
723

Index

a
accelerated solvent extraction (ASE) 662
acetone-butanol-ethanol (ABE)

fermentation 307, 308, 312
acetyl-CoA 313, 427
acid-based DES pretreatment 130
acid-catalysed transesterification 87
acid hydrolysis 143
acidified POME 246
acidophilic xylanases 208
acid value (AV) 676
acrylate epoxidized soybean oil (AESO)

590, 591, 598
activated carbon regeneration 552
active liquid organic fertilizer (ALOF) 608
acute oral toxicity test 411
Aedes aegypti mosquito 412
aerobic-membrane bioreactors (AerMBRs)

684
agricultural by-product, animal feed 640
agricultural waste 631
agro-industrial wastes 429, 433
agro-livestock waste 631
alcohol-based DES pretreatment 130
alcoholysis 88
algal turf scrubber (ATS) 711
alkaline deformylation process 128
alkaloid saponins 426
alkyl chain quaternary ammonium

surfactants 448
alkyldimethylbenzyl ammonium chloride

448
alkyltrimethylammonium chloride 448
alkyltrimethylammonium decanoate

catanionic systems 458
alkyl xylosides 213
aluminium trihydroxide (ATH) 569
America Composite Manufacture

Association (2014) 599

amide-based DES pretreatment 130
amino acids 391

animals feed 662–663
aqueous extraction 660–661
baked goods 662
dry methodologies 661
essential 653, 657
essential amino acids 657
food additives 663
glutamic acid 658
MAE 662
meat products 663
non-essential 653–657
non-protein 657
oil producing plants 658–659
primary metabolites 657
soybean meal, profile 639

amphipathic molecules 424
anabasine 402
anaerobic baffled reactor (ABR) 253
Anaerobic Digested POME (AD-POME)

618
anaerobic expanded granular sludge beds

(AnaEG) 683
anaerobic fluidized bed reactor (AFBR)

253, 682
anaerobic mainstream reactor (AMSR) 685
anaerobic-membrane bioreactors (AnMBR)

683, 684
anaerobic pond/lagoon 250
anaerobic sequencing batch (ASBR) 682
anaerobic sludge palm oil mill effluent

(AS-POME) 391
Anaerocellum thermophilum 227
anatabine 402
animal fat oil 268
animal feed 391

agricultural by-product 640–645
amino acids 662–663

Biorefinery of Oil Producing Plants for Value-Added Products, First Edition.
Edited by Suraini Abd-Aziz, Misri Gozan, Mohamad Faizal Ibrahim, and Lai-Yee Phang.
© 2022 WILEY-VCH GmbH. Published 2022 by WILEY-VCH GmbH.



724 Index

animal feed (contd.)
corn processing 634
oil palm fibre 633
production cost 631
rice bran 636
rice byproduct 635–637
soybean 638–639
soybean meal (SBM) 639–640
soybean oil 640

animal husbandry production 631
anionic surfactants 422, 448
anti-acne activity 528
anti-analgesic 493
anti-angiogenetic 493
anti-colitis 493
anti-diabetic activity, of VCO 112
antimicrobial activity

Nyamplung oil 84
VCO 112

anti-mutagenic 493
anti-nutritional factors 639
antioxidant activity of virgin coconut oil

111
antioxidant implications, Nyamplung oil

84
antioxidants 89, 106
anti-sickling 493
anti-smoke promotions 401
aqueous catanionic systems

phase behaviour 454–456
surface properties 456–458

artery disease, VCO effects 111
artificial cellulosome 228, 229
ascorbyl palmitate (AP) 90
ash addition, in POME pretreatment 246
ASTM standard, of castor oil 60
asymmetric catanionic surfactants 451
ATH/OPEFB-MDF 572
Attenuated Total Reflectance (ATR) method

569
α, ω-dicarboxylic acids (α,ω−DCAs) 515
azelaic acid (AA) 528

b
bacterial cellulase systems 232
bacterial surfactants 428
bacterial xylanolytic enzymes 205
Baeyer-Villiger monooxygenase (BVMO)

522
baked goods 662
BaP (benzo-a-pyrene) 401
base-catalysed transesterification 87
base catalysts, in transesterification 268

beta-etherases 190
beta-glucosidase 222
β-glucosidase 611
β-glucosidase enzyme 225
Bingham Plastic Model 480
binucleate textit (BNR) fungi 412
biobutanol 307

discovery 312
and gasoline 310
heating value 311
oil palm biomass 5
production

ABE fermentation 312
carbon source effect 316–317
Clostridium sp. 312–314
E. coli 315
Lactobacillus sp. 314–315
nitrogen source effect 315
oil palm biomass 317–320
pH effect 315–316
temperature effect 316

properties of 311
biochar

adsorption capacity 336
economic analysis 336–337
oil palm biomass 6
physical and chemical characteristics of

