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acrylamide   115, 266–267, 650, 
774

acrylic acid   121, 124–126, 
130, 269–271, 279, 282, 
317, 319, 569, 650, 754, 
761–762, 779, 786–787, 
790

agave fibers   720–721, 725, 
729, 732

agave hydrogel films   725, 729, 
731

agave hydrogels   729, 731
agrowaste   78, 458–459, 461, 

463, 465, 467, 469–471, 
473, 476

alcohols   241–242, 244, 246, 
264, 413, 434–436, 438, 
461–462, 698, 741, 837

aliphatic polyester blends   647, 
649

alkali earth compounds   312–313
amorphicity   200, 211, 214, 

219, 236–247, 249, 251
amylopectin   15, 465, 511–512, 

536, 634, 742, 854–855
amylose   15, 465, 511–512, 515, 

536, 854–855
antibacterial activity   387, 391, 

406–407, 525, 545, 853
atom transfer radical 

polymerization (ATRP)   
490, 583, 846

ATRP, see atom transfer 
radical polymerization

bagasse   25, 210, 337, 351–352, 
468, 471, 717–721, 723

bagasse fibers   350, 720–721
bamboo fiber   362, 365–366
banana starch   529, 542
bast fibers   234, 336–337, 339, 

522
bio-based polymers   290, 316, 

320
   depolymerization properties of   

289–290, 292, 294, 
296, 298, 300, 302, 304, 
306, 308, 310, 312, 314, 
316, 318

biocomposites   12, 332–333, 
335, 339–344, 355–356, 
363, 365, 369–370, 
467–473, 817–818, 832, 
857–860

   production of   467, 469–471, 
473

biodegradability   332, 369, 371, 
384–385, 387, 466–467, 
601, 625–626, 649, 
651–652, 654, 669, 
779–780, 853, 858–860

biodegradable films   464, 524, 
527–528, 532, 604

biodegradable polyesters    
335–336, 365, 497, 664

biodegradable polymers   458, 
460, 519–520, 625–626, 
633, 641, 646, 663–664, 
668–669, 671, 674–675, 
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677–678, 901, 903–904, 
914

   synthetic   334, 625, 642–643, 
645

biodegradation   369, 383, 
405–406, 467, 626–627, 
629, 631–632, 638–639, 
643–646, 648–649, 675, 
788, 850, 856

biofiber-reinforced biopolymer 
composites   331–332, 334, 
336, 338, 340, 342, 344, 
346, 348, 350, 352, 354, 
356, 358, 368–371

biofiber surface treatments   341, 
343, 370–371

biofibers   8, 332, 336–344, 
351–352, 370–371, 540, 
818

bionanofillers, renewable   
818–819, 821, 823, 825, 
827, 829, 831, 833, 835, 
837, 839, 841, 843, 845, 
847

biopolymer matrix   340, 342, 
363, 857, 878

biopolymers   19–20, 88, 
110–111, 332–336, 
339–341, 344, 362–363, 
369–370, 457–468, 510, 
519–520, 651–652, 
663–667, 718, 742–743

   applications of   663, 665, 667, 
669

   production of   459, 461, 463, 
465

blend films   528–529, 531, 534, 
539, 544

bovine serum albumin (BSA)   
271, 386–390, 394–396, 
398, 400, 402–405, 407, 
561–562, 575, 583, 596, 
604, 607, 747, 772

BSA
   see bovine serum albumin
   loading efficiency of   387, 389, 

393–395, 398, 400–402, 
407

cancer cells   605, 663, 759, 762, 
764, 769, 780, 786

cancer therapy   588, 662–663, 
689, 778, 780, 791

carbon dioxide   129–130, 293, 
581, 626–627, 631–632, 
639, 643, 899

carboxy methyl cellulose (CMC)   
120–121, 134, 141–143, 
417, 419, 422–425, 432, 
436, 444, 656

carboxyl groups   73–74, 76, 113, 
252, 311, 315, 404–405, 
542, 741, 766

cellulose   6–8, 19–20, 23–28, 
53–54, 154–155, 162–166, 
197–205, 207–254, 338, 
347–349, 637–639, 
718–723, 819–835, 
870–871, 878–880

   amorphicity degree of    
243–244, 247

   amorphous   27, 167, 217–218, 
244, 247, 343

   bacterial   204, 209, 215, 229, 
832, 836–837

   ball-milled   206, 208, 215
   crystalline   27–28, 168, 201
   isolated   214–215, 229
   man-made   820
   microcrystalline   162, 198, 236
   microfibrillated   62–63, 832, 

