HANDBOOK OF FOOD BIOENGINEERING

VOLUME 9

EOI@
AND

D

PR

PAC
-SE

)
[ .

4

Edited by
Alexandru Mihai Grumezescu

Alina Maria Holban

KAG

G

RVA

LS



Food Packaging and Preservation



Page left intentionally blank



Food Packaging and Preservation

Handbook of Food Bioengineering,

Volume 9

Edited by

Alexandru Mihai Grumezescu
Alina Maria Holban

ACADEMIC PRESS

3 An imprint of Elsevier

ELSEVIE




Academic Press is an imprint of Elsevier

125 London Wall, London EC2Y 5AS, United Kingdom

525 B Street, Suite 1800, San Diego, CA 92101-4495, United States

50 Hampshire Street, 5th Floor, Cambridge, MA 02139, United States

The Boulevard, Langford Lane, Kidlington, Oxford OX5 1GB, United Kingdom

Copyright © 2018 Elsevier Inc. All rights reserved.

No part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical,
including photocopying, recording, or any information storage and retrieval system, without permission in writing from
the publisher. Details on how to seek permission, further information about the Publisher’s permissions policies and our
arrangements with organizations such as the Copyright Clearance Center and the Copyright Licensing Agency, can be
found at our website: www.elsevier.com/permissions.

This book and the individual contributions contained in it are protected under copyright by the Publisher (other than as
may be noted herein).

Notices
Knowledge and best practice in this field are constantly changing. As new research and experience broaden our
understanding, changes in research methods, professional practices, or medical treatment may become necessary.

Practitioners and researchers must always rely on their own experience and knowledge in evaluating and using any
information, methods, compounds, or experiments described herein. In using such information or methods they should be
mindful of their own safety and the safety of others, including parties for whom they have a professional responsibility.

To the fullest extent of the law, neither the Publisher nor the authors, contributors, or editors, assume any liability 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, instructions, or ideas contained in the material herein.

Library of Congress Cataloging-in-Publication Data
A catalog record for this book is available from the Library of Congress

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

ISBN: 978-0-12-811516-9

For information on all Academic Press publications visit our website at
https://www.elsevier.com/books-and-journals

m Working together
to grow libraries in

Internatlonal dEVEIOplng COuntrIES

www.elsevier.com » www.bookaid.org

Publisher: Andre Gerhard Wolff

Acquisition Editor: Nina Bandeira

Editorial Project Manager: Jaclyn Truesdell

Production Project Manager: Punithavathy Govindaradjane
Designer: Matthew Limbert

Typeset by Thomson Digital


http://www.elsevier.com/permissions
https://www.elsevier.com/books-and-journals

Contents

LiSt Of CONPIDULOFS. ..........nneeenunnniiiiennnnniiiiiierniiiieiieraniieetiesansesstesasessesseesssasssses xv
T U Xix
SEFIES PPEfUCE. ......couuunenniiiiennnnniiiiiiennniiiiiiiinnniiieiiennneiesssessnssssssssssssssssssssssssssssses XXi
Preface for Volume 9: Food Packaging and Preservation.......................cccceeeeeee.... XXV
Chapter 1: Basic and Applied Concepts of Edible Packaging for Foods ....................... 1

Jorge A. Aguirre-Joya, Miguel A. De Leon-Zapata, Olga B. Alvarez-Perez,
Cristian Torres-Leon, Diana E. Nieto-Oropeza, Janeth M. Ventura-Sobrevilla,
Miguel A. Aguilar, Xochit! Ruelas-Chacon, Romeo Rojas,

Maria Elena Ramos-Aguiiiaga, Cristébal N. Aguilar

I INETOAUCTION ..ttt ettt st es 1
2 Natural Polymers Based Edible Films and Coatings...........ccceeceevieriernierneeneennene 2
2.1 INOAUCTION .....eiiiiiiiiie ettt ettt ettt e sate e st e st esnbeeenbeeebbeesneeenanes 2
2.2 Polysaccharide-Based Edible Films..........cccccoeiiiiiiiiniiiiecccecee e 3
2.3 Lipid-Based Edible COAtiNES .......ccevvieriieiieeeiieeieeeieeeieeeiteeeite e sieeeevee e 7
2.4 Protein-Based Edible FIlms ........cccccoviiiiiiiiiiiiiiieeececeee e 10
3 Edible Packaging: A Vehicle for Functional and Bioactive Compounds............... 13
3.1 INEOAUCTION ...ttt ettt e ae s 13
3.2 Active and Intelligent Packaging ...........ccoceeviiiiiiniiniiniiieeeeeeeceeeeeee e 13
3.3 Incorporation of the Active Substances Into the Packaging Film..............c.......... 13
3.4 CONCIUSIONS ...ttt ettt et ettt e b et et et e bt e nbe e bt ebeebeebeas 21
4 Food Surface Properties for Edible Packaging Application...........cccceccevevceeennnne. 21
4.1 INEOAUCTION .....eiiiiiiiiieiiee ettt ettt ettt et sab e st e sabeesabeeebaeebaeenes 21
4.2 Wettability of Coatings in the Surface of FOOds..........cccevviniiniiniiniiniiiiieeen. 22
4.3 Contact Angle of Coatings in the Surface of Foods.........cccccoceeriiniiniiniinicncnnn. 25
4.4 Surface Tension Of COAtINES .....ccccvieriieriiieeiieeiie ettt ettt e e eeee e esaee e 25
4.5 CONCIUSIONS ...c.cviiiiiiiiiiiiii ettt 28
5 Edible Packaging for Food Application ............ccceevuiiinieiniiiiiiiiiieeieeeee e 29
5.1 TEFOAUCTION ...ttt ettt ettt e b et naees 29
5.2 Fruits and VegetabIes........ccuveeiieiiieiiieeciieeiieeieeeite e eteesreesreesreeensaeesaeenneenes 29
5.3 Fresh-Cut Fruit and Vegetables ...........coooiiiiiiiiiiiinieiieeeeeeeeeeeeee e 29
5.4 Dairy ProduCts. .....cc.coeiiiiiiiiiie et 30
5.5 Meat and POUIIY ......ccooiiiiiiieie et 31



