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a b s t r a c t

Microbial adhesion to an interface plays an important role in many industrial bioengineering processes.
Surface physicochemical properties can be treated as an indicator of the adhesive properties of microbial
cells. In this paper, the application of the aggregation/dispersion technique used in fine particle technol-
ogy to biotechnology is reviewed. By way of illustration, measurements of the surface characteristics of
microbes living in an anaerobic digester, analysis of microbial adhesion and aggregation/coaggregation,
and their application are introduced.
� 2012 The Society of Powder Technology Japan. Published by Elsevier B.V. and The Society of Powder

Technology Japan. All rights reserved.
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1. Introduction

Microbial adhesion to an interface plays an important role in
many industrial bioengineering processes. Microbial adhesion is
exploited in some applications, such as fermentation, wastewater
treatment, and bioleaching, to name a few [1–3]. On the other
hand, adhesion causes problems in other fields, such as food con-
tamination, medical implants and device fouling, ship fouling,
metallic corrosion, and dental hygiene issues [4–8]. Microbial
adhesion occurs on every surface exposed to an aqueous environ-
ment but the detailed mechanism has not yet been clarified. There-
fore, elucidation of the mechanisms of microbial adhesion will be
useful for exploitation or removal of adherent microbial cells and
for prevention of microbial attachment. Fine particle technology

may prove useful as a model for the elucidation of microbial adhe-
sion phenomena if microbial cells are considered to be living
particles.

Anaerobic treatment has received renewed attention for recov-
ering energy from organic waste containing a high percentage of
water from the viewpoint of establishing a sustainable society,
developing new energy sources, and preventing global warming.
In this paper, measurements of the surface characteristics of
microbes living in an anaerobic digester, analysis of microbial adhe-
sion and aggregation/coaggregation, and their application are
reviewed from the perspective of fine particle technology [9–15].

2. Methane fermentation process

The methane fermentation process is an artificial ecosystem in
which many types of microbes exist at high density. Anaerobic
digestion of complex organic materials to produce methane
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