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A

abeo-isohumulones
247

acetaldehyde, formation of 473

2-acetolactate, development of
277

a-acids

— isomerization 249

— polymerization of 129, 249

acidulated malt 103, 106, 123,
187, 302, 408, 451, 453, 454,
462, 480, 481, 484, 493

acrospire development
95, 96

acrylamides 72

activated carbon, diatomaceous
earth 343

actual drying stage 67

adhumulone 219

adsorption, artificial clarification
339

air circulation cooling system
286, 287

air-dried losses 93

air separators 10, 384

alcoholic fermentation 20, 263,
269, 270, 274

ale shape 371

aliphatic alcohols, concentration
of 474

Alka closures 383

aluminum 289

— alloy 312

— cask 366, 367

— tank 312

Amadori rearrangement 69

amaranth 100, 103, 495

p-aminobenzoic acid 274

a-amylase, degradation of 34,
160

B-amylase, degradation of 34,
160

amylopectin 2, 34, 159, 160,
439-441

anabolism 268

anodic oxidation 122

anthocyanogens 129, 200

— content 132

— and polyphenols 167

apparent degree of attenuation
302, 451, 453, 462

aroma compounds 439

219-221,

37-38,
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— alcohols 227

— phenol carboxylic acids 227

— pigments and reducing
substances 227

— sulfurous compounds
228-229

— thermal-oxidative modification
of lipid degradation products
226-227

artificial cooling 14-15, 41-42,
286, 299

— of barley 14

artificial drying of barley

— drying with cold air 18

— maltkiln 17-18

— modern dryers 17

Aufkriicken der Hefedecke 480

autolysis, yeast 268

automatic blending apparatus
360

automatic filling elements 367

auxiliary equipment 192,
359-361, 368

B

Bacillus subtilis 268

bacteriostatic capacity of hops
131

bag filters 12

barley

— germination 28

— malting 1-2

— steeping

— — cleaning 21

— — equipment 23-25

— — moisture uptake kernel

19-20

— — supplying oxygen 20-21

— — water consumption 21-22

barley cleaning equipment 10,
13

barrels and casks 365

— aluminum cask 366

— cleaning 366

— cylindrical casks 366

— stainless steel casks 366

— wooden barrel 365-366

basket fitting 368

Baudelot or falling film chiller
250

Bavarian-style 99, 186, 370,
493-494
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beer aroma

— characteristics of 409

— factors influencing flavors
410-411

— off-flavors

beer filtration

— auxiliary equipment 360

— beginning and ending
361-362

— clarification processes 353

— compressed air 363

— devices for monitoring filtration
360-361

— diatomaceous earth filtration

411-414

353

— tank bottoms 362

— technology

— — centrifuges 351-353

— — diatomaceous earth filtration
342-349

— — membrane filtration
350-351

— — pulp filtration 341-342

— — sheet filters 349-350

— theory of filtration  339-341
beer foam
— technological influences
415-417
— theory of 414-415
beer lines 122, 240, 360, 383,
388,417, 435, 500
beer losses
— calculation
— — cast-out wort and/or from
malt grist  400-402
— — economic aspects of
recovering beer 401-403
— — quantity of wort and beer
400, 401
— — of surpluses and deficits
400
— — volumetric losses
— definition 395
— true beer losses  397-399
— wort losses  396-397
beer production with
bottom-fermenting yeast
— bitter substances and
polyphenols 306
— color 306
— conducting fermentation
297-298

399-400
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— fermentation by-products
305-306

— fermentation rooms or cellars
286-287

— fermentation vessels 287-294

— hydrogen ion concentration
304-305

— maturation 286

— maturation level 304

— nitrogenous compound
305

— pitching the yeast 294-297

— primary fermentation 286,
298-301

— recovery of carbon dioxide
produced during fermentation
307-309

— redox potential 305

— yeast flocculation 307

beer quality

— aldehydes 276

— esters  275-276

— fatty acid synthesis

— higher alcohols 275

— organic acids 276

— sulfur compounds 278

— vicinal diketones 277-278

beer recovered from surplus yeast
241

beer sarcina 413, 441

beer-spoiling, lactic acid bacteria
441-442

Berliner Weisse 465, 490-492

Biersteuergesetz 395, 396, 459

biocidal effect 121

276

bitter hops 126, 129-131,
133-135, 140, 223, 226, 478,
481, 484

bitter substances, in wort 473

boiling and hopping the wort
209-242

— traditional brewing methods
209-210

boiling fermentation 300-301

bottling

— bowl fillers 378

— disk or gate valve fillers 378

— fillers for cans and PET bottles
381-382

— fillers operating at higher
pressures 377-378

— fillers operating at lower
pressures 377

— fillers with integrated bottle
sterilization 381

— layout 393-394

— level-control or displacement
fillers 378-379

— oxygen uptake during
383-384
— plug valve fillers 378
— ring bowl fillers 378
— ring channel fillers 378
— valve fillers  379-381
bottling and canning
— cleaning bottles 374-377
— containers 372-374
bottling non-alcoholic beers 461
bottom-fermenting brewing yeast
263, 268, 271, 466
bottom-fermenting yeast 263,
465
— beer production 286-309
— in brewing operations
— — culturing pure strains
279-281
— — yeast degeneration and loss of
typical characteristics
281-282
— — yeast strain selection 279
bowl fillers 378
box malting 49, 53-62
branched aggregates of
mother/daughter cells 467
brewhouse production, safety and
consistency 241-242
brewhouse yield
— assessing  244—246
— calculation of 242-244
brewing liquor 451, 477
— acidification with Sauergut
123-124
— calcium sulfate 119
— carbonates 114
— colloidal silica 120
— degassing of water 122-123
— effect of water ions 113-114
— electro-osmosis method 118
— gypsum 119
— hardness of water 112-113
— ion exchangers 116-118
— iron and manganese 120
— microbial contamination 120
— reverse osmosis  118-119
— slaked lime 115-116
— softening or removing minerals
123
— treatment of 114
— water classification 120
— water composition 111-112
brewing yeast
— autolysis 268
— bottom-fermenting yeasts 263
— enzymes 264—265
— genetics 266
— morphology 263-264

