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PREFACE.

TH E AMERICAN HANDy-BOOK OF TIlE BREWING, MALTI NG AND
AUXILIARY TRADES is des igned to be a book ·of ready reference
for the use of person s connected with the trades designated . It
does not pr etend to be a text-book , which the student of brewing
willread through from beginning to end with a view of becom­
ing acquainted with the principles and practice of thi s gr eat
ind ust ry. It a ims to be, as it were, a pocket encyclopedia, by ref­

erence to which th e br ewer , malt st er, refrigerating machine
engineer, bottl er , ctc., as well as a per son enga ged in th e com­
mercial activities of a br ewery, may find an immediate answer
to questio ns th at may come up in conn ection with the exe rc ise
of his calling, with out requiring him to wade through bulky

. volumes and peru se quantities of informati on in search of a single
item of knowledge.

This purpose, kept steadily in view in th e pr epar ati on of th e
present volume, imposes man y difficult tasks upon the compilers
and editor s. While, on the one hand, it necessitat es the broad est
range of inform at ion and the most complete colla t ion of fac ts
possible, covering the entire science and pr actice of br ewing, from
elementa ry ari thmetic and algebra, through the phy sical sciences ,
the rudiment s of machin ery, steam engin es and refriger ation, th e

th eory and practical detail s of malting and br ewing, the calcu ­
lati on of materials and cost of pr oduction , down to the detai ls

of tanking, caskin g, bottling and shipping, and th e relations of
the br ewer to govern menta l ag encies; yet, on the other hand, it
is imperati ve to condense thi s inform ati on, much broader th ough

it be in scope th an that embraced in any of the text-books , into
the small est compas s, both as to statement in words and as to

v



VI PREFACE.

mechanical "get-up." To reconcile these conflicting requirements,
arising from the nature of the work, has been the chief diffi­
culty in the preparation of the ,book.

To similar causes must be ascribed the seeming lack of uni­
forrnity in the treatment of the various subj ects embraced in the
work. Certain chapters are "treated at greater length than their
relative importance and magnitude would appear, at first glance,
to warrant, while others, apparently of equal or greater conse­
quence, may be deemed to have been slighted in the amount of
space and detail of statement devoted to them. However, these
discrepancies, in the judgment of the editors, are only on the sur­

face. Where so much information is given, the wants of many
different classes of persons to whom the book will appeal, must
be considered.

Making such allowance for these existing differences as seemed
necessary, and putting themselves, as far as lay in their power,
with respect to each subj ect, in the position' of the man seeking
a quick solution of a problem that might arise in his branch of the
work, the editors gave to each of the several subj ects such treat­
ment as seemed best to answer the requirements of each individ­
ual case. The result is that, while the treatment of the several
subj ccts may not seem strictly harmonious from the viewpoint
of the writer of a text-book, it is hoped that the work meets the

requirements of a book of ready reference far more completely
than would a strictly methodical arrangement and mode of treat­

ment from the standpoint of the existing publications on brewing.
There are books on bottom-fermentation brewing as practiced on

the continent of Europe, practically all in the German language,
and there are books on top-fermentation brewing as practiced
in Great Britain and its dependencies, practically all in the Eng­
lish language. The American brewing industry is unlike both

of these systems. Lager beer brewing in the United States, while

derived from the continental European beer industry, has de­
veloped an individuality quite peculiar' to itself, and' even top­
fermentation brewing in this country has found. new ways and
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methods. The A4nerican brewing industry, in a word, is an in­

dustry by itself. While it has profited much by the old country
systems, it must look within itself for authority for its own
operation and pr ogress. No effort has been made, up to the

.dresent time, to produce a standard work on American brewing
..tin the language of the country. In that respect, also, the AMERI­

CAN HANDy-BOOK OF THE BREWING, MALTING AND AUXILIARY

TRADES is first in the field.

It is manifest, from what ha s been said, that the plan of the

pr esent work wa s wholly novel-that the editors had no prece­

dents to guide them, but were obliged to seek altogether new

paths.