Contents

6 Regulatory Aspects and Commercialization of Edible Packaging............c............ 35
6.1 Edible Packaging Legislation and Consumer Behavior..........cccccccceevienieniencennen. 35
6.2 Economic Feasibility and Benefits of Edible Packaging ............ccccoocieniiiiancnnnen. 37
6.3 Commercialization Aspects of This Type of Packaging.........c.ccccceevienieniencnnnen. 38

7 Properties, Production, and Processing of Edible Packaging............cccccoceeniennin. 39
7.1 Technological Applications of Edible Packaging and Their Behavior

During Storage, Transportation, and Packaging ..........ccocceeveevveniencnicnicnicnnene 41

7.2 Examples of Wet (Casting, Roll Drying) and Dry Processes
(Extrusion, Coextrusion) for Edible Film Production..............cccceeeeiiieenieeennnen. 42
7.3 CONCIUSIONS ...ttt st 46
RETEIENCES. ..ot 46
Chapter 2: New Food Packaging SyStems ...............ccceeeevcnnnnnnnnnnnnnnnnnnneeneeeeneeeenenn 63

Rui M.S. Cruz, Vera Alves, Igor Khmelinskii, Margarida C. Vieira

I INEEOAUCTION ..ttt et e 63

2 ACtiVe PaCKAZING ....viieiiieiieee ettt 66
2.1 MALETIALS. ..ottt ettt sttt st 67
2.2 Methods and APPLICATIONS ....c.eieruiiiriiieiieeeiie ettt ettt e st eseee e sbee e 71

3 Intelligent PaCKaging ........cocueouiiiiiiiiiniiiieeiteiteeteee ettt 74

4 Physicochemical PrOPEIties .......ccoueriiiiiiiiiiniiiniieiieeitesiteee ettt 75

S APPHCALIONS ..cuiieiiee ettt ettt ettt sttt et 77

6 CONCIUSIONS ...ttt et 79

RETEIENCES. ...ttt 79

Chapter 3: Active Food Packaging From Botanical, Animal,
Bacterial, and Synthetic SOUFCES...............oueennnueeeeeeeeernnneneeeeeninnnnnnne 87

Fernanda V. Leimann, Odinei H. Gongalves, Lyssa S. Sakanaka,
Alexandre S.B. Azevedo, Mirela V. Lima, Filomena Barreiro, Marianne A. Shirai

I INErOAUCTION ..niiiiiiieiiiicctce et s st 87
2 Active Packaging Based on Polymers From Botanical Sources ..........c..cocecueneee. 87
2.1 STATCR it 87
2.2 PIOEIM ..ottt ettt st sttt 89
2.3 GUINIS oottt ettt sttt ettt et a e s a et h e s bt ese e n e b e e e et ae e naesaeennens 90
24 ALZAC .ottt ettt st 96
2.5 ALZINALE ..c.viieiiiiitiieetee ettt sttt ettt na e eaeens 97
3 Active Packaging Based on Polymers From Animal Sources.........ccccccecuervueenennen. 98
31 CRIEOSAN w.utiiiieiie ettt ettt ettt ettt ettt et et e bt e bt et e e bt e be e beenbe e bt enbeebeebeas 98
3.2 KOTAUM ¢ttt ettt ettt et e sab e st st e bt e e et e sabeeeabee s 102
3.3 GRIALN ..ttt bbb 102
3.4 MilK PrOtein ....coeiiiiiiiiiiiiceieeee ettt s 108
4 Active Packaging Based on Polymers From Bacterial Sources ...........c.ccccceueeee. 113
4.1 Polyhydroxyalkanoates (PHAS) .......ccceevouiiriiieiiieeiie ettt 113
4.2 PullUlan ..c..ccooiiiiiiiiiiiice e 116
4.3 XaNthan GUIN ...co.eeiiiiieiieiee ettt ettt e 118
5 Active Packaging Based on Synthetic Biodegradable Polymers...........c.............. 121

vi



Contents

5.1 POlY(1aCtiC ACIA) w.veerurieaiiiiiiiieiie ettt e 121
5.2 Poly(butylene adipate-co-butylene terephthalate) (PBAT)......c...ccccovvviriinncnncnns 122
5.3 POly-€-CaPrOlaACLONE .......eeoiuiiiiiiiiiieiie ettt ettt e n 123
5.4 Poly(vInyl alCOROL).....cccuiiiiiiiiiieii e e 124
6 Concluding Remarks ..........ccooouiiiiiiiiiiiiiieiieeee e 126
RELETEICES. ...ttt 128

