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Series Preface

CONTEMPORARY FOOD ENGINEERING

Food engineering is the multidisciplinary field of applied physical sciences combined
with the knowledge of product properties. Food engineers provide the technological
knowledge transfer essential to the cost-effective production and commercialization
of food products and services. In particular, food engineers develop and design pro-
cesses and equipment in order to convert raw agricultural materials and ingredi-
ents into safe, convenient, and nutritious consumer food products. However, food
engineering topics are continuously undergoing changes to meet diverse consumer
demands, and the subject is being rapidly developed to reflect market needs.

In the development of food engineering, one of the many challenges is to employ
modern tools and knowledge, such as computational materials science and nano-
technology. to develop new products and processes. Simultaneously, improving food
quality, safety, and security continue to be critical issues in food engineering study.
New packaging materials and techniques are being developed to provide more pro-
tection to foods, and novel preservation technologies are emerging to enhance food
security and defense. Additionally, process control and automation regularly appear
among the top priorities identified in food engineering. Advanced monitoring and
control systems are developed to facilitate automation and flexible food manufac-
turing. Furthermore, energy saving and minimization of environmental problems
continue to be important food engineering issues, and significant progress is being
made in waste management, the efficient utilization of energy, and the reduction of
effluents and emissions in food production. ,

The Contemporary Food Engineering Series, consisting of edited books, attempts
to address some of the recent developments in food engineering. Advances in classi-
cal unit operations in engineering applied to food manufacturing are covered as well
as such topics as progress in the transport and storage of liquid and solid foods; heat-
ing. chilling, and freezing of foods; mass transfer in foods; chemical and biochemi-
cal aspects of food engineering and the use of kinetic analysis; dehydration, thermal
processing. nonthermal processing, extrusion, liquid food concentration, membrane
processes, and applications of membranes in food processing; shelf life, electronic
indicators in inventory management; sustainable technologies in food processing;
and packaging, cleaning, and sanitation. The books are aimed at professional food
scientists, academics researching food engineering problems, and graduate-level
students.

The books™ editors are leading engineers and scientists from many parts of the
world. All the editors were asked to present their books to address the market’s need
and pinpoint the cutting-edge technologies in food engineering.

All contributions are written by internationally renowned experts who have both
academic and professional credentials. All authors have attempted to provide critical,
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xxii Series Preface
comprehensive, and readily accessible information on the art and science of a rel-

evant topic in each chapter, with reference lists for further information. Therefore,

each book can serve as an essential reference source to students and researchers in
universities and research institutions.

Da-Wen Sun
Series Editor
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Preface

Food engineering is an interdisciplinary field of major concern to university depart-
ments of food science, and chemical and biological engineering. It is an applied
area of importance to engineers and scientists working in various food processing
industries.

Food Process Engineering Operations deals with the application of chemical
engineering unit operations to the handling, processing, packaging, and distribution
of food products. In addition to basic process engineering considerations, such as
material and energy balances, food processing should meet the special requirements
of food acceptance, human nutrition, and food safety.

This book is concerned with the applications of process engineering fundamentals
to food processing technology. It can be used primarily as a textbook for one or two
semesters for food science students. It can also serve as an important reference for
students of chemical and biological engineering interested in food engineering, and
for scientists, engineers, and technologists working in food processing industries.

Chapters 1 through 5 review the fundamentals of process engineering and food
processing technology, with typical examples of food process applications. Chapters 6
through 15 (the main part of the book) cover food process engineering operations in
detail, including theory, process equipment, engineering operations, and application
examples and problems.

Chapter 1 provides an introduction to food process engineering with brief discus-
sions on process diagrams, material and energy balances, and engineering calcula-
tions. It also presents typical flow sheets of food preservation, food manufacturing,
and food ingredient processes.

Chapter 2 deals with the transport phenomena in process engineering, including
steady- and unsteady-state transport of heat, mass, and momentum. It presents the
simplified solutions of the generalized diffusion equation and introduces interface
transfer, transfer coefficients, and dimensionless numbers.

Chapter 3 presents an outline of thermodynamics and kinetics in relation to food
processing. It introduces the laws of thermodynamics and covers several thermo-
dynamic processes. It also discusses phase equilibria, with an emphasis on water
equilibria, and introduces food kinetics, with an emphasis on microbial growth and
inactivation.

Chapter 4 presents a brief overview of food processing technology with typi-
cal examples from the food preservation, food manufacturing, and food ingredient
industries.

Chapter 5 reviews the engineering properties of foods, including thermophysical,
mechanical, and transport properties. It also presents realistic engineering property
data. which can be used in food engineering calculations and in food process designs.

Chapter 6 covers the fluid transport operations of foods, including rheology,
mechanical balances, piping systems, and pumping equipment.
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Chapter 7 describes the several mechanical processing operations used in the
preservation and manufacturing of food products. It also discusses particle charac-
teristics, size reduction and enlargement, mixing and forming, mechanical separa-
tions, and removal of food parts.

Chapters 8 and 9 discuss the heat transfer operations used in food processing.
The heat transfer coefficients are defined and applied to the design of various heat
exchangers. Thermal preservation processes (sterilization and pasteurization) are
discussed in detail and thermal treatment processes (baking, roasting. and frying)
are outlined.

Chapters 10 and 11 deal with the evaporation and drying operations of food pro-
cessing. The design of evaporators and dryers is based on heat and mass transfer and
on water activity. Energy savings are important for economic design. These chapters
describe several types of drying equipment.

Chapter 12 covers refrigeration and freezing operations applied to food systems.

Chapter 13 discusses the food applications of mass transfer, including distillation.
extraction, and crystallization.

Chapter 14 reviews novel food process operations, such as membrane processing,
supercritical fluid extraction, and high-pressure processing.

Chapter 15 provides an overview of food packaging engineering, including pack-
aging materials, packaging equipment, and package processing operations.

Chapter 16 introduces spreadsheet software in food process engineering. It pres-
ents examples of Excel® and Visual Basic® applications for heat exchanger, psychro-
metric, and rheological calculations.

Simple diagrams are used to illustrate the mechanism of each operation and the
main components of the process equipment. Simplified calculations, based on ele-
mentary calculus, are used in the book. Realistic values of food engineering prop-
erties are taken from the literature and the authors’ experience. Detailed data and
pictures of process equipment can be obtained from suppliers of equipment. The
appendix contains useful engineering data for process calculations, such as steam
tables, engineering properties, engineering diagrams, and suppliers of process
equipment. The book is based on our long teaching and research experiences both in
the United States and in Greece.

We wish to acknowledge the contributions of our colleagues, associates, and stu-
dents at the National Technical University of Athens, Rutgers University. and Cornell
University. We appreciate the useful information provided by technical people in the
food processing industry and the suppliers of processing equipment.

Special thanks are due to Magda Krokida for her help in preparing the numeri-
cal examples in this book. We also appreciate the help of N. Oikonomou, V.
Oikonomopoulou, C. Boukouvalas, P. Eleni, I. Katsavou, A. Lazou, K. Kavvadias,
and P. Michailidis for preparing the various diagrams in the book.

We hope that this book will contribute to the advancement of teaching and appli-
cations of food process engineering operations worldwide. We welcome any com-
ments, criticisms, and corrections by the readers of this book.

George D. Saravacos
Zacharias B. Maroulis
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