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h i g h l i g h t s

" Continuous lactic acid (LA)
production by mixed cultures.

" Effect of temperature on LA
production and bacterial
community.

" Significant increase of LA production
from 50 �C, over 90% LA conversion
efficiency.

" Pyrosequencing analysis showed a
drastic change of bacterial
community.

" LA-producing UASBr enhanced the
productivity up to 4.8 gLA/L/h.
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a b s t r a c t

A frequently used fermentation manner in lactic acid (LA) production, batch fermentation by pure
cultures, has a limited practicability: low volumetric productivity and high energy consumption. In this
study, continuous LA fermentation was performed in a completely stirred tank reactor at 12 h HRT, inoc-
ulated with anaerobic digester sludge. Glucose (25 g COD/L) was used as a feedstock and temperature
was increased from 35 to 60 �C. LA production significantly increased from 50 �C, which was negligible
up to 45 �C, with obvious bacterial community change. At 50 and 55 �C, LA production was maximized,
reaching 23 g COD/L, corresponding to 92% LA conversion efficiency. Pyrosequencing analysis showed
that microbial diversity was simplified at 50–60 �C, and the sequences closely related with Bacillus coag-
ulans became predominant, followed by Lactobacillus fermentum. An LA-producing upflow ananerobic
sludge blanket reactor was successfully developed, which enhanced the productivity up to 4.8 gLA/L/h
by shortening HRT to 4 h.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Lactic acid (LA) is widely used by the pharmaceutical, biomate-
rial, detergent, leather, and textile industries, and over the past few
years it has received increasing attention as a building block for
biodegradable plastics such as polylactic acid and polylactic-

co-glycolic acid (Secchi et al., 2012). LA can be manufactured either
by chemical synthesis or microbial fermentation, but the latter
offers several advantages such as low cost of substrates and less
energy consumption, and therefore, 90% of the worldwide LA pro-
duction derives from the fermentation using lactic acid bacteria
(LAB) (John et al., 2009).

Batch fermentation using pure cultures has been the most fre-
quently used method for LA production to achieve higher concen-
tration and yield (Akao et al., 2007; Hidaka et al., 2010). However,
low volumetric productivity was the obvious disadvantage of the
fermentation manner, since the culture periods in the batch
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