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Description of the research work proposed for a PhD Topic # (see list) : II-9, II-13, V-17

Impact of emerging technologies on the freezing process of fruits and vegetables: experimental and modeling 

approaches

Subject :

The preservation of fruits and vegetables through freezing and drying is a widely adopted method due to its ability to 

extend shelf life while maintaining nutritional and sensory quality. However, conventional freezing techniques often 

result in the formation of large ice crystals, which can damage plant cell structures and compromise texture upon 

thawing. This research thesis aims to explore how emerging technologies—such as microwaves and ultrasound-

assisted freezing—can enhance the efficiency and quality of the freezing process. The study will begin with the 

optimization of key process parameters, including air temperature and velocity, product geometry, and the biochemical 

composition of different fruits and vegetables. A particular emphasis will be placed on understanding ice nucleation 

and crystal growth mechanisms within plant tissues, using microscopic and imaging techniques. Microwave-assisted 

freezing will be investigated to determine its influence on ice crystal morphology and the potential for reducing freezing 

time. Similarly, ultrasound technology will be evaluated for its ability to enhance heat and mass transfer, leading to finer 

and more uniform ice crystal formation. The impact of these technologies will be assessed through a combination of 

physicochemical, microstructural, and textural analyses, both immediately after freezing and during storage. Water 

release, firmness, and structural integrity will be monitored over time to evaluate the long-term effects of the freezing 
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