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Abstract: Novel food ingredients produced through advanced synthetic biology and precision fermentation

technologies are rapidly reshaping the landscape of global food manufacturing. Compared with traditional agricultural
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sourcing or extraction from natural resources, biomanufacturing offers a more sustainable, controllable, and scalable
supply model that reduces dependence on seasons, land resources, and environmentally intensive production chains.
Continuous breakthroughs in metabolic engineering and microbial cell factories have substantially improved
production yields, purity, and cost efficiency, enabling many bio-derived ingredients to be ready for transition from
laboratory research to industrial production. However, the commercialization of these innovative ingredients is not
determined solely by technological readiness. Instead, it is increasingly constrained by regulatory policies, approval
efficiency, and public acceptance, particularly in jurisdictions where existing food safety frameworks were originally
designed for conventional products rather than emerging production systems. This study employs L-ergothioneine, a
naturally occurring antioxidant amino acid as a representative product of synthetic biomanufacturing to examine the
regulatory and governance challenges facing novel food ingredients. Traditionally extracted from limited biological
sources such as edible fungi, ergothioneine is now more efficiently produced via microbial fermentation, which
provides higher purity, stable supply, and lower environmental impact. Despite international regulatory recognition and
commercialization progress in regions such as the United States and the European Union, its market entry in China
remains relatively slow. Through a comparative review of international approval processes, including the U.S. GRAS
System and the EU Novel Food Framework, along with China’s pre-market approval system, this study identifies key
structural barriers affecting the domestic commercialization of L-ergothioneine. These include ambiguous technical
requirements, limited risk-tiered evaluation mechanisms, lengthy review timelines, and gaps between scientific
evidence and consumer perception. Based on these circumstances, the paper proposes an adaptive regulatory
framework that integrates four complementary dimensions: clarification of technical guidelines, risk-proportionate
assessments, optimization of substantial equivalence mechanisms, and strengthened science-based risk communication.
Rather than advocating for accelerated approval alone, this framework emphasizes improving regulatory predictability,
transparency, and trust while maintaining high safety standards. By embedding process-based risk evaluation and
dynamic post-market monitoring into the licensing pathway, regulators can better balance innovation promotion with
precautionary governance. This approach contributes both empirically and conceptually. Empirically, it provides a

systematic analysis of the institutional constraints affecting the industrialization of biosynthesized ergothioneine in

L-Ergothioneine: A case study on commercialization and market access for novel food ingredients
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China. Conceptually, it advances a broader understanding of how food safety governance can evolve from static

ingredient-based assessment toward adaptive oversight of novel production systems. These experiences offer policy

insights for accelerating the compliant market entry of domestically developed bio-manufactured novel food

ingredients to foster a resilient regulatory environment that aligns technological innovation with public health

protection.

Keywords: L-ergothioneine; synthetic biology; novel food ingredients; regulatory policies; biomanufacturing;

market access; safety assessment
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Table 1 Biological effects and mechanisms of L-ergothioneine: key references
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Fig. 1 Regulatory policy framework for the industrialization of bio-manufactured novel food ingredients

(Proposed policy framework addressing regulatory bottlenecks in bio-manufactured novel food ingredients through four actions: technical guidelines,

risk-tiered reviews, enhanced substantial equivalence assessments, and improved risk communications, ultimately supporting faster approval, greater

predictability, and balanced innovation-safety governance)
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