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Programmable morphology transitions in LAB, such as cell
aggregation and clumping, significantly improve biomass recovery
efficiency achieving up to 96% auto-aggregation while maintaining
high survival rates (87.2-96.7%) under simulated gastrointestinal
conditions. This morphology-induced aggregation strategy can
reduce energy consumption by over 50% compared to conventional
centrifugation, without compromising probiotic integrity. The
findings emphasize the potential of morphology engineering as a
scalable, sustainable, and low-energy harvesting method for both
dairy and plant-based functional food fermentations.

Future Work

Explore genetic and biochemical regulation of morphology shifts in LAB species. Apply this self-aggregating recovery
model to other probiotic genera such as Bifidobacterium and Streptococcus thermophilus .Develop pilot-scale
fermentation systems integrating morphology control for energy-efficient, large-scale probiotic production.
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