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Abstract: Adequate intake of probiotics helps in maintaining the homeostasis of the gut
microbiota, which is of great significance for human intestinal health. However, probiotics are
vulnerable to stress and necessitate stringent storage conditions in industrial settings, which
pose challenges to the vitality maintenance of probiotics in transportation and shelf-life.
Therefore, it is essential to develop the preparation process capable of protecting the high
vitality of probiotics. Drying beneficial for sustaining probiotic vitality is often used to
maintain the strain stability. Among the drying methods, freeze-drying is widely used.
However, during the freeze-drying process, probiotics encounter environmental stress
conditions, which lead to cellular damage and even death. Therefore, the freeze-drying
protectants that can significantly improve probiotic survival rate have become a research
hotspot in the industrial application of probiotics. This article systematically summarizes both
the commonly used and the newly discovered protectants for freeze-drying of probiotics and
elucidates their mechanisms of action. It provides an overview of the factors affecting cell
viability post freeze-drying while outlining the prospective research directions of
freeze-drying protectants. This review is expected to furnish theoretical substantiation for the
development of freeze-dried probiotics with high vitality.

Keywords: probiotics; freeze-drying; freeze-drying protectants; physiological state; regulation
of fatty acids
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The regulation mechanism of biofilm formation by LuxS/AI-2 quorum sensing
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Figure 2 The impact of fatty acid and stress environment on cell membrane fluidity.
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Table 1  Application of lyophilized protectants in different strains
Strains Lyophilized protectants Mechanisms References
Bifidobacterium Sorbitol, raffinose, collagen Sorbitol improved osmotic stress, stabilized protein [40]
brevis CCFM683 structure and resisted oxidation; raffinose accumulated
and interacted with water molecules in cells; collagen
provided a protective layer and formed a porous
structure for cells
Lactobacillus 10% skim milk, 13% sucrose,  Skim milk stabilized cell membrane components and [17]
plantarum L1 2% sorbitol, 0.8% tyrosine provided a protective layer of proteins; the hydroxyl
group of saccharides formed hydrogen bonded with the
phosphate group of a lipid; amino and carboxyl groups
of amino acids interacted with water molecules to form
hydrogen bonds, increased the viscosity of the solution
and reduced cell damage
Lactobacillus 10% rice protein, 5% The amino group of rice protein interacted with the [41]
plantarum TISTR  fructooligosaccharide carboxyl group of bacterial protein to maintain the
2075 cellular protein structure; the interaction between
fructooligosaccharide and cell membrane reduced the
mechanical damage of cell membrane
Lactococcus lactis  10% galactose, 10% trehalose ~ Saccharide formed a glassy structure that protected [42]
GH1 intracellular proteins and displaced water between lipid
head groups to prevent cell membrane drying and
rehydration
Lactobacillus 20% skim milk, 3.57% lactose, Saccharide and protein worked together to reduce [43]
curvatus N19 10% sucrose osmotic shock, cell membrane damage, macromolecular
deformation, membrane lipid inactivation, and
structural changes of sensitive proteins in biological
systems
Lactobacillus 15% polymerized whey protein Polymerized whey protein formed a dense protective [44]
acidophilus LA-5 film
Lacticaseibacillus  0.5% whey, 27% sucrose, 12%  Sucrose interacted with water molecules to form [45]
rhamnosus GG skim milk hydrogen bonds; skim milk reduced mechanical damage
to bacteria under environmental stress
Ligilactobacillus 0.5% whey, 1% maltodextrin, =~ Maltodextrin and proteins formed a protective layer on  [45]
salivarius 20687 12% skim milk the surface of bacteria to reduce the damage of
environmental stress to cells
Lactobacillus 19% maltodextrin, 12% straw  Polysaccharide and peptide formed a dense protective  [46]
reuteri F-9-35 mushroom polysaccharide layer on the surface of the bacteria and increased the
extract, 10% fish collagen nutrient diversity of the bacteria powder
peptide
Lactobacillus 10% carnosine Carnosine served as antioxidant and provided glass [47]
paracasei JCM8130 phase transition properties similar to disaccharides
Bifidobacterium 1% glutathione Glutathione protected key enzyme activity and [48]

animalis ssp. lactis
MG741

prevented cell membrane fatty acid peroxidation
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