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A
Acetic acid, production, see Food
bioconversions

Agar, 138,308
Microspheres, 16-17, 107, 142, 155, 373
Gel texture, 60
Regulatory aspects, 80

Agarose, microspheres 16-17, 142, 368, 384

Agglomeration, 7. 8. 16, 18, 85, 175, 177, 230,

239, 234, 256-262, 278
Aroma encapsulation, 132, 135, 150
Sece also Granulation
Alcoholic fermentation. sec Beer
Fermentation, or Wine and cider
making
Alginate. 45. 61
Description, 34-35, 55-57
Coacervales, 15. 83, 140
Co-extrusion, 18, 144
Compression coating, 287
Emulsions, 84. 88
Fluid bed coating. 277
Gel texture, 60
Melt extrusion. 139
Microspheres, 6, 16—18, 84, 88, 103, 109,
142-143. 153, 155, 174-175, 181,
232, 265-266, 281-285, 288-291,
293-294, 305-306, 309, 330,
333-334, 1336, 349, 351-352,
354-357, 360. 368, 373-374.
377-380, 382-384
Spray-drying. 8, 88, 136
Regulatory aspects, 80
Allyl isothiocyanate, 86
Aluminum oxides, 25. 72, 87. 149
Amino acid production. see Food
bioconversions
Amylase. 25, 263, 276, 347, 372-373. 375
Amylose. 25, 38, 40,276

Description, 36-38
Nanoparticles, 20, 24-25, 87
Amylopectin, 12, 36-38, 40
Analytical methods
For materials, 72-78
Physical properties, 102-112
Aroma, encapsulation 127-160
Applications,
Release during eating, 154155
Retention during cooking, 152-154
Retention during production and
storage, 149-152
Agglomeration / Granulation, 132, 135, 150
Benefits, 129
Coacervates, 132, 140-141, 151153, 155
Co-crystallization/Co-precipitation, 132,
148-149
Co-extrusion, 132, 143-144
Cyclodextrins, 20, 40, 83, 88, 132-134,
146-148, 150152, 154, 156
Fluid bed coating, 132, 135136, 143, 147,
151, 153155, 347
Melt extrusion, 132, 139-140, 151-152, 263
Melt injection, 132, 137-138, 151
Microspheres, 132, 141-143, 152-153, 155
Release mechanism, 113-121, 129-13]
Silica particles, 132, 147-148, 153
Sol-gel, 87
Spray-chilling/cooling, 129, 132, 136-137,
143, 153154, 156
Spray-drying, 40,47, 83-84, 129,
131-135, 139, 146147, 149-152,
154-156, 347
Supercritical fluid, 21
Yeast cells, 132, 144-146, 151-152
Astaxanthin, 212-213, 216-217, 220-221, 223,
230-234, 237,239, 241, 244-246
Atomizing disk, 1617
Avrami’s equation, 131
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B
Baffles, 13
Beer fermentation, 303-325
Bioreactor design, 306, 310-311
Carrier materials, 309-310
Cell immobilization methods, 304-308
Immobilised yeast, 303-319
Beeswax,
Description, 69,
Emulsions, 87
Regulatory aspects, 80
B-carotene, 14, 212-213, 219, 222-223,
228-235,244-246
B-D-galactosidase, see Lactase
B-lactoglobulin,
Description, 64—65
Coacervates, 172
Inclusion Complexation, 20
Nanoparticles, 24, 173
Emulsions, 15
Bioconversion, see Food bioconversion
Bioreactor design,
Beer fermentation, 306, 310-311
Dairy fermentation, 347-351
Food bioconversions, 369-372
Wine and cider making, 327-343
See also Fixed bed reactor, Fluidised bed
reactor, Gas lift reactor, Hanging
sheet reactor, Monolith reactor.
Packed-bed reactor, or Stirred tank

reactor

C

Calcium carbonate capsules. 175-176.
181-182

Candellia wax.
Description. 69,
Regulatory aspects, 80
Carbohydrates, 131, 133, 152,234,361, 372
Description, 34-61
Fluid bed coating, 277
Melt extrusion, 11, 139
Melt injection 11,
Spray-drying 8, 169, 274

See also Alginate, Carrageenan, Cellulose,

Starch, Gum, Pectin, or
Polysaccharide
Carboxymethyl cellulose,
Description, 4446,
Coacervation, 15, 88, 140, 172
Regulatory aspects, 80
Carnauba wax,
Description, 69.

