BICEP #3

This session covers Proteolytic and Diastatic Enzymes, Mashing and Sparging, Astringent and Sweet off flavors and Category 17 -
Sour Ales. Thanks to Scott Ofslager for providing photos and writing the original draft for some of the malting and sparging sections.

Key to Abbreviations and Text

Bolded Text (except for headers) is important
information which you should know for the exam.

Italic Text is “just for fun” and won’t be covered on any
of the exams.

* This material might appear on the Online Qualifier
Exam.

+ This material might appear on the Tasting Exam.

1 This material will be (or might be) tested on the Written
Proficiency Exam.

Part 1: Proteolytic and Diastatic
Enzymes*}

Before we can discuss mashing, we must discuss the
crucial enzymes which make mashing (and beer) possible.
While there are many different enzymes found in malt, for
simplicity they can be broken into two categories: Proteolytic
Enzymes and Diastatic Enzymes.

A) Proteolytic Enzymes

Works on: Proteins.

Optimum Temperature Range: 113-122 °F (active 103-
122 °F).

Description: Proteolytic enzymes naturally occur in
malt. In the mash, they degrade larger proteins in the malt
into smaller proteins and amino acids (the building blocks
of proteins).

Proteolytic enzyme action is encouraged during
mashing by using a “protein rest” at about 120 °F for 15-20
minutes. During this time:

1) Proteinase breaks down proteins into smaller fractions
such as polypeptides, which are necessary for good head
retention.

2) Peptidase breaks down polypeptides into peptides &
amino acids, essential for proper yeast growth & development.

The highest protease enzyme levels are found in pale,
fully-modified malts.

There is no enzyme activity (either proteolytic or
diastatic) in crystal/caramel or roasted malts.

Effects on Mashing Process: Proteolytic enzyme action
has the following effects on the brewing process

1) Improved lauterability of mash when using high-
protein malts (e.g., wheat, rye) meaning faster runoff and less

Helpful Mnemonics

M.A.L.T. = More Alcohol, Lower Temperature.
Because mashing at temperatures preferred by Beta
Amylase results in a fermentable wort.

Beta Amylase: It’s “beta” because it’s a “wimp”
compared to alpha amylase. It can’t stand higher
temperatures and it nibbles on molecule ends while alpha
randomly tears apart big starch molecules. It’s also the
“first act;” alpha amylase comes in afterwards (once

temperatures rise) to finish the action.

risk of stuck mash. In turn, this helps minimize exposure to
oxygen and fewer potential problems associated with a difficult
lautering process.

2) Aids yeast health by breaking (some) proteins into
amino acids which the yeast can use to grow. This reduces the
need for yeast nutrients and the risk of improper fermentation.

Effects on the Finished Beer: Proteolytic enzyme action
has the following direct effects on the finished beer:

1) Reduced cloudiness due to smaller protein particles.

2) Aids head retention due to production of medium- and
short-chain polypeptides.

3) An excessively long protein rest (1+ hour) can reduce
head & body.

4) Insufficient peptides and amino acid levels can lead to
poor yeast health, indirectly causing yeast-derived off-flavors
(e.g., diacetyl, acetaldehyde, higher alcohols) and reduced wort
attenuation.

B) Diastatic Enzymes

Works on: Starches.

Description: Diastatic enzymes naturally occur in malt.
In the mash, they degrade larger starches in the malt into
smaller starches (e.g., dextrins) and fermentable simple
sugars (e.g., mono & disaccharides).

They begin working as soon as starches in the malt are
gelatinized by being soaked and heated in the mash
(gelatinization temperature varies by type, usually 80-160 °F).

The highest diastatic enzyme levels are found in pale,
fully-modified malts. These are so-called “hot” malts with
very high rating in degrees Lintner or Windisch-Kolbach. Some
malts contain just enough diastatic enzymes to convert their
own starches. Other malts have enough diastatic enzymes to
convert their own starches and some extra starches.

There is no enzyme activity (either proteolytic or
diastatic) in crystal/caramel or roasted malts.

The two most important diastatic enzymes are Beta
Amylase and Alpha Amylase.

