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β-1,4-endoglucanases (EGL) 145
energy crops 7, 317, 428, 444, 461, 463
energy independence and security act

(EISA) 459
energy-dispersive X-ray (EDX) 374–375
Enterobacter 24, 27, 54, 78, 136, 289,

291, 295, 296, 431
Enterobacter aerogenes 24
Enterobacter cloacae IIT-BT 08 288
Enterobacteriaceae 289
Enterococcus 54
entrapment 36–38, 42, 62, 183, 193, 347,

434
environmental arsenic pollution 69
environmental bioremediation technology

344
environmental hazards 33
environmental heavy metal

contamination 67
environmental heavy metal pollution

69, 74, 76, 78
environmental pollution 6, 49, 72, 174,

211, 265, 331, 353, 361, 365, 379,
380, 392, 422, 430, 457, 515, 516,
543

enzymatic hydrolysis 125, 275, 276–277,
364, 431, 433, 434, 466, 516
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enzymatic pretreatment process
432–433

enzymatic treatment 41, 401, 402,
431–434

enzyme immobilization methods 35
adsorption 35–36
affinity immobilization 36
covalent bonding 36
entrapment 36–37

enzymes 34, 101, 254, 353
degradation 58
mediated dye removal 50, 62

ertapenem 231
Escherichia coli 23, 60, 73, 104, 178, 195,

289, 335, 392, 515
esterases 103, 127, 131, 133, 515
ethanol 21, 38, 40, 43

ethanol (CH3CH2OH) 265
from food waste 21

ethyl violet 52
eutrophication effect 84, 155, 158, 322,

414, 473
e-waste 114, 210

pollution caused by 211
production scale 211
treatment 212

ex-situ method 51, 71, 72, 85, 86, 87–88,
344, 353, 393, 402

exo-polygalacturonases 149
exo-polymeric substances (EPS) 238
exo-polysaccharides (EPS) 19, 27, 75,

103, 238, 248, 257
exoglucanases/cellobiohydrolases (CBH)

145
expanded granular sludge beds (EGSB)

13
extra-cellular enzymes 115
extracellular polymeric substances (EPS)

19, 27, 75, 103, 238, 248, 257
extracellular precipitation 75, 77

f
fatty acid methyl esters (FAME) 41, 523
fed-batch mode reactor 278, 292
feedstock composition 7, 13, 461, 497,

500
feedstock polysaccharides 495
Fe3O4 conjugated peroxidase enzyme

354

fermentation 222, 223, 229, 277
anaerobic 232, 286, 309, 426–427, 430
dark 245, 285, 286, 293, 430

fermentative hydrogen production 248,
251, 288–289, 293, 430–431

ferredoxin (Fd) 244–245, 285–286, 293
film/coating formation methods

dipping method 552
extrusion 551–552
solvent casting 550–551
spraying method 552
spreading method 552

filtration
autoclaving 320
dry heat 320
pasteurization 320

first-generation fuels 316
fish processing waste 427
fixed bed reactor 195, 197
flame retardants 98–99
flavin adenine dinucleotide (FAD) 57
flavin adenine mononucleotide (FMN)

57
flow reactor 235–236, 238, 278
fluidized bed 37, 196
fluidized bed reactors 13, 195–197
fluorene 177
fluorescence in situ hybridization (FISH)

10
fluorescent carbonaceous nanoparticles

(FCDs) 530
fluorescent polystyrene microspheres 98
Flux Balance Analysis (FBA) 294
foaming 13, 427, 428, 524
Food and Drug Administration (FDA)

364, 528, 544
food nanotechnology 386
food security 390, 393, 421, 425, 445–446
food supply and consumer welfare

(FSCW) 415
food sustainability index 424
food waste (FW) 118, 361, 362, 364, 365

based adsorbents 174
bio-hydrogen 21
biodegradable plastics from 20
circular bioeconomy

anaerobic digestion 425–427
definition of 423
principles of 423
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ethanol from 21
food supply chain 421, 422
management system 424
pre- and post-harvesting and processing

stages 421
production of biogas 21
sources 544–545

forest biomass feedstocks 315
forest residues 287, 457
formazan dyes 199, 200
fossil fuels 6, 143, 253, 258, 267,

283–284, 315, 381, 389, 413–414,
417, 423, 430, 439–440, 447,
449–450, 457, 459, 474–475, 477,
491, 526

Fourier-transform infrared spectroscopy
(FTIR) 179, 213, 374, 398

fruit peel waste (FPW) 228
Fucus spiralis 193
full factorial design 293
fumaric acid 255
functional phytochemicals 524
fungal biomass 181, 194, 199, 200
fungal remediation 89
fungi 213

brown-rot fungi 272
white-rot fungi 116, 272

fungicides 83–84, 352
Fusarium oxysporum 78, 201
Fusarium solani 78, 133
Fusarium species 101
FUSIONS 521

g
garlic waste 179
gas chromatography with flame

ionization detector (GC-FID) 224
gaseous fuels 474–475
gelatin 36, 237, 335–336, 413, 415, 530,