It is the common fate of all pioneer work that it is encumbered

with many dr awbacks and shortcomings, since it lacks the di­

rection of the greatest of teachers-experience. The editors are

conscious of th e fact that the present work is no exception to
the rule. They rely on ·the indulgent judgment of the brewing
trade and its auxiliaries, and will welcome any well intended

cr iticism, hoping to profit thereby for future editions of the book.
While a book of this character is naturally, to a great extent,

a compilation of information from many other sources, the
present volume contains much original work elaborated in the

course of time by the Scientific Station for Brewing of Chicago.
It may al so be added that the editors derived much assistance

in planning the book and tr eating the various subjects from their
intimate association ~ith brewers in their capacity as directors

of th at in stitution, and from studying the needs of students at
the American Brewing Academy.

It being a matter of universal experience that the value of

many a book replete with useful information is seriously im­

paired, for ready reference, by the absence of a complete and

detailed index, which fact was brought home to the editors with

peculiar force in the work of compilation connected with the

preparation of the present book, special pains were given to the
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elaboration of an exhaustive and complete index, whereby, it is

hoped, everything of importance contained in this; book can be

readily found by the inquirer.

Considerable time and labor were also spent in the compilation

of the dictionary of technical terms in English and Gerrnaq,

which represents the first effort in that direction.

As to size, typography, binding and other physical properties

of the book it need only be repeated that everything was designed

in accordance with the plan of a handy and durable refer-ence

book.

No innovations were attempted in the style of writing or,

spelling, preference being shown for that which is customary and

understood by all. However, the editors gladly availed them­

selves of the example of United States government publications

in adopting certain convenient forms, f. i., using the cipher before

the decimal point, as 0.349, instead of the old style of writing .349.

which is too apt to be misread ; or, dropping the final "e" in words

where it exerts no influence on the pronunciation, as in "dextrin,"

"glycerin," etc.

The editors indulge the hope that they have been measurably

successful. in preparing a book of ready reference which the

brewing, malting and auxiliary trades will find useful in the

prosecution of their work.

It remains to express the gratitude of the editors to those who

assisted them in the preparation of this book as associate editors

and contributors, and to acknowledge their indebtedness to the

authors whose works they consulted.

Chicago, May' 20, 1901.



PREFACE TO SECOND EDITION.

The hope indulged by the editors in the preface to the first

edition, that they may have been measurably successful in the

preparation of this book, has been realized beyond all expecta­

tions, if the phenomenal sale of the first edition can be taken as

a criterion.

After the HANDy-BoOK was issued, it was accorded a .1110st

friendly reception and favorable review by the trade press of all

countries, which, with the recommendation of its readers, soon

exhausted the edition.

A second edition has become necessary in the short space of

time of less than one year.

This second edition is substantially a reprint of the first, as only

typographical errors have been corrected.

The editors wish again to thank those who have assisted them

in the preparation of the hook, also its ma ny fr iends for the in­

terest they have taken in the volume. I

ROBERT WAHL)

Mxx HENIUS.

Chicago, April 30, 1902.

ix



TABLE OF CONTENTS.

ARITHM ETIC •.•.••••....••••. •.•... •. •. • ••• •. • . .•.. .• •.. .. 1-50

Fractions. Decimal fractions. Percentage. Interest. Ratio .
Equat ion . Proportion. Involution. Evolution. Squares and
cubes. Alligation. Arithmetical pr ogression . Geometrical
progression. Logarithms.

ALGEDRA •••• ••••••••• ••. ••.••• •• ••. • • .••••• •••••.••• ••.•. 5[-55

Equations.
M ENS URATI ON 56-78

Lines. Angles. Triangl es. Mensuration of areas. Round
figur es. Trigonornetri cal fun ctions . Solid s or bodies. Men­
sur ation of surfaces. Mensura tions of volumes. Capacit ies
of tank s, tubs, etc.