837
   nanocrystalline   832, 834, 837, 

875–876
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   natural   198–199, 209, 215, 
228–232, 234–235, 667

   non-crystalline domains of   
218, 237–238, 242, 244

   oxidation of   252, 844
   polymorphs of   822, 825, 

830–831
   reactivity of   244–245
cellulose acetate   20, 217, 289, 

313, 348, 468, 574–575, 
638–639

cellulose crystallites   211–213
cellulose derivatives   20, 198, 

351, 638, 834
cellulose esters   638–639
cellulose fibers   20–21, 23, 25, 

27, 29–35, 37–39, 41–42, 
54, 220, 225, 227, 233, 
249–250, 725–726, 878

   modification   42–43, 45, 47, 
49, 63

   natural   4–5, 7, 9, 11, 19–20, 22, 
24, 26, 28, 30, 32, 34, 36, 38, 
62–63

   plant-based   29, 42–43
   single   249, 253
cellulose fibers used for paper 

production, characteristics   
20–21, 23, 25, 27, 29, 31, 33, 
35, 37, 39, 41

cellulose hydrogel film scaffold   
728–729, 731

cellulose hydrogel films    
722–725, 727, 730, 732

cellulose II   25, 821–822,  
827–830

cellulose III   822, 829–830
cellulose IIII   822, 830
cellulose IV   830
cellulose modification   198, 229, 

240
cellulose nanocrystals   837, 

843–845, 880, 882

cellulose nanofibers   833, 875
cellulose nanowhiskers   363, 474
cellulose powder   162–164, 166, 

235, 822
cellulose whiskers   475, 840, 881
cellulosic fibers, natural   4, 8, 12
cellulosic materials   12, 117, 236, 

243, 248
chemical vapor deposition   686, 

695–697
chitin   12–13, 384, 458, 487–493, 

495, 501, 503, 516, 518, 
639–640, 647, 669, 673, 
853–854

   dissolution of   489–491
chitin fibers   639
chitin gel   492–493, 495
chitin ion gels   487, 490, 

492–495
chitin nanofibers   488–489, 503
chitosan   12–13, 384–389, 

391–395, 404–406, 
510–511, 516–520, 523, 
525, 528–549, 573–574, 
597, 599, 639–640, 
660–661, 853–854

chitosan films   532, 537–539, 
541, 543

chitosan nanoparticles   660, 793
chitosan–starch ecocomposites   

509–510, 512, 514, 516, 
520, 522, 524, 526, 528, 
530, 532, 534, 536, 538, 540

chitosan–starch films   510, 
523, 528, 532–533, 536, 
538–539, 544

chitosan–starch system   523–525
chitosan–tapioca starch    

530–531
chromic acid   413, 415–417, 

422–423, 425–436, 438, 
440, 444, 449
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chromium   413–415, 417–419, 
424, 430, 433–439, 
442–443, 598

CMC, see carboxy methyl 
cellulose

coir fibers   222, 353–354
collagen   94, 335, 458–460, 

560, 563, 578, 595–597, 
599–600, 669, 728, 856

composites, nanocellulose-based   
818, 864, 878–879, 881

compression molding   340, 345, 
350, 352, 358–359, 
366–369, 462, 526–527

condensation particle counter 
(CPC)   692, 694

controlled drug release   262, 
268, 562–563, 575, 738, 
789, 792–793, 905

controlled release   72, 94, 
266–267, 280–281, 
385–386, 561, 563, 
575–576, 586, 640, 643, 
655, 665, 750, 786–787

