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Food biomanufacturing: Paradigm shift in production from basic
ingredients to formulation ingredients and additives

LIU Yunxiang, SUN Menglu, WANG Minghai, CHEN Rui, ZHANG Lihui’, HUANG He"

State Key Laboratory of Microbial Technology, School of Food Science and Pharmaceutical Engineering, Nanjing Normal University,
Nanjing 210023, China

Abstract Amidst the deep integration of technological revolution and industrial transformation, food biomanufacturing, powered by
synthetic biology, is reconstructing the production paradigms of the food industry through cutting—edge approaches such as precision gene
editing, Al—assisted enzyme engineering, and intelligent fermentation. This review systematically summarizes recent advances in the
bio—manufacturing of fundamental ingredients such as proteins, carbohydrates, and lipids, as well as food additives including colorants,
sweeteners, and acidulants. It highlights the potential of microbial proteins, artificial starch, and functional lipids in enhancing production
efficiency and reducing environmental impacts. However, several technical bottlenecks remain, including challenges in texture and flavor
modulation of proteins, high costs in scale—up production, and the lack of comprehensive safety evaluation systems. To address these
challenges, we propose strengthening Al—driven strain design, developing efficient carbon—fixing chassis cells, and establishing
standardized nutrition and safety assessment frameworks to accelerate industrial translation. In conclusion, food bio—manufacturing holds
promise for restructuring the global food supply chain and paves the way toward a green, efficient, and sustainable food system.

Keywords biomanufacturing; synthetic biology; basic food ingredients; formulation ingredients and additives
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