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·We can customize your 
vessels to your 
specifications 

• All fabrication is done 
in-house 

·System shown includes Sparge Water 
Vessel, Mash- Lauter Vessel, and 
Boiling Vessel 

GRAIN BREWERS ! 
15 GALLON- 3 V ESSEL 

GRAVITY-FEED 
BREWING SYSTEM 

·STAINLESS STEEL 
·1 & 2 VESSEL SYSTEMS 
ALSO AVAILABLE 

SEND $ 1.00 FOR CATALOG - DEDUCTIBLE FROM ORDER 
PLEASE SPECifY ' 0 B.I.T.O.A. BREWING SYSTEMS CATALOG 
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WORT CHILLER 
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• High - grade copper coil 

contained in waterproof shell 

• Wort is cooled by flowing 
through copper coi I while 
water flows through the unit 
and around the coi I 

·Compact and efficient 

·Easily sterilized 

·Comes with all hoses and 
copper siphon tube 

• Brewing Is The Only Answer 

BREWING STOVE 
• Portable propane stove 

• 35,000 BTU output 

• 12 x 12 inch cast iron grate 

• Rugged; well constructed 

STAINLESS STEEL 
BREWING POTS 

• 5, 10, and 15 gal. capacity 

·Heavy restaurant grade 

·Lid included 

WOOD BEER CASE 
• Holds 24 12 oz. bottles 

·Comes with lid - for that 
special brew! 

STAINLESS STEEL 
KEGGING SYSTEMS 

• 3 gal. and 5 gal. kegs 
available 

·Eliminates bottling 

·We sell complete systems 
or parts 

• All parts are standard 

COM PLETE BREWING SUPPLIES & EQUIPM ENT - FAST MAIL ORDER SERVICE 

SEND $ 1.00 PER CATALOG - DEDUCTIBLE FROM ORDER 

PLEASE SPECifY' 0 WORT CHILLER CATALOG 0 KEGGING SYSTEMS CATALOG 0 SUPPLIES & EQUIPMENT CATALOG 
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M. eV. Research 
Liquid Yeast Cullures 
German lager 
English ale 

Telfords Bru-Mix 
Red Star 
Lallemand 

American lager 
High-temperature ale 
Am erican ale 

Ask your local retailer for 

these fine products. 
Hallertauer 
Bullion 
Fuggles 
Cascade 
Brewers Gold 
Eroica 

3-gal. glass carboys 
5-gal. glass carboys 
6.5-gal. glass carboys 
7.5-gal. plastic 
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Stout • All 
Mead • Wheat 
and much more 

Liquid Yeast 

N.Y. : 716-671-1955 

J.R.P. - England 
Spray dried malts 
Lancers - England 
Premier Supertight 
Cider K~ 
and more 

Malts 

Outside N.Y.: 1-800-876-2937 
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Scotland 
Crystal Malt 
Pale Malt 
Lager Malt 
Black Malt 
Wheat Malt 
Chocolate Malt 
and more 

Grains 

Hoxxiem German 
Coopers Australian 
Doric Denmark 
American Eagle 
Tenords- U.K. 
Bru-Mix Canada 
Alexanders - U.S.A. 
and more 

Malts 

and more 

Hops 

fermentors 
Wine Bonles 
Barrels 
and much more 

Yeast 
Fermentation 

699 Five Mile Line Rd. 
Webster, New Yorh 14580 

Tradition and Progress 
• All the traditional quality of Munton & Flson. 

• Now packed In new - State of the Art labels. 

• With "Pilsner" and "Canadian Ale" as 
exciting new products . 

• And new "All Malt" recipes specifically for 
the U.S.A. 
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lAD 1C7, (416) -487-7125 
Wine. Art Inc., 669lc Elm bridge Way, Richmond, Va ncouver DC. ( 604 )-273-1240 
Piurc.'s \Vine Shops I nc., 356-358 McArthur, Ville St. --------
l.aurc.nt, Quebec H4T 1X8. 
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IT'S IN 
THE BAG! 

The purest yeast you can buy, 
Lab clean in the WYEAST 
duplex yeast house. You don't 
break the seal until yeast 
activity puffs up the bag! 

$3.50 each 
#308 German Lager 
#338 German Altbier 
# 1028 British Ale 
# 1056 Chico Ale 
#1084 Irish Stout 
#2007 St. Louis Lager 
#2035 New Ulm Lager 

You can't smell the hops in our 
store, but you can count on 
these alpha acids, because our 
batTier bag keeps them fresh 
and green! 

CFJ 90 9.5 
B.C. Kent 4.5 
Eroica 10.5 
Nugget 11.4 
Saaz 3.5 
Tettnang 3.3 
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Super Aroma Hops. 

C,REAT 
e:RMENTATiQA-. r of Marin J 'IS 

lflinemaking and Brewing Supplies 
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San Rafael, CA 94901 

( 415) 459-2520 
Toll Free Order Line: 
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INTRODUCTION 

CHARLIE PAPAZIAN 

The Sorcerer's Apprentice 

m 
ow many millions of 
packages of dried yeast 
have been torn open 
and unceremoniously 
added like some 

chemical ingredient to a freshly 
brewed batch of homebrew? I 
wonder. If you began your interest 
in homebrewing as I did, you 
probably never gave that dried, 
cream-colored "stuff' much consid­
eration. Yeast was yeast and it 
helped turn sweet wort into beer. 

After a glass or two of my first 
efforts, I believed in magic and it 
was only later that I began to 
wonder how that dried powder really 
did what it did: Make my beer. 

When I was brewing my first 
batches of beer, years ago, virtually 
no real information about yeast was 
accessible to homebrewers. For 
years I was left simply to sit in a 
comfortable chair, wondering about 
the magic of yeast, the bubbles and 
the alcohol. With my senses I 
learned how it behaved, but I didn't 
know why. 

In those early days of home­
brewing I enjoyed my beer and my 
naivete. And to tell you the truth, I 
wouldn't deny that experience to any 
beginner. It is a feeling that 

brewers have enjoyed for over 5,000 
years . One cannot help but feel like 
a sorcerer while mixing, boiling, 
fermenting and aging in all the 
appropriate proportions and then 
making that magnificent and 
ceremonial presentation of an elixir 
that stirs the mind, safely quenches 
the thirst and appeases the gods. 
Poems, songs, castles and entire 
cities have had their origins in the 
mysteries offermentation. 

As beginners, it is comforting 
that despite our naivete about the 
science of yeast and fermentatipn, 
we can still enjoy the pleasures and 
the fantasies of being brewers. We 
are linked to all brewers since the 
ancient Sumerians and Egyptians 
first discovered the powers ofbeer 
and brewing. 

Yeast, a living fungal micro­
organism whose life processes 
convert sweet wort into beer, was 
not known per se until the middle of 
the 19th century. The famous 
Bavarian purity law of1516 makes 
no mention of yeast, only that beer 
should be made with water, malt 
and hops. It wasn't until the 
pioneering work of the Frenchman, 
Louis Pasteur, in the mid-1800s that 
pure strains of yeast were isolated 

and cultured and the workings of 
yeast and fermentation were 
explained. 

I have learned slowly over the 
years about yeast and fermentation. 
I am not a chemist, nor am I a 
microbiologist. I am a brewer. I 
think that brewers' curiosity is 
stirred by the original magic of 
success and accomplishment. I am 
encouraged by the fact that learning 
about yeast science has never 
diminished my appreciation for the 
magic of yeast. In fact, the more I 
learn the more respect I have for the 
unknown forces that drive and 
harmonize life itself. The bubbles in 
my glass ofhomebrew are now no 
less special and mysterious than 
they were in 1970 when I made my 
first batch of beer. To me the magic 
continues. I am a sorcerer and yeast 
is my apprentice. 

Having an apprentice is not 
easy at first. But as you understand 
why an apprentice behaves the way 
it does and what it needs, then there 
is no end to the "sorcery" a brewer 
can concoct. 

This 1989 Special Issue of 
zymurgy is not so much a guide to 
sorcery as it is a guide to the 
sorcerer's apprentice . Nearly one 
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How-tos 
0 How to Teach a Homebrew Class 

0 How to Start a Homebrew Club 

0 Editorial and Photo Guidelines for submissions to zymurgJJ 

0 Outline for Intermediate Brewing 

Lists 
0 Additives allowed in beers commercially brewed in the U.S. 

0 Wholesale distributors for those retailing homebrew supplies 

0 Homebrew clubs in Canada, New Zealand, Australia and the U.S. 

0 Beer-related magazines, newspapers, journals, newsletters 

0 Micros and brewpubs in the United States with city and state 

Especially for the Beginner 
0 How to Brew Your First Batch of Beer 

0 How to Use Specialty Malts, with Malt Extract Conversions 

0 The Zymurgist's Guide to Hops 

General Information 
0 An Introduction to the American Homebrewers Association 
0 zymurgJJ Mini-Index 1978-1988 

0 The New Brewer magazine Index 1983-1988 

0 The Beer Lover's Store 
A catalog of beer books, T-shirts, glassware and fun things. 

0 Introductory CompuServe Information Service kit (members only) 
Includes free subscription and $15 worth of time on the AHA's beer forums. 

0 Application and information for the AHA's Sanctioned Competition 
Program 

HERE'S HOW TO OBTAIN THE ABOVE INFORMATION: 
[:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;:;:::::::::::::::::::::::::::::::::::~:::::::::::::':':::::::::::1 

• AHA members: It's all free to you but you must enclose 50 cents for each item to 
cover postage and handling costs. 

• Nonmembers of the AHA: Please submit $1 ($2 minimum) for each item requested. 
All foreign overseas airmail requests enclose $3 extra for postage. 

Direct all inquiries to: AHA Member Services, Box 287, Boulder, CO 80306-0287USA. 

Name _____________________________ Phone __________________ __ 

Address ____________________________________________________ _ 

City--------------------- ------ State/Province ________ _ 

Zip/Postal Code ________________ __ Country _________________ _ 

ALSO AVAILABLE FROM THE AHA 
j:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::l 

Helpful Information for the First-Time Brewer. Relax, 
Don't Worry, and have Your Own Homebrew with the help of these guidelines, 
charts and articles. It's a hefty package, so please enclose $2 {$5 for nonmembers) 
for postage and handling. 

D Please send me the Beginner's Package. Enclosed is a check for $2 
($5 for nonmembers). 

Total Enclosed SPC89 
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year in production, this special issue 
on yeast is intended primarily to 
provide homebrewers with a 
beginning source of both practical 
and theoretical information about 
yeast and brewing. It is by no means 
a comprehensive study on the 
subject. 

The editors of zymurgy have 
tried to include information that is 
usable and understandable to the 
beginning brewer, and at the same 
time provide material and proce­
dures useful for intermediate and 
advanced brewers who desire to 
continue their brewing education. 

Some of the advanced material, 
with its chemical formulas and 
technical terms used routinely by 
fermentation scientists, may seem 
intimidating. This material is 
included because, with scientific 
information of this caliber, 
simplification jeopardizes the 
accuracy and original intent of the 
author. 

As a whole, information in 
regular issues of zymurgy is 
presented on a level that most 
beginning and intermediate home­
brewers can understand. But this 
Special Yeast Issue has been 
designed as a resource that will 
inspire curiosity and further reading 
and will be referred to and learned 
from for years to come. 

Not since zymurgy's 1985 . 
Special All -Grain Issue have we 
attempted to present information on 
such a technical topic. It is with 
great satisfaction that we are able to 
offer to the homebrewing community 
a special issue of zymurgy of this 
quality. The editors especially 
recognize the professors, students, 
amateur brewers, professional 
brewmasters and industry experts 
who wrote and researched the 
articles for this 1989 Special Yeast 
Issue. It would not have been 
possible without their enthusiasm, 
support, suggestions and contribu­
tions. And finally, we wish to 
recognize former Associate Editor 
Tracy Loysen, who was the major 
force behind putting all the pieces 
together and making this special 
issue happen. 

I think you all will agree that 
this special issue of zymurgy will be 
a reference for years to come. lillJ! 



Stephen N. Ask 
comes to Michael Lewis' graduate 
program in brewing science with a 
degree in biochemistry from the Uni­
versity of California-Davis. In 
addition to bringing that background 
to bear on the microbrewery industry, 
Ask hopes to develop his skills in 
the areas of sensory analysis. Ask is 
currently consulting with local 
business professionals in preparation 
for developing a microbrewery or 
brewpub. 

Byron Burch 
has been teaching homebrewing and 
winemaking since 1972 and is the 
author of Quality Brewing and Brew­
ing Quality Beers. He is also the 
owner of Great Fermentations of 
Santa Rosa. Burch won the AHA's 
Homebrewer of the Year award in 
1986 and is President of the Board of 
Directors of the AHA Beer Judge 
Certification Program. The article 
appearing in this issue of zymurgy 
first appeared in the August 1989 
issue of The Beverage People News. 

George Clayton Cone 
is technical consultant for Lallemand 
Inc., Montreal, Quebec, Canada, and 

GEORGE CLAYTON CONE 

ABOUT THE AUTHORS 

STEPHEN N. ASK 

technical director for American Yeast 
Inc., Baltimore, Maryland. He has 
over 35 years experience in commer­
cial yeast production, research and 
development, as well as industrial ap­
plications such as baking, pharma­
ceuticals, brewing, wine-making and 
distilling. 

Kurt Denke 
is a Philadelphia lawyer who would 
rather baby-sit a cantankerous fer­
mentation than write a brief. He is a 
partner in Home Sweet Homebrew, a 
brewing supply shop. Denke is a 
frequent contributor to zymurgy 
and thinks his passionate interest 

KURT DENKE 

BYRON BURCH 

in malt developed as a youngster, 
when he began drinking lots of 
Ovaltine. 

Fred Eckhardt 
is a Portland beer historian, home­
brewer and beer enthusiast. His 1969 
book, A Treatise on Lager Beer, was 
the first American homebrewing text 
and the first featuring all-malt 
brewing in the home. Eckhardt writes 
a beer column for the Portland 
Oregonian, as well as a column, "The 
Beer Enthusiast," in All About Beer. 
He travels and lectures on home­
brewing and contributes regularly to 
zymurgy and American Brewer. 

FRED ECKHARDT 
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PAUL FARNSWORTH 

Paul Farnsworth 
was born and raised in Burton-upon­
Trent, England, where he thought 
fresh air was supposed to smell like 
boiling wort and the only jobs avail­
able were at the breweries. After 
working in research at the University 
of California in San Diego he moved to 
Texas. He now lives in San Antonio, 
where he teaches fermentation sci­
ence at the University, helps out at 
competitions as a certified beer judge 
and still seeks the perfect ale recipe. 

JEAN-XAVIER GUINARD 
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GEORGE FIX 

George Fix 
is scientific consultant for the Dallas 
Brewing Co. He earned his Ph.D. from 
Harvard University in 1968 and is a 
professor in the College of Science at 
the University of Texas at Arlington. 
Fix has written numerous brewing 
articles for zym u r gy, American 
Brewer and Home Fermenter Digest, 
and is the author of 78 technical pub­
lications and three books. 

Jean-Xavier Guinard 
is a native ofFrance, where he studied 
at a national institute for the study of 
industrial food science. He has 
worked in both the wine and beer 
industries in Europe. Guinard is con­
tinuing his education with Michael 
Lewis through the Department of 
Food Science and Technology at UC­
Davis. He has completed his doctoral 
studies on the physiology of yeast and 
is working on a treatise on Iambic 
brewing. 

John Isenhour 
began brewing in 1978 while still in 
college. His first few batches were 
from a book advocating half malt and 
half white sugar. Soon he began all­
malt extract brewing. He has evolved 
into a "sterile-technique freak" and 
constantly scours the universe for 
sterile technique tips. His latest ad­
vances include pure cultured yeast 
and single-stage fermentation in a 15-
gallon glass carboy. 

MICHAEL LEWIS, PH.D. 

Michael Lewis, Ph.D. 
is a professor of Brewing Science a t 
the University of California-Davis. 
His membership affiliations include 
the American Society of Brewing 
Chemists and the Institute ofBrewing 
(London). He is also a principle in The 
pub Brewing Co., an equipment 
supply company. Lewis is the author 
of numerous papers on brewing, 
and also teaches and advises dozens 
of brewers in the microbrewing 
industry. 

JOHN ISENHOUR 



MARY G. MIRANDA 

Mary G. Miranda 
is a graduate of UC-Davis and a 20-
year veteran of the Department of 
Food Science and Technology. She 
has worked almost 15 years in esoteric 
areas of yeast taxonomy, evolution 
and ecology. Miranda has been on 
staff at Dr. Lewis' laboratory for the 
last several years. She hopes to de­
velop a pictorial atlas of microbiology 
tha t could put the concepts and prac­
tices of microbial quality control 
within the grasp of any interested 
brewer. 

RODNEY MORRIS 

P aul Monk, Ph.D. 
is a consultant and director of produc­
tion and research at Intek, Pty. Ltd., 
where he designed a plant for the 
production of specialized, high-purity, 
acti ve-dr:ied yeast cultures for the fer­
mentation industries. He served as 
head of the Microbiology Research 
Group with the Australian Wine Re­
search Institute from 1979 to 1987, 
and holds a Ph.D. in microbial ener­
getics from Sweden. 

Rodney Morris 
of College Station, Texas, has been 
brewing for more than 16 years. A 
Malthopper since the club was formed 
six years ago, he was previously a 
Maltose Falcon. Morris became inter­
ested in homebrewing while in the 
army. He developed a taste for Euro­
pean beers but found that the quality 
varied too much. Among his many ac­
complishments is the invention of the 
Recirculating Infusion Mash System. 

Pierre Rajotte 
has been brewing for more than 10 
years. By profession he is a mechani­
cal engineer, but he also serves as a 
brewing consultant to Le Cheval 
Blanc (The White Horse) brewpub in 
Montreal, Quebec, Canada. Pierre has 
taken microbiology courses in brew­
ing quality control and has 25 differ­
ent yeast strains in his collection. He 
also has designed a one-barrel pilot 
brewery, which is for sale to the 
public. 

PIERRE RAJOTTE 

PAUL MONK, PH.D. 

Darryl Richm an 
is happy to call himself a Maltose 
Falcon. He has been the Brewmaster 
at Ye Olde Craftie Foxxe brewery and 
its sister, Der Schlaue Fuchs Altbrau­
erei, since their founding in 1986. He 
works nights and weekends as a com­
puter programmer to make ends 
meet, and occasionally has time to see 
his wife. 

DARRYL RICHMAN 
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THEORY 

PAUL FARNSWORTH 

Healthy Homebrew 
Starter Cultures 

"If I'm doing everything right, 
how come it still tastes like home­
brew?" 

s I taste homebrew across 
the country, I notice some 
common flavors; some 
background notes that 
mark the beer as home-

brew. I'm not talking about the usual 
quirks of zealous over hopping and the 
injudicious addition of copious 
amounts of roasted specialty grains. 
I'm talking about good beer with a 
background hint of one of the flavors 
common to many homebrews. This 
can be a slight phenolic, medicine 
taste; an inappropriate estery, over­
ripe fruit flavor; an acidic, sour taste 
on the top of the tongue; or a slight 
hint of sulfur or cabbage in the smell 
or taste. Each of these can be caused 
by poor brewing techniques and the 
sources have been well-documentedin 
this and other publications. But if you 
are doing everything right with fresh 
ingredients, recipes and careful proce­
dures and these flavors are still there, 
you should turn your attention to your 
yeast and the method you used to 
introduce it into the wort. 

As I began investigating the 
~ource of these flavors it became clear 
that the beers were being contami­
nated by low levels of bacteria and 
wild yeasts, despite heroic sanitiza­
tion efforts by brewers. I have seen 
people scrub their arms with undi­
luted bleach and fill the air with disin­
fectant fog to levels that rival San 
Francisco Bay. We don't do this in the 
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Those incredible 
efforts at sanitation 

may not be necessary 
during all stages of 

your brewing. 
Here's how to work 
with your yeast to 
fight off-flavors. 

microbiology laboratory, and my expe­
rience in commercial breweries, par­
ticularly the smaller traditional ones, 
has been that their techniques and 
equipment would give homebrewers 
the horrors. These include wet 
wooden vats, musty, fungus-laden 
cellars, topping up the fermenter with 
tap water and scooping out a cupful of 
fermenting wort by hand after parting 
the foam with a forearm. Sanitation, 
at first sight, was at the level where 
you didn't put a dirty measuring stick 
into a fermenter of wort; you wiped it 
off on the leg of your coveralls first! 
Although these people make a living 
at brewing and one contaminated 
batch can ruin a brewer's reputation 
for generations, they do not have the 
contamination problems homebrew­
ers see, despite a clearly "inferior" 
technique. 

Upon closer inspection the reason 
becomes clearer. Scrupulous sanita­
tion is used only for the part of the 
brewing cycle that is highly vulner­
able to contamination. The wort 
chiller piping and the empty fermen­
ters are carefully cleaned and sani­
tized, and great care is taken with the 
pitching technique, (the addition of 
yeast to the cooled wort). Merely 
adding the right type of yeast is not 
enough; you must add the right 
amount at the right time and it must 
have been in the right place before 
that. The stage at which the wort is 
susceptible to infection is the period 
after the boil and before the yeast is 
actively growing in it. Once the yeast 
is actively fermenting (a hea d is 
formed) the yeast has removed much 
of the oxygen, preventing many con­
taminants from growing. The yeast 
also has acidified the wort, inhibiting 
bacteria. There are so many millions 
of rapidly growing yeast cells that 
they overwhelm competing microbes. 
This is why the apparently unsanitary 
practices of old breweries were not 
disastrous. Once the wort is ferment­
ing vigorously the yeast prevents 
anything else from growing, thereby 
protecting the wort from spoiling. 

To protect our home brew we must 
add a large amount of heal thy, uncon­
taminated, actively growing yeast as 
soon as the wort is cool enough. Brew­
eries add yeast while the fermenter is 
still filling so the yeast is working 
even before the vat is full. Once the 
temperature of the wort has fallen be­
low 100 degrees F (37 degrees C), it is 
an ideal home for any microbe. Rich in 
sugar and full of nutrients, wort pro­
vides a fertile breeding ground for a 
veritable zoo of contaminants. Wild 
yeast spores are induced to germi­
nate, fungi thrive and a thousand 
bacteria can turn into millions in a few 
hours. When you realize that safe, 
"good" tap water contains several 
thousand bacteria per spoonful and 
that every square inch of clean, 
healthy skin is similarly populated, 
you see the magnitude ofthe problem. 
Cool wort is exceedingly vulnerable to 
contamination and the only way to 



protect it is to add so many active 
yeast cells that they muscle out any 
contamination. 

Two homebrewing strategies 
emerge from this. One is to keep the 
time between the completion of the 
boiling and the addition of yeast as 
short as possible. This is reflected in 
the homebrew tradition that actively 
cooling the wort is better than leaving 
itoutsideuntil the next day. Note that 
after the boil, if the lid is still on the 
kettle the hot wort is sterile. You can 
leave it to steep and settle. However, 
as soon as you cool it and stick things 
like siphon tubes into it, you have 
introduced contaminants that will 
begin to grow. Cooling the wort before 
transfeiTingit to the fennenter, using 
ice immersion or a copper cooling coil 
placed inside the boiling pot vastly 
increases the chance of contamina­
tion. No matter how carefully done, 
the act of h·ansferring the nutrient­
rich cool wort from kettle to fermenter 
will pick up lurking microbes that 

Table 1. 
Yeast manufacturers 

listed in order of "quality" 
(Degree of contamination 

by wild yeast and bacteria) 

High Quality 
Ed me 

Williams 

Medium Quality 
Munton & Fison 

Vierka 

Low Quality 
Red Star 

Doric 

NOTE: This ranking is based on 
laboratory analysis of samples of 
these brands bought at random 
across the country and grown on 
malt, lysine or actidione agar 
plates. The results here represent 
the author's opinion and, as wide 
variation from package to package 
is seen, your results may vary. 

Table 2. Optimum storage temperature and reactivation 
temperature for yeast in different packaging styles 

Optimum Storage Optimum Reactivation 
Package Style Temperature 

Dry yeast in 40 degrees F 
foil pack (5 degrees C) 

Liquid in 38 degrees F 
foil pack (4 degrees C) 

Liquid in 60 degrees F 
plastic tubes ( 14 degrees C) 

sometimes will spoil beer and some­
times will not, it's your gamble. The 
quicker you get the yeast actively fer­
menting in the cooled wort, the 
smaller will be this window of oppor­
tunity for infection. 

Not only must the yeast be added 
as soon as the wort is chilled, but also 
you must add yeast that is active, 
healthy and in sufficient amounts to 
begin to grow immediately. Yeast 
growth that is sufficient to suppress 
the growth of spoilage organisms re­
quires adding 10 million actively 
growing yeast cells per teaspoon of 
wort (two million cells per milliliter.) 
This means a total of 40 billion cells in 
five gallons. When I looked at how 
many live cells were in a commercially 
available package of yeast, I found 
enormous variation, not only in how 
many were in the package but also in 
the kinds (see Table 1). 

Experiments with storage condi­
tions suggested why the number of 
live yeasts per package varied: the 
yeast died during storage and the 
death rate was dependent on storage 
temperature. !investigated three dif­
ferent packaging styles-dry yeast in 
foil packages, liquid yeast in foil 
pouches (as sold by Wyeast or Wil­
liams) and liquidyeastin plastic tubes 
(as sold by Yeaster or M. e V.). Each 
had a different optimum storage tem­
perature and each showed a signifi­
cant death rate if not kept at its op­
timum temperature. As Table 2 
shows, dry yeast is best kept in the 
cold and reactivated in very hot water 
before using. Liquid yeast in foil 

Temperature 

100 degrees F in water 
(35 degrees C) 

90 degrees F in foil pack 
(30 degrees C) 

90 degrees in wort supplied 
with kit (30 degrees C) 

packets is best stored in the cold and 
reactivated at 90 degrees F (32 de­
grees C). Liquid yeast in plastic tubes 
diesveryquicklyin the cold and is best 
stored at 60 degrees F (15 degrees C) 
and activated at 90 degrees F (32 
degrees C). 

Assuming yeast is not stored at 
its optimum temperature, the dry 
yeast survives better than that in liq­
uid. Ifkept cold, only 20 percent of the 
dry yeast is dead after 12 months, but 
if left too warm, it is possible to kill 
most of it in one year. 

The implication is clear. If you get 
yeast that has sat on the shelf for 
years, or has been in a non-aircondi­
tioned warehouse, its viability will be 
so compromised that one package will 
not provide enough yeast cells to pro­
tect the fermentation from infection 
by other microbes. Yeast in liquid in 
foil pouches is less hardy and will last 
at best a few months in the cold or a 
few weeks at room temperature. It 
will not survive a three-day trip 
tlu:ough the mail in summer to hot 
parts of the country. Yeast in liquid 
in plastic tubes is even more fragile 
(I suspect because of the way it is pre­
pared and the liquid it is shipped 
in). It will be harmed seriously by a 
few weeks in the cold or a few days at 
elevated temperatures. Oddly, yeast 
in tubes survives best at a tempera­
ture just below room temperature (60 
degrees For 15 degrees C). Again, be 
aware of storage and shipping condi­
tions if you wish to use a package of 
yeast to make an instant, active yeast 
army to fight off the contaminants in 
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Table 3. 
Death rates of yeast at various temperatures for different packaging styles 

Cold Room 
(always refrigerated) (air-conditioned room) 
38 degrees F 68 degrees F 

Package Style (4 degrees C) (20 degrees C) 

Dry yeast 20% dead in 
Foil pack 12 months 

Liquid yeast 90% dead in 
Foil pack 6 months 

Liquid yeast 90% dead in 
Plastic tube 2 weeks 

your wort. Table 3 summarizes these 
results . 

To follow our strategy of adding 
40 billion actively growing yeast cells 
as soon as the wort is chilled, we must 
take into account the packaging style 
and its prior history. A large package 
(1 0 grams) of dried yeast contains 
theoretically between 40 and 100 bil­
lion cells and should be adequate. In 

90% dead in 
12 months 

90% dead in 
2 weeks 

90% dead in 
3 months 

practice the actual contents are al­
ways less than this, and these dried, 
dormant yeast cells need to be raised 
from their slumber before they can 
grow and overwhelm the spoilers. The 
revival of dried yeast should ideally be 
done in two steps; one to get them wet 
again (rehydration) and the second to 
get them growing (the addition of 
sugar). Rehydration should be done 

Table 4. 
Amount of yeast required to obtain optimal pitching rates* 

Yeast type and condition Amount required for five gallons 

Dry yeast in package less than One to 10 packs depending on 
six months old manufacturer and storage 

conditions 

Liquid yeast in foil pack activated 10 packs if pack was stored under 
and left until pack is fully swollen optimal conditions and didn't 

warm up during shipping 

Liquid yeast in plastic tube reacti- Culture from one tube if storage 
vated in two cups as directed conditions left any live cells and 
and left until head just falls brewer didn't contaminate culture 

during slow phase of starter 
growth 

Two cup liquid starter culture Two cups if not contaminated dur-
made from pure yeast stored on ing slow phase of starter growth 
agar 

Yeast from bottom of recent pri- One cup 
mary fermentation stored for less 
than three days in the cold 

* The best flavors and maximum yeast growth to suppress the grow1h of spoilage 
organisms requires pitching with two million actively growing yeast cells per milliliter 
of wort. This means a total of 40 billion cells in five gallons. 
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Warm 
(shipping cross country) 
1 00 degrees F 
(35 degrees C) 

All dead in 
12 months 

All dead in 
3 days 

All dead in 
2 days 

by adding the powdered yeast to 112 
cup ofhot (1 00 degrees For 37 degrees 
C) water for five to 10 minutes. Fol­
lowing this, m alt or sugar can be 
added or the wet yeast added to wort. 
Sprinkling dry yeast from the packa ge 
into the wort may work or may pro­
duce a lag time while the surviving 
dormant yeast gets organized and 
grows to the required numbers. 
Again, you are gambling tha t it will 
grow quickly enough. 

A compromise may be to follow 
the baker's strategy of proofing the 
yeast. First, rehydrate the yeast 
under optimal conditions. The latest 
data on this fi·om Intek, an Australian 
dried-yeast producer who is just en­
tering the U.S. market, are as follows: 
Rehydrate the dried yeast in one-half 
cup of water. Clean water between 95 
degrees F and 104 degrees F (35 and 
40 degrees C) should be used. City 
water supplies containing high con­
centrations of chlorine will inactivate 
dried yeast during rehydration. Chlo­
rine can be removed by boiling. Cold 
water will significantly decrease the 
viability of dried yeast during rehy­
dration. It is advisable not to 
rehydrate yeast in wort because com­
pounds extracted from hops are anti ­
septic and can decrease yeast viability 
while the yeast is being rehydrated. 
Slowly sprinkle the dried yeast into 
the warm water while gently stirring 
to disperse the yeast. Allow to stand 
for 15 minutes. 

Add 11/2 cups of wort to the rehy­
drated yeast to adjust temperature to 
that of the wort to be inoculated. 
Rapid temperature changes greater 



than 18 degrees F (1 0 degrees C) at a 
time to any yeast suspension will 
cause a temperature shock. Tempera­
ture shock forms tiny mutants with 
impaired sugar uptake. Fermenta­
tions containing these mutants will be 
slow and possibly incomplete, with 
poorsettlingproperties. Yeast should 
not be pitched into wort at tempera­
tures lower than 59 degrees F (15 
degrees C). Use the rehydrated yeast 
within one hour of rehydration. If this 
sta rter isn't foaming vigorously 
within an hour, it lacks enough live 
yeast and you should discard it. Do 
not save such a starter for more than 
one hour. There is a chance you will 
have contaminated it and if the yeast 
doesn't start to grow straight away the 
contaminants will grow just as they 
would in a five-gallon batch. The ad­
vantage of this method is that you 
know whether the yeast is going to 
work before you pitch it and you 
haven't ruined five gallons. However, 
you do face a frantic search for good 
yeast if your starter fails and you are 
in the middle of the wort boil! 

Because it is most often free from 
contamination, liquid culture yeast 
sealed in a foil pouch theoretically is 
the best method for making a yeast 
starter. There is no chance of getting 
your grubby paws into it to contami­
nate it. Unfortunately, even ifyou get 
a fresh pack stored under ideal condi­
tions, there is not enough in a 40-
millili ter package to give a protected 
fermentation in five gallons. There is 
only one-sixth cup of starter liquid in 
the foil pouch and this does not con­
tain enough yeast to start five gallons 
of wort. If you do not use the starter 
method, make sure the pouch is very 
swollen . This is difficult to orches­
trate to coincide with the time your 
wort is ready, because it may take 
from one to 10 days to swell. If you 
refrigerate the pack after activating 
it, you will slow down or kill the yeast. 
A better idea may be to open the pack 
and use it to make two cups of starter. 

If you are using the yeast in liquid 
cultures and follow the directions to 
make two cups of starter, you will 
eventually end up with enough cells. 
This may take from two to seven days 
depending on prior storage condi­
tions. Wait until the starter has gen­
erated a head that is beginning to fall 
down, then use immediately. The 

danger in this method is that, just 
like your five-gallon batch, the two­
cup starter is vulnerable to contami­
nation until the yeast is actively 
growing. Again, fresh, well-stored 
cultures (see Table 3) will grow the 
fastest and minimize the chance of 
infection. 

Propagating your own yeasts and 
making a two-cup starter in hopped 
wort, inoculated from a pure culture 
stored on agar slants or dishes, is the 
best and also the most difficult 
method. I have begun to train people 
with no science background to do this 
with a 75 percent success rate on the 
first attempt. I encourage all brewers 
to take a microbiologist to lunch to 
show you how to subculture yeasts; 
the techniques are simple and the 
equipment minimaL Again, the dan­
ger is in contaminating the starter 
before the yeasts take over. 

The easiest and safest way to get 
a yeast starter is to repitch with yeast 
from a prior fermentation, as has been 
industry practice for centuries. A cup 
of sediment fi·om the bottom of the 
primary of a successful fermentation 
will keep for three days or more in the 
cold. If you brew regularly you can 
repi tch the same yeast over and over 
in successive batches. As soon as you 
notice a slowing of fermentation, or 
odd smells or flavors, you must dis­
card the yeast and start again with 
some from another proven source. I do 
not recommend washing the yeast to 
purify it, as is done in many breweries, 
unless you have much experience as a 
microbiologist. The main disadvan­
tage of this method of reusing the 
yeast is that you must brew regularly, 
and that's not all bad! ~ 
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THEORY 

JEAN-XAVIER GUINARD, MARY MIRANDA 
AND MICHAEL J. LEWIS, PH.D. 

and Beer 
Yeast Biology 
Fermentation 

Cotnments on Yeast Physiology and Behavior 

e now prize yeast as 
the magician that 
turns wort into beer, 
but the relationship 
between microorgan­

isms and organic materials was not 
recognized until the middle of the 19th 
century. However, microbial proc­
esses have been employed since pre­
historic times to provide humankind 
with fermented dairy products, pick­
led vegetables and meats, and leav­
ened breads as well as beers and 
wines. Fermentation sometimes is 
called "controlled spoilage." Through 
the curiosity and perseverance of arti­
sans and a few scientists, we now have 
developed modern technologies, 
based on the understanding of these 
vital microbial processes that allow 
us to control native fetmentations to 
make the vmiety of quality fermented 
products we enjoy today. Beer is no 
exception. 

