Study on physical properties and gelation mechanism of mixed gelatin gels at varying storage times
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Gelatin is a versatile hydrocolloid and widely used as a gelling agent in food products. In recent years, fish gelatin has been highly appreciated as an alternative to mammalian-derived gelatin. This shift is driven by a desire to utilize marine resources more effectively, as well as to address religious and safety considerations. Because of low melting points, cold-water fish gelatin give the smooth mouth feeling, which is expected to broaden the range of food texture design, however, their low physical strength is limiting their applications. The improved physical strength and gelation mechanism of cold-water fish gelatin mixed with mammalian gelatin have been reported1, however, it is desirable to develop fish/fish mixed gelatins to elucidate their gelation mechanism. In this study, we aim to mix gelatin from cold-water fish and warm-water fish with different melting points and investigate the physical properties and gelation mechanisms of mixed gelatin gels. 
Gelatin derived from scales of cold-water fish species with low melting point (OFS, Kenny & Ross) and tilapia scales with high melting point (TS, Nitta Gelatin) were used for the experiment. 12.2% gelatin solutions were prepared by dissolving gelatin powder in deionized water at room temperature, then subsequently, dissolved at 60℃. In dynamic rheological measurements, the sample was cooled to 2℃ and reheated. For micro-DSC measurements, the sample was cooled, stored at 5 °C for maximum of 2 weeks, and reheated. For the particle tracking measurement, 1.1 µm fluorescent particles were added to the samples, stored at 5 °C for 24 hours, and particles were observed with a fluorescence microscope. 

In the dynamic rheological measurements, slight two-step melting was observed in the mixed gelatin gels. In the micro-DSC measurements, the melting peaks became larger and sharper during storage for all samples which suggests that the higher-order structure formation of gelatin progresses during storage. Additionally, in the mixed gel, two small melting peaks were observed during short storage, but a large peak appeared in the middle of the OFS and TS peaks after longer storage. This result indicates that the gelatin chains of OFS and TS which were in solution state immediately after cooling, formed a co-aggregated structure during storage. In the particle tracking measurement with samples after storage, fluorescent particles trapped at low temperatures started to diffuse near their respective melting temperatures in OFS and TS gels, whereas mixed gel started to diffuse near the melting temperature of the TS gel. This result suggests that TS chains are dominant in the network structure of approximately 1.1 µm in the mixed gel. 
In conclusion results of rheological and micro-DSC measurements revealed that two independent network structures are formed immediately after cooling. During cooling, some of the OFS and TS gelatin chains were still in solution state, and these chains formed co-aggregated structures upon storage. Also, it is indicated that that the TS chains are dominant in the network structure of the mixed gel, from the results of particle tracking. 
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