German Brewing between 1850 and 1900

This is the PDF version of the article from braskaicom

This article tries to shed some light on Germambrg as it was practiced in the later half of tHathl
century. It is largely based on the descriptionthef brewing process as it is found in various baufkihat
time. In particular thé&rockhaus Konversationslexikqeonversation encyclopedia) of 1898 and the book
Chemie fur Laien(layman chemistry). Although neither of them arewviing textbooks, since they were
targeted at the curious and affluent part of thélipu their description of the brewing process is
surprisingly detailed and can only be covered ioeegts in this article. The actual details of tmeving
practice of a particular brewery were a well gudrdecret that was passed on from generation to
generation and rarely published in textbooks. Brewsack than had only a limited knowledge of the
science behind brewing and once they found a watywlorked they made sure that a competing brewery
would not benefit from that knowledge.

The article has been augmented with photos takethetBavarian Brewing Museum in Kulmbach
(Germany) and the Bauereimuseum at the Maisel'sv@rein Bayreuth (Germany). In addition to that
interesting drawings have been taken from variagkb printed during that time.

To put the article into context, here are some stolees in brewing history that happened aroundtitimet

e 1842 - Joseph Groll brews the first Pilsner atttien calledBurgerbrauerei(citizens brewery) in
Pilzen

» 1860 - Luis Pasteur discovers that fermentatidimasight on by yeast which is a living thing.

» 1874 - Carl von Linde completes the first ice maehiThis was at the Spaten brewery in Munich,
Germany

The following outline of the brewing process is éakfrom the booK'Chemie fuer Laien" (layman
chemistry)which was published in 1860. Occasionally I'll amadnments which will be set italic. Native
German brewing vocabulary will also be setifalic and a fitting translation may be provided in
parenthesis. While this book was published in Benvhich was in the Prussian part of Germany itsdoe
make many references to the Bavarian style of mgwi

The brewing process consists of 3 main parts: nmltwort production and fermentation. Only 3
ingredients are used in brewing: water, malt angshbuis Pasteur discovered yeast in the late 1860s,
which means that this book was written without khewledge of yeast although later in this book the
author does mention yeast and it being a fungusieSather books from the same time refer to thetyesas
"ferment" and the addition of "ferment” to the waitthis time even many brew masters strongly lvelik
that only barley can be used in brewing and "tha&ty one who says something else is a fool and who
actually believes it is an even bigger fool". Butfact wheat and occasionally oat and rye wereedand
could be used as well.
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Malting

Malting is nothing more than the germination of grain and its interruption at the right time. Rimgl"the
right time" is the sign of a skilled brew mastemdAnow that we have the thermometer it has become
child's play compared to past times where the harel was used to measure the temperatithis time
malting was not as separated from brewing as itoday and most breweries would include malting
facilities in which the malt for the beer was made.

Steeping

Malting itself consists of three steps: steepirggngnation and kilning. For the first step a wooderstony
vessel of a size that matches the needs of theebyeis used. This is th@uellbottich or Malzstein
(steeping tun, malt stone or just steep). It'sepett make it of stone than of wood as stone vesaa
nearly indestructible and don't give off any flawdo the malt. Thdlalzsteinis filled to its half with clean
and soft river water and the grain is added. hipdrtant that this malt comes from a single source.
Otherwise they may behave quite differently in @ellbottich Back then they already realized that the
growing conditions of the malt have a significaffeet on the speed at which it germinates. If a was
used some of the malt may become overmodified thigilether part is still undermodified.

After the grains have been added to the water, thaththe water stands about 6 inches aboveig,viiell
stirred with paddles. Blind grains will immediataige to the surface and have to be removed shege t
are not able to germinate and would give the regulbeer a bad taste. It takes about 6 hours t@vem
everything from the grain which hasn't many usesepk for chicken feed. While this is done the water
becomes very cloudy and has to be replaced. Tkischhappen every 12 hours in the summer and ever 2
hours in the winter. Once the water runs clearaoidrless the changing of the water stops.

Young and fresh barley malted in the summer takesita2 to 2 1/2 days until it is fully swollen. Old
barley takes up to 4 days in the summer and mag tgkto 6 and more days in the winter when the
temperatures are barely above 8C (46F).

But this process of steeping in tuns leads to ties lof dextrin and sugaftfe author actually wrote
“rubber” and sugar. From the use of “rubber” in lar sections of this book | gather that “rubber” ez

to unfermentable suggrsvhich is why the Bavarian style of malting ontgeps the grain until all the blind
kernels, dirt and dust have been removed. Thenwtter is drained and the malt is shoveled onto the
Malztenne(malting floor or just floor) and left to dry oe surface of the pile. After that it is regularly
moistened with a watering can and turned. The amoiuwater is just enough such that none of it rafis
the grain onto the floor. All this water will bekien up by the grain and it swells fully.

The test if the malt has fully swollen is done hylding one tip of the grain between thumb and index
finger and squeezing it together. If the other brebks open and the contents of the grain are puslteit
has reached the desired state.

Ger mination

Germination is the step that follows the steepaltpens on th®lalztennewhich has an even floor without
gaps or holes in which grains could hide or thevehaould get caught at. Its size is such that &l3ou
square feet of floor are available for each shafebrain. The malt is brought onto theennein a
rectangular pile that stands about 6 inches highisuteft as is until the top doesn't feel wet anyenand
the tips of the grains show a little white spot ethis the start of the germination. Now the graibriought
to the actual germination phase and for that isvsledl onto a pile that stands about 2 feet higthen
winter and about 1 1/2 feet in the summer. Theadtaight depends on the temperature ofTteenethe
higher it is the lower the piles will be. It is dble to have an internal grain pile temperatdratmut 12
to 15C. This requires larger piles in the winted émwer ones and increased ventilation in the sumfirtee



best seasons for malting are spring and fall asthigient temperatures are optimal and it is suggesiat
a brewery should malt all the malt needed durimg¢hseasons.

The pile now starts to sweat and emits an apple sikoma. At this stage the thermometer shows a
temperature of 5 to 8 C above ambient and if theypere left as is the germination would proceethwain
immense speed. As soon as the rootlets becomdevidib malt pile is spread out to slow down the
germination. In this process the wet and warm gfi@mim the center of the pile is moved outward congr
the grain that has so far been on the outside. ddots down the grain from the center and warmgtaem
from the outer regions. The pile is then left aarisil further signs of rootlet growth are visildéer which

the process of turning the malt is repeated. Thisontinued until the rootlets are as long as tlaéngin
case of wheat) or about one quarter longer (in cdmarley). When the desired length of the rostist
reached the germination process is interruptedpbgasling the malt on the floor of tiéalztennewhich
prevents further warming.

This process takes about 14 days. In order for gtion to be even among the malt the brew masier h
to pay close attention to the temperature of th& pie. It should never exceed 25 C and that omhen
the pile is still tall. The highest temperaturedemo occur 4 days after the malt has left thepstee

The goal of malting is to convert as much of tlwauflin the grain into sugar which is what the geration
process accomplishe©bviously this is not completely true as we knowv.ndalting is for the
development of enzymes and cytolosis, which iddbgeadation of the cell wall structure in the engesn.

During germination sugar is formed but only as mashthe sprouting germ needs. However, the brewer
wants to convert the complete starch content tarsbgfore the sprout uses it all. This is why He the
conversion process start but interrupts it as ssohe thinks that the spout is consuming it.

The views of different brewers about one or theepthspect of steeping and germination are widely
different. For example Bavarian brewers prefer tiethod of steeping on thEennethrough sprinkling
with water while others completely reject this neethSome say that if the upper layer of malt ddes
during the germination process it is ok to sprinkiem water onto the pile while others believe tiinés
should never been done because of its detrimefféait®n the beer quality and that it is bettectwer the
drier malt with more moist malBack then brewing science has not evolved yet amadrs knew to stick
with what has worked for them in the pasthother example involves the length of the gerriamaprocess.
Some prefer a longer germination because it resunltsice looking bright beers while others prefer a
shorter germination because it results in more solbasting beers. But most likely the length of the
Germination process has no effect and it depends@type of grain that is usedow we know that the
length of the germination process does affect thatg of the beer. Longer germination leads to heg
modified malts which will lead to less haze formprgteins in the final beer. But such malts areoals
known to produce thinner and less robust tastingrbe

The transformation of grain into malt causes thegformation of starch into sugar. This is broughby a
peculiar compound that is present in the germinagioint of each of these grains. The French chemist
Payen and Persoz discovered this compound andldalBastasfrom the Greek word Diastatsis which
means expansion or splitting of matter. Thimstasis contained in a much larger amount in malt than
what is needed to convert its starch into sugarcamtherefore be used to convert additional ansoaht
unmalted grainThis is where we get the word diastatic power fr@ack then they knew that there is
something in malt that converts the starches amy ttnew how to get it but they didn't know aboet th
various enzymes that make up the Diastas.

