




Biopolymers in Pharmaceutical and Food Applications





Biopolymers in Pharmaceutical and Food
Applications

Volume 1

Edited by Sougata Jana



The Editor

Dr. Sougata Jana
Department of Health and Family
Welfare
Directorate of Health Services
Kolkata
India

Cover Image: © Pgiam/Getty Images,
© Rattiya Thongdumhyu/Shutterstock

All books published by WILEY-VCH are carefully
produced. Nevertheless, authors, editors, and
publisher do not warrant the information
contained in these books, including this book,
to be free of errors. Readers are advised to keep
in mind that statements, data, illustrations,
procedural details or other items may
inadvertently be inaccurate.

Library of Congress Card No.: applied for

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

Bibliographic information published by
the Deutsche Nationalbibliothek The Deutsche
Nationalbibliothek lists this publication in
the Deutsche Nationalbibliografie; detailed
bibliographic data are available on the Internet
at <http://dnb.d-nb.de>.

© 2025 WILEY-VCH GmbH, Boschstraße 12,
69469 Weinheim, Germany

All rights reserved, including rights for text and
data mining and training of artificial
technologies or similar technologies (including
those of translation into other languages). No
part of this book may be reproduced in any
form – by photoprinting, microfilm, or any
other means – nor transmitted or translated
into a machine language without written
permission from the publishers. Registered
names, trademarks, etc. used in this book, even
when not specifically marked as such, are not
to be considered unprotected by law.

Print ISBN: 978-3-527-84909-3
ePDF ISBN: 978-3-527-84812-6
ePub ISBN: 978-3-527-84811-9
oBook ISBN: 978-3-527-84813-3

Typesetting Straive, Chennai, India

http://dnb.d-nb.de
http://dnb.d-nb.de


v

Contents

Volume 1

Preface xix

Part I Food Applications 1

1 Starch in Food Applications 3
Amit Paul, Victor Roychowdhury, and Santanu Ghosh

1.1 Introduction 3
1.2 Natural Starch 4
1.2.1 Corn Starch 4
1.2.2 Potato Starch 5
1.2.3 Wheat Starch 6
1.2.4 Tapioca Starch 6
1.3 Modified Starch 6
1.3.1 Physical Modification 7
1.3.1.1 Pregelatinized Starch 7
1.3.1.2 Hydrothermal Techniques 8
1.3.1.3 Nonthermal Modifications 11
1.3.2 Chemical Modification 12
1.3.2.1 Cross-linking 13
1.3.2.2 Esterification 14
1.3.2.3 Acetylation 14
1.3.2.4 Acid Hydrolysis 15
1.3.2.5 Oxidation 16
1.3.3 Enzymatic Modification 17
1.3.3.1 Amylase 17
1.3.3.2 α-Glucanotransferase (α-Gtase) 18
1.4 Conclusions 19

References 19



vi Contents

2 Marine Collagen and its Application in Food and Nutraceutical
Products 25
Yusro Nuri Fawzya, Hari Eko Irianto, and Giyatmi Giyatmi

2.1 Introduction 25
2.2 Marine Source of Collagen 27
2.3 Structure of Marine Collagen 29
2.4 Extraction of Marine Collagen 30
2.4.1 Salt Solubilization 32
2.4.2 Acid Extraction Method 32
2.4.3 Enzymatic Hydrolysis 35
2.4.4 Other Extraction Methods 36
2.5 Characteristics of Marine Collagen 39
2.5.1 Biochemical Composition 39
2.5.2 Thermal Stability 40
2.5.3 Resistance to Protease Digestion 41
2.5.4 Gel-forming Ability 41
2.5.5 Moisture Absorption Ability 42
2.6 Application of Marine Collagen in Food Products 42
2.6.1 Food Additives 42
2.6.2 Edible Coatings and Films 43
2.6.3 Sausage Casings 44
2.6.4 Drinks 45
2.7 Application of Marine Collagen in Nutraceutical Products 46
2.7.1 Improved Joint Health 46
2.7.2 Better Skin and Hair Health 47
2.7.3 Optimized Gut Function 48
2.7.4 Reduced Obesity and Controlled Blood Glucose 49
2.7.5 Antihypertensive Effect 50
2.8 Conclusion 50

References 51

3 Chitosan-Based Nanocomposites and their Applications in
Food Packaging 61
Aswathy Jayakumar, Jyotishkumar Parameswaranpillai, Sabarish Radoor, and
Suchart Siengchin

3.1 Introduction 61
3.2 Antimicrobial Mechanism of Chitosan 62
3.3 Nanotechnological Innovations in Food Packaging 62
3.4 Bionanocomposites 63
3.4.1 Reinforcing Agents in Chitosan Bionanocomposites 63
3.4.2 Interaction of Chitosan with Metal Nanoparticles 63
3.4.3 Bionanocomposites Having Chitosan Nanoparticles 63
3.4.4 Chitosan Nanocomposites Based on Zinc Oxide Nanoparticles 64