W EIGHTS AND M EAS URES .• ••• •• • •• • .•.•. •• • . . • •. • • • •.•. •79-III

United States customary measures and weights. Mea sures
of capacity or volume. Measures of weight. The metric sys­
tem. Converting met ric to common measur e. Compa rative
tabl es of common and metric measures. Conversion tables.
Miscellane ous. Measures of time. Legal units of electr ical
measure. Money.

PHYSI CS •.••••• •. ••• ••. • • . •... . . • • • •. •.•.• .. . . . . . • . ..•. II 2-I3I

Matter . Forces. Propert ies of matter. Specific gravit y.
Atmospheric pres sure. Moisture of air. Heat. Light. Elec­
tri city . Magneti sm. Sound.

M ECH ANICS • •• • • • .. • , • • . •. .• • . . • .• . • . • • • • . • . .• • •.••• .• . 132-150

Velocity. Gravit ation. Loss of motion . Work and energy.
Simple machine s. Mechanics of liquids. Brewery hydraulics.
Mechanics of gases. Thermodynamics.

ELEM ENTS OF MACHI NE RY.. . . . . • • . . . . . . . .. . • . . . . . • • .• • •• 151 -191

Lever. Wheel and hoisting drum. Inclined plane.
Wedge, Screw. Block and fall. Differential drum. Gears.
W orm and wor m wheel. Screw jack. Differential screw.
Principle of vir tual velocity . Safety valve. Friction.

x



TABLE OF CONTENTS. xi

POWER ••••••••••••••••••••••••••••••••••••••••••••••••• 192 - 2 29

.Standards and measures for steam engines and boilers. ",ra­
ter. Steam. Combustion. Fuels. Coal. table. Boilers.
Grates, Smokestacks. Smoke prevention. Feed-water heat­
ers. Economizers. Boiler water and its treatment. Scale.
Corrosion. Boiler scale preventives.

TRANSMISSION OF POWER ••••••••••••••••••••••••••••••••230-261
Pulleys and belts. Shafts. Stresses. Wire rope transmis­

sion. Electrical power in the brewery and malt house. The
electric plant.

STEAM ENGINES •••••••••••••••••••••••••••••••••••••••• 262-293
Portable engines. Stationary engines. Slide valve engines.

Corliss engine. Differences of the two kinds of engine.
Examination of engine and compressor by taking indications.
Criticism of indicator cards. Compressor indicator cards.
Steam condensers. Steam tables.

REFRIGERATION ••••••••••••.•••••.•••••••••••••••••••••• 294-346
Ice and freezing mixtures, Refrigerating, machines: Com­

pression machines. Absorption machines. Relative merits of
the different systems. Uses of refrigeration. Water cooling.
Cellar cooling. Ice making. Practical tests for material used
with refrigerating machines. Properties of different liquids
used in refrigerating machines. Solubility of gases in water
at atmospheric pressure. Strength of ammonia liquors.
Properties of saturated ammonia gas. ' Operating refrigerat­
ing machines. Amount of refrigeration required for a brew­
ery. The steam end of the refrigerating machine. Insulation.
Freezing tanks and brine tanks. Insulation of partition walls
in cellars. Insulation of cold pipes. Irregular bodies, as
pump cylinders with chambers. Water cooling: towers or
gradir-works.

PUMPS •••••••••••••••••••••••••••••••••••.•••••••••••• 346-353
Centrifugal pumps. Rotary pumps. Pohle air lift pump.

Plunger pumps. Membrane pumps. Piston pumps. Arrange­
ment and connection of pumps. Compressed air pumps. Com­
pressing air by using waste water. Steam ej ector. Steam
jet purnp.

BRE\VERY BUILDINGS ••' ••••••••••••••••••••••••••••••.•,.354-381
Excavation, filling, concrete work, masonry and brickwork.

Iron and steel work. Carpenter work. Painting. Roofing.



xii TABLE OF CONTENTS.