Drying and Kilning

The drying of the malt happens on tBehwelkboderor Welkboden(lit. wilting attic). This is a well
ventilated room about five to six times the siz¢h@afMalztenne The malt is spread on its floor to stand at



most 1 1/2 inches high. It is left there to coodl dmose its moisture. It's meant to dry and to.vlir this
purpose the room has ventilation openings thatkse to the floor such that the air can easilwfacross
the layer of malt. The malt is turned six to eitjinies per day and the dried malt is calladtmalz (air
malt). 100 pound barley yield about 92 poundtmalz 2 to 3 pound are lost during steeping, 1 1/2 to 2
pound are lost during the germination process ardrést are rootlets that broke off when the mails w
germinating on th@enne.

But only rarely is malt used it is air dried for@enerally it is artificially dried in the so call&hrre (kiln)
which is a device that allows the removal of addisl moisture through increased temperatures. It is
commonly thought that the purpose of D@rre is to give the malt a desired level of dark coBut if malt

is roasted so dark that the color of the beerfectdd, the malt would be lost. The length of tbé and the
associated transformation of sugar into caramel giveng the beer its colorThis is an interesting
statement. Not only does the author think thatilgjrmalt too strongly would waste it but he alsokesma
reference that it was common practice to contrel ieer color though the length of the boil. Nowkwew
that the kilning temperature used has a signifiogfiféct on the character of the beer and that #ay of
controlling the beer color is better than extremielgg boils
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Figure 1 - (A) a schematic drawing of a simplarre with only one grate. This particular kiln design i
direct fired. (B) A more complex triple grate kittesign. Note the teardrop shaped cross sectiottzeof
heating ducts below the lowest grate. These ductsldvcarry the hot exhaust fumes from an external
furnace (it could be the furnace for the brewhowmsér the brewerie's steam engine) to heat thénaie
kiln. (C) A typical design for the hood of a kilfihis hood is able to rotate and the weather vanigsdop

will make sure that its opening is always away fritn@ wind. This keeps the wind from blowing the stoi
air back into the kiln. (D) Cross sections of vasdieating duct designs. Note that they all hatye @n the
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top and slanted sides. This is to prevent malingréiom lying on the heating ducts and being subsety
burned. (E) a sample top-view layout if of the regtucts.

The Darre is a large metal mesh generally
suspended halfway up in a dedicated building
such that it is accessible from all sides. The
mesh allows for the hot air to rise through the
grain but prevents the grains from falling
through.Figure 1-A shows a simple direct fired
kiln. The fire burns in the bottom of that kiln
and the hot combustion gases rise through th,
grain and then through a flue to the outside.-
Vents on the side of the furnace allow the
control of cold air that mixes with the exhaust
gases as a crude means of temperature contrd
The problem with kilns like these is that thg
wood needs to burn very cleanly which is neve
the case and the malt gets a smoky an
sometimes burnt character.

The flue has top be large enough to allow fo
the water vapor to escape unrestricted. At th
top of the flue sits a rotating hood (Figure 1C
with an opening that is always turned awa
from the wind in order to prevent the wind from

blowing the water vapor back into the kiln.
Figure 2 - An old malting building in Bayreuth

3 different types of kilns existRauchdarren Germany showing a rotating hood

(smoke kilns) Luftdarren (air kilns) andDampfdarren(steam kilns). Smoke kilns are these for which one
does not start a dedicated fire but which are tléle the smoke from the brew kettle or steam engine
furnace. This allows for a more efficient use & thood or coal used by the brewdryftdarren(air kilns)
have a dedicated iron furnace that heats the ail i kilning the maltDampfdarren(steam kilns) are
similar to smoke kilns as they use ducts in whiohdteam flows and heats the air within the kiln.

The ducts used to carry steam or smoke are notdrbuh have a triangular cross section with the tip
directed upward. This is intentional because sofrtbemalt kernels tend to fall through the mest &n
they land and remain on the hot ducts they wouldbgent and would impart that burnt aroma onto the
malt in the kiln. Figure 1D shows some typical srggctions. It is also important to seal the jooftshe
ducts in order to prevent the smoke or steam frotarang the kiln.

A common improvement these days is the additioadufitional grates above each other in the kiln.tMal
enters the kiln on the top grate and exists aftbas been fully kilned on the lowest grate. Theaids that
the air that comes from the lower grates is notirsé¢d with moisture yet and can still remove some
moisture from the more moist malt on the upperegat

The size of the kiln depends on the size of thevbrg. A simple single grate with an area of abdd® 1
square feet can kiln about 400 pounds of malt eagh Drying and kilning 100 pounds of malt takesth
25 pound of dry wood. And according to Stohmann Bailling 100 pounds of barley yield about 92
poundsLuftmalzand 80 poundBarrmalz (kilned malt).

When malt is dried in ambient air no chemical clembappen. It just loses water. The drying in tihe k
has another goal besides removing the moisture Didtasformed from the gluten should react with the
starch in the grain more strongly. And it is with@uestion if this statement is correctlagtmalzgives



much less sugar its extract than the same amoubBaoimmalz This is yet another statement which is
confusion to us modern brewers. First off the kidnprocess, at least for base malt, is not suppdsed
activate the enzymes and create more sugar anahdbcair dried malt should give more sugar in maghi
since it has a higher diastatic power as the enzyhae not been damaged through kilning. If thet isal
not fully dried before the heat in the kiln is tathup the enzymes are severely damaged because of t
presence of water. The latter is the case in tlwelpction of crystal maltAside from this the roasting also
gives the malt the pleasant aromatic taste, th&t yama, which improves its taste and stability.

The temperature of the kiln has many effects onbéner. The higher it is to some extend the monelista
"rubber" is formed. If this temperature is exceedeah of the sugar is converted into caramel aadter
looses much of its strengtiihe author talks about the starch being broken dowm rubber and sugars,
but since there is no actual rubber in the maltra&ott | assume that he means dextrins with thisfati
higher kilned malts do produce more dextrines ag&b Isugar but only because they have a lower beta
amylase content. But he may also be talking abmpreparation of crystal malt. That would meanttha
back then the beers used crystal malt as base wiaith doesn't match earlier statements that mestion
that the malt easily breaks apart when rubbed betwtbe fingers

Previously the Bavarian

breweries would rarely kiln their =—— - = AT S g ———
malts above 50 to 60 deg R (63 - 100 kg 88,81 kg Ber-

75 C). But this has been trodne Gerjte | trodned Maly | Anberung
abandoned and now the malt is Etirfemebl . . . ‘ 63,43 45,858 | — 14,87

kilned at up to 80 deg R (100 C) @iwetfartigefidrper | 16,25 15,09 — 0,26

and some breweries even go UL Degtrin . . . . 0,63 T = 023

to 100 deg R (125 C). It was Buder . . . . . — 208 - 203

believed that the malt would Fetted (o] (R 3.08 | 2 n0 — 0,58

loose its sugar forming power if Rellftelf . . . . T.10 781 T 011

kilned too hot. But this only Mjde 2c. . . . . | 8,51 H.an + 1,75

happens if the malt enters the Su'imﬁfl't_m-:-‘_ T 100,00 i T | o am

kiln wet and is heated like that. ] ]
When dry malt is heated it Figure 3 - comparative analysis between barleyraall fromMeyers

doesn't loose this power but atKonversationslexikon1893. Top row: 100kg dry barley, 88.81 dry
80-90 deg R (100-112C) more Malt, difference. Left hand column: Starch, proteiextrin, sugar, oil,
Roestgummi (roast-dextrins) is fiber, ash, total. Note that the starch content mash lower than that
formed compared to kilning at 50 of modern barley and that the protein content washhigher.

to 60 deg R (63-75 C). This

Roestgummis what makes the beer fuller and more nutritidudissolves in the wort like the sugars. The
latter is converted to carbonic acid and alcohalirdu fermentation but that doesn't happen with the
Gummi It remains and makes the beer nutritious andibe#van waterThis is yet another indication that
the ominous mentioning of "Gummi" (rubber) refeysdextrins and not to actual rubber. Regarding the
kiln temperature, we now know that highly kilnedltmm@roduce more dextrin rich worts not because
dextrin is formed during kilning but because mofettee fermentable sugar producing beta amylase is
destroyed. This author’'s statement was also intergsn another sense. It is commonly believed that
Bavarian brewers (or at least the ones in Munickgdito kiln their malts high and then started tarope

the process to create lighter beers with lowerddlmalts but the opposite is mentioned here

The malt is considered done once the rootletsyeasine off when the malt is rubbed between the sand
and the peculiar malt aroma has developed. Andlfinance the color that the brewer desires is Ihedc
Good malt should have the familiar and pleasantpgeuliar smell and should be so light that it fsoen
water. Some breweries may take a part of the nmaltraast it completely brown. The resulting malt is
called Farbmalz(colored malt) and is used to give the beer a dan color. The process of making it is
simple. It is placed into large drums and roasilezl doffee beans.



