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Preface

La chitine des arthropodes, traitée par la potasse a 180°C, puis

lavée a l’eau, devient soluble dans [’acide acétique étendu, et la solution donne

avec la potasse un volumineux précipité. Ce corps, nommé chitosane, présente des propriétés
basiques et fournit des sels cristallisables, solubles dans [’eau.*

1894, The Discovery of Chitosan
Professor Felix Hoppe-Seyler
Professor of Physiological Chemistry and Hygiene, Strasbourg

*Arthropod chitin treated with potassium hydroxide, then water-washed,

becomes soluble in diluted acetic acid. This solution yields a bulky precipitate,

named chitosan, upon addition of potassium hydroxide. Chitosan has basic properties and
provides crystallizable salts that are soluble in water.

Professor Felix Hoppe-Seyler (1825-1895). (Source: Baumann E and Kossel A. Zur erinnerung an
Felix Hoppe-Seyler. Zeitschrift fiir Physiologische Chemie, volume 21 (1895) pp. I-LXI)

Most commercial polymers are actually derived from petroleum-based raw prod-
ucts using chemical processes, which are not always safe and environmental
friendly. Over the past three decades, there has been a growing interest in developing
natural alternatives to synthetic polymers, namely, biopolymers. Biopolymers are
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polymers derived directly from living organisms or extracted from renewable
resources. Biopolymer production has been growing steadily due to their biodegrad-
ability and absence of toxicity. Biopolymers include polysaccharides such as chitin
and chitosan. Chitosan is produced by deacetylation of chitin, which is the structural
element in the exoskeleton of crustaceans, such as crabs and shrimp, and cell walls of
fungi. Due to their remarkable macromolecular structure, physical and chemical
properties, and bioactivities, chitin and chitosan have received much attention in
fundamental science, applied research, and industrial biotechnology.

This book is the second volume of two volumes on Chitin and Chitosan
published in the series Sustainable Agriculture Reviews. Written by 57 international
contributors coming from 21 different countries who are leading experts in the chitin
and chitosan field, these two volumes focus on the developments, research trends,
methods, and issues related to the use of chitin and chitosan for both fundamental
research and applied technology. The first volume focuses on the history, funda-
mentals, and innovations of chitin and chitosan.

This second volume presents the applications of chitin and chitosan in food,
agriculture, pharmacy, medicine, and wastewater treatment. The first chapter by
Carla Harkin et al. discusses the nutritional and additive uses of chitin and chitosan
in the food industry. The second chapter by Piotr Kulawik et al. describes the
functional properties of chitosan in the context of recent discoveries in seafood
processing and preservation. The applications of chitosan as food packaging mate-
rials are detailed by Patricia Cazén and Manuel Vazquez in Chap. 3. Then, Julia
Shamshina et al. present the use of chitin in agriculture in the fourth chapter. The
synthesis and applications of chitosan-based hydrogels are presented by Janaina
Oliveira Gongalves et al. in Chap. 5. Applications of chitin and chitosan in pharmacy
and medicine are detailed in three chapters: for drug delivery in Chap. 6 by
Rabinarayan Parhi and in Chap. 7 by Jacques Desbrieres et al. and for tissue
engineering and molecular delivery in Chap. 8 by Sheriff Adewuyi et al. The last
chapters summarize recent applications of chitosan in wastewater treatment. The use
of chitosan for direct bioflocculation processes is given by Eric Lichtfouse et al. in
Chap. 9; then, Grégorio Crini et al. describe the use of cross-linked chitosan
hydrogels for dye removal in Chap. 10.

The editors extend their thanks to all the authors who contributed to this book for
their efforts in producing timely and high-quality chapters. The creation of this book
would not have been possible without the assistance of several colleagues and
friends deserving acknowledgment. They have helped by choosing contributors
and reviewing chapters and in many other ways. Finally, the editors would like to
thank the staff of Springer Nature for their highly professional editing of the
publication.

