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enhancing immune function and improving nutrient absorption. However, their viability is often reduced by

exposure to harsh conditions during production, storage, transportation (temperature fluctuations, pH, light, etc),

and gastrointestinal transit (gastric acid, enzymes, bile salts, etc). To reduce the damage to probiotics caused by

external environmental factors and thereby enhance the protective effect on probiotics, single-cell encapsulation

technology has emerged. This technology involves coating individual bacterial cells with a protective layer

through physical or chemical means, thereby enhancing their stability and functionality. This review

systematically outlined current single-cell encapsulation techniques, functional properties of encapsulated

probiotics, and their applications in the food industry, including uses in fermented fruit and vegetable juices and

probiotic powders. Furthermore, it discussed future challenges and research trends in this field. The aim is to

provide a theoretical foundation and practical insights for the development and functional food applications of

encapsulated probiotics.
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Fig.1 Single-cell encapsulation methods
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Table 1 Electrostatic interaction encapsulation method for probiotics and its key characteristics
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Table 2 Ligand complexation encapsulation method for probiotics and its key characteristics
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Table 3 Covalent binding encapsulation method for probiotics and its key characteristics
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Table 4 Method for encapsulating probiotics using amphiphilic substances as materials and its key characteristics
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Fig.2 Functional characteristics of single-cell encapsulation
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