Index

Emulsions, 87
Fluid bed coating, 193-194
Regulatory aspects. 80,

Carotenoids, encapsulation, 211-252
Applications of encapsulates, 235-246
Cyclodextrins, 231-233
Emulsions, 214-226, 234-246

High-pressure homogenizatin.
215-219, 224-226
Membrane emulsification, 219-221
Microfluidics, 221-223
Phase inversion temperature,
223-224
Freeze-drying, 229, 234-235
Liposomes, 220, 226-228, 232, 235,
240-243, 246
Microspheres, 232-233
Nanoparticles, 228-232
Supercritical fluid, 230-231
Spray-drying, 233-234
See also B-carotene or Lycopene.
Carrageenan,
Coacervation, |5, 24, 88
Co-extrusion, 18, 144
Description, 34, 35, 53-55
Emulsions, 88
Fluid bed coating, 88. 277
Gel texture, 60
Spray-drying. 8, 88
Microsperes, 15-18, 142, 265, 284, 289,
291, 305-306, 309, 333, 349, 354,
356, 368, 382-383
Nanoparticles, 24
Regulatory aspects, 80

Caseins, 45, 174
Coacervates, 103
Co-precipitation. 148, |51
Description 34, 63-65
Emulsions, 176-177
Extrusion, 88, 170
Fluid bed coating, 277
Nanoparticles, 23-24, 229
Spray-drying, 87, 88, 134, 169, 181, 234,

274-275
See also Dairy proteins
Catechin, 24
Cell immobilization methods.
Beer fermentation, 304-308
Wine and cider making, 328-329
Cellulose. 80, 188, 201, 305-306, 333. 336.
352,368,371, 380
Description, 34, 4142
Derivatives, 59, 151, 199
Description, 4246,
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Emulsion, 88
Extrusion, 88
Fluid bed coating, 9, 88, 135-136, 277
Melt extrusion, 12
Regulatory aspects. 80
Spray-drying, 8, 85, 88, 108, 234
See also Carboxymethyl cellulose,
Ethyl cellulose, Ethyl hydroxyethyl
cellulose, Ethyl methyl cellulose,
Hydroxypropyl cellulose,
Hydroxypropyl methyl cellulose,
Methyl cellulose,
Hydroxyethylcellulose,
Enzymatic hydrolysis, 378
Melt extrusion, 139
Microcrystalline. 18, 143
Regulatory aspects, 80
Spray-drying, 234
Chitosan, 146
Coacervates, 16, 88. 141
Description, 34-36, 60-61
Emulsions, 15, 85, 88, 177
Microspheres. 18, 56, 84, 175, 230, 233,
281, 283-285, 290, 305-306, 336.
348, 368, 373, 376
Spray-drying, 83. 88
Cider making, see Wine and Cider making
Citric acid, production, see Food
bioconversions
Coacervation, 88
Aroma, 132, 140-141, 151-153, 155
Complex coacervation, 15-16, 83
Description, 6., 15-16
Fish oil, 172-174, 181
Nanoparticles, 24
Simple coacervation, 16
Co-crystallization/Co-precipitation, 88
Aroma, 132, 148-149
Co-extrusion,
Aroma, 132, 143-144
Description, 6, 18-19
Microspheres, 16
See also Submerged co-extrusion
Compaction, 8, 132, 135, 150, 287
Complex coacervation
see Coacervation
Confocal Laser Scanning Microscopy
(CLSM or CSLM). 102-103, 142,
170, 173,179
Conjugated linoleic acid (CLA), 24, 84
Core-shell encapsulate, see Reservoir type
encapsulate
Crosslinking, 15, 18, 142, 169, 172-174, 230.
306, 368, 373-375, 384
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Crystallinity, 8. 12,37, 62. 73, 101, 111-112,
118, 139,152,212
Curdlan, 57, 80
Cyclodextrin, 38,
Aroma. 20, 40, 83, 88, 132-134, 146148,
150-152, 154, 156
Carotenoids. 231-233
Description. 19-20, 33, 40-41
Fish oil, 171-172. 181
Regulatory aspects, 20. 80