Wort production

Mashing is separated into 4 different sections:liMil of the malt, dough-in, boiling of the wort atlde
chilling of the wort.It appears that the author considers the completedide of the brewing process as
mashing

Malt milling

To grind the malt one uses the common mil
only reluctantly as it crushes the malt too
finely for it not to be dissolved in water and
form a paste from which one tries in vain to
produce a clear beer. But some places hav
a malt tax and brewers are not allowed tc
own their mills. But where it is necessary to
use the common mill the deficiencies of
grinding in them are counteracted by
wetting the malt. Generally water of 1/8 of
the malts weight is added and the malt is
well distributed by shoveling it from all
sides of the pile. After a rest of 12-18 hours
the malt is brought to the mill where it is
ground with a wider than usual gap betweet
the millstones.

One is better off of if one owns a mill. In

. . _ . Fig. 1. Malzquetsche.
this case the mill consists of two cast iron_. : ¢ | il (f
rollers between which the malt is crushed/19ureé 3 - Drawing of a malt mill (fromMeyers
Konversations-lexikon1893). The malt enters through

They are operated by two day laborers or & , . . .

steam engine. Malt that is crushed with suc¢ e funnel a and hits a rotating prism b. From ehier

mills doesn't need to be wetted but it still alls into the enclosed space e and onto the sofland

needs to be ridded of dust and otheS: 9 is fixed while f is movable and pressed adains

uncleanliness as they would impede a fou hrough the lever | and the counter weight i. Ttx@agers

taste onto the beer. and k are pressed against the rollers and remiairs
that stick to the rollers. The crushed malt

falls down the chute minto a bin
Many brewers use cats to control the

destruction brought on by mice in the malt storajlile the cats don't eat malt they have a badt lhbi
cannot be broken. They never leave their droppimgthe open floor but always bury it in the malthi&y

the dry matter is easily removed through sievirigrl@ is the wet excrements that that penetragentialt
and give a disgusting taste and aroma that can iitskeay into the beed. found it interesting that the
author dedicated two full paragraphs to elaborate the problem with cats and their excrements which
means that this was a real problem back then.

Water

It is beyond words how indifferent most brewers towards the water. There are so many salts and
minerals in water which looks so clear and colarldut just look at the boiler of a steam engingiich
the lime scale can be many inches thick.

Now these brewers, who are indifferent to theiremafre correct when they say that these salts and
minerals will be precipitated and removed througg lhoil, fermentation and the salts and acidserbirer.
But they also admit that this process consumesinishportant compounds from the beer, some of which



are necessary for its pleasant taste and stalAlitgh.that more of them would be retained in ther listhey
wouldn't have to clean the watdt. seems that back then there was very little usid@ding of the
importance of minerals and their acceptable rangethe brewing water.

The author goes on to mention that soft water éskibst water for brewing but that in cities like hith,
where the water is so hard that the chalk encrtiesrocks in the river Isar, brewers make soméefttest
beers. He also mentions Buton ales and the verg hater that they are made with. All in all thesenio
conclusion why that is.

Brewhouse technology

The main vessel in mashing is the mash tun. Its depends on the size of the brewery but it haseto
designed such that it holds twice as much voluntbeseer that should be brewed.

The following description of brewhouse technologythe 2nd half of the 19th century has been pieced
together from different sources

Small breweries would consist of 2
vessels. One is used for mashing ani
lautering and another one is used for
boiling the mash and the wort. Only
the latter had the ability to be heated.
The heat would come either from a
coal or wood fire that was located
under that kettle. Figure 6 shows a
picture of such a mash tun as well as
the boil kettle. The mash tun would be
made from either iron or wood. Wood !
was able to better retain the heat of F-
the mash while ion was more durable

and more easily maintained. Figure 5 Fig. 4. Maisehmaschine fir kleinere Brauereien.

shows the cross section through suctg. ) . ,
2 mash tun. The shaft a in the middlefilgure 5 - Schematic drawing of a small mash tamfMeyers

propels 2 titled blades b close to theKonversat|onsIeX|kormf 1893

bottom of the tun. Their purpose was to keep thshnfilom settling and generate a rotating motione Th
vertical bars ¢ would then create turbulences thated the mash. The mash tun also contains a [zefr
false bottom which allows it to be used as a latier. This false bottom sits 2-4 inches above tttach
bottom and could be made of wood or iron with itm#ing more popular. Between the false and the true
bottom is a valve that allows the wort to be drdink larger designs multiple valves may exist eath
which is connected to a different section thouglegi




Figure 6 - The mash tun (left) and boil kettle litigof a small brewery as it is on display in thavBrian
Brewing Museum in Kulmbach Germany

Figure 7 - Schematic drawing of a more modern andermechanized brewhouse. Taken fidrackhaus'
Konversations-lexikomf 1898. Note the malt mill on the top floor, ttpést case on the floor below and the
chute through which the malt falls into the magh fihe lower right shows the boil kettle which isstly
encased with a brick structure that houses theafirrwhich provides the heat. This type of brew bous
uses a pump to pump the mash from the kettle batckthe mash tun. Figure 8 shows almost the exact
same brew house rebuild in the Bavarian Brewingédos
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Figure 8 - Simple two vessel brewhouse on displayhe Bavarian Brewing Museum in Kulmbach,
Germany
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Figure 9 - Various elements of the brew house fBrmockhaus' Konversations-lexikpf898. 1. malt mill;
2. mash tun with elaborate raking and mixing me@man3.VormaishapparatThis was one of the designs
used to mix the water with the malt at dough-in.t8¢@and malt would enter from the upper right amal t
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rotating paddles would thoroughly mix the water analt; 4. yet another mash tun design; 5. Boillkett
with drag chains that would keep the wort and nfesin sorching; 6. Lauter tun with cutting rakes.

Mashing

Once we have good malt and the best possible wegt@an continue to dough-in. Its purpose is toatigs
the soluble compounds of the malt (sugar, dex@im$Diastag as well as the yet unconverted starch. If
possible the spent grain should not contain anybéelcompounds. But this is a godly wish whichas f
from being granted.

Not only does mashing dissolve compounds from thé# ihis also a chemical process which convergs th
still present starch into dextrins and sugar. Tugasis giving the beer it spirit and the dextrams giving it
iS nutritiousness.

In England where a very strong beer is brewed tleevér uses about 180 pounds of water for each 100
pounds of malt where as, without a doubt, Germawebrs are using much more otherwise the beers
wouldn't be as thin. They are using 750 to 800 pswf water for each 100 pounds of malt.

The author asked a brewer in Stuttgart whom he&hawn for a long time how much malt he is usingdor
particular amount of water. "Nobody ever heard fran my mouth and even though you are not a brewer
I will not make an exception”, was the answerhl§tsimple ratio is such a secret imagine how nmohe
secretive brewers are with respect to the timep&ature and other conditions. They are stubbothéir
reticence as much as they are stubborn in stictanipeir methods which they consider their own even
though in some cases it is obvious that they ha\aetcalled inappropriate.

This statement clearly shows how difficult it isget true insider information about brewing techrég
and practices from that time. Unlike today thereswa only little communication between the breveerd
the idea of brewing schools or science didn't egidter. All the knowledge was handed down withim t
brewery

We will now look at the Thick-mash or Decoction-rhasethod which is commonly used in Germany. One
half of the water is added to the malt alreadyhim thash tun. While people mix this mash the otladfrdf

the water is brought to a boil in the boil ketfléhis takes several hoursWas surprised by thatand only
when the water and malt are completely mixed canrtbw hot water be added while under constant
stirring and mixing the temperature of the masbsi® 35 C.

A significant part of this mash is scooped into ltiod kettle and under constant stirring brougha tooil as
quickly as possible. Based on the brewer the Batbintinued for one half to one and a half houtgs s
called the first thick mash boil.