Chapter 4: Powerful Solution to Mitigate the Temperature Variation

Effect: Development of Novel Superinsulating Materials ...................... 137
Safoura Ahmadzadeh, Ali Nasirpour, Javad Keramat, Stephane Desobry
I INEOAUCTION ..ttt ettt ettt st e e sineeae 137
2 POlymEr FOQMS .....oouiiiiiiiieiicce ettt 139
2.1 Thermal Insulation Performance..........c.cccoccceoeriiriiniinninniniiceeeeeeeeeee 140
2.2 NanocomMpoSite FOAMS ........ieriieriieeiieeiie ettt e eieeeiee et sete et esabee e s 141
2.3 Foam Preparation Methods .........c.coecvieiiiiiiiiiiiiieciieciee et 142
3 Biopolymer FOAMS ....ccueiiiiiiiiiiiiie et 146
3.1 Preparation MethodS ........cc.eeviiiiciieeiieeiie ettt e seve e snsee e s 148
3.2 Starch-Based FOAMS......c..cocuiriiiiiiiniiiiiieenenecee et 149
NS 10 USSR 152
4.1 Sol-Gel Technology: The Main Preparation Method of Aerogels..................... 155
4.2 CelluloSe ACTOZLLS .......eeueieuieeie ettt ettt ettt ettt ettt et et ettt b e e 156
5 Conclusions and Future Trends .........cccooiirieiiiiiiniiniecececeeceeeeesee e 169
RETEIENCES. ...ttt 170
Chapter 5: Report on Edible Films and Coatings ....................euuuueeeueeueeeeeenneenennnns 177
Joslin Menezes, K.A. Athmaselvi
1 INEFOAUCTION vttt ettt 177
2 The Application of Edible Coatings
and Films on Different Food Materials ..........ccccoooiiviiniiiniiiniiniiniciieccceceeee 178
2.1 Agricultural Products (Fresh Fruits and Vegetables)..........ccccoooeiiniinicnennene 178
2.2 Minimally Processed (Fresh Cut) Fruits and Vegetables............cocceceeviencneennn 179
2.3 Fish, Poultry, and Meat ...........ccceiiiiiiiiiieiieie ettt 180
2.4 Cereals, Bakery, and Dairy Products ............ccecueeriiiiniiiniiiniienicenieesee e 181
2.5 O1l-Fried ProdUctS........c.cooiiiiiiiiiiieeiie ettt ettt ettt e n 182
3 Different Preservative Methods and Their Disadvantages...........cccceeevveerveenenn. 182
3.1 Humidity and TemMpPerature ...........ccecveeeruieeniieerieenieeeiee et seee et siee e s 182
3.2 Modified Atmosphere Packaging and Controlled Atmosphere Packaging.......... 182
3.3 Fungicides and Chemical Preservatives.........oocveeeieeeciieeiiieeniie e esieeeiee e 182
4 Brief on Different Methods of Application of Edible Coatings
and the Different Types of Edible Coating Materials.........c..cccoeveeiiiiinniininiennne. 183
4.1 Methods of Application of Edible Coatings ..........cccecceevuervierriirneriienienieeieeeens 183
4.2 Different Edible Coating COMPONENLS.........cecuieiiriieiieieeieeieeie et eeeens 183
5 Factors Affecting on the Edible Films and Coatings..........ccccceeceervuirvieeneeneennene 197
5.1 PIASHICIZETS ..eeueeeiiieiie ettt ettt ettt et et et ettt eteenteens 197
5.2 Storage COoNAITIONS .......cocuiriiriiriieiieie ettt ettt et e eas 198

vii



Contents

6 Brief on Edible FIIMS .......coccooiiiiiiiiiiiicceeceeee e 199
6.1 Edible FIIMS ..c.coiiiiiiiiiiiiiieiecseeceneeecteie ettt 199
6.2 Composite Films and COatings ........ccccevueerueeriinieenieenieeieeieeieesieesie e eeas 201

7 The Active Ingredients Incorporated Into
Edible Films and Coatings.........ccocueruirriiniiniinieeieeieeeeeeeeeee ettt 201
7.1 Antimicrobial COMPONENLS......cc.eecuiriiriiieiiiiiieieeieeie ettt 201
7.2 ANtIDrOWNING AZENLS......eocvieiiiiiiiieiieiteit ettt ettt ettt et sre et esreenaeenneen 203
7.3 ANUOXIAANTS c...eetiiiiiiiieieetcete ettt ettt et et e ebe e neen 204
T4 NULFACEULICALS ..ottt 204
7.5 Texture ENNANCETS ......cocuiiiiiiiiiiiieiieie et 204

8 Nanotechnology in the Edible Packaging...........ccccccceviiiiiiiiniiiiniiiiiiiieeee, 205

9 Problems Associated With Edible Packaging System...........ccocceeiieiiiiiiniennne. 206

10 Future RemArks........ooveiiiiiiiiiiiieiiciicceect et 206
I1 CONCIUSIONS .ottt ettt ettt ettt sttt e saneea 207
RETETEINCES. ....eeniieie ettt ettt e et e e s 207
Chapter 6: Antioxidant Polymers for Food Packaging........................uuueeeeuneeeeennens 213
Giuseppe Cirillo, Manuela Curcio, Tania Spataro, Nevio Picci,
Donatella Restuccia, Francesca lemma, Umile G. Spizzirri
O 038 (06 L 17 5 () 1 KSR 213
2 Noncovalent Incorporation of Antioxidants in Polymer
Packaging MaterialS.........cc.eeeeiieiiiieiie ettt et 214
3 Covalent Modification of Polymeric Packaging Materials
With ANTOXIAANT .....eeiiiiiiiiieieee ettt 223
4 Antioxidant Nanocomposites in Food Packaging ...........ccccevvveriiiiviiniinicniennen. 229
RELETEINCES. ...ttt 232
Chapter 7: Polysaccharide Nanobased Packaging Materials for
Food APPlICAtion ................ccoeeeeeeiiiiiiiiiiissnnnnnnnnnnnnneeeeeeeeeeeeeeeeenssennes 239
Aungkana Orsuwan, Rungsinee Sothornvit
I INErOAUCTION «.oviiiiiieiiiiiece ettt 239
2 Polysaccharide-Based Packaging Materials .........ccocceeeviiiniiiiniiiiiiiinicieeee, 239
2.1 Polysaccharide-Based Packaging Materials Extracted from
W ea ¥0) 0T0) 74 10 ) ¥ TSP 240
2.2 Polysaccharide-Based Packaging Materials Synthesized by
Bioderived MONOMETS. ........couiiiiiiiiieeie ettt ettt 243
2.3 Polysaccharide-Based Packaging Materials Produced from
IMICTOOTZANISIIIS .....euteeiieeuieeateeite et ete et et e et et e eateeatesatesateenteenteentesstesasesneeeneeenes 243
3 Nanostructural Material for Polysaccharide Nanobased
Packaging MaterialS.........ccveeeiieiiiieiieeiie ettt tee e e eaee e seseeenae e 244
4 Preparation Techniques for Polysaccharide Nanobased Films.........c..cccccoueeneee. 245
4.1 Solution Casting Method ..........ccouiiiiieriiiiiie et 246
4.2 Melt INtercalation .......c.cocuiiieiieiieiieeieee ettt 246
4.3 In Situ POIYMEIIZAtION ...ecccvvieiiieiiieieeeiee ettt ete ettt e s e eneeeeneee s 247
4.4 ElCCIIOSPINMING ...veevivieeiieeiteeiieerieesteesteeeteesseesssaeeseesssseessseesssessssessnsessseesnseen 247