.j' Hollow tile. Tinning, galvanized and corrugated iron work.
Plumbing. Cement floors. Plastering. Asphalt floors. In­
sulating inside walls of cold storage, stock houses, etc. Mis
cellaneous specifications. Refrigerating machine. Machinery
and millwright work. Coppersmith and tank work. "Foun­
dation work for machines, Piping. Lightning ·rods. Appli­
ances and apparatus:

CHEMISTRY •••••••••••••••••••••••••••••••••••.••••..•. 382-433
Definitions. Chemical combination and mechanical mix­

ture. Non-metallic elements. Light metals. Heavy metals.
Chemistry of carbon compounds (organic chemistry). Alco­
hols. Organic acids. Fats and oils. Balsams and resins.
Gelatin and isinglass. Carbohydrates. Starch, dextrin and
sugars, Pectin substances. Torrefaction, or roasting prod-

; . ucts. Nitrogenous organic compounds, albuminoids. En-

J
zymes, or soluble ferments. Diastase and starch. Peptase
and albumen.

RE\VING l\IATERIALS •.••••••••••••••••••••••••••••••••. 434-497
General. Water. Hardness of water. General properties

of brewing waters. Improving water. English brew­
ing waters. German brewing waters. Extract-yielding brew­
ing materials.. Starch-containing brewing materials. Barley.
Barley malt. Wheat, wheat malt and rolled wheat. Rye,
rye malt, rye flakes. Oats. Corn and rice. Corn and corn
products. Starch. Brewing sugars. Hops. Hop prepara-

, tions. Colorants. Varnish. Pitch. Clarifiers. Antiseptics.
, Preparing and packing samples for examination.

~ICRO-ORGANISMS •••••••••.•••••••••••••••••••••••••••. 498-526
General biology. Protoplasm. The living cell. Assimila­

tion. Excretion. Respiration. Reproduction. Osmose. Fer­
mentation, putrefaction and decay. Biological description.
Filamentous, or mold fungi (hyphomycetes). Table of molds.

. Fission fungi, or bacteria (schizomycetes ). Table of bac­
\ teria. Budding fungi, o~ yeasts (blastomycetes). Table of
\ yeasts. Table of cultivated yeasts.

VEASTS AND FERMENTATION •.•..•••••••.••••••••.•••.•. 527-556

Historical and explanatory. Fermentation other than alco­
holic. Alcoholic fermentation. Beer yeast. Differences in
the behavior of yeasts. The products of alcoholic fermenta­
tion. Influence of fermentation products and other agencies



TABLE OF CONTENTS. xiii

on .yeasts. Chemical composition of yeast. Carbohydrates.
Nitrogenous constituents of yeast. Yeast enzymes. Yeast
extract "'like meat extract.

~RE. ,Y'fAST CULTURE 557-570
General. Pasteur's pure yeast. Hansen's pure yeast. Han­

sen's pure yeast apparatus. Operating the apparatus. Wahl
and Henius' pure yeast apparatus.

11ALT HOUSE OUTFIT 57J-586
Transfer of grain. Elevators and conveyors. Cleaners.

Malt storage. Barley washing machines. Steep tanks. Floor
malt house. Mechanical malting devices. Pneumatic or box
malting, Malting drums. Malt kilns.

11ALTING OPERATIONS 587-646 0

General outline. Principles of malting. Points about malt­
ing. Steeping. Germinating. Common floor malting, Kiln- .
ing. American malting operations. Mechanical malting op­
erations. Malting in England. Malting in Europe. Chem­
ical and physiological data and processes. Losses and gains
in storing and malting barley. Insect pests in granaries.

BRE\VERY OUTFIT 647-697
Gravity or tower brewery. Brew house outfit. Cellar out­

fit. Fermenting room. Stock cellar. Chip cellar. Wash
house. Pitching, and pitching appliances.

