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cellulose derivatives 17, 67, 68, 171,
420
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cinnamon essential oil (CEO) 328, 404
circular economy 8, 188, 237, 248, 264,

351
cloud point 203
CO2 indicators 377, 387
coating process 313
cocoa bean shell waste
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corn zein nanocomposite coatings
(CZNC), of PP films 404, 405

corn zein-soy protein isolate (CZ/SPI)
bilayer film 213, 214

corn-zein-coated PP film 213
corn-zein-laminated linear low-density

polyethylene (LLDPE) films 3,
212, 213

curcumin based on-package sticker
sensor 383

cutins
biodegradability 171–172
C16 and C18 169
characteristics 166
vs. commercial plastics and

bioplastics 169–172
composition 169
dihydroxylated C16 fatty acids 169
mechanical properties of 171
sustainable renewable resource

172–173
cutin-inspired coatings on metal

substrates 183–186
cutin-inspired polyesters 173–183

direct melt polycondensation 173
polymerization 173

cutin-inspired polyhydroxyesters
physical and chemical properties

13C solid-state NMR 174, 176
chemical structure 174
monomers influence 173
tensile stress-train curves 176,

178
TGA and TGA-derivative profiles

174, 177
transmission IR spectra 174, 175

cutin-inspired polyhydroyesters
oxidation effect 177–180
surface vs. bulf properties 180–183

β-cyclodextrine 336

d
degradation time, of fuel-based plastics

163, 164
degree of freshness (food samples) 372
dicumyl peroxide (DCP) 115, 242, 245
dip-coating 77, 283, 386
direct melt polycondensation 173



Index 431

double-layer polyethylene/poly-
caprolactone (PE/PCL) film
404

dried plant waste powders 359
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candelilla wax 80–81
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natural biopolymers 136, 229, 338, 362
natural fiber-PLA 111, 116
natural fibers 17, 113, 114, 116–121,

266
advantages 264

natural plant-based antioxidants 352,
353

naturally occurring bioactive
compounds 337

naturally occurring biopolymers 398,
399

nisin 336
nisin grafted CNF 336

nisin-impregnated protein coated PP
films 400

non-biodegradable biological based
polymers 228–229

non-migratory antimicrobial polymers
327

normal potato starch (NPS) 144, 146
nucleating agents 114, 119, 235, 243

o
odor-intensive volatiles 332
oil contact angle (OCA) 282, 285, 288

of untreated and treated cardboard
289

onsite and on-package sensing
technologies, for food spoilage
detection

biosensors 375
CO2 indicators 377
freshness indicators 376
integrity indicators 376, 377
overview 375
oxygen indicators 376, 377
RFID systems 377
time temperature indicators 376

optical properties, PLA 113
optochemosensing mechanisms 379
oregano essential oil 45, 328
oregano extract 356
oregano-EO-whey protein isolate films

328
organic acids (food spoilage indicators)

380
organic acids, in antimicrobial

packaging systems 335–336
oxidation effect

cutin-inspired polyhydroyesters
177–180

oxybisenzenesulphonylhydrazide
(OBSH) expanding agent 270

oxygen indicators 376–377, 387
oxygen permeability

of CNF films 314
of nanocrystalline film 315

oxygen transmission rates (OTR)
of CNF films 314–315
for PLA nanocomposites 316



Index 435

p
paper sheet

capstone and ECA treatment 283
sample preparation 283

paper surfaces
grease resistance properties 298,

299
morphological analysis 295
oxygen barrier properties 299
physical characteristics and

mechanical properties
296–300

SEM analysis 295
water and oil resistance properties

296
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self-polycondensation reaction 174
semicrystalline aliphatic polyester 10
SensorQ® 376
shape memory forming, Poly-Paper

272–273
shellac 80, 81, 136, 169
silicone oil 282, 294
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tea extracts 41, 353, 354
TEMPO-oxidized CNFs 314–315, 336
terpenes 164, 165
thermal degradation 14, 116, 140, 149,