After this is completed the boiling mash is broughtk into the mash tun and under constant stittieg
temperature rises to 45 to 50 C. Now another tbirthe mash is brought back into the brew ketthoté

that the author doesn't mention a rest at this terafure. | assume that in this particular versiohtlis

mash the 2nd decoction was pulled as soon as thenktshad been mixed in complejehhis is the 2nd
thick mash boil and after it is complete and reddrto the mash the temperature rises to 60-65 C.

Another source indicates that the heating of thet flecoction should take 40 - 45 minutes. Thisamak
sense as a significant part of the conversion dbtlreappens during the heating of the decoctioree&ily
since the decoction method described here doeglitahrest after the return of the 2nd decoctiorrest
will be held later but only after the 3rd decoctiwhich is a lauter decoction

After this the extract that has already formedagdal. For this the liquid that has formed betwéen false
bottom and the actual bottom is drained into thié keitle as well as that that follows. This isledl the



lauter mash. It will also be boiled for a quar@half hour and returned to the mash tun wheraises the
temperature to 75C which is exactly the temperatirghich the starch is converted into sugar. Sother
authors report that temperature to be 65C.

I'm surprised that this worked the way he descriliedAfter 3 decoctions, one of which was a thin
decoction, hardly any enzymes will be left. Whilenaylase still works at 75C there shouldn't be gfou
left to convert all the starch. But as | pointect earlier, most of the starch conversion must hiaken
place during the heating time of the decoctionsoksolike that the "other authors”, which the author
mentioned, were closer to the desired rest tempezdbr the saccharification rest.

To give this process the necessary time, aftentagh has been mixed well, the tun is carefully oede2
hours does this take. During this time the brewtl&eds well as the lauter grant is cleaned. And now
everything is drained that collects under the falgstom. This is done with the valve fully openeddahe
wort draws flour with it which has collected undke false bottom. The wort is again returned tortizesh

tun where it is mixed with the mash and what is mamning though the perforated bottom runs pregrc
and is heated in the brew kettle. This is calledfttst wort and gives the actual main beer.

In some places the drain is closed after the rfiothe first wort and a 2nd quantity of boilingater is
added to the spent grain which gives the so céllechbier(after beer). It is understandable that after the
first operation a non unsignificant amount of uneemed starch, coagulated protein ddidstasremains
and that much of the good wort remains in the spgraih which acts like a sponge. Most of this is
dissolved with this 2nd infusion. The first wortlisought to a boil in the boil kettle and in soneaces the
same is done with thachbier(this is what is commonly known as party gyle inlBhgbrewing and it
looks as if this also existed in German breyyindpile in others it is sold to the poor.

The method outlined here experiences not only witerdBavarian beer is brewed but also in Bavasklfit
many changes. Because of which every place hasitsbeer and that even in large places like Munich
beers are very different from each other.

Later the author also describes a technique wheatemis sprinkled onto the spent grain to "push'dhe
remaining first wort. This is essentially fly sparg.

There are 2 cliffs that need to be avoided in nraghioo little time for sugar formation and too rhuane

for vinegar formation. If too little time is uselet wort won't become sweet. But if it stands ondpent
grain for too long it will become sour. The uselLoftmalz(air malt) is more prone to give sour beers than
the use of dark kilned malts. The dark malt formealst dextrins, an essential oils, which protegtsirsst
the souring of the mashVe now know that this is not what happens. The migtay kilned malts simply
have less viable mash spoiling organisms on thecause they have been subjected to a higher
temperature This is the reason why lager beers are not brewélde summer. Only top fermented beers
which are not expected to last for more than avi@gks anyway. A slight sourness is part ofltbgziger
Gose theBerliner Weissbieand theéWiener Bluzerbie(this is the only reference to a mysterious sour bee
brewed in Vienna that | was able to findBut for Barvaian beers such a level of sourngssmajor flaw
that makes the beer undrinkable.

Boiling

Whether the wort has been produced using the Hngtisthod or the one in which the mash is boiled
boiling the wort cannot be skipped. There are abvayreasons that require boiling. For one the wort
produced is never strong enough that it can beakefs without removing part of the water througilibg

and secondly the wort contains proteins that nedzbtcoagulated through boiling which lets thentleséd

the bottom and helps with clearing the beer.



In addition to that the boil does either removeconvert other compounds. For example are the ahextri
contained in the beer converted into real sugartaedugar already present is converted into sgugar
which is sweeter than the first and through itsocdlas a big influence on the color of the bé&édre
statements about the conversion of dextins to sagdrsugar to sweeter sugar are extremely outdatld.
last statement seems to refer to Mailliard reactidimat increase the color of the beer.

The boiling of the wort is done differently in sbatn Germany as it is done in northern Germany and
England. In Bavaria and Wuertemberg brewers halesae to boil the wort quickly and for a shoriene
which is why they prefer large and shallow kettteat can be heated fast and quickly evaporate the
unnecessary water.

Brewers in northern Germany and England want tb thei beersthe author wrote beers even though he

means worfsfor a longer time without dramatically reducing quantity. The worts are also made much

stronger which reduces the need of boiling off accimwater as in southern Germany. As a result the
kettles in use are much deeper.

The shape of the kettle has little importance.ait be shaped like a large rectangular box or caelgle
cylindrical. And it can also have the form of aitgl kettle. But in all cases it has to be heatgdilfire
whose hot gases not only heat the bottom but hlsaides. Figure 11 shows such a kettle. V is #idek
which is filled with wort and on a grate beneatbutns a fire. The kettle is suspended on the mgidmn
its upper rim. And below that it rests on additibsigpports.

In England where most of the work is done
with steam engines it is common to heat the
kettle with steam. If this is available it is
preferred since a burning of the wort is
nearly impossible with such kettles. But if
no steam engine exists in the brewery the
added investment for a steam Kkettle is no
worth it.

The wort contains many protein like
substances. These would, if left unchangec
have a detrimental effect on the taste as the
change though a foul and sour fermentation
Would the wort be only a solution of sugars
the boiling would not be necessary. We se:
this with grape and fruit juice. Both of
which go through a wine fermentation an(.jFigure 11 - cross section of a direct fired brewl&eFrom
are then able to last for many years. But thigpamie Fuer Laierl860

is not possible with beer because the wort
contains too many compounds destine for decay. Wi is boiled to coagulate and precipitate these
compoundstLittle did the author know that the problem are 8ot much the proteins in the wort, which
would indeed be nutrients for beer spoilage orgamsisbut the large amount of spoiling organisms @més
on the malt which are killed durintpe boil. But either way they were correct: woreds to be boiled and
juice doesn't need to.

Hops

But wort is also boiled for another reason. Sowardidn't talk about one of the main ingredientbeér;
the hops. It forms the spice for all bitter beé&k&rt as it comes from the malt is displeasingly sinend
something has to be added to change this to therb&imong all substances that were tried, hopgstare
most pleasant and the least harmful.



The hop plant carries a large number of scaly flevtkat look like small pine cones. Similar to tirain
that lies behind each scale of the pine cone, ¢kd f the pine, the hop flower has grains too,rbuth
smaller. These grains and the small round glanaissiinround them have an exceptionally lovely balsa
like smell and a spicy bitter taste.

Figure 12 - Map of the middle European hop gowigjans between 1842
and 1927. Bavarian Brewing Museum Kulmbach (Gerrpany
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The extraction of these
substances, the essential
oils, is it what the mixing of
wort with hops does. One
speaks of the narcotic effect
of [the hops] but it is so
insignificant that a well
prepared beer, enjoyed in
excess, is harmful more
though its Weingeist(wine
spirit, the alcohol in the
beel than the hops. Sure it
is true that a hoppy beer
assists in the excretion of
the liquid excrements,
which is not a drawback.
The stimulating and
invigorating properties of a
bitter beer stem almost
completely from the hops.
The bitter compound of the hops is stronger thanseetness of the malt and overpowers it and it is
unpleasant to some people. But even the noble andspoiled ladies get used to this taste quitdyeasd
after that, every beer that doesn't have this &stens tasteless and unpleasant to them.

Figure 13 - A closer look at the southern Germash @rech hop growing
regions

It is important that the hops are of good qualitizey are gown in many regions but not everywhere do
they grow well, receive the necessary care or rgmmough. After they have been picked they needeto b
dried quickly in air and sun. The remaining waterrémoved in heated rooms and after that they are
pressed and packaged into large bales. These @esovered with paper which is then covered with
varnish. The paper and the varnish keep the meisiut and stored like that the hops can last ffavwa
years without loosing their aromieither in the hop museum in Tettnang nor in thewling Museum in
Kulmbach did | see hop bales that were covered wéper and varnish. The old hop bales | saw there
were just large bags made from cloth. Which tellsthat it may not have been very common to seal the
bales with paper and varnish.