Contents

5 Properties of Polysaccharide Nanobased Films..........cc.cccooioiiiiiiiiiiiiiiiee, 247
5.1 Polysaccharide Nanobased Films Reinforced by Nanoclay ............cccceeveeenncne 248
5.2 Polysaccharide Nanobased Films Reinforced by

Polysaccharide Nanofillers..........c.coooieiiiiiiiiiiiiiiee e 252
5.3 Polysaccharide Nanobased Films Reinforced by Metal and
Metal Oxide NanOfILIET ......cc..eeviiiiiiiiiiiiiiierieee ettt 259

6 Application of Polysaccharide Nanobased Packaging Materials ............cccceenenee 264

7 Safety and Related Regulations..........c.cooueeviiiniinieniiiiiieieniecieeeeeese e 264

8 FUtUre Trends.......coeeiiiiiiiiiiiiiiiei ettt 265

RELETEICES. ...ttt 266

Chapter 8: Bio-Based Nanocomposites for Food Packaging and

Their Effect in Food Quality and Safety ................uuuuueeeeeeeeeeeeeiiiinnnnnn. 271

Oscar L. Ramos, Ricardo N. Pereira, Miguel A. Cerqueira, Joana R. Martins,
José A. Teixeira, F. Xavier Malcata, Anténio A. Vicente

I FOOd PacCKaging .......cooeuiiiiiiiiiiiiiie ettt 271
1.1 Bio-Based PacKaging .........ccoocvieiiiiiiieiiieeiie ettt eeee s 272
1.2 Edible PaCKAZING.......ccccvieeeiiieiiieiie ettt ettt et et e et e e s beesnnaeennee s 273
1.3 Bio-Based and Edible Packaging Challenges...........ccceeeveeriieniieniieeiieeiie e 274

2 Nanotechnology in Food Packaging..........cooceeiiiiiiiiiiiiiieee e, 275

3 Bio-Based Nanocomposites for Food Packaging ............cecoeeviieiiiiiiiiiiniieeen. 276
3.1 Bio-Based Reinforcement Agents for Bio-Nanocomposites ..........c..cceceereeeueenee. 276
3.2 Production and Characterization of Bio-Nanocomposites..........c..ccocuerceereernennne. 282
3.3 Properties of Bio-NanoCOMPOSILES .........cocuerviriiriiiriiriinienieeeeeteeee e 286

4 Bio-based Nanocomposite Packaging for Food Safety and Quality .................... 288
4.1 Active and Intelligent Packaging SyStems..........cccceevviieniiiniiieniiieniienieeeiee e 288

S Commercial APPIICAIONS ....cevuvirveriieriieiieeieeieeit ettt st sbee s eae 294
T B 0] 74 Tod s T N3 1« USSR 295
5.2 PolyhydroXyalKanOates ...........c.cecveeriieriieeiieeiie ettt e s e eeee e s 296
5.3 Starch BIENAS ....c..ooviiiiiiiiiriiiciece et 297
5.4 Cellulose DEITVALIVES .....ccveruiriieiiiiniieieienie ettt ettt 297
5.5 The Role of Reinforcement AZENtSs .........ccceeeeveriinercrenenineeeneneeecene e 297

6 Risk and Regulation..........c.ccouiiiiiiiiiiiiiiiieecectceee et 298

7 FULUIE PEISPECTIVES ...cuveiuiiiiiieiiieieeiteeit ettt ettt ettt et 299

RETEIENCES. ...t 300

Chapter 9: Biodegradable Films: An Alternative Food Packaging .......................... 307

Meritaine da Rocha, Michele M. de Souza, Carlos Prentice

1 INEFOAUCTION vttt ettt e 307

2 Biodegradable POIYMETS.......cccooiiiiiiiiiiiie e 308

3 Raw Material Utilized of Preparation of Biodegradable Films...........ccccccceeene 309
3.1 POlySacCharides.........c.coouieiieiieiieie ettt 310
3.2 PIOTBINS. cuetieniteeeitee ettt ettt ettt e sb e st e st s e et e bt e et e sabeeeabee s 319
3.3 LIPS 1ottt e 324

x



Contents

4 Film Production MethOds ..........cocieiiiiiiiiiiiiiiinieniecceeeeee e 325
A1 CASTIIE 1ttt ettt ettt et ettt ettt ettt et enteen 325
4.2 EXITUSION 1.ttt ettt et ettt ettt et et e b et e eneeenteeneeens 326
4.3 TAPE CASHIE ...veeuvienieeeieeie ettt ettt ettt ettt et et ettt eateeabeeabeeabeemseenseenseeneeens 326

5 Evaluation of Biodegradable Films ..........cccccceiieiiiniiniiiiiiiicicccececee 327
5.1 Barrier PrOPEITIEs ......cc.covuiiiiiiiiiiiiiieiieieete ettt 327
5.2 Mechanical Properti€s..........coceiviiriiiriiiiiiiieieeieeieett et 328
5.3 C0l0T ettt ettt 329
5.4 MICTOSIUCTUTAL. ...ttt et 329

