Fostering the protein transition by hybrid food structures: the case study of gels made by milk whey and pea proteins
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Nowadays, the use of plant sources is highly demanded to pursue the current protein transition. However, the whole substitution of animal proteins with plant ones in food formulations is often challenging due to the reduced technological and sensory properties of plant-based ingredients. In the attempt to address these challenges, the design of hybrid food structures by mixing animal and protein sources could represent a promising compromise1,2. However, this strategy is still in an early stage requiring an in-depth understanding of the supramolecular organisation of mixed protein structures in generating food structures, such as hydrogel gels.
Based on these considerations, this work aimed at studying hybrid gels formed by proteins from milk whey (WPI) and pea (PPC). To this purpose, heat-induced gels at pH 7 were prepared at 18% (w/w) total protein content, selected as the concentration at which both proteins exhibited gelling properties and varying the ratio between animal and plant sources (from 0:100 to 100:0). To in deep understand the structures formed between WPI and PPC, gels were characterised in terms of rheological properties, hardness, water holding capacity (WHC), and confocal microscopy. Molecular forces involved in the gelation process were investigated by rheological measurements in the presence of dissociation reagents.
PPC alone (WPI:PPC 0:100) formed a self-standing weak gel whose network was formed by spheroidal protein-rich domains whilst WPI gel (WPI:PPC 100:0) was characterised by a homogeneous fine structure. The progressive addition of WPI to PPC contributed to the network reinforcement as confirmed by the increase of storage and loss moduli. A net-like WPI network was formed among the globular-like PPC domains when PPC was the predominant protein. The inverse behaviour occurred in WPI dominant gels in which WPI formed the primary structure with PPC globules acting as fillers. Blending WPI and PPC at the same concentration (WPI:PPC 50:50) was a special case. The homogeneous structure was interrupted by WPI-PPC flocs and aggregates intimately connected, resulting in an interpenetrated structure mainly characterised by disulfide bridges and to a lesser extent by hydrogen bonds and hydrophobic interactions. The formation of WPI and PPC network also inhibited syneresis, as confirmed by the rise in WHC values.
The milk whey-pea protein mixtures could be used to prepare hybrid gels with different technological properties by regulating the ratio between WPI and PPC opening new opportunities in the design of protein-rich foods. The insights gained in this study could contribute to the rational design of hybrid gel foods.
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