544, 547, 549
gelatin-Zr(IV) phosphate nanocomposite

335
generally recognized as safe (GRAS)

364, 528, 544
2nd generation of biofuels 316
3rd generation of biofuels 316
genetic circuitry 74

genetic engineering 60, 77, 104–105,
150, 178, 253, 292, 294–296,
326–327, 353, 388, 402

genetically engineered microorganisms
178–179

ghee residue valorization
animal feed 564
in dairy and food industry

baked products 563
chocolate and confectionery 563
flavour enhancer 564
Indian traditional sweetmeat 564

phospholipids 564
value added products of 563

gibberellins (GAs) 254
global warming 4, 11, 15, 331, 389, 400,

418, 492
Gloeophyllum trabeum 101, 273
β-glucosidase (BGL) 145–146, 270, 277,

433
β-(1,4)- or β-(1,3) glycosidic bonds

144–146, 267, 276
glucurono arabino-galactan polymer

335
glutamine synthetase and

glutamine-2-oxoglutarate amido
transferase pathway (GS/GOGAT
pathway) 160

glutaraldehyde 36, 62, 346, 354
glutaraldehyde-activated agarose 39
glyceraldehyde-5-phosphate (G3P) 448
gold 176, 178, 182–183, 214, 238, 333,

344, 352, 373, 388, 392
GolS 178
Gracilibacillus sp. 59
grain wastage 545–547
gram-negative merP gene (GP) 178
gram-negative SRB 231
graphene 42, 386
green building 381
Green Chemical Lubricants 513
green composites 530–531
“greener and cleaner,” 381
green fuel 511
green fuels discovery 283
green nanotechnology 333, 381, 382,

386, 388–389
green production of nanoparticles 344
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green technology
advantages and challenges 384–385
environmental technology or clean

technology 381
14 principles of 382, 383
zero waste economy 381

green valorisation 531
greenhouse gases 4, 6, 15, 159, 165, 231,

253, 283, 382, 389, 400, 412, 421,
423–425, 440, 457, 474, 491, 509,
521–522

guaiacyl 267, 274, 276
gum Arabic grafted polyacrylamide

(GA-cl-PAM) hydrogel 336
gum olibanum 335–336
gum polysaccharides 336

h
Halomonas campaniensis LS21 20
Halomonas variabilis 228
haptophyta 156
harmful algal blooms (HABs) 237
H2ase 285
health hazards 67, 69–71, 74, 406–407
heap leaching 209
heat desiccated milk solids 557
heat-treated Pseudomonas strain DY1

201
heavy metal ions and dyes

biosorption by algae 193
biosorption mechanism 191
biosorption of metal complexed dyes

200–202
biosorption of zinc using bacteria

192–193
biosorption using yeast 194
chemistry 191–192
fungal biomass 194
industrial application on the

biosorption 195–198
metal complexed dyes 199–200
metal complexed dyes chemistry 192
reactive dyes 198–199

heavy metals 67, 160, 161
decontamination 71–72
pollutants 174

Helianthus annuus 76
hemicellulases 40, 429, 433

production 147

hemicellulose (C5H8O4)m 266
hemicellulose degradation 146

enzymes 146, 147
herbicides 83–84, 177, 256, 355, 386
heterotrophic microalgae 157
hexadecyltrimethylammonium chloride

(HDTMA-Cl) 351
H2 fueled vehicles 283
H. glaciei 228
H. hydrothermalis 20
high cellulosic wastes 523
high-density polyethylene (HDPE) 127,

136, 514
high oleic vegetable oils (HOVOs) 509
high-rate algal pond (HRAP) 26, 163,

166
Holothuria floridana 98
homo acetogens 248
homogeneous wastes 114
horizontal bioreactor (HBR) 257–258
human habitable ecosystems 67, 68, 73
human health hazards 67, 70
Humicola insolens 101, 277
humus 114, 332
hybrid reactor 236–238
hydraulic retention time (HRT) 11, 13,

26, 63, 230, 236–237, 242, 244, 246,
248, 250, 294, 480

hydrogen 430
bonds 144
producing bioprocess 431
producing microbes 291
production 165

hydrogenase 165, 244–245, 248, 251,
285, 288, 293, 295, 326, 448

hydrogenase reactions 245
hydrogenic reactor (HR) 14
hydrogenotrophic methanogenesis 495
hydrogenotrophs 8–9, 12, 23, 252,

481–482, 495–496, 500
hydrolysis 276, 426, 430

enzymatic hydrolysis 431
polysaccharides hydrolysis 277

hydrolyzing bacteria 8, 494
5-hydroxymethyl-furfural (HMF)

