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Abstract
toward high efficiency and sustainability. This review first analyzes the limitations of traditional grain—based feedstocks and highlights the

Following the full value chain of "feedstocks—technologies—processes—products," biomanufacturing is rapidly advancing

latest developments in sustainable raw material systems—including non—food resources, biomass, and one—carbon substrates—which
collectively support the establishment of a secure and robust feedstock base for biomanufacturing. On the technology side, we
systematically examine advances in foundational tools such as gene editing, metabolic engineering, computational design, and artificial
intelligence (Al), emphasizing their roles in the precise design of chassis cells, industrial enzymes, and high—performance microbial
strains. These technologies are driving biomanufacturing toward higher efficiency, modularization, and intelligence. At the process level,
key innovations in intelligent cell factories, precision fermentation, online monitoring, digital twins, and the domestic development of
smart equipment are discussed, highlighting the transition from experience—driven operations to model—driven and intelligent
decision—making. On the product side, we summarize industrialization progress and application prospects across pharmaceuticals, food,
chemicals, and materials. Finally, we address critical bottlenecks facing China's biomanufacturing—such as limited autonomy in strain
development and reliance on imported high—end equipment—and propose directions for key technological breakthroughs, providing

guidance for future technology roadmaps and industrial development.
Keywords biomanufacturing; non—food biomass; biocatalysts; advanced equipment; artificial intelligence

32 www.kjdb.org


https://doi.org/10.16418/j.issn.1000-3045.2018.11.013
https://doi.org/10.1088/2631-7990/ad3f59
https://doi.org/10.1088/2631-7990/ad3f59
https://doi.org/10.1088/2631-7990/ad3f59
https://doi.org/10.16418/j.issn.1000-3045.2019.04.008
https://doi.org/10.13246/j.cnki.iae.2024.07.004
https://doi.org/10.13246/j.cnki.iae.2024.07.004
https://paper.people.com.cn/rmlt/html/2022-11/04/content_25947869.htm
https://paper.people.com.cn/rmlt/html/2022-11/04/content_25947869.htm
https://paper.people.com.cn/rmlt/html/2022-11/04/content_25947869.htm
https://paper.people.com.cn/rmlt/html/2022-11/04/content_25947869.htm
https://doi.org/10.16418/j.issn.1000-3045.20241209006
https://doi.org/10.16085/j.issn.1000-6613.2025-0090
http://www.kjdb.org

	1 生物制造的关键技术发展趋势
	1.1 生物制造原料向非粮生物质拓展
	1.2 高性能菌种及酶的开发向精准化、智能化演进
	1.3 过程工程技术及核心装备向模块化、智能化迭代

	2 中国生物制造的核心技术问题与挑战
	2.1 资源利用与原料替代的技术瓶颈
	2.2 核心菌种的自主可控性问题
	2.3 生物催化剂设计与底层技术短板
	2.4 高端装备与智能制造能力的不足

	3 中国生物制造未来关键技术发展方向与关键任务
	3.1 原料端：发展一碳原料转化与非粮资源的利用技术
	3.2 细胞工程的智能设计与创制
	3.3 装备与过程：智能细胞工厂、精准生物发酵、智能装备
	3.4 产品端：生物制造驱动的多领域产品体系拓展

	4 结论
	参考文献