Because of this aroma wort is boiled with hops. Bh# extracts the hops which gives their bittemaad
their aroma to the beer. They give the taste thaspecially pleasant in a good Bavarian beer. Hiey
give the beer the necessary stability becausetbaers not hopped is constantly changing and hvedys

to the better. As soon as the process of alcolmlymtion is complete and no more sugar is left lzgot
form of fermentation starts which produces vinefyam alcohol. The beer becomes sour. This vinegar
fermentation is stopped by the essential oils efitbps.

The author puts a lot of focus on the fact thatgheserving character of hops stems from the esdemils
and not from the iso-alpha-acids that are formedirtyithe boil. It is entirely possible that thisasly the
opinion of the author. But even in other texts fritris time period | find references to contraptidhat
were designed to capture the essential oils froenebcaping steam and returning them to the woet lat

The following paragraphs describe two fairly uniquays of adding the hops to the wort

When the hops are boiled one gets the extrachieutssential oils escape. So it would be logicatamboil
the wort. This is possible because proteins alreadgulate before boiling temperatures. Just ldake
way good coffee or tee is made. It is known thalitmpthe coffee or tea ruins it and that a gooffex or
tee is only steeped in hot water.
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It is difficult to understand that this commonlydwn practice can also be used for hops and a Heard
has to come along to show the brewers the light selidthem an open secret as new. Tizard's process
works as follows:

Below the mash tun is the so called grant whictectd the wort run off from the mash. This granisge
perforated bottom. Close to the actual bottom igpeo tubing through which boiling steam is run. The
hops are placed on top of this tubing and are emveith a perforated plate to prevent it from filogtup.
Steam is run through the pipes as soon as the igraatf full in order to heat the wort and keeptit95 C.
Now wort is slowly drawn from the grant and new Wivom the mash enters the grant. The flow rates ar
matched and adjusted such that the wort insidegytaet remains at 95 C. The pump with draws the wort
from the grant reaches under the perforated pladetiae opening of this pipe is covered with a mish
hold back the hops. New wort is always coming odatact with the hops through this mechanism.

This is an interesting concept indeed. It sounkis first wort hopping with a hop back right afteetmash
tun and | assume that they didn't worry about raitihg off DMS with the use of this no boil praetid®r
maybe the DMS is later evaporated on the cool sinigh “Berieslungskuehler” (see wort cooling for an
explanation of this device). This is the first tintead about such a hopping method and | doubt ithaas
commonly used.

The amount of hops that are used is very diffesgrt depends on the weight and quality of the rifadt,
more sugar it contains the more hops are needesielhss the taste of the drinkers and lastly thigppse
of the beer: whether or not it is destined for I@tgrage, for export or early consumption. It isdese of
this that that nobody can say how much hops are psemalt. The quantity changes from 1/4 pounii4to
pound per 100 pound malt. For beers that are egpdd hot regions (the Englishmen wants to drirk hi
porter and Ale even in Jamaica and Calcutta) ui8t80 pounds might be usethis book is also covering
English brewing to some extend but | have beeinguithis out so far

Some breweries use a different method to boil tishAll the hops are boiled in the brew kettlehwinly
a small amount of wort. Not even a 10th of it. Afeis has boiled for 15 min the rest is added ahdf it
is boiled as usual. This is supposed to achievmra bf "hop roasting” during which the hops loosens
of their aroma but give the beer its own pleasasietwhich one considers especially exquisite waBa.

This hop roasting is very interesting indeed (ityneven be the original form of first wort hoppiray)d
warrants some experimentation in home brewing



Cooling

Figure 15 - A copper cool ship as it is on dispéythe Bavarian Brewing Museum in Kulmbach. The
actual area of this cool ship in a brewery wouldnfigch larger. The wort is scooped or pumped in& th
metal basket which holds back some of the brealemaatand the hop matter. Once the wort has cobled
will be drained with the drain that can be seethatfar corner on the right hand side.

In every brewery an awfully awkward and large deyithe cool ship, requires a formidable and if the
brewery has a decent capacity a huge room. Eadic éodit of beer requires 6 square feet surface.area
Over centuries one has been using this awkwardytfim newer times one has made useful changes)
mainly because people are creatures of habit. R@éys ago the author has suggested changes to the
cooling device used by the brewers of Berlin. Thisiefulness is quite evident to these intelligeahrbut

"the beer is such an erratic thing that it showtbre treated different from what it is used toskdlight or

hatch more or less open or opened on the wrongvwgitispoil the beer"

I included this passage here because it illustraty nicely how little the brewers knew about die¢ails
of brewing beer. One problem with the cool shifhat a very large surface area of the beer is ofmethe
elements. If the hatches are not opened correstlyd may blow wort spoling organisms onto the veord
the beer will go sour more quickly. Back then tHiin't really know why the beer would go sour, jistt
it happens if the hatches are not opened correctly

A cool ship may be made from wood or metal and sedbe perfectly level. Wooden cool ships
deteriorate and lead to beer spoilage very easitatise they absorb small amounts of wort whichstam

a fermentation in the next batch that enters tred ship. Another drawback of the wooden cool ships
that wood is a poor conductor of heat and thawhe doesn't cool as quickly. Because of this noostl
ships are now made from iron. The large bottom thiould bend under the weight of the wort sits on a
grate. The rest of the design is very similar te thooden cool ships. And because iron is a better
conductor of heat the wort cools faster.
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It is known that the wort should be cooled as fastossible to remain in contact with the air #est
amount of time. It is also known that a steamingiii cools faster if the steam is moved away frbm t
surface with an draft such that new steam can tmedd which draws heat from the liquid. But the peotn

is that the purpose of fast cooling is to minimilae contact with air. But such a draft over thetweven if

it cools the wort in half the time, would be wortban having the wort stand without that draft twase
long, since in the later case the steam forms tegtive blanketAgain, the author was not aware that the
contaminants in the air and not the air itself wéne problem.

But if such draft is created under the cool shiwauld cool the wort through the iron wall and détturb
the steam on the wort's surface. Such a draftssdreated with a centrifugal blower which doehate to
be large. A foot in diameter and rotating with a

sufficient speed is enough.

But iron cool ships have a negative effect on th
wort when they are new. The wort absorbed tanni
acid from the hopsl think it is more the acidity of
the wort and not the acids from the hppsd this
acid reacts with the iron. The result is a blacit ti
of the wort as if someone added ink. This aloni
could be enough to condemn such cool ships bi
fortunately this iron salt settles with the yeasta
completed fermentation and secondly the coc
ships quickly loose their staining ability. They'll
get covered with a thin layer of beer stone whicl
protects the iron from the tannic acid in the wort.

U] Uy

should be located. It is best located outside thg'9Ure 16 - Top view of a wort "refrigerator” taken

brew house uncovered in the shade of the brewef{P™ Chemie Fuer .LaienThis is basically a hybrid
buildings. The cooling of the wort should not take etween a cool Sh'p and a counter flow chiller and
more than 12 hours although this limit isCa" be seen as a d|rectl ancestor of the counter flo
oftentimes exceeded. Covering the cool shi[?r plate chillers of today's brew houses

should be possible if the weather requires it
During the winter, under clear skies and if thelcoa
ship stands free without any cover the cooling ca
take as little as 2 hours. But during spring of, fal
i.e. the end and the beginning of the brewinc
season, the day time temperatures are too high
allow for a quick enough cooling and cooling at
night is more effective.

There is no question as to where the cool shiEP

Much more practical than the cool ships are the s
called Refrigeratoren(as we will see later, this

word does not refer to a refrigerator or
refrigeration technology as we know it todlay
which have been mentioned by Tizar. Figure 1t
shows the floor plan of such a unit. A breweryttha _
would need a 600 square feet cool ship, only neet Fie. 11, ferlesslungskiibler,
one half that size. The figure shows the rectangularigure 17 Berieslungskuehlerom

cool Shlp on the rlght and the kettle on the Ibft. Mever's Konversationslexikoh893

reality they would not sit as close together arel ar

preferably separated by a wall. The cool ship is andlat open space but it is an artificial "rivetiat
meanders between dividers over the cool ship. iBhighy this cool ship is not horizontal but slantéd
drain would be placed at its lowest point. Fromitbé kettle the wort is scooped into a channet tiws




it to flow onto the cool ship and as it exits itlivie much colder. But it is cooled even more byihg a
metal pipe that lies on the bottom of the cool smip follows the meander of the wort flow. Cold erat
pumped through this pipe, which is twice as widé &sthick and which then flows against the flofthe
wort until it exists below the channel that comestf the kettle. The purpose of this water and wiilpis
against the stream of wort is obvious. It shouldl¢be wort and because the wort will be coldesirribe
exit it needs to be offered the coldest water at floint. And because of that one can do in 15 wtiat
took 6-8 hours on a conventional cool ship. Bsthibuld be added that not all the wort is cooletiSrmin
only the amount that is currently on the cool sHipe cooling of all the wort takes as long as ketato
empty the kettle.