BREWING OPERATIONS ~ •••••••••.••0 698-868
General outline. Properties of a beer. Composition of

beer. Beers classified. \'"art. Principles of mashing. Diastase
and starch. Peptase and albumen. Mashing methods and
character of beer. Mashing operations. Mashing systems.
Rice and corn in brewing. Prepared corn. Pure starch.
American lager beer. Treatment of urrmalted cereals. Wahl's
lautermash method. A. Schwarz's after-mash method. Pres­
sure' mashing. Export beers. Extra pale beers. The mash
at rest. Running off the wort. Sparging. Slow flow of
wort. Boiling the wort. Break of wort. Bottle beer. Hop­
ping the wort. Cooling. Influence of different materials and
mashing methods on the composition of. wort. Tables.

Fermenting Cellar Operations.-Bottom fermentation. Fer­
mentation phenomena. The yeast crop. Fermentation
phenomena explained. Higher pitching temperatures, Bot­
tom yeast. Strengthening the yeast. Contamination Q1



XIV TABLE OF CONTENTS.

yeast. Treatment of contaminated yeast. Factors affecting
fermentation. Abnormal symptoms in ferment~ion. . Vac-
uum fermentation system. • "

Storage Cellar Operations.-General. On storage «'Rllh~:J.

Chip Cellar Operations.-Beer in the chip cask. Kraeusening,
Clarification of beer. Bunging. Racking. Carbonating. Fil­
tration, Obstinate turbidities. Abnormal taste and odor of
beer. Stability of beer. .

Special American Bottom-Fermentation Beers.-Export bot­
tle beer. Export draught and unsteamed bottle beer. Malt
tonics . Temperance beer. California steam beer. Pennsyl­
vania "Swankey."

Production of Thick Mash Beers in Germany and Austria.:-:
Properties of thick mash beers. The decoction or thick mash
method. Practice of fermentation in Germany. Chip and
storage cellar. Clarifying chips. Kraeusening. Bunging.
Special German beers.

Top-Fermentation Beers in the United Kingdom, America
and Germany.-English top-fermentation beers. Brewing
materials. Brewing systems. Top-fermentation appliances.
Fermenting vessels. Top-fermentation operations. Top -fer­
mentation beers in the United States. American ales, porters
and stouts. American Weissbeer. Kentucky common beer .
Top-fermentation German beers. Berliner Weissbeer, Broy­
han. Graetzer beer. Spontaneous fermentation beers. Bel­
gian beers.

Composition of various beers, tables.
Brewing Losses from Malt Mill to Platform.-Shrinkage in

volume from kettle to starting tub. Loss from scouring,
Loss from malt hopper to mash-tun. Loss in mash-tub. Loss
by transfer of wort from kettle to settling tank. Losses dur­
ing fermentation and storage. Losses in chip cellar. Losses
from racking bench to platform. Total shrinkage.

Treatment and Protection of Surfaces.-Cleaning operations.
Cleaning of brewery floors, walls, vessels and utensils. Re­
moval of waste products. Varnishing. Varnishing and
staining iron vessels. Pitching. Painting. Whitewashing
and calcimining.

UTILIZATION OF THE By-PRODUCTS OF THE BREWERy 869-877
Screenings and skimmings. Malt sprouts. Brewers' grains.



TABLE OF CONTENTS. xv

Underdough. Dregs ("Trub"). Spent hops. Utilization of
waste:ye~st. Utilization of carbonic acid.

THE B~.ING DEPARTMENT OF A MOD£RN BREWERY •••. 878-914
_--B'ottle shop. Bottle soaking. Washing and rinsing. Tap­
ping of barrels. Bottle filling. Bottle closing' or stoppering.
Pasteurization or "steaming." Finishing the package. Stor­
age and delivery. Pipe lines.