History 

A1 though beer making is one of 
the oldest crafts known to man, the 
nature of fermentation was not made 
clear unti11836, when Cagniard-La­
tour proposed that sugar fermenta­
tion was the result of yeast activity. 
Beer was fermented with top-fer­
menting yeast until the middle of the 
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19th century when the knowledge of 
bottom-fermenting yeast, first known 
by Bavarian brewers, became wide­
spread. Tradition has it that a Bavar­
ian monk introduced this yeast and 
fermentation practice to Czechoslova­
kia, thereby establishing PlZen as a 
center for bottom-fermented beers. 
Jacobsen, a Danish brewer, accom­
plished the same by taking bottom­
fermenting yeast from Munich to 
Copenhagen and shortly afterward 
the yeast crossed the Atlantic to our 
shores. Pasteur's studies on the mi­
crobiology of beer in 1876 and the 
pioneering work of Hansen (1880s), 
who isolated and maintained pure 
yeast cultures at the Carlsberg brew­
ery in Copenhagen, ensured for the 
first time that the recognition, testing 
and maintenance of quality strains of 
brewer's yeast followed scientific 
p1inciples. 

Ecology and Taxonomy 

Yeasts in general are relatively 
abundant in nature. They can be 
found in the air, water and soil, but are 
most commonly associated with plant 
substrates that provide nutrients 
such as carbohydrates, amino acids 
and organic acids. Yeasts cannot grow 
without preformed organic com­
pounds because they are not photo­
synthetic. The criteria used in the 
classification (taxonomy) of yeasts 
may include morphological, physio­
logical, biochemical and sometimes 
ecological characteristics. The basic 
units of classification are the genus, 
the species and the strain. Examples 
of genus names are Saccharomyces, 
Dekkera or Brettanomyces . About 37 
genera of yeasts are currently ac­
cepted. Yeasts used by brewers are all 
in the genus Saccharomyces. 

They may be small, but they have a life 
of their own. You're about to 

observe the inner workings of yeast, in 
microscopic detail. 



The species is the particular kind 
of yeast within a genus that can be 
distinguished by standard taxonomic 
methods. Today we recognize about 
500 species of yeasts or individual 
types of yeast. The major brewing 
species are Saccharomyces cerevisiae, 
Saccharomyces carlsbergensis (syn­
onymous with Saccharomyces 
uvarum) and Saccharomyces del ­
bruckii, although a number of differ­
ent species names may be found in the 
brewing literature . A yeast species is 
a collection of strains, all of which are 
taxonomically identical, but display­
ing strain differences that are im­
mensely important to brewers and the 
particular kind of beer they produce. 
Thus, commercial preparations of ale 
yeasts are different strains of the 
species Saccharomyces cerevisiae. 
Strain variations may include 
growth rate, temperature tolerance, 
flocculation character (i.e ., mechani­
cal performance) and production of a 
multitude of flavor compounds (sen­
sory pelformance ). A brewer selects a 
yeast based on these criteria. 

Life Cycle 

Yeasts are single-celled microor­
ganisms that grow and reproduce by 
budding. A bud is a small lateral 
protrusion or extension from a mature 
cell. This extension increases in size 
as the essential cell materials and 
machinery are distributed between 
the mother cell (initial cell) and the 
daughter cell (bud). When the distri­
bution ofcellularcontentsis complete, 
the bud is sealed off and the new yeast 
cell assumes an independent life. 
Reproduction by budding is virtually 
unique to yeast and is the only way 
yeast mass and number of yeast cells 
increase during a brewery fermenta­
tion. Some yeasts form sexual spores 
in specialized structures such as an 
ascus or a basidium. When released, 
these spores may fuse with spores of a 
compatible mating type to continue 
their life cycle. Yeasts that accom­
plish this sexual cycle are called 

perfectyeast. Butmanyyeastsarean­
cient and less competent forms that 
have lost a demonstrable sexual state; 
they are said to be impe1fect. Most 
brewing strains retain only a remnant 
of their sexual capabilities, enjoying 
instead the luxury of life in beer and 
the well-being of domestication by 
humans. 

Cytology 

Yeasts are fungi. Fungi are non­
photosynthetic organisms with a rigid 
cell wall that exist as single cells, in 
chains or as a body of grouped cells 
called mycelium. Yeasts are eukar­
yotic organisms, just as humans are. 
Bacteria, which are less physiologi­
cally complex, are called prokaryotic. 
As eukaryotes, yeasts have a true nu­
cleus that is completely delimited 
from the rest of the cell cytoplasm by a 
porous unit membrane. The genetic 
material is located in the nucleus. 
Outside the nucleus, various special­
ized structures and organelles exist. 
For example, vacuoles for storage of 
certain amino acids or for excretion of 
waste products are set apart n·om the 
cytoplasm by a special membrane. 
Mitochondria function under aerobic 
conditions, acting as complex power­
houses with extensive substructures 
to harness the energy locked in carbo­
hydrate molecules such as glucose, 
sucrose and maltose. These organ­
elles are even able to grow and divide 
autonomously as cellular needs de­
mand. Under fermentative condi­
tions, the mitochondria degenerate 
and do not replicate themselves, 
because they are not 
needed. Carbohydrates 
are converted to energy 
by the relatively ineffi­
cient, but universal, proc­
ess of glycolysis. This is 
accomplished by a com­
plex series of single en­
zymes present in the ba­
sic cellular cytoplasm. 

The blueprint for 
most of the cell's enzymes 

is encoded in the nucleus of the yeast 
cell in a highly complex and conserved 
compound called DNA (deoxyribonu­
cleic acid), usually found as a double 
stranded helical moiety (part of a he­
lix) in the chromosomes of the cell. 
When thecellsareplacedinasuitable 
growth environment, more enzymes 
are needed and a copy of their blue­
prints is made from the nuclear DNA. 
This copy is made ofRNA(ribonucleic 
acid), usually a single-stranded struc­
ture. This copy is called messenger 
RNA (m-RNA). 

Protein synthesis occurs in or­
ganelles in the cytoplasm called ribo­
somes. These function like a weaving 
loom. Two components of the ribo­
some fit together, holding a copy of the 
nuclear blueprint (m-RNA). Another 
specialized type of nucleic acid, trans­
fer RNA (t-RNA) fetches the specified 
amino acid to the ribosome where it 
attaches to other amino acids. This 
amino acid chain grows unit by unit 
into a complex polypeptide until the 
pattern is complete; the protein thus 
formed is then released and the ribo­
some complex breaks apart. 

The variety and chemical nature 
of the amino acids (there are only 
about 20 different amino acids found 
in naturally occurring proteins) im­
part particular physical structures 
and unique properties to the proteins. 
Life activities are in essence the func­
tioning of proteins; for example, pro­
teins are both structural elements of 
the cell and enzymes that catalyze 
cellular reactions. In a highly active 
cell, ribosomes can be seen in a net-

work of organized arrays called 
the endoplasmic reticu­

lum. Often the endoplas­
mic reticulum can be 
seen connecting with the 
nuclear membrane and/ 
or the cytoplasmic mem­
brane. Surrounding the 
entire cell is the cytoplas­
mic or cell membrane 
that controls the trans­
port of materials into and 
out of the cell. Finally, 

SPECIAL 1989 ZYMURGY 15 



intek 
ACTIVE DRY YEAST 

NCYC 240- ALE 

NCYC 1324- LAGER 

WEIHENSTEPHAN 
34/ 70- LAGER 

CUSTOMIZED YEAST 
C lient's own strains dried 

BREWSTART 
Yeast Nutrient 

1889 Broadway, Suite 206 
San Francisco, CA 94109 
Phone: (415) 776-6930 

Fax: (415) 776-7106 
Product of Australia 

Everything you need 
for beermaking or winemaking! 

* Malt Extracts & Kits * Grains & Hops * Brewing Supplies 
& Equipment 

We have been supplying home 
fermenters for over 20 years -
write or call today! 

* Brewing Yeasts* 
Full Line - Liquid & Dry 

206-365· 7660 
FAX (206) 365-7677 

THE CELLAR 
Dept. ZR, Box 33525 
Seattle, WA 98133 

16 SPECIAL 1989 ZYMURGY 

the entire cell and its contents are con­
tained within a rigid cell wall made of 
fibri1lar polymers of glucose and man­
nose. Some yeasts, especially those 
found in air or water, have an external 
polysaccharide capsule ofless defined 
structure and composition. Figure 1 
illustrates a cross section of a brewers 
yeast cell (Saccharomyces cerevisiae) 
and the organelles mentioned. 

Yeast Growth and Development 

What brewers must remember 
with regard to yeast behavior during 
fermentation is that the metabolism 
of yeast is not designed to make beer, 
but rather is geared toward making 
yeast. Yeast metabolism is comprised 
of many enzymatic reactions that the 
cell has organized into carefully regu­
lated biochemical pathways. Much of 
this regulation involves compartmen­
talization of metabolic sequences in 
organelles such as the mitochondria. 
Another level of regulation involves 
controlling the amount and/or effi­
ciency of the proteins that mediate the 
reactions (enzymes). An important 
example of a metabolic sequence is 
glycolysis, where fermenting yeast 
derives energy from carbohydrates 
(sugars) in the form of ATP (adenosine 
triphosphate) from this pathway. 
ATP is one form of high-energy phos­
phate that supplies the energy for 
synthetic cell reactions. Glycolysis 
also forms compounds that act as 
building blocks or precursors for nec­
essary cellular components, formed by 
subsequent assembly reactions. 

For mere maintenance of the cell, 
glycolysis serves the yeast well. Yeast 
can exist on sugars almost exclu­
sively. Brewer's yeast can utilize a 
variety of simple sugars including 
glucose, fructose, mannose and galac­
tose. Maltose, sucrose, raffinose and 
in some cases maltotriose and melibi­
ose can be utilized as well, because the 
yeast has systems to transport and 
transfonn these molecules into glu­
cose, which can then be used in glyco­
lysis. However, yeast requires more 
than sugar for growth; it requires 
nitrogen, oxygen, minerals and other 
growth factors. Ammonium ions, 
most amino acids and small polypep­
tides present in wort meet the nitro­
gen requirement of brewer's yeast. 
Significant amounts of phosphate and 

sulfate also are required by brewers 
yeast, as well as minute amounts of 
potassium, calcium, iron, magnesium, 
manganese, copper and zinc in the 
fonn of salts. The growth factors 
(vitamins) required vary from strain 
to strain both in amount and kind and 
can be quite strain specific. Biotin is 
required almost universally in very 
small amounts and one or more of 
thiamine, inositol, pyridoxine, ruacin, 
pantothenic, and p-amino-benzoic 
acids may be needed. Molecular oxy­
gen is required for the biosynthesis of 
unsaturated fatty acids and sterols 
such as ergosterol, which are present 
in yeast cell membranes. Among 
other functions, these sterols impart 
alcohol tolerance to the yeast. All 
these nutrient materials, including 
oxygen, must be provided by the 
brewer's wort if adequate yeast 
growth is to be supported for proper 
fermentation. 

Growth of yeast results in an in­
crease in cell mass or weight as well as 
in the total number of cells. Upon 
pitching of yeast into a batch of wort, 
yeast growth follows three phases. As 
the inoculum adapts to its new envi­
ronment, there is a lag phase during 
which time the yeast synthesizes the 
enzymes it needs toreinitiate growth. 
This phase is very significant because 
oxygen is rapidly taken up in the lag 
phase and utilization of nutrients, 
especially phosphate, causes the pH to 
drop before the actual onset of growth 
and fermentation. Once these sys­
tems are functional and the yeast has 
adapted to its new environment, the 
yeast begins to grow at a rapid rate; 
this is called the logarithmic or expo­
nential phase of growth, though there 
may be only a limited amount oftruly 
logarithmic growth occurring in a 
brewery fennentation. During this 
exponential phase, the population of 
yeast will increase in proportion to the 
size of the initial inoculum and the 
nutrients available in the wort. 
Commercially, one to three doublings 
of the inoculum population will occur. 
Eventually, as any one nutrient or 
combination of nutrients is depleted 
and retarding concentrations of fer­
mentation products accumulate, the 
yeast population stabilizes in the sta­
tionary phase. In commercial beer 
production, flocculation occurs as the 
yeast enters the stationary phase that 



serves to cla1ify the green beer. The 
green beer is then cooled and trans­
ferred to storage. 

Physiology of Fermentation 

Glucose, ATP and pyridine nu­
cleotides (NAD+ and NADp+) are the 
uni versa} currencies or units of energy 
and energy transfer for all biological 
systems. Wort contains primarily 
maltose, delived from the action of a­
amylase and b-amylase on starch 
during mashing. To be useful to the 
yeast, this disaccharide must be 
transported into the yeast cell and 
broken down to two molecules of glu­
cose. The 6-carbon glucose molecule is 
then split again (hence the term 
glycolysis=glucose lysis), by way of the 
Embden-Meyerhoff-Parnas pathway, 
into two 3-carbon molecules, the last 
one of which is called pyruvic acid. 
Glycolysis also yields two ATP mole­
cules and reduced pyridine nucleo­
tides (NADH and NADPH), which are 
used for other energy-consuming 
(synthetic) cell activities. Glycolysis 
occurs both in the presence of oxygen 
(respiration) and in the absence of ox­
ygen (fermentation) to form pyruvate. 

The fate of pyruvate depends on 
the environment of the yeast. In the 
presence of high levels of fermentable 
sugars (above 0.5 percent in the case of 
brewers yeast) and/or low concentra­
tions of oxygen, the yeast transforms 
the pyruvate to alcohol and C0

2 
and 

excretes it. This reaction is well 
known in the brewery. On the other 
hand, if the level of fermentable sug­
ars is low and there is ample oxygen, 
the yeast will respire the pyruvate in 

Figure 1. 

The yeast cell and its organelles in 
cross section. 

ER = endoplasmic reticulum 
with ribosomes; 

G = Golgi complex; 
L = liposome; 

M = mitochondria; 
N =nucleus; 

Nm= nuclear membrane; 
Nn = nucleolus; 
Pm = plasma membrane; 

V =vacuole; 
Vp = vacuole particle; 
W =cell wall 

Ws = bud scar. 

The bar represents one micrometer. 

the specialized mitochond1ia, reduc­
ing the 3-carbon compound (i.e., py­
ruvate) completely to C0

2 
and H

2
0. 

This releases a great deal more of the 
energy bound up in the original glu­
cose. The greater efficiency of respira­
tory metabolism is much to the yeast's 
benefit and a large increase in bio­
mass occurs. This is exemplified by 
the commercial production of baker's 
yeast from molasses where the fer­
mentation is carried out in highly aer­
ated vessels and the molasses is 
pulsed into the vessels in small 
increments that maintain the total 
concentration of fermentable carbo­
hydrate at or below 0.5 percent. 

In a typical brewery fermenta­
tion, pyruvic acid from glycolysis is 
first decarboxylated, yielding C0

2 

(excreted) and acetaldehyde. The 
yeast further reduces the acetalde­
hyde to ethanol (excreted) with the 
enzyme alcohol dehydrogenase. This 
reaction is used to regenerate NAD+, 
which is a key energy carrier in glyco­
lysis. A summary of fe1mentation 
reactions is presented in Figure 2. 

Consistency of beer flavor in the 
fermentation stage depends on the 

kinds and amounts of organic mole­
cules excreted by the yeast; that i;;, 
materials other than alcohol and C0

2
• 

Collectively these flavor compounds 
often are secondary metabolites 
formed in small quantities at different 
points in the main fermentation. 
However incidental they may be to the 
yeast, they are crucially important to 
beer flavor. They account for only a 
small proportion of the total sugars 
fermented, but they comprise many 
different kinds of compounds in very 
low concentrations, many with very 
low detection thresholds (i.e., easily 
tasted at low concentration). These 
secondary metabolites originate in 
many different metabolic sequences 
in various parts of the cell. They have 
different functions and respond in dif­
ferent ways to the environment im­
posed by the fermentation conditions. 

All these metabolic sequences in 
which the secondary metabolites 
originate are under the control of the 
yeast's genetic material. This is why 
different yeasts make different con tri­
butions to beer flavor. This also par­
tially explains why it is not possible to 
exactly predict what influence the 

1 11m 
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environment (fermentation tempera­
ture, for example) will have on produc­
tion of beer flavor compounds. Some 
90 percent of fermented wort sugar is 
transfmmed to alcohol and C02 ; the 
remaining 10 percent is divided about 
equally between yeast growth and 
production of flavor compounds. 
Generally speaking, anything that 
promotes yeast growth relative to fer­
mentation will tend to reduce the 
amount of flavor compounds produced 
by directing the carbon of the 
fermented sugar into yeast mass. 
Such things as highly aerated wort, 
low yeast inoculum, ideal growth 
temperature, very nitrogenous wort, 
for example, would have this moderat­
ing effect. Conversely, suppressing 
yeast growth relative to fe1mentation 
will tend to have the opposite effect; 
e.g., very high or low temperatures, 
high yeast pitching rate, high gravity 
wort and unaerated worts will tend to 
promote production of yeast flavor 
compounds. Thus fermentation may 
be viewed as a pipe through which car­
bon from sugar flows on its way to 
alcohol and C0

2
; the pipe has small 

holes in it through which some carbon 
can escape as flavor compounds. The 
pressure in the pipe, how full it is and 
the length of time it is in use all help 
dete1mine the amount of leakage of 
flavor compounds into the beer. 

Some of the flavor compounds 
produced by brewers yeast include 
small amounts of glycerol, succinic 
acid, fusel oils (higher alcohols), 2,3-
butanediol and traces of acetalde­
hyde, acetic acid and lactic acid 
(among many other compounds), 
depending on the strain. Some of the 
pyruvic acid is converted into a-ace­
tolactate, which is excreted. Outside 
the cell, its oxidation to undesirable 
buttery-smelling diacetyl is especially 
problematic in lager beers. Other off­
flavors resulting from yeast metabo­
lism include the production of 
hydrogen sulfide from organic sulfur 
compounds or sulfate ions during fer­
mentation. Lager beers again suffer 
more from H

2
S production than ales, 

to an extent that varies with wort com­
position, yeast strain and fermenta­
tion temperature. The "lagering" pro­
cess (low-temperature storage in the 
presence of yeast) reduces the final 
concentration of H2S and diacetyl in 
the finished product. Dimethyl 
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sulfoxide (DMS) is another undesir­
able product of wort metabolism by 
yeast. This sweet corn or garlicky 
smelling compound is produced from 
S -methyl methionine, a heat-labile 
component of malt, or from dimethyl 
sulfoxide (DMS) produced by oxida­
tion reactions during malt kilning or 
in the kettle boil. 

Fermentation bouquet arises 
from a host of volatile compounds 
among which higher alcohols and es­
ters feature prominently. Higher al­
cohols are simply alcohols of higher 
molecular weight and complexity 
than ethanol (the common alcohol of 
beer). As ethanol is made from pyru­
vic acid, so higher alcohols are made 
fi·om acids similar to pyruvate but of 
higher molecular weight. The en­
zymes involved are the same in all 
cases. The acids that can be trans­
formed to higher alcohols, for the most 
part, arise from pathways that syn­
thesize amino acids . Esters also con­
tribute to "fermentation bouquet" of 
both ales and lagers and are fmmed by 
reactions between alcohols and acids. 
Because the most abundant alcohol is 
ethanol and the most common acti­
vated acid is acetic acid (as acetyl 
coenzyme A), the most abundant ester 
in beer is ethyl acetate . The 
involvement of fatty acids in ester 
formation suggests yeast must have 
initial access to aerated wort in order 
to fmm the necessary precursors for 
esters. However, active acetate and 
ethanol both are metabolically very 
close to pyruvate and a close relation­
ship between wort aeration and ester 
formation is not suggested here. 

In contrast, under respiratory 
conditions oflow sugar concentration 
and abundant oxygen, two metabolic 
systems that are essentially shut 
down under fermentative conditions 
take center stage. These are the tri­
carboxylic acid (TCA), or Kreb's cycle, 
and the cytochrome or electron trans­
port system. These are located in the 
mitochondria. By the intervention of 
these two systems, pyruvic acid pro­
duced by glycolysis is metabolized, not 
to alcohol and C0

2
, but to C0

2 
and 

water using oxygen itself as the final 
oxidizer. The net effect is to harness 
the energy of glucose with a much 
higher yield of energy per sugar mole­
cule than alcoholic fermentation . 
Thus, the TCA cycle and electron 

transport system (respiration) pro­
duce many more ATP molecules than 
fermentation: the oxidative respira­
tion of one molecule of glucose by yeast 
generates 28 molecules of ATP, 
whereas anaerobic fermentation pro­
duces only two molecules of ATP. 

Carbohydrate metabolism is 
carefully regulated in yeast. Because 
glucose utilization yields more energy 
by aerobic respiration than by alco­
holic fermentation, yeast will respire 
whenever it can, especially in the 
presence ofhigh oxygen and low sugar 
concentrations. This phenomenon is 
known as the Pasteur Effect. On the 
other hand, glucose concentrations in 
excess of 0.5 percent or so, even in the 
presence of oxygen, are fe1mented by 
yeast via the glycolytic pathway into 
ethanol and C0

2
• This phenomenon is 

known as the Crabtree effect or cat­
abolite repression. 

Flocculation 

The yeast cell wall has important 
implications in brewing, primarily 
with regard toyeastflocculation at the 
end of fermentation. The complex 
character of yeast flocculation is 
determined by genetic, nutritional 
and environmental factors, which are 
incompletely understood. Yeast cells 
have a rigid, complex cell wall, com­
posed of polymers of mannose and 
glucose called mannans and glucans. 
These polysaccharides are cross­
linked with proteins and phosphate 
moieties. Certain strains of brewer's 
yeast, both Saccharomyces cerevisiae 
and Saccharomyces carlsbergensis, 
spontaneously aggregate during the 
stationary phase that follows active 
fermentation to fmm clumps of yeast 
called floes. This flocculation charac­
ter may be a major cliterion in the 
selection of a yeast strain for the pro­
duction of a given beer. Flocculation is 
genetically dete1mined in the nature 
of the yeast, but also is affected by 
some environmental factors. For 
example, the presence of fermentable 
sugars inhibits flocculation of yeast in 
wort. As the pH drops duringfelmen­
tation, flocculation occurs more read­
ily because the overall negative 
charge on the yeast cell becomes neu­
tralized. Some hop substances also 
promote floc formation. Two theories 
currently account for the phenomenon 



Figure 2. 

A summary of glucose metabolism 
in yeast. Glycolysis includes all 
reactions from glucose·6·phos· 
phate to pyruvate; alcoholic fer­
mentation is represented by the 
reactions branching left from 
pyruvate and oxidative metabolism 
of pyruvate is indicated in the 
cycle branching right from 
pyruvate. 

offlocculation. The first proposes that 
calcium ions, which have a double 
positive charge, mediate flocculation 
by forming bridges between the nega­
tively charged yeast cells. Carboxyl 
groups of organic acids (-COO·) or 
phosphate groups (-PO/) in the sur­
face layers of the yeast cell wall would 
be the functional groups involved in 
floc formation through this calcium 
ion bridging. A second theory pro­
poses that proteins with lectinlike 
activity and cell wall carbohydrates 
(mannans and glucans) mediate floc­
culation through magneticlike chemi­
cal attractions known as hydrogen 
bonding. 

The Distinction Between 
Ale and Lager Yeast 

Ales were probably the historical 
prototype of fermented barley bever­
ages because the strains of yeast 
involved in ale brewing, Saccharomy­
ces cerevisiae, are less temperature 
sensitive. These yeast strains grow 
well at temperatures up to 100 de­
grees F (37.78 degrees C), although 
the typical fermentation temperature 
for ales ranges from 50 degrees to 65 
degrees F (10 to 18.33 degrees C), 
which lager yeast cannot tolerate. 
Because of their rapid growth, ale 
yeasts tend to crop to the top in a dense 
head and are therefore referred to as 
"top" yeast or top-fermenting yeast. 
Lager beers are fermented at lower 
temperatures, 48 to 54 degrees F (8.88 
to 12.22 degrees C), by yeast strains 
classified officially as Saccharomyces 
uvarum, though they are traditionally 
called Saccharomyces carlsbergensis. 
Lager yeasts grow less rapidly than 
ale yeasts under commonly used 

>-------c ... pentos e 

g lycero l 

ethan ol 

ILLUSTRATION COURTESY OF UNIVERSITY OF CALIFORNIA AT DAVIS 

conditions, and with less surface foam 
they tend to flocculate to the bottom of 
the fermentation vessel as fermenta­
tion nears completion. They are 
therefore called "bottom" yeast or 
bottom-fermenting yeast. The dis­
tinction between top and bottom yeast 
is academic today, merely a reflection 
of a yeast's ability to associate with 
the bubbles of C0

2 
as it 1ises to the 

surface under certain traditional con­
ditions. In traditional ale brewing, of 
course, top cropping was a historically 
important means of strain selection 
and maintenance. Brewers recovered 
the top-cropping yeast by skimming it 
fi·om the surface for reuse in subse­
quent fermentations. In modern ves­
sels, ale and lager yeasts crop to the 
bottom. 

Factors Mfecting Fermentation 

Fermentation rate and extent, 
flocculation, flavor quality and flavor 

stability of the resulting beer are af­
fected by three kinds of factors: those 
related to yeast, the wort and the 
imposed conditions. Many of these 
have been referred to already in this 
article. Chief among them are the 
yeast strain, its condition, age and 
amount, all of which affect the fer­
mentation rate, flocculation, stability 
and flavor. Indeed, control ofthe yeast 
is one of the most difficult things brew­
ers do as they strive for consistency. 
The amount of yeast added to the wort 
must be sufficient to achieve the pro­
per cell density after growth. Addition 
of an excessive amount of yeast, as 
well as being economically unwise, 
can impart "yeast bite" if the excess 
yeast autolyzesin the beer. Contact of 
the yeast with oxygen before pitching 
is especially important for fermenta­
tion performance and ethanol toler­
ance, and the wort must provide 
sufficient but not excessive nutlients 
for growth . Only yeast in suspension 
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effects fermentation. The size and 
geometry of the fermentation vessel 
affects distribution of the yeast in the 
fermenting wort, especially in cylin­
dro-conical vessels, through agitation 
and mixing caused by release of C0

2 

bubbles. Finally, temperature and 
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pressure, because they affect the rate 
ofbiochemical reactions, are major de­
terminants of the rate offermentation 
and the production of flavor com­
pounds. When temperature and pres­
sure fall outside normal ranges, they 
may stress the yeast and induce stuck 
fermentations or off-flavors. 

Genetic Engineering to Improve 
Yeasts' Brewing Properties 

Many attempts have been made 
to design yeast strains with improved 
brewing properties. Strain improve­
ment has been achieved using tech­
niques known as mutagenesis and 
selection, hybridization and transfor­
mation. In mutation, random modifi­
cation of the genetic code (DNA) oc­
curs. Selection techniques are then 
used to find strains among the mu­
tated population of yeast with more 
desirable brewing properties. For 
example, by using these techniques 
mutants with increased ability to uti­
lize maltotriose have been selected. 
Hybridization takes advantage of the 
sexual cycle of yeasts by mating 
strains to combine desirable proper­
ties of the two parent strains in the 
offspring. With this technique, hy­
brids of Saccharomyces cerevisiae and 
Saccharomyces diastaticus have been 
developed with the favorable ability to 
ferment dextrins, resulting in higher 

attenuation. This is useful in the 
production of calorie-reduced (light) 
beers. The fusion of protoplasts (i .e., 
yeast cells with the cell wall removed) 
has allowed the transfer of the floccu­
lation character from one strain of 
yeast to another. Transformation is 
another process by which DNA from 
one strain is introduced into another 
strain and becomes a stable part of the 
genetic material of the resultant cell . 

Conclusion 

Basic understanding and accep­
tance of the biology of yeast can 
provide the brewer with valuable in­
sights when managing yeast in the 
fermentation process. There is no 
magic in selecting strains with the 
desired properties. It is no secret that 
yeast has to be properly nourished and 
employed at an optimal pitching rate. 

Yeasts have been one of the in­
struments the brewer has used to 
orchestrate the production of beer 
over the centuries. With dedication 
and attention to detail in the use of 
ingredients, equipment and time in 
the overall brewing process, we have 
enjoyed an exciting explosion of beer 
varieties. Our increased understand­
ing of yeast properties can only com­
plement these dedicated and creative 
efforts in optimizing beer quality and 
production. !illlD 
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D 
tis customary to classify 
microorganisms first by 
their genus and then by 
the species within a given 
genus. The genus Sac­

charomyces is the most important for 
fermented beverages, and in brewing 
the species Saccharomyces cerevisiae 
("top yeast") and Saccharomyces 
uvarum (''bottom yeast") are the most 
widely used. While this classification 
is of scientific value, it does pose a 
number of problems as far as practical 
brewing is concerned. The point is 
that strains within a given species can 
vary significantly in brewing perform­
ance and in fact some can be quite 
"wild." On the other hand, yeast that 
is not from the brewing species can on 
occasion behave in an acceptable 
manner. 

An interesting example of this is 
the so-called Whitbread culture. This 
actually consists of three strains, all of 
which are "wild." Strain No. 1 is a 
Saccharomyces cerevisiae mutant. It 
has lost its ability to flocculate and to 
ferment maltotriose. It also has a low 
ethanol tolerance and generally ter­
minates metabolic activity in the 
middle of the fermentation. Strain 
No. 2 also is a cerevisiae mutant. It is 
a slow starter and will not flocculate. 
However, once active it is an excep­
tionally good fermenter. 

The combination ofNos.1 and 2 is 
a "marriage made in heaven," for once 
No.1 stops, No.2 starts up and com­
pletes the fermentation. The meta­
bolic role of Strain No. 3 is uncertain, 
but there is evidence to suggest that it 
tends to curb No.2's appetite for pro­
ducing fermentation bypro ducts. The 

east 
major role of Strain No. 3 is as a 
"chaining yeast." Once the fermented 
beer is chilled below 50 degrees F (1 0 
degrees C) it heads toward the bottom 
of the fermenter, taking with it yeast 
cells in suspension (e.g., Nos.1 and 2) 
as well as some high molecular weight 
proteins. This is definitely a culture 
where the whole is dramatically 
greater than the sum of its parts, and 
defies classification. While the indi­
vidual strains are "wild," the whole is 
very much a brewing series that can 
be and has been used to produce inter­
esting ales and beers. 

In order to avoid paradoxical clas­
sification situations such as this, a 
functional approach will be taken. To 
wit, if it waddles like a duck and 
quacks like a duck, then a duck it shall 
be even if a biologist insists that a 
microscopic examination reveals it is 
better classified as cow! 

To this end, a pure brewing yeast 
strain is defined as one where after 
respiration the following major path­
way is followed: 

monosaccharides ---+ pyruvic acid 
---+ acetaldehyde + C02 ---+ ethanol 
+C02 • 

Thus, with a pure yeast strain, 
ethanol and carbon dioxide are the 
only fermentation products, and the 
flavor of the finished beer is deter­
mined by the ingredients used (e.g., 
malt and hops). 

Other yeast strains will show a 
tendency for "divergences"; i.e., in 
addition to the major pathway there 
also will be "side streets" yielding 
other fermentation products. In this 

THEORY 

GEORGE FIX 

For the most part, 
you want to keep 
these outlaws away 
from your civilized 
brews, but there are 
exceptions . . . 

regard, the "wildness" of a yeast strain 
is taken as the extent to which the 
extra fennentation products will be 
noticeable in the finished beer. Bacte­
ria are defined as those microorgan­
isms where the major pathway is for 
all practical purposes not followed at 
all, and the minor "routes" are their 
major pathways. 

For this definition to make sense, 
some type of standardization is 
needed. For example, asking a pure 
yeast strain to ferment a wort of very 
high gravity at an elevated tempera­
tme will produce excessive ester lev­
els even though the strain usually 
does not produce esters. For the pur­
pose of this article a standard wort is 
taken as one made entirely of barley 
malt, having an original gravity of 
1.048 (12 degrees P), and fermented at 
a temperature appropriate to the 
strain in question. The data pre­
sented in the sequel were derived from 
test fermentations of this standard 
wort. 

The following characteristics are 
some of the major fermentation prod­
ucts that define the "wildness" of a 
particular yeast strain. No attempt 
will be made to assign degrees of 
"desirability" or "undesirability" to 
these constituents. That is a matter of 
subjective opinion, and individual 
brewers will come to their own conclu­
sions about such matters. In fact, 
certain specialty beers depend on wild 
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CH =CHCOOH 

OH 

Ferulic acid 

Figure 1. 

Phenyl alanine 

Figure 2. 

yeast and their products to achieve a 
particular flavor profile. On the other 
hand, off-flavors produced by wild 
yeast infection cannot be ignored. 
Although they generally are not as 
distracting as those created by bacte­
ria, they are far more common. 

Phenolics. The most common 
feature among wild yeasts is their 
ability to create phenolic constituents. 
One mechanism is the conversion of 
mndly flavored phenolics from malt 
into stronger-flavored constituents. 
(See Figure 1.) 

The product produced has a 
strong clovelike flavor profile and, for 
example, is an important part of Ba- . 
varian wheat beers. 

A second mechanism involves 
fuse] alcohols in beer. They arise from 
the metabolism of amino acids. Of in­
terest to this category are the phenol 
alcohols (sometimes called aromatic 
alcohols), which have exceptionally 
strong medicinal flavors . A typical 
reaction is illustrated in Figure 2. 

As a general rule, top yeasts pro­
duce more phenolics than bottom 
yeasts, yet preferences among strains 
is the major factor. Table 1 shows 
some examples. Currently Red Star 
brand yeast is a major phenol pro­
ducer (a fact that constantly gets re­
discovered by unsuspecting brewers), 
whileSierraNevadaisneutral. Whit­
bread also produces subthreshold 
phenolics; however, this constituent 
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OH 

4-vinyl guaiacol 

Phenyl alcohol 

has been tasted by sensitive palates in 
beers made with this yeast. The data 
on the Spa ten wheat beer yeast show 
that the clovelike flavor of Bavarian 
wheat beers is definitely a fermenta­
tion characteristic. Incidentally, re­
ports show 4-vinyl-guaiacol levels in 
German wheat beers as much as 10 
times higher than those produced by 

the Spaten strain in our standard 
wort. Thus it is apparently a rather 
neutral strain as far as wheat beer 
yeasts go. 

The lager yeast was supplied to 
the author by Gary Bauer. It comes 
from Weihenstephan (number desig­
nation unknown). It is an excellent 
bottom yeast, and typically will not 
produce phenols. 