— reproduction 265-266

— top-fermenting yeasts 263

bright beer cellar 365

buckwheat 100, 103, 495

budding 265, 267, 294, 329, 336,
478

buffer tank, for CO, gas 309

bunging devices 291, 311, 313,
315-317, 328, 331, 479, 482

C

calcium ions
480

capping the bottles 383

caramel malt 63-64, 103-105,
180, 186, 205, 408—410, 415,
431-432, 435, 447-450,
453-454, 462-463, 477, 480,
484, 489, 493

carbohydrate metabolism 269

— Embden—Meyerhof—Parnas
pathway 269

— pentose or hexose
monophosphate pathway
270

— respiration 269-270

— synthesis of carbohydrates
270-271

carbohydrate-rich cereals

carbohydrates, in yeast cell

carbon dioxide extracts 137

carbon dioxide generated by
fermentation 287

carbon dioxide rest 53, 63

carbonation, in beer 317

carboxypeptidases 31, 68, 164

casks and barrels, filling
367-368

cast-out wort

— cleaning the brewhouse
equipment 237-239

— production 237

casting out

— hop filters 236

— milled hops or hop pellets

— spent hops 236

catabolism 31, 268

caustic station 375

cellulose 3, 134, 148, 334—335,
340-341, 343-344, 346-350,
353-354, 388, 456

centrifugation technology
351-352

centrifuge operations 351

centrifuges, hot break separation
254

ceramic membranes
357-358

113, 114, 160, 274,

495
264

236

355,
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cereals

— einkorn 101-102

— emmer 101-102

— millet 102

— oats 102

—rye 100

— sorghum 102-103

— spelt 101-102

— triticale 101

chamber separator 251, 254

chemical composition of 264

chiller, auxiliary equipment 360

chill haze 143, 225, 318, 328,
340, 352, 418, 419, 422,
424-427, 500

chilling the wort 234, 237,
246-248, 250, 251, 254, 259, 481

chit malt 94, 103, 106, 171, 183,
187

chloropropanol 72

choline 264, 265, 274

cis-and trans-allo-isohumulones
219

clarification processes
353

cleaning and filling kegs

— advantages 370-371

— cylindrical sides of 368

— disadvantages 371

cleaning and sterilizing filling
machines 382-383

cleaning barrels and casks
367

cleaning devices 10, 16, 291

closed chillers 250

closed fermentation vats
289-290

closed wort chilling systems

— automation of 259

— brewing equipment 255

— devices for wort handling after
boiling 258-259

— hot break separation 251-255

— wort aeration devices
257-258

coagulation of protein 216-219

coarse dispersions 339

cohumulone 129, 130, 134, 219

cold contact method 460

cold fermentation 298, 306, 333,
465

cold sedimentation 256, 260,
282, 294, 295, 327, 397, 401,
455,478

cold separation 256, 294, 295

cold wort handling 249, 260

cold wort yield

— brewhouse yield 261-262

188, 310,

369, 370

366,

— calculation of 260-261

— data collected for 260

collection vessels, in brewhouse
238

colloidal silica 120, 424, 425

colloids, defined 339

CO, liquefaction 308-309

compressed air, in brewery 363

computer-controlled volumetric
fillers 381-382

concrete tank 310, 312

conditioning towers 47

conducting fermentation
297-298, 306

Congress mash 34, 83, 96-98,
101, 103, 105, 162, 244

contact auger 152

continuous fermentation

processes  335-336
continuous flow process 335,
336

continuous lautering methods

— decanters 208-209

— Pablo system 208

— vacuum filter serves as a drum
filter 208

continuous malting systems
77-78

continuous wort boiling 233

conventional mash filter

— mash filter design 202

— mash filter lautering process
202-203

— outputof 203

— quality 203

conventional maturation
309-310, 313, 320

conventional steeping 20, 25, 76

conveying systems 393

conveyor systems 9-10, 16, 36,
57,78, 155, 159, 371, 437

cooked flavor 228, 459

coolships 147, 216, 224,
235-236, 249-251, 254, 294,
395-396, 478, 481, 490

CO, recovery plan 142, 307, 309

cost-effective pulp filtration 342

cotton (pulp) 340-341

Coutts procedure 335-336

crossflow microfiltration 355

— with ceramic membranes 355,
357-358

— cost comparison 358

— operations 357

— polymer membranes 356-357

— principle 355-356
— vibrating membrane filtration
358-359

curing Munich malt 82-83

cylindrical casks 366

cylindroconical fermentation
tanks (CCTs) 282-283, 287,
290, 293, 298, 306, 322, 336,