462–463
hydrothermolysis 433, 464
hydroxypropyl-β-cyclodextrin 351
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i
Ideonella sakaiensis 101, 135
IgG antibody 344
ill effects of biomagnification 84–85
imipenem 231
immersed membrane bioreactors (iMBRs)

259
immobilization of biosorbent 182–183
immobilization techniques 62–63
immobilization technology 50, 434
immobilized cellulase enzyme 40
immobilized enzymes 33–43, 62, 63, 434
immobilized lipase EQ3 41, 43
immobilized trypsin 39
immobilizing enzymes

carbohydrates 39–40
challenges and opportunities 43
flexibility of bioreactor design 37–38
lipid waste 41
liquid food wastes 38
nanotechnology applications 41–43
polysaccharides 40–41
protein rich wastes 39
reusability and recovery 38
stabilization 37

immuno-suppressive drugs 253
impregnation 334
in situ leaching 209
in-situ technology 51
Indian traditional sweetmeat 564
indirect action method 129
industrial effluents 22, 49, 67, 189, 201,

353
industrial relevant biochemicals

524–525
industrial strong waste 414
industrial waste 114, 136, 210, 287, 427,

491, 550
industrial wastewaters 40, 49, 57, 63,

158, 160, 177, 179, 225, 226, 310,
476

inoculum 4, 5, 8, 9, 21, 116, 250, 271,
288, 289, 293, 295, 429, 431,
497–499

inoculum development 8–9
inorganic components 157, 425
inorganic pollutants removal 58, 60,

176–177, 391
insecticides 68, 83

integrated biorefinery 423, 435
Intelligent nanocoatings 388
international renewable energy agency

(IRENA) 15
International Society of Horticultural

Sciences (ISHS) 370
intracellular accumulation 74, 193
intrauterine growth retardation 70
inverse fluidized bed reactors (IFBR) 13
ionic liquids (ILs) 146, 267, 287, 363
Irgalan dyes 200
iron aminoantipyrine catalyst 310
iron oxide (Fe3O4) nano particles 42
iron-containing hemoglobin protein 353
isotherms 174, 176, 177, 179, 180, 202,

226

k
3-ketothiolase 104
kitchen waste 33, 415, 525
Klebsiella oxytoca (P2) P. veronii(2E) 192
Klebsiella sp. S6C 231
K-mobilizers 119
koji fermenters 257–258
K. ornithinolytica (1P) 192

l
laccases 53, 58, 62, 130, 133, 136,

149–150, 229–230, 274, 275, 353,
401

α-lactalbumin protein 39
lactic acid 255

bacteria 22
production 431

Lactobacillaceae 22–23, 500
Lactobacillus buchneri 116
Lactobacillus rhamnosus GG (LGG) 561
β-lactoglobulin 39
Laetiporus thiourea 52
Laminaria hyperborea 193
land farming 88, 405
land pollution 399–400
land-dwelling 51
landfill 8, 15, 113, 158, 211, 315, 379,

390, 400, 422, 424–427, 434, 451,
493, 522, 526

landfill leachate (LL) 8, 258, 289
Lava DSM1034 22
layer-by-layer electrodeposition 542
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leachate 4, 8, 88, 158, 209, 211, 214, 499
lead contamination 70
Leclercia sp. S5C 231
Lemna minor 59
Lichenysin 351
life cycle assessment (LCA) 323–324,

414, 416, 424
life cycle cost (LCC) 416
life cycle evaluation (LCA) 324, 416
lignin ([C9H10O3(OCH3)0.11–3.9]x) 267
lignin degradation 148, 149, 272–275
lignin degrading fungi 272–273
lignin modifying enzymes 136, 148
lignin peroxidases (LiP) 53, 62, 136, 148,

149, 275
lignin production 148
lignin-degrading bacteria 274
ligno-cellulases 115
lignocellulose and starchy residues

biobutanol production
economics of 465–468
feasibility of 463

butanol production
cost 467

pretreatment 463–465
lignocellulose saccharification 258
lignocellulosic agricultural waste 57
lignocellulosic and starchy wastes

composition of 461–462
waste generation 460–461

lignocellulosic biomass (LCB) 178, 317,
458

bioethanol production 267
biological pretreatment techniques

272, 273
delignification 274
enzymatic hydrolysis 276–277
fermentation 277–279
fungi and bacteria 273
laccases 275
lignin degrading fungi 272–273
lignin peroxidases (LiP) 275
lignin-degrading bacteria 274
manganese peroxidases (MnPs) 275
pretreatment methods 269–270
processing 268–271
sources of 266
structure and composition of 266–267
versatile peroxidase (VP) 276