FIGURING IN THE BREWERY ••••••••••..•••••.••••••••• " .915-957
Calculating the yield of extract of brewing materials, Ta­

ble of Balling reading in pounds of extract per barrel. Cal­
culations according to R. Wahl. Yield in the kettle. Concen­
tration of wort in kettle. Calculating the materials. Table
of materials for one barrel of wort of different gravities in
the cellar.. Calculating the cost. Calculating the materials
according to M. Schwarz, Materials added in kettle.
Yield calculations according to M. Schwarz. Siebel's me­
chanical yield calculator. Heat calculations according to M.
Henius, Where water only is used. Where malt or raw
cereal and water are used. At-the mash tub. Calculations by
means of latent heat, according to M. Henius. Calculation
of attenuation. Figuring in English breweries.

THE BREWER'S CHEMICAL LABORATORy ••••.••.••••••••.•958-1010
.Analytical chemistry. Specific gravity. The saccharometer.

Comparative tables of different saccharometers with
specific gravity" and giving pounds of extract in wort per
barrel. The balances. The thermometer. Conversion tables
of thermometer scales. Worts. Beers. Water analysis.
'Barley. Malt. Corn products and rice. Brewing sugars.
Colorants. Hops. Mineral oil. Chemicals, standard solu­
tions and reagents. List of apparatus. Baumhauer's alcohol
table. Balling's extract table. F. Allihn's dextrose table.

THE BREWER'S MICROSCOPICAL LABORATORy ••••••••• : •• 1011-1033

Equipment. Apparatus. Reagents. Stains. Culture
media. The compound microscope. Sterilization. Staining
bacteria. Pure cultures of micro-organisms. Examinations
of materials. Rice. Isinglass. Lupulin. Barley, malt and
hops. Water examination. Air examination. Microscopical
and botanical examination of yeast. Detecting causes of
beer turbidities.



xvi TABLE OF CON T E N TS.

LUBRICANTS AND L UBRI CATION • .•. . . .. .. .. . .. .. . ·. : L:.' . 103 4- 1041

Theory of lubricat ion. Acti on 'of lubricants. 1\n ti-frktion
metals. Kinds of lubricants. Chemical and ph~al prop ­
er ties of lubricants. Lubricants for different purposes, _. _

LEGAL R ELATIO NS OF THE B REWER ... . • . .. .. . . .••• . ... 1042 -1 102

T axe s payable to the United States government. The
sta mp tax. Special ta xes. Books and returns. Removal to
war ehouse. Bottling beer. Marking casks. Penalti es. Ex­
porting fermented liquor in bond . T onics, etc. What is in­
tox icatin g liquor ? Liquor laws of th e states and territori es
of the United States. .

BEER DIETETI CS AND E CONOMI CS .. . • . .. . . . . . . .• • .• • . . • I 103- 1 139

Purity of American beer. What beer was and is. Repo rt of
the United States Senate committee on manufactures. Re­
port of British beer materials committee. Intemperance as
affected by general natural laws. Effects of beer on th ose
who drink it. The temperance pr oblem. Statistical informa­
tion on revenue deriv ed from liquor tr affic, capital invested,
value , impo rts and exports of mat eri als , etc.

M ISCELLANEOUS INFORMATION • • . . . ' . •. . '. .. •• . .. . .. ... . II40-1I 56

Standard dim ensions of brewery vessels. Sizes and dim en­
sions of standa rd Corli ss engines. Memoranda for builders.
Horsepower of boilers and 'of belting. Temperature of fire.
Iron pipe size bra ss tubes . Mea sur ements and weights of
merch andise. Pressure in pounds of a column of water of
certain heights. Comparative table of Beaume degrees and
specific gravity.

BIBLIOGRAPHY •• • .• , • .• . . . . , •• . "' • . , , . . • . , . ,, ., I 157,,1 IF ,'

Titles and authors of original contribut ions to th e scic­
and practice of brewing in the United Stat es,

DICTIONARY OF TECHNICAL T ERMS ,., II8s-I209

Engli sh-German and German-English .
PUBLICATIO;'S CONSULTED . . . . , . • . . .. . , .• "" .•• .• :, . • 1210-1212

A list of book s, pamphlets and periodicals consult ed in the
pr eparation of th is book.

~NDEX " , ",', .•... ,. , 12 13 - 12 66