398, 470-471, 482

D

dark caramel malt
449, 484, 489, 493

dark malts 38, 44, 63, 64, 9498,
228, 431, 494

dead steep 20

decanters 208-209, 241, 397,
402

deculming process 90, 93

degree of attenuation

— apparent 302

— fermentation cellar 303

— final 302-303

— limit of attenuation 302

— real 302

dehydrogenases 265, 274

denaturation 5,71, 161, 210,
216, 221

densitometers 201

diacetyl production 277

diatomaceous earth 340

— filters  343-346, 349, 350, 362,
388,399

— pre-coat sheet filter 346-348

— sheet filters 343, 344, 347, 349

diatomaceous earth filtration
342, 348

— centrifuge and a horizontal
filter 354

— centrifuge and a pulp filter

353

crossflow microfiltration 355

— filter sheets 354-355

multi-step microfiltration 354

— synthetic extrudates 355

diatomite 342-346, 438

dietary effects of beer 446

dimethyl sulfide (DMS) 33, 70,
82,98, 124, 131, 228, 273, 274,
278,327,412, 413, 481

dimethyl sulfoxide (DMSO) 70,
228, 278

disk or gate valve fillers 378

dispensing systems 369, 371, 417

dispersion devices 157-158

divided lagering 326

double-decoction mash method
176

downstream products 437

Drauflassen 280, 296-297, 321,
413

104, 410, 435,
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droplet culture 279

dry hopping 126, 131, 132, 135,
144, 146, 336, 337, 410, 479

— effects of 337

— in practice 337

dry yeast 285

Dunkles and Schwarzbier
449-450

dust filters 11

dynamic low-pressure boiling
232

E

Ebon 289

economical steeping tank 22

effective microorganisms (EM)
437

einkorn 100-102, 489

electro-osmosis method 118

electrophoresis 1, 5, 414, 466

Embden—Meyerhof-Parnas
pathway 269,273

emmer 100-102, 465, 489

enameled steel tank 312

endopeptidases 28, 31, 68, 114,
163, 164

endosperm, milling 148-149

enriched hop pellets 135

enzymatic (biological) methods
171

enzymatic modification of raw
materials 494-495

Esser test 340, 440

exopeptidases 28, 31, 68, 111,
114, 163, 265

external calandrias 141, 210,
212, 214, 215, 218, 230, 238,
239, 253, 478, 481, 498

extracting the wort

— lautering 188-209

F

fermentable extract 111, 237,
314, 460, 463, 476, 483, 486

fermentation 452

— brewing yeast

— — autolysis 268

— — bottom-fermenting yeasts

263

— — enzymes 264-265

— — genetics 266

— — morphology 263-264

— — reproduction 265-266

— — top-fermenting yeasts 263

— by-products 473

— in cylindroconical tanks 331

— higher temperatures

327-328

— high-gravity worts and beers
331
— immobilized yeast 334-335
— mechanical agitation 327
— pressure application 328-330
in slender, flat-conical tanks and
external cooling systems 333
— tanks 287
— yeast metabolism 268-272
fermentation rooms or cellars
286-287
fermentation vats 288
— closed 289-290
— cooling the fermenting wort
292-294
— horizontal fermentation tanks
290-291
— spheroconical tanks 292
— thin tanks with a flat, conical
bottom 292
— vertical, cylindrical,
flat-bottomed tanks 291
— vertical fermentation tanks with
a flat-conical bottom 291
fermentation vessels
— fermentation vats
— — closed 289
— — cooling the fermenting wort
292-294
— — horizontal fermentation
tanks 290-291
— — materials 288-289
— — spheroconical tanks 292
— — thin tanks with a flat, conical
bottom 292
— — vertical, cylindrical,
flat-bottomed tanks 291
— — vertical, cylindroconical
fermentation tanks 290
— — vertical fermentation tanks
with a flat-conical bottom
291
fermentative type 466
feruloyl esterase 29, 166
filling casks and barrels
filter bowls 341
filter pulp 341
filter sheets 158, 246, 340, 343,
349-350, 353-355, 388, 403,
442
finished beer
— aroma 409
— beer foam 414-418
— classification of 407
— composition of
— — extract 405-407
— — volatile compounds 406
— filterability of

288-289

367-368

— — causes of poor 438-439
— — remedial measures
440-441
— formation of colloidal turbidity
419
— German bottom-fermented
beer styles 447-450
— microbiological stability of beer
441-445
— physico-chemical properties
— — composition of colloidal
turbidity 418
— — flavor stability 428-434
— — formation of colloidal
turbidity 419
— — gushing 436-438
— — monitoring and predicting
flavor stability 434-435
— — stabilization of beer
419-428
— — technological measures,
colloidal stability 419
— — turbidity originating
chemically 435
— physiological effects of beer
— — dietary effects of beer 446
— — nutritional value of beer
445-446
— properties of
— — color 408
— — general characteristics 407
— — redox potential of beer
407-408
— special beers
— — alcohol removal with physical
methods 456-459
— — dietetic beers of the past
451-453
— — limiting alcohol content
454-456
— — low-alcohol beers  461-463
— — non-alcoholic beer 454,
459-461
— — nutritive beers
first thick mash 176
first wort hopping 148, 226
five-roller mill function 152
fixed-bed reactor 334, 335
floating barley 23, 25, 27, 93
flocculation capacity 307
flocculative capacity 299, 466,
475,491, 499
flocculent yeasts 263, 264, 282,
304-306, 314, 317, 352
floor malting
— area 42
— artificial cooling 41-42
— capacity of 44-45