6 Use of Biodegradable Films as Food Packaging............cccccoeeeviiniiiiiiinieninnnene 330
6.1 Antimicrobial ACHVILY ...cccveeriieriieeiieeite ettt et e etee et e e e e seaeesnbeesnneeeneeeas 331
6.2 ANtioXidant ACHIVILY ..oc.vievieeiiieriieeiieeeeereeeste et eeeteeeeeeeareeeaeessseessseesnseeenseeas 332

RETEIENCES. ...t 333

Chapter 10: Recent Trends in Active, Smart, and Intelligent Packaging
fOr FOOd PrOAUCLS ..........cuuuueieennnonrannniirnnniorinnssreanssrennisssonsssssonsnsnes 343

Gargi Ghoshal

1 INEFOAUCTION vttt et s 343

2 The Objectives of Packaging .........cccociiiiiiiiiiiiiiiieeee e 347
2.1 PhySical PrOt@CtION. .....civiiiieiiiiieiie ettt 347

3 Intelligent Packaging ........cccooouieeiiiiiiiiiie e 348
3.1 Smart Packaging COonCePL .......coouieiiiieiiieieeie ettt 348
3.2 Principle of Intelligent Packaging...........ccccoeouieiiiiiiiiiniiieieeieeeceee e 350
3.3 Time Temperature INdiCators..........cocuerviiriiriiriiiiiniericececeeeeeee e 351

4 ACtIVE PACKAZING ...c..eeiiiiiiiiiiiiiiitete et 355
4.1 Fresh ProdUuce.......ccc.ooiiiiiiiiiiiiieieeeeeee ettt 359
4.2 TOMALOCS ...ttt ettt ettt ettt ettt et et ettt et et e et et eaaeeaaeeateeneeeas 359
G T € 1 21 o TSRS 359
A4 SITAWDETTIES ..eveiiieiiieiieeie ettt ettt et ettt ettt ettt 360
4.5 BaKery PrOAUCES ....cccviieiieeiiieiieeee ettt et e e snseeennee s 360
4.6 Dairy ProdUCES......cccuiiiiiiiiieiie et 361
4.7 Meat, Fish, and Poultry Products.........cccccoceeiiiiiiiiiiinieieeicecececee e 361

5 Radio-Frequency Identification (RFID) .......cccoooiieiiiiiiiieeee e, 363
5.1 History of RFID ....c..ooiiiiiiiiie ettt 363

6 Biobased NanOCOMPOSILES. .......cccuerrueerieriirieeieenieeniteete ettt sttt siee e 365
6.1 Edible FIIMS .....couiiiiiiiiiiiiece e e 365
6.2 NANOCOMPOSIEES ..c.everereriririiieiieeiteeite et ste ettt sttt st saeesaee st sane e enae 367

T CONCIUSIONS ..ottt ettt sttt et st 370

RELETEICES. ...ttt 370

Chapter 11: New Materials for the Aging of Wines and Beverages:
Evaluation and ComPariSON ................ueeeeeeeeeeeeiiiiiiiiiiiisisiisssssssnnnnns 375

Ignacio Nevares, Maria del Alamo-Sanza

1 Oak Barrels as an Active Container for Aging Wines........cccceeceevveerveeneeneennenne 375
1.1 Release of Compounds and OXYZEN ........cccviervieriieriiieniieeiiieenieeesieeeieeseee s 375



Contents

1.2 Wine Loss: Impregnation, Depression, and Formation of Headspace................
1.3 Dynamic Oxygen Transfer Rate ..........cocccociriiniiniinininecceceececee
Wood as a Natural Material Permeable to OXYZen ........cccccvvveeeivieriieeciirenieeennen.
Natural Materials Permeable to Oxygen: Ceramics,
Earthenware, and CONCIELE ........uuuiiiiiiiiiieieeee ettt e e e e e
3.1 TOITACOUA ...ttt s st
3.2 COMCTRLE ..ttt ettt sttt st e
3.3 STOMEWATE.....eouveiiiieiieie sttt ettt ettt ettt sttt bt e e nne e
4 Synthetic Alternatives to Oakwood ...........cooviuiieiiiiiiiei e
4.1 High-Density PoOlyethylene..........ccccoooiiiiiiiiiiiiiiiieeieeieesee e
4.2 PolydimethylSTlOXanes .........coouerieriiiiiiiiieie ettt
4.3 Polyethylene Terephthalate and Ethylene Vinyl Alcohol,
Multilayer MemDbIanes...........cooveerieiiiiiiiniieeiieeniee ettt ettt
5 Comparison Between Barrels and Alternative SyStems .........ccceevvervieeneeneennenne
6 CONCIUSIONS ...cuiiiiiiiiiiiiciicte ettt ettt e
RELETEICES. ...ttt

W N

Chapter 12: Natural Antimicrobial Agents for Food Biopreservation .....................
Mohd Yusuf

I INErOAUCTION «.viiiiiiiiiiciiieci ettt
2 Antimicrobial Agents Derived From Microorganisms...........cccceceeeevveneeriennennne.
2.1 BACLEIIOCINS. ¢ ettt ettt ettt ettt ettt e sbt e bt e b e nbeenbeens
PN ¥ ot 13 5 (0] o) 0 T2 Yot USRS
P B 3 1T 0] 4] o T USRS
2.4 INALAINYCII c.eeutteiieenie ettt ettt ettt et e bt et e bt e bt e bt e s bt e bt e bt e bt esbeesbeesbeenbeenbeenbeens
3 Antimicrobial Agents Derived From Animals ..........cccccceeiiiiiiiiiiiiieieeee,
3.1 LYSOZYIME .ttt ettt et et ettt
3.2 PIEUTOCIAIN ..ttt ettt sttt et et e st esateas
3.3 DELONSINS. ..ceuttieiiieiiie ettt ettt ettt ettt st esabeas
T I Ted 10 ) {14 1 1 PO TP P PRSPPI
3.5 OVOLrANSTEITIN ..ottt ettt
3.6 PrOtAMINE ....ooueeiiiiiiiieieeieeeee ettt sttt
3.7 CRITOSAN ..ttt ettt ettt ettt et et b et sbe e sbe e b e bt e nbeenaee
TR 15 o) 1 PSPPSR
4 Antimicrobial Agents of Plant Origin .........ccceeviieiiiiiiiiiiieceeee e
5 Future Prospects and Recommendations............c.coereeeriiiieiiieniiieiiiee e
RETEIENCES. ...t