It is important to note that wild 
yeast infection can dramatically 
change brewing performance. An 
extreme example of this was a liquid 
culture distributed to amateur brew­
ers a few years back under the name 
"Amateur Brewer." Evidence sug­
gests this yeast culture was contami­
nated by strains from Saccharomyces 
diastaticus. Typical of such infec­
tions, the result is a superattenuating 
yeast that produces considerable 
amounts of phenolics. 

Closely related to the Amateur 
Brewer strain are the so-called "kil­
ler" yeasts. These are yeasts that ex­
crete specialized enzymes during the 
fermentation, and are lethal to all 
other known microorganisms. Once 
present, they will quickly take over a 
culture. Considerable research has 
gone into genetically engineering 
these strains to retain the killer 

Table 1. Phenolics 

T = Flavor Threshold in ppm (parts per million) 

Phenol Alcohol Guaiacol 
Yeast Strain (T =1 00) (T =0.3) 

Saccharomyces cerevisiae 
Sierra Nevada 30 <.1 
Whitbread 60 <.1 
Spaten (wheat beer) 45 .4 
Red Star Ale 130 .2 to .3 

Saccharomyces uvarum 
Yeast Bank (G. Bauer) 35 <.1 

Wild 
Amateur Brewer 151 .6 
Killer Yeast (Canada) 156 .7 
Montrachet ( Sacch. 133 .2 to .3 
cerevisiae var. ellipsoideus) 

Champagne (Sacch. uvarum, 122 .2 to .3 
Sacch. florentinuo) 
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factor, but at the same time brew 
normal beer. Progress has been made 
except for one point: All of these 
strains are prodigious phenol produc­
ers. The data in Table 1 show this 
clearly. 

A good deal of evidence shows the 
most common type of wild yeast infec­
tion in brewing comes from wine 
yeast. In fact, an interesting theory 
conjectures that Saccharomyces 
uvarum made its entry into brewing 
by exactly this mechanism. Wine­
makingin Bavaria, now discontinued, 
started well before brewing. Strains 
of Saccharomyces uvarum are indi­
genous to selective vineyards (most 
notable is the Champagne district of 
France). Thus at the time wine­
making and brewing were contigu­
ous, it could have happened that the 
original brewing yeast (strains of 
Saccharomyces cerevisiae) became 
"contaminated" by the new yeast. 

In general, wine yeast infection 
will not produce favorable results. A 
crucial point in this regard is that the 
amino acid composition of wine must 
differ dramatically from beer wort, 

and this is reflected in yeast perform­
ance. The worst possible way to im­
part a "winy flavor" to beer is to use 
wine yeast, and the data in Table 1 
show that phenolics are a big part of 
this story. 

Esters/Alcohols/Organic Ac­
ids. These three constituents come as 
a package with esters being the prod­
uct of an acid plus an alcohol. Their 
formation is not spontaneous, andre­
quires an agent (most notably yeast) 
to promote them. For this reason the 
author believes the following constitu­
ents and their accompanying flavors 
are excellent measures of "wildness" 
of a yeast strain. More data are given 
in Table 2. 

B I 1 h I 
Fuse} alcohols Propyl alcohol } 

uty a co o . 
Amyl alcohol (harsh, alcohol-hke) 

Ethyl acetate = ethanol + acetic acid 
(nail polish) 

Amyl acetate = amyl alcohol + acetic 
acid (banana) 
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Table 2. Esters/Alcohols/Acids 

(T = Threshold in ppm) 

Propyl Alcohol Butyl Alcohol Amyl Alcohol Ethyl Acetate Amyl Acetate 
Strain (T = 600) 

Saccharomyces cerevisiae 
Sierra Nevada 15 
Whitbread 28 

Saccharomyces uvarum 
Yeast Bank 20 

Wild 
Thomas Hardy 21 
Montrachet 31 
Champagne 20 
Mutant Strain 39 

The wild side of the Whitbread 
culture is seen clearly in Table 2. A 
consistent fingerprint of this yeast is 
its tendency to produce banana esters 
(e.g., amyl acetate) at levels three to 
four times their threshold. Such 
flavor tones are regarded as normal, 
and in fact desirable, for some tradi­
tional pale ales. In other beer styles 
they may be controversial. In con­
trast, the Sierra Nevada culture is 
entirely neutral in this area, as is 
Gary Bauer's bottom yeast. 

The Thomas Hardy yeast is yet 
another mixed culture used for strong 
ales and barley wines. The main 
strain is from the Saccharomyces 
cerevisiae species, and appears to be 
normal in all respects. The second 
strain is a member of the genus 
Brettanomyces (of unknown species). 
I tis used to finish up the fermentation 
of high-gravity ales. Typical of slow­
starting wild yeast, it is a strong ester 
producer. In most brewing situations, 
strains such as this one would be 
regarded as a contaminant, because 
the esters and fusel alcohols produced 
easily could overpower other beer 
constituents. The same is true for the 
"wine yeasts." When they fennent 
standard beer wort, not only are 
considerable amounts of phenols 
produced, but also large amounts of 
esters and fusels. 

One way a neutral yeast strain 
can go wild, apart from outside 
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(T = 25) (T = 11 0) 

20 70 
59 138 

16 60 

53 148 
56 125 
51 115 
57 132 

infection, is by muta­
tion. A common situation, 
particularly when yeast is 
being reused, is the formation of 
respiratory deficient mutants . 
They tend to be slow starters, as well 
as strong and rapid sedimenters. The 
absence of oxidative properties means 
they do not respire properly, and the 
net result is elevated levels of fusel 
alcohols and esters. Table 2 has an 
example where the mutants consist of 
10 percent of an otherwise neutral 
yeast. 

Other Mechanisms. Wild yeast 
can produce a variety of other prod­
ucts . For example, the respiratory 
deficient mutants also are strong di­
acetyl producers. Nevertheless, it is 
the author's opinion that phenols and 
esters best capture the effects of 
"wildness" in a yeast strain, the effects 
of bacterial infection being another 
matter altogether. (See Table 2) 

In the final analysis, the best way 
to control wild yeast infection, like 
bacterial infection, is by proper sani­
tation. This is particularly the case 
with "wine yeast" infections. The lat­
ter are ubiquitous in nature and can 
easily gain access to brewing areas. In 
addition, for brewers who reuse their 
yeasts (a practice the author endorses 
particularly if desirable strains are 
obtained) special care is needed in 
their management. Not only is infec­
tion to be avoided, but one must also be 

(T = 35) (T = 2) 

26 2 
36 8 

30 2 

65 12 
57 3 
52 3 
41 4 

sensitive to recognizing mutation. 
Both will be reflected in brewing per­
formance, particularly in the areas 
cited above. 

A last point relevant to wild yeast 
infection concerns open fermenters. 
While most brewing strains from the 

genus Saccharomyces typically will 
be quite hostile to bacteria with 

respect to sharing wort re­
sources, this may or may not be 

the case with close relatives, 
i .e., wild yeast. Moreover, 

the easy access to such an 
inviting environment is 
something brewers 

with open fer­
menters should 

view with 
concern. lillJD 



THEORY 

PAUL MONK 

Yeast Nutrients in Brewing 

iJ 
easts are facultative mi­
croorganisms that are 
able to grow both aerobi­
cally and anaerobically 
by obtaining energy from 

catabolism of certain carbohydrates. 
The available energy is coupled to the 
anabolic process of the cell, fabricat­
ing essential cell components from 
intermediates of carbohy.drate and 
nitrogen metabolism and other nutri­
ents provided in the growth medium. 

Strains of brewing yeast, while 
growing in wort, have two main func­
tions: to convert sugars to alcohol and 
contribute desirable sensory com­
pounds to beer under essentially an­
aerobic conditions. To grow success­
fully in wort the yeast culture must be 
provided with many essential nutri­
ents, both macro and micro molecules. 
The availability and concentration of 
nutrients in wort depends upon the 
grain, malting procedure and water. 

The nutrients required for yeast 
growth can be broadly grouped as 
carbohydrates, nitrogen (both organic 
and inorganic), vitamins, minerals 
and molecular oxygen. 

Carbohydrates 

The sugars in wort that are avail­
able for yeast growth are, in order of 
concentration: maltose, maltriose, 
glucose, sucrose and fructose. The 
total fermentable sugar in wort 
ranges between 7.5 and 9.5 grams per 
liter. Sugar is not limiting to yeast 
growth in wort; however, uptake of 
sucrose is dependent upon extracellu­
lar invertase to hydrolyze it to glucose 
and fructose. Unadapted yeast cells 
require an induction time to ferment 
maltose. 

The metabolism of sugars in wort 
is by fermentation even in the 
presence of oxygen. Glucose in excess 
of about 2 grams per liter inhibits res­
piration by a process called catabolic 
repression, also known as the 
Crabtree Effect. 

Another significant contribution 
of carbohydrate metabolism, in addi­
tion to providing energy for yeast 
growth, is the accumulation of the 
polysaccharides trehalose and glyco­
gen. These compounds increase in the 
cell as yeast growth slows and con­
tinue to be stored, increasing cell bio­
mass, after the cell has stopped bud­
ding. Nutrient limitation in wort, 
particularly limitation of available 
nitrogen, will stimulate the accumu­
lation of trehalose and glycogen. 

These compounds act as reserve 
materials, being metabolized in the 
resting cell to provide both energy and 
carbon for maintenance and to retain 
viability during storage. 

When yeast is pi tchedinto wort to 
initiate a new fermentation, the yeast 
biomass is found to decrease during 
the lag phase. The loss in mass is 
attributed to glycogen metabolism, 
which is accompanied by an increase 
in sterol content and removal of dis­
solved oxygen from wort. Slow and 
incomplete wort fennentations have 
been attributed to inadequate concen­
trations of cell glycogen caused by 
previous growth or storage conditions. 

Nitrogen 

The concentration and type of 
available nitrogen in wort determines 
the rate of fermentation, the amount 
of yeast growth and the sensory 
properties of the finished beer. The 

Can you improve 
your yeast's per­

formance with some 
nutritious additions 

to your wort? It's 
possible, but yeast 

can be finicky. 

metabolism of nitrogen by a particular 
yeast strain is of major importance in 
all alcoholic fermentations. 

Nitrogen is available for yeast 
growth in wort as inorganic nitrogen, 
amino acids and peptides. The ni­
trogenous compounds in wort depend 
upon the grain used and the malting 
and mashing process. Hopped wort 
contains an average of800 mi11igrams 
per 1i ter of total nitrogen, one-half of 
which is alpha-amino nitrogen. After 
fermentation the beer contains an 
average of 200 milligrams alpha­
amino nitrogen per liter, some net 200 
grams per liter being incorporated 
into yeast cell protein or sensory 
compounds. The fate of amino acids 
taken up by the yeast cell is complex. 
Very little, if any, of an amino acid in 
wort is incorporated intact into cellu­
lar protein. Instead, it undergoes a 
transamination reaction leading to 
products of glutamic acid and a corre­
sponding oxoacid. The oxoacids 
formed by yeast act as substrates for 
the biosynthesis of aldehydes and 
fusel alcohols that significantly influ­
ence the sensory properties of beer. 
The formation of esters also is related 

SPECIAL 1989 ZYMURGY 25 



to amino acid metabolism, providing 
alcohols to react with fatty acids made 
available during the synthesis of satu­
rated and unsaturated fats and 
phospholipids. 

Brewing yeast can g1·ow on a 
medium containing an ammonium 
salt (another form of nitrogen nutri­
ent) more rapidly than on any individ­
ual amino acid. However, a mixture of 
amino acids, as found in wort, sup­
ports better g1·owth. Wort contains 
about 24 milligrams ammonia per li­
ter and only a small amount is utilized 
for yeast g1·owth where amino acids 
are not gl'owth limiting. 

The concentration of alpha­
amino nitrogen or ammonium salt is 
directly related to the fermentation 
time for a wort; that is, the higher the 
concenb:ation of available nitrogen, 
the faster the fermentation. Amino 
acids and ammonium ions are taken 
up by active transport systems involv­
ing many different permeases (carri­
ers); however, concentrations in ex­
cess of that required to supply nitro­
gen for g1·owth stimulate yeast gl'owth 
rate. From a practical viewpoint, the 
nitrogen nutrient supply, either from 
malt or addition of ammonium salt, 
can determine yeast g1·owth, fermen­
tation time and the sensory properties 
of a beer. Different yeast strains 
under similar conditions have differ­
ent growth rates, nutrient require­
ments and abilities to produce and 
excrete esters and fusel alcohols. The 
interaction between yeast strain and 
wort composition can determine beer 
quality and style. 

Minerals 

On a dry weight basis, yeast con­
tains an average of 2.6 percent phos­
phate as P

2
0 5, 2.5 percent potassium 

as potassium dioxide (~0), 0.4 per­
cent magnesium as magnesium oxide 
(MgO), 0.5 percent sulfur and trace 
amounts of calcium, chlorine, copper, 
iron, zinc and manganese. The rela­
tive proportions of these compounds 
in yeast give an indication of their 
importance to yeast metabolism. 

Yeasts are unable to g1·ow unless 
provided with a source of phosphate. 
This anion is involved in energy con­
servation and transfer and is part of 
many organic compounds in the yeast 
cell. Yeast actively transports 
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phosphate as the monovalent anion 
H

2
P0

4 
-.The transport and incorpora­

tion is very rapid and the concentra­
tion g1·adient high. Inorganic phos­
phate is stored as metaphosphate in 
the cell, part of which can be converted 
to orthophosphate when required. 
The presence of stored meta­
phosphate is considered necessary for 
rapid yeast gl'owth, providing a source 
of phosphate and acting as a reserve of 
chemical energy to drive metabolic re­
actions. Phosphate provided to wort 
from malt is usually adequate for 
g1·owth; however, some stimulation 
can be observed by increasing the 
phosphate concentration. Potassium 
is required for yeast gl'owth and fer­
mentation although it is not incorpo­
rated in the structural or organic 
components of the cell. Potassium 
ions are taken up by active transport, 
which requires energy. As yeast as­
similates glucose, potassium ions are 
taken up simultaneously and are ac­
companied by the transfer of a hydro­
gen ion. The permease or carrier that 
transports the K+ into the cell also 
transports NH/, but with a much 

In wort, sulfur is available to 
yeast as inorganic sulfate, methionine 
and in soluble proteins and peptides. 
Sulfate is metabolized by yeast, first 
being converted to sulfite and then 
sulfide before being used in the forma­
tion of the end products methionine 
and cysteine. The hydrogen sulfide 
formed from metabolism of sulfate can 
be excreted into wort if the yeast be­
comes starved for nitrogen due to ei­
ther low concentration in the medium 
or impaired ability to transport avail­
able nitrogen into the cell . 

The elements zinc, copper and 
manganese are required in trace 
amounts and promote the rate of fer­
mentation. In high concentrations 
they are toxic and, while addition of 
zinc to wort can be beneficial, manga­
nese must be present to avoid autoly­
sis and inhibition of growth . 

lower affinity. r{ · ~ 
Potassium ions are necessary ~ ::AL!;y 

for the uptake of phosph~t:. Ph.os- · _ ® 0oD 
phate uptake leads to acJdJficatwn · · cp 
ofthe cell, which then retards phos­
phate transport. The simultaneous 
uptake of the K+ ion increases the 
buffer capacity of the cell, allowing 
accumulation of higher phosphate 
concentrations. Wort contains ade-
quate amounts ofK+ion for operation 
of transport systems and active yeast 
gl'owth. 

Magnesium is required for yeast 
g1·owth and acts as an enzyme activa­
tor, particularly for phosphate trans­
ferases and decarboxylases; for ex­
ample, pyruvate decarboxylase, 
which yields acetaldehyde. Magne­
sium is actively transported into the 
cell, accompanied by the secretion of 
two K+ ions. K+ ions at low concentra­
tions stimulate the uptake of the Mg+ 
ion, but at high concentrations limit 
its uptake. 

Yeast requires sulfur for the syn­
thesis of methionine and cysteine, 
which are incorporated into protein, 
glutathione, coenzyme A and thiamin. 
Biotin also contains sulfur but brew­
ing yeast is unable to synthesize this 
vitamin. 

Vitamins 

Vitamins are essential cofactors 
of enzyme function and are required 
for yeast gl'Owth. Requirements for 
vitamins by yeast are strain depend­
ent and their addition to wort can 
often stimulate yeast growth rate and 
fermentation . 

Biotin. Biotin cannot be synthe­
sized by brewer's yeast and must be 
available in wort. Biotin is involved in 
carboxylation of pyruvic acid, nucleic 
synthesis, protein synthesis and syn­
thesis offatty acids, and hence plays a 
central role in yeast metabolism. 
Yeasts starved of biotin have a high 
death rate caused by inhibition of de ­
oxyribonucleic acid synthesis. Dam­
age to the cell membrane results from 
a deficiency in fatty acid . Biotin is 
required in very low concentrations, 



5 milligrams per liter being adequate 
to support yeast growth. 

PantothenicAcid. Pantothenic 
acid is required by many strains offer­
mentation yeast and is an essential 
part of coenzyme A, required for car­
bohydrate and lipid metabolism and 
cell membrane function . A deficiency 
of pantothenate can lead to the accu­
mulation of hydrogen sulfide and will 
occur when pantothenate concentra­
tions in the medium fall below 0.15 
milligrams per liter. Stimulation to 
yeast growth rate and yield is depend­
ent upon pantothenate concentration, 
but does not affect yield of ethanol 
from carbohydrate. 

Thiamin. Thiamin as thiamin 
diphosphate is the coenzyme in oxo­
acid decarboxylation. Thiamin will 
stimulate the growth rate and hence 
fermentation of brewing yeast but 
will not necessarily increase cell yield. 
A few strains are unable to synthe­
size thiamin. Top-fermenting yeast 
requires either thiamin or pyridoxine 
while bottom-fermenting yeast can 
grow well without the addition of 
either vitamin to the medium. When 
added to a medium the yeast rapidly 
accumulates thiamin. Thiamin 
added to medium in which Sac­
charomyces uvarum is growing is 
found to intelfere with the synthe­
sis of pyridoxine, requiring the addi­
tion of pyridoxine to the growth 
medium. 

Nicotinic Acid. Nicotinic acid is 
required for the synthesis ofNAD and 
NADP coenzymes that actin conjunc­
tion with dehydrogenases. Brewing 
yeast can synthesize its requirements 
for nicotinic acid under aerobic condi­
tions, but this ability is restricted in 
the absence of oxygen. 

Inositol. Inositol is required for 
cell division. When combined with 
lipids it is used for cell structure. A 
deficiency will decrease the rate of 
carbohydrate metabolism. Brewing 
yeasts vary in their ability to fulfill 
their own requirements for inositol 
and many yeasts show stimulated 
growth rate and yield when it is avail­
able in the medium. 

Oxygen 

Dissolved oxygen can be consid­
ered a yeast nutrient. The availability 

of oxygen to a yeast culture will deter­
mine initiation of fermentation and its 
completion. Molecular oxygen pro­
vided to a yeast culture is used to 
synthesize unsaturated fatty acids 
and sterols. These compounds are 
found mainly in the cell membrane 
and are required for activity of mem­
brane-bound enzymes, permeability 
and alcohol tolerance. Squalene 
formed anaerobically in the cell is the 
precursor to the oxygen-requiring 
reactions leading to lanosterol, ergos­
terol and zymosterol. 

Yeast growth without oxygen 
causes dilution of sterols in the cell 
membranes as a result of distribution 
between cells at division; there is a 
critical concentration of these com­
pounds in the cell below which cell 
division does not occur. It is estimated 
that five generations are the maxi­
mum that can be achieved by yeast 
initially provided with unsaturated 
fatty acids and sterols. 

A yeast starter culture can be 
provided with adequate membrane 
lipids when grown with aeration prior 
to pitching or from aerating the wort 
when a portion of the brewing yeast is 
repitched. Aeration of wort is not 
necessary for properly prepared 
starter culture or dried yeast. 

The transfer of oxygen into wort 
is dependent upon temperature, 
sugar concentration and air disper­
sion. To maximize yeast yield, the 
wort should be 25 to 50 percent satu­
rated with oxygen p1ior to pitching the 
yeast. 

Overview 

The membrane of a yeast cell 
separates the cytoplasm and enclosed 
organelles from the fermentation me­
dium, and by selective transport in 
and out of the cell maintains an envi­
ronment suitable for metabolism and 
growth . 

The ability of a yeast culture to 
grow in wort and complete fermenta­
tion depends upon the condition of the 
cell membrane, the availability, con­
centration and relative proportions of 
nutrients, the viable cell density on 
pitching and the fermentation tem­
perature. The brewer can manipulate 
the conditions of fermentation to 
ensure the production of a quality 
beer. 
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The conditions of the cell mem­
brane can be optimized by aerobic pre­
paration of a starter culture, efficient 
aera tion of wort prior to or after pitch­
ing, or use of active d1ied yeast . In 
wort the availability of nitrogen as 
amino acids can be a growth-limiting 
factorandcan be supplemented where 
necessary with inorganic nitrogen as 
diammoniumphosphate. Low growth 
rate or cell yield resulting from vita­
min deficiencies, which can lead to 
slow or incomplete fermentation s, can 
be treated by adding a vitamin supple­
ment at the time of inocula tion . The 
supplement, when required, should 
include biotin, pantothenic acid, inosi­
tol, pytidoxine and thiamin. 

The ability of a yeast strain to 
grow at the low temperatures used in 
lager fermentations is yeast-strain 
dependent and for a given strain 
might require a period of adaptation. 
Yeast grown at low temperatures 
contains higher concentrations of 
fatty acid in the cell membrane. These 
concentrations improve the ability to 
transport nutlients. lj 
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CULTURING 

CLAYTON CONE 

Commercial Production of 

il 
east and fermentation 
have been a part of daily 
life at least since 4000 
B.C., when the Egyptians 
were eating leavened 

bread. Wine and beer were also a food 
staple during this period, so much so 
that the Romans planted vines wher­
ever they went, ensuring that the 
resident governors had an adequate 
supply of wine. 

Until the mid-19th century, yeast 
fermentation was not understood. 
Bread was made from a "sour-dough" 
process, where the baker would keep 
small amounts of the yeast-infected 
dough with which to inoculate the 
next day's bread. Primitive alcoholic 
fermentations were left to occur spon­
taneously. Wine, mead, beer and sub­
sequent distilled beverages also were 
left to spontaneous fermentation. 

During the early 19th century, 
byproducts of the breweries, and later 
the distilleries, were used to fennent 
bread dough. As the bakeries became 
larger, distilleries found an increased 
market for their byproducts. The 
subsequent work of Louis Pasteur and 
E.C. Hansen (Hansen isolated the 
first single-cell yeast culture) ex­
plained the role of yeast in fermenta­
tion and the importance of pure cul­
ture fermentations. By the close of the 
century several firms were producing 
modest amounts of pure yeast from 
aerated grain mashes. 

As the availability and cost of 
grains became a deterring factor, a 
scientist by the name of Hayduck 
in Berlin developed a method for 
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Dried Yeast 
producing yeast from molasses forti­
fied with ammonium salts and phos­
phates. Subsequent research im­
proved the yeast metabolism of sugar 
to cell matter, while still avoiding 
alcohol production. This is accom­
plished through high aeration with 
gradual nuh·ient feed. The industry 
today still employs this process, tai­
lored to exploit the new strains being 
used. Research during the last 30 
years has focused on improving yeast 
strains and automation of the fennen­
tation process, along with improved 
refrigeration, packaging and drying 
techniques. 

The preparation of yeast in dry 
form dates back many centuries. 
Yeast was being successfully dried 
long before anyone had any idea what 
was being dried. Bakers back in the 
Roman days held elevated positions 
akin to that of priests because of their 
abilities to make this magical, mysti­
cal substance turn dough into leav­
ened bread. Along with this lofty 
position came an awesome responsi­
bility. Bread was the basis of the diet 

Dried yeast has an 
ancient history, but 

here's a look at 
current techniques 

for making it. 

and the Roman anny depended on a 
steady supply. Thus, if the baker lost 
the yeast culture he often lost some­
thingmore important to him-his life. 
With an incentive like this, it was not 
long before bakers found that they 
could spread a yeast-containing 
slurry onto wheat hulls or gypsum 
blocks and place it in a sunny spot to 
dry. When needed, they mixed the 
dried material with a sweet liquid and 
it would come to life again. Variations 
on this old Roman technique are used 
even in present times. 

The production of active dry yeast 
began on a massive scale during the 
early 1940s. At this time, the U.S. 
government gave large grants to 
companies such as Fleischmanns to 
develop techniques that would pro­
duce large volumes of yeast that could 
be shipped without refi"igeration to 
the armed forces. 

The initial drying machines were 
tunnels. Compressed yeast with 
about 70 percent moisture is extruded 
in spaghettilike form onto a perfo­
rated steel belt and slowly passed 
through a tunnel containing several 
chambers. The temperature, humid­
ity and airflow are carefully regulated 
in each chamber to evaporate and 
draw moisture from within the yeast 
cell at a predetermined rate that will 
ensure maximum viability and activ­
ity. The yeast leaves the last chamber 
with a 7 to 9 percent moisture content. 
This process takes three to five hours 
and sometimes longer. 

· Recent improvements have been 
made in drying technology and we 
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have a better understanding of the 
yeast during drying. Currently most 
yeast is dried in a fluid-bed drier. 
Compressed yeast is extruded, in 
threads about the size of a .5 mm 
pencil lead, onto a perforated plate in 
a single chamber. The yeast is air­
lifted with carefully controlled flow, 
temperature and dehumidified air, 
allowing it to dry to 4 percent mois­
ture in about one-half hour. This 
rapid and controlled drying captures 
almost all of the viability and activity 
of the original yeast. 

The yeast from both types of 
driers is quickly cooled and packaged 
in aninertatmosphereofnitrogen and 
carbon dioxide or in a vacuum to give 
it long-term stability. At40 degrees F 
(4.44 degrees C), it will retain 96 per­
centofitsactivityafteroneyear. At68 
degrees F (20 degrees C), it will retain 
80 percent of its original activity dur­
ing the same period. 

Yeast strains for the brewing 
indus try are selected by brewing insti­
tutes or breweries. These strains 
usually have a long historyofperform­
ing and of producing for the brewmas­
ter exactly what he requires for his 
equipment and particular style of 
beer. The culture is submitted to the 
yeast manufacturer to be produced on 
an industrial scale. The research 
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laboratory will study its growth pat­
terns and requirements, and produce 
a small amount in dry form. The 
brewing institute or brewery will 
compare the performance of the yeast 
in dry form against the original slant 
of yeast brought up in the traditional 
manner. Ifthe performance of the dry 
yeast is equal to or better than the 
liquid yeast, plant-scale production 
will begin. 

The strain is now typed and fin­
gerprinted. The DNA is mapped and 
recorded for future reference to be 
certain that no contamination of the 
original strain occurs and that any 
mutations do not go unnoticed and 
later alter the fermentation charac­
teristics. The culture is then streaked 
onto numerous special nutrient agar 
slants, allowed to grow at 86 degrees F 
(30 degrees C) for 24 to 36 hours, 
placed under sterile oil andre­
frigerated at 39 degrees F ( 4 
degrees C) until used. 
Numerous slants are 
made to eliminate the 
need to inoculate 
from a single slant 
more than one time, 
thus minimizing 
the chance of intro­
ducing infection at 
this early stage. 

Figure 1. 

Commercial yeast production 
flow chart. 

The quality of the yeast begins at 
the test tube stage in the laboratory, 
and each subsequent stage is carefully 
controlled so that the yeast performs 
exactly as the customer demands. 
Figure 1 shows the general flow of 
production from test tube through the 
drier. 

The commercial production of 
yeast is accomplished by aerobic fer­
mentation, which is fermentation 
stimulated by the introduction of air. 
Aerobic fermentation results in more 
efficient yeast growth. In most other 
industrial fermentation, such as 
brewing, the fermentation is anaero­
bic (without air) and it is the byprod­
ucts (alcohol, esters, higher alcohols 
and carbon dioxide) that are desired 
instead of the yeast itself. 

To start the aerobic fermentation 
process, a small inoculum of pure cul­
ture is transfeiTed to a flask contain­
ing six liters of a sterile culture me­
dium . For this and subsequent stages, 
the basal medium is a sterilized solu­
tion of cane and beet molasses, treated 
and called "wort." In addition to the 
wort, the yeast is supplied with essen­
tial nutrients and microelements 
needed for optimum cell growth. 
Yeast is unique in that it can utilize 
ammonia as a sole source of nitrogen 

for protein production, with the aid 
of phosphoric acid. 

The laboratory stage and the 
first stage in the plant are 

carried out aseptically 
with minimum aera­
tion. It is essential in 
the early stages to 

build up a cell mass free 
of infection. Careful at­

tention to sanitation is re­
quired to achieve this goal. 
The wort is sterilized at 
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tasting homemade 
beer. 
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290 degrees F (143 degrees C) for 20 
seconds. All equipment - tanks, 
lines, pumps, heat exchangers and 
separators - are chemically cleaned 
and steam ste1ilized before each use . 

The essential element of eco­
nomic yeast production is the produc­
tion of cell mass without the produc­
tion of alcohol. The first prerequisite 
is aeration, the second is the gradual 
addition of wort. It is vital to feed only 
as much wort as is required by the 
yeast cell. An excess of more than 0.05 
percent at any time will bigger the 
yeast to produce alcohol. 

The growth that occurs fi:om the 
initial flask to the fourth and some­
times fifth stage is known as the seed 
production stages. Each stage, once 
fini shed, is transfened to the next 
larger stage. With this technique, less 
than one gram of yeast will produce 
more than several tons in four or five 
steps and a total fermentation time of 
72 to 96 hours. At the end of the fourth 
or fifth stage the fennentation liquid 
is centrifuged and washed several 
times to separate the yeast from the 
"spent" wort. This step allows effi­
cient handling of the used yeast to 
inoculate the last or commercial 
stage . The separated yeast, 
suspended in water, is held in refiig­
erated storage tanks at 39 degrees F ( 4 
degrees C). 

It is during the final commercial 
stage that careful attention is given to 
controlled growth rates and nutlients 
in order to produce a yeast with opti­
mum protein, phosphate, glycogen, 
trehalose, lipid, vitamin and enzyme 
levels to assist the yeast through the 
drying stage and provide the brew­
master with a yeast of optimum activ­
ity. At the end of this stage the yeast 
is separated and washed several 
times and stored in refrigerated tanks 
(receivers) prior to drying. 

The liquid yeast is dehydrated to 
about 30 percent solids with a "rotary 
vacuum filter ." The "cake" or com­
pressed yeast is extruded in thin 
spaghettilike fil aments onto a special 
fluid-bed, air-lift drier where a con­
trolled drying sequence yields a fin­
ished dry yeast with 4 to 7 percent 
moisture. The yeast is cooled and 
stored immediately in ani nert atmos­
phere until it is packaged in five-gram 
a nd 500-gram nitrogen-filled pack­
ages and one-kilogram, 10-kilogram 

and 20-kilogram nitrogen-filled or 
vacuum packages. 

There are 20 to 40 billion yeast 
cells per gram of active dry yeast. This 
wide range is caused by the variation 
in cell size of different strains of yeast. 
Approximately 85 to 90 percent of the 
cells retain their viability during the 
drying stage. Each live cell retains 
100 percent of its activity when prop­
erly rehydrated in water at 105 de­
grees F (40.5 degrees C). 

Utmost vigilance is given to each 
stage offennentation. The laboratory 
is involved with microbiological, bio­
chemical and fennentation analysi s to 
ensure the production of a uniform 
yeast with r espect to composition, 
fermentation activity, viability, sta­
bility and pmity of strain. 

A yeast manufacturer knows that 
quality control does not end at the 
shipping dock. Utmost care must be 
given to keeping the yeast cool from 
the time it leaves the plant until it is 
inoculated into the customer's wort. 
Yeast in dry form is relatively inac­
tive, but not inert. It will be adversely 
affected if supply houses and the cus­
tomers handle it poorly. A little pre­
caution regarding ref1i geration of the 
finished product is warranted. 

The increasing interest of home­
brewers, microbrewers and con­
sumers in quality and vmiety of beer 
styles has caused many yeast manu­
facturers to provide this market with 
a better and wider choice of yeast 
strains. Greater stress is being placed 
on providing informa tion regarding 
proper s torage and rehydration prac­
tices. The yeast packages should 
always be stored ina cool or cold place. 
The inventory should be rotated in 
such a way that the oldest yeast is 
used first. One of the attractive fea­
tures of using yeast in the dry form is 
the ease in prepming the inoculum to 
add to the wort. Sprinkle the dry 
yeast slowly into 100 to 105 degrees F 
(40 to 40.5 degrees C) water while 
stining slowly. Allow to stand 15 to 
30 minutes. Bring the temperature of 
the rehydrated yeast close to tha t of 
the temperature of the wort. Avoid 
subjecting the yeast to abrupt cold 
temperatures. Add the yeast to the 
wort, which contains lots of oxygen 
and nutrients for the yeast. Now sit 
back and wait for good things to 
happen! ~ 
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CULTURING 

PAUL FARNSWORTH 

Yeast Stock Maintenance 
and 

Starter Culture Production 
D 

o make clean beer, you 
must add at least one cup 
of actively growing yeast 
to your wort as soon as it 
is cool. The yeast then 

quickly takes over the whole five gal­
lons and suppresses any other "bugs." 
Commercial yeasts may be contami­
nated or are available in such small 
volumes that they will not add enough 
to protect five gallons. 

The only answer is to make your 
own cultures. One way of doing this is 
to store pure yeast strains and turn 
these into starter cultures to pitch into 
the wort. Once you have prepared 
slants and plates you can store them 
for many months. Routinely you only 
have to do steps (5), (6) and (7) (see 
overview). If your last petri dish of 
working culture is contaminated you 
need to repeat step ( 4). Here is a sim­
ple general scheme for yeast manage­
ment. 

Equipment and Supplies 
(see Figure 1) 

' 1 small (250 ml) conical flask 
with cap 

1large (1000 ml) conical flask 
with either a screw cap or a 
plug made from cotton 
wrapped in gauze 

small test tubes with caps and 
rack 

petri dishes 
inoculating loop 
aluminum foil 
electrician's tape 
agar 
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'Having problems with slow starts or 
contamination of your yeast? This quick 
course in home-culturing could take you a 
long way toward better beer. 

dry malt extract 
A source of open flame: gas 

burner, portable stove, 
propane torch or mini 
welding torch 

pressure cooker or a large 
boiling pot (not shown) 

Culture Preparation 

1. Make Wort 
Add eight rounded tablespoons of 

dry malt extract, or 10 tablespoons of 
syrup to 2 1/2 cups of water. Boil, 
covered, for 20 minutes and let cool. 
Pour off the liquid from the junk in the 
bottom. If you are not going to 
use it straight away, pouritinto 
sanitized bottles, cap and put in 
fridge. (See Figure 2.) 

An easy way to do this is to 
save some wort from a prior 
brew. An extremely lazy way 
is to dissolve the malt ex­
tract in hot water and 
not boil and cool it. 
This will work but 
will look ugly be­
cause when you ster­
ilize it later on, you 

will get brown clumps oftrub that look 
nasty but do no harm. 