453-454
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— designs 45

— germination process

— moisture content 42

— traditional 41

floor malting light exposure 42

flotation method 256, 297

flow meter 257, 260, 292, 313,
361, 370, 381

flush-steeping 27

foam separator 308

folic acid 264, 274, 445, 446, 494

forced fermentation 290, 298

four-roller mills 151-152, 156

free amino nitrogen (FAN) 67,
97,99, 100, 432, 473

friability of malt 95

Frigen 46, 250, 293

frothing fermentation 301

fully automatic equipment
366-367

42-44

G

Galland drum  49-53

gap filter 343, 345, 347, 348

gasometer or a gas reservoir 308

gelatinization temperature, malt
starch 97

gel proteins 163, 204

genetic manipulation of yeast
266—268

geometry of metal tanks 311

bottom-fermented German beer
styles

— Dunkles and Schwarzbier
449-450

— German porter 450

— heller Bock 448-449

— Mdrzen 449

— pale export 447-448

— pale lager beer 447

— Pils or Pilsner 448

— smoked beer 450-451

German porter 450

top-fermented German beer styles

— Altbier (Duisseldorf, Lower
Rhine) 477

— Bavarian-style 493

— Berliner Weisse 490, 491

— Hefeweizen—Bavarian-style
wheat beer with yeast
484-488

— Kolsch  479-480

— Kristallweizen—filtered wheat
beer 480-484

— low-alcohol beers 494

— with malted cereals 488-490

— Malzbier (“malt beer”) 493

— non-alcoholic beers 494

— traditional 491-492

germination

— practice of

— — acrospire development

37-38

— — cold/warm regime 39

— — kernel modification 38-39

— — rootlets 37

— theory of

— — cytolytic enzymes 29-30

— — lipid degradation 35

— — microorganisms 36

— — phosphates degradation 33

— — polyphenols 35

— — protein degradation 31-33

— — starch degradation 34-35

germination drums 52

germination-kilning boxes 77

germination losses 93

germination practice of
metabolism 39

gibberellic acid 13, 14, 28, 64, 65,
94, 102, 227, 436

a-glucans 407, 418, 419, 427,
438-441

— turbidity 187, 188, 435

p-glucans 439

— degradation 96, 166, 168, 180,
188

— yeast 440

gluten-free beer 494-495

gluten-free sugar or starch sources
495

Goae 340

good filterability 438

grain bill, defined 169

green beer centrifuge,
sedimentation process
326-327

green beer clarification 352-353

green malt

— kilning 66-92

— pneumatic malting systems
65-66

grist separation 153, 181

gum substances 2, 3, 29, 109,
165-166, 171, 175,177, 179,
181, 183, 188, 220, 305, 339

gushing 18,436

— tendency 98

— test 100

H
Hartong—Kretschmer four-mash
method 39,97

harvesting yeast 282, 290, 322,
467-468, 482
heating jackets 173, 211, 217

hectoliter weight 8, 67, 94-95,
189

Hefebirne 295

Hefetrieb 471

Hefeweizen—Bavarian-style wheat
beer with yeast 484-488

heller Bock  448-449

hemicelluloses 3, 29, 343
— and gum substances 165-166
Hersbrucker 226

hexa-extract
(hexahydro-iso-a-acids) 139

high-bed lauter vessels 189

high gravity beer after maturation
499-500

high gravity techniques 262, 500

high gravity wort fermentation
499

high gravity wort production

— dilution of high gravity wort at
the chiller 498

— lautering system 497

— mashing 497

— whirlpool operations

— wort boiling  497-498

high-performance kettles
218,230

hoch-kurz 146,158, 178-181,
223, 248, 447-448

hop drive 468, 470

hop extracts, isomerized 147

Hopfentrieb 467,470

hop jack 147, 236, 253, 260

hop polyphenols, extraction
142-143, 221-222

hop oil products 137, 139, 144,
223

hop utilization
224

Hopfenseiher

hops

— analysis 128-134

— aroma 145

automatic hop additions 148

bitter substances into solution

139-142

— classification 125-127

— description of 124

— dry hopping 144-145

— evaluation 128

— lipids 146

— losses  147-148

— oils 143-144

— polyphenols 132, 142-143

— processing 127

— products 134-139

— proteins 146

— quantity of 146-147

498

211,

141, 146-147,

260
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— storage 127-128

horizontal conveyors 9, 16,76

horizontal fermentation tanks
282, 290-291, 293, 321, 470, 482

horizontal wire mesh filters 344,
347
hot air chamber 73, 80, 88, 392

hot and cold break material
247-249, 255, 256, 278, 396,
411, 470

hot break material, reuse of
250-251

humulinic acids 139, 219

humulinones 139, 219, 411

Hundskopf 313

husks

— milling 148

— separation 181

hydrogen sulfide
273-274, 278

hydrolases 5, 29, 109, 265, 431,
497

hygroscopic point

14, 228,

67, 80

]