lignocellulosic feedstocks 460–461, 466,
477, 480, 485, 491, 500

ligno-cellulosic material 143, 324, 363,
461, 499–500, 525, 544

lignocellulosic residues 458, 463–464
structural composition 462

lignocellulosic waste degradation 144,
150

lignocellulosic waste pretreatment
methods 478

lipase 36–37, 40–41, 43, 103, 127–128,
131, 133, 135, 164, 242, 323, 325,
513, 515–516, 524–525

lipid waste 39, 41
lipid-based biofuels 227–228
lipid-rich substrate 500
liquid detergents 512
liquid effluents 39, 189, 476
liquid food wastes 38
low-density polyethylene (LDPE) 514
L. tayloriiphos 193
L. taylorii 193

m
Macrococcus caseolyticus 238
macroplastics 96
magenta 52
magnetic nanoparticle conjugated

metalloenzyme 354
magnetic nanoparticles 39, 42, 238, 344,

348, 350–353, 356
magnetite nanoparticles 344
malachite green 52, 179, 180, 202, 335,

336
maltogenic amylase 42
manganese peroxidases (MnPs) 53, 136,

148, 149, 275
Mannan degradation 146
marine algae 320, 439, 449
marine biowaste

crustacean by-products 549–550
fish processing by-products 549

marine environments 85, 95, 98, 99,
156

marine water algae
downstream procedures 323
Life Cycle Assessment (LCA) 324
naturally occurring 322–323
pre-treatment 323

market milk 559
material homogeneity 429
Mediated Electron Transfer (MET) 306,

308
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medium chain length
polyhydroxyalkanoates
(MCL-PHA) 515

membrane bioreactors 237, 244,
246–248, 249, 259, 401

membrane fouling and energy demands
246–248

mercaptoacetic acid 345
mercaptopropionic acid 345
mercaptosuccinic acid 345
mercaptoundecanoic acid 344, 345
11-mercaptoundecanoic acid 344
mesoplastics 96
mesoporous silica nanoflowers 43
mesoporous silica nanoparticles 351
metabolic flux analysis (MFA) 292, 294,

295, 297
metagenomics 502–503, 504
metal complexed dyes (MCD) 192, 199

biosorption of 200–202
metal decontamination strategies 71
metal efflux 75
metal resistance genes 73, 74
metal volatilization 173
metalized dyes 190
metallic nanoparticles 388, 390–392
metals recovery 208
Metarhizium anisopliae 78
methane 4–6, 8–15, 22–26, 99, 125, 222,

253, 270, 293, 324, 414, 425–429,
479–481, 495–497, 500–501,
521

Methanoculleus 23, 481, 495, 500
methanogenesis 7, 11, 14, 130, 250, 293,

426, 430, 480, 493, 495–496, 502
methanogenic 14, 23, 480, 481, 495–498,

500–502
methanogenic communities 480–482
methanogenic reactor (MR) 14
methanogens 4, 6–12, 248, 251–252, 289,

480–481, 485, 495–498, 502
methyl bacterium sp. ZP24 22
methyl parathion 83
methylene blue dye 178, 335, 351
methylenomycin 254
methylotrophic methanogenesis 495
microalgae 226

autotrophs 157
and bioenergy 316–317
bioenergy production process

322–324

biohydrogen production by
photobiological process 326

biomethane production by anaerobic
digestion 324–325

chlorophyta 156
cultivation and processing of 317–318
cultivation of

cell cultures isolation 319
single-cell isolation 319

culture conditions
aeration 321
culture media 321
lighting 321
pH 321
temperature 320

culture methods
batch culture 321
continuous cultures 322

dinophyta 156
genetic engineering 326–327
haptophyta 156
harvesting cultures 322
heterotrophic 157
liquid oil production by thermal

liquefaction process 325
mixotrophic 157
nano catalyzed transesterification

process 325–326
ochrophyta 156
photoheterotrophs 157
rhodophyta 156
transesterification process 325
wastewater treatment

algal culture systems 163–164
BOD 159
COD 159–160
heavy metals 160–161
light 162–163
nitrogen and phosphorus 160
pH 162
phosphorus 158
TNTP ratio of 162
xenobiotic compounds 161

microalgal cell composition 158
micro- and nanoplastics 96

characteristics of 97
microarray profiling 105
Microbactan Glycolipopeptide 351
Microbacterium sp. OLJ1 179
microbe-amended compost benefits

