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The microstructure of wax crystallites and crystalline aggregates plays an important role in development of the three-dimensional network of wax-based oleogels. Therefore, an understanding of crystallization kinetics and morphologies of waxes in liquid oils is essential to engineer the formation of oleogels with desired gelling properties. In this study, seven waxes, differing in melting temperature and chemical composition (n-alkanes, free fatty acids, free fatty alcohols, and wax esters), were chosen as structuring agents to transform liquid rice bran oil (RBO) into respective oleogels. The degree of crystallinity and crystallization behavior of added waxes in RBO were studied under three different cooling rates (2, 5, and 10 °C/min), using differential scanning calorimetry (DSC) and polarized light microscope (PLM). We found that the higher cooling rate forced the waxes to crystallize earlier and faster, resulting in a denser network of smaller crystals. This circumstance is revealed clearly in the microstructural network formed by the large dendritic or spherical crystallites (Rice Bran Wax-RBW, Carnauba Wild Wax-CRWW, Candellila Wax-CLW and Fruit Wax-FW). The inner structure and packing order of the crystallites in wax-based oleogels were further demonstrated using cryo-scanning electron microscope (cryo-SEM) and powder X-ray diffraction (XRD). The oleogels prepared from high melting waxes (RBW, Sunflower Wax-SW, BeesWax-BW, CLW, and CRWW) exhibited an orthorhombic sub-cell structure (β’ morphology), while the low melting waxes (FW and BEW) revealed a hexagonal symmetry. Interestingly, despite the similarity in terms of platelet and tubule structure, the cryo-SEM images showed the morphological diversity of wax molecules (RBW: cluster of crusts, SW: ridged platelets with narrow crevices, BW: threads, CLW: cluster of circular tubules, CRWW: parallel stacked angular tubules, FW: starry night layers, and BEW: loosely-packed sea sponges). Our findings provide a fundamental and comprehensive vision of crystallization behavior, morphologies and ultrastructure of wax crystallites in liquid oil structuring.