335–336
quality of 335

biochar production 325, 331
agricultural application 331–332
calorific values of 332
cost complications 337–338
economic analysis 336–337
energy purposes 332
environmental factors 338
environmental remediation 331
marketability and commercialization

issues 339
microwave heating 329–330
public acceptance 338–339
pyrolysis

conventional 329
mechanistic aspects 326–327
process parameters 327–329
safety consideration and environmental

impacts 334–335
safety considerations and environmental

impacts
application 333
oil palm biomass feedstock, handling

and storing 334
biocompost 7, 390



Index 725

biodiesel 85, 288
castor oil 61–66
empty fruit bunch 689–690
fatty acid profiles 267
J. curcas 676–679, 687
oil palm 676

bioeconomy and circular economy
biorefinery value chains 700–702
LCC 702–708
life cycle thinking 700
TEA 708–712

bioenergy 287, 387
bioethanol 287

bioconversion into fermentable sugar
169–171

domestic production 288
oil plant-derived lignocellulosic biomass

conversion 294–296
oil producing plant 299–300

biofuel generations, classification 287, 288
biogas generations, palm oil mill 5
biogas production 171
biogas purification 257
biohydrogen production

additives role 380
bacteria producing 371
hydraulic retention time effect 376–378
metabolic pathway 372
microbial cell immobilisation approach

378–380
operating conditions optimization

374–376
temperature effect 374–376

biological fouling 685
biological hydrolysis 142
biological pretreatment

advantages 162
enzymatic pretreatment 165–168
factors affecting 168

cultivation condition 168
incubation time 168
moisture content 168
pH and temperature 168–169

fungal pretreatment 164–165
value-added products 169–172

biolubricants 79
applications 89
castor oil 69–72
chemical modification of 89–91
manufacturing 86–88
Nyamplung seed oil 86–91

biomass 79, 345
agriculture

corn processing 634–635

crop production 632
Indonesian agroindustry 632
palm oil processing industry 632–634
rice by-product 635–637
soybeans 638–640

conversion 9
energy potential 345
energy source 346
hydrolysis 141, 156
recalcitrance 125
retention 256

biomass-derived DCAs 516
biomass pelletising process 6
biomass pellets 347

advantages 347
emissions tests 357
gasification 356
pilot plant scale production 353
processing equipment 359

chaff cutter 359, 360
cooler 363–364
cyclone dust collector 361–362
hammer mill machine 361
packaging machine/bagging scale 364
paddle mixer 362
pellet machine (pelletizer) 362–363

quality of 350
ash content 350–351
ash melting temperature 351
caloric value 352
dust content 352
heavy metals 353
length, diameter and bulk density

351–352
mechanical durability 352–353
moisture content 352
nitrogen, sulfur, and chlorine content

parameters 353
standards 351

bio-oil
nicotine-free fraction 410
tobacco plant 388

bioplastic production 389
bioplastics 544
biorefinery 387, 421

oil producing plant-derived waste 8
LDE application 191
technology 699
value chains 700–702

bioresins 390
applications of 595
castor oil 593
disadvantage 588
economics of 598



726 Index

bioresins (contd.)
linseed oil 593
palm oil 591–592
soybean oil 589–591
vegetable oils 593–595

biosurfactants 388
biosynthetic pathways 427
chemical surfactants 422
classification and chemical structure

424
definition 421
natural roles of 423–424
oil plant biomass 434–435
oil producing plant 425
plant oil-based

agro-industrial wastes 433
edible and non-edible oils 429, 430,

433, 444
fermentation system 438
medium formulation composition

434–438
optimization process 434

biovanillin 389
ferulic acid 502–504
OPEFB

one-step bioconversion 506–507
two-steps bioconversion 504–505

potential pathway 496
vanillic acid 503

bisphenol A (2,2-bis(4-hydroxyphenyl)
propane (BPA) resin 587

bisulfite pretreatment of OPEFB 126, 127
blaine specific surface area (BSS) 481
β-N-alkylaminopropionic acid 449
Box-Behnken experiment

design parameters and levels 269–270
brown rot fungi 164, 165
Buechner funnel 475
1-butyl-3-methylimidazolium chloride

([BMIM]Cl) 402
β-xylosidases 203, 204, 213

c
cadmium sulfide quantum dots 461
Calophyllum inophyllum 80
Calophyllum inophyllum L. 2
canophyllic acid 84, 85
canophyllol 84, 85
carbohydrate-binding modules (CBMs)

206
carbon neutral emissions 23
carbon to nitrogen (C/N) ratio 243
carboxylate surfactants 448

carboxymethyl cellulose (CMC) 223, 224
castor 387
castor bean plant cultivation and harvest