119



586 Index

microbial (bacterial) biosorption
179–180

microbial biomass 78, 175, 179, 180, 182,
324, 496

microbial consortia 12, 116–119, 252,
495–496, 498, 499, 504

microbial decolorisation and degradation
mechanisms 58

microbial fermentation 21, 287,
429–431

microbial fuel cell (MFC) 166
of bio-energy production 303
components of 303
definition 303
electrode material

anode material 308
cathode material 308–309

energy source 304–305
mechanism 306–308
merit of 303
proton exchange membrane 309
social relevance

biosensor 310–311
electricity generation 309–310
wastewater treatment 310

theory of 305–306
microbial lipids 511, 513–514, 517
microbial oils 513, 525
microbial processes

feedstock for 515–516
microbial remediation method 50

aerobic and anaerobic treatment
52–53

aerobic treatment 52
anaerobic effluent treatment 52

microbial treatment 50, 58
microbial-derived biosorbents 180
microbial-mediated destruction 49
microbubble 225

aerator 224–225
generators 225

microfibers and microplastics 398
microorganisms 3, 526

in fermentation 277
microplastics 96

primary 97
secondary 97
toxicity 98–99

micropollutant 157, 158, 233, 235

microprecipitation 173
microwave pre-treatment 164
milk fat globule membrane (MFGM)

558, 559, 562, 565
milk fat processing

buttermilk valorization 558–562
by-products 558
ghee residue valorization 563–564
value added products 558

mineralization 53, 101, 104, 105, 116,
130, 131, 158, 236

ministry of new and renewable energy
(MNRE) 450, 492

mixotrophic microalgae 157
MnO2/cellulose nanoparticles 336
molecular imprinting 180
mono-2-ethyl hexyl phthalate (MEHP)

98
mono-digestion 5, 428, 502
monoaromatic hydrocarbons 161
monooxygenase enzymes 353
monorden 254
mordant 52, 192
moving bed biofilm reactor 238
Mucor 194, 201
multi-layer packed-bed bioreactor 255
municipal solid waste (MSW) 7, 21, 38,

114, 266, 287, 379, 414, 415, 473,
491, 525, 527

municipal solid waste (MSW/urban
waste) 7

municipal waste 68, 157, 207, 226, 287,
315, 398, 474

Mycobacterium marinum 60
mycoremediation 77
mycorrhizae 68
mycotoxins 253
Mytilus edulis 98

n
NADH-ferredoxin oxidoreductase 245
NADPH-dependent acetyl Co-A reductase

104
nano additives for fuel 377
nanobiocomposites 387
nano-biopolymers 334–336
nano-bioremediation

soil remediation 336–338
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water disinfection and textile dye
degradation 334–336

water remediation 332–336
nanobiotechnology

agriculture, potable water and food
processing 385–388

automobile, aircraft, space travel 389
definition of 380
green technology 381
health, medicine, drug delivery and

pharmaceuticals 388–389
society and education 390
sustainable energy, building technology

389
in waste reduction and management

390–393
nanocarriers 386
nanoclays 386, 387
nanocomposites 238, 332, 334, 335, 338,

365, 386, 387, 391, 530
Nanocor 387
nanoemulsions 386–388
nanoencapsulation 347
nanofertilizers 376, 386
nanoherbicides 386
nanomanufacturing 381
nanomaterials, green synthesis of 362,

365, 391
nanoparticle-enzyme corona 353
nanoparticulate materials 42
nanopesticides 386
nano-photocatalyst 333, 335
nanoplastics 96–99
nanorobots 381, 388
nano scale zero valent iron (nZVI) 337,

338, 347, 391
nanosensors 333, 386–388
nano-sized ZnO 333
nanotags 391
nanotechnology 238, 332, 397

applications 41–43
nano zero-valent Iron (nZVI) 337, 338,

347, 391
naphthalene 177
National biofuel policy 445, 492–493
National Policy on Biofuels 2018 of India

491
native β-cyclodextrin 336, 351
natural extracts 529

natural weathering effects 99
negatively charged (anionic) metal

colorants 190
neonicotinoids 83
New Advances in the Integrated

Management of Food Processing
Waste in India and Europe
(NAMASTE-EU) 523

next generation sequencing (NGS) 502
N-fixers 119
nickel 67, 161, 178, 182, 183, 195, 198,

207, 209, 215, 321, 391, 500
Nicotiana tabacum 76–77
nicotinamide adenine di nucleotide 245,

286
nitrate-reducing bacteria 248
nitrogen-fixing bacteria 68
nitrogen-sulphur compounds 115
nitrogenase 244, 245, 285, 286, 448
nitrogenase enzyme 245, 285, 286
N-methylmorpholine-N-oxide (NMMO)

267
non-biodegradable wastes 33
non-covalent functionalization 346–347
non-phosphorylated dry baker’s yeast

179
non-recyclable wastes 33
non-stirred ponds 163, 164
non-toxic poultry feed 564
nonsteroidal anti-inflammatory drugs