inadequate clarification of the
beer 439

indicator microbes 443

industrial yeast strains  267-268

infection pressure 365, 436, 462

infusion and hoch-kurz mashing
regimes 248

infusion mashing 141, 172, 174,
178-180, 182, 207, 221, 244

inhibiting effect 6

intercellular pH value (ICP)
336

isohumulones, defined 219

isomerases 265

isomerized hop extracts
147, 225, 500

isomerized kettle extract (IKE)
138

285,

138,

K

Kieselguhr (diatomaceous earth)
filtration 255-256

killer yeasts 267

kilning, green malt

— actual drying stage 67

— chemical changes 67-72

— classic multi-deck kilns 79

— color and aroma formation
68—-69

— combination germination and
kilning units  75-77

— continuous malting systems
77-78

— continuous operation 78-79

— cooling and deculming 90-91

— dimethyl sulfide 70

— energy-saving measures
88-89

— kilning Pilsner malt, single-deck
kiln 80-83

— loading and unloading 89-90

— monitoring and automating
87-88

— operating a combination
germination box-kiln 86

— physical changes 67

— single-deck high-performance
kilns 73-74

— storing malt and maintaining
malt stores  91-92

— traditional two-deck kiln
86-87

— Triflexkiln 85

— two-deck high-performance
kilns 74-75, 83-85

— vertical kilns  85-86

— withering 66-67

kilning wheat malt 99

Koch clearing system 60

Koch system 77

Kolbach index 31-33, 39, 97,
101-104, 179, 415, 431

Kriusen 280, 328, 329, 463

— high and low 299

— pitching with 297

Kristallweizen—filtered wheat beer
480-483

L

lagering 482

— duration of 320

— essential elements of 310

— external heat 310

— passive cooling systems

— piping systems 310

— quantity of beer 310-311

lager vessels

— concrete tank 312

— metal tank 311-312

— tanks connected in series

— vertical tank 312

— wooden 311

laterally ventilated systems 61

Lausmann transposal germination
system 62-63

lauter tun 238

— accelerating 198-199

— classic lauter faucet 191

— collection area 191

— distance 190

— equipment 196-197

310

312

— false bottom 189-190

— first wort 193-195

— grainbed 193

— graining out 192, 201

— mashing out 192-193

— modern 189

— modern lautering systems
191-192

— monitoring 201

— operations 197-198

— operations using modern
199-200

— performance and efficiency
201-202

— quality 200

— sizeof 189

— sparging 195-196

— temperature 192

— volume of wastewater
200-201

— wort exits  190-191

lautering 497

— continuous lautering methods

— — decanters 208-209

— — Pablo system 208

— — vacuum filter serves as a

drum filter 208

— conventional mash filter

— — mash filter design 202

— — mash filter lautering process

202-203

— — output of 203

— — quality 203

— lauter tun 188

— membrane compression filters

— — design 203-204

— — operations 204-205

— — performance 205

— — quality 205

— and sparging 452

— Strainmaster 207-208

— thin-bed filter

— — design 206

— — operations

— — performance

— — quality 206

— wort collection vessel

Leichtbier 405-406, 463

level-control or displacement
fillers 378-379

ligases 265

light mercaptan 138

lightstruck 138, 279, 372, 412,
428, 430-431

limit dextrinase 28, 34, 102,
160-161, 185, 452

limit of attenuation, for
fermentation 302

206
206-207

209
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lipid metabolism

— degradation of fats 273

— fatty acids and ester formation
273

— fatty acids formation of 273

— fatty acids importance of 273

— glycerol synthesis 273

lipids

— changesin 167

— content of yeast 264

longitudinal ventilation 61

long-tube filler 377, 379-380,
386

low-alcohol beers

— brewing 462-463

— classification of production
processes 461-462

— definition 461

— maltbill 462

low NO, furnaces 72

low-pressure boiling 214, 232

lyases 265

M

Maillard products, reducing
effects 227-228

malt

— cereals

— — einkorn 101-102

— — emmer 101-102

— — millet 102

— — oats 102

- — rye 100-101

— — sorghum 102-103

— — spelt 101-102

— — triticale 101

— properties of

— — external characteristics 95

— — mechanical analysis 95-96

— — physico-chemical analysis

96-98

— pseudocereals 103

— specialty 103-104

— wheat malt 98-100

malt bill 169, 451, 453, 462, 477,
479, 480, 484, 490, 493

malt equivalent 157, 202

malt starch 97, 159, 162, 170,
244, 455

malting barley 1

— chemical composition

— — bitter substances 4-5

— — enzymes 5-6

— — inorganic constituents 6

— — lipids (fats) 3

— — lower molecular weight

carbohydrates 3
— — moisture content 6

— — non-starch polysaccharides
3

— — organic compounds 3

— — polyphenols or tannins  3-4

— — starch 2-3

— floor malting 41-45

— morphology 2

— plant diseases and animal pests
18-19

— pneumatic 45

— preparing

— — artificial drying 16-18

— — cleaning and sorting 10-13

— — conveyor systems 9-10

— — economic and technological

reasons 13-16

— — receiving 9

— properties of

— — chemical analysis 9

— — external features 7-8

— — physical examination 8-9

— storage 19

malting losses

— calculation 94-95

— during respiration and
germination 93-94

— steeping 93

Malzbier (“malt beer”) 454, 493

Mdrzen 106, 146, 170, 177, 223,
320, 406—409, 449, 462

mash filters, cleaning procedure
238

mash intensity index 165, 187

mash liquor volume 169

mashing regime 452, 477, 497

— double-decoction mash method
176-177

— grist separation 181

— hoch-kurz 178-179

— infusion mashing effects
179-181

— pressure mashing methods
182

— processing adjuncts 182-185

— single-decoction mash method
177

— spring mash method 179

— triple decoction 174-176

mashing techniques

— barley malt or other cereals
169

— duration of 171

— energy requirements for 174

— enzymatic (biological) methods
171

— fundamental changes 169

— mash liquor 169

— mashing vessels 172

— physical methods 171-172

— temperature 170-171

mashing theory 159

maturation

— of high-gravity worts and beers
331-332

— immobilized yeast 334-335

— in slender, flat-conical tanks and
external cooling systems 333

— time required for 332-333

— yeast reactor 335

maturation process

— blending 313

— carbonation 315-317

— clarification of beer 317-319

— decline in extract concentration
313-315

— monitoring 320-321

— physical methods 319

medium-colored malts (Vienna
type) 83

Megasphaera 382, 392, 441-443

melanoidin malt 103, 105-106,
447, 450

membrane compression filters

— design  203-204

— operations 204-205

— performance 205

— quality 205

membrane filtration 350-351,
358, 359, 417, 422, 439

mercaptans 278, 319, 412

methionine 70, 228, 271-274,
430

methionine content in wort 274

methionol 273, 274, 279

microbiological stability of beer

— maintaining microbiological
shelf life 443-445

— sources of contamination
441-443

micromalting 9, 101, 103, 106,
107

mill designs

— dispersion devices 157-158

— equipment 152-153

— five-roller mills function 152

— four-roller mills 151-152
— mill throughput 153-155
— pulverized grist 156-157

— six-roller mill 152

— two-roller mill 151

— wet milling 155-156

mill throughput  153-155

millet 100, 102, 109-111, 495

milling the malt

— grist and spent grain volumes
149
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mill designs 150