54
castor lant 2, 51
castor oil 54, 593

chemical composition 53
extraction 57
producers 52–53
products 60
products from castor plant 55
refining process 59
standardization 60

castor oil fatty acid methyl ester (COFAME)
390, 593

castor oil methyl ester (COME) 61, 64
castor plant

cultivation 51–54
taxonomy of 52

castor wax 60
catalase peroxide reductases 181
catalytic mechanisms 204
catanionic emulsions 461
catanionic gels 460–461
catanionic surfactants 450

drug delivery
catanionic emulsions 461
catanionic gels 460–461
catanionic vesicles 459–460

headgroups of 449
catechol 2,3-dioxygenase version 191
cation exchange capacity (CEC) 607
cationic surfactants 448
cellobiase 222
cellobiohydrolases (CBH) 222, 224
cellulases 4, 319

cellulolysis mechanism 223
enzymes 619
industrial strain for production 230
primary microbial producer 231–232
production

by bacterial cellulase systems 232–233
by fungal cellulase system 230–231

synergistic effect 226
cellulolytic aerobic bacteria 230
cellulolytic anaerobes 230
cellulose 141

degree of polymerization 141
dissolution in ZnCl2/formic acid-based

ionic solution 147
enzymatic hydrolysis 299
softener interactions 479

cellulosomes 226



Index 727

cement grinding aid (CGA) 480
Central Composite Design (CCD) 554
cetane number (CN) 676
Chaetonium thermophile 232
chemical hydrolysis 142
chemical modification of biolubricants

antioxidants 89–90
corrosion inhibitors 90–91
detergent and dispersant additives 90
extreme pressure and anti-wear additives

91
nanoparticles 90
pour point depressants 91
viscosity modifiers 90

chemical oxygen demand (COD) 618
chemical refining process of coconut oil

102
chemical surfactants 421, 422
chemo-enzymatic epoxidation reaction

589
cigarettes 399, 401, 413
circular economy 429
city level analysis 713
clogging filters 251
Clostridium spp. 312, 371, 372, 378
Clostridium thermocellum 226
coagulation-flocculation (CF) process 248
coal dust suppressant (CDS) 481
coconut 387

fruit 3, 108–111
meat 115
water 110

coconut oil
chemical refining process 102–103
cooking oil 113–114
dry extraction process 100
fuel 112–113
physical refining process 103
physicochemical and chemical

compositions 105–108
wet extraction process 103

coconut plantation in Indonesia
problems 115–116
productivity 114–115

coconut testa oil (CTO) 102
coconut tree

oil extraction process 100–105
origin 99
plantations 99

Cocos nucifera 99
co-digestion as POME pretreatment 250
coffee berry borer (CBB) 412, 413
cold-active β-xylosidase 206

cold-active xylanases 205, 206
cold extraction (CE) method, of VCO 103
cold filter plug point (CFPP) 676
consolidated bioprocessing (CBP) 172
continuously stirred tank (CSTR) 682
copra 110
copra oil (CO) extraction 102
CO2 removal 257
corn processing 634
corrosion inhibitors 90
cosmetics and toiletries industry 479
CotA protein 187
country level analysis 714
CPO 632
critical aggregation concentration (CAC)

456
critical micelle concentration (CMC) 422,

456
crude coconut oil (CCO) 113
crude glycerol 474
crude J. curcas oil (CJCO) 392
crude palm kernel oil (CPKO) 632
crude palm oil (CPO) 391, 608, 632, 633
C. thermocellum 227
cytochrome P450 monooxygenase (CYP450)

522

d
dark fermentation, biohydrogen

bacteria 371
E. aerogenes 373
up-flow anaerobic blanket 376

decanedioic acid (DDA) 515, 516
decolorizing peroxide reductase 181
deep eutectic solvents (DES) 129
defatted tomato seed meal (DTSM) 663
degumming process 102
deinking 612
densification process 347
deodorisation process 103
de-oiling process 248
deoxycholic acid 457
designer cellulosomes 229
DES pretreatment 131
detergent and dispersant additives (DDA)

90
detoxification procedures 552
1,4-D-glucan-4-glucanohydrolase 223
1,4-D-glucan glucohydrolase 224
D-glucoside glucohydrolase 225
diacids 515
diacylglycerol acyltransferase (DGAT)

656
diacylglycerols (DAG) 656



728 Index

dicarboxylic acids (DCAs) 389, 515
adipic acid 527
azelaic acid (AA) 528–531
BVMO 524
catalytic process for 523, 526
long-chain 534–537
manufacturing process 523
mechanism 522
medium-chain 515
omega-oxidation pathway 523
phenol and cresol pathways 516
pimelic acid 527–528
plasticizers 515
sebacic acid 531–534
short-chain 526–527
suberic acid 528

diethylene glycol (DEG) 568
digestion extraction/ kinetic maceration

402
diglycidyl ether of bisphenol A (DGEBA)

591
dilute acid and microwave-assisted alkali

pretreatment 133
dilute acid hydrolysis 143
2,5-dimercapto-1,3,4-thiadiazole (DMTD)

91
dinitrosalicylic acid (DNS) assay 226
3,5-dinitrosalicylic acid (DNS) method 150
diphenyl phosphate chloride (DPPC) 590
dissolution efficiency, of biomass 149
dissolved air flotation (DAF) process 249
dodecyltrimethylammonium decanoate

catanionic system 455
dodecyltrimethylammonium dodecanoate

458
double-chain catanionic surfactants 451
dry palm waste 608
Dutch bio-based economy 716
dye-decolourising peroxidases (DyPs) 185

e
economic analysis of biochar production

336
economic impact 392
economic value and environmental impact

(EVEI) methodology 712
edible oil 654
edible oil plants 290
Elaeis guineensis 1
emissions tests 357
emollient 479
endocarp layer of coconut fruit 100, 109
endo-cellulase 222
endoglucanases 223