The temperature to which the wort needs tq
be cooled depends on the type of beer and t
type of fermentation. Light and top fermented
beers are only cooled to 20 C while Bavarial
beers and the related bottom fermented typ
need to be cooled to 7 or even 6 degre
Celsius.

Another device that was popular for cooling
the wort is the "Berieslungskuehler" as show
in Figure 17. These devices have
corrugated surface over which a thin film of
wort would run down from the top to the
bottom where it is caught in a trough and
then moved to the fermentation vessel. Col
water is pumped through its inside. It enters
at the bottom and it exits on the top.
Advanced models would have two stages. T
bottom half was cooled with ice water and th
top half with well water. This was a more
efficient use of the ice water. While these
Berieslungskuehler can also be used instea
of a cool ship their use was more commo
after the wort has already been cooled
substantially on a cool ship.

The careful reader may have already noticeg
that one important part is missing: aeration

of the wort. Back then they didn't know tha igure 18 - ABerieslungskuehleand aTrubsack The

east needs Ofor proper fermentation. All i i .
%/hey Knew is tf;t pFoIoFr:ged wort contact WithTrubsackwas a triangular bag in which the wort held
the air make a beer sour. But the use of a C()(;;Lack by the trub and hop matter was extracted.rAfte
ship and especially a '.‘Berieslungskuehler"t e wort has been drawn from the cool ship the wet

with its thin film of wort trickling down on its trub would be filled into theéTrubsackand the wort

side provided enough air contact for Was then pressed from it
sufficient oxygen uptake of the wort.

Fer mentation

The production of a good beer depends very mudh@ichemical process which we call fermentation. As
a result the brewer has to give it his utmost &ttanIf it runs poorly the beer will be bad evérall other
processes ran well and were controlled with carg.iBit runs well it is possible to compensate onall
mistakes made up to this point. Except if the wgwt sour because in this case the 2nd fermentation
already happened before the 1st one started.
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The beer fermentation is divided into two groupms fermentation and bottom fermentation. Both types
convert the sugar into alcohol and carbonic acidt B beer this conversion should not be run until
completion because one likes to get not only altbbbalso substance in the beer. The alcohol mties
beer invigorating, the carbonic acid gives it te&eshing taste, the unconverted sugars make fitious
and the hops give it the spice. The fermentatiaukhnot destroy these properties nor should #dff
them negatively and that's why it is so importamtcbntrol it well. Today we know that there are
fermentable and unfermentable carbohydrates in vloet and that the yeast can consume only the
fermentable ones anyway

Besides the mentioned primary purpose the fermientathould also facilitate the precipitation of a
substantial amount of the protein. The more iteimaoved the more stable the beer will be. But ther be
should never become void of any fermentation sabstibecause unlike vine it is not a fully fermente
beverage. If it would become that, it would stojngepleasantly drinkable. The carbon dioxide, whigh
formed through fermentation, is a substantial coowlifor the pleasant taste. In vine it is not pres
because there the fermentation is complete artleattarbon dioxide has escapkdaounds as if the author
was not aware that carbon dioxide can be trappethsbeer if the vessel is closed and that it catain

its carbonation even after complete fermentati®o. prevent such staling of the beer it needs taime
enough fermentation substrate so it can slowly énirthroughout its existence. This is the same with
Champagne.

The temperature has a major effect on the courgheofermentation. At a temperature of 15 or more
degrees (C) is the fermentation turbulent, quiak eery active. At 7 C or less the fermentationugetjand
much slower. During the faster fermentation at bigtemperatures the yeast rises to the top. This is
brought on by carbon dioxide bubbles that lift freast to the top which is why this process is dattep
fermentation Qbergaeruny At lower temperatures less carbon dioxide isdpoed and the bubbles are
too small to carry anything else but themselvesthadyeast falls to the bottom. This is why thieqass is
called bottom fermentatiotUfitergaerung.

Top yeast causes top fermentation and bottom yemstes bottom fermentation. But with the right
temperature the type of the yeast can be chanfjedeltakes the foam rich of yeast of a top feriaigon
and adds it to wort and lets this stand at a teaipex of 5C then the yeast is doing a bottom fetatzm.
Only little rises to the top. If one uses this ytefas fermenting fresh wort at low temperaturesiaghen

the former top yeast will completely transform ifitottom yeast. Likewise can one create top ferntiemta
and top yeast from bottom yeast by fermentationl@tor more degrees Crhis is an interesting
observation. We know now that ale yeast is not gyam change into lager yeast just based on the
temperature but what may have happened is thagehst that was used was not a pure ale or lagairstr

It was a mix of strains and fermentation at lowemperatures benefited the lager type cells and
fermentation at higher temperatures benefited feeype cells.

Light beers, which aren't expected to last a loinget are fermented with top yeast. It finishes the
fermentation quickly, converts lots of the sugdoialcohol and produces lots of carbon dioxide (dason
for the strong foaming of thé/eisshiey. But because the fermentation is done at higtmperatures they
tend to get sour very easily and the protein ispmetipitated as completely. Such beers are nbtestnd
need to be consumed quickly.

For beers whose small amounts of sugar shouldemoteint completely, like the Bavarian and other lage
beers, a the bottom fermentation is chosen. Indhge the process is a slow one and the beersecan b
consumed months after being brewed. The protetlesetut with the yeast and during their shelf tHese
beers will get better with every day.

For top and bottom the process of fermentationivided into three different phases. During thetfirs
which starts after the addition of the yeast, sigaonverted into alcohol and new yeast is forfinech the
nitrogen compounds. The temperature of the fermgrgubstance rises. This part is called the rapid o
wild fermentation.



The second phase is the secondary fermentatiaohigaerunyy And while the conversion of the sugar still
continues it is much slower and most of the yeashéd during the first phase settles out. The tubger
clears up. The third phase is called the impalpallehappens after the settling of the yeast and
clarification. During that time the continued fermt&tion and yeast growth is so slow that therdilistise
fermentation of sugar and formation of carbon diexbut the settling of the yeast is so slight thé a
mere haze on the side of the bottle on which it lagisg. A haze that the maid pretends not beirg &b
remove but which needs to be removed if one doesmit to drink sour beer since it would immediately
start the second stage of fermentation in the begt that is filled into that bottl&econd fermentation
means in this context the souring of the beer Bsishseen as yet another fermentation stage thppéns

to the beer.

The bottom fer mentation

Of significant importance is the locality in whighe
fermentation takes place. It has to be as deep as
possible in the ground or surrounded by thick walls
such that the outside temperature has no effe¢chen
fermentation room. It needs to be vented but only a
night as the temperatures during the day flucttabe
much and it is important to have a constant
temperature. This is easiest during the winter.ifigur

fall and spring this is only possible through actil
means like sufficient ice reserves.

The rooms have to be kept clean with the utmos.car
Any foul smell is dangerous for the wort. It either
influences the beer or lays the seed for spoilage.

The vessels are usually made from wood and require
even greater cleanliness than the mash and cooling
vessels as these only hold the wort for a few hours
whereas the fermentation vats hold the beer fortden
fourteen days. These vats are oftentimes made quite
) . ) . large and can hold up to three thousand liter.dudBia
Figure 1 - Schematic drawing of a fermentationney have ones that can hold even ten thousanddite
building with ice storage on top, primary {he’ peer production during the winter. But they can
fermentation floor below and lagering cellars ajynly pe used during the winter as temperature rise
the Dbottom. Meyers Konversationslexikon qgyring fermentation is significantly in such large
1893 volumes.

Some brewers mix some of the wort from the cogb stith the yeast and then add this to the worhin t
vat. Others take some wort, add it to the yeastlanthis come to fermentation before they ada ithe
remaining wort. But every one swears that theirhmétis the correct one and that large losses angeain
if it is done differently.

It is clear that the complete distribution of theagt in the wort is the first requirement and th&dribution
is best achieved if the yeast is first mixed withmg wort until it is thin. This is then added te timain
batch and stirred. This is repeated multiple tihasng the first 12 hours.

