Improvement of Amphipathic Properties with Molecular Structure Unfolding and Activation of Cottonseed Protein as Ultra Stable and Safe Emulsifier
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The protein content of cottonseed meal, a by-product of cotton processing – cottonseed after shelling and oil extraction, is as high as 40 -50%. It is a plant protein resource with high nutritional value and good quality. They are excellent options for numerous applications due to their superior properties and lower cost. However, its complex folded structure and large molecular weight lead to lower reactivity and insufficient amphiphilicity. Cottonseed protein isolate (CPI) is less soluble in water. To address these challenges, we enhanced the amphiphilicity of CPI with associated hydrolysis, molecular structure unfolding, and activation by alkaline-induced deamidation (at 24, 36, and 72 h) and produced three cottonseed protein hydrolysates CPH 24, 36, and 72. Structural analysis via FTIR and circular dichroism measurements confirmed the conformational changes, including protein unfolding and shifts in the secondary structure composition. The deamidation process significantly reduced the particle size from 2503.4 nm to 771.8 nm and increased the surface hydrophobicity from 133.5 to 326.7, carboxyl content from 1.13×10-3 to 2.09×10-3, and flexibility from 0.106 to 0.162. This indicated the hydrolysis, unfolding, and amphiphilicity improvement of CPI. These modifications led to improved emulsifying properties, with CPH72 exhibiting the most promising results. CPH 72 stabilized emulsions were long-term stable under various environmental stresses, including temperature, pH, and ionic concentration without visible phase separation after at least 40 days of storage except at pH 4. Compared to CPI, it had smaller emulsion droplets (939.3 to 264.9 nm) and larger absolute ζ-potential (-26.5 to -58.0 mV), indicative of enhanced emulsion stability. In addition, in-vitro cytotoxicity assay revealed that deamidated CPI is significantly safer than commonly used synthetic surfactants. This research introduces a sustainable approach for producing multifunctional emulsifiers from renewable resources, offering promising applications in the development of functional foods and non-foods.

