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Towards food security initiative: progress, bottlenecks, and policy
pathways for the microbial alternative protein industry in China

WU Chengchun'’, PENG Nan'?, XU Wei'?*"

1 National Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University, Wuhan, Hubei, China
2 College of Life Science and Technology, Huazhong Agricultural University, Wuhan, Hubei, China

Abstract: China’s national food security faces rigid constraints due to land scarcity, a large
population, and heavy reliance on imported feed proteins. In this context, the initiative to seek
calories and proteins from microbes has become a strategic priority for building a diversified food
supply system. Microbial alternative proteins represent a quintessential new quality productive
force in agriculture. They offer distinct advantages, most notably high industrial efficiency and the
ability to decouple protein production from food crops and arable land. This paper reviews China’s
progress in this sector based on global biomanufacturing trends. The discussion focuses on
synthetic biology-driven strain engineering, gas fermentation, and industrial-scale production.
Furthermore, the article critically analyzes current bottlenecks, including intellectual property
barriers for elite strains, high production costs, and lagging safety evaluation standards. Finally, we
propose targeted recommendations to address these challenges. These include strengthening
organized basic research, establishing an intelligent manufacturing system that integrates
education, technology, and talents, and reforming regulatory frameworks. These insights aim to
provide a strategic reference for China to secure a commanding position in the global bio-
agriculture landscape.

Keywords: microbial alternative protein; biomanufacturing; food security; synthetic biology;
science and technology policy
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Table 1 The deficit status of feed protein and the substitution potential of non-grain biological resources
Item Baseline/estimation basis Soybean-equivalent
(x10*1)
I. Current deficit of grain-based feed protein Imported quantity (x1 0*1) 12 422.48 (total)

Soybean 11 183.00 11 183.00
Maize 264.77 70.61
Wheat 389.00 155.60
Others (forage/fishmeal/animal products) 1 108.00 1013.27

II. Substitution potential of non-grain resources ~ Resource utilization assumptions/pathways >13 350.00 (total)
Maize protein Protein content +4 percentage points 2 800.00
Forage protein Protein content +3 percentage points 450.00
Microalgal protein Use 1 million hm? of marginal land 3300.00
Animal by-products High-efficiency bioconversion of 1 billion tonnes 3 000.00
Crop straw High-efficiency bioconversion of 100 million tonnes 3 000.00
Kitchen waste High-efficiency treatment of 100 million tonnes 800.00

Synthetic biology manufacturing

Future technology

Enormous potential

Data for Section I are derived from the 2025 import-export statistics released by the General Administration of Customs of China

(http://stats. customs. gov.cn/). The soybean-equivalent value (Eq,y) is calculated by converting on an equivalent crude protein (CP)

basis: Eg,,=(M;*CP;)/CPq,, where M; is the physical amount of ingredient i, CP; is the average crude protein content of ingredient

i

4 and CP,, is the average crude protein content of soybean (set to 40% in this study). Estimates in Section II are based on

“theoretical resource availabilityxbioconversion efficiency”. The potential increases in maize and forage protein are projected from

expected advances in breeding. The conversion potentials for microalgae, animal by-products, and crop straw are referenced to

current industrial fermentation performance and relevant data on agricultural waste valorization released by the Ministry of

Agriculture and Rural Affairs of China.
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Figure 1

Flow analysis of the feed protein deficit and the substitution potential of non-grain biological resources

in China. The left side illustrates the theoretical substitution potential of various non-grain biological resources,

while the right side displays the import deficit of major feed protein raw materials in China. The data indicate that

based solely on existing utilization technologies for microalgae, crop straw, and organic wastes, the potential

production capacity (133.50 million tonnes) is sufficient to fully cover the current import deficit (124.22 million

tonnes), generating a strategic surplus (indicated by the blue flow). Furthermore, synthetic biology manufacturing

(indicated by the golden flow), serving as a future incremental capacity, will further strengthen the strategic

initiative in ensuring national food security.
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Three-dimensional substitution of microbial protein biomanufacturing for traditional arable

agriculture. Compared to traditional soy farming which relies on two-dimensional land area (Right), modern

bioreactors integrated with digital twin and precision fermentation technologies (Left) utilize three-dimensional

space to significantly enhance protein production efficiency by a thousandfold, achieving a fundamental shift in

production mode from climate-dependent agriculture to intelligent biomanufacturing.
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Figure 3  Strategic implementation roadmap for the high-quality development of China’s microbial alternative

protein industry. Based on a synergistic framework of “Technology Innovation-Policy Support-Organizational

Model”, this roadmap delineates stage-specific tasks ranging from the “Foundation Strengthening Phase” (2026—
2030) and “Breakthrough Phase” (2030-2035) to the “Maturity Phase” (2035+).
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