Contents vii

3.4.5 Chitosan Nanocomposites Based on Silver Nanoparticles 66
3.4.6 Chitosan Nanocomposites Based on Titanium Dioxide

Nanoparticles 68
3.4.7 Chitosan Nanocomposites Based on Cerium Oxide

Nanoparticles 70
3.4.8 Chitosan Nanocomposites Based on Magnesium

Nanoparticles 70
3.4.9 Chitosan Nanocomposites Based on Ginger Nanofibers 71
3.4.10 Chitosan Nanocomposites Based on Nanoclay 71
3.5 Conclusion 74

References 74

4 Application of Polylactic Acid (PLA) in Food Packaging 79
Merrylin Jayaseelan

4.1 Introduction 79
4.2 Polylactic Acid (PLA) 80
4.3 PLA Synthesis 80
4.3.1 Ring-Opening Polymerization 81
4.3.2 Enzymatic Polymerization 83
4.4 Properties of PLA 84
4.4.1 Rheological Property 84
4.4.2 Crystallization 84
4.4.3 Thermal Property 85
4.5 Applications of PLA 85
4.5.1 PLA in Packaging 85
4.5.2 PLA Antimicrobial Packaging 86
4.6 Degradation of PLA 86
4.7 PLA-Based Composites 87
4.8 Conclusion 87

References 88

5 Sericin as Food Additive 95
Pavani Sanapala and Sudhakar Pola

5.1 Introduction 95
5.2 Sericin Structure 96
5.3 Sericin Biochemistry 97
5.4 Types of Sericin 98
5.4.1 Sericin A 98
5.4.2 Sericin B 98
5.4.3 Sericin C 98
5.4.4 Classification Based on Molecular Weight and Place

of Synthesis 98
5.4.5 Classification Based on Color 99



viii Contents

5.5 Properties of Sericin 99
5.5.1 Characteristics 99
5.5.2 Solubility 99
5.5.3 Gelation 99
5.5.4 Isoelectric Point (pI) 100
5.6 Extraction of Sericin 100
5.6.1 Extraction by Heat 100
5.6.2 Chemical Extraction 100
5.6.3 Enzymatic Extraction 101
5.7 Sericin as a Food Additive 101
5.7.1 Sericin in Baking 102
5.7.2 Sericin in Salad Dressing 102
5.7.3 Silk Peptide as a Dietary Supplement 103
5.8 Other Functions of Sericin 103
5.8.1 Biomedical Applications 103
5.8.1.1 Wound Healing 103
5.8.1.2 Use as Anticarcinogenic 103
5.8.1.3 Tissue Engineering 104
5.8.1.4 Immunogenic Response 104
5.8.1.5 Wound Dressing 104
5.8.2 Cosmetic Applications 105
5.9 Conclusion 105

References 105

6 Pectin-Based Food Packaging Film 113
Swarup Roy, Ruchir Priyadarshi, Deblina Biswas, and Jong-Whan Rhim

6.1 Introduction 113
6.2 Structure of Pectin 114
6.3 Pectin Extraction Methods 115
6.3.1 Conventional Extraction 116
6.3.2 Ultrasound Extraction 117
6.3.3 Microwave-assisted Extraction 117
6.3.4 Enzyme-mediated Extraction 118
6.4 Important Modifications in Pectin Structure 119
6.4.1 Carboxylate Alkylation and Dealkylation

(Demethoxylation) 119
6.4.2 Hydroxyl Alkylation 120
6.4.3 Amidation 121
6.4.4 Quaternization 122
6.4.5 Thiolation 122
6.4.6 Sulfation 123
6.4.7 Oxidation 123
6.5 Applications of Pectin 123



Contents ix

6.6 Food Packaging Applications 124
6.7 Conclusions and Future Perspectives 131

Acknowledgment 132
References 132

7 Alginate Application in Foods and Feeds 141
Muhamad Darmawan, Nurrahmi D. Fajarningsih, Sihono Sihono, and
Hari E. Irianto

7.1 Introduction 141
7.2 Alginate for Foods 143
7.2.1 Application of Alginate in the Food Industry 143
7.2.1.1 Alginate as Gelling Agents 143
7.2.1.2 Alginate Coatings for Food Packaging Applications 144
7.2.1.3 Alginate as Thickening, Emulsifying, and Stabilizing

Agents 145
7.2.1.4 Microencapsulation and Immobilization Agents 146
7.2.2 Alginate as Functional Foods 146
7.2.2.1 Alginate-Microencapsulated Probiotics 146
7.2.2.2 Anti-obesity and Anticholesterol Activity of Alginate 147
7.2.2.3 Antidiabetic Activity of Alginate 148
7.2.2.4 Antioxidant Activity of Alginate 148
7.2.2.5 Immunomodulatory and Antitumor Activity of Alginate 148
7.2.3 Alginate Food Safety 149
7.3 Alginate for Feeds 149
7.4 Conclusion 150

