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Abstract: Artificial intelligence (AI) technology is booming up a new industrial revolution, and its
successful application is rapidly spreading from the information industry to many other fields. The
traditional fermentation industry also faces more opportunities and great challenges for reforming. First of
all, the rapid development of synthetic biotechnology has greatly enhanced the availability and efficiency
for obtaining high-performance strains, which poses great opportunities to the traditional fermentation
optimization and scale-up technology. It is urgent to upgrade fermentation optimization technology to cope
with the requirement for high-throughput verification of strain performance. Secondly, the development of
fermentation equipment technology has laid a good foundation for advancing fermentation optimization
technology. The application of Al technology, especially the digital twin and knowledge graph technology,
will further boost the upgrade of the traditional fermentation technology. This review summarizes the
challenges of fermentation optimization technology in the era of synthetic biology, the core technology of
fermentation optimization and scale-up, the equipment technology of high-throughput fermentation, data
visualization technology, as well as the application of digital twin and knowledge graph in fermentation
optimization and scale-up. This review also prospects future industrial fermentation technology, and the

associated new requirements for personnel training.

Keywords: fermentation engineering; synthetic biology; process optimization and scale-up; digital twin;
knowledge graph
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Diagram showing the relationship among operating variables, state variables and microorganism
physiological variables during a fermentation process!*’
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Table 1 Real time intracellular metabolite fluorescence detecting techniques and list of available sensors
No. Intracellular metabolites Fluorescence probes References
1 NADH Frex [40]

2 NAD'/NADH SoNar [41-42]

3 NADPH iNap [43]

4 Redox landscapes SoNar, iNaps, HyPerRed, rxRFP [44]

5 Histidine FHisJ [45]

6 Inorganic mercury G-GEIM/R-GEIM [46]

7 Glucose FGBP [47]

8 Redox state roUnaG [48]

9 NAD" FiNad [49]
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Table 2 Comparison of parallel micro-bioreactor systems developed by different research institute or

instrument companies

Parallel micro- Properties
bioreactor/Creator

Equipment figures

References

DASGIP/Eppendorf Pros
-Modularized easy to extent-

-Support ORP/OD/Oft-gas measurement

-Announce real parallel

-Up to 8 feed lines per reactor

-Support gas mixing

-Support DoE

Cons

-Too compacted, hard to mounting
-Complicated for assembly & operation
-Expensive investment

Amber 15/ Sartorius Pros
-Single-use bioreactor
-Pre sterilized
-Up to 48 parallel bioreactors
-Possess online OD, pH, DO
-Support DoE
-Volume as small as 15 mL
Cons
-Very expensive
-Large space is needed

Amber 250/ Sartorius ~ Pros
-Single-use bioreactor
-Pre sterilized
-Up to 24 parallel bioreactors
-Possess online OD, pH, DO
-Support DoE
-Support PAT
-Highly automatic system
Cons
-Very expensive
-High cost of consumables
-Need more space

[50]

[51]

[52]
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Parallel micro- Properties Equipment figures References
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Cloud bioreactor/ Pros

Culture bioscience -Computer engineering idea based technology
-Remote control
-Easy data visualization and analysis
-Culture is carried out by service supplier
-Up to over 100 parallel bioreactors
Cons
-Strain transfer to the service supplier
-Data saved in cloud
-Data safety issue

Parallel miniature Pros

bioreactor/ECUST -Volume limited 80 mL
-Pressure controlled
-Non-invasive DO and pH
-Well parallel performance
Cons
-Need radiation sterilize
-Lack data visualization software
-Need large mounting space

Mini parallel/TIB Pros
-High quality design with CFD optimization

No publication

-More monitoring parameters

-Easy to be combined to form different operation
mode

-Versatile software with several control models
-Self designed high quality DO probes

Cons

-Under development status

-Need more serious test

CloudReady/TJX Pros
-Easy to mount ability

No publication

-Can be easily extended
-Video camera is mounted
-Announced to be clouded
-Powerful software

Cons

-Not stable enough
-Parallel quality need to be improved
-Temperature control system need to be improved
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Figure 2 Framework of heterogeneous multi-source data fusion and docking technology.
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Figure 3 Knowledge graphs that describe interactions among fermentation parameters
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