endo-type enzymes 223
Enterobacter sp. 373
enzymatic degradation of OPEFB 622
enzymatic delignification activities

beta-etherases 189–190
biphenyl binding enzyme cleavage

systems 190
enzyme O-demethylation networks 190
general oxidative activity 190–191

enzymatic extraction of castor oil 57
enzymatic hydrolysis 125, 155, 552

lignocellulosic biomass pretreatment
296

OPEFB 126
enzymatic pretreatment 221

lignocellulosic biomass 165
POME process 250

enzymatic process, VCO extraction 105
enzyme assisted extraction (EAE) 661
enzyme O-demethylation networks 190
epicarp layer of coconut fruit 100
epoxidation 588
epoxidation mechanism 589
epoxidation process of biolubricant

production 87
epoxidized linseed oil (ELO) 593
epoxidized palm oil (EPO) 390, 591
epoxidized soybean oil (ESO) 589, 598, 599
epoxy resins 587
Escherichia coli 315
essential amino acid 653
ethanolic heat reflux extraction (EHRE)

method 402, 404, 405
ethoxylated surfactants 449
ethylene-vinyl acetate (EVA) 90
European Union Renewable Energy

Directive (EU RED) 17
exocellobiohydrolase 225
exo-cellulase 222
exoglucanases 223, 225, 611
expanded granular sludge beds (EGSB) 682
external cross-flow type reactor 684
extracellular polymeric substances (EPSs)

685

f
fast pyrolysis process 327
fatty acid alkyl ester 446
fatty acid compositions 53, 265, 676
fatty acid constitution of Nyamplung fruit

82
fatty acid methyl ester (FAME) 269

production mechanism 268
residual plot 269, 271



Index 729

fatty acid products 656
fatty acids 447, 546
fatty acids composition 107
fermentable sugars 288, 292, 299

microbial fermentation 297
yield related to oil plant biomass 298

fermentation process 179
fermentation system 438
fermentative hydrogen production 383
fertiliser application 33–35
ferulic acid 502–504
fiberboard 563
fire resist medium-density fiberboard 569
first-generation biofuels 287
flashpoint (FP) 676
flash pyrolysis 327
flax oil 595
fluidized bed reactor 253
food additives 449, 663
Food and Agriculture Organization (FAO)

656
food and beverage industry 478
food industry by-products 631
food supply 656
formic acid 145
formalin-pretreated OPEFB 128
fossil fuel 307
fourth generation biofuels 287
free fatty acids (FFA) 593
freeze drying of catanionic microemulsion

461
fresh fruit bunches (FFB) 632
friedelin 84, 85
front end engineering design (FEED) 705
fuel energy 656
fuel pellets

cooling and packing 349–350
drying and weighing 348–349
energy and proximate analysis

347–348
flow process 347
mixing 349
pelletizing 350
size reduction and screening 348

fungal cellulase system 230
fungal laccases 188
fungal pretreatment of lignocellulosic

biomass 164
fungal xylanolytic enzymes 207

g
gas chromatography/mass spectroscopy

(GC/MS) analysis techniques 399
gasification 356

gas-liquid-solid (GLS) separator 685
gas stripping technique 319
genetic engineering strategies 54
genome-scale metabolic model (GSMM)

523
GH10 xylanases 203
GH11 xylanases 203
Gibbs adsorption isotherm 457
global energy consumption by

transportation vehicles 80
glucans 200
glucomannans 200
glucose 6-phosphate 427
glutamate dehydrogenase (GDH) 659
glutamic acid (Glut) 658
glutamine synthetase (GS)/glutamate

synthase (GOGAT) pathway 657
glutathione-dependent lignin-degrading

enzyme 189
Glut extraction technology 659
glycerol 389

cement grinding aid (CGA) 480
chemical formula 469
coal dust suppressant (CDS) 481
cosmetics and toiletries industry 479
food and beverage industry 478–479
functions 469
industrial products 481–486
new glycerol platform 486–487
paper, printing industry and textile

479–480
pharmaceutical industry 479
physical properties of 470
purification of

hydrolysis of triglycerides 472–474
transesterification process 474–477

synthesis of 469–472
synthetic-based mud (SBM) 480
in water-based mud (WBM) 480

glycerol-3-phosphate acyltransferase (GPAT)
656

glycolipids 425, 427
glycosyl hydrolases catalytic mechanisms of

204
Good Agricultural Practices (GAP) 22
granular activated carbon (GAC), in

biohydrogen production 378, 380
Guerbet alcohols 598

h
hand liquid soap 479
health benefits of virgin coconut oil 111
hemicellulases 227
hemicellulolytic enzymes 200



730 Index

hemicellulose degradation, enzymes for 4
hemicellulolytic enzymes 200–201
xylanolytic enzymes 201–204

hemicelluloses 294
hemp oil 595
heptanedioic acid 527
heterogeneous catalysts, for COME

production 66
heterosynergy of xylanolytic enzymes 210
hexadecyltrimethylammonium

octylsulfonate 456
higher heating value (HHV) 676
high molecular-mass biosurfactants 425
high oleic soybean oil (HOSO) 598
holocellulose 294
homeosynergy of xylanolytic enzymes 210
hot-compressed water treatment 128
hot extraction (HE) method of VCO 103
H2-producing granules (HPGs) 377, 378
12HSA 73
human inedible feed biomass 631
hybrid membrane bioreactors (HypMBR)

