ISBN: 978-1-68108-486-2 ISSN: 2468-0168
elSBN: 978-1-68108-485-5 elSSN: 2352-3921

FRONTIERS IN BIOMATERIALS

Chitosan Based Materials and its
Applications

VOLUME 3

Editors:

- Guilherme Luiz Dotto

Sergio Paulo Campana-Filho

Luiz Antonio de Almeida Pinto
Bentham Books



Guilherme Luiz Dotto

He is a professor in Chemical Engineering Department at the Federal University
of Santa Maria (UFSM). He is a permanent member of the Chemical Engineering
post-graduation program and also of the Chemistry post-graduation program.
He attained his B.Sc., M.Sc. and PhD in Food Engineering from the Federal
University of Rio Grande (FURG). His research is focused on the following
areas: transport phenomena, unit operations, wastewater treatment,
physicochemical treatments for wastewater and separation processes. In these
research areas, he has published more than 80 articles and is reviewer of
more than 90 international journals. He is also an editor of the Environmental
Science and Pollution Research Journal-Springer and, is an editorial board
member of Journal of Environmental Chemical Engineering-Elsevier.

Sergio Paulo Campana-Filho

In 1981, Prof. Sergio Paulo CAMPANA-FILHO joined the staff of the University
of Sa@o Paulo as an assistant professor and is a member since then. He
received his Ph. D. in Physical Chemistry from the University of Sao Paulo in
1990 and since then he has been working with natural polymers, as bacterial
polysaccharides, cellulose, chitin and chitosan, proposing new derivatives of
such polymers, investigating their physical chemistry properties and developing
their applications in different fields as, for instances, biomaterials for
Regenerative Medicine and nanocarriers for the controlled release of drugs.

Luiz Antonio de Almeida

Prof. Luiz A. A. Pinto is a graduate in Chemical Engineering by Federal University
of Rio Grande (1977), has his Master's Degree (1992) and PhD (1996) in
Chemical Engineering from the Federal University of Sao Carlos. He is a full
professor at the Federal University of Rio Grande (FURG), Brazil. His expertise
lies in the areas of Chemical Engineering and Food Engineering, with
emphasis in Industrial Production of Foods and in Processes of Separation and
Mixing, acting mainly in the following themes: food drying, adsorption,
transport phenomena, unit operations, fish waste, effluents treatment and
statistical modeling..

ISSN: 2468-0168
ISBN: 978-1-68108-486-2




FRONTIERS IN BIOMATERIALS Volume 3

Chitosan Based Materials and 1ts Applications

Editors: Guilherme Luiz Dotto, ISSN: 2468-0168

Sergio Paulo Campana-Filho, .
_.:mumb:—o:mo de Almeida Pinto ISBN: 978-1-68108-486-2




Frontiers in Biomaterials

(Volume 3)

(Chitosan Based Materials and its Applications)

Editors

Guilherme Luiz Dotto

Chemical Engineering Department, Federal University of Santa
Maria (UFSM), Roraima Avenue, 1000, Santa Maria, RS, Brazil

Sergio Paulo Campana-Filho

Instituto de Quimica de Sao Carlos — Universidade de Sao Paulo,
Av. Trabalhador sao-carlense, 400 - CEP, 13566-590 Sao Carlos/SP, Brazil

Luiz Antonio de Almeida Pinto
Industrial Technology Laboratory, School of Chemistry and Food,

Federal University of Rio Grande — FURG, Rio Grande — RS, Brazil



AR EE, 77 5E#EPDFIE T ] www. ertongbook. com



Frontiers in Biomaterials

Volume # 3

Chitosan Based Materials and its Applications

Editors: Guilherme Luiz Dotto, Sergio Paulo Campana-Filho & Luiz Antonio de Almeida Pinto
eISSN (Online): 2352-3921

ISSN (Print): 2468-0168

eISBN (Online): 978-1-68108-485-5

ISBN (Print): 978-1-68108-486-2

©2017, Bentham eBooks imprint.

Published by Bentham Science Publishers — Sharjah, UAE. All Rights Reserved.



BENTHAM SCIENCE PUBLISHERS LTD.

This is an agreement between you and Bentham Science Publishers Ltd. Please read this License Agreement
carefully before using the ebook/echapter/ejournal (“Work™). Your use of the Work constitutes your
agreement to the terms and conditions set forth in this License Agreement. If you do not agree to these terms
and conditions then you should not use the Work.

Bentham Science Publishers agrees to grant you a non-exclusive, non-transferable limited license to use the
Work subject to and in accordance with the following terms and conditions. This License Agreement is for
non-library, personal use only. For a library / institutional / multi user license in respect of the Work, please
contact: permission@benthamscience.org.

1. All rights reserved: The Work is the subject of copyright and Bentham Science Publishers either owns the
Work (and the copyright in it) or is licensed to distribute the Work. You shall not copy, reproduce, modify,
remove, delete, augment, add to, publish, transmit, sell, resell, create derivative works from, or in any way
exploit the Work or make the Work available for others to do any of the same, in any form or by any
means, in whole or in part, in each case without the prior written permission of Bentham Science
Publishers, unless stated otherwise in this License Agreement.

