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Index

a
AAS (atomic absorption spectroscopy) 467
abraison 56, 71, 101

– transfer 148f.
acceptors 50
account manager 324
accredited ingredients 320
acetaminophen 274ff.

– group assignment 275
acicular, see needle-like
acid value 356
acidid treatment 407
acoustic spectroscopy 106, 108
active agents 63
active ingredients (AI) 63, 66, 69, 83, 85, 272,

280f., 289f.
– compound 290
– pesticide 290

activity coefficient
– liquid phase 269ff.

additves 3, 53ff.
adhesion 149

– energy 176
– strength 172f., 178
– tension 161

ADI (acceptable daily intake) 456
adjuvants 320
adsorption processes 109, 144
AE-PAD (anion-exchange pulsed amperometric

detection) 613
aerosil process, see flame hydrolysis process
aerosol 97
AFM (atomic force microscope) 29, 109
agglomeration 10, 25, 51, 95, 97, 99, 101,122f.,

147ff.
– dry 193

kinetics 147, 172f., 177
– process 123ff.

aggregation 376
agriculture products 148
agrochemical industry 153, 291

agrochemical liquid formulations 684
– EC 664, 667, 669f., 673, 675
– SC 664, 669, 671, 673, 675, 681
– SE 664, 669, 671, 673, 675, 681
– SL 664, 669

agrochemical product 661
– adjuvants 680
– application and use 668, 679
– biological performance 666
– components 664f.
– country-specific application techniques

663
– country-specific crop varieties 663
– country-specific registrations 663f.
– crop protection 663
– degradation behavior 678
– ecotoxicology 678
– efficacy requirements 663, 667, 677ff.
– environmental impacts 666, 677
– flammability 675
– formulations 661, 664, 667, 672, 681
– future requirements 665, 681
– infestation 667
– inner fluorine-treated container 675
– manufacturing technologies 661, 672ff.
– metabolism research 678
– performance 664
– physical properties 665
– plant-protection products 661
– protection of user and applicator 669
– quality requirements 663f.
– registration requirements 661, 663,

678f.
– stability 665
– storage 661, 665, 674
– toxicological considerations 671, 675,

678
agrochemical solid formulations 684

– GR 664, 673f.
– WG 664, 670, 673f., 681
– WP 664, 667ff.
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alkyl ethylene oxides 65
alumina 175
amorphous state 98
amphiphilic molecules 350, 368, 376, 379
amylase 445
amyloglucosidase 445
amylopectin 397ff.

– properties 398
amyloplast 408
amylose 397ff.

– properties 398
anisotropic 376
antifouling paint 291
antioxidant 539, 541, 556

– BHA (butylated hydroxyanisol) 556
– BHT (butylated hydroxytoluene) 556
– EMQ (ethoxyquin) 556, 560

aqueous solution 23f.
aroma retention 138
Arrhenius law 524
ASA (acetylsalicylic acid), see Aspirin
aspect ratio 52
Aspirin

– dosage range 571
– examples 573ff.
– formulation development phases 571ff.
– formulation technology 569ff.
– milestones 573
– performance dimensions 570
– pharmacokinetic properties 570
– physiochemical properties 570
– powder 574
– product design 573ff.
– product development 573ff.
– toxicological properties 570

atomizer 163
– cup 138
– disc 138
– location 163
– spray 172
– vaned disc 138
– wheels 138

atomizing
– air flow rate 165
– gas flow rate 165f.

ATR-FTIR (attenuated total reflectance Fourier
transform infrared spectroscopy) 38

attrition 149, 176
– rate 159, 167f.

b
ball mill 82f., 86
BCF (Burton-Cabrera-Frank theory) 47
benzoic acid 55f.
benzophenone 55

BET (Brunauer, Emmett, Teller) 466
– isotherm 466

BFDH (Bravais-Friedel-Donnay-Harker) 54
bilayer

– diffuse 23f.
– electrical 23
– Gouy-Chapman 23
– Helmholtz 24

binary system, see phase diagram
binder 161, 251, 415

– crystallizing 9
– high viscous 9, 152
– liquid 124f., 148, 170, 178, 181ff.
– melting-type 648
– reactive 121, 126

bioavailability 98f., 254f., 523, 532
– oral 527ff.

bioconcentration factor (BCF) 273
biodiesel 341ff.
bioequivalence studies 531
biomagnification 273
biomass 344ff.
Biopharmaceutics Classification System (BCS)

527, 531ff.
– compounds 533

substances 531ff.
biopolymers 215, 218, 235f., 395, 408, 622f.
biotechnology 117, 662
birth and spread model 47
BJH (Barett, Joyner, Halenda) 467
bleeding 645, 654
blending 153
blue-ocean markets 3
bond cleavage 488

– complex formation 488
– heterolytic 488
– homolytic 488

bonding
– covalent 7, 50
– hydrogen 7, 50
– mechanism 9, 147, 149, 152

boundary layer 46
Brancroft rule 380
breakage 148f., 185f.
breeding

– collision 42f.
– initial 42

bridges
– liquid 10ff.
– sinter 10
– solid 10

bridging liquids
– capillary 11
– funicular 11
– pendular 11
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briquetting 194, 199ff.
BRIX 445
BSE (bovine spongiform encephalopathy)

548
builder 654f.
building unit 54
business-to-business industry 322
bulk

– chemicals 2
– density 143, 193, 195, 199
– flow 143

buoyancy 643
burkeite 656

c
caffeine, see coffee-based beverages
caking 101, 163, 645
calcination 500, 503
calendering 252ff.
calorific value 456
CAMD (computer aided molecular/mixture

design) 260, 284, 292
– Pro 285

capillarity 9ff.
capillary 150f.

– condensation 18, 21
– pressure 11ff.

capping 193f.
carboxylic acids, see fatty acids
β-carotene 539ff.
carotenoid 84f., 539ff.