corn starch   348, 388–395, 397, 
399, 401, 403–404, 
420–424, 427, 431–432, 
436, 445–446, 465, 534, 
544, 709

cotton cellulose   198, 201, 
209–211, 214–215, 
228–229, 236–237,  
240–242, 248

cotton fibers   197–198, 225,  
474, 878

   mercerized   880
coupling agents   341, 343, 362, 

364, 370, 386, 841–842, 
860–861

CPC, see condensation particle 
counter

curaua fibers   354–355

cyclic monomers   291, 304, 
496–497

dendritic cells   655, 663
differential scanning calorimetry 

(DSC)   33, 126–127, 280, 
352, 366, 368, 539–540, 
604, 745, 865–866, 911, 
913, 915

DMA, see dynamic mechanical 
analysis

DNA   659, 747, 752, 781
drug delivery   273, 275, 

277–279, 283–284, 382, 
384–385, 596–597, 
603–605, 656–657, 661, 
669–671, 746–748, 
759–760, 778, 787–788

drug delivery carriers   262, 269, 
281, 283

drug release   270, 274–278, 
280–281, 395–397, 400, 
568, 570–572, 605–606, 
737, 756–760, 762, 
764–766, 773–774, 
779–780, 793–794

   prolonged   280, 576
dry-strength additives   52–53, 56
DSC, see differential scanning 

calorimetry
dynamic mechanical analysis 

(DMA)   159–160, 163,  
167–168, 171, 674, 692, 
694

ECAP, see equal channel angular 
press

ecocomposites   520, 522,  
548–549
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elastin   560, 578–581, 583, 585
elastin-like polypeptides (ELPs)   

579, 581–584, 596, 872
ELPs, see elastin-like 

polypeptides
enzyme immobilization   704, 

706, 710
enzyme technology   46, 686, 

705, 707
enzymes
   cellulolytic   198, 206, 244
   immobilized   400, 588, 687, 

706
equal channel angular press 

(ECAP)   154, 156–163, 
165–174

ethyl cellulose   904–905, 907, 
914

ethylene glycol   352, 562, 565, 
571, 574, 594–595, 653, 
747, 759, 772–773, 
778–780, 786, 798–799, 
846, 880

feather protein isolate (FPI)   
593–594

fiber–fiber bonding   39, 52, 
56–57

fibers
   alkali-treated   357, 359
   lignocellulosic   366, 469–471, 

476, 861
   plant   20, 25, 27–28
   synthetic   331, 337, 339
fibrils   28, 52, 199, 227, 233–234, 

338, 596, 600, 832, 846
fibrin hydrogels   578
fibroblast cells   605, 728–729
flax cellulose   209, 214–215

flax fibers   204, 225–226, 
367–368, 471

foam, starch-based   523, 
529–530, 536

Fourier transform   364, 389, 531
FPI, see feather protein isolate

gelatin   335, 459, 464–465, 
560–561, 563, 565–567, 
569–571, 573–574, 
641–642, 666, 669, 705, 
742, 747, 798

glass fibers   332, 339, 666, 677
glass transition temperature   

126, 154, 167, 466, 539, 
674, 851, 853, 866, 900, 
913–914

glycerol   248, 252–253, 351–352, 
460, 463, 465–466, 
469–472, 474, 513, 
520–521, 523, 534, 
537–538, 541–542, 822

glycerophosphate   599, 601, 753
glyoxylated polyacrylamide 

resins (GPAM)   56, 61
gold nanoparticles   688, 709, 

786
   amphiphilic   786
GPAM, see glyoxylated 

polyacrylamide resins
GPAM resins   61
graft copolymerization   115, 

124–125
graft polymerization   500–503
   surface-initiated   496, 500–501
   surface-initiated ring-opening   

496–498
green composites   342, 355, 

364–365, 519, 857
guar gum   14, 121, 134, 141–143, 

262–283, 750
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   carboxymethyl   273, 282
guar gum derivatives   262, 

