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Impact of fermentation system initial status on oscillations in
very high gravity ethanol continuous fermentation process and
analysis of fermentation efficiency improvement
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Abstract: Prior research reported the oscillatory behavior characterized by long period and high amplitude during high gravity
continuous ethanol fermentations at the dilution rate of 0.027 h™". In this paper, high gravity continuous ethanol fermentations using
Saccharomyces cerevisia at different dilution rates were carried out. Similar oscillations were observed when the dilution rate was
switched to 0.04 h™'. Both oscillatory and steady processes can be achieved at dilution rates of 0.027 or 0.04 h™', which depends on
the initial status of the fermentation system. However, compared to steady process at the same dilution rate of 0.04 h™', the average
residual sugar concentration was lowered by 14.8% for the oscillatory process, while the average ethanol concentration and
productivity were increased by 12.6% and 12.3%, respectively. Further investigation revealed that besides the lag time, oscillatory
processes were different from steady ones in kinetics because a higher specific growth rate can be achieved at the same residual sugar
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and ethanol concentrations (increased by 53.8% in average).

Keywords: very high gravity continuous ethanol fermentation, oscillation, Saccharomyces cerevisia, fermentation efficiency

improvement
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Fig. 1
dilution rates.

Residual sugar (e), ethanol (o) and biomass (o) concentration vs time during continuous ethanol fermentations at different
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F1 HREESZN 0.027h7 #10.04 b FHTHRSHRGIEREBSHILK
Table 1 Comparison of fermentation performance between steady and oscillatory processes at the dilution rate of 0.027 h™’
and 0.04 h™'

D) State Ci (g/) G (g/L) G, (g/L) Yy (g/8) P (g/(L"h))
Oscillatory 113.1 3.95 75.1 0.450 2.03
0.027
Steady 117.5 5.24 68.88 0.424 1.86
0.04 Oscillatory 111.7 9.27 73.36 0.436 2.93
’ Steady 128.2 5.84 65.14 0.429 2.61
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Fig. 2 Residual sugar (e), ethanol (o) and biomass (o) B PY (E‘J&T%{% o 7 T 22 3 A SR R L I
concentration vs time during continuous ethanol fermentation JEH . 96~129 g/L #1 65.9~78.6 g/L), H A # HR
process at a dilution rate of 0.04 h™".
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Fig. 3 Comparison of the experimental data (e) with the data
predicted by model (o) for specific cell growth rates during
oscillation process at the dilution rate of 0.04 h™'.
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