D
Dairy fermentation, 345-361
Bioreactor design. 347-351
Emulsions, 354
Fluid bed coating, 359-360
Liposomes. 354
Microspheres, 348-352. 354, 358
See also Lactase or Probiotics. Applications
Dairy proteins,
Description, 63—65
Freeze-drying, 22
Spray-drying, 8. 83, 132,274
See also B-lactoglobulin. Caseins. Whey
Proteins
Dextran, 88. 109, 113, 368
Description. 34, 35, 60
Dextrins. 9. 136, 151, 153, 199-200
Description, 3940,
Regulatory aspects, 80
See also Cyclodextrin or Maltodextrin
Double emulsions, 14, 133, 142, 175, 181.
189. 192, 281
Docosahexaenoic acid (DHA). 24, 161-164.
173, 178, 180
See also Fish oil
Duplex emulsions, se¢c Double emulsions

E

Eicosapentaenoic acid (EPA). 161-164, 178,
See also Fish oil

Electrostatic field, 6-17

Electron microscopy, 103-104, 110, 176,

179, 206

Emulsions, 48, 65, 84, 86-89, 112, 148,292, 356
Carotenoids. 214-226, 234-246
Coacervation. 15. 140-141. 172-173
Dairy fermentation, 354
Description. 5. 13~14.
Fish oil, 167-168. 171-173, 175-177
Fluid bed coating, 277
Freeze-drying, 234-235

80
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Emulsions (cont.)
Melt extrusion, 12, 139, 171

Microfividics/Microchannel, 14, 190-191,

221-223
Microspheres, 17-18, 141-143, 175,
280-282, 293, 348-349
Multilayers, 5, 14-15, 85, 176177
Spray-drying, 7. 24, 83, 131, 133-134,
233,274-275

see also Micropheres or Double emulsions

Encapsulation

Benefits, 4, 33, 129, 167, 187-188, 213,

253-254, 272, 288-289, 305,

Definitions, 3
Disadvantages, 4
Processes, general overview, 5-6
Selection, 25-26

Enzymes, encapsulation, 253-268
Extrusion, 261, 263-264
Fluid bed agglomeration, 261-262
Granulation, 256-261
Liposomes, 113, 266-267, 354
Microspheres, 16,265-266
Nanoparticles, 23-24
Spray-cooling, 279
Spray-drying, 254-256

See also Amylase, Food bioconversions,

Dairy fermentations, Lactase,
Lipase, or Meat fermentations,
or Protease, Transglutaminase
Ethyl cellulose (EC),
Description, 45,
Extrusion, 88

Fluid bed coating, 88, 135-136, 193-195

Regulatory aspects, 80

Spray-drying, 88. 136
Ethyl methyl cellulose (EMC), 45, 88
Extrusion, 88

Enzymes, 261, 263-264

Fish oil. 170-171

Probiotics, 286

see also Melt extrusion, Melt injection,

Micropheres or Co-Extrusion

F

Fat. see Lipids

Fatty acid, 69-70, 161-164, 384
Description, 34. 67-68
Extrusion, 88
Fish oil, 161-164, 165, 178,
Fluid bed coating, 10, 88, 277
Spray-chilling, 88
Spray-cooling, 88, 279