2. Make Solidified Wort 
This is just like making Jell-0. 

When stirred into boiling liquid the 
dry agar powder will dissolve. When it 
cools it sets into a solid. 

Add two rounded tablespoons of 
powdered agar to 21/2 cups of boiling 
wort and stir till dissolved. 

If you are making slants, pour the 
mixture into each tube so they are one­
third full and cap loosely. If you are 
making plates pour the mixture into 
two small jars, (baby food jars or can­

ningjars) and put lids on loosely. 
You must now sterilize the 

tubes andjars of mixture. This is 
just like home canning. Stand 
them on a rack in a pan and add 
water until they are about half 

covered. Boil for 20 minutes, 
tighten lids and let cool for 

30 minutes. An even 
better idea is to use a 
pressure cooker. 
Cook for 10 minutes 
and leave to cool for 30 
minutes. When the 



tubes are almost too hot to touch you 
must do the next step quickly, before 
the agar sets. 

If you are making slants, tighten 
the tube caps and tilt all the tubes at 
a 60-degree angle, prop them up and 
let them set. (See Figure 3.) If you are 
making petri plates put the sterile 
dishes out, unopened, in a row along 
the edge of a bleach- or alcohol­
cleaned kitchen counter. Take one of 
the small jars of hot agar/wort mix­
ture in one hand. With the other hand 
lift the lid of one of the petri plates just 
far enough to pour in the mixture. Add 
enough to half fill the dish. Replace 
the lid and go on to the next dish. 

Work quickly, leave the lids open 
for as short a time as possible, leave 
the jar in your other hand tilted over 
all the time so you don't slop it about a 
lot and do not stop until you have run 
out of mixture or burned your fingers. 
Two cups of mixture should make 20 
plates or 40 or more tubes, so don't 
worry, you will have plenty. Any left­
overs can be stored in the jar in the 
fridge for next time. 

Leave the plates and tubes at 
room temperature for five days. If 
they are contaminated you will see 
things growing. Anything that shows 
any change should be discarded. 
Those that pass inspection should be 
sealed with electrician's tape and 
stored in the cold. I know this all 
sounds like a pain but you only have to 
do it occasionally! 

Master Culture 

You must start with a clean, pure 
culture of yeast. You can buy these 
from the author (see address at end of 
article). You may also purchase them 
from J.E. Siebel & Sons in Chicago. 
Alternative sources are to beg some 
from a brewery, steal some from the 
sediment in a bottle-conditioned com­
mercial beer or culture your own from 
one of the dried or liquid yeasts avail­
able commercially. If you use one of 
these sources, you must first plate out 
the yeast onto solidified wort to check 
for purity and then brew a batch of 
beer with it to make sure you have 

Yeast Management Overview 

Culture Preparation 1. Make Wort 

2. Make Solidified Wort 

Master Culture 3. Inoculate Some Slants for Storage 

Working Culture 4. Inoculate from a Slant to a Petri Plate 

Starter Preparation 5. Make Flasks of Sterile Wort 

6. Make a Small Starter Culture 

7. Make a Large Starter Culture 

what you think you have. Ifthe beeris 
good, use the culture on solidified wort 
to make your master culture. 

3. Inoculate Some Slants for Storage 
Light the flame of your gas stove, 

torch or burner. Hold the tube with 
the yeast, and a new slant tube of 
solidified wort, both in your left hand 
and with the tops pointed away from 
you and spread a couple of inches 

Figure 2. Liquid and solid wort. 

apart. Hold the loop in your right 
hand. (See Figure 4.) Loosen but do 
not remove the tube caps. Heat the 
loop till it is glowing red and hold it in 
your right hand like a pen. 

With the crook of your little finger 
remove the cap from the yeast tube, 
pass the neck of the tube through the 
flame twice, then poke the loop into 
the tube and scrape up a little of the 
yeast-not much, there are billions of 
cells and you only need a few! With­
draw the loop and pass the neck of the 
tube through the flame twice, then 
recap it. Uncap the second tube, pass 
the neck twice through the flame, 
squiggle the loop can-ying the yeast 
onto the surface of the agar in the 
"slant" tube, then flame the tube neck 
and replace the cap. 

Put the tubes down and heat the 
loop to sterilize it. Work quickly, leav­
ing the tubes open for the minimum 
time. This idea of holding both tubes 
in one hand and removing the cap with 
the little finger of the other hand, 
though it feels awkward at first, will 
speed things up. 

Inoculate several slants and 
leave them at room temperature for 
five days. If the surface is covered 
with smooth pale cream or white 
yeast, label, seal and store the tubes in 
the cold. If it looks weird dump it and 
try again. 

Working Culture 

4. Inoculate from a Slant to a Petri 
Plate 

Light your flame. 
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Hold slant tube of yeast in your 
left hand, the loop like a pen in your 
right hand, and place a plate of solidi­
fied wort, unopened, in front of you. 
Loosen but do not remove the tube 
cap. 

Heat the loop till it's red. Remove 
the tube cap in the crook of your little 
finger, pressing it against your palm. 
Pass the tube neck twice through the 
flame, then put the loop into the tube 
and scrape up a little of the yeast. 
Withdraw the loop, pass the tube neck 
twice through the flame and replace 
the cap. 

Lift the petri plate lid halfway 
and squiggle the loop over the plate 
surface. Replace the lid. Resterilize 
your loop. Leave the plate in the warm 
for four or five days. You should see 
white or cream-colored dots up to one­
quarter-inch across (usually about 
one-eighth inch). They should all look 
the same. It's OK if they are fused 
together into a streak, but next time 
pick up a little less on the loop. If the 
dots, which are colonies of yeast cells, 
are colored or there is a hairy or cot­
tonlike growth on the plate, discard it 
-it is contaminated. (See Figure 5.) 
If it's good, seal it with tape and store 
in the cold. 

Starter Preparation 

5. Make Flasks of Sterile Wort 
Dissolve eight rounded table­

spoons of dry malt extract in 2112 cups 
of water and boil, covered, for 20 
minutes, cool and pour the liquid off 
the sediment. 

Figure 4. Transferring yeast from 
an old slant to a new slant. 

Put about one-quarter cup into 
the small flask (up to the 75 ml mark), 
and two cups (up to the 500 ml mark) 
into the large flask. Cap them loosely 
and sterilize them, as you would for 
home canning. Put the flasks on a 
rack in a pot and add water, boil for 20 
minutes, tighten the caps and let cool. 
Alternatively pressure cook them for 
10 minutes and let them cool in the 
cooker. Store in the cold. 

Figure 5 . Petri dish with yeast growing in it (in hand} and two showing 
contiminants. 
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6. Make a Small Starter Culture 
Three days before brew time you 

need a petri plate of yeast and two 
flasks of sterile wort. Take the small 
flask of wort, the petri plate, and your 
inoculating loop to the burner. 

Heat the loop till red hot, open the 
plate lid halfway and touch the loop to 
the surface of the agar. You will hear 
a "pssst" as the loop cools. Now pick up 
one of the nice smooth -looking 
colonies with the loop, and close the 
dish lid. (See Figure 6.) This dish can 
be reused until it has visible 
contamination. 

Keeping the loop in your right 
hand held like a pen, pick up the flask 
with your left. Remove the cap using 
the crook of the little finger on your 
right hand pressing it against your 
palm. Pass the flask neck through the 
flame. Then put the end of the loop 
into the juice in the flask and shake it 
to dislodge the yeast. Don't worry 
about getting it all in there, there are 
millions of cells in a loopful and you 
only need a few. Withdraw the loop, 
pass the flask neck through the flame 
and replace the cap. 

Leave the flask in the warm for 
two days until the wort has become 
opaque. It's a sign you have waited too 
long when the yeast begins to settle 
down the the bottom. 

7. Make a Large Starter Culture 
Though this is the simplest step 

(you simply pour the contents of the 
small flask into the large flask of ster­
ile wort) it is the most prone to con­
tamination so you must do the flame­
passing ritual again. 

Hold the small flask toward the 
base in your right hand and remove 
the cap with your left. Put the cap 
down. Pick up the large flask in your 
left hand and remove its stopper using 
the crook of your little finger. Do not 
let the end of the stopper that goes in 
the flask touch anything, especially 
you. Pass the necks of both the large 
and small flasks through the flame 
several times each, twisting them as 
you do so, to heat at least half of the 
circumference. Then pour the con­
tents of the small flask into the large 
flask, trying not to get any JWCe on 
the inside neck of the large flask. Pass 
the large flask neck through the flame 
twice and replace the stopper. 

Leave the large flask in the warm 



Figure 7. Starter culture at 
optimum growth stage for t ransfer. 

Fig ure B. Starter culture past i ts 
peak, yeast has settled. Make a 
new culture before using. 

HEAQ YE! HEAQ YE! 
2nd ANNUAL 5E0T Of THE fE0T 

CLUB ONLY COMPETITION 
Send the best fest beer from your club to the 

American Homebrewers 
Association 

734 Pearl Street 
Boulder, Colorado 80302 

by November 4, 1989 

One entry per club 
$5 entry fee 

For details and rules call 
Daniel Bradford at (303) 447-0816. 

until the wort is opaque. A head may 
rise and the culture is at its optimum 
when this just begins to fall . It is past 
its prime but still usable as the yeast 
begins to settle out. (See Figures 7 and 
8.) You cannot store it in the cold and 
have it work correctly because the 
yeast cells will begin to die. If you do 
forget and put it in the refrigerator, 
take one-quarter cup of the mixture 
and use it as the small starter culture. 

"Feeding" the yeast in an old cul­
ture by adding sugar or malt is not a 
good idea. This greatly increases the 
risk of infection. You also will be 
feeding any bacteria that are already 
present. Instead, you should prepare 
another flask with two cups of sterile 
wort and add one-quarter cup from 
the old culture to this new culture 
flask and then wait for 24 hours for the 
new one to grow up. lillJ» 

The a uthor will supply pure 
yeast cultures and all the equip· 
ment and supplies mentioned in 
this article. For more infor ms· 
tion contact: 

Dr . Paul Far nsworth 
Scien tific Ser vice 

7 407 Hummingbir d H ill 
San Anton io, Texas 

78255 

A Quick Review of 
Culturing Yeast 

Master Culture 
Kept on solidified wort in sealed 
tubes ("slants") in fridge 
Stock culture of pure yeast that you 
rarely use so it stays pure. ... 

Working Cultur e 
Kept on solidified wort in petri dishes 
sealed and stored in fridge 
Cultured yeast spread out so you can 
see whether it is pure. Used rou­
tinely to make starter cultures. ... 

Small Starter Culture 
One colony of yeast transferred to 
1 I 4 cup of sterile wort in a flask 
Yeasts grown 36 to 48 hours initially 
in a small volume of liquid until they 
are healthy enough to dominate a 
large volume. ... 

Lar ge Starter Culture 
Contents of small flask transfeTred to 
2 cups of sterile wort in large flask 
Yeasts grown for 24 hours in large 
enough quantity to start 5 gallons. ... 

Fermenter 
Contents of large flask added to 5 
gallons as soon as wort is below 80 ' F 
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CULTURING 

JOHN ISENHOUR 

~ 

A Sterile Transfer Technique 
: ,, . . 

for Pure Culturing ~ 

m rewers using laboratory 
pure yeast cultures get 
cleaner fermentations, so 
you can figure the price of 
reduced contamination 

equals the cost of the lab culture. The 
propagation method described here 
minimizes contamination of the origi­
nal culture and effectively decreases 
the cost of a single lab culture. 

I will describe a technique I use to 
transfer sterile media. Liquid and 
agar culture media formulae and 
general procedures are discussed in 
The Complete Joy of Home Brewing 
(Papazian) and Yeast Culturing for 
the Homebrewer (Leis tad), while pure 
culturing techniques can be found in 
Brewing Lager Beers (Noonan), and 
Studies on Fermentation: The Dis­
eases of Beer- Their Causes, and the 
Means of Preventing Them (Pasteur). 

The main concern when transfer­
ring sterile yeast from one container 
to another is eliminating contamina­
tion. I have found the best method is 
to imitate one developed for labora­
tory use, with improvisations. I 
started by building a sterile inocula­
tion box, referred to in the lab as a 
"glove box." It provides an area in 
which a high degree of sanitation can 
be maintained for the culture to be 
transferred and to grow. The size of 
the box is not critical, as long as you 
have ample room to "navigate" within. 

I made my first box ofPlexiglas™, 
32inches wide by16 inches deep by 16 
inches tall . The top section (vertical 
sides and top) was made by allowing 
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the sides to overlap and sealing the 
joints with silicon caulking. The top 
section rested on a flat Plexiglas™ 
base, with a neoprene gasket to pro­
vide a good seal against the bottom 
plate when the top was rested on the 
base. I cut two four-inch holes in the 
long side, to allow my hands to enter 
the box. I used duct tape to attach 
zipper-type plastic bags over the hand 
holes. By cutting the bottom out of 
one-gallon bags and taping the bot­
toms to the box, I could then "unzip" 
the opening to insert my gloved hand, 
and zip it closed to seal the box when 
I had finished. (See Figure 1.) 

I next drilled a small hole in the 
left side and attached a piece of fish­
tank tubing with silicon caulk. This 
was connected to a fish-tankairpump. 
In line with the fish-tank tubing, I 
installed a sterile filter from an IV 
piggyback set. (This and other items 
mentioned below were found in the 
bargain bin of surgical supply houses 
or mail ordered from surplus 

Still having pro b­
lems with airborne 
contaminants? Try 
this handy gadget. 
It's a new way to play 
doctor. 

catalogs.) The air pump with the fi1 ter 
pumps positive pressure sterile air 
into the culturing environment. This 
keeps airborne contamination to a 
minimum. 

Once you have built the box you 
will need the following equipment to 
perform the sterile transfer: (See 
Figure 2.) 

• Quart-size canning jars with 
rings and lids. 

• Culture tubes (Pyrex 18 by 150 
mm are my favorites) with septa stop­
pers from lab supply or surplus. 

• Disposable or glass syringes (18 
gauge or larger diameter needles are 
best). Check local laws, but I've had no 
problem purchasing them after ex­
plaining their use. 

• Septa inserts for canning lids 
(surplus blood vial septa). Drill the 
appropriate size hole in each canning 
lid (buy extras because they tend to 
burr badly) and insert septa. 

• Micro fermentation lock (I used 
needle and tubing left over from the IV 
piggyback, inserted the needle 
through the septa, and looped the 
connecting tube up into a blood vial 
half full of water to make a small 
fermentation lock). (See Figure 3.). 

• Moist heat sterilizer (I use a 
Ritter SpeedClave for slants, gloves, 
syringes, etc., and an All American 
pressure cooker for canning jars). 



Figure 1. Plexiglass glove box with zip-closure bags sealing openings. 

Figure 2. Equipment lor perlonning sterile transfer and culturing. 

Figure 3. Pierced canning jar lid 
forms micro fermentation lock. 

Figure 4. Inoculating pure culture 
yeast into canning jar. 

Before each use, sterilize the box 
by spraying with a plant mister filled 
with slightly over 200 ppm volume 
chlorine solution. (You can measure 
this with chlorine test strips, 
available at a restaurant supply 
house.) 

Load your started lab yeast cul­
ture into the box, along with your 
sterilized canning jars with media, 
any tube slants for storage, and 
syringes for sterile transfer. I put my 
lab culture in a zip-closure bag which 
has been misted inside with chlorine 
solution. 

Put on latex gloves, either pur­
chased sterile or misted with chlorine 
solution, insert gloved hands in box 
and give the interior a final misting 
with the sterilization solution. Re­
move the lab culture from the outer 
zip-closure bag. 

Remove the syringe from the ster­
ile wrapping or take the glass syringe 
from the autoclave pan. Pierce the lab 
culture and withdraw a full syringe of 
liquid culture. Quickly transfer and 
inject the solution through the septum 
in the canning jar lid. (See Figure 4. 
Note: picture was taken outside of 
box, for visibility.) If you wish to 
repeat the procedure, or make slants 
for storage, flame the septum surface 
with a butane lighter as you insert 
the needle, draw up and remove the 
samples. Do the same when 
inoculating. 

For canning-jar-sized cultures, 
insert micro fermentation lock needle 
through jar lid septum. For slants, 
follow cork-loosening procedures sug­
gested in above references, or attach 
micro-lock. 

Don't overdo it when flaming the 
septa. Some yeast cells in the needle 
may be damaged, but the majority will 
be OK. If the temperature in your 
working area is too cool [typically 
below 65 or 75 degrees F (18 or 24 
degrees C), check the specifications on 
the lab culture], a pressure-cooked jar 
of distilled water with a little bit of 
Clorox can be added to the box with a 
Clorox-wiped fish tank heater in­
serted into it. This can serve as a 
heater for the box. ~ 
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CULTURING 

PIERRE RAJOTTE 

Collecting Yeast While Traveling 

D 
have friends who like 

good beer as much as I do, 
and who also travel a lot. 
During their wanderings 
they visit breweries 

where visitors are welcomed. Occa­
sionally they are offered yeast when 
they mention they are homebrewers. 
Carrying live yeast on a vacation is not 
the best idea, so I have devised the 
following kit for gathering yeast on a 
brewery visit. People with no previous 
knowledge of brewing have success­
fully brought back yeast using the 
simple technique and equipment I 
have put together. 

Yeast Sample Collecting Kit 

The kit comes complete with: 
The shipping box 
3 or 4 sterilized agar beer wort 

sampling bottles with lids 
taped closed 

1 sterilized water bottle with lid 
taped closed 

1 inoculating wire with looped 
end 

Matches to sterilize the stain­
less-steel inoculating wire 

On the road again . . . 

but how do you take 
advantage of those 
far-flung yeast re­
sources? It's easier 
than you think! 
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The four agar beer wort sampling 
bottles were sterilized under pressure 
and must never be opened except for a 
few seconds while depositing the yeast 
sample. Agar is just a natural gelatin 
that solidifies at room temperature; 
what is inside the bottle is just like a 
gelatin of unfermented beer. 

The sterilized water bottle should 
be opened only when cooling the wire 
loop after sterilizing with flame. 

For a person who has never done 
it before the following procedure may 
seem like overcautiousness, but con­
sider the following: What you are 
about to perform is just like putting a 
seed in the ground to make a plant 
grow. In order for your plant to grow 
properly you must keep the ground 
around it free from weeds. When it 
gets big and well-established it will be 
able to defend itself and weeds might 

be able to 
germinate but 
won't make much head-
way against the big plant. In our 
case yeast is the seed, the solidified 
gelatin is the ground and the weeds 
are all around us in the air in the form 
of impurities such as microbes, bacte­
ria and molds. 

Imagine that all these impurities 
are like a light drizzle of rain and that 
you are trying to carry across the 
street some important papers that you 
cannot get wet. To achieve this you 
will cross the street quickly and cover 
your papers with your clothes. Once 
across, your papers will be safe and 
dry. This is exactly what you will be 
doing except that you will be carrying 



yeast from one jar to another while 
keeping it free from contaminants. 
Because we are handling a very small 
quantity of yeast it is very important 
to keep it as free from impurities as 
possible. This way it will be able to 
grow slowly and multiply without any 
weeds (microbes, bacteria and molds) 
until it is large enough to ferment a 
batch of beer. 

Procedure for Collecting 
the Sample 

This should be done in the labora­
tory of the brewery where you will be 
collecting the sample, but is not abso­
lutely necessary. Just get a small 
wide-mouth jar of fresh brewery yeast 
(your jar must be sterilized before fill­
ing) and find a table in a clean room. 
Do not sweep or dust before doing this 
or you will get too many contaminants 
floating in the air. 

Your jar should have been steril­
ized in a pressure cooker, but if you 
don't have one the following procedure 
is good enough for our purpose. 

First wash your jar with soap or 
detergent and rinse it many times 
with hot water so that no soap film 
remains inside. Then sterilize it with 
a solution of household bleach (so­
dium hypochlorite 5 percent) made by 
adding one tablespoon per gallon of 
water. Fill the jar with solution right 
up to the top, put the cover on, shake 
and let rest for one hour. Empty the 
jar and rinse it and the cover thor­
oughly with water that has been 
boiled and cooled in a very clean bottle 
or jar. Then fill your yeast collecting 
jar with boiling water up to the top and 
let it cool down while closed. 

This is how you are going to bring 
it to the brewery. Empty the jar only 
when ready to put the fresh yeast in­
side and then the cover should be put 

right back on. Never leave it open for 
more than a few seconds. Think about 
the drizzle of bacteria and molds. 

Now you have your sample with 
which to inoculate the agar-filled sam­
pling bottles. Pick a drop of yeast with 
the inoculating loop from the big jar 
and put it on the surface of the solidi­
fied beer wort inside the bottle. The 
yeast drop will feed on the agar malt 
mixture and will grow and stay alive 
for a few weeks at room temperature 
or for a few months refrigerated. 

When we receive the sample we 
take a drop of yeast, put it in a small 
bottle ofliquid wort and let it ferment. 
We do this a few times in progressively 
larger bottles, being very careful of 
infection, until we get it large enough 
to ferment a batch ofbeer. As you can 
see, the clean primary collection of the 
yeast in a germ-free environment is of 
the utmost importance. 

Because the yeast sample is very 
small, speed and accuracy in doing the 
transfer from the jar to your sampling 
bottles are extremely important. Now 
here's how we are going to do it: 

(1) First loosen the cap of your 
yeast jar. It would be a good idea to get 
someone to help you perform this, 
especially the first time. He or she 
could open and close the yeast jar. 

(2) Remove the tape from your 
sampling and sterilized water bottles 
and loosen the caps. Do not 
remove them. 

(3) Light the match 
and put the flame under 
the loop end of the 
inoculating wire until it is red hot. 
This operation ensures that there are 
no germs adhering to the wire. 

(4) Open your sterilized water 
bottle and dip the end of the loop in the 
water to cool. 

(5) Holding the wire in the water 
with your right hand, with your left 

thumb and forefinger open the first 
sampling bottle, keeping it as much in 
the horizontal position as possible. 

(6) As soon as it's open the person 
in charge of the yeast jar should open 
the cover slightly so you can plunge 
the wire inside the jar and get a drop 
on the end of the loop. 

(7) Quickly bring the wire hold­
ing the yeast drop to your sampling 
bottle and smear the surface of the 
agar with the loop. Remove the wire 
and put it back in the water and close 
the cover of your sampling bottle. 
Meanwhile your helper has covered 
the main yeast jar. The first time you 
do this you will wish you had four 
hands, but by the time you do the last 
bottle you will have become a real pro. 

Remember as long as you act 
quickly and keep your wire in the 
sterile water between sampling you 
do not need to sterilize it with flame a 
second time. In case of doubt or 
mishandling it is better to flame it 
again. 

The only thing left to do now is to 
tape the covers back on the bottles. 
The yeast is now beginning to fer­
ment and will create pressure 
that would pop the covers off 
if they weren't taped. The 
yeast samples are now 

-
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Introducing -

Yellow- Dog. Amber™ 
Unhopped Malt Extract 

Made to our specification by the maker of Alexander's Malt 
Extract, Yellow Dog Amber is mashed with a single infusion 
at 160 degrees for high dextrin content. The grist is 87% 2-row 
Klages Malted Barley, 12% Malted Wheat, and 1% uncrushed 
Chocolate Malt. 

"Teddy" 

A 4-lb. can of Yellow Dog will raise the S. G. of five gallons of wort by .024. The Malted 
Wheat adds body, head retention, and rich flavor. The small amount of Chocolate Malt adds color 
and a great "nutty" aftertaste. Yellow Dog is $7.35 a can, with a 10% discount on 6 or more. 

Send for our Free 24·Page Catalog of Homebrewing Supplies. 

THE HOME BREWERY- sam & JoAnn wammack 

16490 Jurupa Ave., Fontana, Ca. 92335 
Telephone (714) 822-301 0 

M. eV. 

~ 
PURE LIQUID YEAST 

CULTURES 

RESEARCH, INC. 

High quality lager, ale and 
wine yeast 

Available at quality brewing shops across 
North America or contact Mayer's Cider Mill 

699 Five Mile Line Road • Webster, New York • 14580 
(716) 671-1955 

ready for transporting or mailing. 
They do not need to be refrigerated as 
long as they are going to arrive at their 
destination within a few days. Do not 
forget to include with the sample a 
business card from the brewery on 
which you can write the remark, 
"Yeast sample. Do not open." This 
way customs officers will know that it 
is an official yeast sample and not 
some new drug and they will not be 
tempted to open the sampling bottle. 
Save everything to use next time. 
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Shipping box, sampling bottles, 
sterilized water bottle (empty) and 
the inoculating loop. 

The Yeast 

Now a word about the yeast you 
will be collecting. Most breweries will 
give beer yeast to anybody who asks 
for it. Some people use it as a vitamin 
supplement (it is the best source of 
vitamin B) or as a skin cream (it does 
promote beautiful, healthy skin) and 

others use it to ferment beer. 
Although always perfectly good to use 
as a vitamin or skin cream, the yeast 
they give is not always suitable for 
fermenting a new batch of beer. It is 
sometimes yeast that has been dis­
carded either as skimmings or as 
substandard for fermentation. It 
might be slow-acting or give a yeasty 
taste to the brew. 

So make sure that you ask the 
brewer for their seed yeast, which is 
yeast from the batch they will use to 
ferment the next brew. That way the 
yeast will be good and healthy and 
raring to get going again in a fresh 
batch of wort. lillll 

Note: Sampling bottles are 
actually five milliliter serum bot­
tles, available used from hospitals 
or medical labs. The water bottle 
is a two millilter bottle. If you 
have trouble locating them, you 
may reach the author at 5639 Hut­
chinson St., Montreal, Quebec, 
Canada, H2V 4B5, or by phoning 
(514) 277-5456. He will send you 
bottles for the cost of the postage. 



CULTURING 

PIERRE RAJOTTE 

Collecting and Reusing Live 
Brewer's ·Yeast 

was first introduced to 
home brewing 10 years 
ago at a conference at the 
Montreal Botanical Gar-D den. The speaker men­

tioned that you had to make a starter 
with your packet yeast to get it going. 
He added that you could also keep 
yeast in the refrigerator in a clean 
bottle closed with a cotton wool plug, 
after primary fermentation was 
finished. 

Within the next few weeks I was 
brewing and the first year I did three 
batches with the same yeast. They all 
tasted good tome. I wasusingmaltex­
tract and following the recipe that 
called for a can of extract and two 
pounds of sugar. I was to find out later 
that this particular extract was al­
ready 40 percent sugar syrup. After 
four years of this routine and different 
brands of extracts I felt that my beers 
needed an improvement to make them 
more beery tasting. 

One of my relatives was a retiree 
from a major Canadian brewery and I 
asked him ifhe could get me some real 
brewer's yeast. ''No problem," was his 
answer. Within a few days I had a 
private visit to the brewery with the 
brewmaster and I came home with 
two canning jars filled with lager and 
ale yeast. When I asked the brewmas­
ter how to keep the yeast he answered, 
"Very simple! After primary, collect it 
in a clean sanitized jar, keep it in the 
fridge and reuse it within the next few 
weeks. They should be good for six to 
seven brews." I followed his advice 
and wow, what a difference! This was 
the kind of beer I wanted. 

The last beer you 
made was great, and 
you know the yeast 

was a big part of your 
success. If only you 
could use it again! 

Here's how ... 

Since then I have refined my tech­
niques and use various yeasts that 
come either from breweries, labs or 
are bottle cultured. I reuse them up to 
seven or eight times. I have never 
encountered major problems of infec­
tions or bad yeast. 

In order to reuse yeast success­
fully I have devised the following 
procedure. The most important re­
quirement is absolute cleanliness. 
You must ask yourself the question: 
"Can I wash and sanitize my brewing 
equipment better than anybody else?" 
The answer must be ''yes," or you are 
inviting failure. To best achieve this, 
I recommend as must reading an ar­
ticle that appeared in the Summer 
1983 (Vol. 6, No. 2) zymurgy. The 
article is aptly titled "Yeast, Beasts 
and Disinfection," by George H. 
Millet. The information conveyed is 
essential knowledge for successful 
yeast handling. 

Apart from cleaning and sanitiz­
ing solutions, very little equipment is 
needed. For collecting the yeast, I use 
glass jars or jugs of approximately one 
quartcapacity. Jarswithsharpshoul­
ders are best because they permit easy 
decanting of the beer submerging the 
yeast. The jar must be closed by an 
airlock and you should check before­
hand that the jar and the airlock on it 
fit in the refrigerator. Never use beer 
bottles that you close with a crown cap 
or any jar without an airlock. Col­
lectedyeast sometimes develops quite 
an activity and pressure, even in the 
cold. The bottles could explode if 
closed tightly or forgotten. The con­
tainer can have either a small-mouth 
or a large-mouth opening. If you use a 
large-mouth container you will have 
to drill a hole for the airlock through 
the closure. 

The first step is to physically 
clean your jar. I use household auto­
matic dishwasher detergent. When I 
have inspected the container and am 
absolutely sure that there is no de­
posit of anything inside, I fill it with a 
solution of household bleach; one tea­
spoon bleach perquartofwater. Let it 
soak for 10 minutes, empty and rinse 
with hot tap water. Then fill the 
container right to the brim with boil­
ing water, really boiling water, put the 
cover on and letitcool down. I usually 
have quite a few of these already pre­
pared. 

I always collect my yeast after 
primary fermentation is over. This 
procedure can be used whether you 
are fermenting in a plastic pail with a 
cover or in a carboy. When getting 
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ready to transfer to secondary, you will 
need your collecting jar, a closure for 
the jar with an airlock on it, a funnel 
and a long-handled spoon, preferably of 
stainless steel. 

To sanitize the spoon and the fun­
nel I submerge them in boiling water 
and leave them in for five minutes. At 
the same moment, I deposit the closure 
mounted with the airlock in a small 
container filled with about one-half or 
one inch of boiling water-just enough 

to cover the closure and the bottom of 
the airlock. Do not submerge the whole 
airlock in boiling water. 

Meanwhile I am transferring to 
the secondary. When I get to the bot­
tom, I remove the siphon and swirl the 
remaining cups of beer and mix them 
well with the yeast. Depending on the 
yeast strain, you will encounter some 
that are very powdery and mix readily 
and others that are as tight and com­
pact as peanut butter. This is when you 
use the spoon to gather it up to the side 
and mix it quickly with the remaining 
cups of beer. 

If you use a carboy you cannot use 
a spoon and you must swirl it a bit 
longer to get a good slurry. When you 
are satisfied that you have gathered 
enough yeast slurry you are ready to 
collect it. First you dump the water 
from your cooled sanitized collecting 
jar and put the sanitized funnel over 
the opening. Pour about an inch of 

PILOT BREWERY a~,~ 
capacity- 31 u.s. gallons -1 barrel a 

J 
J 
0 

G ,...--., r--" ~ ~ 

BASIC KIT 
brew kettle - 45 gals. -
combination mash-lauter tun 
& whirlpool assy. 

CYLINDROCONICAL 
FERMENTER 

Pumps - hoses -wort chiller & 
quick disconnect fittings 

Save time & stay clean 
Ferment mature and 
prime without transfer 

ALL VESSElS FABRICATED 
IN STAINLESS STEEL 

Send $3.00 for complete story and catalog. 
Pierre Rajotte 5639 Hutchison, Montreal, Qc H2V 485 (514) 277-5456 

42 SPECIAL 1989 ZYMURGY 

slurry in it, remove the funnel and close 
the container with the airlock. The 
whole procedure takes about 10 to 15 
seconds. Refrigerate your yeast imme­
diately. Yeast kept this way can be 
successfully reused during the next 
two weeks. I have used yeast kept up to 
a month, but in this case you should 
feed it before pitching. 

To feed the yeast, decant the beer 
that is submerging the yeast, making 
sure the closure and airlock are not 
deposited on anything. The beer by 
this time will have acquired a very 
harsh and yeasty taste and smell. This 
is caused by autolysis- the yeast feed­
ingon itself. You need to have ready at 
this time a small quantity of sterilized 
wort. I always keep sterilized 1 0-ounce 
jars of wort ready for this. Before open­
ing, shake the jar really well to mix in 
air. Then pour the contents into the 
yeast jar. The yeast will usually start 
fermenting within half an hour. As 
soon as the white froth develops it is 
ready for pitching. This should be done 
just as you are getting ready to cool 
your wort. Do not do it too long before­
hand. Some yeasts are so active that 
they want to climb out of the jar 
through the airlock. 

I have been using this yeast gath­
ering technique successfully for the 
past six years. I have reused yeast up 
to eight times. Last year I had an 
opportunity to take a course in microbi­
ology and quality control for the brew­
ery. One ofthe first things I did was to 
check my yeast. I was extremely sur­
prised at the quality. I thad a degree of 
cleanliness and vitality that would 
have been acceptable for a commercial 
operation. 

A benefit of reusing your yeast is 
that the more you use it, the better it 
gets, up to a point. Every time I have 
used yeast purchased from a lab I have 
never been overly enthusiastic about 
the first brew. But the subsequent ones 
have always been great. 

Anybody can successfully reuse 
their yeast by following this simple and 
inexpensive procedure. There are only 
two requirements for success. First, 
the yeast must be clean and vigorous to 
start. Do not bother reusing the packet 
yeast from beer kits. Second, and most 
important, if there were a contest for 
cleaning and sanitation, you would win 
first place. There is no room in this field 
for sloppy brewers. @ 



CULTURING 

RODNEY MORRIS 

Isolation and Culture of Yeast 
from Bottle-Conditioned Beers 

m any varieties of com­
mercially produced 
beer have viable yeast 
present that may be 
cultured and used to 

produce excellent homebrewed beers. 
I have developed techniques that any 
homebrewer may use to isolate and 
culture yeasts from a bottle of a favor­
ite commercial beer containing viable 
yeast. 

I use an enrichment culture sys­
tem to increase my chances of isolat­
ing yeast from bottled beer that may 
have only a few viable yeast cells pres­
ent. Select the particular bottle from 
which you wish to culture yeast and 
refrigerate it at least one day. If the 
yeast sediment has been disturbed in 
handling, leave the bottle in the re­
frigerator for at least one week so the 
yeast can settle. 

You will need these materials: 
Dry Light Malt Extract 
Isopropyl Alcohol (Not rubbing 

alcohol) 
16 x 50 mm screw-capped cul­

ture tubes 

You want to brew a beer just like 
your favorite microbrewery's. 

The ingredients are all there, but 
something's lacking. The yeast, of course! 

Here's how to get it. 

Petri dishes, 15 x 100 mm size 
(Pyrex type are preferred, not 

plastic) 
Agar (technical or bacteriologi­

cal grade) 
Phosphoric acid (optional) 
pH paper 

Prepare some sterile malt extract 
in water. Theresultinggravityshould 
be about 1.040. Do not use a high­
gravity medium, because poor recov­
ery oflive yeast may result. Pour this 
enrichment culture medium into 
some large screw-capped culture 

tubes or small bottles. If the pH of the 
culture medium is no higher than 5.0 
the acidity will discourage bacteria 
and steaming the culture tubes con­
taining the malt extract for 20 min­
utes will result in a sterile culture 
medium. Alternatively, you can ster­
ilize the malt extract medium in the 
culture tubes with a pressure cooker 
for 10 minutes at 15 psi. 

