Emulsifying mechanism of OSA-modified potato starch in 5% oil-in-water emulsions
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The climate crisis necessitates a shift from animal- to plant-based diets for sustainable food systems. Potatoes can play a pivotal role in this transition due to their climate resilience and significant contribution to the European market, where they account for 33% of starch production.1
Potato starch, naturally hydrophilic, can be chemically modified with octenyl succinic anhydride (OSA) to enhance its surface-active properties by introducing hydrophobic groups.2 The molecular structure of OSA-modified starch, including its degree of substitution, branching, and molecular weight, affects the stability of OSA starch-based emulsions.3,4 While OSA-modified potato starch can replace animal-based emulsifiers in products like cheese and coffee creamer, the mechanism behind its enhanced emulsifying capacity remains unclear.
This study aimed to elucidate the emulsifying mechanism of OSA-modified potato starch in small-scale 5% oil-in-water emulsions using 0.2% starch. It sought to establish the relationship between OSA modification and the physical stability and microstructure of emulsions.
The following starches, all treated with 3% OSA, were used: commercial potato starch 1, commercial potato starch 2, native potato starch, and waxy potato starch. Sodium caseinate served as the control. Briefly, 5% oil-in-water emulsions using 0.2% starch or sodium caseinate were prepared and analysed for creaming index, particle size distribution, zeta potential, and microstructure using cryo-scanning electron microscopy (SEM) and confocal laser scanning microscopy. Additionally, small-angle neutron scattering (SANS) and ultra-SANS experiments were conducted at Australia’s Nuclear Science and Technology Organisation (ANSTO) in Sydney. Preliminary results indicate that the emulsion particle size, indicated as D4,3, increases in the following order: commercial potato starch 2 – commercial potato starch 1 – sodium caseinate – waxy potato starch – native potato starch, with values ranging from 0.19 ± 0.001 to 0.67 ± 0.07 µm. All five emulsions exhibited a zeta potential ranging from -18.05 ± 0.49 to -32.45 ± 0.49 mV, indicating a stable system. Notably, initial cryo-SEM images suggested a Pickering effect for commercial potato starch 1 and 2.
This work aims to deepen the understanding of OSA-modified starch’s emulsifying mechanism, potentially enhancing its application in food products and contributing to the development of new plant-based emulsifiers.
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