684
hydraulic retention time (HRT) 255, 682
hydrogenated castor oil (HCO) 60
hydrolysis products purification 151

ion exclusion chromatography 153–155
liquid-liquid extraction 151
membrane filtration 153
reactive distillation 151–152

hydrophilic component 427
hydrophilic group 422
hydrophobic moieties of biosurfactants 424
hydrothermal pretreatment, of OPEFB 128
hydroxyethyl cellulose (HEC) 224
hydroxylation 534

i
imidazolium-based ionic liquids 144
Indonesian agroindustry 632
Indonesian Sustainable Palm Oil (ISPO)

Certification Scheme 2, 24
industrial feedstocks 656
inophynone 84, 85
in situ peracid method 88
integrated energy plantation 686
internal rate of return (IRR) 691
International Energy Agency (IEA) 708
International Sustainability & Carbon

Certification 21
iodine value (IV) 676
ion exclusion chromatography 153
ionic liquid hydrolysis 144
ionic solution hydrolysis 155

feedstock analysis and dissolution
efficiency 147–149

sugar yields from 150–151
ionic solution hydrolysis method 145
ionic surfactants 422
iron (II) oxide NPs, biohydrogen yield 381
isoelectric crystallisation and ion exchange

(IEIE) process 659
ISPO Certification Scheme 21

j
Jatropha 2, 387

biodiesel 5
cutting management 35
fertilizer application 33–35
insect, disease and pest control 37–40
KUBP 78-9 and KUBP 202 varieties 30
performance affecting parameters

first flowering days 40–41
harvesting 43–45
rainfall 41–43
seed yield 45–46

plantation layout 31–33
plant spacing 31
weed control 35–36

Jatropha biodiesel
acid value 282
changes during long term storage 278
iodine value 280
oxidation stability 273, 274, 277, 278
properties 272, 273, 278
standard 273
transesterification 266, 268, 269
viscosity 281

Jatropha curcas
biodiesel 676–679
economic aspects 687–689

Jatropha oil, fatty acid 268
Jatropha plant

number of plant per cultivation area 42
performance affecting parameters 38
plant height and canopy width 38–40

k
Kennedy pathway 656
kinematic viscosity (KV) 676
Kirby-Bauer test 414
Kolliphor EL 72
kraft lignin 180
KUBP 78-9 202

Jatropha variety
canopy width 41
morphology of 39
plant height 39

seed weight 46



Index 731

l
laccases 165, 181, 186
Lactobacillus sp. 314
Landbouw Economisch Instituut Trade

Analysis Project (LEITAP) 716
large-scale bioplastic production 548
lauric acid 106
levelized cost calculation of energy (LCOE)

710
life cycle assessment (LCA) 700
life cycle-based instruments 700
life cycle cost (LCC) 392

approach 395
bioeconomy and circular economy

702–708
economic costs assessment 700
economic impact boundary 718
Indigofera biomass 716
rural-urban contexts 712–713

lignicellulosic biomass-degrading
microorganisms 614

lignin 180, 296
ligninases 165
lignin-degrading enzymes (LDE) 4, 180,

194
dye-decolourising peroxidases 185
laccases 186–189
lignin peroxidases 181–183
manganese peroxidases 181–185
versatile peroxidases 181, 185

ligninolytic enzymes 187, 621
lignin peroxidases (LiPs) 165, 181
lignocellulose-rich byproducts 551
lignocellulosic biomass 500, 501, 556, 610

biological pretreatment 4, 161
compositions 141, 162
degradation 165
ionic liquid pretreatment 3
oil meals/cakes derived from oilseed

291–292
physical and chemical pretreatment 3,

126
pretreatment and enzymatic hydrolysis

296–299
lignocellulosic fractionation 552
lignocellulosic wastes 429
lignosulfonates 180
linoleic acid content 82, 637
linseed oil 593
lipase-catalyzed hydrolysis 534
lipogenic pathways 427
lipopeptides 426
liquid hot water pretreatment 680
liquid-liquid extraction 151

livestock waste 631
long-chain DCA 534
long-chain dicarboxylic acid (LCDA) 515
long-chain saturated factor (LCSF) 676
low molecular-mass biosurfactants 424
lysophosphatidic acid acyltransferase

(LPAAT) 656

m
Malaysian Bioeconomy Contribution Index

(BCI) 711
Malaysian Sustainable Palm Oil (MSPO) 2,

24
Malaysia palm oil industry 445, 499
malonyl-CoA 427
manganese peroxidases (MnPs) 181, 183
mannans 200
matter organic non-glycerol (MONG) 472,

474
Maurice Lemoigne 544
meat and milk consumption 631
mechanical shaker (MSE) 402
medium-chain DCA 515
medium-density fiberboard (MDF) 390,