Sources for yeast culturing equipment. 

The bottled beer may have bacte­
ria and wild yeasts present under the 
edges of the crown cap. It is necessary 
to sterilize the mouth of the bottle 
carefully to prevent bacteria from con­
taminating the yeast when culturing 
it. I have found that the most reliable 
method for sterilizing the bottle 
mouth is to wipe the cap with a cotton 
ball saturated with 95 percent isopro­
pyl alcohol before opening the bottle. 
After uncapping, the bottle mouth 
should be wiped with the alcohol­
soaked cotton ball, which is then 
discarded. Immediately ignite the 
film of alcohol on the bottle mouth. 
When the alcohol has burned off, pour 
all but about one-half ounce of beer 

This company sells supplies to 
homebrewers for yeast culturing: 

Custom Chern Lab 
2127 Research, No.1 0 
Livermore, CA 94550 
(415) 449-4371 

This company has a large catalog 
of laboratory equipment and 
supplies, including items suitable 
for yeast culturing: 

Carolina Biological Supply 
Company 

Burlington, NC 27215 

SPECIAL 1989 ZYMURGY 43 



N the 18th century, India Pale Ale was shipped 
from England to the Brit ish troops stationed 
in India. It was brewed strong to survive a 
voyage that could take as long as six months. 

Fortunately , in the 20th century, you needn't wait that long. 

Introducing the True Brew Maestro Series INDIA PALE ALE kit: 2 cans of malt 
extract, grain, boiling and finishing hops, yeast, water crystals, priming sugar, oak chips, 
caps and instructions. All the ingredients you'll need for a 5- gallon batch. 

Available through your quality 
homebrew supplier from: 

CROSBY & BAKER 
•)')') .\\.\1 :": IHI ,.\Jl . 1' 0 IH1 .'1: \t il'/ . \I. I ~ ll 'tli<T \1.\-.,A ( llt ' ' l TT' H.'~')ll 

Wholesale only! 

Other True Brew ingredient kits: Pilsner, Continental Light, Amber, Continental Dark, Brown Ale, Porter, Irish Stout, 
and American-style Bock. Also available: the True Brew Equipment Kit. 

into a glass. Swirl the bottle to resus­
pend the yeast and pour the liquid into 
a large culture tube that is one-half full 
of the sterile malt-extract medium. 
Enjoy the remaining beer! 

Leave the culture at room tem­
perature (with the cap slightly loos­
ened to allow C0

2 
to escape) and exam­

ine daily for gas production (small 
bubbles rising to form a thin foam 
layer). If many cells of active yeast 
were present in the bottle, you should 
note gas production within one day. If 
only a few cells of barely viable yeast 
were present, you may wait several 
days for the culture to show evidence of 
yeast growth. I have never isolated 
live yeast if no growth is evident by five 
days of incubation. When you see 
growth, the yeast culture may be used 
to make a starter or be "streaked out" 
and a yeast colony selected to obtain a 
pure culture. 

If you are certain that contami­
nating bacteria are not present, the 
culture may be poured into one to two 
quarts of sterile wort in a gallon bottle. 
Shake the bottle for a minute to aerate 
the wort. The oxygen that dissolves in 
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the wort will stimulate the yeast to 
grow vigorously. Leave the cap slight­
ly loose. When the fermentation sub­
sides, place the starter bottle in the 
refrigerator for one day. The yeast will 
settle out. Pour out all but about one 
cup ofliquid and swirl the bottle tore­
suspend the yeast. This slurry may be 
used to start a batch ofhomebrew. 

I have found that some mi­
crobrewery-produced beers have con­
siderable bacterial contamination. 
You must do some additional work to 
free your yeast from bacteria, if 
present. 

The growth of bacteria in 
the enrichment culture 
may be considerably re­
duced by lowering the 
pH to 3.7 with acid. Do 
not use organic acids 
such as lactic or acetic to 
lower the pH, because 
they are only partly dis­
sociated at this low pH 
and may inhibit the 
growthoftheyeast. Use 
a strong mineral acid 
such as phosphoric acid 

to lower the pH. The yeast still will 
grow well at this pH. Growth of most, 
but not all, types of bacteria are sup­
pressed at this pH so it is necessary to 
"streak out" some of the enrichment 
culture. Use an inoculating loop tore­
move a drop of the enrichment culture 
and transfer it to a malt-extract me­
dium solidified with 2 percent agar 
(1 0 grams of agar added to 500 millili­
ters of malt extract medium, then 
sterilized and cooled) in a petri dish . 
Incubate the petri dish at room tem­
perature for three days. Choose a 

well-isolated colony of yeast 
and pick up some of it with 
the inoculating loop. Trans­
fer the clean yeast to a cul­
ture tube slant of malt-ex-
tract medium with 2 percent 
agar. Leave the slant at 
room temperature for one 
day for the yeast to grow, 
then s tore the slant in the 
refrigerator. The slant of 
yeast should be subcultured 
(some yeast is t ransferred to 
a new slant) at four- to six­
month intervals. Youryeast 



slants may be used later to prepare 
clean yeast starters for your home­
brews. 

I recommend starting with a 
bottle of Sien-a Nevada Ale to practice 
your culturing techniques. I have 
always found this brand to have clean, 
bacteria-free yeast present with good 
viability. Another beer to try is Coo­
per Ale (not lager) from Australia. 
Some microbreweries use plate filtra­
tion followed by pressure bottling for 
their beer production. Although a 
slight amount of sediment may be 
present in the bottles, few, if any, vi­
able yeast cells are found in such 
beers. Sediment in a bottle of micro­
brewery beer does not indicate viable 
yeast is present. I once found a loose, 
easily disturbed sediment in a bottle 
of microbrewery beer to consist of 
masses of bacteria and a few dead 
yeast cells. 

Certain types of beers use bacte­
ria in their fermentations to produce a 
desired flavor. I have found that the 
bacteria present in these types of 
beers do not grow well on solidified 
malt-extract slants. It is best to keep 
a mixture of yeast and bacteria from 
these types of beers in a liquid malt­
extract culture in a small bottle or 
tube. Many ofthe Belgian beers have 
mixtures of bacteria and yeasts pres­
ent in their bottles. Examples are 
Chimay and Oud Hoegaarden. If you 
wish to duplicate the flavor of these 
beers, you will need some of the bacte­
ria in your fermentation. 

Some Bavarian wheat beers 
(weizenbiers) have a live yeast pres­
ent in the bottle (hefeweizen). Al­
though a top-fermenting yeast is used 
to make the beer, a lager yeast is used 
in bottle conditioning. 

The Berliner Weisse style of 
wheat beer uses a special lactobacillus 
in a secondary fermentation to give a 
dry, slightly acidic flavor. If you wish 
to duplicate this style, use a clean top­
fermenting yeast for the first part of 
your fermentation, then add two 
quarts of a vigorous yeast-bacteria 
starter made from a bottle of this type 
of beer. 

There is a large variety of bottle­
conditioned beers from which home­
brewers may make yeast cultures. 
California alone has 65 breweries and 
brewpubs, the majority of which have 
yeast present in their beers . ~ 

NEW PRODUCT ANNOUNCEMENT 

BREWER'S BUDDY 
Pocket slide calculator for brewers. 

Accurately computes all brewing conversions 
and resizes recipes instantly. 

Now available at leading retailers of quality homebrew products. 

NORTHEASTERN INNOVATORS 
RD1, Box 250 

DeFreestville, NY 12144-9761 

The Bruheat Boiler The BrewChiller The BrewCap 

TIME-SAVING EQUIPMENT FOR THE HOME BREWING EFFICIENADO 

• 7Y, Gallon Capacity 
• 2,750 Watts, 220 Volts 
• Thermostat Controlled 
• Holds Mash Within 2° c 
• Rapidly Boils 6 Gallons 
• Guara~teed for one year 

• Cools While Siphoning 
For Maximum Efficiency 
And Cold Break 

• Stores With Sterilant In 
Tubing To Minimize 
Contamination Risks 

• Drains Yeast Directly 
From The Bottom Of The 
Fermenter 

• Eliminates Racking 

Inquire at your local 
shop or send SASE for 

FREE CATALOG. 

BrewCQ._ Dealer Inquiries 
Invited 

MC& VISA 
accepted 

P.O. Box 1063, Boone, NC 28607 
(704) 963-6949 

Beet< ann aJine boBBJ' I:·· 
Greater Boston's oldest and most complete 

homebrewing and winemaking supplier. 

• 24-hour order line. 

• Personalized consulting service for the beginner as well 
as the most advanced home brewer and winemaker. 
Hours: 9-9 Mon.-Thurs., 9-5 Fri. & .Sat. 

• Customer pickup at the fully stocked warehouse. 
Hours: 10-6 Mon.-Thurs., 10-5 Fri. & Sat. 

• Free mail-order catalog. 

Visit our climate controlled hop and grain room. 

617·933-8818 1·800·523·5423 
228 Cranes Court, Woburn, MA 01801. FAX: (617) 662-08 72· 

SPECIAL 1989 ZYMURGY 45 



TESTING 

DARRYL RICHMAN 

Running 
a Yeast Test 

ow that other articles in 
this issue have whetted 
your appetite to try out 
new yeast strains, you'll 
need to know how to 

evaluate them. The same yeast makes 
the same beer, with perhaps the vari­
ety of color and bitterness created by 
other ingredients. So how do you 
decide which yeast to use for different 
beer styles? Experience makes all the 
difference. 

Testing Goals 

You can get some information 
about yeast strains by asking. For 
example, Wyeast provides a descrip­
tion of each strain it sells. But this is 
a very cursory description that ad­
vises you what to expect for a fermen­
tation level and that the yeast has a 
particular flocculation level. How do 
you gauge this against what your 
cunent yeast delivers? 

The only way to get the necessary 
experience is to try them out. And the 
way to try them out is with a yeast 
test. Before you rush into this, you 
need to think about what, exactly, you 
are trying to determine with this test. 

The first goal of a yeast test is to 
know what you are testing for. You 
should write this down so you can 
refer to it later. Because everybody 
likes to get the most information for 
the least effort, you are likely to want 
to look for as many different charac­
teristics as you can, some of which will 
be mutually exclusive. By writing 
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down your. goals, you won't stray from 
your intended purpose. 

One goal you might have is to 
define the adjectives a manufacturer 
uses (high or low flocculation, for ex­
ample) so you can know what to expect 
from them when you read their adver­
tising. By comparing their yeast 
strain with one of your own, these 
terms will be defined by performance, 
and you will be able to read their 
descriptions of strains and know how 
they will act in your home brewery. 

Another goal is to investigate 
what they don't say about the yeast­
what kinds of aromas and flavors they 
bring to the beer. How will you know 
which of several ale yeast strains is 
appropriate for your India Pale Ale or 
your Flanders Brown if you don't 
smell and taste them beforehand? 

By using the yeasts, you can also 
get a feel for how they act under your 

Yeast is a big part of 
a beer's flavor. Why 
not take yours for a 

test run and chart its 
course? It's fun, and 

the results may 
surprise you. 

© 1989 Darryl Richman 

brewing and brewery conditions. For 
example, some lager strains need a 
diacetyl rest (a warming at the end of 
primary fermentation) while others 
work well withoutit. Theneedforthis 
rest depends a great deal on the pri­
mary fermentation temperature. 
Other characteristics can be deter­
mined if you are careful to look for 
them: how quickly does the yeast 
begin to autolyze, how vigorous a fer­
mentation does it produce and so on. 
These physical and metabolic charac­
teristics can be as important to the 
finished product as any ingredient. 

Designing the Experiment 

Just like brewing itself, you 
should decide what you are going to do 
before you do it. If you just jump in, 
you may end up with little real knowl­
edge. You must refer to your goals and 
decide how you are going to achieve 
each one. As you go through this 
process, you may discover that the 
goals actually conflict. If there is no 
easy way to remedy this, you may 
have to run separate tests. 

The reason goals may conflict is 
that each different test investigates 
one changeable aspect of the process. 
This is called the free variable. Al­
though it is possible to perform cross 
correlations to determine several 
trends when there are several vari­
ables, people get college degrees for 
understanding this. I'm not an actu­
ary, and I'll assume that you aren't 
either. So for us, it's strictly one vari­
able at a time. If your goals look like 
they force you to have several vari­
ables, you should run separate tests. 

Fortunately, most of the tests you 
might want to run involve only one 
variable-the yeast strain itself. 
Therefore, you should only change the 
yeast you pitch; everything else 
should be identical. The yeast vari­
able controls attenuation, floccula­
tion, and ester and diacetyl produc­
tion. The vigor of the fermentation 
can be noted, because a strong 



primary has the ability to blow off un­
wanted sulfur compounds. 

Of course, there are tests that 
might involve other variables. For 
example, temperature has a strong 
effect on the results produced by a 
given strain. But you'll have to run a 
separate test for each strain, because 
each one will react differently to a 
different temperature regimen. 

As you decide what variables you 
are going to test, you will need to 
incorporate a standard into your test. 
If your goal is to understand what 
high and low flocculation mean when 
the manufacturer uses the terms, you 
will need to compare your results with 
those you get from a yeast that you 
normally use and have predictable 
results using. This is a control. 
Comparing the results you get from 
the control with your test strains is 
what leads to your understanding of 
the new strains. 

Running the Test 

The actual mechanics of running 
a test are to brew as you normally 
would. To eliminate unwanted vari­
ables, treat everything the same dur­
ing the course of brewing. Since the 
variable is the yeast strain, this is 
easy. To test four new strains, brew 
five gallons ofbeer and rack the bitter 
wort into one-gallon bottles for fer­
mentation. Pitch the four strains and 
your control strain in equal amounts, 
of course, and ferment them all under 
the same conditions. Be certain to 
handle each bottle just asifit were five 
gallons of your best. 

In brewing beer for testing, it is 
best to pick a simple recipe. You want 

to highlight what the yeast is doing, 
not (necessarily) your virtuosity with 
ingredients. Keep it simple and brew 
a light bitter or lager, depending on 
the yeast under examination. A big­
ger or darker beer will just obscure the 
yeast's work. Also, a simple recipe is 
easier to duplicate for the next test. 

Of greatest importance is taking 
careful notes. Be sure to observe the 
changes and write them down: How 
long was the lag phase? How long did 
it take to reach high kraeusen? How 
long did it take to clear? What kind of 
a head formed? Because this is an 
experiment, not just beer, you should 
take readings at least daily to monitor 
the attenuation. Without sophisti­
cated equipment, getting objective 
numbers on the clarity (flocculation) 
of the beer is more difficult, but if you 
put a sample into a standard (for you) 
sighting glass, you can make com­
ments about the clarity. A good sight 
glass is a test tube if you have one, or 
even your hydrometer tube. 

Caution must be taken because, 
like Heisenberg's uncertainty prin­
ciple, your measurements may affect 
the experiment. You will be intruding 
on the wort more often than you nor­
mally would and the volume is much 
less than you normally work with. 
These facts make it more likely that 
you'll contaminate one of the jugs and 
perhaps attribute the contamination 
to the yeast and not to your mistake. 

The most tedious job comes at 
bottling time. You know the routine: 
sterilize the bottling hose and bottles, 
get the siphon going, bottle, cap, clean 
up ... times five! Be especially careful 
to measure out the same priming for 
each batch-higher carbonation lev­
els increase the perception of certain 
beer characteristics. Try to get the 
same fill level on each bottle. 

Examining the Results 

Before you begin tasting, be sure 
to let the finished bottles sit for two 
weeks. The beer is going through 

some final flavor changes and you 
want all the samples to come to rest 
before you take the results seriously. 
This is not to say that you can't taste 
them each day to determine what the 
changes are; but if your goal is to know 
what kind of finished beer the yeasts 
make, wait until they are done with it. 

There are many ways to evaluate 
beer. Using a competition judging 
sheet is a good start, but it is really 
intended for another purpose. We are 
not trying to decide how good a bitter 
this beer is, but rather to pick up the 
intensity of different characteristics 
ostensibly affected only by the yeast 
strain. 

Perhaps the easiest way for a 
homebrewer to do this is by creating 
profile charts. These are charts that 
have a wheel with spokes radiating 
outward; each spoke is labeled with 
one of the characteristics to be exam­
ined. It represents the level of percep­
tion of that characteristic: None is at 
the center and "a whole lot" is at the 
outside. Using your control, mark a 
point on each spoke that represents 
the level for each characteristic. Then 
taste the sample strains and mark 
them on separate sheets. You can 
draw lines between the marked points 
to create a strain profile. A quick 
glance will tell you how the strains 
differ. 

The figures show profiles for 
three different yeasts. But the lager 
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THE UNIVERSITY OF BREWING TECHNOLOGY, N.A. 
Introduces An Extra-Curricular Correspondence Degree Program 

A broad science, Beer•ology 
includes many disciplines and 
specialties, making it attractive 
to people of various aptitudes, 
backgrounds and tastes. The study 
of Beer•ology provides one the 
opportunity to integrate, interpret 
and translate environmental 
observations into meaningful 
knowledge. Beer•ology has been 
found by many to be enjoyable and 
rewarding, and is destined to be 
significant in solving mankind's 
challenges of the future. 

"COURSES" OFFERED: 
1m Introduction to Socializing©1982 

242 Principles of Light 
Socializing©1982 . 

384 International Relations©1982 

733 Graduate Course To Social 
Enjoyment©1982 

Candidates for a Beer•ology degree 
are required to complete three of four 
courses offered. Upon satisfactory com­
pletion of the courses; students will be 
conferred with the following honors: 

• Diploma conferring a degree in 
"Bachelor of Socializing".TM 

• T-Shirt bearing the "Universitas 
Educatus Totalum"™ seal and 

PREREQUISITES: degree holder's year of graduation. 
An appreciation of quality beers, • A Bachelor of Socializing carrying 

a valid I.D., willingness to enjoy in card entitling degree holder to 
moderation, the desire to have a good unbeknownst future benefits. 
time, and $5!lil per course (education • Automatic free membership in the 
always has a cost). University Alumni Association. 

SPECIAL OFFER!! !PLEASE SEND ME---;'INTRODUCTION TOSOCIALIZING-;;cCou;; lOll 
11 1 I have enclosed $1!!!' for tuition and course materials. Send to: 

COURSE 101 I Name ~t1!'!:~~; 
1 Address P.O. Box 677 

po. City State Zip Middleton. WI 53562 

British Ale 

Weizen 
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Northern Gennan Lager 

yeast was run at a separate test from 
the other two; it was lagered for three 
weeks, soitis hardly surprisingthatis 
was clearer than the others. Of 
course, using a lager is so much differ­
ent from using an ale--if they were 
run under the same conditions, the 
information for one of the two types 
would not be of any practical use. 

This is where we get back to de­
signing the experiment: If you didn't 

ask the right questions at the begin­
ning, you won't have the right an­
swers at the end. If you draw your 
chart before you start, you'll know 
what you are looking for and will be 
able to get useful answers to your 
questions. 

Besides the profile charts, you 
have your notes. Maybe you have to 
culture up a bigger starter for that one 
yeast that had a particularly long lag 
phase. The final gravity readings in 
your notes now tell you what high and 
low attenuation mean, as well as the 
yeast's ability to flocculate. But you 
have this information in your charts 
as well, if you asked about sweetness 
and clarity. 

As you collect information, your 
ability to choose the right yeast for the 
style of beer you are making becomes 
quite refined. You will be able to 
create beers of subtlety and depth, 
and you'll be able to recreate them 
later, or tweak them to get the profile 
you want to achieve. It's another step 
forward from making scatter-shot 
homebrew to mastering the craft of 
brewing. lill]l 



TESTING 

MARY MIRANDA, STEPHEN ASK, 
JEAN-XAVIER GUINARD AND MICHAEL LEWIS, PH.D. 

Analysis and Evaluation 
of 

Commercial Brewer's Yeast 
ll

ll brewers acknowledge 
the contribution of the 
yeast strain to the final 
character of lagers and 
ales. Brewers also know 

all too well how difficult it is to pro­
duce and maintain vigorous, uncon­
taminated pitching yeast. Therefore 
it is perhaps curious that brewers do 
not enjoy a readily available commer­
cial source of quality yeast in either 
fresh or dry form. Unlike other yeast 
users, such as distillers, winemakers 
and bakers, brewers recover their 
yeast for reuse. Over the centuries 
brewers have adopted many different 
tradi tiona I practices to select the 
yeast to be reused. Today one of the 
functions of microbiological quality 
control is to assure the quality of 
pitching yeast. 

Homebrewers have always relied 
on dried yeasts, and the emerging 
microbrewing industry finds them of 
great utility. The yeast-producing in­
dustry now is asking whether it can 
supply the general brewing industry 
with yeasts as it does other yeast us­
ers. For those reasons, we accepted 
zymurgy's invitation to examine the 
dried yeasts currently available in the 
market. 

Three general attributes of yeast 
always dominate discussions ofyeast 

Home brewers 
depend heavily on 
commercial yeast, 
but results can be 

mixed. Let's take a 
closer look inside 

those little packets 
and foil pouches. 

quality - microbiological properties, 
mechanical properties and sensory 
properties. Because brewer's pitching 
yeast is close to a pure cui ture, we 
usually think of these qualities as 
properties of the yeast itself, i.e., the 
specific strain. In this study, we have 
to think somewhat more broadly ofthe 
yeast culture, i.e., that mixture of 
microorganisms comprising the dried 
matter provided in the packet by the 
manufacturer. Nevertheless, the 
three attributes defined above provide 
a useful framework for assessment of 
yeast quality. 

zymurgy obtained the yeasts we 
examined directly from the producers 
(Table 1). In this way we avoided the 
criticism that the products have been 
maltreated in the trade (a real possi­
bility, had we taken the yeasts from 
that source). However, we must make 
a few cautionary statements. The 
results reported here are but a snap­
shot of the products available - a 
picture of the yeast world made at a 
certain moment in time. Other 
batches of the same brand may be 
different from the one we tested; we 
make no claim that these yeasts are 
typical of the brand, or even randomly 
selected. Indeed, a wise manufacturer 
wouldhavesubmittedasamplefrom a 
superior batch of yeast. We did not do 
these tests "blind," as we originally 
intended, because zymurgy under­
standably lacked the microbiological 
facilities to transfer the samples to 
coded containers. We did that. How­
ever, we did not consult the coding list 
until we completed all the tests. 

How should a reader evaluate the 
data in these tables? The short an­
swer is "cautiously." These data pro­
vide the numbers that could be used to 
castigate the dried yeast industry 
because their products fall well short 
of pure cultures. But for the most part 
these numbers do provide clear 
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Table 1. 
Dry yeast samples 

tested 

Ales 
Al Paul Arauner KG 
A2 John Bull 
A3 CWE Home Brew 

Products 
A4 Doric Packet 
A5 Doric Bulk 
A6 Edme 
A7 Intek 
AB Itona Products 
A9 Leigh - Williams & 

Sons 
Al 0 Munton & Fison 
All Premier Malt 

Products 
Al2 Red Star 
Al3 Vierka- Dark 

Munich (strong) 
Al4 Whitbread 

Lagers 
Ll5 Paul Arauner KG 
Ll6 Red Star 
Ll 7 Vierka German 

Style 
Ll8 Whitbread 
Ll9 Intek 

Liquid Samples 
L20 M. e V. American 

Lager 
L21 M. eV. German 

Lager 
A22 Wyeast American 

Ale 

perspectives about yeast quality, al­
though they do not substitute for per­
sonal experience and preference. At 
the simplest level, the ''best" yeast 
culture is one that is pure yeast, that 
is to say, it has no bacteria, is one kind 
of yeast, is the right kind of yeast, is 
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100 percent alive and produces no 
detectable off-flavors. In a specific 
commercial setting (e.g., any large 
brewing company) this definition is a 
valid one, and such quality is obtain­
able and necessary. Thus, for a spe­
cific product we can decide what are 
off-flavors and if culture purity pro­
motes processing and flavor consis­
tency and safe reuse of yeast. 

But these are not the primary con­
cerns of small-scale brewers where a 
yeast is (or can be) used once and 
discarded. Nor where we cannot de­
fine what an off-flavor is for an un­
known product or how a particular 
flavor will be perceived by a consumer. 
A small brewer may choose to ex­
change beer predictability and consis­
tency for the flavor complexity that a 
mixed culture can impart to a product. 
In short, the ideal of yeast culture 
purity espoused and exploited advan­
tageously by big brewers does not 
necessarily translate to the small­
scale scene. (However, we note that a 
mixed culture is a desirable mixed 
population; it is not the same as fi1 thy 
yeast.) Not one of the dried yeasts we 
tested is a pure culture. The point we 
wish to make is that this does not 
necessarily damn them as brewing 
yeasts in the small-scale setting. In 
contrast, the yeast must be highly 
viable (if for no other reason than a 
customer should not pay for dead 
yeast) and vigorous. We found a wide 
range inviability and vigor among the 
samples. Finally, enteric bacteria and 
food poisoning organisms such as sal­
monella should always be absent for 
obvious reasons. We found three 
samples containing low levels of these 
bacteria. 

Procedures 

Because the commercial market 
for dried brewer's pitching yeast has 
been relatively small, we lack stan­
dards and methods for evaluating it. 
In this study we have borrowed some 
practices and quality criteria devel­
oped for evaluating baker's active 
dried yeast and others developed for 
the evaluation offresh brewer's pitch­
ing yeast. We think these methods are 
good ones. 

Preparation of yeast samples: 
We suspended one gram of each dry 
yeast in 100 ml of peptone water at 100 

degrees F (37 degrees C). After 15 
minutes, we counted the total number 
of cells present in the suspension us­
ing a hemocytometer. We repeated 
the count after staining with meth­
ylene blue to estimate the proportion 
of dead cells. We did this twice to get 
reproducible values that we then used 
to calculate appropriate dilutions of 
the original suspension to give 100 to 
400 "colony forming units" (CFUs are 
cells or clumps of ce11s capable of grow­
ing) per test plate. The liquid samples 
were prepared in accordance with the 
written instructions provided with 
each culture. Yeast A22 was cultured 
in the foil pouch by breaking the inner 
seal. This took two tries because the 
seal was not broken with the first try 
and it took a day or so to realize no 
growth (gassing) was occurring. 
Yeast L20 and L21 were inoculated 
into the nutrient broth prepared ac­
cording to instructions. Counts of the 
liquid yeast were made after the pre­
scribed time when growth of L20 and 
L21 had subsided, i.e., five days . 

Plating Media: Sma11 amounts of 
the suspension, appropriately di ­
luted, were plated on WL Nutrient 
Agar (from WaUerstein Laboratories) 
and YM Agar (from Difco). We evalu­
ated the colonies that grew by their 
gross visible characteristics and un­
der the microscope. We searched for 
petite (respiratory-deficient) mutants 
using an overlay method that employs 
triphenyltetrazolium red. Such non­
respiratory mutants grow at a much 
reduced rate and may contribute to 
off-flavor. We searched for wild yeast 
using WL Differential Agar. This 
medium contains a green dye that 
wild yeasts do not absorb (brewer's 
yeasts take up the green dye preferen­
tially). We also used Lactobacilli MRS 
medium containing 40 ppm of actidi­
one to reveal wild yeasts. We used WL 
Differential Agar containing 40 ppm 
actidione (to suppress yeast growth) 
to look for contamination with bacte­
ria, and the more specific Lactobacilli 
MRS medium (incubated anaerobi ­
ca11y) for lactic acid bacteria. We used 
Bri11iant Green Agar to find Salmo­
nella species and MacConkey's Agar 
to detect enteric bacteria. 

Yeast Vigor and Flavor Attrib­
utes: We estimated yeast activity by 
pitching three grams of rehydrated 
yeast into three liters of 12 degree 



Plato wort made with pale malt syrup 
and with a low hopping rate. We 
measured yeast growth and decrease 
in Plato every six hours until the level 
of yeast cells in suspension leveled off 
and began to decline (about 52 to 56 
hours) . A gallon of wort was fer­
mented at the same time and bottle 
conditioned for 10 days. We used this 
beer to evaluate each yeast's contribu­
tion to beer flavor, paying special at­
tention to off-flavors. Our taste panel 
consisted of seven people all experi­
enced in beer flavor evaluation and 
brewing on a small scale. The judges 
first evaluated the beers independ­
ently in tasting booths using our stan­
dard score sheet. After these results 
were tabulated, the panel met again to 
retaste the beers to confirm the first 
results and to agree on an overall 
numerical rating of quality for each 
yeast. 

Results 

We judged the yeasts in three gen­
eral categories: microbiological qual­
ity, mechanical performance (Table 2, 
Figures 1 and 2) and sensory perform­
ance (Table 3). 

Microbiological Quality (Table 
2): In all but three cases we detected 
no Salmonella and/or enteric bacte­
ria. Even though it is unlikely that 
these food poisoning and spoilage 
bacteria would cause beer spoilage, 
their absence indicates at least a rea­
sonable level of sanitary operation in 
the producing plants. 

Lactic acid bacteria are of most 
concern to brewers. Their presence in 
almost all cases is undesirable be­
cause of the flavor they contribute 
(usually sour). This depends not only 
on the total number of bacteria pres­
ent, but also on the vigor of the yeast 
culture of which they are a part. A 
vigorous yeast tends to suppress 
growth oflactic acid bacteria. Of the 
22 cultures tested we found eight to 
have serious bacterial contamination 
and nine of the samples to have mod­
erate contamination; one dried yeast 
(A13) and the three liquid samples 
had a very low or non-detectable level 
of contamination. 

The presence oflactic acid bacteria 
coupled with low yeast viability and 
vigor uniformly caused sour-acidic 
characters in the resulting beers. In 
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Table 2. Yeast Microbiological Quality and Mechanical Performance 

Fermen- Doubling 
tation Rate Time 

Strain CFU/G* %Viable (
0 P/Day) (Hours) Lactic Count** 

A1 200 69.2 1.34 4.21 High 2,500 
A2 2,100 55.6 1.43 12.28 Intermediate 952 
A3 8,500 40.3 1.57 23.53 Low 35 
A4 14,000 87.1 2.77 21.42 Low 57 
A5 6,350 56.7 2.98 29.83 High 1,435 

A6 14,000 47.7 1.52 32.58 Low 43 
A7 3,300 66.7 1.44 2.46 Intermediate 697 
A8 14,200 52.2 1.94 55.42 Intermediate*** 414 
A9 6,700 31.4 2.22 16.04 Intermediate 537 

A10 14,500 48.0 1.57 33.25 Intermediate 414 

All 12,500 48.1 2.63 17.16 Low 50 
Al2 835 47.1 2.58 20.82 Intermediate 417 
Al3 6,700 52.9 1.29 28.24 Low 0 
Al4 4,300 36.4 1.48 5.17 Intermediate 140 
Ll5 655 47.1 1.48 19.65 Very High 21,212 

Ll6 6,400 57.9 2.16 10.58 Intermediate 141 
Ll7 9,350 85.2 1.48 29.01 High 6,809 
Ll8 7,300 66.7 1.98 11.03 High*** 3,562 
Ll9 365 17.4 1.66 47.61 Intermediate*** 417 
L20 17 74.3 1.19 8.66 Low 0 

L21 73 84.1 1.21 7.34 Low 0 
A22 7.5 90.2 1.26 5.78 Low 0 

* indicates millions of colony-forming units (CFUs) per gram dry weight 
** colony-forming lactic acid bacteria per 10 million viable yeast 

*** indicates low levels of enteric bacteria and salmonella also detected 

the case of yeast L18, there was a fair­
ly high lactic count, but good yeast via­
bility and vigor allowed the yeast to 
outgrow the infection and produce a 
beer with only a slight defect(Tables 2 
and 3). Reuse of yeast puts great 
stress on yeast quality because con­
taminating bacteria can grow at an 
alarming rate during a fermentation. 
Yeast and yeast-handling practic­
es that may be microbiologically 
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acceptable for a single use (as in a 
winery or a bakery) may be quite in­
adequate for repeated use. 

Most "wild" or non-culture yeasts 
produce beer with a phenolic-medici­
nal character and many beers made 
with the yeasts tested here displayed 
this sensory quality (common for 
beers brewed on a small scale). The 
behavior of these yeasts on WL 
Differential Agar was not entirely 

atypical of brewer's yeasts, but was 
idiosyncratic. The yeasts that caused 
phenolic-medicinal characters dis­
played resistance to copper sulfate at 
160 ppm and even up to 200 ppm in 
some cases, which is not typical of nor­
mal ale yeasts. Generally these yeasts 
were not mixtures of yeasts; that is, 
phenolic-medicinal character did not 
appear to derive from contamination 
by a few wild yeast cells, but from the 



Table 3. Sensory Performance 

Strain Sensory Characteristics 

Al highly phenolic, sulfury, 
lactic sour, winy, cidery 

A2 fruity, acidic 
A3 phenolic, rancid, cidery, worty 
A4 phenolic, fruity, apple 
A5 phenolic, cidery, fruity, slightly sour 

A6 yeasty, rancid, worty 
A 7 phenolic, slightly fruity 
A8 worty, cardboard, oak, vanilla 
A9 highly phenolic, lactic sour 

AlO floral, slightly fruity 

All slightly phenolic, spicy, slightly sour 
Al2 very highly phenolic 
Al3 strongest phenolic 
Al4 vanilla, honey, floral 
Ll5 highly phenolic, lactic sour 

Ll6 phenolic, slightly sour, fruity 
Ll 7 highly phenolic, lactic, butyric, rancid 
Ll8 slightly lactic sour, cidery, clean 
Ll9 very highly phenolic 
L20 slightly sulfury, yeasty, fruity 

L21 slightly phenolic, fruity, yeasty 
A22 sulfury, yeasty, banana, apple, floral 

culture at large. This suggests that 
the culture yeast could have been sub­
stantially replaced by a contaminat­
ing yeast during production. Ale and 
lager yeast produced by the same com­
pany displayed the same defects and 
scored similarly in sensory attributes 
(See Table 3). 

Only two (L18, L20) of the seven 
strains submitted as lager yeasts dis­
played the typical test behaviors that 
distinguish lager yeasts [such as fer­
mentation of the sugar melibiose and 
inability to grow at 98.6 degrees F (37 
degrees C)]. This indicates that a con 
taminating yeast displaced the cul­
ture yeast in production (see above), or 

that there was some carelessness 
among producers in matching the 
contents of a package with its label. 

Mechanical Performance (Fig­
ure 1 and Table 2): When first sus­
pended, some of the yeasts displayed a 
very strong tendency to remain in 
clumps, making it difficult to count 
total cells and the proportion of dead 
cells. Inability to resuspend fully is a 
potentially negative quality because 
such yeasts will tend to sink quickly to 
the bottom of a fermenter and initiate 
fermentation only after a long lag. 
Strain A7, for example, fermented 
slowly and remained on the bottom 
of the vessel throughoutfermentation. 