1) Beta Amylase

Optimum Temperature Range: 130-150 °F. Denatured
above 154 °F

Beta Amylase produces monosaccharides (e.g.,
maltose, glucose) by breaking off maltose units from reducing
ends of starches by cleaving 1-6 bonds. It is unable to quickly
reduce large starch chains and is unable to reduce branched
starch chains (e.g., amylopectins).

Effects on Beer: Mashing at temperature ranges which
favor Beta Amylase action produces more fermentable
wort, but thinner-bodied beer with lower head fullness and
retention.

2) Alpha Amylase

Optimum Temperature Range: 149-158 °F. Denatured
above 167 °F)

Alpha Amylase breaks links from starches at random
by cleaving 1-4 bonds. This produces short-chain starches



and polysaccharides (e.g., dextrins). It is unable to
completely reduce branched starch chains. It aids the action of
beta-amylase by creating more reducing ends for them to work
on.

Effects on Beer: Mashing at temperature ranges which
favor Beta Amylase action produces a more dextrinous, less
fermentable wort, producing fuller-bodied beer with higher
head fullness and retention but lower alcohol levels.

Part 2: Mashing and Sparging*:
A) Mashing Basics

What is Mashing?: Mashing is the process of soaking
crushed malt in hot water to liberate the sugars and
proteins which form the wort.

Chemically, this gelatinizes starches and activates
hydrolyzing enzymes contained within the malt. The
enzymes act on the starches to create fermentable sugars in the
wort and act on proteins to create other products necessary for
optimum yeast health and nutrition. Mashing gives the brewer
full control over wort composition.

“Rests” at certain temperatures, for certain lengths of
time, favor the action of various enzymes, although rest
temperature ranges can overlap. Mashing at a lower
temperature favors alcohol production at the expense of
body and head retention. Mashing at a higher temperature
favors body and head formation and retention at the
expense of ABV.

Mashing Terminology: Because it is a very old
technique, there are many jargon words are used to describe
aspects of the mashing procedure.

The process of infusing the crushed malt with water is
called Doughing-In or Mashing-In. The mixture of crushed
grains and hot water is called the Mash and the container which
holds the mash is called a Mash Tun. The water used for
mashing is called Mash Liquor and the container which holds it
is called the Mash (or Hot) Liguor Tun.

The (usually) hot water meeting the room temperature
grain results in a mash which has a temperature someplace in
between the two; this is referred to as the Strike Temperature.

The time the mash spends soaking at a particular
temperature is called a Rest. Frequently, the mashing process is
completed by heating the mash (either directly or by additional
infusions of liquor) to 167-170° F in a process called Mashing-
Off, Mash-Out, or Doughing-Out.

After the mash has been steeped sufficiently it is
transferred to a Lautering Tun or Grant and the liquid portion of
the mash is drawn off in a process called Lautering. In most
homebrew systems, the mash tun also serves as a lautering tun
so the mash isn’t transferred before lautering. In most
commercial breweries, the mash tun and the lautering tun are
separate.

During lautering the grains are usually sprinkled or
soaked with additional water to extract extra sugars in a process
called Sparging. The water used for this purpose is called the
Sparge Liquor. In some cases, the wort and sparge water
recirculated through the grains to extract even more sugar, in a
process called Recirculation or Vorlauf.

Batch Sparging refers the process of repeatedly soaking
the grains and drawing off the sparge water, while Continuous
(or Fly) Sparging consists of adding sparge water to the mash at

the same rate it is drawn off. The liquid extracted during
lautering is referred to as the Run-Off, and once collected in the
Wort Tun (AKA Copper or Wort Kettle) it becomes the Wort.

Milling: Milling is a pre-cursor to mashing. It crushes
the contents of the kernels, increasing the amount of surface
area available for hydolyzation and enzyme action. Crushed
grain husks form a filter bed which helps clarify mash run-
off during lautering and sparging.

But, if grains are milled too coarsely (a “coarse crush”)
the mash will suffer from increased dough-in time, reduced
enzyme efficiency and reduced extract yield.