The amount of yeast that should be pitched alsemtdp on the view of the brewer. About 1/2 to 2/3

percent of the batch volume are taken. Too muchktyisalisadvantageous because it can lead a diépdea

taste to the beer, one that is similar to home thdkead. In addition to that, the longer the béeu last
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the less yeast should be used. The conditionlieageas is in, and the fermentation temperatwe ed
to be considered.

Hampepilrusg

Figure 2 - Wooden primary fermentation vats as theye in use in the latter ha
(Bavarian Brewing Museum, Kulmbach, Germany)

If of the 19th century

During the first 12 hours the surface starts toamtered by a light white foam. These are smalbgar
dioxide bubbles which are covered with a thin lagkwort. This happens first close to the walls émeh
progresses towards the center. Most of the buldigstogether but some burst and release theionarb
dioxide which gives the peculiar stinging smell @hdt prickling in the nose. At first only when oleans
into the vat, but later when more and more carbioride is produced it will spill out of the vat amashto
the floor and cover it such that a dog lost in tBenentation rooms immediately falls over and diés
asphyxiation.

After three to four days the rising foam forms arfty mass, th&raeusen which starts to subside as the
fermentation slows. All that is left is a thin browover which mostly consists of the bitter resifishe
hops. There is only little yeast in that layer. Meast falls to the bottom which clears the beerenamd
more.

The beer is now calledungbier(young beer) oGruenbier(green beer) and its clearing indicates that it is
ready to be put into the lagering casks where litaintinue with the much slower and longer seconda
fermentation which is necessary to give the bedrirkability. To test if a beer is ready to bekad to the
lagering vessels a sample can be brought into envgdaice. If it clears quickly and only little yeastttles
out in flocks the beer is readVhis is the point in fermentation when the yeaattstto flocculate because
all or most of the maltose has been consumed.

The wort had a specific consistency. The sugar @edrins made it heavier than water. But after the
fermentation process it is much lighter. This ddatis called Attenuatiofi in the new technical chemistry
and it results from the fermentation having coregidome of the heavier sugars into lighter alcohol.

The weight of the wort is determined with an instant called theSaccharometer(old wort for
hydromete). The depth with which it sinks into the wort indtes how much sugar and dextrins this wort
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has. Let's assume that the wort had a weight gfet8ent This is pretty much equal to 13 Platéfter the
eight to ten day main fermentation it shows onlgeBcent. One would say that half of the sugar leesnb
converted into alcohol. But this dilution can als®higher or lower. It depends very much on the thay
the malt was kilned.uftmalz(air malt) gives more sugar and thus more alctieoh heavily kilned brown
malt which will not give an as "spirit rich" bedt.should be noted that it seems that they didmake a
distinction between true and apparent extract eflteer. Since the 6 Plato were read from the bdtbrav
hydrometer it means that this is the apparent ettend the real extract or sugar content is stiyirer
than 6 percent.

It is difficult to say how much time the main ferntation will take as much of this depends on the
temperature and the quality of the yeast. But thgesto which it has progressed greatly influertbes
secondary fermentation. The more complete the pyinflarmentation was the slower the secondary
fermentation will be. The brewer uses this factither produce a beer that can be consumed quicklis
less stable or a beer that takes longer to be ablakbut will be more shelf stable.

When the beer is transferred the layer coverimgéds to be removed. This is understood as it wgiukel
the beer a harsh bitter taste. The beer also rtedus clear and free of yeast. The last bit of libat was
standing over the yeast is allowed to settle amtddiater to the lagering casks.

Fermentation produces new yeast which is a fungatsgrows rapidly where there is food and the giro
rich compounds of the malt are especially suitdte ®ld non-viable yeast settles first. The newkyfed
and most viable yeast settles next and after thhindiquid yeast settles which is uselelsds interesting
to note that Luis Pasteur discovered yeast in #mesyear that this book was published; 1860

Since the yeast is of such importance, brewerst dpoiv it new for each batch. They don't discare th
sediment but remove the thin slurry on top and gwape off the good yeast without getting too maoich
the old and useless bottom layer. This requiresesskill and is done with large scrapers.

Once the yeast as been collected and is storedsh fvater the vat is cleaned with water and largems
using the utmost care to clean especially in thaars.



Figure 3 - Old wooden lagering casks. Visible iontrof these casks is\éerschneidbockvhich was used

to blend up to 3 casks. The sight glasses on #hatd were used to check when a particular caskéady
drawing yeast. The upright tubes in the lower rigbiner are part of ¥/asserspundapparathich is a
pressure sensitive relieve valve where the couptessure is created by columns of water. (Maisels
Brewery Museum, Bayreuth, Germany)

When the lager beer is transferred to the lagerasks they are generally filled completely andcosed
(Verspundefl only once the secondary fermentation has ceasetpletely. The longer that secondary
fermentation took the longer the beer needs todp kunged. Such beer also has the best stahildy a
with longer storage it becomes stronger and better.

It seems that at the time when this book was writtee concept of the controlled venting of the head
pressure in the casks was not commonly used yetaiffount of carbonation was only controlled though
the amount of residual sugar at the time at whioh ¢ask was bunged. And based on the descriptisn th
happened fairly late which leads me to believe thatlager beers of 1860 were not well carbonatealla
The Bavarian Brewing Museum however showed dethe¢svere used to control the head pressure in the
lagering vessels.

Top Fermentation

When it comes to top fermented beers, the autbty & lot of different techniques. Interesting itzest
even some "Lagerbier" was top fermented, espedialhorthern Germany. The fermentation temperature
was above 15C but the beer was filed into casks lagdred like the bottom fermented beer. This is
basically how Alt and Koelsch are brewed.

It also talks about summer beer and how it has d¢otdp fermented because the low temperatures for
bottom fermentation cannot be achieved during tivarser. This contradicts the Figure 5 which shows
select “Sommerbiers” as bottom fermented beerss&heeers are generally consumed shortly after the
primary fermentation is over and contain much meaiebonation. They also have the tendency to go sour
pretty quickly. The Bavarian wheat beer (Weisshi@rlexample is even brewed without hops
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Figure 4 - Analysis data of a few top fermentedrbed the time. An apparent attenuation columnbeen

added to the translation on the right hand sidemBrockhaus' Konversationslexikph893

(I|censedetals at http://creativecommons.orgiges/by-nc/3.0/)

