Atomic force microscopy studies of the nanomechanical properties of natural oil bodies 
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Abstract: Oil bodies (OBs) are micrometer-scale oil droplets found in many plant organs. As natural emulsions with remarkable stability, OBs are viewed as promising materials for applications in colloid science, such as energy reservoirs, protein recombination, active agents delivery vehicles, and functional ingredients in foods, cosmetics, and pharmaceuticals [1]. Their interfacial layer, composed of phospholipids with embedded proteins, plays an important role in their physicochemical stability and functions. In this study, the interfacial mechanical properties of OBs from three plant sources--soybean, sesame and peanut -- were investigated in-situ by colloidal probe atomic force microscopy (AFM) [2,3]. Different regions of the force-deformation curves during compression were analyzed using a suite of models, including Hooke’s law, Reissner theory, and the elastic membrane theory [4,5]. We found that the natural OBs are very soft droplets but do not rupture and fully recover following compressive strains ε as large at 0.2 . Over a range of small strains (ε=0.003-0.05), the strain varies linearly with the compressive force, Reissner theory applied in this region yields a Young’s modulus (E) of the OB membranes that is is similar in magnitude to that obtained from the elastic membrane theory at higher strains (ε=0.05-0.10). However, at the highest strains probed in the measurements (ε=0.10-0.20) agreement with elastic membrane theory breaks down. We propose an extension of the theory that includes a contribution to the force from interfacial tension based on the Gibbs energy, allowing effective determination of E and the surface tension of the membrane of the OB droplets in a water environment. Overall, stiffness and E of the soybean OBs were larger than those of sesame and peanut OBs, and both were negatively correlated with OB particle size, which was dictated by the composition and structure of the OB surface membranes. 
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