-independent, de novo
peptide sequencing
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Jakob Scheibelreiter”, Michaela Wildbacher"), Isabel Niederkofler", Sofie Schand|"), Klementina
Yakova!”, Katha Piihringer”), Julia Andronache®®, Stefanie Dobrovolny®, Rupert Hochegger?,
Thomas Riihmer®, Barbara Siegmund®, Margit Cichna-Markl*"

W Department of Analytical Chemistry, Faculty of Chemistry, University of Vienna, Austria

2 Austrian Agency for Health and Food Safety (AGES), Institute for Food Safety Vienna, Department
for Molecular Biology and Microbiology, Austria

3 Research Centre for Fruit Growing & Viticulture Haidegg, Austria

4 Institute of Analytical Chemistry and Food Chemistry, Graz University of Technology, Austria
*Corresponding author - E-mail: margit.cichna@univie.ac.at

Ensuring the safety and authenticity of commercial foodstuffs is essential for complying with national
and international regulations, thereby protecting human health and consumer interests. However,
economically motivated food adulteration is a global issue, often involving the substitution of higher-
value species or cultivars with cheaper alternatives.

Differentiation between species or cultivars is frequently based on real-time polymerase chain
reaction (PCR) and sequencing technologies. DNA barcoding coupled to high resolution melting
(HRM) analysis plays an increasing role in routine analysis. DNA barcodes are specific regions of DNA
consisting of two conserved regions, serving as primer binding sites, and a variable DNA sequence
in between, allowing species/cultivar differentiation. HRM is a cost-effective post-PCR technique that
exploits differences in the melting behavior of PCR products. A prerequisite for HRM is that the DNA
region of interest, the DNA barcode, is amplified in the presence of a saturating intercalating dye,
e.g. EvaGreen. At the end of the last PCR cycle, the PCR products are slowly melted by increasing
the temperature in small increments. The intercalating dye is released and the fluorescence intensity
decreases. The melting behavior of the PCR products depends on various parameters, including
their length and the ratio of guanine and cytosine to adenine and thymine. Species and cultivar
differentiation in food by DNA barcoding coupled to HRM analysis is frequently based on single
nucleotide polymorphisms (SNPs) or microsatellites.

The high potential of DNA barcoding coupled to HRM analysis will be demonstrated on several
examples, including the differentiation between edible insect species approved in the EU; the
differentiation between chickpea varieties; and the differentiation between old apple and pear
varieties from Styria. The lecture will address development, optimization, and validation of DNA
barcoding - HRM assays. Important characteristics such as selectivity, limit of detection, limit of
quantification, repeatability and reproducibility will be critically discussed. In addition, the impact of
the DNA extraction protocol, PCR-HRM mix, thermocycler, and food processing will be addressed.

Keywords: DNA barcoding, high resolution melting analysis, food adulteration, species, cultivar
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Human and environmental health are strictly interconnected, representing the pillars of diet
sustainability. In accordance with international guidelines, substantial dietary shifts are needed to
move toward sustainable diets. To lend both health and environmental benefits, the consumption of
plant-based minimally processed food should be doubled in the coming years, replacing part of the
animal-source food. In this framework, the ASEAN region plays a key role in providing raw materials
of vegetable origin.

Besides the well-known benefits related to the nutritional properties and the high content of
bioactive compounds, protein sources from vegetable origin may come with inherent risks, such as
natural toxins, anti-nutritional factors and a still underexplored allergenic potential. Conversely,
biotechnologies such as fermentation may offer opportunities for improving the safety profile of
novel ingredients and their overall quality.

This talk will give an overview of the safety assessment workflow applied to plant ingredients
intended for the preparation of plant-based food alternatives, also providing some examples of the
most advanced approaches currently in use. It will also present some preliminary results on the
occurrence of natural contaminants obtained within the EU-ASEAN MYCOBEANS alliance (HE MSCA
Staff Exchange project).

Keywords: alternative proteins, plant-based food, allergens, natural toxins, risk assessment
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Contamination from multiple mycotoxins is a growing food safety concern worldwide due to their
deleterious effects in humans and animals. The incident and impact of the issues from co-occurrence
of mycotoxins are getting more serious than ever due to the climate change. It is imperative to
develop a rapid, accurate and inexpensive system to detect multiple mycotoxins enabling prompt
monitoring of the toxins and preventing them from entering the food chain. This issue needs a
collaborative effort to address. Our consortium from the EU and SE Asia has developed and
validated a multiplex microarray-based lateral flow immunoassay with a portable reader for on-site
simultaneous determination of five mycotoxins — aflatoxin Bi (AFB:), T-2 toxin (T2), zearalenone
(ZEA), deoxynivalenol (DON), and fumonisin Bi1 (FB+) in rice. This technology detects multiple
mycotoxins via a competitive approach. The microarray spot signals generated through a novel
luminescent organic dye are captured and processed to estimate mycotoxin levels using a portable
microarray reader installed with a user-friendly interface. In addition, the sample extraction solvent
consists of green components (ethanol and polyethylene glycol), and the extraction procedure is
very simple and ultrafast. The assay can accurately detect a wide range of multiple mycotoxins
concentration in rice samples with recovery values ranging from 75 to 127%, relatively similar to LC-
MS/MS method. The limits of detection obtained for AFB+, T2, ZEA, DON, and FB1were 1.80, 1.21,
1.39, 1.17, and 0.56 pg/kg, respectively. Overall, the newly developed and validated analytical
system can be used as a point-of-care device for the detection and quantification of multiple
mycotoxins in rice and rice-based products.

