
Comparison of mixed-acid fermentations inoculated with six different
mixed cultures

Andrea K. Forrest a,⇑, Emily B. Hollister b, Terry J. Gentry b, Heather H. Wilkinson c, Mark T. Holtzapple a

a Department of Chemical Engineering, Texas A&M University, College Station, TX 77843, United States
b Department of Soil and Crop Sciences, Texas A&M University, College Station, TX 77843, United States
c Department of Plant Pathology and Microbiology, Texas A&M University, College Station, TX 77843, United States

h i g h l i g h t s

" Fermentations performed under same operating parameters with six inoculum sources.
" 16S rRNA sequencing identified the bacterial communities in the fermentations.
" Yue–Clayton similarity calculations revealed that they were extremely different.
" All fermentations had similar conversion and end-product formation performance.
" The operating parameters determined the fermentation end-products.
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a b s t r a c t

The MixAlco™ process biologically converts biomass to carboxylate salts that may be converted to a vari-
ety of chemicals and fuels. This study examines the fermentation performance of six different mixed
cultures, and how the performance was affected by the bacterial composition of each community. All
six countercurrent fermentations had very similar performance, but were dissimilar in microbial commu-
nity composition. The acid concentrations varied by only 12% between fermentation trains and the
conversions varied only by 6%. The microbial communities were profiled using 16S rRNA tag-pyrose-
quencing, which revealed the presence of dynamic communities that were dominated by bacteria resem-
bling Clostridia, but they shared few taxa in common. Yue–Clayton similarity calculations of the
communities revealed that they were extremely different. The presence of different but functionally sim-
ilar microbial communities in this study suggests that it is the operating parameters that determine the
fermentation end-products.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

As energy demand increases and the availability of fossil fuels
decreases, the need for alternative energy sources grows. Anaero-
bic fermentation of waste lignocellulosic biomass has the potential
to meet this need (Chan and Holtzapple, 2003; Holtzapple et al.,
1999). Over a billion tons of agricultural, municipal, and industrial
wastes are generated annually in the United States that could
potentially be used in biofuel production (Perlack et al., 2005).

The most common method to convert lignocellulosic biomass to
products is simultaneous saccharification and fermentation (SSF),
which enzymatically converts lignocelluloses into sugars that are

then fermented into alcohols (Lin and Tanaka, 2006). Unfortu-
nately, the commercial cellulases for this process are expensive
(Rubin, 2008). The process also requires sterility which is difficult
to maintain with lignocellulosic biomass because of its variable
consistency and porosity. A lesser known alternative is the carbox-
ylate platform, also known as the MixAlco™ process (Holtzapple
et al., 1999).

The MixAlco™ process is a flexible and cost-effective means of
converting a variety of lignocellulosic feedstocks (e.g., agricultural
residues, municipal solid waste, and biosolids) into chemicals and
liquid fuels. A mixed culture of naturally occurring microorganisms
ferments the biomass into carboxylate salts, which can be con-
verted into a wide array of chemicals, including alcohols, jet fuel,
and gasoline (Aiello-Mazzarri et al., 2006; Granda et al., 2009).
The product spectrum from this process is temperature dependent
and can be varied in response to market demand (Chan and
Holtzapple, 2003). Additionally, this process has no sterility

0960-8524/$ - see front matter � 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.biortech.2012.05.043

⇑ Corresponding author. Address: Jack E Brown Bldg, Rm 200 TAMU 3122, Texas
A&M University, College Station, TX 77843, United States. Tel.: +1 979 862 1175;
fax: +1 979 845 6446.

E-mail address: akf8179@gmail.com (A.K. Forrest).

Bioresource Technology 118 (2012) 343–349

Contents lists available at SciVerse ScienceDirect

Bioresource Technology

journal homepage: www.elsevier .com/locate /bior tech

http://dx.doi.org/10.1016/j.biortech.2012.05.043
mailto:akf8179@gmail.com
http://dx.doi.org/10.1016/j.biortech.2012.05.043
http://www.sciencedirect.com/science/journal/09608524
http://www.elsevier.com/locate/biortech

