The Use of Neutron Techniques to Elucidate the Mechanism Behind the Formation of Plant Protein Gels and Fruit Drying
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Food production is being challenged by population growth and increased droughts. Ways to more sustainably provide nutrition may include the use of more climate-tolerant crops, including pulses and fruits native to drought-heavy regions such as Australia. Plant proteins like pulses have been garnering attention as the plant protein market has been growing with increasing demand for alternative protein sources. Local industry and global interest in Australian native fruit crops have also been emerging (Richmond, 2019). Questions of the processing-structure-property relationships in these species and their products for the delivery of macro- and micronutrients remains poorly understood.

Plant proteins can be used to form texturized products, such as meat analogues, by going through gelation, which is most commonly induced with heating and cooling. Pulse protein isolates from yellow pea, soy and faba bean that were extracted using different methods were used to understand how pH and salt content can affect protein solubility and composition. How this in turn affected gelation behavior was also studied here to give insight into the underlying mechanism (Nicolai, 2019). Ultra- Small-Angle Neutron Scattering combined with time-of-flight SANS enabled investigating changes in the insoluble protein fraction (µm) and soluble globulin and albumin proteins (nm) during gelation. Together with rotational rheology, dynamic light scattering, SEM and synchrotron radiation-circular dichroism spectroscopy as well as SAXS to link to protein folding, it was observed that the gelation mechanism depends on both the soluble protein and insoluble protein particles (Tiong, 2024, 2025). These structure-property relationships are important for providing macronutrients to the growing population.

Additionally, the preservation of fruits through processes such as drying affects their micronutrient content. The behavior of water in these fruits as they are being processed is also closely linked to their preservation. Measuring the drying kinetics and water sorption isotherms of Australiana native fruits has revealed that bound water physics in these systems is different to what has been observed for other foods such as apple. By subjecting Australian native fruits to neutron backscattering spectroscopy and time-of-flight spectroscopy, the dynamics of bound and free water in these unique foods has been characterized. The use of neutron tomography has also revealed the local moisture transport in these fruits as they are processed under different conditions. These techniques have given more rigorous insight into the water transport mechanisms during fruit drying, and allowed for improved understanding of how their preservation can be optimized.
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