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Abstract

Total  trace  element  content  in  foods  is  not  sufficient  to  assess  nutritional  value  or  potential  risk.  
Bioaccessibility, defined here as the fraction released from the food matrix during digestion and potentially 
available for intestinal uptake, provides an important intermediate measure. Food matrix composition and 
processing are known to influence absorption, but the element species present after digestion are rarely 
characterized directly. Instead, in vitro digestion studies often report only total soluble concentrations. This 
is an analytical limitation, because released elements may occur as free ions, small metal–ligand complexes, 
or associated with larger biomolecules. Methods that combine element-specific detection with molecular 
information  are  therefore  needed.  We  developed  and  applied  a  workflow combining  size  exclusion 
chromatography (SEC) with inductively coupled plasma-mass spectrometry (ICP-MS) and quadrupole time 
of  flight  mass  spectrometry  (QTOF-MS) to  characterize  INFOGEST 2.0  digests  of  plant-based food 
samples. SEC-ICP-MS provided molecular weight resolved multi-element profiles, including cadmium, 
iron, and zinc. Phosphorus and sulfur signals indicated co-elution with phosphorylated or sulfur-containing 
compounds,  while  SEC-QTOF-MS  provided  complementary  molecular  information  and  supported 
tentative ligand identification. In cadmium-containing digests from plant-based matrices differing in protein 
content, molecular weight distributions changed during digestion, indicating matrix-dependent changes in 
speciation and binding partners. Cadmium was associated with different ligand classes, including protein 
complexes, phytic acid, phytochelatin-like low-molecular-weight species, and smaller organic compounds. 
The same workflow was applied to iron and zinc to investigate their bioaccessible forms in relation to food-
matrix interactions. Together, these data show the potential of the workflow to investigate how digestion 
and matrix composition affect trace element speciation, and to extend such studies to food processing 
effects, while cell-based, toxicological, and in vivo studies are still needed to link specific species to uptake 
and biological effects.