Acknowledgment 151
Authors’ Contributorship 151
References 151

8 Biopolymer Films for the Preservation and Stability
Improvement of Food Products 159
Swarupananda Mukherjee, Deepti Rai, Debjit Ghoshal, Tiyas Pal,
Sabyasachi Banerjee, and Sankhadip Bose

8.1 Introduction 159
8.2 Polysaccharide-Based Films 160
8.3 Protein-Based Films 163
8.4 Lipid-Based Films 165
8.5 Applications of Biopolymer Films in Food Products 166
8.5.1 Application of Polysaccharide Films 166
8.5.2 Application of Protein Films 166
8.5.3 Application of Lipid Films 169
8.6 Conclusion 169

References 169



x Contents

9 Agar for Biodegradable Plastics Packaging 177
Hari E. Irianto, Dina Fransiska, and Giyatmi Giyatmi

9.1 Introduction 177
9.2 Edible Films and Bioplastics 178
9.3 Agar 179
9.3.1 Sources of Agar 180
9.3.2 Extraction of Agar 180
9.3.3 Chemical Structure 182
9.3.4 Characteristics of Agar 182
9.4 Plasticizer and Other Supporting Materials 183
9.4.1 Role of Plasticizers 183
9.4.2 Carbohydrate 185
9.4.3 Supporting Materials 185
9.5 Agar-Based Edible Film Packaging 186
9.5.1 Basic Methods of Edible Film Manufacture 186
9.5.2 Developments of Agar-Based Edible Coating and Film 186
9.6 Developments for Agar-Based Bioplastics 188
9.7 Equipment Used for Agar Bioplastic Production 191
9.7.1 Extruder for Thermoplastic Pellet Production 191
9.7.2 Equipment for Bioplastic Packaging Manufacture 193
9.7.2.1 Blow Molding 193
9.7.2.2 Injection Molding 193
9.7.2.3 Film Blowing 194
9.8 Conclusions 195

Contributorship Statement 195
References 195

10 Carrageenan for Industrial Food Processing and
Preservation 203
Rohini K. Kota, Veera B. Pallaval, and Prakash N. Reddy

10.1 Introduction 203
10.1.1 Historical Significance 203
10.1.2 Commercial Development 203
10.1.3 Biological Background 203
10.2 Production 204
10.2.1 Growth of Seaweeds 204
10.2.2 Farming of the Seaweed 205
10.2.3 Supply 205
10.2.4 Harvesting Procedures 205
10.2.5 Manufacture 206
10.2.6 Product Standardization 206
10.2.7 Producers and Markets 207
10.3 Structure 207



Contents xi

10.3.1 Primary Structure 207
10.3.2 Secondary Structure 207
10.3.3 Tertiary and Quaternary Structure 207
10.3.4 Biosynthesis 208
10.4 Properties 208
10.4.1 Dispersibility and Solubility 208
10.4.2 Gel Formation 209
10.5 Rheological Properties 209
10.5.1 Solutions 209
10.5.2 Gels 209
10.5.3 Chemical Stability 210
10.5.4 Interactions with Other Gums 210
10.5.5 Protein Reactivity 210
10.5.6 Entrapment 210
10.5.7 Microencapsulation 211
10.6 Applications of Carrageenan in Enzyme

Immobilization 211
10.6.1 Asymmetric Synthesis Using a Nonaqueous Solution 211
10.6.2 Biosensors 211
10.7 Applications of Carrageenan in Whole-cell

Immobilization 212
10.7.1 Nitrogen Removal (Wastewater Treatment) 212
10.7.2 Degradation of Morpholine 212
10.7.3 Degradation of Chlorophenol Pollutants 213
10.7.4 Amino Acid Synthesis 213
10.7.4.1 L-Aspartic Acid Production 213
10.7.4.2 Production of Malic Acids 213
10.7.4.3 Production of L-Alanine 214
10.7.4.4 Production of Tryptophan 214
10.8 Food Applications 214
10.8.1 Vinegar Production 214
10.8.2 Dairy Products 215
10.8.3 Pre-fermentation of Milk to Produce Fresh Cheese 217
10.8.4 Gelled Water Desserts 217
10.8.5 Bakery Products 217
10.8.6 Production of Beer 217
10.8.7 Production of Ethanol 218
10.8.8 Meat Products 218
10.9 Other Food Applications 218
10.10 Conclusions 219

Acknowledgments 219
References 220



xii Contents

11 Inulin as a Prebiotic Agent in Human Nutrition and
Healthcare 229
Harish B. Kolla, Guna S. Kandimalla, Prakash N. Reddy, and
Veera B. Pallaval

11.1 Introduction 229
11.2 Biochemistry and Metabolism 230
11.3 Significance as a Functional Food 231
11.4 Relevance of Inulin on Human Health 231
11.4.1 Oral and Gut Health 232
11.4.2 Influence on the Gut Microbiome 233
11.4.3 Immune Modulation 233
11.4.4 Mineral Absorption 233
11.4.5 Lipid and Glucose Metabolism 234
11.5 Applications in the Food Industry 234
11.6 Conclusions 235

