Cryogel as colloidal templates for probiotics encapsulation: A case study on milk protein based cryogels engrafting L. rhamnosus GG 
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Probiotics pertain to well-defined human gut-relevant commensal and microbes consortia having generic or core effects on gut physiology and homeostasis or supporting the health of the reproductive tract, oral cavity, lungs, skin and gut-brain axis1. Although probiotics can be naturally administered via the oral route (e.g. functional foods and supplements ingestion), their biological role can be dramatically restrained due to food processing, storage and gastrointestinal transit associated extrinsic stressors (i.e., exposure to mechanical stress, heating, low pH, oxygen, water vapour, high ionic strength, peptic cleaving enzymes, bile salts, etc.)2. Probiotics’ encapsulation, i.e. the physical engrafting of gut microbiota-relevant living cells in structure-engineered biopolymer micro-scaffolds, is a tangible way to prevent the cellular lethality encountered during food processing and storage while allowing the controlled release and gut mucosa cell adhesion during oro-gastrointestinal transit3. 
Cryogels, i.e., macroporous xero-scaffolds produced via the ice sublimation of cryogenically processed biopolymeric precursors have been successfully deployed as colloidal reservoirs for labile bioactive compounds allowing satisfactory loading yields, programmable release properties and bioavailability of micronutrients and bioactive compounds4. Despite the deployment of cryogels as controlled release colloidal templates for micronutrients and drugs, the engrafting of living cells, such as probiotic bacteria, appears to be a promising encapsulation concept that has been scarcely investigated. 
The present work aimed to showcase the technological feasibility of fermented milk protein-based cryogels in preserving the biological activity of L. rhamnosus GG. The physicochemical, microstructural, thermo-mechanical and dissolution characteristics of the cryogels were determined. The changes in the total viable counts of L. rhamnosus GG throughout cryogenic processing, storage (T= 5, 20 and 37°C, aw = 0, 0.11, 0.23, 0.33, 0.54 and 0.75) and in vitro digestion conditions were monitored. The matrix disintegration, the peptic cleavage and the release of bioactive peptides throughout in vitro gastrointestinal transit were monitored employing confocal laser scattering microscopy, SDS-PAGE/OPA assay and nano-LC/MS/MS, respectively. Finally, the L. rhamnosus GG cell adhesion properties, as influenced by the cryogel composition, were assessed using a mucus-producing co-culture intestinal cell line model (Caco-2/HT-29). 
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