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Preface

This volume describes various fermenta-
tions and biotechnological processes which
did not readily fit into the subject matter of
preceding volumes.

The first three chapters deal with proc-
esses which have been developed in the
past, and brings the reader up-to-date on
newer developments. Plant cell and animal
cell cultures have already been briefly de-
scribed in Volume 1; the present volume
covers the methodology in considerable
more detail.

The chapter on poly-beta-hydroxybutyric
acid is highly applications oriented, be-
cause PHB is a new microbial product with
an excellent potential for successful com-
mercial development.

The chapter “Coal in Biotechnology”
also documents the opening of a new field
in biotechnology.

The contribution on the microbial elimi-
nation of nitrogen and phosphorus supple-
ments Volume 8. In the second edition of
“Biotechnology” it will be included in the
volume “Microbial Degradations”.

Many other new fields - models for bio-
technological photosynthesis, accumulation

and leaching of metals, future perspectives
of biotechnology in space and more earth-
bound matters such as the microbial proc-
essing of tobacco, flax, and leather, for ex-
ample - have been treated in this volume
because of their potential for future devel-
opments. It is hoped that this will stimulate
the interest of readers in these new areas of
biotechnological research.

The authors of this volume have worked
diligently to make their wide knowledge
and expertise available to the reader. Their
contributions in Volume 6b will supplement
the subject matter of preceding volumes so
that the reader will get a clearer under-
standing of the entire field of biotechnolo-
gy-
I wish to thank Dr. G. Reed for his inval-
uable editorship, Dr. H. F. Ebel of the VCH
Verlagsgesellschaft for his always helpful
advice and Mrs. Christa Schultz, also of the
VCH Verlagsgesellschaft, for her untiring
and always friendly and constructive help
in getting this volume into print.

Miuinster, October 1988
Hans-Jiirgen Rehm
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2 1 Microbial Production of Butanol/Acetone

1. Introduction

It is fascinating that a few anaerobic mi-
croorganisms are able to ferment sugars to
solvents such as n-butanol and acetone.
This ability was already noticed by PAs-
TEUR (1861), its industrial significance was
recognized by FERNBACH and STRANGE
(1911) and by WEIZMANN (1915), and from
1915 until about 1950 the acetone-butanol
fermentation was the basis of an industrial
process operated on a very large scale. With
respect to fermenter volume it was only ex-
ceeded by the ethanol-producing industries.
After 1950, the importance of this process
declined rapidly, because the production of
n-butanol and acetone from oil became eco-
nomically more favorable. Only recently, a
revival of the interest in this fermentation
occurred. The acetone-butanol fermenta-
tion - as a result of the oil crisis - became
again an appealing industrial process. So it
was challenging to apply the achievements
of modern biotechnology to it and to study
in detail the reactions leading to acetone
and butanol formation and their regulation.
As a result, we have now a much better un-
derstanding of this fermentation as com-
pared to the time when it was industrially
operated. Following an excursion into the
history of the process, focus of this chapter
will be on these new developments.

A number of excellent reviews on the
acetone-butanol fermentation have ap-
peared in recent years (BARKER, 1956;
BEESCH, 1953; Roos, 1961; HASTINGS,
1978; SpPIvEY, 1978; MOREIRA, 1983; EN-

NIs et al., 1986a; JONES and WooDs, 1986;
Mc NEIL and KRISTIANSEN, 1986; Ro-
GERS, 1986); they should be consulted for
additional information.

Some of the physical properties of ace-
tone and butanol are summarized in Table
1. Acetone is an important intermediate in
the manufacture of methacrylates and me-
thyl isobutyl ketone and a solvent for re-
sins, paints, varnishes, lacquers, and cellu-
lose acetate; it is miscible in all proportions
with water. n-Butanol is a precursor of bu-
tyl acetate and dibutyl phthalate and like
acetone a good solvent. Its solubility in wa-
ter is 8% (wW/w).

II. History

The formation of butanol by fermenta-
tion was first noticed by PASTEUR in con-
nection with his discovery of the butyrate
fermentation (PASTEUR, 1861). The causa-
tive organism was named “vibrion butyri-
que”, and the term “anaerobic” was coined,
when it was found that the bacteria respon-
sible for this fermentation were killed in air.
Pure cultures of butyrate producers addi-
tionally forming small amounts of n-buta-
nol were obtained by WINOGRADSKY in
1895, and a strain (Granulobacter butylicum)
yielding appreciable quantities of butanol
was first described by BEJERINCK (1896).

Table 1. Physical Properties of Acetone and Butanol

Property Acetone n-Butanol
Melting point at 101.3 kPa —94.6°C —90.2°C
Boiling point at 101.3 kPa 56.1°C 117.7°C
Specific gravity 0.7899 0.8098
Heat of vaporation 502.7 J/g 593.5J)/g
Heat of combustion 5587 1/g 36296 J/g
Vapor pressure at 20°C 24.62 kPa 0.61 kPa