Copyright © 2009 some rights reserved — Kai Traesteaukaiser.com



bottorn fermented beers

= |
g | s & 2
ﬁ] g E & Bl
- 5| =2 |3 43 | £
IL Untergirige Biere. brewing regions and beer types | = B E ag g8
= s |u ] g H E :%n. ﬁ I E =
| & EH E -
k- ‘ﬁ_ ?' - % E = g I
Griengungéd: LA H gf'é E.E &
lanber und =Drte, SE| 38 =B = EE Bavaria Munich
Bierjorten =% g‘: ‘E',‘: g -,hli Hoftwivhmisbock (1396)| 42 | 110 | 199 | 445 | 543
= 5= 2= Eﬁ. ‘E Pschorrbe éuback (1205)] 3.4 11.7 121 25,5 £33
B wE = Zacherl-Salwator] 49 Q@ 127 4% 8 ]
: . Leisthriv-Marzenhier| 45 77 16.1 521 636
Bagern: Minden | ! Hofbravhausdoppelbies| 32 73 145 400 600
nfh‘ﬁﬁbﬂl-liﬁllﬂ (1886) . . . . 4584 1006 — 199 450 Spatenbrintafelbier] 52 12.9 a7 4 519 i 3
orebrdubod (1895) . . . . | 343 1167| — | 18,1 354 ;
ga%m-salmm! . L. . laes 957|097 1877 487 Augudiner 4.1 s 48 1 J31 | 648
mmmmammu ..... 448 7,71| — |16,1] 52,2 Spatenbiu 37 T4 144 487 4
0 hausboppelbicr 3,790 726| — 14,5 49,9 ] et Bl " 34 &0 145 446 544
guIInhﬁutnfe | 817| 12790 | 0,40 274|674 s ethics B gy 41 P e | oses | oo
!ngnniner .. | 413 894 — 14,8/ 532 Eachelbran ; ; ’ ) [
Sommestier | 5 tenbrdu . . . |3.90 739 — | 144/ 480 Léwenkrin 432 6.3 144 | 351 | &72
ommtechier rgerhbrdu . 3,89 B03| — 145 44,5 38 69 141 511 623
Stod) elbriu 497 827| — 144 868 ?Tf;fm 30 22 140 411 5032
Udmenbrin . . . | 4,15 BAT| — | 14,4) 85,1 PRSI - ’ ' -
oibrihg:%nl . .'3.?; 8:32 — | 14,1] 51,1 Winterbier Birgebrin 35 T4 140 47 4 b1l ]
tenbriu . . . 3,03 824 — | 14,0412 L arureribe 1 335 &9 137 49.5 604
Winterbier | WBirgerbrdu . . . |346 T37| — | 14,0/473 . 3
{Bnmgnhlu C |38l eoa| — 1307 49la Augusinetbriu 39 6.7 141 518 | 844
Gporthier B %&;‘mﬂltﬁu S::?i :::: ) :::% 53,0 Exporthier Birgerrdy] 34 19 147 46.4 566
porthier Bilcge i 46,4 i
Silies Epatentinn 89| &50| |1t by Helles Spaterbray] 27 6.5 117 444 | 542
.Rirnberg. | Nurentherg
reeijerclidy von Tudjeridies Bier | 345 635 — 135 49,1 Freiners von Tuchareches Bise| 3.5 69 135 | 400 | ws
fulmbad. | |
& ﬂhinnfﬂb::ﬂmtumhwu “3' asﬂ! 81 Eubthach
ort-Bierhrawerei . . . . X ) | — 1| 52,9 .
Duntles Mulmbadjer . . . . . . 447 917 — 17,8478 Exportbier der Essten Kulmbachey
fipriges D " | Export-Bierbraverei| 4.5 85 187 529 4 1
Ubriged Dentigland, . Duskles Kulmbaches| 4.5 932 176 | 479 | =4
Berliner :Hci !Bln' 340 450, — |11,1] 59,2
»  Sagerbier . . . . . . 3,44| 6,20 — | 13,0590
nmhtrnr: n-b!.rr 3,938 6,76 0,23]14,7] 54,0 Rest of Germany
ortmunber Ber . . . . . . . 468 5,05 — | 14,0/ 64,0 Besliner hellesBier| 34 45 111 595 725
bﬂm:lﬂ. ] “  Lagerkeer| 34 6.2 130 523 ER]
Gduwdﬁmr ﬂasrrbler ..... 4,30 654 — 14,7557 Hamburger Lagerbier| 40 63 147 540 659
nhier .. 48T 680| — | 14,6 55,8 :
itﬂim!mnmi ll'rgzr, Sagerbier . |3.79 4.71|0,21] 119 605 Eips e Bee| - €2 = R B
»  WUbjugbier !94 207(0,17| 9.8 586
'Biﬁﬂl!t Biec. . . . ... .. M’l' 487 — |12,0] 594 Ausiria
Dubeles SQuulbier . . . . . 354 428]0.20{120] 88,3 Schwechater Lagertir] 43 | 635 | 147 | 555 | @7
Matzenbier| 43 6.5 146 555 677
Abtierbraverel Eger, Lagertier| 332 47 119 604 737
“ “ 0 Abgughier| 29 21 0F T80 of 2
Vdlferier Bier| 37 49 120 394 | 725
Budweiser Schankiier] 33 43 120 4.3 73.5

Figure 5 - Analysis data of a few bottom fermenteeérs of the time. An apparent attenuation coluas h
been added to the translation on the right harel sitbmBrockhaus' Konversationslexikph893

Analysisdata from select beers of thetime

The following tables have been taken fiBrockhaus' Konversationslexikoh893. They list the alcohol by
weight, real extract, starting extract (called "8tmwuerze" in German brewing) and real attenuation.
the translation | added the apparent attenuationtfeese beers as this is the attenuation number wea
home brewers generally work with
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One thing that immediately becomes obvious is thast of these beers are very poorly attenuated by
modern standards. Most beers have an apparentw@ten in the 60s and only a few make it into the 7
or higher. Back then beer was considered food aasl expected to be nutritious.

Another interesting observation is that the "suminegr(Sommerbier) was also a lager as it is listed unde
the bottom fermenting beers. Up to this point laj®&assumed the Sommerbiere were top fermented beer

Various Beer Styles

The following is a description of various beer atyhs they were described"i@hemie fuer Laien"They
obviously don't represent all the types of beeas there brewed back then.

Salvator-Bier
After we looked at the brewing process we will haveok at especially famous and popular beers.

We will start with the strongest of the bottom femted beers, th8alvator-Bier It gets its name from a
brewery in Munich and its fame from its strengthnlyOthe best ingredients are used and Bavarian
breweries take pride in the fact that they brewrtheer in an accredited traditional manner anc vait
constant quality. For th8alvator-Bierone takes 3 1/Berliner Scheffe(1 suchScheffelis 55 liter) malt
and 3 1/2Pfund(one suchPfundis 380¢g) to make 17Quart beer (one sucQuartis about 0.95 liter). The
rest of the procedure is pretty much the standardaBan brewing method. THgalvator-Bieris always
brewed using a decoction mash and the thick mag$ ddaout 1/2 hour longer than usual.

After the wort has been drawn into the boil kettie length of the boil will determine the colortbé beer.
The hops are added 1 hour before the end of theAssiumed that the beer needs to boil for 5 htuget
the degree of color that the beer drinker preférs,hops are added after the beer has alreadydboilet
hours, because only the finest part of the hopsatioma and the essential oils, should be extraBed
that this wouldn't be better accomplished if thpswaere only steeped is obvious. But this is how done
in Bavaria and by doing so not only the finest blgo the roughest part of the hops, the bitternisss,
extracted.

The wort is cooled to 10 C and pitched with morastehan usual to accelerate the primary fermemtati
which still takes 12 days because of the strenfithewort. But it is not left in the primary fermition
vat until the beer has cleared. Instead it is feansd to the secondary fermentation casks forengt
secondary fermentation. Once it is complete ther liedransferred again for the actual lagering and
maturation.

During neither of these fermentations will the béwr spunded(bunged) which results in very low
carbonation of the final beer and the taste isasotefreshing as one is used to from other Bavéoésns.

In Berlin there is a brewery that brews a foamBeajvator-Bierwhich has this delicious and refreshing
taste.

The MunichSalvator-Bierhas a deep dark color but is never as clear as.ins pretty clear but never
what one would call bright. It also has a strortgebifinish which is evidence than not only then&fst" was
extracted from the hops. The alcohol content isuabdl/2 percent which makes it the one of thengtest
beers brewed in Germany.

Bockbier

With its 4 1/2 to 5 percent alcohol, it is the nektongest beer to th®alvator-Bier And similar to the
Salvator-Bierit is brewed with decoction mashing but with lesalt and hops. Only 3 1Rerliner Scheffel
malt and 2 1/2Pfundhops are used to brew 2Qart beer. But still this beer is much stronger, onghti



say double, as the common Bavarian beer. It is satyed during the month of May. The Bavarians ¥njo
strong beer and would drink even more of that sihedHofbraeuhaudarely fits the guests which come
there in May and has never enough wait staff. Whitly it is not unheard of, that a guest may tale th
next empty mug, rinse it himself and get in line fioee next beer. He even finishes it while standing
continues to do so as long as he dares if we wargst home on his feet. Hardly anyone gets adigitig
the Bockbierseason.

For theBockbierThe wort is chilled to 7 to 8 C and the fermemtattakes 10 to 12 days. After that it is
transferred to the lagering casks for a secondamydntation. Once the strong secondary fermentaion
complete the casks are topped off vBthckbierand lightly bunged. This allows some carbonatmbuild

up but not enough for the beer to carry a big h€xdy a slight layer of foam but more than what the
Salvatorshows.

Bamberger Bier

This belongs to those beers brewed in Bavaria fuchvthe so called Lautermash is used. The cruahdd
dry malt is added to the mash tun and the watérasight to a boil in the boil kettle. Once it boilss
cooled to 85 C through the addition of cold wafihis water is then added to the mash tun suchithat
enters from the bottom. The dry grain will swimthat water. The water is added in two to threesstaml
every half or third respectively is added afteif laal hour. Only after all the water has been adednash
is stirred. This takes about half and hour andrafiat the temperature of the mash will be aboutC10
lower than what the water was in the kettle.

The mash rests for about an hour after and them seont is drawn off and moved to the boil kettleand
it is boiled with all the hops. This basically "stg' the hops and gives tBamberger Bierits peculiar
taste.

Once the wort from the mash tun has cleared itasvd into the boil kettle. On8cheffeimalt and 2 1/2 to
3 Pfund of the best hops yields Fimer beer (neans buckets but | don't know how large such &educ
was.

The cooling on the cool ship, pitching of the yeastl fermentation is the same as with the otheiobot
fermented beers.