2. You may download a copy of the Work on one occasion to one personal computer (including tablet,
laptop, desktop, or other such devices). You may make one back-up copy of the Work to avoid losing it.
The following DRM (Digital Rights Management) policy may also be applicable to the Work at Bentham
Science Publishers’ election, acting in its sole discretion:

« 25 ‘copy’ commands can be executed every 7 days in respect of the Work. The text selected for copying
cannot extend to more than a single page. Each time a text ‘copy’ command is executed, irrespective of
whether the text selection is made from within one page or from separate pages, it will be considered as a
separate / individual ‘copy’ command.

« 25 pages only from the Work can be printed every 7 days.

3. The unauthorised use or distribution of copyrighted or other proprietary content is illegal and could subject
you to liability for substantial money damages. You will be liable for any damage resulting from your misuse
of the Work or any violation of this License Agreement, including any infringement by you of copyrights or
proprietary rights.

Disclaimer:

Bentham Science Publishers does not guarantee that the information in the Work is error-free, or warrant that
it will meet your requirements or that access to the Work will be uninterrupted or error-free. The Work is
provided "as is" without warranty of any kind, either express or implied or statutory, including, without
limitation, implied warranties of merchantability and fitness for a particular purpose. The entire risk as to the
results and performance of the Work is assumed by you. No responsibility is assumed by Bentham Science
Publishers, its staff, editors and/or authors for any injury and/or damage to persons or property as a matter of
products liability, negligence or otherwise, or from any use or operation of any methods, products instruction,
advertisements or ideas contained in the Work.

Limitation of Liability:

In no event will Bentham Science Publishers, its staff, editors and/or authors, be liable for any damages,
including, without limitation, special, incidental and/or consequential damages and/or damages for lost data
and/or profits arising out of (whether directly or indirectly) the use or inability to use the Work. The entire
liability of Bentham Science Publishers shall be limited to the amount actually paid by you for the Work.



1. Any dispute or claim arising out of or in connection with this License Agreement or the Work (including
non-contractual disputes or claims) will be governed by and construed in accordance with the laws of the
U.A.E. as applied in the Emirate of Dubai. Each party agrees that the courts of the Emirate of Dubai shall
have exclusive jurisdiction to settle any dispute or claim arising out of or in connection with this License
Agreement or the Work (including non-contractual disputes or claims).

2. Your rights under this License Agreement will automatically terminate without notice and without the
need for a court order if at any point you breach any terms of this License Agreement. In no event will any
delay or failure by Bentham Science Publishers in enforcing your compliance with this License Agreement
constitute a waiver of any of its rights.

3. You acknowledge that you have read this License Agreement, and agree to be bound by its terms and
conditions. To the extent that any other terms and conditions presented on any website of Bentham Science
Publishers conflict with, or are inconsistent with, the terms and conditions set out in this License
Agreement, you acknowledge that the terms and conditions set out in this License Agreement shall prevail.

Bentham Science Publishers Ltd.

Executive Suite Y - 2

PO Box 7917, Saif Zone

Sharjah, U.A.E.

Email: subscriptions@benthamscience.org BENTHAM
SCIENCE






FOREWORD

Petroleum is an important source of energy and materials in our world and many products we
use every day are derived from it. However, environmental and economic considerations lead
to consider new sources to allow less dependency on fossil fuels. Natural polymers may be
one of these alternatives, and among them, polysaccharides form a large class containing a
number of industrially-important ones. Chitin, despite constituting the second most abundant
natural polymer has not achieved the same commercial importance as for, cellulose, starch or
alginate. Academic as well as industrial scientists have developed strong energy to find new
and potential applications for this material and most preferentially for chitosan, being its
major derivative. The latter presents very specific properties particularly due to its capacity to
be polycationic in acidic medium but also a great interest considering the multiple forms in
which it can be processed. As a consequence, possible applications cover a wide domain, and
this book in a comprehensive manner summarizes many of the most recent technical and
research accomplishments in chitosan covering its acquisition processes, characterization,
chemical modifications and specific applications such as dyes and metals removal, drug
delivery, coatings (especially for food applications), and permeation processes.

The contents of this book highlight the most important challenges and information needed to
understand chitosan science. Chitosan is derived from chitin and many processes were
designed for deacetylation reaction leading to acquire this derivative. For a few years,
microwave-assisted as well as ultrasound processes have been developed and found to be of
great interest as it is developed in this book. The characterization of obtained chitosans is of
major importance and still remains a challenge for users. The used techniques are discussed in
this book and this will strongly help the chitosan users. But chitosan as well as other
polysaccharides, do not exhibit all the required properties necessary for specific applications.