(NSAIDs) 401
nonylphenol (NP) 232
nucleic acid 75, 343, 348, 352
nutraceuticals 387, 514
nutritive 115, 499, 525, 558, 563

o
obligate anaerobes 4, 286, 289
ocean photosynthesis 449
Ochratoxin A 254
ochrophyta 156
1,7-octadiene 350
oil mill waste (OMW) 222, 223
oil-degrading bacterium 105, 225
oleaginous bacterium 227
oleic acid 227, 345
oleylamine 345
olive mill wastewater treatment 222–224
omega-3 fatty acids 561
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one-variable-at-a time (OVAT) design
293

open lake reactors (OPR) 322
organic acids 20, 27, 75, 103, 146, 157,

208, 209, 213, 224, 244, 245, 248,
255–256, 286, 292, 293, 361, 422,
463, 464, 502, 513, 527

organic fraction of municipal solid waste
(OFMSW) 266, 287, 415, 525

organic loading rate (OLR) 5, 12–13,
163, 250, 431, 480, 500

organic matter 3, 4, 14, 38, 91, 114, 165,
166, 212, 222, 228, 233, 234, 237,
287, 297, 304, 305, 306, 307, 309,
310, 331, 424, 426, 432, 433, 451,
479, 498

organic pesticides 87, 177
organic pollutants 53, 58, 60, 75, 86, 89,

97, 155, 159, 176–177, 232, 333,
335, 344, 353, 391

organic pollutants removal 53, 75, 86,
89, 97, 155, 159, 177, 232, 333, 335,
344

organic soil amendments (OSA) 434
organic solid wastes (OSW) 27, 241
organic waste 19

bio-valorisation of 413–414
organo chlorine pesticides 83
organo phosphorous pesticides 83
organophosphorus compounds 190
Oreochromis mossambicus fish

metallothionein (MT) 178
Oscillatoria tenuis 54
oxalic acids 255
oxidoreductases 103, 275
oxyanions arsenate 399
oxytetracyclines 254
ozone layer depletion 124, 411

p
packaged fluid milk 557
packed bed biofilm reactor (PBBR) 198
packed bed reactor 195, 197–198, 327
packed-bed bioreactors 256
P. aeruginosa AT18 193
palladium nanoparticles 335
palm oil mill effluent (POME) 295
pasteurization 320, 434
Pb-specific metalloprotein “PbrD,” 353
pectin degradation 149
pectinase enzyme 40, 42

pectinases 40, 254
penicillin 254
Penicillium chrysogenum biomass 179
Penicillium rubens 78
Penicillium 78, 133, 147, 179, 194, 201,

208, 213, 498
Penicillium sp. 78, 213
Pycnoporus sanguineus SYBC-L1 229,

230
pentachlorophenol 83
pepper mild mottle virus (PMMoV)

225–226
peptide conjugated nanoparticles 352
perfluorinated compounds (PFCs) 398,

399
perfluoro octanoic acid 411
peroxidase enzymes 149, 354
personal care products (PCP) 397, 398
Pestalotiopsis spp. 62
pesticides 83

biomagnification and consequences
84

bioremediation 85–86
health effects 83
ill effects of biomagnification 84–85

petroleum biorefineries 447
petroleum hydrocarbons 224
petroleum tank wastewater 224
Peyronellaea prosopidis 53
Phanerochaete chrysosporium 52, 53,

116, 148, 270, 273
PHA production 26
pharmaceutical contaminants 398
PHB production 26

in fermentor 22
PHB synthase 104
phenolic compounds 60, 62, 177, 224,

275, 354, 355, 415, 496, 525, 550
Phlebia subserialis 273
Phormidium autumnale UTEX1580 54
phospholipids 510, 558–565
phosphorus 10, 57, 87, 155, 157–160, 162,

190, 222, 324, 355, 404, 448, 514
phosphorylated dry baker’s yeast cells

179
photo fermentation 165, 222, 236, 237,

285, 286, 292, 293
photo-bioreactors (PBR) 230, 322
photo-Fenton catalysts 233, 234
photo-fermentation 165, 236, 237, 285,

286, 292, 293
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photo-sequencing batch reactors (PSBR)
230, 231

photobiological reactors
algae-bacteria 230
anaerobic degradation of textile dye

bath effluent 228–229
anaerobic fermentation 232
anaerobic sludge blanket reactor 236
beer yeast 226–227
cyanobacteria 226
Eichhornia crassipes biomass 229–230
flow reactor 235–236
hybrid reactor 236–237
lipid-based biofuels 227–228
membrane bioreactors 237
micro-algae 226
microbubble aerator 224–225
nanotechnology 238
oil-degrading bacterium 225
olive mill wastewater treatment

222–224
pepper mild mottle virus (PMMoV)

225–226
petroleum tank wastewater 224
photo enhanced degradation of

contaminants 233
photo-sequencing batch reactors

(PSBR) 230–231
photosynthetic bacteria 231–232
pond reactors 233–235
sulphonamide-resistant bacteria (SRB)

231
photobioreactor culture system 164
photocatalysis 332–334, 375–376, 391
photofermentation 244, 245, 431
photoheterotrophs 157
photosynthetic bacteria (PSB) 166,