Fatty alcohol, 34, 67-68, 88

Index

Fick’s diffusion, 117, 138

Fish oil. 161-185
Analysis, 178-180
Calcium carbonate capsules, 175-176,

181-182
Complex coacervates, 172—174, 181
Cyclodextrins, 171-172, 181
Description, 161-164
Emulsions, 167-168, 171-173, 175-177
Extrusion, 170-171
Fluid bed coating, 175, 178
Food fortification, 164
Melt injection, 137, 169-170, 181
Microspheres, 174-175, 181
Oxidation, 164-167, 169, 182
Selection of encapsulates, 180-182
Spray-chilling, 178
Spray-drying, 85, 168—169, 181-182
Submerged co-extrusion, 19, 171, 173,
177-178, 181-182

Fixed bed reactor, 306, 313, 335

Flavor, 127
Formation, 265, 303-304, 306, 309-319,

328, 332-334, 353-354, 358, 360,

380, 382, 384-385
see also Aroma, encapsulation
Flowability, 10, 101, 112
Fluid bed agglomeration, 85
Description, 8
Enzymes, 261-262
Fluid bed coating, 88,
Aroma, 132, 135-136, 143, 147, 151,
153-155, 347
Description, 5, 9-10,
Fish oil, 175, 178
Iron, 188, 193, 194, 199
Microspheres, 143, 175
Probiotics, 277-279, 287, 290,
292-294
Fluidised bed reactor, 306, 310-311, 314
Folic acid, microencapsulation, 83
Food bioconversions, 367-389
Amino acids, 381-384
Bioreactor design, 369-372
Carrier materials, 373-375
Organic acids
Acetic acids, 380-381
Citric acid, 378-380
Gluconic acid, 380
Lactic acid, 377-378
Sugar conversions, 372
Glucose production, 372-374
Fructose production, 375
Lactose production, 375-377
Triglycerides, hydrolysis, 384-385
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Freeze-drying, 14, 83, 84, 88, 173, 175, 331,
348, 356
Carotenoids, 229, 234-235
Description, 6, 22
Probiotics. 275-277, 281, 284, 292
Fructose production, see Food bioconversions

G
Galactomannans,
Description, 34, S0-51
See also Locust bean gum, Tara gum or
Guar gum
Gas lift reactor, 306, 310-311, 338, 368,
369-370
Gas-liquid equilibrium, 115
Gas-solid equilibrium, 115-116
Gelatin, 45
Coacervation, 15-16, 24, 88, 103, 113,
140-141, 144, 152, 155, 172,
174, 179
Co-extrusion, 18, 171, 286
Gel texture, 60
Description, 34, 65-67
Emulsions, 234
Extrusion, 88, 286
Freeze-drying, 84, 88, 234
Melt extrusion, 139
Microspheres, 17-18, 106, 155, 305, 349
Nanoparticles, 24, 229-230
Spray-drying, 8, 85, 88. 132, 181, 234
Supercritical fluids, 20
Gellan gum,
Coacervation, 67, 88
Description, 34-35, 59-60
Emulsions, 88
Microspheres. 18, 84, 142, 155, 265, 293
Interfacial polymerization,
Regulatory aspects, 80,
Spray-drying, 88, 233
Gel beads / particles, see Microspheres
Glass transition / Glassy state, 8, 11-12, 90,
101, 110-111, 114, 130, 132133,
137, 139-140, 151, 167, 169,274
Gluconic acid. production, see Food
bioconversions
Glucose production, see Food bioconversions
Glutaraldehyde, 15, 140-141, 172, 230, 305.
368, 373, 382-384
Gluten, 39
Coacervation, 88
Description, 34, 6263,
Emulsion, 88
Extrusion, 286
Fluid bed coating. 277