Chapter 13: Dairy Whey Protein-Based Edible Films and Coatings
fOr FOOA PrESErVALION ...........cceueeeeeeneioneennconenniooseancossenncsssonssssansssnes

Prospero Di Pierro, Loredana Mariniello, Valeria L. Giosafatto,
Marilena Esposito, Mohammed Sabbah, Raffaele Porta

1 INETOAUCTION ..t e e e e e e e e e et eae e e e e e e eeeeaaaeeas

2 Properties of DW Protein Edible Films..........ccocoviiiiiiiiiniiiiiicceen
3 DW Protein Film AppliCations .........covieriiriieeiiieiierierieeieeie et

xi



Contents

4 Concluding Remarks and Future Trends .........ccocoeeeiieiiiiinieieeee e, 451
RETETEINCES. ...ttt ettt et e et e e es 452
Chapter 14: Polymers for Modified Atmosphere Packaging Applications ................ 457
Behjat Tajeddin, Bahareh Ahmadi, Farahnaz Sohrab, Hossein Ahmadi Chenarbon
O 058 (4 L To7 () 1 NSRS 457
1.1 MAP PrinCIPLES ...eeeiiieeiiieeiieee ettt ettt e e s 458
1.2 Gases Used in MAP ..o 460
1.3 Food Packaging Materials...........cceeruieriieeiiieiiieeiie ettt 461
2 POLYIMETS ettt ettt ettt et ettt et 462
2.1 Required Characteristics of Plastic Films for MAP........c.cccocciviiininiiicnie 462
2.2 Polymeric Films in Application for MAP..........cccccoeveiieiiiiieeeeeeeee e 463
2.3 Biodegradable POLYMETS .........coceiiiiiiiiiiiiiieeie e 473
2.4 NANOCOMMPOSIEES -..eveureeiteeiieeiteeite ettt eiteeiteeiteeatesatesstesatesatesabesasesateentesaeessaesneesneenaes 475
2.5 Bionanocomposite Material ..........cccoeoiiiiiiiiiiiieiieieeceeee e 476
3 Multilayer Packaging........cccceeveiiiiiiiiiiiieiieeiece ettt 477
31 COALMEZ .ottt sttt s 477
3.2 COCKXITUSION ..eenetteeiiieeuiie ettt ettt ettt e et e et e et e ettt e sabeesabeesabeesabteenbteabaeesnbeesabeesnbeean 477
3.3 LamiNATION ..coueeeiiiiiiiiieeiiceite ettt st sttt 478
3.4 MEtalliZatiON ...cc.eeoiiiiiiiiiiieieeeetee ettt 479
4 NEW TECHNIQUES ...cuvieneieiieiiieeieeieeste ettt sttt e b e saaesareenaeas 480
4.1 Perforated and Microperforated Films..........cccceevireiiiiniiiniieeiieceecee e 480
4.2 MICTroporous FillMS . ......c.ooeiiiiiiiiiiieiieeciee ettt n 484
4.3 Metallocene TeChNOIOZY .......cccuiervieriieriieeiie et s 485
5 Applications of Polymers for MAP .........cccooiiiiiiii e 485
5.1 Dairy ProdUuCES. .....couioiiiieeie et 485
5.2 REA MEAL ...ttt ettt et et et ettt et 486
5.3 POUIIY ettt ettt et ettt ettt et enre e 486
5.4 Fish and Other Seafood Products............cccocueiiiiiiiiiiiniiiiieicieeeeee e 487
5.5 BaKery Products ........cccocuiiiiiiiiriiiiiieieieecce e 487
5.6 Fruits and Vegetables........ccuviiiiiiiiriieieeeiie ettt 488
6 Recent Developments in MAP-Type Research and Application ........c..ccceenene. 489
6.1 High-Oxygen Modified Atmosphere Packaging..........cccccceevveeivieniiencieenniiennenn 489
6.2 Controlled Modified Atmosphere Packaging..........c.ccceeeeeevieiniieniienieeieeenn 490
6.3 Intelligent Modified Atmosphere Packaging ..........ccccceveiievieeniieniieeieeee e 491
A €L0) 1 Ted 11 T 10 ) s USSR 492
RETETEINCES. ...ttt et et e et e e ns 492
Chapter 15: Using Laccases for Food Preservation ....................uuuueeeeeeneneeneveennnnes 501
Frédéric Debaste, Sigrid Flahaut, Michel Penninckx, George Songulashvili
I 058 (4 L To7 () o NSRS 501
1.1 Enzymes in FOOd ProCesSing ..........ccccoevueeriiiiiiiieiiieeiieeieeeieeseese e 501
1.2 What Are LacCases?........cocuiriiriirierieiteetc ettt 501
1.3 Reactions Catalyzed by LacCase .......cceecveeriiiiiiiieiiiieeieeeeeeeeee et 502