– astaxanthin 541, 559f.
– bioavailability 542, 549, 553f., 559f.,

564f.
– canthaxanthin 541, 544ff.
– chemical structure 540
– coloration 549, 559, 562ff.
– commercial cost position 550
– customer requirements 547
– dispersions 552ff.
– emulsions 552ff.
– granulation 552f.
– health indication 561
– industrial application fields 542f., 544ff.
– lycopene 541, 544, 546
– perception 547
– powders 552ff.
– protective colloids 557f.
– raw materials 550, 555
– spray-drying 553f.
– stability requirements 547ff.
– synthesis 541
– tabletting 547, 554
– technological possibilities 550
– zeaxanthin 541, 544ff.

carotenoid product
– development process 565
– forms 539, 542ff.
– formulations 539, 542ff.
– legal requirements 545f.
– pigmentation 559f.

carotenoid suspensions
– oil-based 551, 556, 560ff.
– water-based 551f., 563f.

carrageenan 619f.
cashflow 321
casting method 390
catalytic reactor 486, 490, 509ff.
catalytic sites 489
catalytically active

– substance 485f.
– surface area 514

catalyst 101, 374, 485
– acid 489
– active compounds 488, 502, 513
– activity 504, 506ff.
– basic 489
– bond cleavage 488
– bulk 487
– carrier 486, 493, 497, 502, 513
– characteristic length 514
– coated 487, 502
– compaction 498ff.
– costs 513, 516
– design criteria 504, 513
– diffusion resistance 506, 510
– effective diffusivity 514
– examples 516ff.
– fibers 494
– extrudates 491, 493, 499f.
– gauzes 494
– geometry 490, 504, 515
– granulation 499ff.
– heterogeneous 485f.
– inorganic 488
– irregularly shaped 490
– manufacture 496ff.
– monolythic 492, 492, 513
– particle 497, 501, 507, 511f.
– pellets 491, 498
– polymer 489
– porous 505
– powder 490, 514
– preparation 496, 502
– regularly shaped 491
– selectivity 506ff.
– shaping 497f., 501
– spray drying 500f.
– supported 487, 502
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– tabletted 492
– Ziegler-Natta 488

catemers 50
cavitation zone 81
cavity 51, 109
CBA (cellulose acetate butyrate) 283ff.
CEFIC (European Chemical Manufacturers

Association) 679
cell culture 84
cement 98
centrifuge 28
cereals

– diploid 400
– hexaploid 400

CFD (computational fluid dynamic), see
extrusion simulation

chain
– branched 352, 357
– hydrocarbon 357
– hydroxylated 352
– length 355
– long 356
– straight 357

chemical forces 7
chemical modifications 49
chemical product design 1
chromophore

– building block 692
– system 692
– unit 694

clear point 363
cloud point 363
clusters 41f.
CMC (caboxymethylcellulose) 160, 166f.,

171ff.
coagulation 114, 384
coalescence 65ff.

– probability 78
– rate 78ff.

coating 148f., 161, 166, 253
coffee-based beverages

– acid figure (AF) 608
– agglomeration 604, 607
– antioxidative activity 591f.
– Arabica 586, 594f., 608, 612
– aroma incorporation 599
– aroma recovery 597ff.
– aroma release 607
– caffeine 590ff.
– canned coffee beverages 610
– coatings 609
– composition 608f.
– consumer-oriented product design

583f., 594
– consumption 584

– creamers 588, 592f., 598
– dairy powder 592f.
– extrusion 605f.
– flocculation 610
– freeze-drying 599ff.
– granules 600
– green coffee 584, 587f., 594
– health aspects 590ff.
– home consumption 606
– HTST (high temperature, short time)

595
– in-jar oxygen content 611
– instant-coffee 598, 607, 611
– inulin 591
– liquid extract 610
– LTLT (low temperature, long time) 595
– mean price 585
– milk/coffee interactions 608
– milk components 588, 593
– mold freeze drying 605
– nondairy powder 592f.
– quality 601
– packaging 610
– product adulteration 612
– product design 583, 585, 592
– production process 593ff.
– raw materials 587
– reconstitution 606
– roasting 594f.
– Robusta 586, 612
– soluble coffee 586ff.
– spray-drying 586, 592, 599ff.
– technical aspects 592ff.
– texturation 599ff.
– toxicity 590f.
– vending machine 606
– volatile aroma reincorporation 598ff.
– volatile compound recovery 597ff.
– whitener 589, 593, 609

coffee-free beverages 589
– barley 598
– chicory 589, 598
– figs 598
– health aspects 590
– malt 589, 598
– rye 598
– surrogates extracts 598f.

coherent network 385
coherent phases 385
cohesion 149, 156
collagen 421

– amino acid compositions 422f.
– anchoring fibril 422
– basement membrane 422
– bean temperature 595f.

718



Index

– biosynthesis 423f.
– fibril-associated 422
– fibrillar 422, 427
– membrane associated 422
– molecule processing 426
– multi-plexious 422
– off-flavor 596
– polymorphism 422
– post-translational modifications 426
– procollagen molecule 424f.
– short-chain 422
– structure 422f.
– types 422, 427

colloid 379
– liquid 384
– mill 69f.

color 57, 63, 66, 98
coloration of food 541f., 544ff.
combinatorial term 270
comminution 103

– equipment 102f.
– experiment 102
– process 98, 101ff.

commitment to action 301
commodity business 2
compact 193
compaction

– equipment 194
– process 127, 193ff.

complex 51
compressibility 202, 208
compression 248f., 390
condensation 96, 98
conductivity 38, 103, 108
conductor 9, 16f., 21
consistency 66
consolidation 149, 193
contact

– angle 160f., 172, 174
– time 107
– zone 18ff.

conveying
– capacity 226f.
– efficiency 227, 230, 232
– elements 223, 227
– speed 224
– zone 229

coplanar 54
copolymer 291
cornstarch 208
corporate organization 323
corportate size 323
Coulter counter 106, 108
Coulomb equation 16
covariance function 647

creaming 381, 620
creams 383

– oil-in-water 383, 385
– water-in-oil 383, 385

critical mycell concentration (cmc) 186, 279,
361

critical nuclei size 41
– forces 6f.
– interaction energy 6

critical process step 329
crosslinking 412ff.