Acknowledgments 235
References 236

12 Polyhydroxybutyrate (PHB) as a Sustainable Bioplastic in
Food and Non-food Applications 241
Sukh Veer Singh, Anurag Singh, Rakhi Singh, Ajay V. Chinchkar,
Meenatai G. Kamble, Aamir H. Dar, and Surabhi Pandey

12.1 Introduction 241
12.1.1 Basics of Biodegradable Polymers 241
12.1.2 History of PHB 243
12.1.3 PHB and its Co-polymers 243
12.2 Properties of PHB 244
12.3 Limitations of PHB and Strategies to Overcome Them 245
12.3.1 Blending of PHB with PLA and Plasticizer 247
12.3.2 Blending of PHB with other Plasticizers 247
12.4 Production Aspects 248
12.4.1 Production of PHB 248
12.4.2 PHB Producing Microorganisms 250
12.4.3 PHB from Renewable Resources 250
12.4.4 Biosynthesis of PHB 251
12.4.4.1 Enzymes Involved in PHB Biosynthesis 251
12.5 Methods of PHB Extraction 252
12.5.1 Solvent Extraction 252
12.5.2 Enzymatic Extraction 253
12.5.3 Surfactant–Chelate Extraction 253
12.5.4 Mechanical Disruption 253
12.5.5 Bio-extraction of PHB 253
12.5.6 Advantages and Disadvantages of Extraction Methods 253



Contents xiii

12.6 Food and Non-food Application of PHBs and their
Composites 255

12.6.1 Application in the Food Sector 256
12.6.1.1 PHB as Blend Formulation 256
12.6.1.2 PHB as Nanocomposites 257
12.6.2 Application in the Non-food (Biomedical) Sector 257
12.6.2.1 Bioactive Agent Delivery 257
12.6.2.2 Treatment of Diseases 258
12.6.2.3 Tissue Engineering Scaffolding 258
12.6.2.4 Bone Replacement 259
12.7 Biocompatibility, Toxicity, and Regulatory Concerns 259
12.8 Conclusion and Future Perspectives 260

References 261

13 Plant-Based Biopolymers in Food Industry: Sources,
Extraction Methods, and Applications 269
Meenatai G. Kamble, Anurag Singh, Sukh Veer Singh, Aamir H. Dar,
Manisha G. Kamble, and Surabhi Pandey

13.1 Introduction 269
13.2 Source, Chemical Composition/Structure of the Natural

Biopolymers 270
13.3 Methods of Plant Biopolymer Extraction 273
13.3.1 Cold Solvent Extraction/Agitation/Solvent Precipitation 277
13.3.2 Hot Solvent Extraction 277
13.3.3 Microwave Extraction 277
13.3.4 Ultrasonic Assisted Extraction 278
13.4 Application of Natural Biopolymer in Food Processing 279
13.5 Future Prospects and Conclusion 282

References 283

14 Bamboo Fiber Applications for Food and Feed 293
Ulliana Marques Sampaio, Mária Herminia Ferrari Felisberto,
Pedro Henrique Campelo, and Maria Teresa Pedrosa Silva Clerici

14.1 Introduction 293
14.2 Nutritional Aspects of Bamboo 294
14.2.1 Properties of Bamboo Shoot 296
14.2.2 Properties of Bamboo Culm 298
14.3 Food Applications 298
14.3.1 Bakery Products with Gluten 299
14.3.2 Gluten-free Bakery Products 300
14.3.3 Dairy Products 301
14.3.4 Meat Products 302
14.3.5 Other Products 303



xiv Contents

14.4 Feed Applications 304
14.5 Future Trends 306

Acknowledgments 306
References 306

15 Gum Exudates from Rosaceae Tree Species: Functional
Properties and Food Applications 311
Rassoul Kadkhodaee and Nassim Raoufi

15.1 Introduction 311
15.2 Chemical Structure and Physicochemical

Characteristics 312
15.3 Applications of Rosaceae Gums in Food Industry 315
15.3.1 Surface Coating 315
15.3.2 Emulsification 315
15.3.3 Fat Substitution 317
15.3.4 Antioxidant and Antimicrobial Activity 318
15.3.5 Flow Property and Texture Modification 319
15.4 Concluding Remarks and Future Trends 320

References 321

16 Polyphenols for Pharmacological Applications 327
Samira Dowlatshah and María Ramos-Payán

16.1 Introduction 327
16.2 Pharmacological Properties of PPs 329
16.2.1 Antioxidant Activity 330
16.2.2 Anti-inflammatory Activity 331
16.2.3 Antibacterial Activity 331
16.2.4 Anticancer Activities 333
16.3 Conclusion 334