Conversely, if grains are milled too finely (a “fine crush”)
there is increased risk of stuck mash, potential troubles with
wort clarity and the risk of bits of grain husk getting carried
into wort during sparging (resulting in polyphenol extraction
during wort boil, which causes protein haze and astringency).

Mash Requirements: For optimal mashing, the mash
must have the following traits:

1) pH range: 5.2-5.8: The brewer usually needs to
adjust water chemistry to get his mashing into this range
using additions of mineral salts, acids, or use of dark or
acidulated malt, testing the mash pH periodically using pH
strips or pH meter.

Higher pH levels cause trouble with tannin extraction
and reduced enzyme efficiency. Lower pH levels cause
reduced enzyme efficiency.

Some buffering solutions (e.g., Five Star 5°™) allegedly
get pH into optimum range without need for acid or brewing
salt additions. More typically, the brewer “dials in” his water
chemistry by calculations and trial and error.

2) 50+ mg/l Calcium lons: At least 50 ppm of calcium
(Ca++) ions are needed for optimum mash efficiency.

3) Starch Conversion Test: With well-modified malts, a
mash of 30-90 minutes guarantees full conversion, but in
some cases, the brewer might not be sure that his mash has
fully converted its starches to sugars. In such cases, he can
use an lodine test.

In addition to lower extract vyields, incomplete
conversion can result in starch haze.

lodine Test: To perform the iodine test, take a drop of
liquid from the mash and put it on a white porcelain plate. Add
a drop of iodine solution (lodophor™ will work) to it. If the
sample turns dark purple, starch conversion is incomplete.

B) Typical Mashing Techniques

Note: one of the potential questions on the BJCP Written
Proficiency Exam requires you to describe three different
mashing techniques. The three techniques listed below, or two
of the techniques listed below and one of the Cereal Mashing
techniques listed in Section D are all suitable answers.

Types of Mashing: There are two basic types of
mashing Single Temperature or Infusion Mashing where the
grains are steeped at a constant temperature and
Temperature Control or Step Mashing where the mash
temperature is held at progressively higher temperatures to
favor the activity of certain enzymes at each step along the
way. Decoction Mashing is a form of Step Mashing.

Since step-mashing (other than decoction mashing)
requires constant, careful temperature control, it is less
common among homebrewers, but it is the most common mash
method used by commercial brewers since it combines many of
the advantages of decoction mashing while saving time and



fuel. Some advanced homebrewers also use step-mashing either
by adding hot water to progressively raise the mash temperature
(a method known as multiple-infusion mash) or by directly
heating the mash tun.

Some homebrewers use a system called a HERMS (Heat
Exchange Return Mash System) which uses a heater and a
pump for step mashing and improved sparging. A simpler
homebrew system is the RIMS (Recirculating Infusion Mash
System) which just uses a pump to recirculate the sparge liquor
during lautering. Both systems have their advantages and
disadvantages, the main disadvantages being added expense
and complexity and the increased risk of Hot Side Aeration
(oxidization) of the wort during recirculation. With any
lautering system, there is always the risk of a Set (or Stuck)
Mash, where the Grain Bed (the solid part of the mash)
becomes so compacted that the liquid portions can’t percolate
through it.

1) Infusion Mashing (AKA Single Temperature
Mashing): Infusion mashing is the basic all-grain brewing
technique, since even with step-mash techniques, the grains are
infused with water at the initial strike temperature. It has been
used since antiquity, but in modern times, it is most closely
associated with the production British, Scottish and Irish beers,
although many commercial breweries in the British Isles now
use some form of step mash. Infusion mashing is also used by
the majority of homebrewers, since it is relatively easy to do
and lends itself ideally to using a picnic cooler or plastic bucket
as a mash tun.

With an infusion mash, the mash liquor is heated to a
temperature 160-165 °F to achieve a strike temperature
within proper temperatures for saccharification (140-158
°F, with 149-155 °F being the optimal range). It is then
allowed to rest at saccharification temperatures for the
entire mashing period, typically 30-60 minutes or more.1

Advantages of Infusion Mashing: Infusion mashing
requires a minimum of labor, time, energy, equipment & skill.
It is suitable when using well-modified malts (as, historically
was the case for most malts produced in the British Isles).

