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Preface

In the last few years biotechnology is gaining importance in India and has
been recognized as a thrust area in teaching, research and industrial
practice. Biotechnology and biochemical engineering programmes are
currently offered at the graduate (B.Sc. and B.Tech.) as well as at the
postgraduate (M.Sc. and M.Tech.) level by various universities in India.

Bioseparations also called downstream processing in biotechnology is
a core course both in science and technology programmes at the graduate
as well as at the postgraduate levels. Downstream processing is an
essential and important activity in biotechnological industries by means
of which a wide variety of products such as pharmaceuticals, drug
intermediates, food chemicals, beverages, organic fine chemicals and
solvents, industrial enzymes, dairy products etc. are manufactured. A
varierty of techniques are adopted to isolate and recover the desired
industrial product from a complex mixture of starting materials, reaction
products and by-products, to concentrate the desired product, to purify it
and finally to formulate the product for long term storage, transporting
and marketing before it reaches the end use customer. The techniques
adopted include conventional chemical engineering unit operations as
well as sophisticated high resolution techniques. Suffice it to say that
biotechnology without downstream processing would be incomplete.

This book aims at providing comprehensive information on the topics
of importance to students of biotechnology and biochemical engineering.
The book deals with the theoretical principles involved in the techniques
adopted both at the research laboratory level and manufacturing scale.
The various topics have been covered in 15 chapters based on the different
stages of downstream processing practice, which have been outlined in
Chapter 1. The release of intracellular products produced is an important
phase of downstream processing involving different methods of cell wall
disruption as described in Chapter 2. Solid–liquid separation by filtration
and centrifugation have been discussed in Chapters 3 and 4 respectively.
Major product isolation and concentration methodologies of adsorption,
extraction and membrane separation as practiced in industry have been
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highlighted in Chapters 5–7. The importance of precipitation as a
technique of isolation and purification of proteins has been related in
Chapter 8. Chapter 9 has been written with regard to the fact that
students of biology, chemistry, pharmaceutical science/technology and
biochemical engineering require the theoretical principles of
chromatography as a high resolution technique which can be adopted for
laboratory as well as industrial scale operations. Related chromatographic
techniques such as gel filtration, reversed phase and hydrophobic
interaction chromatography, affinity and pseudoaffinity chromatography,
ion-exchange chromatography and other methods have been discussed in
Chapters 10–13. Chapter 14 is devoted to electrokinetic methods of
separation while Chapter 15 describes various finishing operations.

The material for the book has been prepared with due consideration
to the diverse requirements of students who wish to specialize in different
areas of biotechnology. The book fulfils the syllabi requirements of most
of the university programmes in biotechnology. The book will be useful as
a textbook for the core course on downstream processing/bioseparation
technology taken by undergraduate, postgraduate and research students
in biotechnology and pharmaceutical science/technology as well as to
students of biochemistry and chemical engineering.

It is a pleasant privilege to acknowledge the contributions of
my teachers, well wishers and colleagues in bringing out this book. I
take this opportunity to express my heart felt thanks to (Late)
Prof. B. Jagannadhaswamy and Prof. C.M. Lakshmanan, former
Directors of A.C. College of Technology, Anna University, Chennai,
for their encouragement and guidance, Prof. Kunthala Jayaraman of
Center for Biotechnology, Anna University, Chennai and
Prof. M.A. Vijayalakshmi of University of Technology, Compiegne, France
for initiating me into this fascinating subject. I express my special thanks
to Prof. S.V. Raman, Visiting Faculty, Anna University for his
enlightening discussions, clarifications and editing of the manuscript of
chapters on filtration, centrifugation and adsorption. My friends and
colleagues Prof. K. Rengaraj and Prof. V. Sadasivam of Chemistry
Department, Anna University have always had the kindness and time to
encourage me. Authorities of Anna University and my colleagues in the
Chemistry Department deserve special mention for the support they
always provide for academic pursuits. I am at a loss for words in
expressing my appreciation and gratitude to my family members,
especially my mother and wife for their patience and understanding and
my children for their support. Finally, I convey my sincere thanks to the
publishers, PHI Learning, especially to Mr. Sakthivel of their marketing
division for his perseverance and their editorial and production division for
their wholehearted efforts in bringing out this book.

B. SIVASANKAR
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 Principles and Techniques

BIOSEPARATIONSBIOSEPARATIONS

B. Sivasankar

his systematically organized and well-balanced book compresses within the covers Tof a single volume the theoretical principles and techniques involved in biosepara-
tions, also called downstream processing. These techniques are derived from a range 
of subjects, for example, physical chemistry, analytical chemistry, bio-chemistry, 
biological science and chemical engineering.

Organized in its 15 chapters, the text covers in the first few chapters topics related 
to chemical engineering unit operations such as filtration, centrifugation, adsorption, 
extraction and membrane separation as applied to bioseparations.  The use of 
chromatography as practiced at laboratory as well as industrial  scale operation and 
related techniques such as gel filtration, affinity and pseudoaffinity chromatography, 
ion-exchange chromatography, electrophoresis and related methods have been 
discussed. The important applications of these techniques have also been 
highlighted.

Basic principles involved in the various techniques are dealt with illustrative 
diagrams and description.

Worked examples are given at the end of relevant chapters.

An overview of entire course/subject of bioseparations is presented in Chapter 1.

The book is intended primarily as a textbook for undergraduate and postgraduate 
students of biotechnology—both in science and engineering. Some of the topics 
covered would also greatly benefit students who wish to specialize in certain areas 
as well as those in the industry engaged in biotechnology research.

B. SIVASANKAR, Ph.D., is Professor, Department of Chemistry, Anna University, 
Chennai. He has over 25 years experience in teaching postgraduate students of 
science and engineering and M.Tech. students and has published several research 
articles in reputed scientific journals.
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