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Probiotic preparations: technical advances via the three-stage engineering strategy

Xiongzhou Yang, Yuejian Mao, Weiwei Han, Donghui Liu, Xiaohui Zhao"
Global R&D Innovation Center, Inner Mongolia Mengniu Dairy (Group) Co., Ltd., Hohhot, Inner Mongolia

[ Abstract] This review systematically summarizes the latest research advances in three-stage engineering
strategies for probiotic manufacturing. In upstream engineering, genomics and machine learning enable precise
screening and rational design of strains. In midstream engineering, efficient optimization of fermentation processes
is realized through intelligent control based on real-time sensing and mathematical models. In downstream
engineering, novel separation and drying technologies such as ceramic membrane filtration and electrospray drying,
in combination with innovative microcapsule wall materials, markedly improve the recovery rate and stability of
probiotics. Looking ahead, in-depth integration of interdisciplinary technologies will drive the probiotic
manufacturing field to accelerate its transformation to a data-driven and precision-regulated paradigm.
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