Melt extrusion, 139
Pellets with immobilised cells, 306, 331,
335,337
Spray-drying, 88
Glycerides. 129
Description, 34, 68-70
Emulsions, 216
Extrusion, 88
Fluid bed coating, 193-195, 199
Hydrolysis, 384
Spray-chilling/cooling, 88
Granulation, 8, 41, 132, 135, 173, 277
Enzyme and peptides, 253-262
see also Agglomeration
Guar gum, 45, 53, 58
Coacervation, 88
Description, 35, 46, 50-51
Extrusion, 88
Fluid bed coating, 88
Freeze-drying, 88
Regulatory aspects, 80
Spray-drying, 88
Gum, description 34-35
See also other Gums in this list.
Gum acacia
See Gum arabic
Gum arabic, 41, 67
Coacervation, 15, 88, 103, 113, 140-141,
152, 155,172
Description, 34-35, 4647
Extrusion, 88
Fluid bed coating, 88, 153
Freeze-drying, 84, 88, 147
Interfacial polymerzation, 84
Regulatory aspects, 80
Spray-drying, 8, 84-86, 88. 132, 134, 169,
233,274,292
Gum karaya,
Coacervation, 88
Description, 34, 35, 48-49
Extrusion, 88
Fluid bed coating, 88
Freeze-drying, 88
Regulatory aspects, 80,
Spray-drying, 88
Gum tragacanth, 47
Coacervation, 88
Description, 35, 46, 48
Extrusion, 88
Fluid bed coating, 88
Freeze-drying, 88
Regulatory aspects, 80,
Spray-drying, 88
Gum senegal
See Gum arabic
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H

Hanging sheet reactor, 370-371, 379-380
Hydrocolloid. description 34
Hydroxypropyl cellulose (HPC),

Description, 4445
Emulsion. 88

Extrusion, 88

Fluid bed coating. 88. 287
Melt extrusion, 12, 139
Microspheres, 283
Regulatory aspects, 80,
Spray-drying. 88. 136

Hydroxypropyl methyl cellulose (HPMC),

I

Coacervation. 16, 141

Description, 4345,

Emulsions. 88

Extrusion, 88

Fluid bed coating, 88, 200, 232-233, 287
Melt extrusion. 12, 139

Regulatory aspects, 80,

Spray-drying, 85. 88, 136, 168-169
Supercritical fluid, 21

Inclusion complexation, 83, 88

Description, 6, 19-20,
See also Cyclodextrins

Intertacial polymerization, 84
lodine, encapsulation, 85, 187, 197-198, 200-207
Iron, encapsulation 85, 187-209

J

Bioavailability. 192-194
Fluid bed coating, 188, 193, 194, 199
Food fortification, 194-206

Cereals. 194-195

Liquid foods, 195-196

Salt, 197-205

Sprinkles, 196-197

Wheat Mour, 205-206
Rotating Membrane device, 191-192
Spray-chilling/cooling. 188-190. 194.

200-201, 205-206

Jet-cutter, 16-17., 280

K

Konjac gum, 35, 38. 80

L

Lactase, 270, 346, 352, 376-377

Index

Lactic acid. production, see Food bioconversions
Lactosc production, see Food bioconversions
Laser light scattering, 75-76, 105-106
Layer-by-layer technology
See Emulsions, multilayer
Lecithin, 20, 85. 177. 194-196, 199, 201-202.
237,240
See also Phospholipids or Liposomes
Lipase, encapsulation, 346, 354, 384-385
Liposomes, 82. 85, 88
Carotenoids. 220, 226-228, 232, 235,
240-243, 246
Dairy fermentation, 354
Description, 6, 20-21, 33, 69-71
Enzymes, 113, 266-267, 354
Freeze-drying, 22
Iron, 195
Nanoparticles, 23
Supercritical fluid. 22
Lipid, 20, 38, 113, 118, 177
Description, 34, 67-71
Co-extrusion, 18
Emulsion, 13-14, 84
Fluid bed coating, 10. 88. 135-136,
152154, 178, 2717, 279, 292, 347
Melt extrusion, 12, 88, 139
Nanoparticles, 22-23, 219
Oxidation, 164-168. 176-177. 179-180, 195
Spray-cooling/chilling, 5, 10. 88, 136, 143,
178.189. 279
Spray-drying. 8. 84, 86
See also Phospolipids, Fatty acid, Fatty
alcohol, Fish oil. or Glycerides
Liquid-liquid equilibrium, 116-117
Locust bean gum, 45. 55
Description, 35. 46, 50, 51,
Extrusion, 88
Gel texture, 60,
Regulatory aspects, 80
Lutein. 212-213.233, 244
Lycopene, 211-213
Cyclodextrin, 231
Emulsions, 14, 216-217, 219-220, 223,
225, 233-234, 236-240. 242, 246
Freeze-drying, 234
Liposomes. 227-228
Nanoparticles, 229
Spray-drying, 233-234

