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Abstract

Adulteration of fruit juices and fruit juice concentrates with sugar syrups is financially attractive due to the
high demand and natural variations in the raw materials and raw material shortages. With commonly used
analytical methods, e.g. stable isotope analysis and the GC-FID method according to LOW [1], a detection
of adulterations is difficult or not possible. In addition the limits of detection are rather high. This is derived
from a lack of systematic investigations of different fruit matrices and sugar syrups but also methodological
limits. For example, the structure of marker compounds used is yet unknown. Furthermore, the methods are
only suitable for specific fruit matrix/foreign sugar combinations. In order to develop a HPL.C-MS/MS
multi method with marker compounds from the minor sugar fraction, for the unambiguous detection of
adulteration with sugar syrups, different sugar syrups and fruit matrices were investigated systematically.
To enable an investigation of the minor sugar profiles, a method for sample preparation, based on activated
carbon [2,3], was developed. This approach allowed for a removal of the main sugars glucose, sucrose and
fructose. First, the minor sugar profiles of fruit juices and fruit juice concentrates from apple and orange
were systematically investigated. In addition, different invert sugar syrups and starch syrups from different
raw materials, which could be possibly used as cheap foreign sugars for adulteration, were analyzed with
HPAEC-PAD/MS and compared. This allowed for the identification of compounds which could be used as
markers for adulteration. Furthermore, the influence of various industrial processes, which are involved in
the production of fruit juices and fruit juice concentrates, on the minor sugar profile of the respective
products were investigated. In this context, particular attention was paid to heating, concentration and
enzymatic processes. This approach yielded information on the potential formation of the identified marker
compounds during the manufacturing process, which could lead to false-positive analytical results.
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Abstract

Objective: Clausena harmandiana is a traditional Thai medicinal herb known for its high content of
carbazole alkaloids and coumarins, showing strong potential as a functional herbal tea. While traditional
assays such as the Folin-Ciocalteu, DPPH, and ABTS methods are widely used to measure total
polyphenolic content (TPC) and antioxidant activity, they are often time-consuming and require toxic
chemical reagents. The objective of this study was to develop a rapid, green, and efficient analytical
approach to predict these parameters using UV-Visible spectroscopy coupled with chemometric and
machine learning algorithms. Methodology: Aqueous extracts (tea) from the leaves of C. harmandiana were
prepared and analyzed using traditional spectrophotometric assays for TPC, ABTS, and DPPH radical
scavenging activities. Simultaneously, UV-Visible spectra of the tea samples were acquired. To correlate
the spectral data with the reference chemical values, we applied and compared three predictive modeling
algorithms: Partial Least Squares (PLS) regression, Support Vector Machine (SVM), and Artificial Neural
Networks (ANN). Model performance was evaluated based on the root mean square errors of calibration
(RMSEQ), cross-validation (RMSECYV), and prediction (RMSEP), along with their respective coefficients
of determination (R2). Results: LC-MS/MS analysis confirmed that the C. harmandiana leaf tea contains
multiple bioactive constituents, including phenolic acids, flavonoids, and mangiferin, which contribute to
its strong, concentration-dependent antioxidant capacity. Our modeling results indicated that different
algorithms excelled at predicting different parameters. Specifically, the SVM model demonstrated superior
predictive performance for antioxidant activities, achieving lower prediction errors for both the DPPH
(RMSEP = 3.85) and ABTS (RMSEP = 2.78) assays compared to PL.S and ANN. Conversely, the PLS
algorithm achieved the highest accuracy in predicting TPC, yielding an R2 of 0.92 and an RMSEP of 2.51.
The ANN models also exhibited high calibration accuracy but showed higher cross-validation errors.
Conclusions: Clausena harmandiana leaf tea is a promising functional beverage rich in health-promoting
antioxidants. This study successfully demonstrates that combining simple UV-Visible spectroscopy with