187, 209, 219, 234–235, 239, 241,
359, 417–418

of PHA’s 234
thermal properties, PLA 114–115
thermal stability 15, 115, 124, 140,

145–146, 149, 152–153, 175, 215,
239–240, 242–244, 249

PHB and PHBV 234, 235
thermoforming process 234

Poly-Paper composites 270–271
thermoplastic corn starch (TPCS) based

films 413–414
thermoplastic starch (TPS) 5, 15, 16,

114, 141, 413
chemical modification 152
commercial packaging materials

152–153
fillers composites 146–147
packaging materials

technical and legal 145–146
physico-chemical properties 137
polyesters 149–151
polysaccharides composites

147–149
processing of 143–145
sustainability packaging 135

biomaterials 135
plastic threat 134

plasticizers 142–143
thiobarbituric acid reacting substances

(TBARS) 46
third generation feedstock 6, 22
three-phase model 232–233



Index 439

time temperature indicators (TTI) (food
spoilage detection) 376

tomato fruit cutin
composition 170
mechanical properties 171

tomato pomace 172–173, 187–188
treated cardboard 284–289, 291
treated paper surface 294
triallyl isocyanurate (TAIC) 114–115
trifluoroacetic acid 361
triglycidyl isocianurate (TGIC) 247
type I cellulose 238

u
untreated cardboard

chemical characterization 285
FTIR spectra 285, 287
mechanical characterization

291–292
moisture content 289–291
morphological characterization 284
oil contact angle 285
SEM images of 284
stereo-micro photograph of 283
water contact angle 285, 288–290
water drop deposition 285
XPS analysis 285, 286

untreated paper surfaces
morphological analysis 295
oxygen barrier properties 299
physical characteristics and

mechanical properties
296–300

SEM analysis 295
water and oil resistance properties

296
UV-vis blocking capacity, of

polyhydroxyester films
182–183, 188

v
vacuum filtration approach 313, 316
vanillin 334–335
vegetable fibres 236–237

w
water contact angle (W-CA)

of fatty polyhydroxyester 182
of treated and untreated cardboard

285, 288–290
water vapor 15, 20, 59–61, 63, 67,

70–75, 82, 111, 135, 145–149,
153–154, 182, 213, 215, 281, 306,
308, 310–311, 315, 353–354, 359,
386, 397, 403–404, 406–409,
415–416

water vapor permeability (WVP) 17,
21, 44, 59, 61, 73, 76–77, 80, 113,
134, 146–148, 150, 182, 205, 213,
219, 316, 403–406, 408, 413

of PLA 409–410
water vapor transmission rate (WVTR)

213, 315, 412
of whey protein monolayer films

406
water-soluble protein 18
wet/solvent process 405
wheat gluten (WG) 18, 20, 73, 75, 136,

201, 400
coated paper 406

wheat gluten coated surface treated
paper (WG–TP) 406

wheat gluten coated untreated paper
(WG–UTP) 406

whey protein 18, 21, 73, 75–76, 214,
328, 356, 397–398, 400, 405–406

whey protein isolate (WPI) 21
biodegradable films 398
coatings

barrier properties 400, 401
on PP films, oxygen permeation

characteristics of 400

x
xylan-based films 415

z
Z19 zein 199, 200
zein 20–21, 77

aging effect in aqueous ethanol
solutions 204

biodegradation 201
biopolymer coatings 200
blend films 214–217



440 Index

zein (contd.)
chemical amino acid composition

analysis 199
extrusion processing 209–212
extrusion techniques 201
molecular structure 199
nanoparticles/nanofibers 219
plasticized 211–212

solubility behavior 203, 204
types 199

zein film forming 201
zein microfluidic devices 205
zein/F127 composite films 215, 216
zein/gelatin multilayer films 408
zein/poly(vinyl alcohol) blends films

214–215