M

Malolactic fermentation (MLF). see Wine and
cider making

Maltodextrin, 130, 167, 175. 188. 193-194, 287
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Agglomeration/Granulatin, 135

Coacervation, 16, 141,

Description, 39, 41

Extrusion, 88

Fluid bed coating. 88

Freeze-drying. 22. 235. 275

Melt extrusion, 12

Melt injection, 11. 137-138, 181

Spray-drying. 8, 16, 83-86, 88, 132, 134,
147, 150. 152, 168-169, 173, 233,
235.274

Marine extracts, see Alginate or Carrageenan

Mass transfer, 21, 110, 113-122, 129, 145, 155,

202, 305, 307, 309-311,314-316,
318-319. 328, 335, 338, 349, 351,
368.370-371, 374.379. 382
Matrix type encapsulate, 3-4, 113,121,
141,153
Meat fermentations. 345-347, 351, 354-357,
360-361
Fluid bed coating, 347
Microspheres, 354-357. 360
Spray-drying, 347
Mechanical strength, 101, 107-110. 285,374
Melt extrusion,
Aroma, 132, 139-140, 151152, 263
Description, 5, 11-12
Melt injection,
Aroma, 132, 137-138. 151
Fish oil, 137, 169-170, 181
Description, 5. 11
Mesquite gum (MG),
Coacervation, 88
Description. 34, 35, 46, 49,
Extrusion, 88
Fluid bed coating. 88
Freeze-drying, 88
Interfacial polymerization, 84
Spray-drying. 84, 88. 233
Methyl cellulose (MC),
Coacervation, 16, 141
Description, 42-44
Extrusion, 88
Fluid bed coating. 88. 136
Melt extrusion, 12
Regulatory aspects, 80
Spray-drying, 85, 88. 136
Methy! ethyl cellulose. see Ethyl Methyl
Cellulose
Microfluidics. 14, 190-191, 221-223
Microscopy. 102-104. 109, 203
Microspheres
Aroma, 132, 141143, 152-153, 155
Carotenoids. 232-233

397

Dairy fermentation, 348-352, 354, 358
Enzymes, 16, 265-266
Fish oil, 174-175, 18]
Meat fermentation, 354-357, 360
preparation via extrusion, 6, 16-18, 84,
280. 349
preparation via emulsification, 6, 17-18,
280, 349
Probiotics, 84, 279-285, 289-294, 48,
354-355, 356
Milk proteins, see Dairy proteins
Maodified starch, see Starch
Monolith reactor, 306

N
Nanoparticles, 6, 22-23
Carotenoids, 228-232
Enzymes, 23-24
See also Cyclodextrins, Liposomes

(0]
Octenysuccinate (OSA) starch,
see Starch
Oil. see Emulsions or Lipids
Organic acid, see Food bioconversions,

