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easy uptake and digestion, high nutrition, immunity enhancement and antioxidation. The efficient expression of various
milk protein components derived from natural milk by genetic engineering and cell factories has become a hot spot and
also a technical breakthrough in the field of animal-free milk biosynthesis. Animal-free milk, as a commercially-
available high-tech food that is changing our world, has the same nutritional function as natural milk, but does not
contain lactose, cholesterol, allergens, contaminated antibiotics and other undesirable components. The animal-free
milk production process does not need to breed animals, which can effectively save resources and energy. It is a new
model for future dairy production that could reform the traditional farming industry and lead the development of the
food industry and cellular agriculture. In this review, we systematically summarize the current status of intellectual
property protection of core technologies related to the metabolic reconstruction of model microbial chassis, efficient
expression of recombinant milk proteins, and industrialization of animal-free milk products; discuss hot issues such as
bottleneck technologies and biosafety challenges in the R&D of animal-free milk products; present the latest
development in the combinatorial biosynthesis of milk proteins, man-made flavoring substance additives, sequence
modifications for allergen and smart designs for cell factories. At present, the R&D of recombinant milk protein
expression and animal-free milk biosynthesis technology in China is still lagging behind, and funds for R&D and
venture capital investment for such an emerging business are insufficient. In order to cope with the intensive
international competition, we should increase investment in R&D during the 14th Five-Year Plan Period, and strive to
break through key technologies and product production processes. On the other hand, the formulation of biosynthetic
food commercialization regulations and industrial policies needs to be facilitated. These efforts will provide
irreplaceable scientific and technological support for promoting the development of future farming industry and
achieving the agricultural "carbon peaking and neutralization” goal in China.
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Fig. 8 Process diagram for the combinatorial expression of milk proteins to produce synthetic milk
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