264–265, 267, 269, 271, 
279, 281

guar gum matrix, grafted   265, 
279

guar gum matrix tablets    
274–275, 280

hemicelluloses   4–8, 24–25, 
27–28, 30, 35, 44, 48–49, 
52–53, 62, 116–117, 123, 
198, 210, 338, 718–720

hydrogel films   719, 722–727, 
729–732

   transparent   723–724
hydrogel matrixes   562
hydrogels
   complex   388, 391–392, 404
   elastin-based   579–581
   IPN   269, 573
   keratin-based   591–592, 594
   mixed   395, 397, 399, 401, 403, 

407
   polyelectrolyte   269–270, 279
   protein-based   559–560, 562, 

564, 566, 568, 570, 572, 
574, 576, 578, 580, 582, 
584, 586, 588

interpenetrating polymer 
networks (IPN)   269

IPN, see interpenetrating polymer 
networks

jute fibers   171, 356, 364, 467, 
472

kenaf fibers   358, 474
keratin   519, 522, 525, 533, 539, 

541, 589, 591–594, 708, 856
keratin biofibers   522, 539
kraft lignin   113, 116, 121–131, 

140, 211
Kraft pulping process   115, 

121–122, 129–130

latewood fibers   22
LCST, see lower critical solution 

temperature
LGC, see lignin graft copolymer
lignin   4, 6–8, 24–25, 27–29, 35, 

44, 49, 109–117, 120–124, 
172–173, 338, 347, 
363–364, 638, 718–720

   softwood   5, 111–112
lignin graft copolymer (LGC)   

115–116, 124–128, 
130–133, 135–144

lignocellulosic materials   9, 113, 
115, 343, 718

lipids   82, 85–87, 94, 96–97, 124, 
161–162, 335, 513, 857

liposomes   93–96, 658–659, 
689–690, 759, 762, 785

lower critical solution 
temperature (LCST)   561, 
566, 740–743, 745, 747, 752

methacrylic acid   130, 270–271, 
282, 317, 319, 569, 754, 
761, 764, 779, 790, 905

methanol   131, 242, 296, 422, 
487, 491, 493, 495, 503, 640

methyl cellulose   419, 422–425, 
430–432, 436, 444, 638, 752
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   chromic acid oxidation of   436
   oxidation of   425, 430–431
microfibrils   28–29, 38, 47, 199, 

220–221, 225, 227, 235, 
251, 488, 637, 829, 
831–834, 837

microhydrogels   763–764
microorganisms   27, 197, 335, 

458, 518, 544–547, 
626–627, 631, 635, 
637–640, 643–647, 658, 
665, 677, 850–851

microparticles   88, 607, 760, 766, 
901–902, 908, 911

nanocellulose   62, 476, 832, 
837–838, 840, 845, 
847–848, 860, 862, 864, 
870–880

   bacterial   832, 835, 837, 862
nanocellulose-based 

biocomposites   857, 859, 
861, 863, 865, 867, 869, 
871, 873, 877

nanocellulose biocomposites   
860, 874

nanocellulose fibers   843, 846, 
861, 877

nanocomposites, polymer-layered 
silicate   870

nanofibers   488–489, 493, 
495–496, 498–502, 689, 
705, 836, 875

nanofillers   817–819, 857, 860, 
863–865, 879

nanohydrogels   764, 779
nanoparticle surface area monitor 

(NSAM)   692, 694
nanoparticle tracking analysis 

(NTA)   692, 695

nanoparticles
   biopolymer-based   651, 653, 

655, 659
   characterization of   691, 693
   engineered   688–689
   silver   562, 657, 708, 872
native chitin sources   489–490
NCD, see non-crystalline domains
neutron fiber diffraction    

825–826, 828, 830
non-crystalline domains (NCD)   

198–202, 206, 211,  
214–219, 229, 233–239, 
242, 244, 247–250

NSAM, see nanoparticle surface 
area monitor

NTA, see nanoparticle tracking 
analysis

oligomers   295, 301, 304,  
308–309, 313, 634, 670, 850

OPEFB (oil palm empty fruit 
bunch) fibers   121, 123, 
131

paper industry   46, 49, 51, 53, 
113, 834

paper production   20–21, 23, 
25, 27–29, 31, 33, 35, 37, 
39–42, 45, 50, 55, 62

paper strength   23, 32, 42, 44–45, 
51, 53, 57

paperboards   23, 222–223, 225, 
235, 249, 251

papermaking   19–20, 27, 31, 
42–43, 45–47, 49–51, 53, 
55, 63

paracrystallinity   200, 218–219, 
251
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pea hull fibers   475
pectin   6, 71–90, 92–93, 95–97, 