– density 417
crushing 148f.
crystal

– class 364
– engineering 50
– face 52ff.
– growth 33, 36, 45ff.
– habit 55
– lattice 34, 49, 364
– morphology 292, 366
– nucleation 140
– organic 49
– shape, see habit
– size 46, 51
– surface 46f.

crystal structure 48, 52, 355, 364, 376
– bilayer 376
– cubic
– hexagonal 377
– lamellar 376
– less-ordered 391

crystallization 33f., 36ff.
– industrial 46
– interfacial 85f.
– precipitation 52
– primary 43
– selective 374
– technology 139

crystallizer 43ff.
crystal-size distribution (CSD) 44f., 47, 51f.

– bimodal 44
– monomodal 52

CSLM (confocal scanning lasermicroscopy) 620
cut-throat competition 2
cycle of trade fairs 321
cyclic molecules 357
cyclic oligomers 51
cyclodextrins 51
cyclones 140f.

d
Dalton (D) 421
databases

– API TECH Database 268
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– CambridgeSoft Chem-Finder 268
– DECHEMA Chemistry Data Series 268
– DETHERM 268
– DIPPR 268
– Electrolytes (IVC-SEP) 268
– GPSA Data Book 268
– IUPAC-NIST SDS 268
– PDB 268
– PPDS 268
– TAPP 268
– The NIST Webbook 268

Davies values 359
deaeration 199f., 204
Debye length 24f.
decision

– analysis 297
– basis 297, 299
– frame 297
– logic 297
– tree 304

defluidization 167
deformation

– elastic 19, 194
– inelastic 19f.
– plastic 19, 193f.
– shear 195
– viscoelastic 194
– viscous 365

degree-of-fill 224, 227, 229, 232f.
degree of ideality 330
degree of substitution (DS) 404, 410
deionization 455
delights 326
dendrimers, see structured polymers
dendritic growth 43, 52
density 369
derivatization 406
design

– analysis 324
– candidates 261
– concept 323, 329ff.
– coupled 330f.
– decoupled 330ff.
– development 336
– embodiment 323f., 334
– matrix 330
– microcapsule 289f.
– microparticles 279
– parameters 327, 330ff.
– process 261, 332
– quality 332
– route 323
– Six Sigma 333
– space 320
– uncoupled 330ff.

design axiom
– independence 330
– information 330

design of experiment (DOE) 303, 328, 333, 475f.
– project 476

detergent 148
– powder, see laundry powder

development 337
– specification 323

dextrose, see glucose
dextrose equivalent (DE) 407, 445ff.
die

– assembly 233
– extrusion zone 230
– linear extrusion 234

dielectric constant 25
dielectric spectroscopy 108
diffraction spectrometer 106, 108
diffusion

– coefficient 290
– free-volume theory 290
– layer thickness 532
– resistance 506, 510

diffusion-controlled 45
diffusivity 138, 262

– effective 514
dilatation

– thermal 366f.
dilution 115

– infinte 272, 281f.
diphenylmethane 55f.
dipole 6f.
dislocation 47
dispenser 642f.
dispensing 639ff.

– behavior 643
disperse systems 95ff.
dispersion 63, 82, 86, 639ff.

– energy 7
– impact 112
– injector 112
– intensity 112f.
– lipid 534
– liposomal 387
– solid 534

disruption 68ff.
dissipation

– viscous 152
dissolution 45, 48, 51, 66, 150, 639

– enthalpy 456
– time 643

DLVO theory (Derjaguin, Landau, Verwej and
Overbeek) 25f.

donors 50
dosage form 247
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drawing out 33
droplet 97, 150

– atomized 133
– coalescence 78f., 81, 85
– deformation 75
– density 75
– desintegration 70
– diameter 74ff.
– disruption 74ff.
– formation 73, 136
– phase 73, 75
– pseudo- 150
– size 73f., 82, 84f., 128, 137
– transformation 138
– stability 138
– velosity 78
– viscosity 74

drug
– active 247ff.

dryers 459
– addle 134
– agitated contact 134
– convective 134
– drum 134
– fluidized-bed 144, 452
– freeze 126, 140, 603
– mold freeze 605
– multistage fluidized spray dryers 604f.
– reactive spray 144
– spray 82f., 126, 133ff.
– tall spray towers 604
– tumbling 148

DSC (differential scanning calorimetry) 410
dyes 52
dyestuff industry 153
dynamic measurement methods 29

e
EHMC (ethylhexyl methoxycinnamate), see

polymeric UV-absorber
elastic springback 194
elasticity 366
electroacoustic 106, 108
electrolyte 24, 448
system 271f.
electromagnetic 6, 108
electronic laboratory journal (ELJ) 305
electrophoretic measurements 25, 108
electrostatic potential 23f.
elutriation velocity 637
emulsification 29, 67ff.

– melt 63f., 82f.
– membrane 71ff.
– premix 73
– ultrasonic 76, 81

emulsion 63ff.
– double 380
– inverted 380
– micellar 389
– O/W 380f.
– storage-stable 382
– volume 76
– water-in-water 620ff.
– W/O 380f.

encapsulation 387, 395, 416
energy

– attachment 54
– lattice 54
– transportation 344

enzymatic
– conversions 443, 446
– degradation 51, 432
– hydolysis 448
– methods 612
– modification steps 426
– process 445
– treatment 407

enzymatic-mediated steps 426
enzyme 407f.
EPA (Environmental Protection Agency)

679
equation of state (EoS) 271, 289
equilibrium

– composition 36f.
– line 40
– phase 269
– polymer solution 271
– state 33, 107, 114
– temperature 37f., 39

ESEM (environmental scanning electron
microscopy) 620

esterification 51, 352, 404f., 410ff.
etherification 404f., 410ff.
eutectic

– composition 40
– point 40
– solid 41

evaporation 37, 47, 96, 98
– – rate 134

excess free energy, see Gibbs free energy
exothermic crystallization enthalpy 448
expansion 235

– coefficient 367f.
extinction 105f., 108
extraction 369, 403
extruder

– length 220
– ram 215
– roller 215
– single-srew 215f.
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– srew 215, 500
– twin-srew 215ff.