Besancon, France Grégorio Crini
Aix-en-Provence, France Eric Lichtfouse


https://doi.org/10.1007/978-3-030-16581-9_3
https://doi.org/10.1007/978-3-030-16581-9_5
https://doi.org/10.1007/978-3-030-16581-9_6
https://doi.org/10.1007/978-3-030-16581-9_7
https://doi.org/10.1007/978-3-030-16581-9_8
https://doi.org/10.1007/978-3-030-16581-9_9
https://doi.org/10.1007/978-3-030-16581-9_10

Contents

1  Nutritional and Additive Uses of Chitin and Chitosan
in the Food Industry. ... ....... ... . ... .. ... .. ......... 1
Carla Harkin, Norbert Mehlmer, Dirk V. Woortman,
Thomas B. Briick, and Wolfram M. Briick

2 Chitosan for Seafood Processing and Preservation. . .. ......... 45
Piotr Kulawik, Ewelina Jamr6z, and Fatih Ozogul

3 Applications of Chitosan as Food Packaging Materials. . . .. ... .. 81
Patricia Caz6n and Manuel Vazquez

4  Applications of Chitin in Agriculture. . ... ............... ... 125
Julia L. Shamshina, Tetyana Oldham (Konak), and Robin D. Rogers

5  Chitosan-Based Hydrogels. . . . ........................... 147
Janaina Oliveira Gongalves, Vanessa Mendonc¢a Esquerdo,
Tito Roberto Sant’ Anna Cadaval Jr,
and Luiz Antonio de Almeida Pinto

6  Chitin and Chitosan in Drug Delivery. ................. ... .. 175
Rabinarayan Parhi

7  Application of Chitosan-Based Formulations
in Controlled Drug Delivery . . ... ...... ... ... ... ... ... 241
Jacques Desbrieres, Catalina Peptu, Lacramiora Ochiuz, Corina Savin,
Marcel Popa, and Silvia Vasiliu

8  Design of Nano-Chitosans for Tissue Engineering
and Molecular Release . . . . ............. ... ... ... ...... 315
Sheriff Adewuyi, Iriczalli Cruz-Maya, Onome Ejeromedoghene,
and Vincenzo Guarino

vii


https://doi.org/10.1007/978-3-030-16581-9_1
https://doi.org/10.1007/978-3-030-16581-9_1
https://doi.org/10.1007/978-3-030-16581-9_1
https://doi.org/10.1007/978-3-030-16581-9_1
https://doi.org/10.1007/978-3-030-16581-9_1
https://doi.org/10.1007/978-3-030-16581-9_1
https://doi.org/10.1007/978-3-030-16581-9_1
https://doi.org/10.1007/978-3-030-16581-9_2
https://doi.org/10.1007/978-3-030-16581-9_2
https://doi.org/10.1007/978-3-030-16581-9_2
https://doi.org/10.1007/978-3-030-16581-9_2
https://doi.org/10.1007/978-3-030-16581-9_2
https://doi.org/10.1007/978-3-030-16581-9_2
https://doi.org/10.1007/978-3-030-16581-9_3
https://doi.org/10.1007/978-3-030-16581-9_3
https://doi.org/10.1007/978-3-030-16581-9_3
https://doi.org/10.1007/978-3-030-16581-9_3
https://doi.org/10.1007/978-3-030-16581-9_3
https://doi.org/10.1007/978-3-030-16581-9_3
https://doi.org/10.1007/978-3-030-16581-9_4
https://doi.org/10.1007/978-3-030-16581-9_4
https://doi.org/10.1007/978-3-030-16581-9_4
https://doi.org/10.1007/978-3-030-16581-9_4
https://doi.org/10.1007/978-3-030-16581-9_4
https://doi.org/10.1007/978-3-030-16581-9_4
https://doi.org/10.1007/978-3-030-16581-9_5
https://doi.org/10.1007/978-3-030-16581-9_5
https://doi.org/10.1007/978-3-030-16581-9_5
https://doi.org/10.1007/978-3-030-16581-9_5
https://doi.org/10.1007/978-3-030-16581-9_5
https://doi.org/10.1007/978-3-030-16581-9_5
https://doi.org/10.1007/978-3-030-16581-9_6
https://doi.org/10.1007/978-3-030-16581-9_6
https://doi.org/10.1007/978-3-030-16581-9_6
https://doi.org/10.1007/978-3-030-16581-9_6
https://doi.org/10.1007/978-3-030-16581-9_6
https://doi.org/10.1007/978-3-030-16581-9_6
https://doi.org/10.1007/978-3-030-16581-9_7
https://doi.org/10.1007/978-3-030-16581-9_7
https://doi.org/10.1007/978-3-030-16581-9_7
https://doi.org/10.1007/978-3-030-16581-9_7
https://doi.org/10.1007/978-3-030-16581-9_7
https://doi.org/10.1007/978-3-030-16581-9_7
https://doi.org/10.1007/978-3-030-16581-9_7
https://doi.org/10.1007/978-3-030-16581-9_8
https://doi.org/10.1007/978-3-030-16581-9_8
https://doi.org/10.1007/978-3-030-16581-9_8
https://doi.org/10.1007/978-3-030-16581-9_8
https://doi.org/10.1007/978-3-030-16581-9_8
https://doi.org/10.1007/978-3-030-16581-9_8
https://doi.org/10.1007/978-3-030-16581-9_8

