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Abstract

Vacuum Freeze Drying (VFD) is an advanced dehydration technique predicated upon the direct sub-
limation of ice crystals into water vapor under low-temperature vacuum conditions. Owing to its
exceptional capacity to preserve the nutritional constituents, color, flavor, and textural integrity of
food materials, VFD is widely acknowledged as the “gold standard” in the domain of food drying.
Through rigorous scientific investigation and engineering refinement, VFD has evolved into a ma-
ture and indispensable core operation across the food, pharmaceutical, and biotechnology indus-
tries. Accordingly, this paper first provides a clear and methodical exposition of the fundamental
principles and defining characteristics of VFD. It then proceeds to a substantive discussion of its
representative applications in the processing of fruits and vegetables, meat and aquatic products,
dairy items, seasonings, and functional foods. Subsequently, major technological advances in recent
years are systematically reviewed from the perspectives of energy-efficient pretreatment strategies,
hybrid drying methodologies, and intelligent process control. The prevailing challenges—including
substantial energy consumption, elevated operational expenditure, and limited degrees of automa-
tion—are subjected to objective scrutiny. Finally, the paper delineates prospective developmental
trajectories with respect to continuous production systems, precision nutrition paradigms, and
green low-carbon initiatives.
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Table 1. Comparison of key technological improvement effects of VFD
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