— milling area arrangement
159

— monitoring grist quality
150

— properties and composition
158-159

mineral metabolism

— calciumions 274

— copper 274

— magnesium ions

— phosphates 274

— sulfur dioxide 274

— sulfur metabolism 273-274

— zinc 274

modern fermentation and lagering

methods in beer production

anti-foam agents 325

— conventional methods 321

— cylindroconical fermentation

tanks 322

silicone-based anti-foam agent

325

— utilization 324

— vertical tanks with flat bottoms
324

— vertical, flat-conical tanks
324

modern fermentation vats 292

modern sedimentation vessels
252

modification box 63

molecularly disperse substances
339

multi-deck kilns 74, 79, 80, 90

multi-step microfiltration 354

Munich malt, kilning 67, 87

Munich-style Dunkles 97,
174-176, 320

myo-inositol (cyclohexanehexol)

274

274

N
Nathan procedure 327-335
nicotinamide 237, 269, 270, 274

nitrogenous compounds, beer
405

nitrogenous substances, in yeast
cells 264,473

nitrosodimethylamine (NDMA)
72,91, 98, 100

nodding barley 1

non-alcoholic beers 406, 407,
430, 442, 451, 454, 458-461, 494

non-condensable gases 308

non-flocculent yeasts 263, 264,
282, 299, 300, 303-306, 318,
416, 466

nutritional value of beer

— alcohol content 445

— carbon dioxide 445

— cardiovascular diseases

— ethanol 446

— hop bitter acids and hop oils
446

— minerals 445

— residual extract 445

— two-thirds of the polyphenols
446

— vitamins B2 445-446

— water 446

nutritive beers 111, 451,
453-454, 493-494

446

o

oats
494

off-flavors in beer

opacimeters 361

open propagation 279

overcarbonation 145, 315, 316,
384

oxalate turbidity 340, 435

oxidation of mash constituents
168

oxidoreductases 265

oxygen meter 361

oxygen uptake during bottling
384

— aeration of the beer

— beer filtration 384

— carbon dioxide usage for

— keg filler 387

— maturation process 383

— reasons 387

— scrubbing 385-387

— tank 384-385

ozonation 120, 121

100, 102, 109, 488, 489, 492,

279, 411-414

385-387

387

P
Pablo system 208
packaging beer
— barrels and casks
— bottling 377-382
— bottling and canning 371-387
— cleaning and filling kegs
368-371
— conventional casks 368
— filling and storage areas 371
— filling casks and barrels
367-368
— pasteurization of beer
391-393
— sterile filling 387-391
— storage after filtration 365

365-371

pale export 146, 223, 303, 435,
447-449

pale lager beer
303, 447, 459

passive cooling 286, 310

144, 170, 302,

pasteurization of beer 368,
387-393
Pectinatus 382, 392, 441-443

2,3-pentanedione 277, 278, 305,
320
pentose or hexose

monophosphate pathway
270
Petainer 369

pH of the Congress wort 97-98
pH of the mash 161, 162, 164,
165, 187, 431
phosphohexose isomerases
phosphomutases 265
Pils or Pilsner 448
Pilsner malt 87
— EBCfor 67
— kilning, single-deck kiln
80-83
pitching the yeast
— Drauflassen 296-297
— Krdusen 297
— method 295-296
— oxygen supply 296
— point 294
— sufficient quantity of yeast
294-295
— yeast propagation 296
plant diseases and animal pests
affecting barley 18-19
plate chillers 250, 360
plate method 279
plate separator 254
plug valve fillers 378
pneumatic malting systems
— artificial humidification 46-48
— attemperation 46
— automatic temperature control
48
— dedicated purification system
45-46
— duct system 48
— fans 48
— germination vessels in
— — box malting 53-61
— — drum system 52-53
— — employing starter cultures
64
— — Kropff 63
— — Lausmann transposal
62-63
— — modern static systems
63-64

265
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— — Reinheitsgebot 64
— — Wanderhaufen transposal
61-62

— green malt 65

— power requirements for 49

— ventilation systems 45

pneumatic transport 9, 60

polyamides and
polyvinylpolypyrrolidone
420, 424

polymer membranes 355-358

polyphenols and anthocyanogens
167-168, 186, 420

polyphenols in hops 132, 432

post-isomerization 147, 148, 249

post-kiln heating of malt 98

powdered hop extract 225

pressure data loggers 360

pressure generation test 285

pressure mashing methods 182

pressure regulators 359, 360,
362

primary fermentation 286, 298,
416, 470-472

processed hops 147

processing adjuncts
182-185

profile cassette units 74

protein degradation 31, 187

— grist to liquor ratio 165

— monitor 165

— nitrogenous substances for
brewing 163

— pH and temperature optima
164

— prolamins 163

protein metabolism

— absorption of amino acids
271-272

160,

— nitrogen concentrations 272
— oxyacids 272
proteinaceous substances 4, 5,

31, 32, 141, 180, 216, 223, 243,
416, 418, 420, 426, 438, 439
protoplasts 267
pseudocereals 100, 103, 109,
209, 495
pulp filter 340-342, 353, 413
pulp filtration 341-342, 349
pulverized grist 156-159, 167,
173, 180, 184, 208

