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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 to convert raw agricultural materials and ingredients into safe,
convenient, and nutritious consumer food products. However, food engineering top-
ics 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 continues to be a critical issue 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, efficient utilization of energy, and 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. The series covers
advances in classical unit operations in engineering applied to food manufacturing
as well as such topics as progress in the transport and storage of liquid and solid
foods; heating, chilling, and freezing of foods; mass transfer in foods; chemical and
biochemical aspects of food engineering and the use of kinetic analysis; dehydra-
tion, thermal processing, nonthermal processing, extrusion, liquid food concentra-
tion, membrane processes, and applications of membranes in food processing; shelf
life and electronic indicators in inventory management; sustainable technologies in
food processing; and packaging, cleaning, and sanitation. These books are aimed at
professional food scientists, academics researching food engineering problems, and
graduate-level students.

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

xi



xii Series Preface
All contributions have been written by internationally renowned experts who
have both academic and professional credentials. All the authors have attempted to
provide critical, comprehensive, and readily accessible information on the art and
science of a relevant topic in each chapter, with reference lists for further informa-

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

Da-Wen Sun
Series Editor



Series Editor

Professor Da-Wen Sun, PhD, is a world author-
ity on food engineering research and education. He
is a member of the Royal Irish Academy, which is
the highest academic honor in Ireland; he is also a
member of Academia Europaea. His main research
activities include cooling, drying, and refrigeration
processes and systems; quality and safety of food
products; bioprocess simulation and optimization;
and computer vision technology. His innovative stud-
ies on vacuum cooling of cooked meat, pizza quality
inspection using computer vision, and edible films for shelf life extension of fruits and
vegetables, in particular, have been widely reported in the national and international
media. Results of his work have been published in about 600 papers, including about
250 peer-reviewed journal papers (h-index = 36). He has also edited 13 authoritative
books. According to Thomson Scientific’s Essential Science Indicators®™ updated as of
July 1, 2010, based on data derived over a period of 10 years and 4 months (January |,
2000-April 30, 2010) from ISI Web of Science, a total of 2554 scientists are among the
top 1% of the most-cited scientists in the category of agriculture sciences, and Professor
Sun is listed at the top with a ranking of 31.

Dr. Sun received first class BSc honors and his MSc in mechanical engineering
and PhD in chemical engineering from China before working at various universities
in Europe. He became the first Chinese national to be permanently employed in an
Irish university, when he was appointed as a college lecturer at University College
Dublin (UCD)—National University of Ireland, Dublin, in 1995. He was then con-
tinuously promoted in the shortest possible time to the position of senior lecturer,
associate professor, and full professor. Dr. Sun is now professor of food and biosys-
tems engineering and director of the Food Refrigeration and Computerized Food
Technology Research Group at UCD.

As a leading educator in food engineering, Dr. Sun has contributed significantly
to the field of food engineering. He has guided many PhD students who have made
their own contributions to the industry and academia. He has also, on a regular basis,
given lectures on the advances in food engineering at international academic institu-
tions and delivered keynote speeches at international conferences. As a recognized
authority in food engineering, he has been conferred adjunct/visiting/consulting
professorships by over 10 top universities in China, including Zhejiang University,
Shanghai Jiaotong University, Harbin Institute of Technology, China Agricultural
University, South China University of Technology, and Jiangnan University. In rec-
ognition of his significant contribution to food engineering worldwide and for his
outstanding leadership in the field, the International Commission of Agricultural and
Biosystems Engineering (CIGR) awarded him the CIGR Merit Award in 2000 and
again in 2006; the U.K.-based Institution of Mechanical Engineers named him Food
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Preface

The first human beings survived mainly by hunting wild animals, and only later did
they learn to harvest vegetables, fruits, and cereals. Once they had gathered surplus
food, they tried to find ways of preserving this. Apart from heating, drying, smok-
ing, and freezing food, they used packaging materials abundant in nature such as
leaves, wood, and bamboo. Later on, animal skin and woven baskets were also used
for transporting water and food respectively. The canning process was introduced in
1810 by N. Appert (the method was initially known as Appertization) as a promising
technique for preserving food.

Over the last two centuries, there have been lots of advances in the process of
packaging. To make the proper choice of the packaging material, several parameters
have to be taken into account, such as imparting the protective properties for the
anticipated shelf life and availability of proper size and weight.

Although *“food packaging” has been defined in several ways, some of the most
representative ones are as follows: “a system for (i) preparing goods for transport,
distribution, storage, (ii) ensuring safe delivery to consumer, and (iii) minimizing
costs in conjunction with maximizing profits.” Another factor that has recently been
introduced is the biodegradability of the packaging material, or its being environ-
ment friendly.