References 335

Part II Pharmaceutical Applications 341

17 Recent Innovations Using Chitosan and Chitosan
Derivatives-Based Drug Delivery Systems for the Treatment of
Pulmonary Diseases 343
Anitha Manikandan, Venkateshwaran Krishnaswami, and
Ruckmani Kandasamy

17.1 Introduction 343
17.1.1 Source of Chitosan 343
17.2 Extraction of Chitin 344
17.2.1 Chemical Method 345
17.2.2 Biological Method 345



Contents xv

17.2.3 Emerging Extraction Techniques 346
17.3 Drug Delivery-Based Physiological Properties of Chitosan 347
17.4 Factors Affecting Chitosan Properties 348
17.5 Chitosan Derivatives 350
17.5.1 Hydrophilic Modification 350
17.5.2 Quaternization 350
17.5.3 Thiolation 351
17.5.4 PEGylation 351
17.5.5 Hydrophobic Modification 351
17.6 Chitosan and Chitosan Derivatives-Based Drug Delivery Systems for

the Treatment of Pulmonary Diseases 352
17.6.1 Patents on Chitosan and Chitosan-Derivatives-Based Drug Delivery

Systems for the Treatment of Pulmonary Diseases 355
17.7 Conclusion 355

Acknowledgment 357
References 357

18 Alginate-Based Carriers for Oral Drug Delivery
Applications 365
Deepa Thomas and M.S. Latha

18.1 Introduction 365
18.2 Structure and Physicochemical Properties of Alginate 366
18.2.1 Molecular Structure and Weight 366
18.2.2 Solubility 367
18.2.3 Viscosity 367
18.2.4 Cross-linking and Gel Formation 367
18.2.5 pH Sensitivity 368
18.2.6 Mucoadhesivity 369
18.2.7 Biocompatibility 369
18.3 Alginate Microspheres 370
18.3.1 Methods of Preparation 370
18.3.1.1 Extrusion 370
18.3.1.2 Emulsification/Gelation 370
18.3.1.3 Spray Drying 370
18.4 Alginate Nanoparticles 371
18.4.1 Methods of Preparation 371
18.4.1.1 Spray Drying Technique 371
18.4.1.2 Emulsification/Gelation Technique 371
18.4.1.3 Emulsification–Solvent Displacement Technique 372
18.4.1.4 Polyelectrolyte Complexation Technique 372
18.4.1.5 Self-assembling Technique 372
18.5 Oral Drug Delivery Applications 372
18.6 Conclusion and Future Perspectives 377

References 377



xvi Contents

19 Fucoidan-Based Hydrogels in Pharmaceutical and Biomedical
Applications 383
Dhanalekshmi Unnikrishnan Meenakshi, Poovi Ganesan, Pushpa Sweety
Joseph, Saranya Thekkila-Veedu, Dhilin Pathayappurakkal Mohanan, Ashly
Merin George, Ruckmani Kandasamy, and Nandakumar Selvasudha

19.1 Introduction 383
19.2 Source, Structure, and Physicochemical Properties

of Fucoidan 385
19.3 Therapeutic Applications of Fucoidan 387
19.4 Drug Delivery Approaches Using Fucoidan 388
19.4.1 Nanoparticles 388
19.4.2 Liposomes 390
19.4.3 Microparticles 390
19.4.4 Miscellaneous 391
19.5 Hydrogels 391
19.5.1 Classifications of Hydrogels 391
19.5.2 Characteristics of an Ideal Hydrogel 392
19.5.3 Methods of Hydrogel Preparation 393
19.5.4 Properties of Hydrogels 393
19.6 Fucoidan Hydrogels: Applications in Pharmaceuticals, Biomedicine and

Cosmetics 393
19.6.1 Application of Fucoidan Hydrogels in Drug Delivery

Systems 394
19.6.2 Application of Fucoidan Hydrogel in Cosmetics 395
19.6.3 Application of Fucoidan Hydrogel in Biomedicine 395
19.6.3.1 Overview 395
19.6.3.2 Application of Fucoidan Hydrogel in Tissue

Engineering 396
19.6.3.3 Application of Fucoidan Hydrogel in Bone Tissue

Engineering 397
19.6.3.4 Application of Fucoidan Hydrogel in Wound

Dressings 397
19.7 In Vitro and In Vivo and Preliminary Reports 398
19.7.1 Anti-coagulant and Anti-thrombotic Activity 398
19.7.2 Anti-hyperlipidemic Activity 399
19.7.3 Anti-hypertensive Activity 399
19.7.4 Hepatoprotective Activity 399
19.7.5 Gastroprotective Activity 399
19.7.6 Bone Regeneration Activity 400
19.7.7 Dermal and Related Activity 400
19.7.8 Antiviral Activity 400
19.7.9 Anti-prion Activity 401
19.7.10 Anticancer Activity 401