pure brewing yeast cultures 442
pyridoxine 237, 264, 274, 406
R

raffinose fermentation 466, 467
recovering residual extract
239-241

rectangular germination box 75,
86

reduced hop extracts
226

reduced iso-a-acid extracts, 138

re-steeping process 59, 94

rho-iso-a-extract 138

reinforced concrete 15-16, 22,
53,92, 288, 289

resteeping method 59, 94

ring bowl fillers 378

ring channel fillers 378

roasted malt 72, 87, 103-105,
408, 412, 449, 450, 453, 454,
477, 484

rotary atomizer 47

round germination boxes 60

runaway beer 240

rye, for malting 100-101

148, 225,

S

saddle configuration 311, 312

Saladin boxes 53, 55, 59

Saladin-type helical turning device
76

Sauergut, acidification 123, 276

scavengers 373, 386, 433

S. cerevisiae® yeasts 267

screw caps 372, 373, 383, 386

second aeration 257,296, 332,
481

sedimentation 339

— cold 256

— tanks 251, 326, 376

self-chilling beer keg 368

self-cloned yeasts 268

semi-automatic systems

S. eubayanus 263

shed bottom 190

sheet filters 256, 341, 343, 344,
346-350, 353, 359, 363, 399,
435, 445, 480

shipping yeast 285

sieving effect 339, 340

silica-based stabilizing agents
420, 422

silica gels 219, 319, 343, 420,
426, 433,477

silicone-based anti-foam agent
325

single-deck high-performance
kilns 73-74, 90

single-decoction mash method
177

single-tank methods
331

slider fitting 368

slurry tanks 283

367

325, 328,

S-methylmethionine (SMM) 33,
70, 228, 229

smoked beer 450-451

sniffing machine 372

soaking and spraying bottle
washers 374-377

sorghum 102-103, 109-111,
160, 184, 205

sparging, wort

specialty malt

— acidulated or acid malt

— caramel malt 104-105

— chit malt 106

— melanoidin malt 105-106

— roasted malt 103-104

Speise, extract 476, 482

spelt  100-102, 109, 465, 489,
490

spent grain, storage 241-242

spheroconical tanks 292

spiral wire candle filters

spiro-isohumulones 219

sporulation 265, 266, 268, 466,
467

spray steeping 27, 93

spraying machines 374

spring mash method 179, 455,
461

spunding 315, 326

stabilization, filtration, filling
453

stabilization of beer 427, 428

— adsorbents 420-426

— chemical agents 426-428

stabilized and isomerized pellets
137-138

195-196

106

348

stainless steel 289, 312
— casks 366
— wort kettles 210

starch degradation 187

— a-amylase 160

— p-amylase 160

— in brewery practice 161

— invertase 161

— limit dextrinase 160

— process of solubilizing 159

static malting systems 77

sterile filling 363, 367, 370,
387-393, 427, 460, 461

sterile filtration 120-123, 258,
321, 342, 349, 350, 353, 359, 388,
390, 417, 445, 462, 477, 484, 493

sterile yeast propagation system
280

stewed malts 105

stippled cauliflower heads

stoking chamber 73

stoking room 79

298
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Stopselgose 492

storage of barley 9, 13, 15, 18,
19

Strainmaster 158, 188, 190, 200,
207-208, 240, 478

striped malt 95

stripping, kind of 259

stuck fermentation 292, 300

sulfur dioxide 71, 72, 257, 273,
274, 278, 305, 306, 321, 329,
332, 368, 428, 429

sulfur metabolism 273-274

synthetic resins 116, 288, 289

sweet beer 494

T

tainted beer 403

tandem diatomaceous earth filters
349

tandem filters

tank bottoms
412, 441

tannic acids 438

tannoids 4, 36, 143, 168, 221,
406, 408, 427

temperature data loggers

tetra-extract
(tetrahydro-iso-a-acids) 138

theory of filtration 339-341

theory of mashing

— hemicelluloses and gum
substances 165-166

— lipids 167

— oxidation of mash constituents
168

— phosphates  166-167

— polyphenols and
anthocyanogens 167-168

— protein degradation 162-165

— starch degradation 159-162

— zinc content 168

thermal chalk 382

thermo crayons 382

thermo pens 382

thiamine 237, 264, 273, 274,
278, 406

thin film evaporator 214,
233-234, 259, 396, 456—457

thiobarbituric acid index (TBI)
98, 210, 216, 431, 434

thiol-disulfide exchange reaction
217

thousand kernel weight
94, 95, 103, 495

top fermentation

— fermentation rooms and
fermentation vessels 468-470

— filtration and filling  476-477

353
306, 362, 398, 402,

360

8,9,

— top-fermented German beers
477-494
— gluten-free beer
— history of 465
— maturation 474-476
— pitching 470
— primary fermentation
470-474
— wort changes 473-474
— wort composition 470
— yeasts
— — fermentation attributes
466467
— — handling 467-468
— — morphological characteristics
465-466
— — physiological differences
466
top-fermenting yeasts 263, 275,
465-467, 473, 474, 483, 489
total diacetyl 281, 314, 320, 321,
324, 326-328, 330, 331, 406,
413,478,483
total DMS content 229
total malting losses 93, 94
total pentanedione 327
transferases 265
transverse ventilation 287
Triflex kiln 72,75, 85
Triflex kiln design 75
triple decoction mashing regime
161,171, 174-177
triticale 100, 101, 109, 110, 465,
489
true beer losses  397-399
tryptophol 275, 319, 430
tubeless filler 379
turbidity, EBC 361
turning devices in Wanderhaufen
systems 61
two-deck high-performance kilns
74-75, 89
two-rowed barley 1

494—-495

(0]