335, 338, 438, 467, 605, 
640–641

pectin coating   95, 97
pectin solutions   73, 77
pectins, sources of   78–79, 81, 

83
peptide drugs   583, 766
PHAs, see poly(3-hydroxy 

alkanoate)s
PHB, see poly(3-Hydroxybutyrate)
PHB degradation   306, 309, 311
PHB thermal degradation    

306–309, 313
PLA
   see poly(lactic)acid
   thermal degradation of   292, 

295–298, 320
PLA-based composites   346, 356, 

359–360
PLA pyrolysis   292–295
plant celluloses   832, 835, 837
plant proteins   153–154, 157, 

460
plants, vascular   109–110
plastic bulk materials   155, 170, 

173
plasticizers   154–155, 157–160, 

162, 350, 352, 460–463, 
466, 468–470, 472, 
520–521, 538–539, 
541–542, 852–853, 
856, 900

plastics, degradable   671, 673, 
851

PLGA nanoparticles   662–663
PLGA network films   501–503
PLLA
   see poly-L-lactic acid
   pure   302–303, 648
poly-L-lactic acid (PLLA)    

290–292, 298–306, 

316–317, 319, 648, 
674–675, 853, 859

poly(3-hydroxy alkanoate)s 
(PHAs)   289, 306, 308, 
335, 362, 458, 646–648, 
851

poly(3-hydroxybutyrate)    
305–306, 309, 313, 633

poly(3-Hydroxybutyrate) 
(PHB)   290, 305–309, 311, 
313–316, 320, 344–345, 
362–363, 368, 370–371, 
647–648, 851–852

poly(lactic acid) (PLA)    
291–300, 302–303, 
320, 344–345, 355–358, 
365, 369–370, 667–668, 
841–843, 850, 852–853, 
901, 904–905, 907–911, 
913–914

poly(tetramethyl glycolide) 
(PTMG)   290, 316–317, 
319–320

polyacids   753–754
polyacrylamides   54–55
polyamides   491, 636, 644–645, 

782, 900
polyanhydrides   645–646, 

777–778
polybases   753, 755
polyelectrolyte complexes   391, 

405–406
polyelectrolytes   383, 388, 

392, 394, 753–754, 
838, 845–847, 860

   grafted   388, 391–392
   mixed   392, 404, 407
polyesters   498–499, 

642–645, 667–668, 857
polyethylene   289, 305, 635, 

648, 672, 861, 879–880
polyethylene glycol   513, 541, 

762, 793
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polyhydroxyalkanoates   335, 
458, 851

polylactides   458, 633, 675, 794, 
881

polymer backbone   626, 645, 
753, 756, 769, 783

polymer composites   10, 154, 
690

polymer nanocomposites   860
polymer prodrug   597
polymeric micelles   690, 798
polymeric nanoparticles   652, 

659, 690, 779
polymerization catalysts   295, 

297, 498
polymers
   bio-based recyclable   289–290, 

320
   biodegradable water-soluble   

413–414, 416, 418, 420, 
422, 424, 426, 428, 430, 
432, 434, 436, 438, 440, 442

   biorenewable   2–3, 459
   block   759, 762, 771, 776
   cationic   61, 654, 854
   degradable   664, 669–670
   natural   153, 155, 157, 174, 