Overall 
Quality 

poor 
good 

inferior 
average 
average 

average 
average 
average 
inferior 

good 

average 
poor 
poor 
good 
poor 

poor 
poor 
good 
poor 
good 

average 
good 

Overall 

0 
7 
2 
4 
6 

5 
4 
6 
2 
8 

4 
0 
0 
7 
0 

0 
0 
8 
0 
8 

4 
7 

Strains A9 and L18 remained 
clumped initially, but suspended ade­
quately during the first 20 hours of 
fermentation. Clumping is not the 
same as flocculation of yeast at the 
end of fermentation, but more likely 
reflects yeast nutrition during pro­
duction. Figure 1 illustrates the effect 
of yeast "clumps" and a range of fer­
mentation qualities. Typical yeast 
has a doubling time of 16 hours. 
Sample A1 has an apparent doubling 
time of only four hours but this value 
is misleading because of its initial 
clumped state. 

Sensory Properties (Table 3): 
We conducted sensory evaluations of 
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the beers produced by the yeasts 
under test. We accentuated the effect 
of the yeast by employing a pitching 
rate that was about three times the 
average rate and by using a relatively 
low-gravity, pale-malt wort that was 
weakly hopped. This resulted in a 
bland product in which the flavor con­
tribution of the yeast could easily be 
detected and assessed. Some beer pro­
ducts are delicate in flavor; in these, 

the least error in processing, includ­
ing yeast quality, shows up in compro­
mised product attributes. For this 
reason, in our sensory evaluations, we 
strongly downgraded yeasts that pro­
duced off-flavors, the most common of 
which was phenolic-medicinal (wild 
yeast) flavor . Interestingly, we did not 
detect diacetyl in any beers, probably 
because all our beers were bottle con­
ditioned. They therefore enjoyed a 
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protracted yeast contact for diacetyl 
reduction. We do recognize that a 
flavor attribute that may be a disaster 
in a delicate lager may be desirable, or 
at least acceptable, when contributing 
to a maelstrom of flavor impacts in a 
"big" beer. What constitutes a desir­
able flavor remains a personal prefer­
ence, although we have applied a pro­
fessional standard. 

Nine of the 22 yeasts earned a 
"poor" or "inferior" rating from our 
panel, i.e., scored two points or less on 
our 10-point "overall" scale. In every 
case these yeasts gave phenolic-me­
dicinal (wild yeast) flavors often allied 
with sour, rancid and cidery qualities 
that we associate with bacterial ac­
tion . These qualities also were pres­
ent at a detectable but much lower and 
probably acceptable level in seven 
yeasts we characterized as "average" 
and scored three to six on our 1 0-point 
scale. The remaining six yeasts, in­
cluding two of the three liquid yeasts, 
received "good" ratings, or numerical 
scores of seven points and above. 

Conclusion 

The most important characters of a 
dry culture yeast for brewing are: (1) 
fidelity to type of the strain or strains 
included, (2) the microbiological 
purity and viability/vigor of the yeast, 
and (3) the flavor of the beer produced. 
We conclude from our study that there 
is ample room for improvement of 
dried yeasts in all three categories of 
evaluation . For the sm a ll-sc a le 
brewer acquiring good yeast r emains 
a most difficult task. ~ 
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Of Yeasts and Beer Styles 
hen choosing a yeast 
for a particular style of 
beer you actually face a 
more complex series of 
choices, conscious or 

unconscious, than you may realize. 
Not only that, your choice may well be 
a lot more important than you think. 
For some years now, I've been dividing 
my 10-gallon batches into two and 
pitching each half with a different 
yeast. When I first started these tests, 
I was astounded to see how different 
the resulting products were . Some­
times the two halves were totally 
different beers. These experiments 
gave me a new awareness of the yeast 
selection process and its importance. 
Wha t factors, then, influence my 
choice when I'm selecting a yeast 
strain, and what effect does my deci­
sion have? 

First, because of my experiments, I 
no longer use or recommend dried 
yeasts for most homebrewing pur­
poses. It's not that they've gotten any 
worse lately, it's just that the alter­
natives have gotten considerably 
better. I believe the advent of real 
commercial brewing yeasts in labora­
tory-pure, liquid cultures is one of the 
biggest advances in homebrewing in 
the past several years. They are more 
expensive than dried yeasts, but I 
think they're worth every penny. It's 
no accident that most prize-winning 
beers in major competitions these 
days use liquid cultures. 

If it weren't for these cultures, I'd 
have a difficult time trying to make 
any yeast recommendations at all, 
knowing this article will be in print for 
a number of years. I can't think of a 
single dried beer yeast that's been 
consistently free of contamina tion 
during the years I've been brewing. 

This being so, the question 
becomes whether contamination is 
sufficient to cause real problems for 
beer. Based on my own experience as 
well a s customer complaints, I'd have 
to say the answer all too often is af­
firmative . What is more, the problems 
with a given lot of yeast aren't always 
immediately obvious until it's too late. 
That's why I recommend dried yeasts 
only in two cases: first, with relatively 
stable, high-alcohol beers (barley 
wines, imperial stouts, etc.) where a 
wine yeast strain with a high alcohol 
tolerance is in order (a high-alcohol 
content helps keep the beer stable); 
and second, for real ale types of beer 
that are consumed within three weeks 
of brewing. It's always possible to 
have a contamination problem with a 
given lot of any yeast. However, expe­
rience tell s me the chances are rela­
tively remote when dealing with a 
reputable source of liquid cultures. 

Once the decision ofliquid or dried 
yeast has been made, we move on to 
the question of ale vs. lager yeasts. 
Most homebrewers distinguish 
between "top-fermenting" ale yeasts 
and "bottom-fermenting" lager 
yeasts . However, as Gary Bauer 
pointed out in the 1985 zymurgy All­
grain Special Issue (Vol. 8, No.4), such 

Obviously, different 
beer styles require 
different yeasts, but 
choosing the right 
one can be tricky. 
Here's some help. 

a classification is considerably over­
simplified. Bauer delineates five ba­
sic types of ale yeasts: 

(1) True top-fermenting ale yeasts 
that rise to the surface and are re­
moved by skimming. 

(2) Ale yeasts that settle to the 
bottom of the fermenter, much like 
lager yeasts. This class includes most 
dried yeasts for home brewers. 

(3) Altbier yeast: a special strain 
used to ferment German-style ales . 

(4) Weizenbier yeast: a unique 
strain that produces the esters and 
phenolics common to Bavarian-style 
wheat beers. 

(5) Strong beer yeasts: top-fermen­
ting yeasts similar to wine yeasts in 
that they can ferment up to an alcohol 
content of10 percent by volume. 

In addition, Bauer points out that 
lager yeasts also are subdivided, de­
pending on whether they attenuate 
weakly or strongly, and flocculate 
rapidly or stay a long time in suspen­
sion . I recall reading almost 15 years 
ago that there were 65 recognized 
subs trains oflager yeast, so as you can 
see this subject gets complicated. 

Ale yeasts are actually distin­
guished from lager yeasts not by the 
t raditional "top and bottom ferment­
ing" designations, but by the fact that 
lager yeasts ferment trisaccharides 
such as melibiose and other minor 
sugars, while ale yeasts don't. Even 
this water is muddied, however, by ale 
yeasts like Sierra Nevada's, which do 
ferment the trisaccharides. 

Temperature ultimately provides 
the best way to distinguish between 
ale and lager strains. This is true both 
at the theoretical level (lager yeasts 
stop growing at lower temperatures 
than do ale yeasts) and at the practical 
level, which is my interest here. 
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Practically speaking, the next deci­
sion you make in selecting a yeast 
strain should be based on tempera­
ture; specifically, the anticipated 
temperature of your fermentation. As 
a rule of thumb a lager yeast should 
never be used if your fermentation 
temperature is expected to be above 
65 degrees F (18.33 degrees C), and an 
ale yeast should almost never be used 
if the temperature is expected to be 
below 55 degrees F (12. 78 degrees C), 
though some ale strains may stay 
active as low as 50 degrees F (10 de­
grees C). Either ale or lager yeasts 
may be used between 55 and 65 de­
grees F (12.78 and 18.33 degrees C). 

Having said that, I want to stress 
that a given yeast should be selected 
for a particular beer on the basis of one 
or more of its characteristics [e.g., 
ferments melibiose, or works well at 
45 degrees F (7 .22 degrees C), or is a 
good reducer of diacetyl]. What is 
most important is the way the yeast 
behaves. Nothing is less important 
than the question of whether a given 
yeast is technically a lager strain or an 
ale strain, as long as it gives you re­
sults suitable for the beer you're 
trying to brew. I know one first-rate 
brewer who routinely uses a lager 
yeast for pale ales and wins awards, 
too. I know another home brewer (one 
of the best in the country) who admits 
to using a particular ale yeast once in 
a while for making lagers. These peo­
ple are not dummies, though if you're 
going to break the "rules," you should 
always know why you're doing so. 

Before going on to talk about spe­
cific yeasts, I want to mention yet 
another way in which yeast strains 
may be differentiated, giving us an­
other step in the selection process. I 
find it useful to distinguish between 
those I perceive as relatively neutral 
and others that are complex and dis­
tinctive. Ever since the first single­
cell yeast culture was isolated just 
over a century ago, there has been a 
trend toward the neutral yeasts and 
away from theindividuallydistinctive 
beers of years gone by. 

The development of refrigeration 
and the isolation of cold-tolerant lager 
yeast strains in the 19th century 
worked hand in glove to revolutionize 
brewing. For the first time it was 
possible to consistently brew beers 
with a "crisp, clean" flavor profile. 

Fermenting in the 40- to 50-degree F 
(4.44- to 10-degree C) range meant 
that the customary fruity esters 
caused by the traditional, warmer [60 
to 70 degrees F (15.56 to 21.11 degrees 
C)] fermentations could be avoided. 
"Crisper, cleaner" fermentations 
requiring the most up-to-date technol­
ogy came to be seen as "modern" 
(perhaps even "trendy"). With the co­
incidental revolutions in other areas 
such as glass manufacture, transpor­
tation and shipping capability, the in­
novation spread like wildfire, and 
soon came to dominate much of the 
brewing world. Today the presence of 
esters in beer continues to be associ­
ated with the traditional ale styles, 
while their absence distinguishes the 
lagers. Many homebrewers think of 
ester formation as a distinguishing 
characteristic of ale yeast strains, but 
this is true only in a limited sense. It 
would be accurate in most cases to 
credit the higher fermentation tem­
peratures at which these strains must 
do their work. It's possible to make 
lager yeasts behave similarly. 

All this history has left many of us 
with a hit of prejudice in favor of the 
more neutral -flavored strains of 
yeast, a prejudice reflected in such 
descriptive words as "clean." Re­
cently, however, an encouraging sign 
has been the trend away from central­
ized technological brewing, as prac­
ticed by the U.S. megabreweries, and 
a rediscovery ofindividuality, as seen 
in the homebrew, microbrewery and 
brewpub movements. 

Even here our tastes have been 
conditioned, and when we sample 
homebrews in our own kitchens or 
down a pint at the local brewpub, most 
people expect a product with some of 
those crisp, straightforward charac­
teristics we've been taught to look for 
by all the light lagers we've consumed. 
Perhaps it's inevitable, but it seems a 
shame that some interesting and per­
fectly good yeast strains don't get the 
attention they might really deserve, 
while by far the two best-selling liquid 
yeast strains (at least for my com­
pany) are the ale and lager strains 
that rank as the "crispest, cleanest 
and most neutral" of their respective 
classes. When such terms are used 
here, by the way, they are only used 
descriptively, with no implied value 
judgments of any sort. 



The following recommendations 
should be considered personal, rather 
than definitive. Note that strains can 
mutate rapidly and may change over 
time. Therefore characteristics of the 
same strain may vary somewhat 
when obtained from different suppli­
ers who maintain separate cultures. 

Lager Yeast Strains 

St. Louis Lager Yeast (Wyeast 
No. 2007, M. eV. Research No.4) is 
an archetypical yeast of the "crisp, 
clean" type. It does not accent body 
and produces pointed rather than 
rounded flavors. Most noteworthy is a 
slight essence of "roses." Notoriously 
unstable genetically, it does not adapt 
well to home culturing. Nonetheless, 
it is as good a yeast as I've used for 
American light lagers. Flocculation is 
medium. Use this yeast whenever a 
"clean" characteristic is desired and 
"full mouth feel" is not really an issue. 

New Ulm Lager Yeast (Wyeast 
No. 2035) also is an American lager 
strain. Not as crisp as the St. Louis, it 
produces more complexity with the 
accent on fruitiness . Because of this, 
it's excellent in "California-style" 
wheat beers. Used in light lagers, this 
yeast produces beers that are either 
loved or not loved. I know a number of 
people who really dislike this strain, 
and a smaller number who would use 
nothing else for their lager beers. 
Flocculation is medium. 

German Lager Yeast, W.No.308 
(Wyeast No. 2308) is a great, rich, 
complex yeast that accents maltiness. 
It has produced several prize-winning 
brews, but only when treated just 
right. The first two-thirds to three­
quarters of the fermentation should 
take place at 45 to 48 degrees F (7.22 
to 8.88 degrees C), and the end of the 
fermentation at 60 to 65 degrees F 
(15.56 to 18.33 degreees C). The beer 
should then be chilled down to the 30s 
(about -1.11 degrees C) for a day before 
separating from the lees. If not 
treated properly No. 308 can be some­
what unforgiving because of its ten­
dency to produce high levels of diace­
tyl (undesirable in lagers). Floccula­
tion is medium. Use for all full-bodied 
continental lager styles when a malt 
accent is desired. 

Bavarian Lager Yeast (Wyeast 
No. 2206) is a relatively new strain, at 
least to me. Once again the accent is 
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on maltiness and complexity. This 
yeast is very similar to No. 308, al­
though the latter may bring out the 
hops just a bit more. However, No. 
2206 has the advantage of being less 
fussy. Flocculation is medium. This 
yeast is good for bocks, but may be 
used whenever No. 308 might other­
wise be the choice. 

German Lager Yeast (M. e V. Re­
search No. 37) is similar to the pre­
ceding strain, and may share the same 
origins. 

Danish Lager Yeast (Wyeast 
No.2042,M.eV.ResearchNo.55)is 
another complex continental strain 
with a unique character, but here the 
accent is a bit less on malt and perhaps 
a bit more on hops than with the 
German yeasts. Flocculation is low. 
Use for continental Pilseners, and 
especially Dortmund-style exports. 

Swiss Lager Yeast (M. eV. Re­
search No. 12) is a clean-flavored 
yeast that ferments vigorously at '50 
degrees F (1 0 degrees C), but produces 
a significant amount of irreducible 
diacetyl at warmer temperatures. 
Use for Pilseners and especially for 
American lagers, but only ifferment­
ing under refrigeration. 

Ale Yeast Strains 

Chico Ale Yeast (Wyeast No. 
1056, M. eV. Research No. 72) is a 
classic example of the clean and 
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neutral ale yeast strains coming more 
into favor. Actually, this strain be­
haves like a lager yeast in some ways, 

continued on page 63 
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KURT DENKE 

Fleischtnann' s 
(al<a Budw-eiser) Yeast 

g nheuser-Busch corpora­
tion used to make a prod­
uct known as "Budweiser 
Baking Yeast" for the 
commercial baking in­

dustry. They still make it, but it has 
been sold to Fleischmann's and is now 
available under the name "Fleisch­
mann's Yeast." This is not spent yeast 
from theirfermenters; but is grown by 
Anheuser-Busch with a co-packaging 
arrangement with Fleischmann's. 
What's important is that it works 
great for homebrew! The yeast is sold 
in two-pound and five-pound bricks 
wrapped in paper. The price is quite 
low (about $1 for two pounds whole­
sale), although my local distributor 
will usually sell it only in case lots of 
25 bricks. The yeast has been mixed 
with a bit of cornstarch in order to 

make the bricks solid, but this does 
not seem to be a problem in using the 
yeast. 

I take a two-pound brick and slice 
away the outside, which has been in 
contact with the wrapper, with aster­
ilized knife. For a five-gallon batch, 
I'll use about three ounces, which 
amounts to about three cubic inches. 
Because the amount of yeast pitched 
is so generous, the fermentation usu­
ally gets under way within a few 
hours, in sharp contrast to my experi­
ence with liquid yeast cultures, which 
tend to start and ferment very slowly. 

I have never used Budweiser 
Baking Yeast in a room-temperature 
fermentation, and so can't predict how 
it would behave, but I have used it sev­
eral times in a modified refrigerator 
where the primary fermentation is at 
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storage and are alpha analyz­
ed for bitterness. Also 
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50 to 52 degrees F (1 0 to 11 degrees C). 
After the primary fermentation is 

over, !lower the temperature by about 
three degrees per day until I hit 38 to 
40 degrees F . After several weeks of 
lagering, I give it a final week at 34 to 
35 degrees just to help clarify it. 

My results with this yeast have 
been wonderful. The flavor is ex­
tremely clean and lagerlike, and I 
have been able to brew beers of very 
light, delicate character that are com­
parable in their cleanliness of flavor to 
commercial beers. My brewing part­
ner, Pam Moore, and I made a honey 
ginger lager with this yeast that won 
first place in the 1988 AHA National 
Competition herb beer category. I am 
told we came painfully close to win­
ning Best of Show. 

I believe this yeast is a tremen­
dous asset to the homebrewer who 
wants to produce good lager beer a t 
home. The liquid cultures that are 
available are very pure and uncon­
taminated, but seem rather weak 
when first pitched. With the 
Fleishmann's Yeast, a single two­
pound brick is more than enough for a 
single batch, and it is possible to pitch 
three ounces of yeast (equivalent to 
the common commercial pitching rate 
of one pound per barrel) and get the 
fermentation off to a healthy start. 

If you want to find Fleischmann's 
Yeast (which is not the same as 
"Fleischmann's Yeast Direct" on your 
grocer's shelf) you can call their Custo­
mer Service number for a distributor 
in your area. Dial (800) 722-3971 if 
you live in California, (800) 241-3608 
from anywhere else. If you need some 
help or want to exchange notes, give 
me a call in Philadelphia at Home 
Sweet Homebrew, (215) 569-9469, or 
leave me a message on CompuServe. lillJI 



[I 
ambic beers from Bel­
gium are among the few 
beers still made by natu­
ral or spontaneous fer­
mentation of wort. Lam­

bie wort is made from 40 percent 
unmalted wheat and 60 percent 
malted barley. It is boiled for several 
hours with aged (sura nne) hops which 
impart very little bitterness. The wort 
is cooled overnight in a shallow tray 
(bac refroidissoir ), usually in the attic 
of the brewery, where the wort picks 
up the natural microbial flora from 
the atmosphere. The next morning 
the inoculated wort is run into large 
wooden casks where the fermentation 
takes place over a two-year period. 

The combination of microorgan­
isms involved in the Iambic fermenta­
tion is unique. It is comprised of 
yeasts and bacteria, a truly surprising 
fact for most brewers who recognize 
the yeast strains Saccharomyces cere­
visiae or Saccharomyces carlsbergen­
sis as the only agents that may turn 
their wort into a quality beer, and 
rightfully fear bacteria as the agents 
ofbeer contamination or spoilage. The 
following pattern of microbial devel­
opment is observed in the Iambic fer­
mentation. Three to seven days after 
the wort has been cooled and inocu­
lated the fermentation starts with the 
development of wort enteric bacteria 
and strains of the yeast Kloeckera 
apiculata. The pH of the wort drops 
from 5.1 to 4.6 because of the synthe­
sis of acetic and lactic acids. After 
three to four weeks these organisms 
are overgrown by strains of Saccharo­
myces cerevisiae and Saccharomyces 
bayanus. These are responsible for 
the main alcoholic fermentation, 
which lasts three to four months. 

A strong bacterial activity is 

SPECIAL CASES 
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Lam. hie: 
A Unique Combination of 

Yeasts and Bacteria 
observed next. Strains of Pediococcus 
damnosus, a lactic acid bacterium, 
take over the fermentation. These or­
ganisms cause a five-fold increase in 
lactic acid concentration and a large 
pH drop. They may also cause "ropi­
ness." At this stage the presence of air 
in the casks may favor the growth of 
acetic acid bacteria of the genusAceto­
monas and result in beer spoilage. 

After eight months, a new popula­
tion of yeast cells is found in the lam­
hie. These are strains of Brettanomy­
ces bruxellensis and Brettanomyces 
lambicus. They further reduce the 
residual extract and give the Iambic 
its unique flavor. Oxidative yeasts of 
the genera Candida, Cryptococcus, 
Torulaspora and Pichia also may be 
detected after the main fermentation 
and may cause the formation of a 

protective film on the beer surface. 
Lambics of different ages are then 

blended, and fruit is sometimes added 
to make a variety oflambic products. 
By blending young and old Iambics 
and allowing a secondary fermenta­
tion in the bottle, as in the making of 
Champagne, a beer called gueuze is 
produced. The secondary fermenta­
tion is possible because young (one­
year-old) Iambic still contains some 
fermentable extract. 

Secondary fermentation takes 
about a year. When cherries, raspber­
ries or even grapes are macerated 
with the blend oflambics, the result­
ing beers are called kriek,framboise or 
muscat. A sweet beer called faro is ob­
tained by blending Iambics from high­
and low-gravity worts and adding 
candy sugar. [ill)l 

STOUTS, ALES, LAGERS, PORTERS,BITTERS, PILSNERS, OR MEADS 
MAKE THE KIND OF BEER YOU LIKE 

THE COMPLETE JOY OF HOME BREWING 
From America's leading authority on 
home brewing, Charlie Papazian, comes 
this definitive, easy-to-follow guide to 
brewing everything from the lightest 
lager to the darkest stout. 

THE COMPLETE JOY OF HOME 
BREWING includes a complete home 
brewer's glossary, a fascinating history 
of beer, over 50 fantastic recipes-from 
Cherry Fever Stout to Monkey's Paw 
Brown Ale, and much, much more! 

THE COMPLETE JOY OF HOME 
BREWING • Charlie Papazian 
88369-4 • $8.95 • 352 Pages 

"DEALER INQUIRIFS INVITED" AVON BOOKS, Room 723AHB 
105 Madison Ave., New York, NY 10016 Tel: 212-399-1357 
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The Hybrid Styles 
Some Notes on Their Fermentation 

and Formulation 

D 
he hybrid styles (Altbier, 
Kolschbier, sparkling 
lager ale, steam beer and 
other common beers*) 
are somewhat of a mys­

tery to the homebrewer. Some call for 
special yeasts, and others for special­
ized fermenting arrangements. Some 
of these brews were mysterious be­
cause little was written about them in 
English. Today, most of the brewing 
industry's secrets have been melted 
down into the common knowledge of 
homebrewing. Here then, are a few 
more words to dispel what may still be 
mysterious to some brewers. 

Altbier 

These top-fermented beers range 
in color from deep amber to rich 
brown, with taste mild to assertive, 
and hop levels noticeable to assertive. 
Some dark Alts are almost brown in 
color from the Munich and Vienna 
(Gerstenmaiz) or amber malt in their 
makeup. Alt simply means "old," that 
is, top-fermented ale. Actually, these 
beers are fermented wa1m in the fash­
ion of ales, then aged cold as lager 
beers (14 to 40 days). Altbier may 
have a portion of wheat malt in its 
makeup. This is usually in the neigh­
borhood of 10 to 15 percent (Dussel­
dorf), but Pinkus Alt (Munster) has 
about 40 percent wheat malt. Typical 
ingredient formulas include 2-row Bo­
hemian-type malt, light and dark Mu­
nich and/or caramel malt, dextrin 
malt and perhaps a touch of black 

* By "common beers" I mean any top· 
or bottom-fermented ale that is outside 
any other category. 
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What happens when you use the "right" 

yeast under the "wrong" conditions? Some 

very interesting traditional beers. 

malt. Original extractgravityis 1.044 
to 48. Alcohol is 4.5 to 5 percent by 
volume. Final beer gravity is around 
1.011. International Bitterness Units 
(IBU) are 28 to 40 from European­
style hops such as Hallertauer, 
Brewer's Gold, Perle, Hersbruck or 
Tettnanger. Color is 18 to 26 SRM 
(Standard Reference Method). 

Let's look at some commercial 
examples of this beer style: 

Pinkus Alt (West Ge1many): 
OG 1 .045 ale 4.8% v/v 
FG 1.011 IBU -25 
color -22 SRM 

Weihenstephan Alt (West Ger­
many): 
OG 1.040 
FG 1.011 

ale 4.9% v/v 
IBU27 

color 22 SRM 

Widmer Alt (Oregon): 
OG 1.04 7 ale 4. 7% v/v 
FG 1.010 IBU 45 
color -26 SRM 

Within the parameters of gravity, 
color and bitterness, these could well 
be ales in the British tradition. Fea­
tures that make them different are: 

• German-type malts used in water 
of 250 to 300 ppm hardness; 

traditionally a decoction mash or 
at least an upward step infusion is 
desirable with a protein rest, etc. 

• The use of wheat malt in some Alts. 
• The yeast strain. 
• The fermenting and aging system. 

Alt Yeast. Wyeast Labs of Hood 
River, Ore., offer an Alt strain that 
may be purchased from your local 
supplier or from many of the mail­
order suppliers across the countly. 
There may be others in various yeast 
banks we have access to. One also 
could use a good English dry yeast 
such as Edme, because the fermenta­
tion method has a greater impact on 
this style than the yeast strain. 

Managing the Ferment. Eng­
lish ales are fermented at cool temper­
atures [60 to 72 degrees F (16 to 22 
degrees C)] and consumed relatively 
soon, whereas Ge1man Alts are fer­
mented at 59 to 68 degrees F (15 to 20 
degrees C) and then aged cold [32 to 40 
degrees F (0 to 4.44 degrees C)]. The 
yeast is added at about 68 degrees F 
(20 degrees C) and the ferment takes 
about three days, after which it is 
transferred to a settling tank to sepa­
rate trub and yeast and complete sec­
ondary ferment at about 59 degrees F 
(15 degrees C) for up to seven days. 



The beer is racked again and lagered 
for 14 to 40 days or even longer. The 
lagering temperature is about 50 to 54 
degrees F (10 to 12 degrees C) or 
perhaps down to 41 degrees F (5 de­
grees C) in some cases. If possible the 
lagering should be under low pressure 
C0

2 
[less than 12 psi (82 kiloPascal)]. 

Bottle-conditioned or kraeusened 
beer might have to be packaged with 
lager yeast either in kegs or bottles. 

For a homebrewer a refrigerator 
is necessary to make this style ofbeer, 
and for malt-extract beers one might 
start with a German malt extract, 
some wheat malt syrup (not manda­
tory) and up to 15 percent caramel 
malt. That is about2 pounds, 6 ounces 
(1.075 kg) of good English caramel 
malt, or U.S. 60 degree Lovibond col­
ored crystal malt. 

Kolschbier 

Kolsch is blond altbier from Koln 
(Cologne), very pale in color, with a 
noticeable but not in tense taste 
profile. Kolsch is an appellation 
(meaning it can only be made in that 
area) whose parameters are carefully 
defined by German law: original grav­
ity 1.045 to 47; color 3.2 to 5.7 SRM; 16 
to 34 IBU from German-type hops 
(Ha1lertauer, Perle or Spalt); water 
hardness 450 ppm; primary ferment 
about three days at 64 to 72 degrees F 
(18 to 22 degrees C); secondary fer­
ment, four to seven days at 57 to 64 
degrees F (14 to 18 degrees C); cold 
lager another 14 to 40 days, and the 
product must be filtered. (A German 
court held this was not an absolute 
requirement if the beer was labeled as 
unfiltered). Kolschbier has Vienna 
malt and up to 20 percent wheat malt 
plus the usual Plzen type along with 
darker Bavarian and caramel malts in 
its makeup. 

I have found only one commercial 
Kolsch in this country, but here are 
some examples in Cologne, West 
Germany: 

Gaffel Kolsch 
OG 1.046 
FG 1.007 
color 2.3 SRM 

ale 5% v/v 
IBU 31 

SteckenKolsch 
OG 1.045 
FG 1.009 
color 1. 7 SRM 

Sunner Kolsch 

ale 4.8% v/v 
IBU21 

OG 1.046 ale 5% v/v 
FG 1.008 IBU 21.5 
color 2.3 SRM 

Kolsch Yeast. I don't think the 
proper yeast strain is available here. 
It may be purchased from Weihen­
stephan in West Germany for over 
$300. Possibly the University of Cali­
fornia-Davis has such a strain in their 
yeast bank, but the rest of us will have 
to make do. Use Edme Alt yeast. 

Brewing Kolsch. Review the 
notes under the Altbier section for 
some ideas, but remember this is a 
pale beer, so pale 2-row malt is the 
major ingredient, along with some 
Vienna malt (now available from 
some suppliers), and perhaps a bit of 
caramel malt and wheat malt, too. 
The malt extract recipe might include 
German pale malt extract, up to two 
pounds Vienna malt (crushed and run 
through a simple infusion mash start­
ing at 122 degrees F (50 degrees C), 
and up to 155 degrees F(68 degrees C). 
Hold it there for about two hours­
don't worry, have a homebrew and 
relax, nothing is imperative about 
this. Add a dollop of 20 degree 
Lovibond colored caramel malt (4 
ounces), and perhaps some wheat 
malt syrup. Remember this is not a 
hoppy beer. 

Managing the Ferment. Follow 
the temperature guidelines above and 
the suggestions in the Altbier section. 

Steam Beer 

Warm temperature ferments us­
ing bottom yeast produce beers with 
an ale character. The style was in­
vented in California. These beers may 
have any taste profile, but are ex­
pected to be amber or darker in color 
with medium to strong alcohol, notice­
able to intense hop bouquet, and 
rather assertive taste. The steam beer 
style once was made all over the West 

Coast, including Alaska and Idaho, 
and as far east as Wisconsin. Steam 
beers presented a darker version of 
what was then called "cream ale," a 
paler, top-fermented beer with much 
the same characteristics. 

The original steam beers and 
cream ales were bottom- and top-fer­
mented, respectively, versions of what 
we now call "real ale"; that is, they 
were fermented warm, not too well 
aged and served as "present-use" 
beers. The old, wooden beer kegs were 
lu·aeusened with fresh beer wort in 
the German fashion, rather than 
primed with sugar as the English do. 
Modern cream ales are bottled Ameri­
can lagered ales, and modern steam 
beer is a trademark of the Anchor 
Brewing Co. Ingredients: two-row or 
six-row American barley malt, plus up 
to 10 percent caramel malt and maybe 
some darker malts for extra color. 
Washington Northern Brewer hops 
are preferred. 

California steam beer will not 
have been lagered cold, but may have 
been stored at cellar temperatures (55 
degrees For 13 degrees C) . Original 
extract gravity is 1.044 to 56 or so. 
Alcohol is 4.6 to 5.6 percent by volume. 
20 to 45 IBU. Color 10 to 20 SRM. 
Robert Wahl and Max Henius (au­
thors and founders of the Wahl He­
nius Institute, which conducted stud­
ies ofbeer) gave us their 1908 Califor· 
nia Steam Beer recipe: Original 
gravity 1.044 to 50 including 33 per­
cent adjuncts and sugars, 35 IBU, and 
color as amber as Munich beer, i.e ., 10 
to 20 SRM. Anchor Steam'l'M Beer, 
the only modern version of this brew 
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still being made, is an all -malt beer 
made with pale malt, 10 percent cara­
mel malt and Washington Northern 
Brewer hops . In 1972 this beer had 
the following: 

OG 1 .050 
FG 1.014 
color -14 SRM 

ale 4.6% v/v 
IBU -45 

Traditional American 
Common Beers 

Wahl's Kentucky Common 
Beer recipe: OG 1.040 to 50, 27 IBU 
and 2 percent lactobacillus in the 
yeast. This was a dark beer. It is 
apparent that this was "sour mash" 
beer; that is, the mash was left to 
stand up to 25 hours to lend a tangy, 
acidic flavor. 

Then there's Pennsylvania 
Swankey, flavored with anise seed or 
similar spices, boiled 30 minutes in 
the wort: 1.028 OG and 22 bitterness. 
A lager beer, the "swankey" is a cor­
ruption of the German "Schenk," a 
low-gravity present-use beer. 
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American Sparkling Lager-Ale 

Sparkling lager-ale originated in 
the late 19th century as a lagered and 
bottled ale version of the very pale Bo­
hemian lager beer. Today the bever­
age which was originally called "spar­
kling a le" is not found as such, but is 
called either "American ale" or "cream 
ale": i.e., very pale, cool bottom- or top­
fermented beer (60 to 72 degrees For 
15.5 to 22.2 degrees C), which is cold 
lagered. The term "cream ale" often is 
used instead of sparkling ale as a 
name for this category. This is an 
incorrect use of that name, as we 
noted earlier in our discussion of 
steam beer. 

Alcohol content of American spar­
kling lager-ale is medium, 4.4 to 5.6 
percent by volume. It has minimal 
taste profile, minimal hopping and is 
lacking in hop bouquet. This style, 
when brewed with bottom yeast, as is 
commonly done, is called ''bastard ale" 
in old brewing literature. 

Some beer writers and new brew­
ers are scornful of this style because 
many examples are bottom-fer­
mented, but no matter what yeast is 
used, the warm ferment followed by 
lagering is a distinctive American 
contribution to brewing science. The 
name "American ale" is quite fitting 
because the techrucal term "ale" has 
long been defined in American brew­
ing literature as more pertinent to the 
brewing temperature than to the 
choice of yeast. Some of these beers 
are combinations of top- and bottom­
fermented brews. That is, brewed as 
top-fermented ale, but then kraeuse­
ned with lager wort and yeast. Tradi­
tionally, this beer type had an original 
gravity over 1.052, but today we find 
0Gfi·oml.044 to 56, final gravity from 
1.007 to 1.012, bitterness 10 to 22 
IBU mostly from Washington Clus­
ters, and color 2 to 4.4 SRM. Ingredi­
ents used are similar to American 
standard, but dextrose (corn sugar) or 
corn syrup also is used by some brew­
ers of this beer type. 

Some commercial examples: 

Black Horse Ale: 

OG 1.046 

FG 1.009 

color -6.5 SRM 

ale 4.9% v/v 

IBU - 15 

Carling Red Cap Ale: 
OG 1 .049 ale 4.9% v/v 
FG 1.011 IBU - 15 
color -5.25 SRM 

Labatt's 50 Ale (Canada): 
OG 1.046 ale 4.9% v/v 
FG 1.008 IBU -14 
color -3.9 SRM 

Weinhard's Light American Ale: 
OG 1.048 ale 4.9% v/v 
FG 1.012 IBU -15 
color -5 SRM 

For homebrewers to brew this 
style is almost an exercise in futility, 
because the finished product is re­
warding only in a technical way. This 
beer type is almost impossible to brew 
well using malt extracts, but you 
might try something like this: 
One 3.3-pound can hop-flavored pale 
malt extract. In ascending order of 
happiness use the following malt ex­
tracts to formulate your combination: 
Geordie American light [10 Home­
brew Bittering Units (HBU)], John 
Bull American Beer (10 HBU), Mun­
ton & Fison American Lite (12 HBU), 
and Superbrau Canadian (13 HBU). 
Also add a second 3.3-pound can of 
pale malt extract (hop-flavored if you 
like a slightly hoppier beer). Use three 
packets of Red Star lager yeast, or two 
ofEdme ale yeast. Add 1/2 to 3/4 cup 
corn sugar (3 to 4.5 ounces) at bottling 
time. 

