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Maximized pyruvate production through temperature
shifting strategy based on kinetics model
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Abstract: In the batch fermentation of pyruvate, temperature is one of the most important environmental
factors that affect pyruvate productivity. The effect of temperature, varying from 26 C to 34C, on
production of pyruvate in a 7 L stirred fermenter by T. glabrata CCTCC M202019 was investigated. A
modified Logistic equation and Luedeking-Piret equation were used to estimate kinetics of cell growth and
pyruvate production. The effect of temperature on the estimated kinetic parameters was further studied by
regression analysis. Based on kinetic parameters analysis, a temperature-shifting strategy was proposed, in
which, at 0—8 h, culturing was performed at 34'C to obtain a high specific cell growth rate, and at 8—42
h. the temperature was decreased step by step from 34°C to 27 C to keep a high pyruvate production
rate. After 42 h, the temperature was maintained at 27'C to weaken inhibition of pyruvate and offer
constant production capacity of pyruvate in the anaphase of fermentation. A high concentration (89.4 g »
L), yield (0.76 g+ g ') and productivity (1.32 g+ L' « h™') of pyruvate were achieved by applying
this strategy, which were 25.7%, 16.9% and 48.3% higher than batch fermentation at a constant

temperature 30 C, respectively.
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Fig. 2 Relationship between model parameters and temperature
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Table 1 Results of parameters estimated from models

Parameter Equation R?
tm pm=[0.02(T—14.09) ]? 0.992
X Xm=—0.35T2420. 87T—292. 29 0. 998
P P,=—0.71T?+437. 33T—383. 49 0. 997
Ypx Ypy =0.18T2—11. 02T+ 169. 64 0. 957
Yx Yx=0.09T2—5.09T+79.51 0. 989
my myx=—0.0009T+0. 060 0. 984
mp mp=—0.0014T~+0. 068 0. 965
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Table 2 Comparison of parameters in batch pyruvate fermentation under different temperatures

Temperature/ C

Parameter
34 32 30 28 26 T shift
initial glucose concentration/g « L7! 109. 1 116. 3 113.3 114.9 111.3 120.9
residual glucose concentration/g « L~! 30. 4 26.5 4.4 12.1 22.5 1.6
culture time/h 80 80 80 80 80 68
maximum dry cell weight/g « L™} 8.8 12.0 14. 3 13.5 10. 2 18.9
maximum pyruvate concentration/g L1 61.9 64.9 71.2 72.8 67.8 89. 4
average glucose consumption rate/g « L=! « h™! 0. 98 1.12 1. 36 1. 29 1.11 1.6
average specific glucose consumption rate/h™! 0.11 0.093 0. 095 0. 096 0.11 0. 085
average specific growth rate/h ™! 0. 026 0.036 0. 030 0.033 0.029 0.052
average specific pyruvate production rate/h™! 0.092 0. 068 0.062 0.070 0.083 0.070
cell yield on glucose/g + g~ ! 0.099 0.13 0.13 0.13 0.11 0.15
pyruvate yield on glucose/g + g ! 0.78 0.72 0. 65 0.74 0.75 0.76
cell productivity/g « L™ !« h™! 0.098 0. 14 0.18 0.17 0.13 0. 28
pyruvate productivity/g « L= « h™! 0.77 0. 81 0. 89 0. 95 0. 85 1. 32
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