extrusion 95, 193, 215ff.
– cooking 236ff.
– computation 240ff.
– food 228, 240
– head sysrem 233
– hot melt 532
– melt 247ff.
– processing 215, 236
– simulation 240ff.
– wet 251

f
FAO (Food and Agricultural Organisation

of the United Nations) 344
fat 349, 352, 362

– mimetics 416
– plastic 365

fat-crystal
– network 128
– size 128

fatty acid 349f., 456, 529
– arachidic acid 351
– arachidonic acid 351
– behenic acid 351
– butyric acid 350
– capric acid 350
– caproic acid 350
– caprylic acid 350
– erucic acid 351
– lauric acid 350
– linoleic acid 351, 353
– mystric acid 350
– oleic acid 351ff.
– palmitic acid 350
– stearic acid 351, 353
– saturated 351ff.
– unsaturated 351f.

feasibility 336
– sample 334

feed
– material 170, 202, 204
– properties 202

feeder
– gravimetric 217
– gravity 199
– horizontal srew 199
– solid 217
– systems 201
– vertical srew 199

feeding zone 229
feedstuff provision 344
FEM (finite element metod), see extrusion

simulation

fermentation 403, 443
filter aggregates 473
filter cake 473
filtration 49, 95f., 101, 452

– activated charcoal 455
– flow rate 101

fines trap 43
Fischer projection 354
Fischer-Tropsch process 517
flake 199ff.
flame hydrolysis process 465
flame synthesis 98
flight clearance 222
floccolation 65f., 97, 100, 114, 381
flow

– additives 18
– balanced 243
– cocurrent 140
– countercurrent 141
– density 106
– elongational 74, 76, 80
– laminar shear 74, 76
– mixed-current 142
– multistage cocurrent 143
– pressure 19
– property 51, 58, 147
– sheet 103
– stagnant 243
– turbulent 70, 74ff.
– velocity 46

flowability 17, 98, 101
fluid

– flow 45
– gastric 247
– Newtonian 234
– shear 42
– shear.thickening 234

fluid-bed 46, 147f., 209
– agglomeration 156
– coater 164
– granulation 153, 158
– processor 154f.
– spray granulation 134

fluid catalytic cracking (FCC) 518f.
fluidizing bed velocity 166ff.
Fluosil process 465
FMEA (failure-mode-effect analysis) 333
foam 97, 122
foaming 361
food functionality

– in-body 618
food product

– complex 620
– design 617, 620
– development 618
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– differentiation 617f.
– distribution design 619
– functionality 618
– ingredient 619ff.
– manufacture 622
– microstructure 618, 620
– structure design 617
– structure-functionality 620
– trends 619

food production 662f.
– area requirement 662

foodstuffs 148
force 109

– adhesive 5, 9ff.
– attractive 8, 15, 25f., 52
– binding 147f., 156
– break-up 148, 156, 172
– capillary 10, 22, 27, 140, 143, 149f. 160,

173
– centrifugal 70, 185
– compaction 18, 20
– compression 203, 209
– displacement 206
– electrostatic 6, 15, 23, 140
– frictional 150
– gravitational 52, 58
– indentation 56
– interfacial 77, 149
– pressing 201
– repulsive 8, 19, 24ff.
– shear 42, 70, 73
– steric 140
– tension 150
– viscous 150

formulation engineering 705ff.
– food 706
– industry sectors 705
– products 705
– skill areas 705
– teaching 711

fractionation 349, 369f., 447
– dry 371
– Lanza 372
– solvent 372
– wet 372

fragmentation 193f.
freeze drying, see dryers
friability 150, 207
fructose 447, 451

– crystalline 451
– crystallization 447
– HFCS (high-fructose corn syrup) 447
– syrup 447, 451

functional carrier 652
functional food 417

functional group 50, 274, 285, 287
– for modification 693

funicular 150f.

g
galactomannan 620, 622f.
galactose moiety 451
galenics 318, 337
GC (gas chromatography) 612
gel 97, 384

– oleaginous 384, 386
– thermoreversible 321

gelatine
– applications 438
– capsules 421
– case-hardening 431
– conversion 428
– dissolution 432
– drying 431
– extraction conditions 427, 431
– future development 441
– gel formation 433
– global distribution 440
– grades 432
– hydrolysates 432, 438
– isoelectric focusing 430
– markets 440
– melting 434
– physical properties 432
– postextraction processing 431
– process parameters 427
– production 428f.
– products 440
– qualities 432
– raw materials 428ff.
– rheological prperties 434ff.
– solubility 432
– structure 436
– viscosity 435
– vitamin formulations 421

gelatinization 232, 406ff.
– enthalpy 410
– temperature 406ff.

gelatinizing zone 229
gelation 621
genetic

– forward 408
– lesions 408
– reverse 408

geometries
– contact 20
– plane/plane 14ff.
– plate-like 53
– sphere/plane 14ff.
– sphere/sphere 14ff.
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Gibbs free energy 41f., 271
GIFAP-formulation-code 664
glass bed 173f.
glass transition 408
glass transition temperature 139, 250, 597
glassy state 139
global population 662
globules 380
glucomannan 624

– konjac 624
glucopyranoside 51
glucose 443ff.

– applications 448
– isomerase 447
– properties 448

glucose-fructose syrup 447
glucose syrup 443ff.

– sray-dried 449f.
glyceride 353ff.
glycerine 66
glycerol 352ff.
glycosidic bonds 443
GMO (genetically modified organism) 559

– free 556
– issue 548, 551
– lable 548
– plant 548

good manufacturing practice (GMP) 178
granulation 147f., 248f.

– fluidized-bed 633, 637
– high-shear 156, 633, 654, 656
– index 647
– mechanisms 148f
– melt 178
– plant 644
– process 647f.
– regime 153
– wet 147f., 153, 166, 178, 454
– granule 95, 123ff.
– dissolution time 637
– mesostructure 637
– properties 655
– structure 646
– structure-formation process 637
– structure parameter 647f.

granulometric properties 184
gravel 98
GRD (growth rate dispersion) 43, 46
Grindometer test 109
group-contribution concept 264

– first-order 264
– second-order 264
– third-order 264

group-contribution models 269, 271, 273f.,
285

group-interaction parameter 273f., 277, 289
growth

– face 54
– mechanisms 148, 156, 186
– rate 34, 44ff.
– spiral 47
– velocity 46

h
habit 52ff.
hardfat 390
hardness 207

– isotropic 57
– Vickers 56

harmonization
– global 525

heat of crystallization 366
heat of fusion 366
heat-transfer coefficient 164
high pressure

– dispersing 87
– homogenizers 68ff.
– pump 70

high-resolution images 108
high-shear mixer 147f., 178ff.