Tlus beer will have an original 
gravity of1 .048, final gravity ofl.Oll, 
and 4.8 percent alcohol by volume. @l 
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Yeast and Beer Styles 
... continue d from page 57 

fermenting some minor sugars ale 
yeasts usually leave alone, and stay­
ing active down as low as 50 degrees F 
(10 degrees C). Flocculation is low to 
medium. The relative neutrality of 
this strain has made it one of the most 
popular liquid ale yeast strains. Use 
for light ales, classic pale ales, IPAs, 
porters and stouts. 

Chicago Ale Yeast (M. e V. Re­
sear ch No. 69) also is a neutral 
American ale yeast. It should be used 
in much the same way as the Chico 
Ale, to which it may be closely related. 

German Ale Yeast (Wyeast No. 
1007) is yet another relatively clean­
flavored yeast, though some complex­
ity is present. This is a true "top­
fermenting" strain, as you'll see when 
you use it, and flocculation is high. 
This, too, is a fine all-purpose yeast. 

Ger man Altbier Yeast (Wyeast 
No. 1338) is a first-class yeast that 
makes a distinct flavor contribution. 
The strength here is rich complexity 
with something of an "edge" to the 
flavor. Because attenuation is not as 
complete as with the preceding ale 
yeasts, you should expect slightly 
more body and a touch more dextrin 
sweetness. Fermentation is consid­
erably slower than with many yeasts, 
though flocculation is high. 

Ger man Altbier Yeast (M. e V. 
Research No. 3) has the same 
"sharp" characteristic as the preced­
ing strain, but is said to attenuate 
somewhat more completely. It works 
especially well for Kolsch-style beers, 
but don't ferment it warm or un­
wanted phenolics may result. 

B r itish Ale Yeast-Whitbr ead 
(Wyeast No.1098, M. eV. Research 
No.9) is a good, well -rounded strain. 
It is especially suited to the sweeter, 
maltier beers such as Northern-style 
bitters, Scotch ales and brown ales. 
Beers tend to be complex rather than 
neutral, and flocculation is medium. 

British Ale Yeast (Wyeast No. 
1028) is a yeast with a distinctive 
complexity. This is another strain 
that you either love or hate. The 
character has been described as 
"woody" and "minerally." Floccula­
tion is medium and some diacetyl is 
produced . Use for bitters, IPAs, 
brown ales, porters and stouts. 

Irish Stout Yeast (Wyeast No. 
1084, M. eV. Research No. 4) is 
another complex strain with slightly 
less attenuation than some yeasts. A 
small amount of residual diacetyl 
complements porters and stouts quite 
nicely. Flocculation is medium and 
attenuation moderately high. Use for 
all stouts and porters. 

Weizenbier Yeast (Wyeast No. 
3056) is an excellent blend of a Sac­
caromyces cerevisiae strain with 
Saccaromyces delbrueckii. It produc­
es tartly refreshing South German­
style wheat beers in the classic style. 
At about four months a "clove" pheno­
lic character becomes increasingly 
evident. Used in a blend rather than 
alone, some of Saccaromyces del­
brueckii's more obstreperous charac­
teristics are held in check during the 
normal life span of the beer. 

Weizenbier Yeast (M. eV. Re­
search No. 33) is a pure Saccaromy­
ces delbrueckii strain for those 
desiring more intensity than they can 
obtain from a blend of strains. 

Wine Yeast Strains 

As indicated earlier, dried yeasts 
are only recommended for high-alco­
hol beers and beers consumed shortly 
after brewing. These wine yeast 
strains are probably the two best va­
rieties for high-alcohol purposes: 

Pasteur Champagne is a widely 
available old standby with a high alco­
hol tolerance. Beers and wines pro­
duced with this yeast tend to be very 
dry and austere. 

K-1is, as the name hints, one of the 
new "killer strains" of wine yeast. 
Such yeasts possess a factor that 
eliminates competing strains of wild 
yeast. This particular strain is noted 
for its neutral character. 

As time passes, of course, yeast 
strains will come andgo(and mutate). 
The list of those available to home­
brewers in 10 or 20 years may bear 
little resemblance to this one, espe­
cially if genetic engineering becomes a 
factor. Whatever happens, I suspect 
the process of choosing a yeast will be 
much the same as now, even if the 
selection has changed. I also suspect 
that it's going to get harder and harder 
for us old-timers to make the next gen­
eration of homebrewers understand 
how bad the yeast selection "used to be 
back in the old days." So be it! !ill) 
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WINNERS CIRCLE 
DAVID EDGAR 

Best of 1989 

m ere they are-the top beers from the world's biggest and best homebrew competition ever. So pick your fa­
vorite styles and try the best examples from the 1989 National Homebrew Competition. 

These are the 21 first-place beers and two first-place meads selected from an unprecedented 975 entries 
received this year- 30 percent more than the number received last year. Never before has the competition 
been this heated. For example, there were 85 entries in the stouts alone and 79 in the Pilsener category. 

This year the Mead category was split into Traditional Mead and Flavored Mead (melomel, pyment, cyser and 
metheglins). Also new this year, first-place ribbons were awarded in each of the three Pale Ale subcategories. The Best 
of Class (best of the three) is printed here and the first-place winners of the remaining two subcategories will be printed 
in Winter zymurgy. 

Everyone can make great homebrew with little difficulty, but many of us ask "How can I make the best?" Here's how. 

1989 AHA National Homebrew 
Competition Statistics 

Based on data from over 850 entries 

Passed to Placed 1st, 
Entered 2nd r ound 2nd, 3rd 

Malt Extract 28% 27% 22% 
Extract + Mash 23% 22% 18% 
All-Grain 49% 51% 60% 

100% 100% 100% 

Passed to Placed 1st, 
Entered 2nd round 2nd,3rd 

Glass fermenters 77% 80% 88% 
Plastic fermenters 20% 17% 6% 
Stainless-steel 

fermenters 3% 3% 6% 

100% 100% 100% 

Passed to Placed 1st, 
Entered 2nd round 2nd,3rd 

Two-stage 
fermentation 72% 75% 77% 

One-stage 
fermentation 28% 25% 23% 

100% 100% 100% 
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1989 BEST OF SHOW 
Sponsored by Munton & Fison, Stowmarket, England 

BELGIAN-STYLE SPECIALTY BEER 

Manneken-Brussels Imports Chimay Award 
Sponsored by Manneken-Brussels Imports, Austin, Texas 

Ingredients for 5 gallons 

First Place 
Paul Prozeller 
Hamden, Connecticut 

Dub bel 
Queens berry 
Framboise 

6 1/2 pounds 2-row pale ale malt 
2 pounds wheat malt 
1 ounce Fuggles hops (60 minutes) 

1 I 3 ounce Challenger hops (20 minutes) 
11 pints raspberries 

1 teaspoon gypsum 
Williams liquid German alt yeast 

• Original specific gravity: 1.055 
• Terminal specific gravity: 1.009 
• Age when judged (since bottling): two months 
• Boiling time: 60 minutes 
• Duration of fermentation: three to four weeks 
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• Approximate temperature offennentntion: 70 
degrees F (21 .1 degrees C) 

• Secondary fermentation: yes 
• Type offennenter: stainless steel 

Brewer's specifics 
Half-hour protein rest at 120 degrees F (48.8 

degrees C). One-hour saccharification rest at 155 degrees 
F (68.3 degrees C). Boil one hour. Primed using 1 quart 
1.052-gravity wort. 

Judges' comments 
"Appropriate aroma. Beautiful color. Excellent beer­

nice and tart. Totally appropriate to style." 
"Powerful raspberry aroma followed by dirty, wet­

stone nuttiness. Lovely salmon-pink color. Cloudiness not 
inappropriate to style. Great berry tartness on entry, but 
wild yeast expressed more as dirtiness than sourness. 
Interested to know what yeast you used. Perhaps some ex­
perimenting with yeast would help, but fine job overall." 

"Raspberry-grainy aroma. Slight haze; beautiful color. 
A nice raspberry blend flavorwise; nice lingering aftertaste. 
Good overall." 

ALT 
Great Fermentations of Santa Rosa Award 

Sponsored by Great Fermentations of Santa Rosa, California 

Ingredients for 5 gallons 
7 pounds Klages malt 

First Place 
Steven Daniel 
League City, Texas 

Accidental Alt 
(or League City 
Ale Part II) 

2 pounds German Vienna malt 
1 pound German light crystal malt 

1 I 2 pound German dark crystal malt 
1 ounce Perle hops (60 minutes) 

1 I 2 ounce Perle hops (30 minutes) 
1 I 4 ounce German Hallertauer hops (one minute) 

Wyeast No. 338 Altbier yeast 
forced C0

2 
to prime 

• Original specific gravity: 1.054 
• Terminal specific gravity: not given 
• Age when judged (since bottling): not given 
• Boiling time: 60 minutes 
• Duration of fermentation: three weeks 
• Approximate temperature offermentation: 68 

degrees F (20 degrees C) 
• Secondary fermentation: none 
• Type of fermenter: stainless steel 
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Brewer's specifics 
Force-carbonated with counterpressure filler. 

Judges' comments 
"Sweet, malty aroma. Nice amber color; good clarity; 

small head. Very mal tyflavor. Lacks hop balance. Smooth. 
Great tasting beer, no off-flavors." 

"Fruity, banana-y aroma. Excellent appearance; crys­
tal clear, tawny brown beer. OK head; slightly light in color. 
Very nice, full-bodied malty brew with an OK smack ofhops 
in flavor, but could use more in beginning. An excellent­
looking altbier." 

"Aroma-malt and esters predominate. Appearance­
very clear, deep amber; little head retention. Flavor­
fruity and malty; rather thin, no apparent hop flavor. 
Overall-good clean beer but not enough hops." 

BARLEY WINE 

Ingredients for 5 gallons 
11 pounds pale ale malt 

First Place 
Clay Biberdorf 
St. Charles, Missouri 

Willy's Best 

4 pounds Alexander's Sun Country malt extract 
3 pounds light dry malt extract 

1 I 2 pound crystal malt 
1 I 2 pound Munich malt 

2 ounces Eroica hops (60 minutes) 
2 ounces Galena hops (40 minutes) 
1 ounce Hallertauer hops (five minutes) 
1 ounce Hallertauer hops (dry hop) 
1 ounce Tettnanger hops (dry hop) 
1 ounce East Kent Golding hops (dry hop) 

Brewer's Choice liquid ale yeast 
Montrachet Champagne yeast 

• Original specific gravity: 1.103 
• Terminal specific gravity: 1.030 
• Age when judged (since bottling): 14 months 
• Boiling time: 60 minutes 
• Duration of fermentation: one week 
• Approximate temperature of fermentation: 66 degrees 

F (18.8 degrees C) 
• Secondary fermentation: three weeks 
• Type of fermenter: glass 

Judges' comments 
"Fruity, estery aroma, more hops than malt at first­

then malty. Light brown color, hazy, great head retention. 
Good malt-bitterness balance. Malty, hitter finish; smooth. 



A good beer although not as complex as some." 
"Malty nose. Head fell quickly, but nice pinpoint 

carbonation. Flavor has a good malty start and the hops 
come through in the finish. Could be a little thicker." 

"Aroma-hops, malt, slight sourness, old hops? Ap­
pearance-tawny, hazy, OK. Flavor-sweet maltiness, big 
hop bite! Overall-big full flavor, good recipe; something is 
slightly off. Try to be cleaner." 

BOCK 

Yakima Valley Hop Growers Trophy 
Sponsored by Yakima Valley Hop Growers, 

Yakima, Washington 

Ingredients for 5 gallons 
15 pounds lager malt 
2 pounds wheat malt 
1 pound toasted barley 
1 pound dextrin malt 
1 pound crystal malt 
1 pound Munich malt 
8 ounces chocolate malt 
4 ounces black patent malt 

First Place 
Ronald Brubaker 
Cincinnati, Ohio 

Stimulator 

3 1 I 2 ounces Hallertauer hops (boil) 
1 I 2 ounce Hallertauer hops (finish) 

2 112 teaspoons gypsum 
2 packets Arauner German lager yeast 

3 I 4 cup corn sugar to prime 

• Original specific gravity: 1.078 
• Terminal specific gravity: 1.020 
• Age when judged (since bottling): 11 months 
• Boiling time: 60 minutes 
• Duration offermentation: 18 weeks 
• Approximate temperature of fermentation: 36 

degrees F (2.2 degrees C) 
• Secondary fermentation: 17 weeks 
• Type offermenter: glass 

Brewer's specifics 
Mix crushed grains with gypsum and 4 gallons water at 

130 degrees F (54.4 degrees C). Stabilize at 120 degrees F 
(48.8 degrees C) and proceed with 30-minute protein rest. 
Add 1112 gallons boiling water and heat to 150 degrees F 
(65.5 degrees C). Hold 15 to 20 minutes. Add heat to raise 
temperature to approximately 160 degrees F (71.1 
degrees C). Hold until conversion is complete (30 to 40 
minutes). Sparge with 4 gallons of 170 degree F (76.6 

degrees C) water using "Zapap" (plastic double-bucket type) 
lauter-tun. Boil one hour. 

Judges' comments 
"Sweet malty aroma; slight phenolic background. 

Color OK, clarity OK, good head retention. Good hops-malt 
balance; both come through. GDod clean aftertaste. GDod 
technique, all components manifest themselves in proper 
proportions." 

"Aroma-very pleasant. Appearance-a little too 
dark; great carbonation. Flavor-I am satisfied, I love the 
balance. Overall-you have done your 'home' work well." 

"Nice aroma. A little too dark; good creamy head. Good 
malt flavor; nice alcohol content. I really like this. It's a bit 
too dark." 

BROWN ALE 

Premier Malt Brown Ale Award Champion 
Sponsored by Premier Malt Products, 

Grosse Pointe, Michigan 

Ingredients for 5 gallons 

First Place 
Thad Smith 
San Francisco, 
California 

Smith 'n' Heller 

6 pounds American pale malt 
5 pounds British pale malt 
1 pound crystal malt 

1 I 2 pound Munich malt 
4 ounces wheat 
1 ounce Kent Golding hops (60 minutes) 
1 ounce Kent Golding hops (30 minutes) 
2 ounces Cascade hops (eight minutes) 
2 ounces Cascade hops (dry hop in secondary) 
1 teaspoon salt 

1 I 2 teaspoon gypsum 
1 I 4 teaspoon citric acid 
1 I 4 teaspoon Irish moss 

Wyeast Chico Ale liquid yeast 
2 I 3 cup corn sugar to prime 

• Original specific gravity: 1.060 
• Terminal specific gravity: 1.020 
• Age when judged (since bottling): four months 
• Boiling time: 60 minutes 
• Duration offermentation: three weeks 
• Approximate temperature of fermentation: 85 

degrees F (29.4 degrees C) 
• Secondary fermentation: one week 
• Type offermenter: glass 
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Brewer's specifics 
Step mash: 20 minutes at 110 degrees F (43.3 

degrees C), 20 minutes at 125 degrees F (51.7 degrees C), 20 
minutes at 135 degrees F (57.2 degrees C), 20 minutes at 
150 degrees F (65.5 degrees C). Base final temperature 
after conversion 175 degrees F (79.4 degrees C). 

Judges' comments 
"Good balance in aroma; slightly hoppy. Good color and 

head. Good balance of flavor. The best so far." 
"Aroma-lacking; needs malt. Appearance-good. Fla­

vor-good balance and conditioning. Overall-nice beer!" 
"Aroma-hops and malt very good. Appearance­

excellent color, brilliant clarity, good head retention. Fla­
vor-very good malt; very good to excellent hops; very good 
balance; good conditioning. Smooth, not lingering 
aftertaste." 

CONTINENTAL DARK 
Dave Line Memorial Trophy 

Sponsored by Crosby & Baker, Westport, Massachusetts 

Ingredients for 5 gallons 

First Place 
Ross Herrold 
La Porte, Indiana 

Lady of the 
Morning 

4 pounds Alexander's pale malt syrup 
2 pounds dark diastatic malt extract 

1 I 2 pound crystal malt 
1 ounce Hallertauer hops (60 minutes) 

1 I 2 ounce Cascade hops (60 minutes) 
1 ounce Hallertauer hops (30 minutes) 

1 I 2 ounce Willamette hops (30 minutes) 
1 ounce Hallertauer hops (one minute) 

Wyeast Pilsener lager liquid yeast 
3 I 4 cup dextrose to prime 

• Original specific gravity: not given 
• Terminal specific gravity: 1.013 
• Age when judged (since bottling): four months 
• Boiling time: 60 minutes 
• Duration of fermentation: seven weeks 
• Approximate temperature offennentation: 50 

degrees F (1 0 degrees C) 
• Secondary fermentation: six weeks at 30 to 40 

degrees F (-1.1 to 4.4 degrees C) 
• Type offermenter: glass 

Brewer's specifics 
Top-up water preboiled and prechilled. 
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Judges' comments 
"Orange-pineapple aroma with hoppy backdrop. Per­

fect color; good clarity. Nice creamy head. Chocolate tones 
overtaken by gassiness, aggressive carbonation. Nice 
creaminess. Mid taste falls off at finish." 

"Lovely, balanced aroma (some yeast here). Excellent­
looking beer. Dry flavor. Needs more of everything (espe­
cially malt). Clean, no fermentation flaws, just needs 
more." 

"Slightly fruity aroma; nice malt, hops OK. Good 
appearance. Flavor slightly diacetyl, slightly fruity. Needs 
hops; balance OK, slightly sharp, aftertaste fades fast. A 
good beer, but thin. Tastes a bit old and slightly fruity. 
Could call it continental dark dry." 

CREAM ALE 
The Wine Works Trophy 

Sponsored by The Wine Works, Denver, Colorado 

Ingredients for 6 gallons 
8 1 I 2 pounds pale malt 

1 I 2 pound Munich malt 

First Place 
Rodney Howard 
Oakley, California 

Colby's Cream Ale 

1 I 3 ounce Eroica hop pellets (60 minutes) 
1 I 3 ounce Eroica hop pellets (45 minutes) 
1 I 3 ounce Galena hop pellets (30 minutes) 
1 I 3 ounce Galena hop pellets (15 minutes) 

1 ounce Fuggles hops (finish) 
1 ounce Tettnanger hops (dry hop) 

1 I 2 pound flaked rice 
1 packet Whitbread lager yeast 

forced C02 to prime 

• Original specific gravity: 1.050 
• Terminal specific gravity: not given 
• Age when judged (since bottling): five months 
• Boiling time: 60 minutes 
• Duration of fermentation: four weeks 
• Approximate temperature offermentation: 70 

degrees F (21.1 degrees C) 
• Secondary fermentation: three weeks at 45 degrees F 

(7.2 degrees C) 
• Type offermenter: glass 

Brewer's specifics 
Heat water to 156 degrees F (68.8 degrees C). Add 

grains. Reheat to 156 degrees F (68.8 degrees C) and hold 
for 45 minutes. Start testing for starch conversion after 15 
minutes. Once conversion is complete start sparging by 



Homebrewing can be a lot of fun. It has the added advantage too that you can actually save quite a lot of 
money. You don't have to be a heavy or even regular drinker to appreciate the difference between what your 
homebrew will cost and the price you'd pay in bars. But a word of caution. Make sure the quality of your beer 
is good. Many homebrew kits call for the use of large quantities of sugar which 'cheapens' the beer and delays 
fermentation, increasing the danger of 'wild yeast' contamination which ruins the beer. Avoid such kits. Use 
Kwoffit and a brew a fine quality real beer. That way you'll enjoy the savings you make! 

Available from your local homebrew retailer. Kwoffit homebrew kits are made by ltona Products Limited, 
Leyland Mill Lane, Wigan, England and imported into the US by BIERHAUS INTERNATIONAL INC., 3721 
West 12th Street, Erie, PA 16505 and WINES INC., 1340 Home Avenue, Suites H-L, Akron, OH 44310. 



filling sparge vessel with 172-degree-F (77.7-degree-C) 
water 1 inch above false bottom. Add grains and wort until 
full. Recirculate wort until clear. Flow wort into boiler until 
wort in sparge is 2 inches above a level grain bed. Start the 
flame on the boiler. Slowly start the flow of 1 72-degree-F 
(77.7-degree-C) water over the grain bed until the specific 
gravity of the wort exiting the vessel is 1.008 or less. Boil. 
Ferment at 65 degrees F (18.3 degrees C). 

Begin secondary fermentation at 50 degrees F (10 
degrees C), drop temperature no more than 5 degrees F ( -15 
degrees C) per day. Age at 41 degrees F (5 degrees C) for 
three weeks. 

Judges' comments 
"Clean, light, fruity nose. Dense, fine head, full bead, 

distinct haze. Malty and corny character, appropriate light 
hoppy aftertaste. Slight astringency. Very close to 
Genesee! Excellent." 

"Corny aroma, slight medicinal character. Yellow 
color, slight haze, good head. Corny start with a slightly 
malty finish. Good hop balance. Good example of a cream 
ale, good balance, clean finish." 

"Lightly fruity aroma; innocuous aroma typical for 
style; no off-aromas noted. Creamy white head; good clarity 
and color; nice beading. Fruity-happy flavor; slightly sour 
and bitter in the finish; light body; full carbonation. This is 
a very good ale. The appearance is excellent. The beer is 
slightly overhopped and the finish is a little sour, maning 
what would otherwise be excellent." 

EXPORT 

DeFalco Wine & House Beer Trophy 
Sponsored by DeFalco Wine & House Beer, Dallas, Texas 

Ingredients for 10 gallons 

First Place 
Todd Hanson 
Sheboygan, Wisconsin 

Reagan Knew 

17 pounds Schreier two-row pale malt 
1 1 I 3 pounds Munich malt 

2 I 3 pound wheat malt 
1 I 3 pound caramel malt (40 degree Louibond) 
3 I 8 ounce Northern Brewer (90 minutes) 
1 I 2 ounce Hallertauer (60 minutes) 
3 I 8 ounce Northern Brewer (60 minutes) 
3 I 8 ounce Hallertauer (30 minutes) 
3 I 8 ounce Tettnanger (30 minutes) 
1 I 2 ounce Hallertauer (finish) 
114 ounce Tettnanger (finish) 
1 I 4 ounce Cascade (finish) 

1 ounce gypsum (for 25 gallons soft water) 
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Red Star lager yeast 
forced CO2 to prime 

• Original specific gravity: 1.054 
• Tenninal specific gravity: 1.022 
• Age when judged (since bottling): two months 
• Boiling time: 120 minutes 
• Duration offermentation: seven weeks 
• Approximate temperature of fermentation: 52 degrees 

F (11.1 degrees C) 
• Secondary fermentation: five weeks 
• Type offermenter: glass 

Brewer's specifics 
Mash: protein rest at 122 degrees F (50 degrees C) for 

45 minutes; boost to 155 to 156 degrees F (68.3 to 68.8 
degrees C) for 16 minutes; rest at 155 to 156 degrees F (68.3 
to 68.8 degrees C) for 35 minutes; boost to 170 degrees F 
(76.6 degrees C) for eight minutes. Sparge: 2 3/4 hours; 
wort collected to 1.003 starting gravity. 

Judges' comments 
"Excellent hoppy aroma, no skunkiness. Very good 

appearance; minimal head retention. Good body, clean 
taste. Excellent, best yet. Excellent aftertaste; seems to 
have an English hop aroma." 

"Aroma- nice and clean. Appearance- filtered and 
clear. Flavor-a little too much like an ale. Overall-very 
nice; well-made." 

"Great clarity; weak on head retention. Flavor on the 
sweet side, weak on hops. Smooth but not crisp enough. 
Very drinkable, very good." 

FRUIT BEER 
Purple Foot Trophy 

Sponsored by The Purple Foot, Milwaukee, Wisconsin 

Ingredients for 5 gallons 

First Place 
David G. Hammaker 
Roaring Spring, 
Pennsylvania 

Cherry Ale 

6 pounds English light malt extract 
1 I 2 ounce Bullion hop pellets (45 minutes) 

1 ounce Hallertauer hop pellets (10 minutes) 
10 pounds sweet cherries · 
2 packets Red Star ale yeast 

314 cup corn sugar to prime 

• Original specific gravity: not given 
• Terminal specific gravity: not given 
• Age when judged (since bottling): four years 



• Boiling time: 60 minutes 
• Duration of fermentation: 12 weeks 
• Approximate temperature of fermentation: 

60 degrees F (15.5 degrees C) 
• Secondary fermentation: 10 weeks 
• Type offermenter: glass 

Brewer's specifics 
After boil, pour wort over cherries. Cool and add yeast. 

After two weeks, transfer to secondary. 

Judges' comments 
"Fabulous cherry-malt aroma. Quite clear. Bold 

cherry component needs time to blend with malt. Some 
diacetyl character but appropriate for style. Mouth-coat­
ing. Could use a bit more hops." 

"A good blend ofhops-malt-cherries; one aroma doesn't 
overpower the others. Clear; good head retention. A slight 
hop flavor along with the cherry tartness. Slightly acidic." 

"Aroma-strong and clean. Appearance-very bright. 
Flavor-wonderful balance and flavor. Overall-dandy." 

HERB BEER 

The Home Brewery Herb Ale Award 
Sponsored by The Home Brewery, Fontana, California 

Ingredients for 5 gallons 

First Place 
Mark C. Fjeld 
West Valley City, Utah 

Friendly Spruce 
Lager 

4 pounds Mountmellick light lager hopped malt 
extract 

1 I 2 ounce Tettnanger hops (1 0 minutes) 
4 pounds clover honey 
2 packets Mountmellick Kit Lager yeast 
1 pint jar new spruce growth 

3 I 4 cup corn sugar to prime 

• Original specific gravity: 1.036 
• Terminal specific gravity: 1.004 
• Age when judged (since bottling): 12 months 
• Boiling time: 60 minutes 
• Duration of fermentation: three weeks 
• Approximate temperature offermentation: 74 

degrees F (23.3 degrees C) 
• Secondary fermentation: none 
• Type offermenter: glass 

Brewer's specifics 
Honey added at beginning ofboil. Spruce growth added 

with hops. 

Judges' comments 
"Nice fresh aroma. Spruce is apparent; very pleasant. 

Pretty beer; greenish tinge. Nice and clear. Good beading 
[of head] . Nice flavor from spruce; resiny. Sweet but not 
cloying-smooth. It's like Christmas trees! Very good 
beer." 

"Spruce and honey aroma. Very clear--excellent clar­
ity. Frothy, creamy head with good beading. Nice tang of 
spruce; it does taste like spruce. Well-balanced beer. Very 
pleasing and refreshing beer!" 

"Surprising, like a walk in the woods. Sweet up front, 
dry finish. Very good, refreshing, crisp." 

MUNICH 
Wines Inc. Trophy 

Sponsored by Wines Inc., Akron, Ohio 

Ingredients for 5 gallons 
6 pounds lager malt 

First Place 
Steven Daniel 
League City, Texas 

League City 
Munich 

2 1 I 2 pounds German Vienna malt 
1 pound German light crystal malt 
1 cup German dark crystal malt 

3 I 4 ounce Hallertauer hops (60 minutes) 
1 I 2 ounce Hallertauer hops (30 minutes) 
1 I 2 ounce Saaz hops (1 minute) 

1 teaspoon gypsum 
Wyeast No. 308 German lager liquid yeast 
forced C0

2 
to prime 

• Original specific gravity: 1.052 
• Terminal specific gravity: not given 
• Age when judged (since bottling): not given 
• Boiling time: 60 minutes 
• Duration of fermentation: four weeks 
• Approximate temperature of fermentation: not given 
• Secondary fermentation: none 
• Type offermenter: stainless steel 

Judges' comments 
"Nice color and clarity. A sweet malt flavor; needs more 

hops for crispness. Smooth but needs more crispness." 
"Clean aroma, not much of a malt or hop bouquet 

coming through. Good color. Excellent clarity. Head 
retention could be better. Slightly sweet and not a bad beer; 
good flavor and clean ferment." 
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Paul Prozeller 
1989 Homebrewer of the Year 

P.ul Pro"ll" of 
Hamden, Conn., won the 
1989 AHA Homebrewer of 
the Year Award with his 
Dubbel Queensberry 
Framboise. Prozeller's 
award-winning beer is a 
Belgian-style Iambic 
specialty beer made with 
an all-grain recipe. 

Prozeller has an all­
stainless, 1 0-gallon gas­
fired brewery that he 
designed himself, but even 
the best equipment doesn't 
solve all a brewer's prob­
lems. He used 25 percent 
malted wheat in his brew, 
and the mash bed fell 
during runoff. This is a 
typical problem with 
malted wheat. The 
particles are small and 
tend to clog the holes in the 
bed. He stin·ed the mash 
and re-established the bed, 
but it still took him three 
hours to run off only five 
gallons of wort. 

Prozeller chose rasp­
belTies for two reasons: 
(1) they have a high citric 
acid content and don't 
oxidize as quickly as fruits 
such as strawberries and 
chenies, and (2) they are 
typical of Belgian Lambie 
beer. Prozeller has accum­
ulated some interesting 
information about brewing 
with fruits. Because fruits 

LAURA ALLBRITIEN 

have a high dextrin 
content, they take longer 
to ferment. However, they 
also keep well because 
some of the dextrins feed 
the yeast strain he uses 
during bottle conditioning. 

He also has discovered 
that waiting until the 
secondary fermentation to 
add fruit is the way to max­
imize fruit flavor and 
aroma in a beer. The 
essence of the raspbelTy is 
"locked up" in higher al­
cohols. These aromatic 
qualities are very volatile 
and evaporate quickly. 
Prozeller found that the 
action from C0

2 
creation in 

primary fennentation 
"scrubbed" the aroma out of 
his beer. "It literally goes 
out the airlock," he says. 
"During secondary fermen-
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tation the C0
2 

is much 
less active and more fruit 
essence is retained in both 
the bouquet and the taste 
of the beer." Prozeller 
leaves his framboise in 
secondary fermentation for 
a minimum of three weeks, 
and finds that up to two 
months is beneficial. 

The story of Paul 
Prozeller's entrance into 
competition is interesting. 
From fall1987 through 
spring 1988, he worked 
on weekends for the 
Manhattan Brewing Co. in 
New York, just for fun. 
The company had a small 
festival of its own after 
that year's Great American 
Beer Festival, and Chris 
Brooks attended. Brooks 
is a beer critic who writes 
for Food and Wine and 

Travel and Leisure 
magazines. Brooks tasted 
one ofProzeller's home­
brews and suggested 
that he enter one in 
competition. 

"Up until that time, I 
had been a little afraid of 
competing. I didn't know 
how to go about it or what 
was involved," says 
Prozeller. His third place 
in a Belgian category last 
year inspired him to try 
harder this year, with 
obvious results. 

Prozeller got involved 
in homebrewing in college. 
He says it appealed to him 
because, "It was an oppor­
tunity to create something 
of my very own-some­
thing completely individ­
ual." He'd like to pursue a 
career in brewing or 
microbrewing because he 
enjoys it so much. Right 
now he's working on 
building an automatic 
bottle washer by convert­
ing a dishwasher he 
purchased at a scratch­
and-dent sale. Presumably 
he'll need lots of clean 
bottles when he enters next 
year's competition. 

Editor's Note: Paul will 
be flown to Boulder, 
Colo., to brew a com­
mercial-size batch of his 
winning recipe at the 
Boulder Brewery, 
sponsor of this year's 
brewery trip prize. 



PALE ALE 
BEST OF CLASS 
Ed me Centenary Trophy 

Sponsored by Edme Ltd., Mistley, Manningtree, England 

Ingredients for 5 gallons 
8 pounds Klages malt 
8 ounces crystal malt 

First Place 
Norman Hardy 
Seattle, Washington 

Cascade Bitter 
(British Bitter) 

2 ounces Cascade hop pellets (45 minutes) 
1 ounce Rogers Go/dings hops (simmered 15 minutes) 
8 ounces brown sugar 
2 teaspoons gypsum 

Wyeast No. 1028 British Ale liquid yeast 
2 I 3 cup corn sugar to prime 

• Original specific gravity: 1.046 
• Terminal specific gravity: 1.013 
• Age when judged (since bottling): two months 
• Boiling time: 75 minutes 
• Duration of fermentation: three weeks 
• Approximate temperature of fermentation: 65 

degrees F (18.3 degrees C) 
• Secondary fermentation: 12 days 
• Type offermenter: glass 

Brewer's specifics 
Step-temperature mash: 132 to 136 degrees F (55.5 to 

55.7 degrees C) for 60 minutes (2 118 gallons); 152 to 150 
degrees F ( 66.6 to 66.5 degrees C) for 15 minutes (3 gallons); 
158 to 152 degrees F (70 to 66.6 degrees C) for 55 minutes; 
168 degrees F (75.5 degrees C) for 5 minutes. Sparge: 168 
degrees F (75.5 degrees C) in double-bucket "Zapap"-style 
Iauter tun. 

Judges' comments 
ccvery nice hop aroma followed by malt. Good color. 

Excellent head retention-maintained for 15 minutes. 
Very well-balanced beer--clean. An excellent beer." 

"Hop nose comes through clean with good malt aroma. 
If anything maybe a little more finishing hops. Color and 
clarity excellent-what else can I say? Flavor has great 
balance between malt and hops, no graininess evident. 
Very drinkable; no off-flavors. Well-crafted. Keep up the 
good brewing techniques ." 

"Aroma-fruity; malt and hops balanced nicely. Ap­
pearance-very clear. Flavor--excellent balance; clean. 
Excellent overall product. Keep up the good work." 

PILSENER 
Alexander's Pilsener Trophy 

Sponsored by California Concentrates, Acampo, California 

Ingredients for 5 gallons 
6 pounds 6-row lager malt 

First Place 
Eric McClary 
Carson City, Nevada 

Oasis Lager 

1 I 2 pound toasted 6-row lager malt 
1 I 2 ounce Saaz hop pellets (60 minutes) 
1 I 4 ounce Saaz hop pellets (30 minutes) 
1 I 4 ounce Saaz hop pellets (finish) 

1 1 I 2 pounds long-grain rice, ground and gelatinized 
Wyeast No. 2035 New Ulm lager yeast 

1 teaspoon gelatin finings 
1 cup dextrose 

• Original specific gravity: 1.045 
• Terminal specific gravity: 1.011 
• Age when judged (since bottling): three months 
• Boiling time: 60 minutes 
• Duration of fermentation: 3112 weeks 
• Approximate temperature offermentation: 55 

degrees F (12.7 degrees C) 
• Secondary fermentation: two weeks 
• Type offermenter: glass 

Brewer's specifics 
Toasted malt prepared by heating five minutes at 350 

degrees F (1 76.6 degrees C). 
Modified decoction mash: mash in at 120 degrees F 

(48.8 degrees C) for 45 minutes; add rice cooked in 1 112 
gallons water to raise mash temperature to 135 degrees F 
(57.2 degrees C); add additional1112 gallons boiling water 
[200 degrees F (93.3 degrees C)] to raise temperature to 149 
degrees F (65 degrees C) over 30-minute period. Hold 45 
minutes until conversion. 

