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Foreword

The importance of biotechnology has been increasing due to the
manipulation of DNA for the production of several new bioproducts
that are useful in chemical, pharmaceutical,
agricultural, and environmental manage-
ment. Through research work, it is possible
to produce new products useful for man-
kind.

A book on biochemical engineering
would certainly help not only the
undergraduate and postgraduate students
but also researchers and process engineers
involved in developing and applying
bioprocesses to get all the necessary
information for designing and operating
bioreactors, which are the heart of any biochemical process. I
congratulate the authors, Prof. Debabrata Das and Dr. Debayan
Das, for seeing the need for such a book and bringing it out in a
timely manner. The present book titled Biochemical Engineering:
An Introductory Textbook comprehensively covers all aspects of the
applications of bioprocesses. The objective of this book is to carry
out the mathematical analysis of the processes in simplified forms in
order to be understandable and utilizable by most of the biologists.
Derivation of mathematical equations is explained in details so that
the majority of the students can understand the meaning of the
equations.

[ strongly recommend this excellent book to the undergraduate
and postgraduate students in biotechnology, biochemical
engineering, chemical engineering, food technology, biochemistry,
and related fields and also to the researchers and process engineers
involved in the production of bioproducts so that they can enrich
their knowledge in the area of application of biosciences and benefit
mankind.

Prof. Roberto De Philippis

Department of Agrifood Production and Environmental Sciences
University of Florence, Italy






Preface

Education is not the learning of the facts,
but training of the mind to think.

—Albert Einstein

All engineering disciplines have been developed from basic sciences.
Science gives us the knowledge to develop new products whereas
engineering applies science to scale up production for commercial
purposes. Biological processes involve different biomolecules,
which come from living sources. It is now possible to modify DNA to
get desired changes in biochemical processes. Developments in gene
expression, protein engineering, and cell fusion have significantly
affected product development in biotechnology industries. Chemical
processes deal with different reactions to get desired products.
Biochemical reactions in nature are mostly reversible and chain
reactions. To understand biochemical engineering, it is necessary
to know the principles of chemical engineering, which involves not
only mathematical modeling but also scaling up of processes for
commercial applications. Any biochemical industry can be divided
into three major steps. The first step is upstream processing, which
involves medium preparation, medium and air sterilization, etc. The
second step involves the bioreactor where biochemical reactions
lead to the desired products. The third and crucial step is purification
of the products, known as downstream processing.

This book begins with the identification of the differences
between conventional chemical reaction engineering and
biochemical reaction engineering. It gradually makes readers
conversant with the rate laws and their applications to help them
understand reaction engineering behavior and give them the
expertise to apply the acquired knowledge in designing bioreactors.
It discusses the stoichiometry of bioprocesses for materials and
energy analysis and the transport phenomena that are important
for the operation of bioprocesses. The book also enables students
to contribute their knowledge in various professional fields like
bioprocess development, modeling and simulation, environmental
engineering, etc.



xvi

Preface

The chapters are organized in broad engineering sub-disciplines
such as mass and energy balances, reaction theory using chemical
and enzymatic reactions, microbial cell growth Kkinetics, and
transport phenomena. Other chapters such as different control
systems used in the fermentation industry, case studies of some
industrial fermentation processes, different downstream processes,
and effluent treatment are also included. Each chapter begins with a
fundamental explanation for general readers and ends with in-depth
scientific details suitable for expert readers. The book also includes
solutions of more than 100 problems. It is written in a manner so
thatit can be useful to senior and graduate students of biotechnology
and those studying courses in food and environmental engineering.
It is also appropriate for chemical engineering graduates,
undergraduates, and industrial practitioners.

We would like to acknowledge help of Ms. Jhansi L. Varanasi and
Mr. Chandan Mahata at various stages of manuscript preparation.
We are also thankful to Mr. Tapas Mohanty for his help in creating
most of the book’s illustrations using computer graphics.

We hope this book will be useful to our readers!

Debabrata Das
Debayan Das
Summer 2019
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