Ultra-Trieur 11

ultrafiltration 22,118, 121, 376

unitank method 330-331

unitanks 290-292, 324, 325, 330,
362

unmalted barley 109-111, 183,
184

upright barley 1

"4
vacuum relief valves 291
valve fillers 379-381, 393

vapor condensate 228, 230, 231,
239, 240

ventilation of the kiln 73

venting valves 360

Venturi constrictor cone
212,218, 232

Venturi tube or jet mixer 258

vertical conveyors 9, 393

vertical wire mesh filters 344

vertical, cylindroconical tanks
293, 469

vibrating membrane filtration
(VMF) 358-359

vitamins 237, 264, 273, 274, 278,
334, 406, 445-446, 460

— yeast 264

vitreous enamel 288

211,

volatile sulfur compounds 273,
274,278
volumetric beer losses 395, 400

volumetric capacity of a lauter tun
189
volumetric filling systems 381

w

Wanderhaufen transposal malting
system 61-62

warm fermentation 298, 328

warm maturation 276, 333, 459,
483, 485, 486

washing or slurrying yeast 283

washing process 283, 342, 357,
420

water consumption 21-22, 27,
47, 155, 236, 308, 309, 346, 347,
358, 367, 369, 382, 392

water purification 121

weevils 18,125

wet milling 147, 155-157, 159,
167, 180, 182, 183, 189, 198,
408, 439, 480

wet mills 147, 158, 171, 173, 180,
185, 224, 245

wheat malt

— analysis of 99-100

— for brewing purposes

— kilning wheat malt 99

— procedures 99

whirlpool 252

— kettles 213, 253

— operations 199, 498

whole grain conditioning 153

wild yeasts 70, 263, 413, 442

wire spiral candle filter 345

withering, malt 66

wood chips or shavings
319

98-99

303,
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wooden barrel 311, 313, 315,
365-367
wooden lager vessel 311
wort
— casting out 236-237
— chilling 247
— oxygen uptake
— — chemical binding 247
— — physically binding or
dissolving oxygen 247
wort aeration devices 257-258
wort boiling 497
— automating 239
— coagulation of protein
216-219
— and hop additions 452, 478,
479, 481, 484
— physical processes
— — color of the wort 216
— — denaturation of the enzymes
216
— — evaporation of excess water
215-216
— — pHofthewort 216
— — sterilization of the wort
216
— process 416
— technical and energy aspects
— — amount of 229
— — continuous wort boiling
233
— — evaporation 230-236
— — modern 229-230
— — post-evaporation under
vacuum conditions 234
— — process of vapor compression
231-232
— — superbarometric boiling or
boiling slightly 232-233
— — thin film evaporators
233-234
— — with post-boil evaporation
234-236
— wort kettles
— — agitators 213-215
— — direct-fired kettles 210
— — direct-fired kettles burning
heating oil 210
— — footprint 210
— — ratio 210
— — steam-heated kettles
211-213
— — steel, copper or stainless steel
210
— — traditionally 210
— — water vapor 213

wort chilling 170, 174, 229,
234-235, 238, 242, 246260,
286, 295, 396, 470

wort collection vessel, lautering
209

wort color 64, 85, 97, 100, 103,
186, 216, 227, 228, 249, 434

wort filtration 256, 295

wort handling, Altbier 478

wort hopping
— aroma compounds
— — alcohols 227
— — phenol carboxylic acids
227

— — pigments and reducing
substances 227-228

— — sulfurous compounds
228-229

— — thermal-oxidative
modification of lipid
degradation products
226-227

— automated systems for 226

— hop polyphenols 221-222

— lipids 223

— oils 222-223

quantity of 223-224

— solubility of the bitter

substances 219-221

timing and number of 226

— type and time of 224-226

wort losses 144, 147, 176, 224,
237,253, 255, 395-397

wort production

— brewing liquor 111-124

— brewing process 109-111

— — corn 110-111

— industrial enzyme products

111
— — malt 109
— — millet 110
— — rice 110
— — sugar 111
— — syrups 111

— — unmalted barley 109-110
— — unmalted rye 110
— — unmalted wheat 110

— fermentation process 109
— hops
— — analysis 128-134

— — aroma 145
— — automatic hop additions
148

— — bitter substances into
solution 139-142

— — classification 125-127

— — description of 124-125

— — dry hopping 144-145

— evaluation 128

- lipids 146
— losses 147
— oils 143

— polyphenols 132, 142

— processing 127

— products 134-139

— proteins 146

— quantity of 146-147

— storage 127-128

mashing regimes

— double-decoction mash
method 176-177

— grist separation 181-182

— hoch-kurz 178-179

— infusion mashing effects
179-181

— pressure mashing methods
182

— processing adjuncts
182-185

— single-decoction mash
method 177-178

— spring mash method 179

— triple decoction 174-176

mashing techniques

— barley malt or other cereals
169

— duration of mashing 171

— energy requirements for
174

— enzymatic (biological)
methods 171

— fundamental changes 169

— mash liquor 169

— mashing vessels 172-174

— physical methods 171-172

— temperature 170

monitoring the mashing process

186-188

particular issues with mashing

185

— recovering residual extract

239-240

— theory of mashing
— — hemicelluloses and gum

substances 165-166

— lipids 167

— oxidation of mash
constituents 168

— phosphates 166-167

— polyphenols and
anthocyanogens 167-168

— protein degradation
162-166

— starch degradation 159-162

— zinc content 168
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X
xanthohumol 133

Y

yeast assimilation system 280

yeast f-glucans 440

yeast cell wall 264, 273, 431, 439,

440

yeast gum 264

yeast metabolism

— beer quality

— — aldehydes 276

— — esters 275-276

— — fatty acid synthesis
276-277

— — higher alcohols 275

— — organic acids 276

— — sulfur compounds 278

— — vicinal diketones 277

— bottom-fermenting yeast in
brewing operations
279-285

— carbohydrate metabolism
269-271

— cleaning 283-284

— dryyeast 285

— harvesting yeast 282

— lipid metabolism 272-273

— mineral metabolism
273-274

— physiological condition 285

— protein metabolism 271

— shipping yeast 285

— storage 284-285

— vitamins 274

yeast propagation 109, 258, 266,
280, 296, 297, 332, 456, 467,
472,499

yeast reproduction

— accelerated growth phase
266

— alcohol 266

— deceleration phase 266

— dormant phase 266

— exponential phase 266

— lag phase 266

— optimum temperature
266

— oxygen 266

— stationary phase 266

yeast sedimentation tanks
326

yield factor 244

z
zinc content 168
Zircher test 340