Sparge at 170 degrees F (76.6 degrees C). Finishing 
hops steeped for 15 minutes after boil. Gelatin finings 
added last five days of ferment. 

Judges' comments 
"Aroma-fine. Appearance-very nice, very clear; 

thick head. Flavor-slight astringency, but should fall out 
in short amount of time. Bitter aftertaste. Overall-very 
good beer." 

"Good color, good clarity. Excessive head. Hop flavor 
appropriately light. Extremely carbonated, even for class. 
Aftertaste too hoppy." 

"Slightly skunky-hoppy. Slight haze--color OK, head 
OK. Clean taste, good hop balance. Skunkiness went away 
after awhile." 
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PORTER 

The Brass Corkscrew Award 
Sponsored by The Brass Corkscrew, Seattle, Washington 

Ingredients for 5 gallons 
10 pounds Klages pale malt 

First Place 
Grant Johnston 
Berkeley, California 

Packer Porter 

2 pounds light crystal malt 
1 I 4 pound black patent malt 
1 I 4 pound chocolate malt 
1 I 4 pound roasted barley 
1 I 2 ounce Chinook hops (60 minutes) 

1 ounce Cascade hops (15 minutes) 
1 1 I 3 ounces Cascade hops (finish) 

1 teaspoon Irish moss 
Sierra Nevada ale yeast 

3 I 4 cup dextrose to prime 

• Original specific gravity: 1.053 
• Terminal specific gravity: 1.017 
• Age when judged (since bottling): 3 112 months 
• Boiling time: 60 minutes 
• Duration of fermentation: three weeks 
• Apprmamate temperature of fermentation: 60 

degrees F (15.5 degrees C) 
• Secondary fermentation: two weeks 
• Type offermenter: glass 

Brewer's specifics 
Add grains to 13 quarts 184-degree-F (84.5-degree-C) 

water. Stabilize to 158 degrees F (79.4 degrees C), hold for 
one hour. Sparge with 5 112 gallons 175 degrees F (79.4 
degrees C) water and collect 6112 gallons wort. Bring to full 
boil and add Chinook hops. Boil30 minutes. Add Irish moss 
and boil15 more minutes. Add 1 ounce Cascade hops and 
boil15 more minutes. Turn off heat. Add 1 113 ounces 
Cascade and let soak 30 minutes. 

Force cool to 80 degrees F (26.6 degrees C), pitch starter 
in 6 112-gallon carboy, and siphon wort over. Let ferment 
until head falls and rack to 5-gallon carboy. Condition at 
least four weeks. 

Judges' comments 
"Aroma has very slight DMS, but nice hops; a bit light 

on malt. Beautiful; small bubbles, long-lasting head. Clean 
flavor . Full and delicious. Beautiful mouth feel. Perfect 
marriage of malt-hops and roasted-sweet; fantastic!" 

"Wonderful aroma, malt and hops well-balanced. Per­
fect appearance. Nice and roasty flavor. Hops well-bal­
anced. The best so far. Great beer. What a porter should 
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be. Would like to drink a few with you at the pub. Great 
porter." 

"Nice malt and hops nose. Good appearance. Very nice 
flavor, just a little thin; needs more body. Excellent job!" 

RAUCH 

Jim's Homebrew Supply Shop Award 
Sponsored by Jim's Homebrew Supply Shop, 

Spokane, Washington 

Ingredients for 3 gallons 

First Place 
Jeffrey Sternfeld 
Santa Rosa, California 

Cerveza Ahumar 

2 pounds mesquite-smoked Klages malt 
2 pounds Klages malt 

1 1 I 2 pounds Munich malt 
1 I 2 pound crystal malt (40 degrees Lovibond) 
1 I 2 pound cara-pils malt 
1 I 3 ounce Hallertauer hops (60 minutes) 
2 I 3 ounce Hallertauer hops (30 minutes) 
1 I 2 ounce Spalz hops (30 minutes) 
1 I 2 tablespoon Irish moss · 
1 I 2 teaspoon calcium sulfate 

Whitbread ale yeast 
3 ounces corn sugar to prime 
6 ounces lactose to prime 

• Original specific gravity: 1.045 
• Terminal specific gravity: not given 
• Age when judged (since bottling): three months 
• Boiling time: 90 minutes 
• Duration of fermentation: eight days 
• Approximate temperature offermentation: 60 

degrees F (15.5 degrees C) 
• Secondary fermentation: none 
• Type offermenter: glass 

Brewer's specifics 
Smoke 2 pounds malt in kettle barbecue with mesquite 

smoking chips. 
Mash grains in 7 quarts water (with calcium sulfate 

added) at 158 to 160 degrees F (70 to 71.1 degrees C) for 90 
minutes. Raise temperature to 170 degrees F (76.6 
degrees C); rest five minutes. Sparge with 3.5 gallons water 
at 185 degrees F (85 degrees C). 

Boil: 30 minutes with Irish moss, 30 minutes with 113 
ounce Hallertauer hops, and 30 minutes with 213 ounce 
Hallertauer and Spalz hops. Cool wort and pitch yeast in 
five -gallon carboy. 

Ferment eight days at 60 degrees F (15.5 degrees C). 



Lager in refrigerator two weeks. Bottle with priming sugar 
and 1110 ounce Whi thread ale yeast. 

Judges' comments 
"Smoky aroma. Great color, good head retention. 

Flavor great for category. Smoke comes through real good. 
Very drinkable-! like it." 

"Aroma-very appropriate for style. Appearance-a 
slight haze. Flavor-excellent. Overall-a delightful fla­
vor, great finish ." 

"Smoky bouquet overpowers malt-hops. Slightly 
cloudy. Nice balance, good flavor ." 

SCOTCH ALE 
Wine and Hop Shop Award 

Sponsored by Wine and Hop Shop, Denver, Colorado 

Ingredients for 6 gallons 

First Place 
Ronald Page 
Middletown, 
Connecticut 

Butterscotch, aka 
Stone Church Ale 

3 1 I 3 pounds Munton & Fison amber malt extract 
3 1 I 3 pounds John Bull light malt extract 

12 pounds pale malt 
6 ounces crystal malt 
6 ounces Munich malt 
6 ounces Vienna malt 
3 ounces dextrin malt 
2 ounces Cascade hops (90 minutes) 

3 I 4 ounce Cluster hops (90 minutes) 
3 I 4 ounce Willamette hops (90 minutes) 
1 I 2 ounce Chinook hops (90 minutes) 

2 ounces Tettnanger hops (dry hop) 
Edme ale yeast 

5 1 I 4 ounces white sugar to prime 

• Original specific gravity: 1.108 
• Terminal specific gravity: 1.017 
• Age when judged (since bottling): 3 112 months 
• Boiling time: 90 minutes 
• Duration of fermentation: 25 weeks 
• Approximate temperature offermentation: 55 to 

60 degrees 
• Secondary fermentation: 3 to 5 months 
• Type offermenter: plastic primary, glass secondary 

Brewer's specifics 
Infusion mash. Store in secondary 3 to 5 months. 
(Editor's note: The above recipe is an approximation 

by the brewer. Here are his notes on the actual method.) 
"I make my Scotch in the fall, drawing off five gallons 

from a 25- or 30-gallon batch of IPA. To this five gallons I 
add a measured quantity ofunhopped malt extract, which 
serves the purpose of increasing the alcoholic content, 
darkening the color and moving the total beer balance from 
the hoppy to the malty. Three to five months is the proper 
aging time in secondary." 

Judges' comments 
"Complex aroma! Good combination of fruit, malt. 

Head didn't last long. Nice chocolate brown color. Good 
initial sweetness, good fruity activity in flavor. An excellent 
beer! Keep up the good work." 

"Malty nose not present; interesting fruity quality in 
nose, possibly from yeast strain. A little dark for style; nice 
head, but dissipated rapidly. Nice malty aftertaste that 
lasts . Hop and malt balance ideal for style; a bit oflicorice 
flavor." 

"Big nose, enough malt character and tons of stewed 
fruit aromas. Head falls, but generally well made. Big malt 
sweetness is right on, good balance with a tinge of heat. 
Good brew, hard to fault. It may need more time in the 
bottle to show its best." 

SPECIALTY BEER 

Buffalo Bill's BrewpubTM Award 
Sponsored by Buffalo Bill's BrewpubTM, Hayward, California 

Ingredients for 5 gallons 

First Place 
Victor Gottlieb 
Manakin-Sabot, 
Virginia 

Gottlieb's Victory 
Beer No.ll 

3 1 I 3 pounds Munton & Fison light malt extract 
3 pounds Wines Inc. amber dry malt extract 

1 1 I 2 cups cracked crystal malt 
2 ounces Willamette hops (50 minutes) 
1 ounce Cascade hops (50 minutes) 

1 I 2 ounce Willamette hops (five minutes) 
1 I 3 ounce Hallertauer hop pellets (five minutes) 
1 I 3 ounce Saaz hop pellets (five minutes) 

6 home-grown Chinook hop cones (five minutes) 
4 1 I 4 pounds orange-blossom honey 

1 packet Edme ale yeast 
314 cup corn sugar 

• Original specific gravity: not given 
• Terminal specific gravity: not given 
• Age when judged (since bottling): four months 
• Boiling time: 50 minutes 
• Duration of fermentation: four weeks 
• Approximate temperature offermentation: 60 

degrees F (15.5 degrees C) 
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• Secondary fermentation: two weeks 
• Type offermenter: glass 

Brewer's specifics 
Heat crystal malt to boiling in 16 ounces water. Strain 

malt and add water to 1112 gallons water. Add extract and 
boiling hops. Boil 50 minutes. 

Turn off heat. Add honey immediately. After 10 
minutes, add 112 ounce Willamette hops. Steep three 
minutes and add 113 ounce Hallertauer pellets. Steep two 
minutes and sparge. 

Dry hop on eighth day. Rack to secondary at two weeks, 
bottle at four weeks. 

Judges' comments 
"Aroma-alcoholic, malty; initial hop aroma was clean. 

Appearance-<ouldn't get much better; wonderful color, 
clear, nice head. Flavor-very smooth; initial sweetness 
well-balanced with hop dryness. Overall-very drinkable; 
well-made beer." 

"Beautiful aroma-floral, hoppy, with a slight hint of 
malt underneath and a tang of honey. It's a beauty-what 
more can I say? Quite malty. Expected a little more hop 
bitterness. A well-balanced beer. Send me a case! And the 
recipe!" 

"Alcoholic [aroma], aromatic. Very good color, beading 
and head retention. Malty flavor with dryness bordering on 
caramelized. Good balance. Drinkable-a keeper-good 
job." 

STEAM 

Anchor Steam~ Beer Cup 
Sponsored by Anchor Brewing Co., San Francisco, California 

Ingredients for 5 gallons 

First Place 
Stephen Morelli 
Portland, Oregon 

Fat Brothers 
Original American 

7 pounds Steinhart's light malt extract syrup 
8 ounces crystal malt (40 degrees Lovibond) 
1 ounce Chinook (60 minutes) 

1 I 2 ounce Cascade (60 minutes) 
1 ounce Cascade (10 minutes) 

Wyeast lager liquid yeast 
3 I 4 cup dextrose 

• Original specific gravity: 1.040 
• Terminal specific gravity: not given 
• Age when judged (since bottling): 6 112 months 
• Boiling time: 90 minutes 
• Duration of fermentation: two weeks 
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• Approximate temperature of fermentation: 65 
degrees F (18.3 degrees C) 

• Secondary fermentation : one week 
• Type of fermenter: glass 

Brewer's specifics 
Steep crystal malt with 1 gallon water, bring to boiling 

point. Strain out grains. Add 1 gallon preboiled water and 
malt extract; boil 30 minutes. Add bittering hops; boil 50 
minutes. Add finishing hops; boil10 minutes. 

Pour wort into carboy containing 2 112 gallons pre­
boiled chilled water. Top off and pitch yeast. After one week 
rack to secondary fermenter. Bottle after another week. 

Judges' comments 
"Good hop aroma. No haze, good appearance. Full hop 

flavor and malt flavor. Very good. No off-flavors." 
"Nice malty nose. Head retention is very good. Nice 

malt and hop balance. A bit too alcoholic. Very drinkable." 
"Nice hop aroma, with some malt. A bit murky. Some 

sourness, but the bitterness really has my tongue in a 
headlock." 

STOUT 

Coal Black Kidney Award 
Sponsored by Great Fermentations of Marin, California 

Ingredients for 2 112 gallons 

First Place 
Rande L. Reed 
Milwaukee, Wisconsin 

Fountainhead 
Black Magic 
(Imperial Stout 
Style) 

3 1/3 pounds Munton & Fison Old Ale kit malt extract 
21/2 pounds Munton & Fison light dry malt extract 

6 ounces black patent malt 
6 ounces roasted barley 
6 ounces caramel malt (40 degrees Lovibond) 

1112 ounces Nugget hops (60 minutes) 
1 I 2 ounce Nugget hops (1 0 minutes) 

1 1 I 2 teaspoons gypsum 
1 packet Red Star Champagne yeast 
2 ounces corn sugar to prime 

• Original specific gravity: 1.101 
• Terminal specific gravity: 1.036 
• Age when judged (since bottling): four months 
• Boiling time: 60 minutes 
• Duration offermentation: seven weeks 
• Approximate temperature offermentation: 70 

degrees F (21.1 degrees C) 
• Secondary fermentation: six weeks 
• Type offermenter: glass 



Brewer's specifics 
Crush grains and add to 3 quarts cold water . Slowly 

raise temperature to gentle simmer for 10 minutes. Sparge 
with 2 quarts hot water. Add to brewpot to make 3 gallons 
total liquid. Heat to boil and add malt extract. 

Judges' comments 
"Aroma-diacetyl and malt, OK for style; pleasant. 

Appearance-deep black-brown with beautiful head. Fla­
vor-well-balanced, very rich winter warmer. Overall­
give me more!" 

"Caramel, butterscotch sundae aroma. Rich, dark, 
creamy head. Sweet but not cloying flavor; light on grain. 
I enjoyed this brew; it was balanced, strong, inviting." 

"Nice aroma. Good head and color. Full of flavor. 
Definitely a winter warmer in good balance." 

VIENNA 

Frank H. Steinhart Memorial Award 
Sponsored by F.H. Steinbart, Portland, Oregon 

Ingredients for 7 gallons 

First Place 
Charlie Olchowski 
Greenfield, 
Massachusetts 

Does Ek Ki? 

6 1 I 4 pounds M unton & Fison Lager malt 
5 pounds lreks Munich malt 

1 1 I 2 pounds Munton & Fison cara-pils malt 
1 pound M unton & Fison crystal malt 

1 I 2 pound lreks Vienna malt 
1 3 I 4 ounces Tettnanger hops (boil) 

3 I 4 ounce Hallertauer (boil) 
3 I 4 ounces Tettnanger hops (finish) 
3 I 8 ounce Hallertauer (finish) 

Wyeast No. 2308 liquid yeast 
3 I 4 cup corn sugar syrup 

• Original specific gravity: 1.052 
• Terminal specific gravity: 1.012 
• Age when judged (since bottling): eight months 
• Boiling time: 90 minutes 
• Duration of fermentation: 15 weeks 
• Approximate temperature offermentation: 48 to 33 

degrees F (8.8 to .5 degrees C) 
• Secondary fermentation : 14 weeks 
• Type offermenter: glass 

Brewer's specifics 
Two-step upward infusion mash . Raise temperature to 

122 degrees F(50 degrees C), hold one hour. Raise tempera­
ture to 154 degrees F (67.7 degrees C), hold one hour. 

Judges' comments 
"Malty nose. Good color. Sweet malty flavor, finishes 

smooth. A very good beer. Slightly sweet." 
"Aroma-nutty; not the true 'Munich malt' aroma. 

Appearance-A-!. Flavor-sweet but well-balanced for 
category. Overall-a fine beer; aroma and overcarbonation 
are my only problem." 

"Malty aroma. A bit overcarbonated at opening. Malty 
sweet flavor, could use more bitterness to help balance it 
out. Nice malty sweetness yet a bit overpoweringly sweet." 

WHEAT BEER 

Wheat Growers Challenge Cup 
Sponsored by National Association of Wheat Growers 

Foundation, Washington, D.C. 

Ingredients for 5 gallons 
5 pounds malted wheat 
4 pounds Klages pale malt 

First Place 
Grant Johnston 
Berkeley, California 

American Dark 
Wheat 

3 I 4 pound Munich malt (light) 
1 I 2 pound crystal malt (40 degrees Lovibond) 

2 ounces chocolate malt 
2 ounces roasted barley 
1 ounce Tettnanger hops (60 minutes) 

112 ounce Hallertauer hops (30 minutes) 
1 I 3 ounce Tettnanger (finish) 
1 I 3 ounce Hallertauer (finish) 

2 teaspoons gypsum 
112 teaspoon Irish moss 

cultured Sierra Nevada pale ale yeast 
3 I 4 dextrose to prime 

• Original specific gravity: 1.048 
• Terminal specific gravity: 1.013 
• Age when judged (since bottling): 3 112 months 
• Boiling time: 60 minutes 
• Duration of fermentation: four weeks 
• Approximate temperature of fermentation: 50 to 55 

degrees F (1 0 to 12.7 degrees C) 
• Secondary fermentation: two weeks 
• Type of fermenter: glass 

Brewer's specifics 
Crack all grains. Dissolve gypsum in 7112 gallons soft 

water. Siphon 2 112 gallons to pot and heat to 175 
degrees F (79.4 degrees C). Transfer to ice chest and add 
malts. Stabilize at 151 degrees F (66.1 degrees C) and mash 
1112 hours. 
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Heat remaining water to 175 degreesF (79.4 degrees C) 
and sparge. Collect wort and bring to full boil. Add 1 ounce 
Tettnanger; boil 30 minutes. Add 112 ounce Hallertauer 
and Irish moss; boil 30 minutes. 

Add finishing hops and let steep (covered) for 15 min­
utes. Strain to primary and force cool to 80 degrees F (26.6 
degrees C). Aerate wort and pitch yeast starter. Ferment; 
skim as required. Rack to carboy. 

Judges' comments 
"Fantastic aroma! Great caramel-roasted flavors. Lots 

and lots of head-very clear. A truly beautiful beer. Quite 
enjoyable; perhaps a touch too much chocolate (or other 
deep-roasted malt). Delicious! Complex, clean. What more 
could you ask for?" 

"Toasty aroma. This brew seems to have a lager yeast 
bubble. Great clarity. Heavy roasted grains masked any 
clove character. A great brew with good looks." 

"Caramel malt, roasty aroma. Beautiful; excellent 
clarity, deep copper-amber color. No phenols at all; caramel 
character and roast grain flavor. Very nice beer, wheat 
character does not come through, however." 

1989 MEAD MAKER OF THE YEAR 
Sponsored by Home Wine and Beer Trade Association 

FLAVORED MEAD 

Ingredients for 2 gallons 

First Place 
Shelby Meyer 
Tucson, Arizona 

Nogales Mead 
(Still Mead) 

8 pounds Malcolm's Desert Mesquite honey 
3 I 4 ounce black walnut leaves 

2 teaspoons Wines Inc. yeast nutrient 
2 teaspoons Wines Inc. acid blend 

1 I 16 teaspoon Prise de Mousse Champagne liquid yeast 

• Original specific gravity: not given 
• Terminal specific gravity: not given 
• Age when judged (since bottling): 13 months 
• Boiling time: 20 minutes 
• Duration of fermentation: 18 weeks 
• Approximate temperature of fermentation: not given · 
• Secondary fermentation: 16 weeks 
• Type offermenter: glass 
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Judges' comments 
"Honey notes are evident in aroma; slight smokiness 

with higher alcohols. Nice, slightly brown-gold color; great 
clarity. Greathoneyflavor! Sweetnesshelpsmasktannins; 
slightly bitter aftertaste . Alcoholic! Great mead. Lay it 
down and it will improve." 

"Smells like airplane glue. Higher alcohols from high 
tern perature fermentation. Deep golden color. Nice, sweet, 
full flavor. Fuse! alcohols from high-temperature fermen­
tation? Recipe is exceptionally nice. Maybe change yeast or 
keep temperature between 70 and 75 degrees F (21.1 and 
23.8 degrees C)." 

TRADITIONAL MEAD 
Havill's Mazer Mead Award 

Sponsored by Havill's Mazer Mead, Rangiora, New Zealand 

Ingredients for 5 gallons 

First Place 
Wayne Waananen 
Denver, Colorado 

Full Moon Mead 
(Still Mead) 

10 pounds Sue Bee clover honey 
2 pounds home-grown wild honey 
4 teaspoons acid blend 
5 teaspoons yeast nutrient 
2 packets Red Star Champagne yeast 

• Original specific gravity: 1.094 
• Terminal specific gravity: 1.010 
• Age when judged (since bottling): 1 112 months 
• Boiling time: 30 minutes 
• Duration of fermentation: 10 months 
• Approximate temperature offermentation: 62 

degrees F (16.6 degrees C) 
• Secondary fermentation: yes (duration not given) 
• Type offermenter: glass and stainless steel 

Judges' comments 
"Nice honey aroma with a hint of fruit. Very slight 

haze. Honey flavor is great. Was this citrus honey? Slightly 
phenolic but not bad. Good still mead. I like it very much 
except I prefer drier. Delicate!" 

"Aroma- very floral, honeyish; a little yeasty (bread­
like). Appearance- extremely light. Flavor- a hit on the 
acidic side, but all right. Overall- very nice and clean. A 
bit fruity in character from acidity. Delicate." 



CLASSIFIED 
Deadlines: Spring-January 12, Summer-April6, Fall­
June 29, Special Issue- August 10, Winter-September 14. 
Pre-payment required. Please specify in which issue(s) 
your ad is to run. Call Linda Starck, Advertising Repre­
sentative, at (303) 447-0816 for options and rates. 

BOOKS 

BEGINNERS-Easy beer. A beginners 
guide to homebrewing. Photos, instluc­
tions, $4.75 to Anthem Enterprises, Box 
1209, Manhattan Beach, CA 90266. 

LOGIC PURE and simple. When you 
substitute our malt barley for your malt 
syrup, the result is better brew for 1/4 the 
cost. For a free 20 pg info packet contact: 
Stew's Brew, RR4, Box 243, River Falls, WI 
54022 (715) 425-2424 

WORLD BEER REVIEW - newsletter 
for the beer gourmet and enthusiast. 
Request free copy or subscribe now for only 
$14.95. WBR, Box 71A, Clemson, SC 
29633. 

EQUIPMENT 

FOR SALE-all-copper, two-vessel 
Huppman brewhouse, 60 bbl., still in­
stalledEurope-available at once. Beauty! 
B & B, Box 1530, Tampa, FL 33601-1530, 
(813) 228-7888, Fax (813) 221-6096. 

FAST, FAST, FAST 
We WANT to be your 
homebrew supplier! 

• Great prices 
• Minimum shipping 
• Great service 
• Free catalog 

Bacchus & Barleycorn 
7352 Manchester 

St. Louis, MO 63143 

Mention zymurgy for discount 
coupon. 

BREWERS' CATALOG. Stainless-steel 
draft systems, all-malt kits, fresh quality 
supplies. Koeppl's Master Brewer, 2311 
George St., Rolling Meadows, IL 60008. 

WATER FIT TO BREW-Discount 
prices, water filter systems: remove chlo­
rine, bad taste. Write WATERWORKS, 69 
Ball Pond Rd., New Fairfield, CT 06812, 
CALL 203-746-0067. 

DRAFT SYSTEMS, CTSP 

Brew In Stainless Steel 
Everything for complete homebrewer: SS 
systems, parts, CTSP. Braukunst, PO Box 
786-Z, Duluth, MN 55801. 

BREWERS LIQUID YEASTS 
Freshest Hops, Choice Grains and Ex­
tracts. 

FREE CATALOG 
FAST-Reliable Service-Guaranteed! Full 
Line of Equipment and Supplies. 

The Cellar Home Brewing 
Dept AZ, PO Box 33525 

Seattle, WA 98133 
206-365-7660 

206-365-7677 FAX 

INGREDIENTS 

FREE CAN OF MALT 
with every $25 order, free catalog. The 
Basement Brewmaster, 4280 N. 160th, 
Brookfield, WI 53005. 

ADVANCED HOMEBREWERS BUY 
DIRECT- Brewery-grade malt, rice and 
wheat extracts. Fifteen different hops. 
Liquid yeast cultures. Quantity discounts. 
American Brewmaster, 2940-6Z Trawick 
Road, Raleigh, NC 27604. (919) 850-0095. 

BEERMAKERS-WINEMAKERS-Low 
prices, free catalog- 136 malt extracts. 
Winemaking Shoppe, 4 S. 245 Wiltshire 
Ln., Sugar Grove, IL 60554. (312) 557-
2523. 

BREWERS AND WINEMAKERS -
large selection, low prices, prompt service. 
Free catalog, S & R Homebrewing and 
Winemaking, PO Box 544, Union Station, 
Endicott, NY 13760. (607) 748-1877 

BEERMAKERS­
WINE MAKERS 
Free Catalog. Large selection malt ex­
tracts, grains, leaf hops, Yeast BankTh<. 
Country Wines, 3333Y Babcock Blvd., 
Pittsburgh, PA 15237 

KEY TO GREAT BEER - Pure liquid 
yeast cultures. Full array of beer and 
winemaking supplies. Frozen Wort, PO 
Box 988, Greenfield, MA 01302. ( 413) 773-
5920. 

SUPPLIES 

BEERMAKERS- WINEMAKERS 
Free catalog with over 500 quality items. 
Computer software, craft items, specialty 
kits and more. Crossfire, Box 530W, 
Somersville, CT 06072. Call (203) 623-
6537. 

An easy-to-follow, 
step-by-step book by 

the authority on 
yeast culturing at home. 

YEAST 
CULTUI!!NG 

rl~;,-) 
~~ 
JIOl!E8!lEWE!l 

Published by 

G.W. Kent, Inc. 
3691 Morgan Road 

Ann Arbor, Michigan 48108 
1-800-333-4288 
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Classified 
continued from page 79 

30 Minute 
Professionally 
Made Video 
Tape 
Featuring Six 
Microbreweries 
& 13 Brewpubs 

$17.95 + $2.00 Postage & Handling 

American Brewmaster 
2940-Gz Trawick Rd. 
Raleigh, NC 27604 

SUPPLIES 

COLLECTORS! 100 Different colorful 
beer labels. Many closed breweries. $5. 
Free lists: labels, coasters, signs, tap 
knobs, glasses. Birdman, 112 High Hill 
Road, Wallingford, CT 06492. 

BEER AND WINEMAKERS 
For free catalog call (612) 522-0500. 
Semplex, Box 11476Z, Minneapolis, MN 
55411. 

BEER AND WINE MAKERS - request 
free catalog, fast reliable service. Large 
selection of malt, hops and concentrate. 
ThePurpleFoot, 3167 S. 92nd St., Dept. Z, 
Milwaukee, WI 53227. (414) 327-2130. 

WRITE FOR FREE CATALOG of brew­
ing supplies. Home Sweet Homebrew, 
2008 Sansom St., Philadelphia, PA 19103. 

BEERMAKERS-WINEMAKERS 
Free Catalog- Valuable coupons! Home­
brew International, 1126 S. Federal High­
way, Z-182, Ft. Lauderdale, FL 33316. 

BEST MAIL-ORDER PRICES. Free 
brewers savings catalog. Brewers' and 
Winemakers' Market, Box 12Z, Waukon, 
lA 52172. 

FREE CATALOG! 
GREAT PRICES- FAST SERVICE 
SEBASTIAN BREWERS SUPPLY 

1-800-780-SUDS 
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29 Kinds of Hops 
Available for mail order. Klages malt 1.00 
per lb. Reasonable prices, prompt service, 
free catalog: Contact MarbullsMalt & Hop 
Shop 709 Highland, Lawton, OK 73501 1-
405-355-6690. 

BEST PRICES AND SELECTION -
Extensive selection of beer-making sup­
plies: malt extract and grains from bulk, 
15 kinds of hops (four imported), stainless 
draft systems. Write for free catalog. Oak 
Bane! Wine & Beer Craft. 1443 San Pablo 
Ave., Berkeley, CA 94702. (415) 849-0400. 

SERIOUS BREWERS in Midwest take 
note - lowest bulk prices on varietal ex­
tracts, malts and hops. Free catalog. 
Green Acres, 216 Vork Road, Esko, MN 
55733. (218) 879-2465. 

BOTTLE CAPS - Seven gross- $6.75 
postpaid. Hayes' Homebrewing Supply, 
Suite 117Z, 311 S. Allen St., State College, 
PA 16801. 

BEERMAKERS - WINEMAKERS - SO­
DAMAKERS. Up to 10 percent ofT your 
first order. Write or call for free catalog. 
Joe and Sons Z¥, PO Box 11276, Cincin­
nati, Ohio 45211. (513) 662-2326. 

BEERMAKERS - WINEMAKERS -
Free lllustrated Catalog - Fast Service -
Large Selection-Kraus, Box 7850-Z, Inde­
pendence, MO 64053. (816) 254-0242. 

WILLIAM'S BREWING 
features an extensive selection of unique 
supplies including: home breweries, draft 
systems, all-malt brewing kits, tempera­
ture controllers, bottling aids, and our own 
line of fresh malt extracts and liquid yeast. 
Free 32-page Catalog/Newsletter. 
William's Brewing, Box 2195-Y9, San 
Leandro, CA 94577. (415) 895-2739. 

SPENDING TOO MUCH!!! 
For beer supplies??? Call or 
write for our free catalog. 
Guaranteed. 

Brew for Less 
PO Box 32195 

Chicago,IL 60632 
(312) 581-BEER 

THE BEVERAGE 
PEOPLE 

want to show you how! Free Catalog. 
The largest selection of supplies from 
America's most respected dealer. 
Great Fermentations of Santa Rosa. 
See our display ads, pages 20, 56. 

MISCELLANEOUS 

Introducing: the BREW OF THE MONTH 
CLUB from the HOMEBREWERS' 
STORE. Expand your horizons brewing a 
variety of delicious and interesting beers. 
Each month you will receive a newsletter 
with helpful information and discount 
prices for ingredients. For more info send 
SASE to PO BOX 82736, KENMORE, WA 
98028. 

WANT BETTER BEER AND EXTRA 
CASH? 
Lucrative business in superior water puri­
fication systems. Solid carbon block tech­
nology. For homebrewing, household, 
camping, RV's. Create ongoing income -
No pressure! Training and support 
included. 1-800-326-1158. Free info 
packet. 

GENUINE BRITISH 
PUB TOWELS 

Samuel Adams Boston Lager, Cheers, 
Boston Celtics, Lite Beer, Harvard, two for 
$15, four for $27. Or, four British designs 
$20, eight for $36 (all great). Please add $2 
S&H each order. Add 25¢ extra for golf 
towel grommets. Join the British Barmat 
Collectors' Society-U.S. London Pub 
Products Ltd., PO Box 9064, Boston, MA 
02114. (617) 227-4311 anytime. 

Barleymalt 
& Vine 

New England's Best Selection 01 
Brewing Supplies 

• Full Service Retail Outlet 

• Free Mail Order Catalog 

• Free Freight (orders over $30) 

• Free "Help Line" 

4 Corey St. , W . R oxbury, MA. 02132 
24 Hour Mail Order Lin e (617) 327 -0009 

In/ormation Is The Most Important 
Ingredient 
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A Complete Look at Lager Brewing 
and Decoction Mashing 

Brewing 
Lager Beer 
By Gregory J. Noonan 

'Tis the season for brewing lager beer. And if 
you're planning to do some serious beer­
making, you'll want this comprehensive 
guide to brewing at your side. 

Since we first published Brewing Lager Beer in 1986, it has 
become a classic reference for brewers nationwide. To 
understand why we've sold out twice you have only to 
scan its contents. 

Part 1: Brewing Constituents 
First Greg Noonan gives readers an in-depth look at beer 

ingredients and the part they play in brewing. 
Chapters include Barley; Malted Barley (Evaluation, 

Carbohydrates, Sugars and Protein); Water (Analysis, pH, 
Hardness, Alkalinity, Cations, Anions and Treatment); Hops; 
Yeast (Culturing Pure Strains, Storage and Washing); Bacteria; 
and Enzymes. 

Part 2: The Brewing Process 
Next, Greg guides you through the entire brewing process 

from planning to bottling the beer. 
Chapters include Malting (Steeping, Germination and 

Kilning); Crushing the Malt; Mashing (a complete discussion and 
directions for decoction mashing); Boiling the Wort (Boiling 
Hops, Hops Rates, Hot and Cold Breaks, Finishing Hops and 

Straining and Cooling the Wort); Primary Fermentation 
(Kraeusening, Pitching the Yeast, Temperature Control, Balling, 
Real and Apparent Attenuation and Racking); Secondary Fer­
mentation (Lagering, Fining, Real Terminal Extract); Bottling; 
and Imbibing. A special section also discusses Cleaning and Ster­
ilizing Equipment. 

Appendices 
Here are over 30 pages of invaluable data handily organized 

in tables and charts for easy reference. Topics include Home­
brewing from Malt-Extract Syrup; Infusion Mashing; Step 
(Modified Infusion) Mashing; Weights and Measures; Density 
References; Expected Alcohol Percentage; Hydrometer Correc­
tion; Water Hardness Calculations; Brewers Glossary; and others 
too numerous to list here. 

Complete with illustrations and 320 pages. 

Still At Our Same Low 1986 Price 
Only $12.95 ($14.95 Non-members) 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Yes, I want copy(ies) of Brewing Lager Beer at $12.95 ($14.95 non-members) each. Enclose $2.50 for Postage 
and Handling plus 50 cents for each additional book. 
_Check Enclosed _Credit Card Order Charge my_Visa _Mastercard 
Name ______________________________________ __ Exp. Date Acct. No. __________________ _ 
Address. __________________________________ __ Name on Card ____________________________ _ 
City _________________ State ____ .Zip ______ _ Signature ________________________________ _ 
Phone __________________________________ __ 

Or Call (303) 447-0816 with your Credit Card Order. 

Make check payable to Association of Brewers, Box 287, Boulder, Colorado, 80306-0287; USA, (303) 447-0816. 
SPEC89 
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EDME MALT EXTRACT. THE CRITICS CHOICE . 
HAS BEEN ACCLAIMED IN REVIEW AFTER 
REVIEW BY AMERICAN HOME BREW EXPERTS 

EDME HAS BEEN PRODUCING MALT EXTRACT 
FOR OVER 100 YEARS . USING THE FINEST 
BARLEY FROM THE HEART OF THE ENGLISH 
COUNTRYSIDE . 

EDME MAKES A WIDE RANGE OF BEERS FOR 
YOU TO BREW . SO WHETHER YOU CH OOSE A 
PALE LAGER OR A DEEP STOUT. YOU CAN 
BE SURE OF A WINNER EVERY TIME 


