Preface

This book is written for an introductory course in biochemical engi-
neering normally taught as a senior or graduate-level elective in chemical
engineering. It is also intended to be used as a self-study book for practicing
chemical engineers or for biological scientists who have a limited background
in the bioprocessing aspects of new biotechnology.

Several characteristics lacking in currently available books in the area,
therefore, which I have intended to improve in this textbook are: (1) solved
example problems, (2) use of the traditional chemical engineering approaches
in nomenclature and mathematical analysis so that students who are taking
other chemical engineering courses concurrently with this course will not be
confused, (3) brief descriptions of the basics of microbiclogy and bicchemistry
as an introduction to the chapter where they are needed, and (4) inclusion
of laboratory experiments to help engineers with basic micmbiolog}r or bio-
chemistry experiments.

Following a brief introduction of biochemical engineering in general, the
book is divided into three main sections. The first is enzyme-mediated bio-
processing which is covered in three chapters. Enzyme kinetics is explained
along with batch and continuous bioreactor design in Chapter 2. This is one
of two major chapters which needs to be studied carefully. Enzyme immobi-
lization techniques and the effect of mass-transfer resistance are introduced
in Chapter 3 to illustrate how a typical mass-transfer analysis, familiar to
chemical engineering students, can be applied to enzyme reactions. Basic
biochemistry of carbohydrates is reviewed and two examples of industrial
enzyme processes involving starch and cellulose are introduced in Chapter 4.
Instructors can add more current examples of industrial enzyme processes or
ask students to do a course project on the topic.

The second section of the book deals with whole-cell mediated biopro-
cessing. Since most chemical engineering students do not have backgrounds
in cell culture techniques, Chapter 5 introduces basic microbiology and cell
culture technigues for both animal and plant cells. Animal and plant cells
are included because of their growing importance for the production of phar-
maceuticals. It is intended to cover only what is necessary to understand the
terminology and procedures introduced in the following chapters. Readers
are encouraged to study further on the topic by reading any college-level
microbiology textbook as needs arise. Chapter 6 deals with cell kinetics and
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fermenter design. This chapter is another one of the two major chapters
which needs to be studied carefully. The kinetic analysis is primarily based
on unstructured, distributed models. However, a more rigorous structured
model is covered at the end of the chapter. In Chapter 7, genetic engineering
is briefly explained by using the simplest terms possible and genetic stability
problems are addressed as one of the most important engineering aspects of
genetically modified cells.

The final section deals with engineering aspects of bioprocessing. Steril-
ization techniques (one of the upstream processes) are presented in Chapter
8. It is treated as a separate chapter because of its importance in biopro-
cessing. The maintenance of complete sterility at the beginning and during
the fermentation operation is vitally important for successful bioprocessing,
Chapter 9 deals with agitation and aeration as one of the most important
factors to consider in designing a fermenter. The last chapter is a brief review
of downstream processing.

I thank Inn-Soo, my wife, and Jenny, my daughter, for their support
and encouragement while I was writing this book. This boock would not
exist today without many hours of review and editing of the manusecript by
Brian S. Hooker, my former graduate student who is now on the faculty of
Tri-State University, Jon Wolf, my previous research associate who is now
working for Boeing, and Patrick Bryant, my present graddate student. [
also thank Rod Fisher at the University of Washington for using incomplete
versions of this book as a text and for giving me many valuable suggestions.
I extend my appreciation to Gary F. Bennett at the University of Toledo for
providing example problems to be used in this book. I thank the students
in the biochemical engineering class at Washington State University during
the past several years for using a draft manuscript of this book as their
textbook and also for correcting mistakes in the manuscript. I also thank my
colleagues at Washington State University, William J. Thomson, James N.
Petersen, and Bernard J. Van Wie, for their support and encouragement.

I typeset this book using a software, PC TEX(Personal TgX, Inc., Mill
Valley, CA), with macro packages developed by Washington State University,
Textl, and myself. Typesetting an entire book requires more work than I
had anticipated, but it was a challenging job that I loved.
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