Contents xvii

19.7.11 Antioxidant Activity 401
19.7.12 Anti-inflammatory and Immunomodulatory Activity 402
19.7.13 Renal Protective Activity 402
19.7.14 Safety Evaluation Report of Fucoidan 402
19.8 Clinical Studies and Patents 403
19.8.1 Clinical Reports of Fucoidan and its Hydrogel

Formulations 403
19.8.2 Patents Related to Fucoidan Hydrogel Formulations 404
19.9 Conclusion 404

References 404

20 Biopolymers for Vaginal Delivery 417
Pranita S. Kanojiya, Megha N. Karemore, and Rita N. Wadetwar

20.1 Introduction 417
20.2 Biopolymers as Drug Delivery Carriers 419
20.3 Role of Different Biopolymers in Vaginal Drug

Delivery 421
20.3.1 Sodium Alginate 421
20.3.2 Cellulose Derivatives 423
20.3.3 Chitosan 425
20.3.4 Hyaluronic Acid 428
20.3.5 Xanthan Gum 429
20.3.6 Pectin 430
20.3.7 Gellan Gum 432
20.3.8 Carrageenan 433
20.3.9 Gelatin 435
20.3.10 Guar Gum 436
20.4 Conclusion 439

Acknowledgement 439
References 439

Volume 2

Preface xvii

21 Use of Dextran in Pharmaceutical and Cosmetic
Compositions 451
Balasubramanian Karpagam, Jegathalaprathaban Rajesh, and
Gurusamy Rajagopal

22 Pectin-Based Biocomposite Materials for Biomedical and
Cosmetic Applications 471
Trinath Biswal



xviii Contents

23 Recent Progress in PLA-Based Composite and their Application
to Biomedical and Cosmetic Fields 497
Trinath Biswal

24 Drug Delivery Systems Based on Xanthan 531
Leonard I. Atanase and Marcel Popa

25 Drug Delivery Systems Based on Proteins and Peptides 565
Marcel Popa and Leonard I. Atanase

26 Carrageenan Hydrogel for Pharmaceutical and Biomedical
Applications 595
Dhilin Pathayappurakkal Mohanan, Saranya Thekkila-Veedu, Ashly Merin
George, Nandakumar Selvasudha, Pushpa Sweety Joseph, Dhanalekshmi
Unnikrishnan Meenakshi, Poovi Ganesan, and Ruckmani Kandasamy

27 Gellan-Based Delivery Systems for Pharmaceutical and
Biomedical Applications 613
Payal H. Patil, Swapnil N. Jain, and Chandrakantsing V. Pardeshi

28 Pharmaceutical, Therapeutic, and Cosmetic Applications of
Sericin 641
Pushpa Sweety Joseph, Nandakumar Selvasudha, Dhanalekshmi
Unnikrishnan Meenakshi, Poovi Ganesan, Saranya Thekkila-Veedu, Dhilin
Pathayappurakkal Mohanan, Ashly Merin George, and Ruckmani Kandasamy

29 Natural Biopolymers for Tissue Engineering 671
Kishor Sarkar, Debleena Ghosh, Kankana Banerjee, Taposi T. Neog, and
Rishik Patra

30 Biopolymers for Enzyme Immobilization 723
Sagar Salave, Jyotsna Vitore, Dhwani Rana, Manoj Dhangar,
Akanksha Nadkarni, Tanvi Pawar-Medhe, Kedar Prayag, Anil B. Jindal, and
Derajram Benival

31 Cellulose for Biomedical and Pharmaceutical
Applications 759
Semimul Akhtar, Sudip K. Mandal, Lalit Singh, Saman Aqeel,
Sabyasachi Banerjee, and Sankhadip Bose



Contents xix

32 Lignin in Pharmaceutical and Allied Applications 793
Devika Vinod, Sreelekshmi P. Jyothi, Aparna Asok, Akhila Raman,
Sandhya Sadanandan, and Appukuttan Saritha

33 The Use of Natural Polysaccharides in Spray-dried
Microparticles for Pulmonary Drug Delivery 819
Hao-Ying Li and Ben Forbes

34 Use of Agarose for the Extraction of Pharmaceutical
Compounds 845
María Ramos-Payán and Samira Dowlatshah

Index 855





xxi

Preface

Biopolymers in Pharmaceutical and Food Applications is a new reference
book on industrially important, or potentially important, biopolymers, their
process technology, and applications. The individual biopolymers focus on major
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food technology applications.
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This reference book explores the various aspects of biopolymers in pharmaceutical

and food applications. This book focuses on current research trends on important
biopolymers and biopolymer-based formulations in drug delivery and biomedical
applications. This book comprehensively summarizes fabrication technology,
characterization, drug delivery, cosmetics, and food technology applications.
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1

Starch in Food Applications
Amit Paul1, Victor Roychowdhury1, and Santanu Ghosh2

1JIS University, Department of Pharmaceutical Technology, 81, Nilganj Road, Agarpara, Kolkata 700109,
West Bengal, India
2Department of Pharmaceutical Sciences & Technology, Birla Institute of Technology, Mesra, Ranchi 835215,
Jharkhand, India

