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Propionic Acid Fermentation by Propionibacterium freudenreichii
CCTCC M207015 with a Fibrous-bed Bioreactor
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Abstract: The production of propionic acid by Propionibacterium freudenreichii CCTCC M207015 was investigated in a
Fibrous-bed bioreactor (FBB). The FBB was constructed by packing spiral cotton fibrous and immobilized into a bioreactor. By
applying this bioreactor to propionic acid fermentation, the propionic acid yield had a significant improvement and reached 20.41 g/L,
compared with the cell-free culture of 14.58 g/L (40 g/L of glucose). At the same time, the glucose exhausting time decreased from
120 h to 60 h. Batch fermentations at various glucose concentrations were carried out with FBB. Based on the analysis of the time
course of production, fed-batch fermentation was also applied to produce propionic acid with FBB, the maximal propionic acid yield
reached 45.91 g/L, and the proportion of propionic acid to total acids was about 72.31%.
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Fig. 2 Propionic acid production by free cell of P.
freudenreichii CCTCC M207015
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glucose (®); biomass of free cell (o)
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Fig. 3 Time course of propionic acid production by P. freudenreichii CCTCC M207015 with different glucose concentration

A, B, C, D: the glucose were 40 g/L, 60 g/L, 70 g/L,80 g/L respectively. (m) propionic acid; (A) acetic acid;

(<) succinic acid; (®) glucose; (o) biomass of free cell
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Fig. 4 Analysis of productions with different glucose concentrations
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Fig. 5 Time course of propionic acid production by P. freudenreichii CCTCC M207015 with fed-batch fermentation
The total glucose was 80 g/L (A), 105 g/L (B). Propionic acid (m), Acetic acid (A), Succinic acid (<), Glucose (@), Biomass of free cell (o)
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Table 1 Analysis of parameters with different fermentation culture

Fibrous-bed bioreactor

Culture f Free-cell
ermentation Batch fermentation Fed-batch fermentation
Glucose (g/L) 40.00 40.00 60.00 70.00 80.00 80.00 105.00
Biomass of free cell (g/L) 8.05 5.61 6.83 6.74 6.59 7.27 7.20
Propionic acid (g/L) 14.58 20.41 28.76 31.99 32.65 36.61 4591
Acetic acid (g/L) 3.11 4.89 8.23 10.49 11.93 7.67 8.89
Succinic acid (g/L) 1.01 2.74 6.04 8.05 8.98 6.98 8.69
Conversion efficiency (%) 36.45 51.02 47.93 45.70 40.81 45.76 43.72
Propionic acid productivity (g/L/h) 0.12 0.34 0.30 0.24 0.19 0.23 0.16
Propionic acid/Acetic acid (g/g) 4.69 4.17 3.49 3.05 2.74 4.77 5.16
Propionic acid/Total acids (%) 78.00 72.78 66.83 63.30 60.96 71.42 72.31
Glucose exhausted time (h) 120.00 60.00 96.00 132.00 168.00 156.00 280.00
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