Protein isolate from cryo-milled quinoa seeds: a strategy for the design of plant-based soft materials
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Quinoa protein isolate (QPI) is a promising food ingredient due to its complete essential amino acid composition and the ability to control its solubility and gel strength. Protein denaturation and loss of functionality during milling of quinoa seeds to produce flour and subsequent processes for protein extraction pose challenges in the utilisation of this ingredient in food formulations. Here, quinoa seeds were cryo-milled aiming to protect the protein fraction against heat damage during seed grinding. Then, QPI was extracted by wet fractionation using acetic acid or citric acid as the precipitation acids, which are more kosmotropic and better protect the native protein structure than the commonly used HCl. The protein content and solubility of the isolates were measured prior to heat-induced gelation, which was assessed by small deformation measurements. QPI extracted with the same acids from commercial quinoa flour, which was produced by flaking and milling of the quinoa seeds, were used as reference. Although the protein content of all three QPI extracted from cryo-milled seeds was higher (p < 0.05), the solubility of the isolates at pH 7 was reduced when compared to that of QPI extracted from commercial flour. When assessing the gelation properties, QPI precipitated with acetic acid and citric acid from cryo-milled seeds produced gels 4- and 7-fold stronger (higher final elastic moduli), respectively, than their counterparts prepared from commercial flour. The gel strength of QPI precipitated with HCl remained statistically similar (p > 0.05) regardless of the type of flour and was lower than the achieved with the other two acids. While there where only minor differences in the gel microstructures of the three QPI prepared from commercial flour, confocal laser scanning microscopy of QPI extracted from cryo-milled seeds revealed that the citric acid-precipitated QPI resulted in a homogeneous protein network, while the QPI precipitated with HCl formed a heterogenous and weak structure. The acetic acid-precipitated QPI showed a mixed gel structure with many aggregates included in the protein network. This research demonstrates that cryo-milling of quinoa seeds coupled with protein precipitation using citric acid can be used to recover a highly functional ingredient for the formulation of plant-based foods, an approach that likely has broader applicability to other plant sources.
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