HANDBOOK
OF BREWING

THIRD EDITION

Edited by
Graham G. Stewart
Inge Russell
Anne Anstruther

CRC Press
Taylor & Francis Group )
Boca Raton London New York

CRC Press is an imprint of the
Taylor & Francis Group, an informa business




Contents

FOTEWOTA ...ttt ettt b s s b e s s sttt ansn s b e s sstatasansennses ix
PIEIACE ... ittt st s s bbbt ene xi
EQIOTS c..ovviierititieeet ittt ettt e e s e st et s s eSS b e be bt s st en et e s bt s e s e eannaes xiii
CONITIDULOTS .ttt ettt st e st sttt b e b s s senee e s s st sbsasassesenesstennas XV
Chapter 1

History of Industrial Brewing.........ccocoecvmveeervenrnnieesrresresnnensesennes et 1
Raymond G. Anderson

Chapter 2

Beer Styles: Their Origins and Classification........c...cocecevrrvircinernccnneneninresee e seesesesesseseesenns 35

Charlie Papazian

Chapter 3
AN OVEIVIEW OF BIEWING ...coueiiiiiiitie ettt ster et rte st e sares et st e srassesessne s e e snesbesan et esennens 53

Brian Eaton

Chapter 4

David G. Taylor

Chapter 5
Barley and Malt.......ccccoiiiiiiiiiieiicn ettt sttt st s st e e e st 107

Geoff H. Palmer

Chapter 6

AQJUIICES «.everient ettt r et sa bbb e bbb b e eb S b e bbb e b e bbb s b s e b s e s ba bbb 129
Graham G. Stewart

Chapter 7

Trevor R. Roberts and Russell Faléoner

Chapter 8

Inge Russell

Chapter 9

Lean Manufacturing Including High Gravity Brewing ....c.ovevvvieiecnicinninnieciniinsssrensienniens 275
Graham G. Stewart



i CONTENTS

Chapter 10
Processing Aids il BIEWINGZ.....cureerrureruseumssrmsssssssiss s st

David S. Ryder

Chapter 11
Brewhouse TEChNOIOZY ....cvverereeeererssrieriissssnssisse e sssseesese sttt bs bbb st s

Michaela Miedl-Appelbee

329

Chapter 12

Brewing Process COMIOL ......euuiuiurunruiiieicestesiintsessst sttt e s 383

Zane C. Barnes

Chapter 13
Cleaning in PlACE (CIP) .ottt et st 415

Zane C. Barnes

Chapter 14
FETTNICIEALION 1aveveeerererecrerreeesererarannresseessessssssrsnssssssssssssseseeessaseesssnaesnsnssesnnsssnssssssronsseaeeessrnssessssionsensas 433

Graham G. Stewart

Chapter 15
Aging, Dilution, and FITation........c.coeeiiiiiniiniiiicceriniicc it reeeeesaet e sersvaessaseassene 453

David G. Taylor

Chapter 16
Packaging: Historical Perspectives and Packaging TeChnolOgy........cocvvvevirveereeeeiieeeeeesreseeeen 487

Michael Partridge

Chapter 17
Microbiology and Microbiological Control in the BrEWETY .......cecvcvveeeieeeeeeeerreeeseeeeeeseserereesnins 529

Annie E. Hill and Fergus G. Priest

Chapter 18
Design and Sanitation in Pest Control

James W, Larson

Chapter 19
Brewery By-Products............eeeccerceeeuimiesieeceeeeeeee oo 567

Patrick Charlton and Frank Vriesekoop



CONTENTS vii

Chapter 20
Beer’s Nonbiological INStability ...t e reereseseseeeseesesesseseeseseseeeesssseneesens 591

Graham G. Stewart

Chapter 21
QUALILY oottt st es et e s e et sae et eb R b b et ereeaensens et ba s seasastas 603

George Philliskirk

Chapter 22
Craft Brewing: An American Phenomenon—A Trend Situation that Was Never
EXPECIEd 1O SUTVIVE ....cuiiiiiiiieicrririireeereteceteststetses e et ses s e e se et asassesassssssansesesssestessassesestasesses 633

T. Pearse Lyons

Chapter 23

Developments in the Marketing of BEer.......cocuiuicmiivcncnienniiiiiniecncrec sttt esesesiess 641
Julie Kellershohn

Chapter 24

PrOQUCE INEEGTILY ...eeeveraieerrinrierteesceecereeeeertesterat s e s see st et e esesaeentesssest e sassarasssasaeansenssasssnsonassssbessnne 653

Frank Vriesekoop

Chapter 25
Brewery Health and Safety ..ottt 679

Jim Kuhr, Scott Millbower, Andrew Dagnan, and Jim Stricker

Chapter 26

Sensory Evaluation Of BEET......ccccoiiiriiiniii ittt s s sas s sssssanesssas 699
Deborah Parker

Chapter 27

Brewery Effluents, Emissions, and Sustainability ......cocccceecirieiinin 723

James W. Larson

Chapter 28
Making SPirits in @ BreWeTY....cocoieeirieieinccs e 755

Mark Coffman



