Oral processing of mixed hydrocolloid gels - a novel approach to study oro-sensory satiety
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Oral processing strategies, such as higher number of chews and longer oral residence time have been linked to altering satiety perceptions in controlled experiments1. However, the role of other oral processing variables, in particular the role of salivary lubrication, are as yet unknown. This research aimed to impact the number of chews, oral residence time and the salivary lubrication properties by designing hydrocolloid gels varying in their textural and structural characteristics. The rheological properties of κ-carrageenan gels (κ-car, 1-4 wt%) and mixed gels containing different ratios of κ-car and locust bean gum (LBG) or sodium alginate (Na-alg, 1-4 wt% total hydrocolloid concentration) were tested. To create structural inhomogeneity within the gels, κ-car mixed gels with entrapment of 300 μm calcium alginate beads (Ca-alg, 2-3 wt% total hydrocolloid concentration) were prepared as well. The fracture properties were determined and flow curves of artificial saliva (containing 0.3 wt% mucins) were studied after the gels were placed in the saliva for 30 min at 37 °C. The oral processing properties of 8 selected gels were characterized with an untrained panel (n=30) using frame-by-frame video analysis. In addition, the sensorial properties were analysed in a quantitative descriptive analysis (QDA) with a trained panel (n=12). The results indicated that the higher the κ-car concentration, the higher the fracture stress (up to 13.2 ± 0.6 kPa for 4 wt% κ-car), which correlated with the results of the QDA for hardness. The LBG mixed gels showed that κ-car and LGB have a synergistic behaviour, where the LBG mixed gels showed similar fracture stress levels, with the ratio 3:1 w/w providing the highest fracture stress. The Na-alg mixed gels showed that Na-alginate weakened the κ-car gel network as compared to native κ-car gels, due to segregative interactions. However, compared to the Na-alg mixed gels, the Ca-alg beads increased the gel strength, which might be attributed to the structural inhomogeneity and/or the residual calcium ions2. Also, higher gel fracture stress was related to longer oral residence time. Furthermore, oral processing results confirmed that structural inhomogeneity played a key role in increasing the oral residence time in the case of the κ-car-alg mixed gels. The flow curves of the artificial saliva alone showed pseudoplasticity at 37 °C, as expected due to the shear thinning behaviour of mucin. Interestingly, the pseudoplastic behaviour was enhanced in the presence of lower concentration gels (1 wt% κ-car, 1 wt% κ-car/LBG, both 4:1 and 1:1 w/w ratios) due to leaking out of hydrocolloids under oral conditions. However, no such behaviour was observed for the κ-car/Na- or Ca-alg mixed gels, irrespective of concentration. The results of the QDA showed that the gels were different in both the perceived chewing attributes (hardness, brittleness, roughness etc) and lubrication attributes (moistness, salivating etc) as a function of hydrocolloid type, concentration and inhomogeneity. In conclusion, preliminary evidence showed that the material properties of hydrocolloid gels can be used to influence oral processing characteristics, which might be instrumental in designing satiety-enhancing foods.
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