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Abstract
[bookmark: OLE_LINK1]Micronutrient deficiency, especially mineral deficiency, is a widespread global health problem, primarily driven by inadequate dietary intake, which affects more than 5 billion people worldwide. Microalgae-derived minerals are emerging as sustainable nutrient sources for humans; however, knowledge of their bioaccessibility and bioavailability remains limited. In this project, 9 different microalgal biomass produced by industry were analyzed in mineral (Fe, Ca, Zn, Mg, Cu, Mn, P, K) bioaccessibility, including Limnospira platensis, Chlorella vulgaris (green, yellow, and white), Tetraselmis chuii, Nannochloropsis oceanica, Haematococcus pluvialis (unlysed and lysed), and Dunaliella salina. In addition, 3 microalgae (L. platensis, C. vulgaris and Galdieria yellowstonensis) were produced in the laboratory under autotrophic, heterotrophic, and mixotrophic conditions and with different iron concentrations to understand the effect of production modes and iron enrichment on mineral bioaccessibility and accumulation. Following, a case study about iron bioavailability was carried out with different microalgae using polarized human intestinal epithelial cells.
Total mineral content of industrially produced biomass varied notably (Fe, 72.1-3120.9 mg/kg; Ca, 517.9-24146.3 mg/kg; Zn, 12.1-282.1 mg/kg; Mg, 379.2-15245.9 mg/kg). Mineral bioaccessibility exhibited wide variability; for instance, Fe bioaccessibility ranged from 0.5% in T. chuii to 83.4% in C. vulgaris green. The bioaccessibility of Ca (0- 82.3%), Zn (51.9 - 62.2%), Cu (7.5 - 89.8%), Mg (68.0 - 92.2%), Mn (6.75 - 84.3%), P (9.7 - 100%), and K (91.1 - 100%) also showed large interspecies differences. For lab-produced biomass, the heterotrophic mode yielded superior bioaccessibility results (66.9% for G. yellowstonensis and 76.3% for C. vulgaris) compared to autotrophic cultivation (18.4%, 39.8%, and 41.8% for L. platensis, G. yellowstonensis, and C. vulgaris, respectively). A 7.6-fold increase (up to 1,472.4 mg/kg) was achieved with a 150-fold iron concentration in the medium under autotrophic conditions. However, this increase in biomass iron content was accompanied by a relative decline in bioaccessibility, from 36.8% to 17.1%. The iron bioavailability of L. platensis and unlysed H. pluvialis is the highest, comparable to that of FeSO4. T. chuii and D. salina exhibit relatively lower bioavailability; however, their levels remain higher than those found in conventional foods. This research provides a systematic evaluation of mineral bioaccessibility and a case study about iron bioavailability with various microalgae species, highlighting their potential as more sustainable, innovative, highly bioaccessible and bioavailable mineral sources to address micronutrient deficiency. The following study is a precise clinical trial that will be carried out by ETH Zurich in 2026 to evaluate the in vivo mineral bioavailability of microalgae.
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