– horizontal 179f.
– vertical 179

homogenization 63
– cold 391
– high-pressure 391, 532
– hot 391

host 51, 54
hue 57
humidity 135, 139

– relative 135f., 169f., 177
hydration 228f.

– catalytic 454
hydrocarbons 349, 357
hydrogenation 349, 375, 455

– brush 373
– fat 372f.
– partial 373f.
– process 372f., 455

hydrolysis 445f.
hydrophile-lipophile balance value (HLB) 359f.,

379, 382
hydrophilic 67, 72, 144, 349, 358

– group numbers 360
hydrophobic 72, 145, 172f., 349, 358, 361

– effect 377
hydroscopicity 58
hydrosilylation 694

– catalytic 694
hydroxypropylmethylcellulose (HPMC) 186ff.
hygroscopicity 139, 450
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i
ice cream

– Maras 624
image analysis 106, 108
impeller

– blade 43
– diameter 43
– speed 181ff.

impregnation 503
impurity 36f., 41f., 43ff.
inclusion

– crystalline 51
infestation 667
infrared 108
injection-molding technology 250, 252
inorganic salts 147
insulator 16f., 21f.
intellectual property 320, 325
interaction

– energy 7, 25, 54
– force 7
– halogen-halogen 50
– intermolecular 54, 364
– intramolecular 364
– particle-equipment 56
– particle-particle 56
– π-π 50
– potential 7f.

interesterfication 349, 374ff.
– directed 374
– enzymatic 374
– random 374
– selective 374f.

interface
– active compounds 26, 66
– chrystal/liquid 56
– property 98, 100

interfacial
– properties 208
– tension 172, 185

interparticle
– cohesion 186, 188
– distance 149

interparticulate void space 181
interplanar spacing 54
interstices 656
iodine-starch reaction 208
iodine value 356
ionization energies 15
isomalt 461
isomerization 447, 692
isomers distinction 291
isotropic system 647

j
jetting 72f.
JKR theory (Johnson, Kendal and Roberts) 19
JIT (just in time) 297

– delivery 297

k
Kano model 322, 326, 331
Karl-Fischer titration 445
Keesom interaction energy 6
kneading block

– forward 230
– reverse 227
– staggered 226f

l
lactitol 462
lactose 443, 451

– amorphous 452
– anhydrous 452f.
– application 454
– crystals 452
– process description 453
– production 452
– spray dried 452
– structural formula 451

lactose-monohydrate 452f.
Laplace equation 11
Laplace-Young equation 150f.
Laser-Doppler anemometry 108
lattice

– plane 52, 364
lamination 193f.
launch 334

– post 334, 337
– pre 337

laundry-powder
– builders 631f.
– components 629, 634, 638, 650
– compositions 651
– consumer habits 630
– consumer-relevant properties 638
– costs 639, 650
– fabric-cleaning 631f.
– fillers 632
– formulations 634
– fragrances 632
– free-flowing 631
– granulation 320, 633
– handling 644
– ingredients 631ff.
– in-use propeties 639
– manufacturing technology 629f., 634
– microstructure 658
– packaging 650
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– plant 644
– powder-water interaction 639
– processing 633
– product design 629f., 650
– product-development process 630,

649ff.
– product specification 638
– products 629
– properties 638ff.
– quality 639
– requirements 638f., 650
– spray drying 630, 633
– stability 645
– structure 646ff.
– technical specifications 650

layering 148, 156, 161, 167
LC (liquid chromatography) 612f.
LC50 286
LCC (liquid-carying capacity) 647, 652f., 655f.
LD50 (lethal dosis) 590
Lenard-Jones-Potential 8, 15
lecithin 65, 86
Lee-Kesler correlation 266
lever rule 39
life-cycle curve 318

– aging 318
– embrionic 318
– development 318
– growing 318
– mature 318

limestone 12, 20
lipid 349ff.

– bilayer 387
– crystallization 362
– fatty acyls 350
– formulations 534
– glycerolipids 350
– glycerophospholipids 350
– nonpolar 379
– polar 379
– polyketides 350
– prenol lipds 350
– saccharolipids 350
– sphingolipids 350
– sterol lipids 350
– systems 534

lipophilic 67
– group numbers 360

liposomes 387ff.
– biomembrane 387

liquefaction 445
liquid

– bridges 143, 148ff.
– film 150
– flow rate 165ff.

– inclusions 34, 53
– order 368
– phase 33, 37, 39
– porosimetry 109
– solution 34

liquid-state 368
– property 368

liquid-to-solid ratio (L/S) 647
liquidus 39f.
Lödige Recycler (CB-type) 636f.
low-shear mixing 225
lubrication theory 152
lump 184
lumped parameter model, see extrusion simu-

lation
lyophilization, see freeze drying
lyotropic liquid crystals 376f.

m
macromolecule 126
macroscopic theory 15
macula degeneration 84
magarine, see soft solids
magnetic data 101, 108
Maillard reaction 443, 446, 452, 455
maltitol 459f.
maltodextrins 449ff., 620ff.