Apart from the so-called classical or traditional preservation techniques such as
heating, drying, smoking, cooling, and freezing, there is a plethora of novel process-
ing and preservation techniques that have gradually gained ground. Some of these
techniques are the application of high pressure, microwave technology, irradiation
(X-rays, y-rays, e-beam), and ohmic heating, on the one hand, and the packaging-
based techniques such as aseptic packaging, smart/intelligent packaging, active
packaging (AP), packaging under vacuum, and modified atmosphere packaging
(MAP) and controlled atmosphere packaging, on the other. Although MAP first
appeared in the 1960s, its application at the commercial level was rather restricted.
It is only in the last 10—15 years that this technique has seen increased usage. The
same was valid for active packaging where the inclusion of a small bag (containing
the active component due to be released or react with a non-desirable one) on several
occasions was not highly appreciated by the consumers. Another factor limiting the
extensive usage of MAP and AP was their higher cost compared to conventional
packages. However, recently there has been an increasing demand for large amounts
of fresh food (in view of globalization), which has favored the upgradation of MAP
and AP. Since both techniques can be applied to fresh food stored in the fridge, their
application has been enhanced considerably.

This book consists of 19 chapters and has been divided into seven parts: Part I
(Principles, Materials, Gases, and Machinery for MAP) consists of Chapters 1 and 2.
Part II (Safety and Quality Control of MAP Produces) consists of Chapter 3. Part II1
(Applications of MAP in Foods of Animal Origin) consists of Chapters 4 through 7,
which cover fish, meat, poultry, and dairy products. Part IV (Applications of MAP
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in Foods of Plant Origin) consists of Chapters 8 through 11, which deal with cere-
als, minimally processed vegetables, fruits, and bakery products. Part V (Other
Applications of MAP) consists of Chapters 12 and 13, which describe RTE food and
other miscellaneous types of foods. Part VI (Active Packaging and Its New Trends)
consists of Chapters 14 through 16, which deal with active packaging, nanotechnol-
ogy, and bioactive packaging. Part VII (Consumer Behavior/Sensory Analysis and
Legislation) consists of Chapters 17 through 19, which cover the issues of sensory
analysis and consumer search; EU, U.S., and Canadian legislation; and, finally, con-
clusions and new trends.

The aim of this book is to convey, both to the average and specialized reader, an
overview of the current status quo of MA and AP in terms of applied techniques and
methodologies in conjunction with a large number of applications on food of animal
and plant (both raw and processed) origin and updated legislation for packaging
coming in contact with foods. Emphasis was also given to novel technologies such as
nanotechnology and bioactive packaging (chitosan).

The uniqueness of this book is that it covers practically all issues related to pack-
aging under modified atmosphere and vacuum, controlled atmosphere, and active
packaging, starting with the very basics (films, gases, techniques and applications,
legislation) up to the latest advances (nanotechnology and bioactive compounds), and
it is supported in this endeavor by a large number of sources (more than 2000), which
will be of use to the reader.

It is anticipated that this book will be of interest and use to scientists and tech-
nologists coming from different backgrounds (veterinary doctors, agriculturists,
chemists, chemical engineers, food scientists, and technologists) and levels, that is,
from undergraduate students up to graduates, postgraduates, instructors, professors
(research institutes and universities or polytechnics), and professionals well versed
in this topic.

Dr. Ioannis S. Arvanitoyannis PhD
Associate Professor

University of Thessaly

Volos, Greece
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Ioannis S. Arvanitoyannis graduated from the Department of Chemistry at
Aristotle University of Thessaloniki (AUTH), Hellas. He did his first PhD in poly-
mer science, Department of Chemistry, AUTH, Hellas, and his second PhD in physi-
cal chemistry of foods, Department of Food Science and Applied Microbiology. He
has worked as a postdoctoral researcher at the Research Center of Plastic Materials
of Ciba-Geigy, Marly, Fribourg, Switzerland; in the Department of Chemistry at
Loughborough University of Technology, United Kingdom, for two years; and in
Osaka National Research Institute of Japan for two and a half years.

Since 2005, Dr. Arvanitoyannis has been serving as associate professor in the
Department of Agriculture, Ichthyology and Aquatic Environment in the School of
Agricultural Sciences at the University of Thessaly. He has published more than 180
research and review articles in well-known peer review journals and is the author of
35 invited chapters (32 in English). He is also author and coauthor of 16 books on
topics related to food technology; food packaging (MAP, AP); food safety (HACCP),
ISO 22000:2005; genetically modified foods; implementation of TQM, ISO 9001 to
the food industry; quality assurance and safety guide for the food and drink industry;
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