Xii



Contents

1.4 Properties Of LaCCaSES.......coeiieriiririeieniinieet sttt 505
1.5 Laccases Mediators and ENhancers...........coccovuieiiiiiiiiiniiiniieniceneeeee e 507
1.6 Molecular Properties of LacCases ........cccceevuerviiriiiriirniiiiiiieeiceiceieeee e 508
1.7 Structure—Function Relationship Among Laccases ..........cceecveevvienieeriieeniieennnen. 509
2 Production Of LaCCaSES .......cceeiiriiiiiiiiniiiiiiciceteteeeetest ettt 512
2.1 White-Rot Fungi as Top Laccase Producers...........ccecceeveeernieeniienieeeie e 512
2.2 Selection of Suitable Strains for Particular Applications...........c.ccccvveveveeecveennnnnn 513
2.3 Heterologous Laccase Production.............cccueervieriieeciieeiie e e svee e 514
2.4 Studying Laccase Production..........c..cceceeiiriiiiiiiiiienieeieeeee e 514
2.5 Substrates for Laccase Production .............cceceeueiiiiiiiieiieiiiiecieee e 515
2.6 Submerged Batch Fermentation for Laccase Production............c.cccoceiinininnne 515
2.7 Solid-State Fermentation for Laccase Production ............cccecceeeeriiniienienieneenne. 518
2.8 Cost of Laccase Production............ceecuieieeiieeiieeiie ettt 518
3 Formulation of the BiocatalySt .........ccccueriiriiiiiiiniinieiieciececeeee e 519
3.1 PUTICAION ..ottt s 519
3.2 Enhancers and Mediators ..........ccocuiriiriiiriiniiniinecntcetcetceeeteete et 519
3.3 Immobilization PrinCiples .........cccueercuieeiiieeiiieiie et 520
3.4 Type of Bonds for the Immobilization............ccceeeeveereiieriieiieeieeeieeeee e 521
3.5 Main TYPeS Of CAITITS ...ccuveererieriieeiieeiieeieeesteeseteesteeeeeeeteeeereessseessseeenseeenseeas 522
3.6 Costs of Immobilization and Purification ...........c.cceceviiriiiniininicniciicieeee 523

4 Biotechnology of Laccases in Relation to Food Industry:
Food Preservation and Improved Food Qualities ...........cccoceeeiiieniiniiiiiniieeiene 524
4.1 Free Enzymes Added to FOO........ccoiiiiiiiiiiiiiiiceeeeeee e 524
4.2 Immobilized Enzyme to Stabilize Food Features ............cccccecieiiiiinniiiiiieees 528
4.3 Improving Preservation of Foodstuffs Without Contact With Laccase............... 529
4.4 Method to Remove Some Components to Enhance Functionality of Food......... 529
4.5 Laccases and AdditiVeS........coceeiuiriiiriiiiiiieeieeieeeete ettt 530
4.6 Water Treatment UsSing LaCCASES ....c.eeevvieriiiiiieiiieeiieesieeeeeeseee st 530
5 Conclusions and PerspeCtives. ......cocueerueerierieeniieniieniesieeieesiee et 530
RELETEICES. ...ttt 531
.............................................................................................................. 543

Xiii



Page left intentionally blank



List of Contributors

Cristéobal N. Aguilar Autonomous University of Coahuila, Saltillo, Coahuila, Mexico

Miguel A. Aguilar Center for Research and Advanced Studies of the National Polytechnic Institute
(CINVESTAYV-IPN), Saltillo, Coahuila, Mexico

Jorge A. Aguirre-Joya Autonomous University of Coahuila, Saltillo, Coahuila, Mexico

Bahareh Ahmadi Islamic Azad University, Varamin - Pishva, Iran

Safoura Ahmadzadeh Department of Food Science, College of Agriculture, Isfahan University of
Technology, Isfahan, Iran

Olga B. Alvarez-Perez Autonomous University of Coahuila, Saltillo, Coahuila, Mexico

Vera Alves University of Algarve, Faro, Portugal

K.A. Athmaselvi SRM University, Chennai, Tamil Nadu, India

Alexandre S.B. Azevedo Federal University of Technology, Campo Mourao, Parana, Brazil
Filomena Barreiro Polytechnic Institute of Braganca, Braganca, Portugal

Miguel A. Cerqueira International Iberian Nanotechnology Laboratory, Braga, Portugal

Hossein Ahmadi Chenarbon Islamic Azad University, Varamin - Pishva, Iran

Giuseppe Cirillo University of Calabria, Rende, Italy

Rui ML.S. Cruz University of Algarve, Faro, Portugal; Centre for Mediterranean Bioresources

and Food (MeditBio); Chemistry Research Centre of Algarve (CIQA), University of Algarve,

Faro, Portugal

Manuela Curcio University of Calabria, Rende, Italy

Miguel A. De Leon-Zapata Autonomous University of Coahuila, Saltillo, Coahuila, Mexico
Michele M. de Souza Federal University of Rio Grande, Rio Grande, Rio Grande do Sul, Brazil
Frédéric Debaste Université libre de Bruxelles (ULB), Brussels, Belgium

Maria del Alamo-Sanza University of Valladolid, Palencia, Spain

Stephane Desobry The National Polytechnic Institute of Lorraine (INPL), ENSAIA, Nancy, France
Prospero Di Pierro University of Naples Federico II, Naples, Italy

Marilena Esposito  University of Naples Federico II, Naples, Italy

Sigrid Flahaut Université libre de Bruxelles (ULB); Institut de Recherches Microbiologiques Jean-
Marie Wiame, Brussels, Belgium

Gargi Ghoshal Dr. S. S. Bhatnagar University Institute of Chemical Engineering & Technology,
Panjab University, Chandigarh, Punjab, India

Valeria L. Giosafatto University of Naples Federico II, Naples, Italy

Odinei H. Goncalves Federal University of Technology, Campo Mourao, Parana, Brazil

XV



List of Contributors

Francesca Iemma University of Calabria, Rende, Italy

Javad Keramat Department of Food Science, College of Agriculture, Isfahan University of
Technology, Isfahan, Iran

Igor Khmelinskii University of Algarve, Faro, Portugal; Chemistry Research Centre of Algarve
(CIQA), University of Algarve, Faro, Portugal

Fernanda V. Leimann Federal University of Technology, Campo Mourdo, Parand, Brazil
Mirela V. Lima Federal University of Technology, Campo Mourdo, Parand, Brazil