231–232, 244, 286, 448
photosystem 285, 326
Phragmites australis 59
phycoremediation 77
phytodegradation 75, 89, 406
phytoextraction 75, 77, 406
phytofiltration 406
phytomedicine 388
p-hydroxyphenyl 267, 274
phytoremediation 50, 75, 89

advantages 60
phytoaccmulation 406
phytodegradation 406
phytoextraction 406

phytofiltration 406
phytostabilization 406
phytovolatilization 406
plant mechanism 60
of various indigenous/wild plants 59

phytoscrubbing 406
phytostimulation 89
phytovolatilization 75, 406
pineapple processing waste 426
Plackett–Burman design 293, 294, 512
plant cell wall polysaccharide 143, 494
plant extracts 370, 382, 392, 547
plant growth factors 253, 386
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plastic biodegradation
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polyethylene terephthalate 101
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plastic bioremediation
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microorganisms 99, 100
zero waste strategy 106

plastic degradation 99, 106
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plastic pollution 95, 96, 106, 123
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microbial degradation of 130–131
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182, 221, 235, 310, 347, 354, 405,
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515, 524, 529
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polycyclic aromatic hydrocarbons (PAHs)
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polyol method 348
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polyphenols 224, 275, 415
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polysaccharides 19, 40–41, 58, 103, 143,

158, 191, 199, 224, 257, 267, 277,
287, 316, 334, 336, 362, 495, 546,
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polyurethane 126, 183, 254, 547
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magnetic nanoparticles 350

pond reactors 233–235, 238
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P. putida CZ1 bacterial cells 192
precision farming 386
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primary microplastics 97
printed circuit board (PCB) 208
probiotic drinks 561
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protein conjugated nanoparticles 352
protein nanoparticles 346, 347,
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Proteus 54
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Pseudomonas mendocina 101
Pseudomonas oleovorans 20
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Pseudomonas sp. AKS2 127
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P-solubilizers 119
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pyruvate-ferredoxin oxidoreductase 245,
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pyruvate ferredoxin oxidoreductase

enzyme 286
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quaternary ammonium salts 190
quinone-based compounds 57
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reactive dyes 190, 198–199
reactive oxygen species (ROS) 71, 274,

355
reactive red 4’ dye 351
reactive textile dyes 53
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Rhizopus oryzae 52, 133
Rhizopus 52, 133, 194, 196, 199, 201, 256,

257, 403, 498

Rhodococcus erthyropolis LSSE8-3 344
Rhodococcus erythropolis 224, 351
Rhodococcus jostii 224
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Rhodotorula mucilaginosa (MTCC-1403)

257
riboflavin 57, 257
rock phosphate (RP) 223
Rose Bengal dye 336
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RT-PCR 10
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258, 271, 403, 430
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53, 78, 194, 258, 271, 403, 430
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salt-based metal complexed dyes 190
salt-tolerant yeast strain Sterigmatomyces

halophilus SSA-1575 53
Sargassum filipendula 193
Sargassum muticum 193
scanning electron microscope (SEM)

374–375
Scenedesmus 157, 159, 161, 162, 165
Scheffersomyces stipitis 259
Schwanniomyces castellii 258
secondary microplastics 97
self assembled nanoemulsions 387
sensitive sensors 344
Sesbania cannabina Pers 59
Sesbania exaltata 256
sewage treatment sludge 266
short chain length poly hydroxyalkanoates

(SCL-PHA) 515
short chain volatile fatty acids 248
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silica 36, 41–43, 176, 183, 243, 321, 333,

350, 351, 353, 386
silicon dioxide (SiO2) 333, 337, 356
silver 214, 215, 238, 333, 336, 352, 373,

388, 392
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sodium alginate 183
sodium tetrachloropalladate (II) 352
soil 331

conservation 385
contamination 304
remediation 89, 332, 336–338, 352,

353
solar drying process 319
solid retention time (SRT) 230, 244, 246,

248, 250, 498
solid state fermenter (SSF)

aroma compounds 256–257
bio pigment production 257
bioactive products 253–254
biopesticides 256
enzymes 254–255
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solid waste (SW) 113
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solid waste management (SWM) 113,
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solid-liquid fat extraction 433, 434
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fraction 562
soluble salts 55, 57
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sonication 41, 164, 221, 295, 377
sono-electrochemical oxidation 433
sonolysis 433
Sophoro lipids 351
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226–227, 334, 391, 403
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16S rRNA 10, 105
16S rRNA sequencing 105
Staphylococcus aureus 75, 344, 498, 549
Staphylococcus saprophyticus 344
starch 334

based polymers 127
rich waste 40

starch waste
biodegradable plastics 25
bioenergy 25

Stenotrophomonas maltophilia 224
Sternum hirsutum 273
stirred ponds 163, 164
stoichiometric parameters 230
strain development 295
Streptococcaceae 22, 23
Streptomyces sp. 52, 144, 194, 270, 275
streptomycin 231
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substrates 291
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177, 256, 258, 270, 361, 421, 429,
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sulfur-deficient green algae 245
sulphate-reducing bacteria 248
sulphonamide-resistant bacteria (SRB)
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sulphonated polyether ether ketone.

