Impact of ultra-high pressure homogenization (UHPH) on inulin gelling properties, stability and development during storage
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Inulin is a natural polysaccharide used as a fat substitute, stabiliser, or probiotic dietary fiber in many food applications. At high concentrations, long chain inulin develops a gel-like structure with properties similar to a fat crystal network in oil1, such as white creamy appearance and a spreadable texture. The strength of this gel seems to especially depend on concentration, temperature and applied shear forces. A previous work2 demonstrated that inulin dispersions subjected to microfluidization at 30 MPa increased the viscosity of inulin-water systems with multiple passes. Thus, ultra-high pressure homogenization (UHPH) seems to have great potential to apply into inulin solutions. This technology involves very high stresses due to a combination of shear, turbulence, cavitation and impact forces. The aim of this study was therefore to determine the effect of applied UHPH on inulin dispersions for gel formation at much lower concentrations than the non-treated ones. Different concentrations (6, 9 and 12% (w/v)) of long-chain inulin dispersions were processed at pressures up to 296 MPa for a single pass. The resultant gel structures, gel development and stability were assessed through rheological measurements, water holding capacity, particle size, microscopy images and backscattering technique. 

Regarding the previous study2 this work goes further in the assessment of the pressure effect on inulin molecules not only by the application of much higher pressures (up to 296 MPa) but also in the study of gel development throughout the time. Our results indicated that UHPH processing induced changes on inulin molecules. The application of increasing homogenization pressures for a single pass formed more homogeneous, stronger and more stable gels. For instance, 9% inulin gels showed a maximum G’ value of 825 Pa when processed at 207 MPa, while the non-treated samples sedimented exhibiting phase separation. Additionally, gel water retention capacity was improved and homogenized samples were able to retain up to double the amount of water molecules. Furthermore, for example, processed 6% inulin samples showed transitory sol-gel behaviour during the first two days after processing (G’ value 0.1 Pa). After the third day gel structure dramatically changed to a stable state, showing G’ values around 100 Pa. This fact clearly indicates time is needed for inulin gel development.  Nevertheless, the application of very high pressures (296 MPa) at some concentrations led to “overprocessed” samples, less homogeneous and weaker gels with poorer water holding values. This effect was attributed to an irreversible modification of the inulin particle structure.  

The results obtained in this study demonstrate that UHPH is a promising technology for the improvement of the functional properties of some ingredients. The application of UHPH on inulin results in improved gel characteristics and allows the reduction of the ingredient concentration. 
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