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Abstract
Rice parboiling is widely employed to improve milling efficiency, cooking quality, and storage stability; however, conventional methods are often associated with high energy consumption, prolonged processing time, and uneven heat transfer. This study evaluates the effectiveness of advanced parboiling technologies, namely Ohmic Heating (OH), Microwave Heating (MW), and Ultrasound-assisted parboiling (US), as sustainable alternatives to conventional steaming for rice processing. The influence of these technologies on hydration kinetics, milling characteristics, physicochemical properties, cooking quality, starch structural modifications, volatile compounds, and storage stability was investigated. Advanced treatments significantly enhanced processing efficiency by reducing soaking and heating duration while improving overall rice quality. Among the evaluated methods, ultrasound-assisted parboiling achieved the highest head rice yield (99.40%), indicating superior milling performance. Ohmic heating exhibited improved grain hardness, reduced chalkiness, enhanced shelling efficiency, and better nutrient retention due to rapid and uniform volumetric heating [1]. Microwave treatment considerably reduced processing time and contributed to desirable cooking characteristics [2]. Structural analyses using SEM, FTIR, XRD, and DSC confirmed starch gelatinization, recrystallization, and modifications in crystalline structure induced by advanced thermal treatments. Ohmic heating showed pronounced starch restructuring and improved cellular integrity, while ultrasound treatment influenced amylose behavior through cavitation effects [3]. Furthermore, the advanced technologies reduced energy consumption and improved storage stability compared with conventional processing. Overall, the findings demonstrate that OH, MW, and US technologies provide promising, energy-efficient, and environmentally sustainable solutions for modern rice parboiling with strong potential for industrial-scale commercialization.
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