P
Packed-bed reactor, 305, 310-311, 313-314,
334-335, 339, 352, 368-372, 375,

382, 384,386
Paraffin, 69, 72, 88, 281
Particle size

Overview encapsulates, 4-6, 26, 132
Measurements, 105-106
Pectin,
Coacervates, 15, 83, 140
Description, 35, 50-52
Emulsions with multilayers, 15, 177
Fluid bed coating, 138, 143, 287
Gel texture, 53, 60
Microspheres 18, 143, 235, 265, 283,
288,354
Nanoparticles, 24, 173
Regulatory aspects, 80,
Spray-drying, 88, 168, 234, 274
Submerged co-extrusion, 286
Peptides, 232, 283, 288-289, 295, 353
See also Enzymes, microencapsulation
Phospholipids, 20, 164, 227, 354
Description, 34, 69-71
See also Lecithin or Liposomes
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Plant exudates and extracts, see
Galactomannans, Gum Arabic,
Gum karaya, Gum tragacanth,
Pectin, or Soluble soybean
Polysaccharide
Polyphosphate, 15, 140, 172, 181
Polysaccharide, 74-75, 77
Description, 34-35
Nanoparticles, 24-25
See also Carbohydrate and Gum
Polyvinylpyrrolidone (PVP), 71, 80,
88, 258
Probiotics encapsulation, 269-302
Applications
Cheese, 290-291
Fermented plant-based products.
293-294
Frozen Desserts, 291-292
Mayonaisse, 294
Meat products, 292-293
Powdered formulations, 292
Yoghurt, 270, 274, 282. 288-290, 295
Compression coating, 286-287
Fluid bed coating. 277-279, 287, 290,
292-294
Freeze-drying., 275-277, 281, 284, 292
[solation and selection, 271-272
Microspheres, 84, 279-285. 289-294, 348,
354-355, 356
Protection needs, 272-273, 287-289
Spray-cooling, 279
Spray-drying, 84, 273-276, 292, 295
Submerged co-extrusion, 19,
285-286
Twin screw extrusion, 286
Vacuum-drying, 276-277
See also Dairy fermentation or Meat
fermentation
Protease, encapsulation, 265, 352-354, 384
Protein,
Coacervation, 15, 88
Description, 34, 61-67
Emulsions, 14
Extrusion, 88, 170-171
Freeze-drying, 22
Fluid bed coating, 9, 88.277
Inclusion complexation, 20
Melt extrusion, 12
Nanoparticles, 2224
Spray-drying, 8-9, 88, 136, 168
Supercritical fluid, 22
See also B-lactoglobulin, Dairy proteins,
Enzymes, encapsulation, Gelatin,
or Soy protein

Index

R
Release kinetics, 113-121, 131
See also Mass transfer
Reservoir type encapsulate, 3-6, 16, 18-19,
101, 143, 150. 153
Retiny! palmitate
See Vitamin A

S
Safety, 4, 129, 347
Of materials, 78-79
Scanning electron microscopy (SEM). see
Electron Microscopy
Selection
Of microencapsulates, 25, 167-168
Of materials, 79-90
Shellac,
Description, 34, 72
Fluid bed coating, 136, 286
Microspheres, 104-105
Regulatory aspects, 80
Spray-drying, 88
Silica / Silicon oxide, 24, 72, 87, 307, 368.
376, 385
Aroma, 132, 147148, 153
Powder flow aid, 137, 168, 178
Skim milk powder (SMP), 83, 85. 169,
274-275
Sodium carboxymethyl cellulose
see Carboxymethy! cellulose
Sol-gel, 24, 87, 88, 147-148
Soluble soybean polysaccharide (SSPS),
Description, 34-35, 52-53
Spray-drying, 83, 85, 88
Soy protein (isolate), 34, 45, 53, 174
Coacervation, 173
Freeze-drying, 88, 275-276
Microspheres, 175
Spray-drying, 8, 88, 132, 169, 181, 274
Spinning disk, see atomizing disk
Spray-bed drying, 8, 85, 255, 347
Spray-chilling / cooling, 85, 88
Aroma, 129, 132, 136-137. 143,153-154, 156
Description, 5, 10-11
Fish oil, 178
Iron, 188-190, 194, 200-201, 205-206
Probiotics, 279
Spray-drying, 24, 83-87, 88, 347
Aroma, 40, 47, 83-84, 129, 131-135, 139,
146-147, 149-152, 154-156, 347
Carotenoids, 233-234
Coacervates, 15-16, 141, 173
Cyclodextrin, 40, 147
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Description, 5. 7-8