563, 564
medium formulation for biosurfactant 434,

438
membrane bioreactor (MBR) 686
Membrane filtration 153, 155
mesocarp fibre (MF) 608
mesocarp layer, of coconut fruit 100, 109
metal oxide nanoparticles 381
methane 241, 242, 246, 249, 250, 253–255,

257
methanogenesis process 242
methylation 446
methyl ester sulfonates 448
methyl ethyl ketone peroxide (MEKP)

594
microbial cell immobilisation approach

378
microbial oil 268
microbial pretreatment 221
microbial surfactants 422
microorganisms 544
microwave-assisted extraction (MAE) 57,

661
microwave heating method 329
microwave-pretreated POME 250
mineral composition of coconut water 110
mineral oil 79
minicellulosomes 230
mixed culture 380

anaerobic 371
mesophilic 376



732 Index

mixed culture (contd.)
self-granulated 383
thermophilic 378

modulus of rupture (MOR) 573
molar mass of biosurfactants 424
mono diacylglycerol (MDAG) 481
monosodium glutamate 663
monounsaturated fatty acids (MUFA) 111,

676
Mordor Intelligence (2020) 598
MSPO Certification Scheme 23
Murine fibroblast (L20B) cell line 413
mycolic acids 426
myristic acid 106

n
NADPH-cytochrome P450 oxidoreductase

(NCP) 522
nanoparticles 90
natural biosurfactants 425
natural fermentation, of VCO 104
natural moisturising factor (NMF) 469, 479
natural surfactants 448
natural vanillin 494
neat catanionic surfactants

thermal phase transitions 451–453
thermal stability 450–451

net energy (NE) 634
net present value (NPV) 691, 705, 708
neutralisation process 102
nickel oxide NPs, biohydrogen yield 381
Nicotiana rustica tobacco seeds 399
Nicotiana tabacum 401, 413
nicotine alkaloid compounds 401
nicotine composition 402
nicotine compounds 401
nicotine structure 401
Nitrile Process 447
non-edible oil 654

edible oil 29
vegetable oils 80

non-essential amino acid 653, 657
non-ionic surfactants 422, 449
non-protein amino acids 657
non-selective extraction of amino acids 661
non-starch polysaccharides (NSP) 639
non-sulfur lignin 181
non-tobacco related material (NTRM) 401
nornicotine 402
Nyamplung 2, 80, 387

seed oil
applications 83–86
biodiesel 86
characteristics 81–86

cosmetic ingredient 84
extraction 82–83
mechanical extraction 83
medicinal purposes 84
solvent/chemical 83

nylon 10 synthesis 516

o
octadecanedioic acid (ODDA) 535
oil base mud (OBM) 480, 481
oil fractions 445
oil meals/cakes

composition 292
derived from oilseed 291–292

oil palm biomass 308, 633
oil palm empty fruit bunch (OPEFB) 125,

308, 389, 390, 392, 548, 608, 611
AD-POME 618
biobutanol production 317
biocompost production 607
bioethanol 679–682, 689
biological pretreatment of

Aspergillus tubingensis TSIP9 170
Pleurotus floridanus LIPIMC996 170
Schizophyllum commune ENN1 170

characteristics 310
compost production 607
DES pretreatment process 129–130
formalin pretreatment 128
hydrothermal pretreatment 128–129
lignin 500
one-step bioconversion 506–507
palm oil industry 499
pretreatment 500–501
solid-state fermentation 617
two-steps bioconversion 504–506
value-added 309

oil palm frond (OPF) 608, 610, 611
oil palm lignocellulose degradation

biomass and enzyme potential 611–612
cellulose, hemicellulose, lignin, and ash

610
microbial diversity 612–616
SSF 616–617

oil palm plantations
cost 688
deforestation problem 18, 19
environmental issues 18–19
socio-economic issues 19–20

oil palm tree 1
oil palm trunk (OPT) 608, 611
oil producing plants 1

amino acids 391
animal feed 391



Index 733

bioenergy 387
bioethanol production 299
biorefinery 387
biosurfactants 388
castor 387
circular economy 394
coconut 387
definition 387
diacids 389
jatropha 387
nyamplung 387
palm oil 387
pretreatment 387

oilseeds 291, 654
oleic acid 528
oleochemicals 445
olive oil industry 553
Omega-3 short-chain 654
one-factor-at-a-time (OFAT) 434
OPEFB-MDF system 575
Open Raceway Ponds (ORP) 711
organic loading rate (OLR) 255, 682
oriented enzyme immobilisation 548
oxidation stability (OS) 676
oxidative cleavage 523
ozonated POME 250
ozonolysis 536

p
P-AESO/trimethylolpropane-tri acrylate

(TMPTA) 590
palm-based oleochemicals 445
palm catanionic surfactant 388
palmitic acid content 82
palm kernel oil 446
palm kernel oil-based polyol (PKO-P) 567
palm kernel processing 632
palm kernel shell (PKS) 608
palm oil 387, 446, 591

certification schemes 14
production and consumption 14–17
sustainability considerations 17–20

