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Process development for continuous ethanol fermentation by
the flocculating yeast under stillage backset conditions

Lihan Zi, Chenguang Liu, and Fengwu Bai
School of Life Science and Biotechnology, Dalian University of Technology, Dalian 116024, Liaoning, China

Abstract: Propionic acid, a major inhibitor to yeast cells, was accumulated during continuous ethanol fermentation from
corn meal hydrolysate by the flocculating yeast under stillage backset conditions. Based on its inhibition mechanism in yeast
cells, strategies were developed for alleviating this effect. Firstly, high temperature processes such as medium sterilization
generated more propionic acid, which should be avoided. Propionic acid was reduced significantly during ethanol
fermentation without medium sterilization, and concentrations of biomass and ethanol increased by 59.3% and 7.4%,
respectively. Secondly, the running time of stillage backset should be controlled so that propionic acid accumulated would be
lower than its half inhibition concentration ICso (40 mmol/L). Finally, because low pH augmented propionic acid inhibition
in yeast cells, a higher pH of 5.5 was validated to be suitable for ethanol fermentation under the stillage backset condition.
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Fig. 1 Effect of propionic acid on the growth of the

flocculating yeast.
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Fig. 2

Propionic acid accumulation during ethanol

fermentation by the flocculating yeast under the stillage
backset condition.
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Table 1 Biomass, ethanol, residual sugars and lactic
acid detected during continuous ethanol fermentation
by the flocculating yeast under the stillage backset and
medium with/without sterilization conditions

With Without
sterilization  sterilization
Biomass (g/L) 22.1+2.9 35.2+2.7
Ethanol (g/L) 79.7+13.0 85.6+11.6
Residual reducing sugars (g/L)  49.1+12.9 29.4+10.4
Lactic acid (mg/L) 96.4+30 213467
Ethanol yield (g/g) 0.46 0.45

Y=88.62 + 1.77X — 3.62 x 107 X* +
1.08 x 107 X* (R*=0.99)
Y=87.85+1.28 x 107" X — 1.06 x
107 X* + 4.84 x 10 X* (R*=0.96)
Y (mg/L) X
(h) IC50 (40 mmol/L)
ICso

28d(675.8h)  38d(908.7 h)
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Fig. 3 Effect of propionic acid and pH on yeast growth.
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