As a consequence, it is necessary to carry out modifications and the presence of amino groups
in chitosan structure allows selective reactions which are described in this book. It is possible
to prepare cationic, anionic, amphiphilic or crosslinked materials demonstrating the versatility
of this polysaccharide. All of these actions allow the chitosan to be used in applications,
covering wide domains as biomedical or pharmaceutics, cosmetics, food, agriculture, water
treatment and permeation.

This book is a very useful addition to literature on chitin and chitosan, particularly for those
working on the development of new products for specific applications. The authors have to be
thanked for their successful contribution to chitosan development demonstrating its strong
interest and unlimited potential of applications and it will stimulate researchers in order to
continue their efforts so that chitosan finds the place within the polysaccharide world.

Dr. Jacques Desbriéres

Professeur Directeur Adjoint UFR Sciences et Techniques de Pau,
Hélioparc Pau Pyrénées,

2 Avenue P. Angot,

64053 PAU cedex 9, France

Tél: 05 59 40 76 02

E-mail: jacques.desbrieres@univ-pau.fr



PREFACE

Chitosan is an alternative, low cost and available biomaterial, which can be obtained from
natural and renewable resources. Chitosan can be obtained from chitin deacetylation and, its
properties are dependent on the used method and the experimental conditions. Chitosan has
several interesting properties from industrial and technological viewpoints, such as,
biocompatibility, bioavailability, adhesivity, film forming properties and is polycationic in
acid mean. Chitosan can be processed in the form of films, membranes, hollow fibers,
nanofibers, nanoparticles and scaffolds. On the basis in these interesting properties, chitosan
has an unlimited potential of application, for example, in agriculture, medicine, odontology,
pharmacy, engineering and other fields. Studies involving chitosan increased significantly in
the last 15 years. Consequently, many frontiers were overcome and new research fields were
opened. Based on the above mentioned facts, the traditional and new trends about chitosan
based materials were organized in a book: "Chitosan Based Materials and its Applications". It
is expected that these information will assist future research in the chitosan field.

This book consists of 10 contributions or chapters. The chapters were developed by eminent
researchers from Brazil, Portugal, the United Kingdom and Poland, which worked on chitosan
and chitosan based materials. Chapter 1 shows general considerations about chitosan and its
based materials, while chapter 2 is focused on the obtention processes and characteristics. In
chapters 3 to 5, chitosan based materials like nanofibers, nanoparticles, nanocapsules and
chemically modified chitosans are addressed. The characterization techniques for chitosan
and its based materials are presented in chapter 6. Chapters 7 to 10 are focused on the
applications such as, water treatment, drug delivery, edible films and pervaporation
membranes. Based on this interesting material, we believe that this book continue to inspire
the development and implementation of technologies involving chitosan based materials in
the academic and industrial fields.

Dr. Guilherme Luiz Dotto

Chemical Engineering Department,

Federal University of Santa Maria (UFSM),
Roraima Avenue, 1000, Santa Maria, RS, Brazil

Dr. Sergio Paulo Campana-Filho

Instituto de Quimica de Sao Carlos — Universidade de Sao Paulo,
Av. Trabalhador sdo-carlense, 400 - CEP,

13566-590 Sao Carlos/SP, Brazil

Dr. Luiz Antonio de Almeida Pinto

Industrial Technology Laboratory, School of Chemistry and Food,
Federal University of Rio Grande — FURG,

Rio Grande — RS, Brazil
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PREFACE

Chitosan is an alternative, low cost and available biomaterial, which can be obtained from
natural and renewable resources. Chitosan can be obtained from chitin deacetylation and, its
properties are dependent on the used method and the experimental conditions. Chitosan has
several interesting properties from industrial and technological viewpoints, such as,
biocompatibility, bioavailability, adhesivity, film forming properties and is polycationic in
acid mean. Chitosan can be processed in the form of films, membranes, hollow fibers,
nanofibers, nanoparticles and scaffolds. On the basis in these interesting properties, chitosan
has an unlimited potential of application, for example, in agriculture, medicine, odontology,
pharmacy, engineering and other fields. Studies involving chitosan increased significantly in
the last 15 years. Consequently, many frontiers were overcome and new research fields were
opened. Based on the above mentioned facts, the traditional and new trends about chitosan
based materials were organized in a book: "Chitosan Based Materials and its Applications". It
is expected that these information will assist future research in the chitosan field.

This book consists of 10 contributions or chapters. The chapters were developed by eminent
researchers from Brazil, Portugal, the United Kingdom and Poland, which worked on chitosan
and chitosan based materials. Chapter 1 shows general considerations about chitosan and its
based materials, while chapter 2 is focused on the obtention processes and characteristics. In
chapters 3 to 5, chitosan based materials like nanofibers, nanoparticles, nanocapsules and
chemically modified chitosans are addressed. The characterization techniques for chitosan
and its based materials are presented in chapter 6. Chapters 7 to 10 are focused on the
applications such as, water treatment, drug delivery, edible films and pervaporation
membranes. Based on this interesting material, we believe that this book continue to inspire
the development and implementation of technologies involving chitosan based materials in
the academic and industrial fields.
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