Preparation and characterization of pea protein isolate-maltodextrin conjugates from ultrafine electrospun fibers
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The technofunctional properties of proteins can be enhanced and protected through covalent bonding with polysaccharides via the first stage of the Maillard reaction. These glycoconjugates were reported to show improved emulsifying ability, increased solubility, and increased heat stability compared to the native protein.1 However, the use of the glycoconjugates as food ingredients is not prevalent yet, since no economically feasible method of manufacturing is available. A novel approach to enable commercial production of glycated proteins is the physical structuration of the protein-polysaccharide mixture by electrospinning prior to the glycation reaction. These fibers have a high surface-to-volume ratio and guarantee a close molecular contact of the reactants.2 This allows a mild heat treatment, thereby reducing browning, while allowing adequate glycation.

Fibers were electrospun from dispersions of pea protein isolate and two maltodextrins with different dextrose equivalents. The long-chained maltodextrin with DE 2 was necessary to enable electrospinning and the shorter maltodextrin with DE 21 was used to provide enough reducing carbonyl groups for the Maillard reaction. The protein content of the fibers was measured and their morphology was characterized using SEM. After heat treatment at various conditions (12/24 h, 65/70 °C, 75% relative humidity), the fibers’ color, the amount of free lysine groups and the molecular weight of the proteins were determined. Subsequently, the isoelectric point and the interfacial tension of the conjugates were measured.

Results showed that electrospinning of pea protein-maltodextrin dispersions was possible at a production rate of 1.50 ± 0.21 g/h and fiber diameters of 2 – 4 µm. The browning index of the fibers increased with increasing heating time and temperature. Higher temperature and longer heating time also promoted the decrease of free lysine groups. They were decreased to 38 ± 2% (24 h, 70 °C). Analysis of the molecular weight with SDS-PAGE revealed increasing molecular weight upon heating. The isoelectric point of the fibers shifted from pH 4.05 ± 0.13 (unheated) to pH 3.02 ± 0.16 (24 h, 70 °C). The surface tension of the conjugates was determined to be higher with progressing glycation. This can be explained by a decrease in hydrophobicity upon the binding of maltodextrin polysaccharides to the pea proteins.

Overall, results show that electrospun fibers are a promising starting material for the production of glycated proteins and pave the way for further investigations on the structure-function relationship of glycated proteins as technofunctional food ingredients.
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