Subcritical Water Treatment of Cereal Brans for fiber solubilization and enhanced functional properties
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Cereal brans comprise the outer layers of the kernels, being the main by-product of grain milling for white flour production. The bran fraction constitutes about 13-17% of the grain and it is an excellent source of dietary fiber (DF), minerals, vitamins, and bioactive compounds. However, the use of cereal brans is limited due to the presence of some antinutrients (like phytic acid) and insoluble and recalcitrant DF, which have adverse effects on the texture, hydration, and volume of wholegrain food products. In this sense, different treatments such as micronization and heat treatment significantly reduced phytic acid, while  fermentation improved the antioxidant and flavor profile, but these treatments were insufficient to enhance fiber solubility. An alternative to these methods is subcritical water treatment due to its properties for biomass hydrolysis, which can be beneficial to increase the soluble DF and reduce anti-nutrients by adjusting the pressure and temperature of the water. This work aims to understand the effect of various treatments with subcritical water on the composition and functionality of bran fractions from rye, wheat, and spelt sources. The bran fractions were treated in a continuous hydrolysis plant with water at 170 bars for 4 s and three different subcritical water temperatures (200, 270, and 340 °C). Following these three treatments, the samples were filtered and fractionated into soluble and insoluble fractions. The samples were compositionally characterized, including fiber and mineral composition, phytic acid, and starch content as well as structurally analyzed using microscopic, chromatographic and FTIR tools. For functionality, foaming, water absorption, viscosity and solubility were evaluated. Increasing subcritical water temperature resulted in a higher ratio of soluble to insoluble fraction for the three cereal sources, with wheat bran showing the greatest solubility increase. Filtration after subcritical water treatment led to the removal of small-molecular weight compounds (i.e., sugars) as well as high starch depletion in the insoluble fraction, especially at 340 ºC, compounds remaining in the soluble fraction. Insoluble fractions exhibited higher concentrations of fiber (~75%) and protein (9-12%) compared to the controls. While FTIR and chromatographic analyses also suggested that both proteins and polysaccharides (i.e., arabinoxylans) suffered from hydrolysis due to the treatment. Regarding microstructure, control brans had fibrillar and compact heterogeneous particles, while the insoluble fractions had less compact, honeycomb-like structures. The soluble fractions showed smaller and spherical particles with concavities, resulting from spray-drying after treatment. Regarding the mineral profile, the insoluble fractions exhibited higher iron concentrations, while the soluble fractions demonstrated higher potassium and phosphorus contents, the latter indicative of phytic acid solubilization. The concentration of phytic acid in the treated samples was lower than in the control samples, and increasing temperature resulted in a decrease in phytic acid content, especially abundant in spelt and wheat brans. Regarding functional properties, the insoluble fractions exhibited increased water absorption due to fiber solubilization, which was enhanced at higher temperatures, while viscosity development was reduced due to counteracting effect of starch removal. The foaming capacity of the soluble fractions was higher than the insoluble ones, especially at higher temperatures, but temperature had a negative effect on stability. Overall, treatment with subcritical water resulted in fiber solubilization and starch depletion, reducing antinutrients and resulting in a high fiber fraction that exhibited enhanced water absorption and reduced viscosity, which can be beneficial for various wholegrain bakery applications.
