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Low carbon biomanufacturing for future food

LI Demaol’z, TONG Shengl’z, ZENG Yanl’z, YANG Jiangangl’z, QI Xiannil’z,
WANG Qinhongl’z, SUN Yuanxia'?

1 Tianjin Institute of Industrial Biotechnology, Chinese Academy of Sciences, Tianjin 300308, China
2 National Center of Technology Innovation of Synthetic Biology, Tianjin 300308, China

Abstract: Affected by the rapid population growth, the unbalanced level of social and economic
development, the aging population and unhealthy eating patterns, we are facing problems such as lack of
food and nutrition, and the high incidence of nutrition related diseases. At the same time, the demand for
low-carbon development calls for a sustainable food supply model. Therefore, technologies that meet the
taste and nutritional needs of consumers, and serve as a green and sustainable food supply model, such
as functional sugar, alternative meat and other future food technologies, have attracted increasing
attention. The rapidly developed emerging biomanufacturing technology and its products will support
the development of a green and low-carbon future food industry and trigger profound changes in the
traditional production mode. Collectively, this represents a major strategic development direction of the
emerging bioeconomy. This review summarizes the biomanufacturing technology of functional sugars,
microbial proteins and key auxiliary ingredients of alternative meat. We discuss the latest progress in
cell factory construction, strain evaluation and process optimization in industrial environment and
derived product development. Moreover, future development trend was prospected, with the aim to
facilitate industrial development of biomanufacturing of future food.

Keywords: future food; low carbon bio-manufacturing; functional sugar; microbial protein; alternative
meat; cell factory
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Table 1 Summary of the strains, processes, and titers of several functional sugars

Process Substrate Product Host strain Titer (g/L) References

Enzymatic Fructose Allulose Corynebacterium glutamicum 150 [8]

transformation Sucrose Raffinose/Stachyose Escherichia coli 129/41 [21]

technology Sucrose Glycerol glucoside E. coli 400 [25]

Microbial Glucose Erythritol Yarrowia lipolytica >200 [30]

fermentation Glucose L-fructose/L-tagatose C. glutamicum 20.8/10.3 [31]

technology Dihydroxyacetone, Erythrulose E. coli 250 [32]
formaldehyde
Glucose Branched ketose C. glutamicum 36.3 [33]
Glucose N-acetylglucosamine C. glutamicum 117.0 [34]
Glucose Sialic acid Bacillus subtilis 30.1 [35]
Glucose 2'-FL E. coli 79.2 [37]
Sucrose 2'-FL B. subtilis 88.3 [38]
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Figure 2 Manufacturing of alternative meat made of microbial protein.
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» Realize coordinated and
precise regulation of
multiple gene expression;

» Optimize the rational
distribution of microbial
synthetic material flow
and energy flow.

» Analyze the metabolic
pathway and regulation
mechanism of protein;

> Excavate the elements
related to enzyme
function, substrate
transformation and total
protein balance in cells.

» Accurate simulation of
intracellular metabolic
flow and energy flow
distribution;

» Mining key bottleneck
metabolites and
bottleneck reactions
in protein synthesis.

High production rate
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Figure 3 Biomanufacturing technology of microbial protein.
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Figure 4 Extrusion technology of alternative meat.
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