1.1 Introduction

Starch is a branched homopolysaccharide consisting of D-glucose units as its
building blocks. Moreover, starch consists of two polyglucans: amylose and amy-
lopectin. In amylose, D-glucose units are connected to each other by α-1, 4 glycosidic
linkages, while amylopectin is a highly branched polymer of D-glucose comprising
α-1, 4 glycosidic linkages at the linear chains and α-1, 6 glycosidic linkages at
the branching points [1, p. 7011]. Generally, starches constitute 20–30% amylose
and 70–80% amylopectin in their structure. The branched chain length varies
depending on the type of starch. The structural components of starch, i.e. amylose
and amylopectin, are deposited in distinct granules in amyloplasts of plants’ storage
organs. These granules could be of various sizes and forms, like it could be disk
or spherical, as in case of Triticeae family’s starch granules [2, pp. 1003–1017].
According to their size, starch granules are categorized as A, B, and C type.

Starch-based foods are an abundant source of energy and are frequently used as
the main diet by people all over the communities due to their widespread availabil-
ity and low cost [3, pp. 513–523]. Starch is widely used in food industries not only
due to its nutritional values [4, p. e0228624] but also to manage the homogeneity,
stability, and texture of foods. Moreover, it is used to prevent gel disintegration dur-
ing processing and to enhance the shelf life of foods [5, pp. 1–26]. Despite of its wide
use in food-manufacturing sectors, it showed its promise in diverse fields like health
and medicine, textiles, paper, fine chemicals, petroleum engineering, agriculture,
and construction engineering [6, p. 13]. Pure starch is a white, tasteless, and odor-
less powder that is insoluble in cold water or alcohol. Starch can be obtained from
various sources like roots, tubers, and seeds of plant. Most readily available starches
are now derived from tapioca, potatoes, maize, rice, wheat, and other sources [7].
It is estimated that by 2026, the global starch market will reach 160.3 million metric

Biopolymers in Pharmaceutical and Food Applications, First Edition. Edited by Sougata Jana.
© 2025 WILEY-VCH GmbH. Published 2025 by WILEY-VCH GmbH.



4 1 Starch in Food Applications

tons. It is due to the rapid development of the food processing industries, along with
the increasing demand for starch-based adhesives in commercial settings.

Native form of starch is rarely used in food industries due to its poor cold-water sol-
ubility, susceptibility to freeze-thawing, shear pressure, pH change, and proneness
to retrogradation, demanding structural modification to overcome these limitations.
Modification techniques can significantly improve the properties of native starch
by improving its physicochemical attributes and structural aspects, as well as
increasing its technical value [8]. Such modifications are generally done by enzy-
matic, physical, or chemical means. Physical modifications (ultra-high-pressure
treatment, heat-moisture treatment [HMT], and freezing) are comparably simple
and cost-effective than chemical modifications (esterification, acid treatment,
etherification, and cross-linking) used to introduce desired functional groups into
the native structure of starch molecules [9, pp. 299–312]. Nowadays, considering
more greener approach, enzymatic modification techniques have been employed
as an alternative to physical and chemical approaches as they are more eco-friendly
and healthier than other techniques [10, pp. 278–321]. In the baking sector of food
industries, enzymatic modification has a significant impact, as enzymes could react
with carbohydrates to render more desirable derivatives [9, pp. 299–312]. Oxidore-
ductases, like lipoxygenase and glucose oxidase, and hydrolases like, amylases and
proteases, are the most common enzymes employed in bakeries. Therefore, in the
present chapter, we discussed about the native starch, different modifications of
starches, and their applications in the food industries.

1.2 Natural Starch

Being a calorie-rich food component, starch is used around the globe. Moreover, it
offers organoleptic properties by aiding the crispness when used as an ingredient in
food products. Broadly starch could be used in its two forms i.e. native and modified
form. Native starch could be obtained from abundant natural resources, while mod-
ified form is achieved through different modification techniques to meet industrial
requirements, which are discussed later in this chapter. The characteristics of the
native starch largely depend on the source from where it is extracted. The demand
for native starch obtained from natural sources is high due to its easy availability
and low production cost. Here, we discussed about some commonly used natural
starches, i.e. corn, potato, wheat, and tapioca starch [11, pp. 103–165].