458, 464, 519–520, 523, 
560, 576, 578, 633–634, 
636, 853, 856

   pH-Responsive   753–754, 758
   pH-sensitive   382, 753–754, 

759–760, 766
   photoresponsive   781–782
   smart   382, 739, 792, 800, 905, 

914
   stimuli-responsive   738, 800
   synthetic   1, 132, 154, 332, 334, 

336, 417, 421, 516, 520, 
525, 625–628, 652–653, 
669, 678

   temperature-responsive    
739–740, 747–748

   thermoresponsive   747, 752, 
792

polymorphs   25, 821, 823, 827, 
829–830

polypeptides   458, 579, 581–582, 
644, 652, 872

polypropylene   289, 305, 336, 
344, 355, 362, 648, 668, 
879, 881

polysaccharides   71–72, 82, 
84–88, 90–92, 416–417, 
419–422, 436, 458–459, 
467, 487–488, 518–519, 
538–539, 637–638, 
652–653, 853–854

   water-soluble   15, 262, 419
polystyrene   305, 336, 490, 578, 

846, 879–880
polyurethanes   644–645, 857
polyvinylamines   54, 56, 62
protein-based hydrogels, 

synthesis of   559–560, 562, 
564, 566, 568, 570, 572, 
574, 576, 578, 582, 584, 
586, 588, 590

protein drugs   383–386, 407
protein polymers   460, 583–584
protopectin   74, 78
PTMG, see poly(tetramethyl 

glycolide)
pulp
   chemical   24–25
   mechanical   24–25
   refined   34, 42, 44

radical polymerization   560, 564, 
566–567

rayon fibers   209–210, 223
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redox reactions   414, 416, 423, 
429, 431, 437, 450, 702, 
774, 777

redox-responsive polymers    
774–775, 777–778

rice straw fibers (RSF)   358
ring-opening polymerization 

(ROP)   291, 317, 497, 
499–500, 643, 843

ROP, see ring-opening 
polymerization

RSF, see rice straw fibers

SAXS method   222, 224–225
scanning electron microscopy 

(SEM)   41, 158, 266, 269, 
352, 359, 364, 366, 368, 
390, 393, 533, 535, 
692–693, 865

self-assembled chitin 
nanofibers   487

SEM, see scanning electron 
microscopy

severe shear deformation    
153–154, 156, 158, 
160, 162, 164, 166–168, 
170–172, 174

sisal fibers   350–353, 359–360
softwood   8, 21–22, 25, 

112–113, 210, 337
sol-gel synthesis   686, 695, 698
soy protein   92–93, 461, 

471–472, 519, 601–604, 
857

starch
   cassava   515, 522, 529
   cationic   54, 56
   plasticized   345, 351, 466, 

471–472, 515
   tapioca   469, 511, 529, 531, 543

starch-based biocomposites    
353, 363, 370

starch-based films   530, 543
starch films   531, 534, 538–539, 

541
starch granules   15, 466, 

512–513, 535
starch–chitosan films   531, 539, 

543, 545
   kudzu   529, 542, 546
supercritical fluids   580, 

898–904, 909, 914
supercritical solutions   902
sweet potato starch films    

546–547

TEM, see transmission 
electron microscopy

temperature-sensitive 
liposomes (TSLs)   744

temporary wet-strength 
(TWS)   56–57, 61

tensile properties   350, 362, 
364–365, 369, 535, 602, 
635, 660

tensile strength   30, 249–250, 
253, 338–339, 344, 
346–349, 352–353, 
356–359, 362, 364–366, 
369, 535–538, 674, 725, 
727

TGA, see thermal gravimetric 
analysis

thermal cross-linking   153, 
160–161, 166, 171, 
173–174

thermal degradation   27, 110, 
143–144, 291, 296–300, 
302, 312–313, 320, 350, 
353, 539, 541, 851, 913



933Index

thermal gravimetric 
analysis (TGA)   128, 
294–296, 389, 392, 492, 
540, 865–866

thermal stability   115, 133, 
138, 141–142, 298–299, 
302, 366, 368, 392, 541, 
648, 880

tissue regeneration   562, 578, 
719, 728–729

transdermal drug delivery 
devices   281–282, 284

transfection efficiency   752, 
767, 781

transmission electron 
microscopy (TEM)   267, 
692–694, 865, 868–869

TSLs, see temperature-sensitive 
liposomes

TWS, see temporary wet-strength

UCA, see ultrasound contrast 
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