palm oil mill effluent (POME) 241, 369,
371, 390, 392, 548, 553, 608

anaerobic digestion
biogas production 252
process 242

biogas
anaerobic digestion system 682
anaerobic membrane 684–685
bioreactor configuration 682
economic aspects 691, 692
enhanced thermophilic 686
granular sludge bed 683

integrated energy system 686–687
natural gas grid injection 687
UASB-HCPB reactor 685–686
ultrasonic membrane 686
zero discharge 687

biohydrogen 6
characterization 243
chemical composition 245
enzymatic pretreatment process 250
microelements composition 247
operating conditions 253

acclimation 256
hydraulic retention time 255
mixing 256
organic loading rate 254–255
pH and alkalinity 254
substrate characterization 253–254
temperature 255–256

physical and chemical properties 244
pretreatment 243
sedimentation 249–250
thermal pretreatment 249
toxicants 248

palm oil processing 293
palm oil wastes generation 499
paper and printing industry 479
papermaking 480
payback period (PBP) 691
peatlands 18
PEG 40 hydrogenated castor oil 73
pelletizing process 349, 350
petrochemical 448
petrochemical-based linear alkyl benzene

sulphonate 448
Phanerochaete chrysosporium for biological

pretreatment 170
pharmaceutical industry 479
pharmaceutical solvent from castor oil 72
phase I biorefinery 7
phase II biorefinery 7
phase III biorefinery 7
pH-dependence, laccase production 188
Phlebia floridensis 167
phospholipid diacylglycerol acyltransferase

(PDAT) 656
phosphoric acid 475
phosphorous-containing acrylated

epoxidised soybean oil-based
(P-AESO) 589, 590

physical and chemical pretreatment
combinations 133–135
comparison 130–133

physical refining process, of coconut oil
103
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pilot plant scale biomass pellet production
353

pimelic acid 527
plant-based surfactants 421
plant by-products (PBP) 631
plant oil based polyurethane 390, 563
plasticisers based on castor oil 67
P2 medium 319, 320
polycyclic aromatic hydrocarbon (PAHs), in

biochar 333
polyhydric alcohol 469
polyhydroxyalkanoate (PHA) 486, 544

biosynthesis pathways
classes 547–548
fatty acids 546–547
R-3-hydroxyacyl-CoA precursors 547

disadvantages 555
lignocellulose-rich byproducts 551–552
liquid wastes of palm oil mill industry

552–553
microorganisms 544–545
oily wastes 553–555
plant oils 548–551
production 389
shake flask experiments 556

polyhydroxybutyrate (PHB) 544
polymeric diphenylmethane diisocyanate

(pMDI) 563
polymers 67
polyolysis 86
polyunsaturated fatty acid (PUFA) 111, 676
polyurethane

fire resist medium-density fiberboard
569–580

medium-density fiberboard (MDF)
564–567

PKO-P 567–569
plant oil based polyurethane 563–564

potentially toxic elements (PTEs), in biochar
333

pour point depressants (PPDs) 91
pre-carbonization process 327
pre-polymer PU (pPU) 569
pressurized liquid extraction (PLE) 661
Prileshjev reaction 588
prohydrolase 191
propenoic chain degradation 502
protein, energy, malnutrition (PEM) 656
protein feed ingredients 632
proximate biomass analysis 348
pseudo-zwitterionic amphiphiles 449
pyridine alkaloids 402
pyrolysis

biochar production

mechanistic aspects 326–327
process parameters 327–329

conventional biochar production 329
safety consideration and environmental

impacts 334

q
quality of biomass pellets 350

r
rapeseed oil transesterification 87
rapid pyrolysis 327
raw palm oil mill effluent (POME) 370
reactive distillation process 151
refined, bleached and deodorised (RBD) 3,

102, 103
refining process of castor oil 59
regression coefficients 272
renewable fuel resources 79
renewable resources 548
resin 587
retention factor (Rf) 405
return on invested capital (ROIC), of

plantation companies 21
Rhabdomyosarcoma (RD) tumour cell line

413
rhamnolipids 424, 425, 428
rice by-product

animal feed and pet food 635
rice bran 636
rice bran oil 636–637
rice polish 636

ricinoleic acid 54, 522, 533
ricinolein 2
Ricinus communis impala (RCI) 51, 52
Ricinus communis L. 2, 51

carmencita 52
cultivation and harvest 54

Ricinus communis zanzibariensis (RCZ)
51, 52

Roundtable on Sustainable Palm Oil (RSPO)
certification 20, 21

rural level analysis 712, 713

s
saccharification 318
saccharification and fermentation (SSF)

680
saponification process 470
saponins 425, 426
saturated fatty acids 447
scanning electron microscopy (SEM) 402,

404, 578
S. coelicolor laccases 188
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sebacic acid 531
second-generation biofuels 287
seed oil 654
self-aggregation of surfactants 456
self-pollination 494
Shore D hardness index 572
short-chain DCAs 526
shotgun analysis of AD-POME 618
Simulated-moving-bed (SMB) 153
sludge palm oil (SPO) 553
slurry-spraying granulation processes 660
smoking pipes 399
soft rot fungi 164
solid acid catalysts 144
solid-state fermentation (SSF) 164, 390,