1.2.1 Corn Starch

Corn starch is also commonly known as maize starch. It is observed that around
80% of the world’s commercial production of starch is corn or maize starch. This is
the most abundantly used starch. Corn or maize starch is isolated from corn kernels.
The kernel itself contains about 64% to 80% starch. The isolation of starch from the
kernels is done by the wet-milling process. Corn starches are used in various prod-
ucts and have a wide range of applications not only in food industries but also in
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several other sectors. In corn starch, the protein content is about 0.35%, lipid content
is about 0.8%, very less little of ash is present, and two polysaccharides: amylose and
amylopectin are present in large amounts (about >98%). All natural starches are
found in the form of granules that are insoluble in water at room temperature. It
is also observed that natural starch granules obtained vary in size and shape. The
size of the starch granules varies from 2 to 30 μm [12, pp. 537–549]. Corn starch
is commonly found as a white, tasteless, and odorless powder. Corn starch finds its
application in papermaking, food processing, manufacturing of industrial adhesives,
and as a lubricant in surgical gloves. It is also used as a component in many cosmetics
and oral pharmaceutical products [13, pp. 11–14].

The granular nature of corn starch and the partially crystalline nature of their
granules are important. These nature of the corn starch helps in many ways. This
nature of the starch granules makes them useful for physical and chemical modifi-
cations. It is seen that when corn starch granules are added to aqueous systems, they
readily absorb water and become hydrated. If the temperature of the aqueous sys-
tem, in which the hydrated granules are immersed is increased, significant changes
could be observed. The water of hydration first disrupts the hydrogen bonds in the
amorphous regions of the granules. This results in swelling of the granules, which
ultimately changes their shape and makes them more of a spherical one. If the tem-
perature is continuously increased, it will lead to increased hydration and swelling in
the amorphous regions [12, pp. 537–549]. The irreversible disruption of amorphous
and crystalline structures in the starch granules is called gelatinization. Some dis-
solved starch polysaccharide molecules, primarily amylase, leaches from the swollen
granules during gelatinization.

A process called pasting is achieved by heating starch granules with some shear
in excess water. This process leads to further granule swelling, leaching of poly-
mer molecules (mainly amylose), and granule disruption (since swollen granules
are fragile). This results in a hot starch paste. Again, cooling the hot paste results in
the formation of a gel [12, pp. 537–549]. It should be noted that inhalation of corn
starch can cause lung damage [14, pp. 767–769]. A substitute for talcum powder
that contains corn starch powder was found to result in severe pneumonitis among
infants [15, pp. 108–110].

1.2.2 Potato Starch

Potato starch comprises 70–85% of the dry matter, providing food and energy for
a considerable portion of the world’s population. However, potato starch also has
a number of useful applications outside of food and nutrition [16, pp. 2588–2612].
Essentially, potato starch is made up of two α-(1,4)-D-glucose monomers: amylose, a
polymer with an extremely shallow branching, and amylopectin, a polymer with a
very steep branching. Along with polysaccharides, proteins, lipids, and minerals are
the other components of potato starch [17, pp. 979–988].

Potato starch and its derivatives have properties, such as low temperature of gela-
tinization and a high sticky consistency. Potato starch is commonly used in the food
industries because of its excellent clarity and neutral flavor. Potato starch also finds
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its importance in the paper and textile industries. The large granule size of potato
starch is preferred as a precoat on filters [18, pp. 511–539]. Potato starch is effec-
tively used in puddings. When cold milk is added to the starch, it quickly dissolves
and forms a gel. Potato starch is also used as a thickening agent for pie fillings in food
industries. It is also finding its application in jelly type candies. It is also used in the
body of caramels and marshmallows. In chewing gum and candy gum, potato starch
is used as a dusting agent. Starch is mixed with powdered sugar to exert its effect.

1.2.3 Wheat Starch

Wheat is one of the major cereal crops grown all over the world throughout the year.
In wheat grain, starch content is 65–70%. Wheat starch is found as a semi-crystalline
granule. These starch granules vary in size and shape [19, pp. 954–967]. Two types
of polymers, amylase (a linear molecule of α-1,4-linked glucans) and amylopectin
(branching with additional α-1,6-linkages) constitute these starch granules.
Amylase constitutes 25–30% of the starch, while amylopectin constitutes 70–75%
[20, pp. 989–998]. Wheat starch shares some common rheological properties with
corn starch. While, the gel strength and viscosity of wheat starch are not as high
as those of corn starch. The application of wheat starch in food industries lies in
baking. Wheat starch is often found to replace wheat flour. It increases the volume
and makes the cake tender.

1.2.4 Tapioca Starch

The native starch of tapioca forms a clear and cohesive paste when cooked. The
above mentioned properties of this starch limit its use in food-manufacturing indus-
tries. The texture of the tapioca starch is also found to be undesirable. Although the
bland flavor of this starch attracts several food manufacturers, it is used in pastry
fillings, baby food products, and flavored puddings. This starch finds its value when
some modifications are made to remove the problems associated with its texture. The
modified version of tapioca starch attracts some food manufacturers and is used in
pie fillings [21].

1.3 Modified Starch

Starch in its native form has been extensively used by food industries for a long time.
However, due to its physicochemical properties like low thermal stability, its sus-
ceptibility to retrogradation limits its application in certain types of food processing.
To overcome these limitations, starch used to be modified by physical, chemical,
and enzymatic methods (Figure 1.1). This section discusses about these individual
processes of modification.