Emulsions, 14, 233-234

Enzymes, 254-256

Fish oil, 85, 168-169, 171, 173, 177178,
181-182

fron, 189

Meat fermentation, 347

Probiotics, 84, 273-276, 292, 295

Supercritical fluid, 21

Starch, 276

Coacervation, 172

Compaction, 287

Description, 34, 36-39

Extrusion, 88, 151, 171, 265, 287

Fluid bed coating. 9, 88, 143

Freeze-drying, 88

Hydrolysis, 372, 376, 378

Melt extrusion, 12. 139, 148,263

Melt injection, 169

Microspheres, 283, 289-290

Modified starch, 18, 24, 38-39. 41, 80-81.
85, 88, 152

Octenylsuccinate anhydride (OSA) starch,

24, 83,132-134, 136. 152, 173
Nanoparticles, 24-25, 83
Regulatory aspects, 80-81
Spray-drying. 12, 83-85. 136. 150. 168.
181, 233-234, 256, 274~-275
See also Amylose, Amylopectin,
Cyclodextrin, Maltodextrin, Syrups,
or Dextrin
Stirred tank reactor, 300, 308-311, 352, 368-371
Submerged co-extrusion,
Aroma, 144
Description, 19
Fish oil. 171, 181182
Probiotics, 19. 285-286
Sugar conversions, see Food bioconversions
Supercritical fluid. encapsulation. 88
Aroma, 21
Carotenoids. 230-23]
Description, 6, 21-22
Syrups,
Co-crystallisation, 88, 148
Description. 39
Extrusion, 88
Fluid bed coating, 88
Melt injection, 137
Spray-drying, 85, 132-133, 168

T
Tara gum,
Description. 35. 50. 51,
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Extrusion. 88
Regulatory aspects, 80
Transglutaminase, 15, 23, 140-141, 172-175.
177, 347
Transmission Electron microscopy (TEM).
103-104
Triglycerides. see Glycerides or Food
bioconversions
Tripolyphosphate, 61, 72, 83

U
Ultrasonic atomisation. 19, 144, 175

\4
Vacuum drying,
Aroma. 147
Description, 6, 22
Fish oil, 181
Probiotics, 276-277
Vibrating nozzle. 16, 18-19. 144,
171, 349
Viscosity measurements. 76-78
Vitamin A, encapsulation 83, 85, 187,
201-205
Vitamin C, encapsulation, §3. 85. 175, 206.
286
Vitamin D, encapsulation. 23-24
Vitamin E. 14, 24, 83

w
Wax. 45, 113. 150,153
Description, 34. 69,
Emulsions, 14, 87, 88
Extrusion. 88
Fluid bed coating, 10, 88. 135. 178.
193-194, 199-200, 265, 277
Regulatory aspects, 80
Spray-chilling/cooling. 136
Spray-drying, 8
Supercritical fluid, 21
See also Beeswax. Carnauba wax. or
Candellia wax
Whey protein (isolate),
Coacervation, 15, 140, 172, 174
Description. 34, 63-65
Extrusion, 170
Emulsions, 86, 88, 237, 239, 246
Microspheres, 175, 283,289, 294,
349, 357
Nanoparticles, 229-230
Spray-drying. 84. 87-88. 134, 169, 274
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Wine and cider making, 327-343
Alcoholic fermentation, 329
Bioreactor design, 335-338
Carrier materials / Supports, 330-332
Cell immobilization methods, 328-329
Malolactic fermentation, 327, 332-339

Wiirster coating, 9, 278

X
Xanthan gum,
Coacervation, 88
Description, 34, 35, 57-59
Emulsions, 88, 224
Gel texture, 60
Microspheres, 18, 84, 175, 293
Regulatory aspects, 80,
Spray-drying, 88
X-ray micro-computed tomography, 104-106

Index

Y
Yeast cells
Aroma, 132, 144-146, 151-152
Immobilisation for beer fermentation,
303-319
Immobilisation for wine and cider making,
331-339
For glucose production, 379
Yoghurt,
Production, 345, 350-351, 355,
358, 360
See also Probiotics, applications

Y/
Zeaxanthin, 212-213
Zeta-potential, 106-107, 238-241