viii

10

Contents

Chitosan for Direct Bioflocculation Processes . . . . ... .......... 335
Eric Lichtfouse, Nadia Morin-Crini, Marc Fourmentin,

Hassiba Zemmouri, Inara Oliveira do Carmo Nascimento,

Luciano Matos Queiroz, Mohd Yuhyi Mohd Tadza,

Lorenzo A. Picos-Corrales, Haiyan Pei, Lee D. Wilson,

and Grégorio Crini

Cross-Linked Chitosan-Based Hydrogels for Dye Removal. . . . . .. 381
Grégorio Crini, Giangiacomo Torri, Eric Lichtfouse,
George Z. Kyzas, Lee D. Wilson, and Nadia Morin-Crini

Correction to: Chitosan for Direct Bioflocculation Processes. . . . . . ... Cl

The original version of this book was revised: The last name of one of the co-author in
Chapter 9 was published with error which has been corrected now. The correction to
this chapter is available at https://doi.org/10.1007/978-3-030-16581-9_11


https://doi.org/10.1007/978-3-030-16581-9_9
https://doi.org/10.1007/978-3-030-16581-9_9
https://doi.org/10.1007/978-3-030-16581-9_9
https://doi.org/10.1007/978-3-030-16581-9_9
https://doi.org/10.1007/978-3-030-16581-9_9
https://doi.org/10.1007/978-3-030-16581-9_9
https://doi.org/10.1007/978-3-030-16581-9_10
https://doi.org/10.1007/978-3-030-16581-9_10
https://doi.org/10.1007/978-3-030-16581-9_10
https://doi.org/10.1007/978-3-030-16581-9_10
https://doi.org/10.1007/978-3-030-16581-9_10
https://doi.org/10.1007/978-3-030-16581-9_10

About the Editors

Dr. Grégorio Crini 52, is researcher at University
Bourgogne Franche-Comté, Besangon. His current
interests focus on the design of novel polymer networks
and the environmental aspects of polysaccharide chem-
istry. He published over 190 papers in international
journals and books and is a highly cited researcher.
The total citation of his publications is over 9000,
h-index of 33. https://www.researchgate.net/profile/
Crini_Gregorio

Dr. Eric Lichtfouse 59, is a biogeochemist at Aix
Marseille University who has invented carbon-13 dat-
ing, a molecular-level method allowing to study the
dynamics of organic compounds in temporal pools of
complex environmental media. He is chief editor of the
journal Environmental Chemistry Letters and the book
series Sustainable Agriculture Reviews and Environ-
mental Chemistry for a Sustainable World. He is
the author of the book Scientific Writing for Impact
Factor Journals, which includes an innovative writing
tool: the micro-article. https://cv.archives-ouvertes.fr/
eric-lichtfouse

ix


https://www.researchgate.net/profile/Crini_Gregorio
https://www.researchgate.net/profile/Crini_Gregorio
https://cv.archives-ouvertes.fr/eric-lichtfouse
https://cv.archives-ouvertes.fr/eric-lichtfouse

	Preface
	Contents
	About the Editors