(SPEEK) 309
sulphuric acid hydrolysis method 461
superparamagnetic oxides functionalized

nanoparticles 353
Surafactin 351
surface adsorption 75, 190, 348, 354
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Surface Plasmon Resonance (SPR) 343,
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surfactants 41, 132, 158, 177, 181, 232,
235, 343, 351, 429, 432, 512, 514

surfactin 254, 415
sustainable anaerobic biorefinery 476
sustainable bio-economy 440
sustainable biomethanation 4, 5, 8, 11
sustainable biorefinery approaches 423
sweet cream buttermilk (SCBM)

559–561
sweetened fermented milk coagulum
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symmetric and unsymmetrical metal

(Iron) complexed dyes 199
Synechococcus sp. PCC7942 54
synthetic dyes 49, 50, 52, 60, 199, 332
syntrophic acetate oxidation (SAO) 500
syringyl 267, 274
system temperature 288

t
Taguchi design 293
Talaromyces amestolkiae 179
tank leaching 209
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tetrachloroethylene (TCE) 331, 344
tetracyclines 174, 231, 254
tetramethylpyrazine (TMP) 246, 249,

257
tetraoctylammonium bromide 345
textile dye RR198 174
textile dye wastewater treatment 60, 61
thermal liquefaction (HTL) 325, 526
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288

Thermobifida cellulosilytica 105
Thermobifida fusca 101, 135, 147
thermo chemical 287, 317, 413, 423, 448,

523, 526
thermochemical refining processes 423
Thermomonospora sp. 270
thermoplastic starch (TPS) 127
thermoplastics 126, 529
thermosetting plastics 126
Thyonella gemmata 98
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titania/lignin hybrid material 40
titanium dioxide (TiO2) 333
Trametes versicolor 53, 62, 136, 183, 202,
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Trametes versicolor derived laccase 353
trans–membrane pressure (TMP) 246,

249
Transcription Activator like Effector

Nucleases (TALENs) 105
transesterification process 325–326
transmission electron microscope (TEM)

374–375
Trehalose lipids 351
triacylglycerols 510
trichloroethene (TCE) 331, 344
trichlorotriazine functionalized

polyethylene glycol 42
Trichoderma reesei 38, 144, 270
Trichoderma thiourea 52
Trichoderma viride 116, 194, 270
Trichoderma sp. 116, 118
Trifolium alexandrinum 77
trihalomethanes (THMs) 105, 399, 480
trioctylphosphine oxide 345
triphenylmethane dyes 52
triphenylphosphine 345
Tsukamurella tyrosinosolvens 224
two-phase extraction method 190
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ubiquitous heavy metal contamination

68–69
ultrasonication 295, 324, 389, 433
unavoidable food wastes 422, 425
undefined media 321
underground leaching 209
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united nations environment programme

(UNEP 2015) 460
United Nations Human Development

Report 155
untreated effluent 189
upflow anaerobic sludge blanket (UASB)

498
digester 13–14

upflow anaerobic sludge blanket reactor
(UASBR) 236

used vegetable oil (UVO) 509
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UV spectrophotometer 372, 373
UV stabilizers 98

v
valorization practices 424
valorized cooking oil 511
van der Waals forces 144, 238, 346
vegetable oils 509–514, 564
versatile peroxidases (VP) 148, 149, 276
virgin biomass 461
vitamins 166, 319, 321, 387, 514
volatile fatty acids (VFA) 6, 11, 12, 241,
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volatile organic compounds (VOCs) 86,
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w
waste 33

management technologies 33
reduction and management 113,
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waste activated sludge (WAS) 232
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waste biorefineries 441
waste cooking oil (WCO) 509

biotechnological treatment 511
chemical treatment 510–511
microbiological treatment 511
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waste effluents 174, 293
waste electronic and electrical equipment
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waste generation 3, 8, 63, 113, 379–381,

384, 422, 460–461
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waste water discharge 49
waste water treatment plants (WWTP)
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wastewater
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PHA production 26
PHB production 26

wastewater decolorization 53, 54

wastewater treatment 5, 52, 61, 155–166,
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402, 501
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biota 221
contamination 49, 304, 337, 399
disinfection and textile dye degradation
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water remediation 59, 332–336, 344,

348, 354, 356, 391
wet air oxidation (WAD) 221
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x
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xenobiotic compounds 62, 72,
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X ray diffraction technique 375
xylan degradation 146
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Xylitol 525

y
Yarrowta sp. 78
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z
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zeolite nanoparticles 351
zero waste biobutanol 458–459
zero waste concept 5, 446, 457
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zero waste management 446
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