F. Xavier Malcata LEPABE—Laboratory of Engineering of Processes, Environment, Biotechnology
and Energy, University of Porto, Porto, Portugal

Loredana Mariniello University of Naples Federico II, Naples, Italy

Joana R. Martins CEB—Centre of Biological Engineering, University of Minho, Braga, Portugal
Joslin Menezes SRM University, Chennai, Tamil Nadu, India

Meritaine da Rocha Federal University of Rio Grande, Rio Grande, Rio Grande do Sul, Brazil
Ali Nasirpour Department of Food Science, College of Agriculture, Isfahan University of Technology,
Isfahan, Iran

Ignacio Nevares University of Valladolid, Palencia, Spain

Diana E. Nieto-Oropeza Autonomous University of Coahuila, Saltillo, Coahuila, Mexico
Aungkana Orsuwan Kasetsart University, Kamphaengsaen Campus, Nakhon Pathom, Thailand
Michel Penninckx Université libre de Bruxelles (ULB), Brussels, Belgium

Ricardo N. Pereira CEB—Centre of Biological Engineering, University of Minho, Braga, Portugal
Nevio Picci  University of Calabria, Rende, Italy

Raffaele Porta University of Naples Federico II, Naples, Italy

Carlos Prentice Federal University of Rio Grande, Rio Grande, Rio Grande do Sul, Brazil

Oscar L. Ramos CEB—Centre of Biological Engineering, University of Minho, Braga, Portugal;
LEPABE—Laboratory of Engineering of Processes, Environment, Biotechnology and Energy,
University of Porto, Porto, Portugal

Maria Elena Ramos-Aguifiaga Autonomous University of Coahuila, Saltillo, Coahuila, Mexico
Donatella Restuccia University of Calabria, Rende, Italy

Romeo Rojas Autonomous University of Nuevo Ledn, San Nicolas de los Garza,

Nuevo Leén, Mexico

Xochitl Ruelas-Chacén Antonio Narro Agrarian Autonomous University (UAAAN), Saltillo,
Coahuila, Mexico

Mohammed Sabbah University of Naples Federico II, Naples, Italy; An-Najah National University,
Nablus, Palestine

Lyssa S. Sakanaka Federal University of Technology, Londrina, Parana, Brazil

Marianne A. Shirai Federal University of Technology, Londrina, Parand, Brazil

Farahnaz Sohrab Agricultural Engineering Research Institute (AERI), Agricultural Research,
Education, and Extension Organization (AREEO), Karaj, Iran

George Songulashvili Université libre de Bruxelles (ULB); Institut de Recherches Microbiologiques
Jean-Marie Wiame, Brussels, Belgium

xvi



List of Contributors

Rungsinee Sothornvit Kasetsart University, Kamphaengsaen Campus, Nakhon Pathom; Center of
Advanced Studies in Industrial Technology, Kasetsart University, Bangkok, Thailand

Tania Spataro University of Calabria, Rende, Italy
Umile G. Spizzirri University of Calabria, Rende, Italy

Behjat Tajeddin Agricultural Engineering Research Institute (AERI), Agricultural Research,
Education, and Extension Organization (AREEO), Karaj, Iran

José A. Teixeira CEB—Centre of Biological Engineering, University of Minho, Braga, Portugal
Cristian Torres-Leén Autonomous University of Coahuila, Saltillo, Coahuila, Mexico

Janeth M. Ventura-Sobrevilla Autonomous University of Coahuila, Saltillo, Coahuila, Mexico
Antoénio A. Vicente CEB—Centre of Biological Engineering, University of Minho, Braga, Portugal

Margarida C. Vieira University of Algarve, Faro, Portugal; Centre for Mediterranean Bioresources
and Food (MeditBio), University of Algarve, Faro, Portugal

Mohd Yusuf YMD College, Maharshi Dayanand University, Nuh, Haryana, India

xvii



Page left intentionally blank



Foreword

In the last 50 years an increasing number of modified and alternative foods have been
developed using various tools of science, engineering, and biotechnology. The result is that
today most of the available commercial food is somehow modified and improved, and made
to look better, taste different, and be commercially attractive. These food products have
entered in the domestic first and then the international markets, currently representing a
great industry in most countries. Sometimes these products are considered as life-supporting
alternatives, neither good nor bad, and sometimes they are just seen as luxury foods. In the
context of a permanently growing population, changing climate, and strong anthropological
influence, food resources became limited in large parts of the Earth. Obtaining a better

and more resistant crop quickly and with improved nutritional value would represent the
Holy Grail for the food industry. However, such a crop could pose negative effects on

the environment and consumer health, as most of the current approaches involve the use

of powerful and broad-spectrum pesticides, genetic engineered plants and animals, or
bioelements with unknown and difficult-to-predict effects. Numerous questions have emerged
with the introduction of engineered foods, many of them pertaining to their safe use for
human consumption and ecosystems, long-term expectations, benefits, challenges associated
with their use, and most important, their economic impact.

The progress made in the food industry by the development of applicative engineering and
biotechnologies is impressive and many of the advances are oriented to solve the world

food crisis in a constantly increasing population: from genetic engineering to improved
preservatives and advanced materials for innovative food quality control and packaging. In
the present era, innovative technologies and state-of-the-art research progress has allowed

the development of a new and rapidly changing food industry, able to bottom-up all known
and accepted facts in the traditional food management. The huge amount of available
information, many times is difficult to validate, and the variety of approaches, which could
seem overwhelming and lead to misunderstandings, is yet a valuable resource of manipulation
for the population as a whole.

The series entitled Handbook of Food Bioengineering brings together a comprehensive
collection of volumes to reveal the most current progress and perspectives in the field of
food engineering. The editors have selected the most interesting and intriguing topics, and
have dissected them in 20 thematic volumes, allowing readers to find the description of
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