– production 449
maltose 445, 459

– syrup 446
management

– life-cycle 318, 321f.
– portfolio 321
– software systems 297

mannitol 459
– application 459
– products 459

market-pull 319
market selling price 321f.
market trends 324
mass spectroscopy 116
master plan 324, 336f.
material

– bridge 9f.
– development 318
– framework 51
– organometallic 51
– photographic 52

MCT (middle-chain triglycerides) 370
mean diameter 51, 159, 169f.
measurement method 105

– in situ 114
– inline 114
– offline 114
– online 114
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– melt 37ff.
– drug-containing 252f.
– processing 248ff.

melting point 250ff.
melting range 363
membrane, see emulsification
memory 368
mercury porosimetry 159, 177
metabolism 666, 678
metastable phase 36, 48
metastable zone 37ff.
microchannelling 73f.
microcrystalline cellulose (MCC) 182, 184,

186f., 190
micremulsion 389ff.
micromanipulator 28
micronization 452
microscopic theory 15
microstructure 66, 710
microturbulence 71, 74
microwaves 108, 129
miscibility 262
mixing

– dispersive 228
– distribute 228
– models 269
– screw 241
– zone 229

mixing element
– kneading blocks 225
– threaded 225

model
– active ingredient (AI) 289
– Entropic-FV 271, 286, 289
– formulation 300
– GC-Flory 271, 289
– ingredient 300
– mechanistic 300
– neural-network 300
– NRTL-based 271
– pesticide 289
– UNIFAC 269, 273ff.
– UNIFAC-FV 271, 282, 288f.
– UNIQUAC-based 271

model-based process control 300
modification processes 370
molecular weight distribution (MW-distribu-

tion) 436
molecules 6f., 14f., 25, 48ff.

– amphiphilic 65
– carotenoid 67f.
– hydrophobic 51

mouthfeel 63, 66, 128
MTBE (methyl tertiary-butylether) 346
multistage evaporator 445

n
NaCl 160, 165, 168, 208
nanocrystal technology 532, 534
nanoparticle 86f., 532
nanoroughness 20
nanostructured lipid carriers (NLC) 391
nanotechnology 52, 117
needle-like 49, 53
nematic state 368
nip angle 196f.
NMR (nuclear magnetic resonance spectro-

scopy) 115, 363
nonpolar organic solvents 349
nontower granulation process 636, 648
nozzle

– pneumatic 138
– pressure 137f.

Noyes-Whitney equation 532
nucleation 33, 36f., 44f., 149, 156

– heterogeneous 42f.
– homogeneous 41
– secondary 42f., 57

nuclei 41ff.
nutritive value 456

o
oil 349, 352
oil-absorption capacity 652
ointments 383ff.
oleaginous 380
oral absorption 523, 529

– pysiological aspects 527ff.
oral bioavailibility 527ff.
oral-rehydration salts (ORS) 48
order rule 301
orifice 215
oscillation frequency 7
Oswald ripening 65, 366, 675, 677
over-the-counter-analgesic (OTC) 571

p
paracetamol granules 208f.
paraffin 385f.

– structures 357
particle

– adhesion 6, 18, 101
– biological 98
– colloidal 28f.
– interactions 5, 140
– nano 63, 66, 98
– porosity 147, 175
– shape 82, 96f., 99
– size 5, 57, 82, 86ff.
– spherical 83
– strength 96, 98
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particle formation time 130
particle growth rate 175, 177
particle measurement technology 97
particle shape factor 173f.
particle size distribution 98ff.
partition coefficient 272f., 282, 289
paste 384

– clarity 413
– viscosity 411ff.

pasteurizastion 128
pasting 412
PBC (periodic chain of strong bonds) 54
PCR (polymerase chain reaction) 548
PDSS (Product Design Software System)

298, 302
– DSS (Decisions Support System) 302,

307f.
– ELN (Electronic Laboratory Notebook)

302, 304ff.
– KMS (KnowledgeManagement System)

302, 306f.
pellet 255
pelettization 178
pendular 150

– bond 151
– liquid bridge 152

performance 334
peroral

– bioavailability 532
– molecular properties 530

peroral absorption 530, 532
peroral formulations 532ff.

– design 532
– screening 534f.
– selection 534ff.

peroxide value 356
pertinant points 39
petrolatum 383f.
pH value 103
pharmaceutical 390

– industry 148, 153, 178, 291
phase

– binder 647f.
– coherent 385
– liquid-crystalline 376, 386f.
– mesomorphic 376
– separation 380
– transition 49, 364

phase diagram
– binary 39, 378
– compound-forming 39
– eutectic 39ff.
– peritectic 39
– solid-liquid 38f., 13
– ternary 378f.

phase equilibria 269ff.
phase inversion temperature (PIT) 69
phase-split calculation 261
photocorrelation 108
photosedimentation 105f.
phytochemicals 84
phytosterols (PS) 84ff.

– ester 86
pigmentation 686
pigments 52, 98ff.
pilot-plant 336
pitch

– element 223f.
– length 222

Pitzer’s acentric factor 266
plan-do-check-act (PDCA) 328f.
plant

– breeding 662
– nutrition 662
– protection 62

plastification 231f., 250f.
ploughshare (KM-type) 636f.
ploughshare mixer 179
polar 51, 108
polyethylene oxides 66
polymer 1, 71, 147, 250

– foams 648
– HPC (hydroxypropyl-cellulose) 252
– HPMC (hydroxypropyl-methylcellu-

lose) 252
– HPMCP (hydroxypropyl-methylcellu-

lose-phthalate) 252
– hyperbranched 291
– inorganic 291
– jumping units 290
– mucoadhesive 533
– of choice 249
– particle 391
– PEG (polyethylene glycol) 202, 249f.
– polyacrylate-based 533
– PVP (polyvinyl-pyrrolidone) 252, 254
– system 271

polymeric UV-absorber
– advantages 689
– chromophores 689ff.
– cosmetic applications 697
– cost/performance ratio 690
– development 685ff.
– formlations 688
– grafting technologies 694f.
– market trends 688
– polysilicone-15.685, 687ff.
– product characteristics 696
– silicones 690ff.
– stability 696
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– structure 689
– synthesis 693, 696

polymerization 472
polymorph precipitates 292
polymorphic transition 365
polymorphism 33ff.
polyols 455ff.

– properties 455f.
polypeptide

– chain 422
– domain 426
– translocation 426

polysiloxan
– backbone 691
– chain 691

pore
– arrangement 73
– macro 467
– meso 467
– micro 467
– shape 72
– size 72
– volume 12

pore-radius distribution 101
porosity 73, 123, 140, 159
positive locking 9
postcrystallization 53
potential

– attraction 25
– electrostatic 23f
– interfacial 24

powder
– coating 100f.
– detergent, see laundry powder
– explosivity 100

power consumption profile 180f.
powder-formulation 5f.
precipitation 96, 98, 101, 103
press

– roller 195f., 199
– tablet 204

pressure
– capillary 73, 140
– compression 205
– impact 185
– osmotic 444, 446, 450

process
– agitated 147, 164
– batch 445
– control 105
– design 104f., 147, 260f.
– efficiency 298
– environment 104
– feed-production 544, 560
– function 95, 101ff.