438, 607, 616
solvent extraction of castor oil 57
sonication membrane bioreactors (SonMBR)

684
sophorolipid production 429
sophorolipids 426
sorbitan 449
soybean

oil 589, 640–642
processes soybean 638–639
SBM 639–640

soybean meal (SBM) 639, 640
Sporotrichum thermophile 232
16S rRNA metagenomics sequencing,

AD-POME 618
standardization of castor oil 60
state or province level analysis 713, 714
statistical thermodynamic theory 452
structural saponins 426
suberic acid 528
submerged fermentation (SmF) 438
submerged membranes 684
succinic acid 526
sulfate headgroup 457
sulfonate catanionic surfactants 453
sunflower oil 654
surfactant-producing microorganisms 423
surfactants

amphiphilic behaviour of 447
anionic 448
catanionic 449–450, 458
cationic 448
definition 447
global demand for 447
neat catanionic surfactants 450–453
nonionic 449
petrochemical 448
zwitterionic 449

suspended solids (SS) 686

sustainability of palm oil industry 20
symmetric catanionic surfactants 450, 451
synthetic-based mud (SBM) 480
synthetic gas (syngas) 356
synthetic surfactants 448
synthetic vanillin 496

t
techno-economic assessments (TEA) 708
techno-economic method 699
Technology Readiness Levels (TRLs) 710
tetradecanedioic acid (TDDA) 535
tetrahydrofuran (THF) 568
thermal pretreatment 686
Thermoanaerobacterium sp. 373
Thermoascus aurantiacus 232
Thermomonospora curtava 232
thermophilic anaerobic filters 251
thermophilic-mesophilic (MBR) membrane

bioreactors 684
thermophilic vs. mesophilic bacteria 371
thin-layer chromatography (TLC) 404
third-generation biofuels 287
thymoquinone 662
tobacco

bio-oil composition and toxicity 408–411
bio-oil production methods 402–408
biopesticides

bio-oil from pyrolysis extraction
412–413

bio-oil from solvent extraction
411–412

chemical content 401
classification 399
consumption 399
medical purpose 413–414
nicotine 402
plant 388, 399–400

tobacco crude extract (TCE) 413
tobacco-specific nitrosamine (TSNA) 401
tocopherols in vegetable oils 640
Total Digestible Nutrients (TDN) 634
transesterification 64, 87

biodiesel production 266
biolubricant production 87
castor oil 63
process 474
reaction 446

transxylosylation 205, 208, 213
trehalolipids 426
trehalose lipids 426
triacylglycerol (TAG) 446, 656
Tributyl phosphate (TBP) 151
tri-chain catanionic systems 455, 457
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tridecanedioic 536
triglyceride molecular structure 266
triglyceride molecule 470
triglycerides hydrolysis process 473
triglyceride transesterification process 470
triterpenoid saponins 426
two-stage crystallisation technology (TSC)

660
two-stage mesophilic biohydrogen anaerobic

sequencing batch reactor 375
two-stage thermophilic biohydrogen

anaerobic sequencing batch reactor
375

TYA medium, nutrient compositions for
319, 320

u
UF-based resins 565
Ultra-Performance Liquid Chromatography

(UPLC) 405
ultrasound-assisted extraction (UAE) 661
ultrasound-assisted methods of castor oil

extraction 57
unconventional oils 429
unsaturated vegetable oil 588
up-flow anaerobic blanket (UASB) 376,

377
up-flow anaerobic filtration (UAF) 682
upflow anaerobic sludge blanket (UASB)

253, 682
up-flow anaerobic sludge blanket-hollow

centred packed bed (UASB-HCPB)
reactor 683, 685

upflow anaerobic sludge fixed-film (UASFF)
reactors 682

upstream anaerobic filter (UAF) 251
urea-formaldehyde foam insulation (UFFI)

566

v
Vanilla planifolia 494
vanillic acid 503
vanillin

biovanillin 496–499
characteristics of 494
chemical structure of 494
ferulic acid 502
multiple assay systems 493

natural vanillin 494–495
synthetic vanillin 496

vegetable feed ingredients 632
vegetable oils 1, 266, 289, 429, 543, 593
Verdezyne process technology 527
versatile peroxidases (VPs) 181, 185
vinyl ester 594, 595
virgin coconut oil (VCO) 3, 103, 106

anti-diabetic activity 112
antimicrobial activity 112
antioxidant activity 111
cold extraction method 103–104
effects on artery disease 111
extraction process 105
fermentation process 104–105
hot extraction method 103

Virginia tobacco 402
viscosity modifiers 90

w
waste cooking oil (WCO) 555
water-based mud (WBM) 480
water-soluble substrates 427
wet extraction process of coconut oil 103
white-rot fungi 164, 165, 167, 169
whole-cell biocatalysts 233
wood pulping 181
world palm oil production 14, 15

x
xylanases 200, 213
xylanolytic enzymes 212, 213

biorefinery applications 209–213
biotransformation 212–213
classification 201–204
pulp and paper industry 211–212
sources and properties 205–208

xylans 200, 202
xylose 208

y
yeast 680

z
zero discharge POME treatment technology

687
zwitterionic surfactants 449


