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Detailed description of in vitro experiments

(Online supplementary material)
In-vitro bioavailable iron was determined in triplicate using methods described earlier (30, 31). Experiments were based on simulating gastrointestinal digestion, by exposure bouillons to gastric conditions (low pH and porcine pepsin, EC 3.4.23.1 (1:2500), 833 units/mg protein, Sigma Aldrich) followed by intestinal conditions (neutralization of pH and incubation with pancreatic enzymes and bile salts). Subsequently, the digested bouillon was dialyzed (<8000 g/mol) and the dialyzable and ionic iron using Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP-AES) and the Ferrozine method (32) with slight alterations to derive a linear response equation, respectively, were determined. 

To prepare a bouillon with an iron concentration high enough to determine it at the end of the dissolution/digestion experiments, three bouillon cubes (each with 2·5 mg Fe) of the same type were added to 400 ml boiled hot milli-Q water in a plastic beaker. The bouillon cubes were dissolved for 5-10 minutes using an incubator of 50°C at 150 rpm. The obtained bouillon was gently shaken and divided over 4 plastic containers. Three aliquots (80 ml; iron concentration 18·75 µg/mL) were used for the dissolution/digestion experiments on 3 different days and 1 aliquot was used for the determination of total iron concentration. The intact cubes where also analysed for their total iron concentration.

For the simulation of the intestinal phase, a dialysis membrane (Spectra/Por 7 MWCO 8000) filled with an aqueous solution of sodium bicarbonate was placed in an Erlenmeyer flask. The amount of sodium bicarbonate present in the dialysis membrane was able to adjust the simulated gastric digestion to pH 7·5. After 30 minutes of incubation in a water bath at 37°C and continuous shaking (100 rpm) to raise the pH gradually, a mix of pancreatin (0·4 mg/mL; USP porcine, Sigma Aldrich) and bile acids solution (1·25 mg/mL; porcine bile extract, Sigma Aldrich) was added to the flask. The flask was further incubated with the dialysis membrane for another 2 hours (37°C; continuous shaking 100 rpm). Hereafter, the dialysis membrane was removed and the content of the membrane (dialysate) was stored in aliquots for the determination of ionic dialyzable iron and iron uptake experiments using Caco-3 cells. Average osmolarity of the bouillon samples after dissolution/digestion was 0·280 (SD 0·010) Osmol/kg. Average pH after the intestinal phase was 7·2 (SD 0·2).

To simulate the cellular absorption of iron after gastrointestinal digestion, uptake of iron by Caco-2 cell monolayers was used. Exposed to ionic iron, Caco-2 cells synthesize ferritin as response to iron uptake and the amount is proportional to the iron content in the culture medium. Cellular ferritin can be a good indicator of the iron absorbed (33). Caco-2 cells (HTB-37, passage number 52 and further) were seeded in 12-well plates at a density of 2*10E5 cells per well. The cells were grown in Dulbecco’s modified Eagle’s medium (DMEM) with 4·5 g/L glucose and L-glutamine (Bio-Whittaker), supplemented with 20% (v/v) heat-inactivated foetal bovine serum (Gibco), 1% (v/v) penicillin/streptomycin (Bio-Whittaker) and 1 % (v/v) non-essential amino acids (Gibco). The cells were maintained at 37°C in an incubator with a 5% CO2/95 % air atmosphere and constant humidity; the medium was changed every 2-3 days. The cells were allowed to form a confluent monolayer over 21 days. At this point, cells were used for iron uptake experiments. 

On the day of experiment, dialysis fluids were diluted (3 ml dialysis fluid + 0·4 ml 10 times concentrated Customized Minimum Essential Medium+ (CMEM+) + 0·6 ml milli-Q water). Average osmolarity of the samples as applied to the cells was 0·339 (SD 0·016) Osmol/kg. Customized 10 times concentrated MEM+ (Osmolarity: 1·3 Osmol/kg) was prepared by mixing 20% (v/v) MEM Amino Acids solution (50x, Sigma-Aldrich), 10% (v/v) non-essential amino acids (Bio-Whittaker), 10% (v/v) MEM Vitamin Solution (100×, Sigma-Aldrich), 5% (v/v) penicillin/streptomycin solution (Bio-Whittaker), L-glutamine solution (20 mM), glucose (100 g/l), CaCl2*2H2O (18 mM), MgSO4*7H2O (8·14 mM), NaH2PO4 (9·3 mM), PIPES (100 mM), NaHCO3 (15·8 g/L), KOH (4 M for pH correction to pH 7·0), hydrocortisone (40 mg/L), insulin (100 mg/L), selenium (50 μg/L), tri-iodotrionine (340 μg/L), epidermal growth factor (200 µg/L) and milli-Q water to a final volume of 100 mL. The concentrated CMEM+ was sterile filtered (0·22 µm) and stored in aliquots at -20 °C. The diluted dialysate samples were sterile filtered (0·22 µm). As positive control, a sample was prepared with 5 µM FeSO4 in MEM+ (osmolarity 0·289 Osmol/kg). After washing the cells twice with 1 mL of 1 x MEM+, 1 mL of the diluted dialysate samples and control was applied in duplicate. Dialysates of repeat experiment (triplicates) were applied to different 12-wells plates. The positive control was applied to each plate.

Exactly 48 hours after the start of the incubation of the dialysates and the control in the incubator, the cell monolayers were harvested for ferritin and protein measurements. For this, the medium covering the cells was removed carefully and the cells were washed twice with 1 mL “rinse” solution (containing NaCl (140 mM), KCl (5 mM) and PIPES (10 mM) adjusted to pH 7·0 with NaOH (4 M); osmolarity 0·301 Osmol/kg). The rinse solution was then aspirated and 250 µL of ice-cold milli-Q were added. The plate was wrapped in parafilm and sonicated on ice in a water bath at 4°C for 15 minutes. After sonication the cells were scraped and collected in Eppendorf tubes. The cell lysates were stored at -20°C until further use.

Ferritin was measured using a commercial ELISA kit (H-ferritin (human) ELISA kit, 96 assays, Abnova, Taipei city, Taiwan, Catalogue number: KA0211) according to the manufacturer’s description (version 4). Wavelengths 620, 450 and 405 nm were read according to the Radim protocol (KP33IW – ferritina iema well - M108 – Rev08 - 10/2007). Total protein was measured with the Bradford assay (Bradford reagent, Sigma-Aldrich) using immunoglobulin G (0-0·7 mg/ml, Bio-Rad Protein standard 1 (IgG)) as standard. Cell lysates were 10 times diluted prior analysis and 250 µl Bradford reagent was added to 20 µl diluted sample/standard. Assay was performed at 595 nm. Caco-2 cell Iron uptake results were expressed as nanogram (ng) of ferritin per mg of total protein. A control without added iron and a reference sample (5 µM FeSO4 solution) were included to determine the cell blank and standard responses to confirm validity of the assay.