– heat-transfer-limited 239
– industries 344
– intensification, see also product design

1ff.
– measuring technology 109
– modeling 105
– neutralization 648
– precipitation 473
– power-limited 240
– product design 264
– simulation 260f.
– stage-gate 298
– volume-limited 239

process design software system (PDSS) 297f.
processing

– mineral 148
– ultrahigh-shear 388

product
– analysis 279
– application 525
– artisinal 624
– critical parameters 524
– degradation 524f.
– development 297f.
– function 104
– life cycle 317
– line extension 321f.
– performance 325, 523
– peroral 523ff.
– physical instabilities 526
– placement 321
– quality 332f.
– secondary properties 523
– shelf life 523
– stability 523ff.
– temperature (PT) 237
– zero-fat 620

product concept 322, 327
– nice-to-have 321
– pay-off 321
– time-to-market 320f., 323ff.

product design 104, 261f., 321ff.
– principles 341
– process 323ff.

product requirements 323ff.
– functional 330f.
– intrinsic 328
– primary 326f.
– secondary 326ff.
– structure 325
– translate 327
– weight 325

production
– resources 334
– route 345
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property
– functional 267ff.
– mechanical 365
– mixture 269
– prediction 263, 278ff.

property-estimation systems
– computer-aided 293

property function 98, 102
property model 259ff.

– local 274
– mixture 264, 268f.
– parameter set 260ff.
– predictive 263

ProPred 275f., 279f.
propylene production 101, 353
prostate cancer 84
protein 65f., 422f.
prototype 334f.
pseudopolymorphs 49
PTT (polytrimethyleneterephthalate) 347
pumping zone 229
pure-component property 264ff.

– constraint 284
– functional 267f.
– primary 264f.
– secondary 265f.

purification 34, 449, 456
pyrogenetic 86

q
quality-function-deployment (QFD)

474ff.
quantum mechanics 7
quasistatic 107

r
radial distribution functions 647
radiation detection 108
rate

– cooling 37
– evaporation 37

raw materials 95, 102, 341
– fossil 341f.
– reserves 343

rearrangement 193, 206, 375
recrystallization 413
recycle 200, 202
refination 403
reliability 103
recrystallization 10, 144
refractometric lecture 445
research milestones

– development 337
– discovery 337
– launch 337

– postlaunch 337
– research 337

reserves-to-production ratio 341
residual term 270
restitution 152
retardation 7, 15
retention time 45
retrogradation 399, 412ff.
rheology 66, 100, 234, 236
riboflavin 2
RME (transesterification in methanolesters)

345
rotor-stator system 63, 68ff.
ROY (red, orange, yellow) 57
RRSB distribution (Rosin Rammler Sperling

and Bennett) 51, 162
RSM (response surface methodology), see

extrusion simulation
rubbery 139

s
saccharide

– derivatives 454
– di- 443, 451
– mono- 443, 451
– oligo- 445, 448
– poly- 445, 619ff.

saccharification 445
sahlep 624
salting out 37
sample

– drawing 110f.
– preparation 112

sampling 111
sand 160ff.
saponification number 356
saturation 36
scale-up 102f., 238, 334
scattered light 106
screw

– flight 221
– plastification design 232

sedimentation 29, 106, 381
seed

– crystals 46
– mass 44
– size 44
– state 44
– surface 44

segregation 147, 193
selective catalytic reduction (SCR) 492
selectivity 506ff.

– intrinsic 506ff.
– product 507, 509

selling point 318
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SEM (scanning electron microscope) 159,
165f., 183, 656

semicrystalline layer 398
semicrystalline material 400
semipermeable film 127
semisynthetical 390
semisolids 383f.
separation columns 447
sesquicarbonate 655ff.

– structured powder 657
shape

– factor 170
– needle-like 656
– spherical 63

shear
– effect 184ff.
– rate 237
– stress 237

sieving 105f., 108
sigmoidat curve 318
silica 171, 463ff.

– aerogels 464
– amorphous 463ff.
– applications 477ff.
– basics used 474
– characterization 466
– compression 473
– electric-arc 464
– fume 465
– fumed 465, 467, 471
– gels 471
– grinding 473
– Hi-Sil 465
– inhalation 471
– mixing techniques 479ff.
– network 473
– oral intake 472
– pricipitated 467ff.
– product design 474, 477f.
– product engineering 474
– production process 472f.
– properties 466
– pyrogenic 463, 465
– surface chemistry 466ff.
– technology 466
– toxicology 471

silicon-based molecules
– organomodified 691

single crystal 364f.
sintering 9
slip point 363
SMPS (scanning mobility particle sizer) 15
sodium trimetaphosphate (STMP) 405f.
sodium tripolyphosphate (STPP) 405f., 410
soft solids 128

sol-gel process 98
solid fat content (SFC) 363

– temperature profile 363f.
solid dosage application 210
solid line 35
solid lipid nanoparticles (SLN) 390f.
solid-state properties 362
solidification 34, 39, 139, 148
solidus 39f., 139
solubility 51, 103, 262, 369

– complex molecules 273
– curve 35, 38
– diagram 34, 36, 38
– limit 36, 47

solution 34ff.
– aqueous 87, 160, 163, 167, 173, 187
– binding 160
– boundary layer 45
– crystallisation 45, 56
– dialysis 448f.
– drug-containing 251
– viscosity 171

solvates 34f., 48
solvation 33
solvent replacement 283ff.
sonochemistry 129
sorbitol 445, 456ff.