targeted chemometric and machine learning techniques, such as SVM for radical scavenging assays and
PLS for phenolic content, offers a robust, rapid, and environmentally friendly alternative to conventional
chemical testing for the quality control of herbal teas.
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Mercury is a major food contaminant of concern, and its toxicity strongly depends on its chemical form.
Among mercury species, methylmercury (MeHg) is the most toxic and readily absorbed, making mercury
speciation analysis crucial for accurate assessment of dietary exposure. Reliable determination of MeHg is
therefore essential for supporting food safety decisions [1]. However, most published methods for mercury
speciation have only been validated within individual laboratories, leaving uncertainty about how well these
methods perform when transferred to different analytical settings. This study addresses this gap by
combining comprehensive in-house validation with an independent interlaboratory evaluation of a rapid
HPLC-ICP-MS method for MeHg determination. The method, based on simple aqueous L-cysteine
extraction and reversed-phase separation, enabled selective MeHg determination by achieving baseline
separation from inorganic mercury within 3.2 min, ensuring reliable species-specific quantification while
providing a faster alternative to conventional approaches and avoiding hazardous mobile-phase additives.
In-house validation demonstrated excellent performance, with MeHg recoveries of 94-101% across
certified reference materials, within-laboratory reproducibility <12.3%, and a quantification limit of 0.29 pg
kg™ in fresh seafood. Transferability was assessed through an interlaboratory study involving nine
European laboratories within the European Committee for Standardization (CEN), Technical Committee
275, Working Group 10 (CEN/TC 275/WG 10). Six diverse matrices from marine, terrestrial, and fungal
sources were evaluated, including swordfish, dried tuna/bonito, white fish, shrimp, cricket flour (NRC
KRIK-1), and porcini mushroom powder. For matrices containing MeHg levels between 0.06 and 2.0 mg
kg1, the method showed excellent reproducibility across laboratories, with RSDR values of 11.7-19.8%,
HorRat values below 1 (0.62-0.93), and no outliers among laboratories’ results. Reliable performance was
maintained despite variations in extraction conditions and column hardware, confirming method
robustness, while reduced performance was observed only for porcini powder at the lowest tested
concentration level. The method was applied to 54 Danish market foods, revealing distinct MeHg patterns
across sample types. MeHg dominated in fish and crustaceans (#85-94%), while lower contributions were
observed in other matrices, highlighting the importance of direct MeHg determination. Overall, the
combined in-house validation, interlaboratory evaluation, and market application demonstrate a rapid,
robust, and transferable method for MeHg determination, suitable for standardisation and routine food



safety monitoring. Its short analysis time and avoidance of hazardous reagents make it well suited for
adoption across laboratories.
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The transition toward sustainable and data-driven agri-food systems requires robust experimental and
analytical approaches capable of addressing the complexity of agricultural production. This presentation
explores the integration of Design of Experiments (DoE), agricultural statistics, spectroscopy, and
chemometrics for the optimization of production practices and the assessment of food quality and
authenticity. Spectroscopic techniques, including NIR, FTIR, Raman spectroscopy, and hyperspectral
imaging, are coupled with chemometric methods such as principal component analysis (PCA), partial least
squares regression/discriminant analysis (PLS/PLS-DA), and artificial neural networks (ANNs). A
representative case study on avocado cultivation demonstrates the application of DoE and agricultural
statistics to identify key agronomic factors affecting quality-related attributes. In parallel, emerging
portable, handheld, and miniaturised sensing technologies, including lab-on-a-chip platforms, are explored
for rapid and potentially in-field analysis, as well as for applications in ready-to-eat foods, such as
acrylamide detection in fried potatoes. Our integrated approach demonstrates how DoE and chemometrics
can transform agricultural experimentation from empirical trial-and-error approaches toward systematic,
predictive, and data-driven optimization, supporting improved food quality, authenticity assessment,
resource efficiency, and sustainable agri-food production.
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