Keywords: multiplex microarray-based lateral flow immunoassay, on-site detection, multiple
mycotoxins, rice and rice-based products, EU-Asia collaboration
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Natural toxins are potentially hazardous naturally occurring compounds produced by plants,
animals, fungi and bacteria. They have a variety of roles, some act as natural defence compounds,
protecting crops from consumption, whilst others are involved in symbiotic or parasitic relationships
needed to maintain soil health and fix nutrients.

These compounds, despite their natural occurrences, can be harmful to health in humans and in
animals, with many now known to have carcinogenic properties, with risks to health increasing
through longer term, lower-level chronic exposure. Higher levels of exposure also present significant
risks, with some classes of toxins being highly potent and capable of causing incapacitation or death
at low levels of exposure.

Climate is highly significant in the occurrence of many classes of natural toxins, with the result that
climate change is changing the locations where different classes of natural toxins may be found, the
levels at which they are found, and also impacting the efficacy of existing crop treatments.

This talk will look at ways we can learn through an extensive collaboration between European and
South East Asian countries about the impending challenges likely to face both Europe and South
East Asia, learning from each other’s experiences of existing and ongoing climate change, and the
impact it is having on food production and food safety.

The talk will then progress to looking at how we set about developing new, faster, cheaper testing
technologies that can more quickly and more accurately detect when a natural toxin is present, and
if the levels found present a risk for human or animal consumption. Cost and ease of use, particularly
in developing nations is a key consideration, to make access to better testing technologies more
equitable across the globe.

Keywords: toxins, mycotoxins, climate change, food safety, rapid testing
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In the recently published book "Toxin-Free Food?" over 100 risk assessments were used to
determine how safe food really is in Europe [1]. With special emphasis on mycotoxins, potentially
harmful chemicals in food were assessed in detail to which average European consumers are
chronically exposed. The identified risks were finally ranked according to their relevance. On the top
of this ranking, contaminants from food processing, followed by aromatic petroleum hydrocarbons
can be found [2]. This is due to their potential genotoxicity and carcinogenicity in humans and due
to their wide distribution in many foods consumed daily. Interestingly, of the multitude of biotoxins
being present in our food, only dietary exposure to aflatoxins produced by fungi and pyrrolizidine
alkaloids produced by plants pose a potential chronic risk in Europe. Such a ranking would also be
of interest to ASEAN countries. In fact, aflatoxins are in the third place. This high ranking is due to the
before-mentioned high carcinogenic potency causing liver cancer in humans coupled with the high
consumption of cereal-based foods in Europe. Nuts and maize, which are far more commonly
contaminated with aflatoxins, are consumed to a much lesser extent in Europe. Dioxins, dioxin-like
polychlorinated biphenyls, nickel and a brominated flame retardant can be ranked fourth due to
their exposure through the food consumed daily. Despite their carcinogenic effects, pyrrolizidine
alkaloids are "only" ranked fifth because we are exposed to these plant toxins through very specific
sources, such as tea, honey or herbs. Of least concern in this risk ranking are perfluorooctane sulfonic
acid, perfluorooctanoic acid and heavy metals. These substances are presentin many foods, but only
pose a potential risk to some European adults.

What is still unclear is the significance of chronic exposure to “cocktails” of co-occurring
contaminants that we ingest daily through food. The combined risk from exposure to mixtures of
toxic substances may be greater than the risks currently assessed for individual chemicals.

[1] M. Eskola, C.T. Elliott, J. Hajslova, D. Steiner, R. Krska (2020) Towards a dietary-exposome
assessment of chemicals in food: An update on the chronic health risks for the European consumer,
Critical Reviews in Food Science  and Nutrition, 60:11, 1890-1911, DOI:
10.1080/10408398.2019.1612320.

[2] R. Krska, M. Eskola, C. Elliott. Toxin-Free Food? (2023) Picus Verlag. ISBN 978-3-7117-3028-2.
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Antimicrobial residues occur in many foods of animal origin due to mistakes or the deliberate misuse
of antibiotics. The most serious consequence of this is the risk of spreading antimicrobial resistance
through animal and human populations.

To help monitor the presence of such food contaminants in the ASEAN region a collaboration
between the Institute for Global Food Security at Queen’s University, Belfast and the International
Joint Research Center on Food Security (IJC-FOODSEC) was established to technology transfer an
LC-MSMS workflow that can simultaneously detect 29 different antimicrobial agents from four
different classes of important antibiotics.

This project has proved to be highly successful and as a result research on the presence of
Antimicrobials in shrimp feed has been launched. The results of this study will be presented at RAFA
and future workplans will be announced.

Keywords: antimicrobial residues, antimicrobial resistance, LC-MSMS, Thai-UK collaboration
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Tea, being the most beloved drink around the world, has grown into a global market of 122.2 billion
USD and is expected to rise to 160 billion USD by 2028. Originating in Asia, tea is now being
cultivated in many emerging areas, e.g. Africa and raising sustainability concerns linked to the
environment and worker welfare. Black tea, especially those Geographical Indication (Gl) products
of higher prices, is widely traded across the continents through international supply chains. However,
due to insufficient testing technologies and an established regulation system, they are often exposed
to fraud challenges. Through more than 700 black tea samples collected from 9 origins, we have
builta large database of none-targeted multidisciplinary fingerprinting data from our 2-tiered testing
system of spectroscopy (NIR, FTIR, XRF) and spectrometry (LC-MS, ICP-MS) of IGFS. We have then
developed a ‘smart’ innovative analytical system, by implementing state-of-the-art artificial
intelligence and machine learning algorithms (LDA, RF, KNN, SVM etc.) with our powerful tools for
the discrimination of geographical origin of black teas. Results have revealed the huge potential o