– application 458
– crystals 458
– powder 458f.
– products 458
– solutions 456f.

sorption layers 17f., 27
space group 52
specific density 366
specific extinction 692
specific mechanical energy (SME) 215, 219f.,

237ff.
specific surface area 98ff.
SPG (Shiratsu Porous Glass) 71
sphere diameter 17, 21
spheronizing step 251
spinning cone column (SCC) 598
spiral growth model 47
spray drying, see dryer
spreadability 6, 369
SSR theory (Schubert, Sommer and Rumpf)

19
stabilization

– drainage of liquid 66
– dynamic 65f.
– electrostatic barrier 66
– Gibbs-Marangoni effect 65
– static 65f.

stable system 107
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stagger angle 226
starch 65, 395ff.

– binder 415
– biodegradable 417
– bioengineered 402, 408
– cereal 403, 416
– chemical modified 404
– crosslinked 406
– crystallite 399, 413
– encapsulating agent 416
– ester 404f.
– ether 404f., 416
– fat mimetics 416
– filling material 416
– gelatinization 408f.
– granule 236, 400ff.
– hydrolyzation 406f.
– industry 396
– intermediate material (IM) 399
– manufacturing thechnologies 402
– material 235
– molecule 237, 404ff.
– mutant 402
– new applications 417
– origin 400
– oxidized 406
– paste 411ff.
– process stability 414
– production system 402
– products 395ff.
– properties 400, 404, 408ff.
– rheology 411f.
– saccharification 407
– structure 397
– syneresis stability 414
– thickener 415
– tuber 403
– usage 415

stereospecific numbering system 354
sterilization 414
Stern layer 24
Stern potential 23
Stokes number 152

– viscous 152
STPP crystals 655
strength

– bridge 150
– cohesion 148, 152
– dynamic 152
– static 150

stress
– frequency 107
– intensity 107

structural information 265
– molecular 266

structurants 652f.
structure

– micro 130
– multicomponent 121
– multifunctional 121
– nano 130

structure-functionality relationship 617
structure-property relationship 350f., 354
structured chemical products 121f., 701ff.

– formulation engineering 702ff.
– product engineering 702ff.
– product formulation 701ff.

structured chemical product types 705
– bioproduct processing 709
– food 707
– speciality products 709

structured materials 701ff.
– food 706

structured polymers 291
sublimation 140, 603

– tunnel 603
submerged spray 163
sucrose 443f., 448, 456f.

– crystals 444
– hydrolyzed 456
– raw 444
– substitute 447

sugar 443ff.
– applications 444, 446
– compressible 444
– cores 444
– crystallization 444
– extraction 444
– icing 444
– products 444
– spheres 444
– syrup 444

sugar alcohols 454ff.
– production 455
– properties 456

supercooling 37, 41
supercritical drying 465

– conditions 465
supermolecule 50
supersaturation 36f., 41f., 43f., 45ff.
suppository 390
supramolecular chemistry 50
supramolecular synthon 50
surface

– area 44, 86
– energy 369
– integration 45
– nucleation 47
– roughness 42, 53, 58, 108
– structure 96
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– tension 11, 27, 140, 150f., 186f., 358,
362, 369

– topology 108
– unevenness 9, 17ff.

surfactant 65f., 85, 126, 172, 358ff.
– amphoteric 358
– anionic 358, 631f.
– cationic 358, 631
– concentration 362
– ionic 358
– liquid-like 632
– micelle-forming 281ff.
– molecules 361
– nonionic 358, 631f., 650
– phase 632

suspension 52, 82, 88, 95, 97, 101, 127
– flowable 500

sustainable development, see product design
1ff.

symmetry 34, 52, 355
– translational 54

synthetic amorphous silica (SAS) 463ff.
synthetic chemistry 49
synthetic nonpareils 444
synthetic precipitated silicon dioxide, see

amorphous silica

t
tablet 103f., 122, 124, 207ff.

– formulation 210
– manufacturing 252ff.

tableting 203, 204f., 207
– process 248, 255

tailor-made 53, 349, 404
tear-off force 28
technology-push 319
TEM (transmission electron microscopy)

467f.
tensile strength 12f., 185, 207ff.
test-operate-test-exit (TOTE) 327f.
texture 66
theory of invented problem solving (TRIZ)

331f.
thermodynamic 33f.

– model 272
– partition coefficient 289

thermoplastic 178, 356
– excipients 249
– plastics 248
– polymers 249

thermoplasticity
– intrinsic 247

thermotropic liquid crystals 376
thickeners 65f., 415
thixotropic 384

TIRM (total internal reflection microscope) 29
toothed-disc 70
toughness 27
toxicity 261, 286
TRbF (technical regulation for flammable

liquids) 675
trade-off analysis 301
transformation

– liquid-solid 139
trans-isomer 351
transition point 35f.
transmittance 686
transparency 100
trial-and-error 327
triglycerid 85
turbidity measurements 38
two-component system 36

u
ultramicrohardness, see Vickers hardness
ultrasound 38, 63, 71, 108, 113
unit cell 55, 364
US-EPA (Environmental Protection Agency of

USA) 273
UV (ultraviolet radiation) 685f.

– absorption curve 687
– absorption spectra 687
– filter 686ff.
– harmful radiation 686
– polymeric absorber 685, 687ff.

v
value-based pricing 321
value-for-money 326
van-der-Waals

– attraction 8
– forces 5ff.
– interaction energy 15, 23
– pressure 15, 19
– repulsion 8

vesicle 387
– large unilamellar (LUV) 387, 389
– multilamellar large (MLV) 387
– multivesicular (MVV) 387
– small unilamellar (SUV) 387

Vickers hardness 56
viscosifiers 450
viscosity 27, 63, 65ff.

– high 368
– intrinsic 624

vitamin A 540, 545, 562
vitamin E 556
voice of the customer (VoC) 476
voids 51
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w
wants 326
water-dispersable 247, 249
water-soluble 247, 249, 251
water-swellable 247, 249, 251
waxes 349
wheying-off 620
wet quenching 156, 164
wettability 10, 147, 156, 172f., 176, 186
wetting 149

– angle 10, 14
– evaporation 163f., 167

white carbon black 463
Wiley melting point 363
winterizing, see dry fractionation
workflow 2

x
xylitol 461

y
yield function 196
yield locus

– effective 196
– wall 196

z
zeta potential 103
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