Problems with Infusion Mashing: The main problem
with using an infusion mash is that it is only suitable for well-
modified grains with lower protein content.2 It doesn’t work
well if using grains which require a protein or beta-glucanase
rest for optimal performance. Happily, however, most modern
malts are suitable for infusion mashes.

A second problem is hitting the proper strike temperature
and keeping the temperature steady, since even a change of a
few degrees can drastically alter the character of the wort. In
practice, however, as long as the temperature is kept with +2 °F
of the intended strike temperature the results will be
satisfactory. Infusion mashes are also 10-15% less effective at
extracting sugars than a step mash.

If the strike temperature is too low, additional hot water is
used to raise the temperature, as long as the ratio of water to
grist doesn’t fall below 1.5 quarts of water per pound of grain.

" Palmer suggests at least 1 hour for full starch conversion.
How to Brew, p. 167.

2 Any malt can be infusion mashed if its fine/coarse extract
ratio difference is less than 1.8%, if it has a soluble nitrogen
ratio (S/T) of 38% or more, and is at least 95% or more mealy.
New Brewing Lager Beer, p. 300.

Infusion Mash Tips

* When using an infusion mash, heat more water than
you think you’ll need in case you don’t hit your strike
temperature.

* Since no heat is applied to the mash, it is necessary
to have either a large volume of mash or an insulated mash
tun to keep the temperature steady.

* To hit your strike temperature more accurately,
preheat your mash tun by flooding it with a couple of
gallons of boiling water before you add your grist. You can
pour off the water or use it as part of your mashing liquor.

*Your grist is less likely to ball and will form a better
mash bed for sparging if you add the grain to the mash
liquor, rather than vice-versa.

If the strike temperature is too high, a bit of cool or cold water
is added.

Another problem is that, unlike a decoction or step mash,
which is regularly stirred and which can be transferred to a
lautering tun, infusion mashes are not stirred and the mash tun
doubles as a lautering tun. Stirring an infusion mash makes it
more likely to set during sparging.

A final problem is that infusion mash limits the use of
adjunct grains, if they require a cereal mash or protein rest.

2) Step Mashing (AKA Step Infusion Mash,
Temperature-Controlled Mash): Step Infusion Mashing is a
technique where the brewer holds the mash temperature
progressively higher temperatures for set amounts of time.
Step mashing starts with the lowest temperature rest on the
schedule. When that rest is completed, the mash is then
directly or indirectly heated to raise it to the next rest
temperature.

The different rests encourage the action of different
enzymes which are most active at a particular temperature
range.

Most commercial brewers use some form of step mashing.

Methods of Step Mashing: Step mashing is the trickiest
of the three types of mashing, since it requires one of the three
methods of temperature control:

1) Directly heating the mash tun. Tricky to manage since
the brewer must have extremely good control over temperature
control. Step mashing is possible using a stove and stock pot,
but it requires constant stirring of the mash and constant
monitoring of mash temperature, even more so than for a
decoction mash. Professional brewers typically achieve direct
heating by either steam-infusion, where steam is used to raise
the mash temperature, or by having a jacketed mash tun where
the hot water used to increase the mash temperature is
contained in a vessel outside the mash tun itself.

2) Progressive additions of hot mash liquor. This can
work reasonably well for a homebrewer, as long as the initial
mash is very thick so that subsequent water additions don’t
overflow the mash tun, don’t thin the mash too much and, most
importantly, don’t raise mash pH above the optimal 5.2-5.4
range. Professional brewers occasionally use this method,
especially if they wish to thin the mash to achieve better
lautering flow.

3) Decoction mashing, described below.

When Is Step Mashing Appropriate?: Most modern malts
don’t need to be step-mashed. Any malt can be infusion mashed
as long as its fine/coarse extract ratio difference is less than



1.8%, if it has a soluble nitrogen ratio (S/T) of 38% or more,
and is at least 95% or more mealy.

In practice, this means you only need to step mash if you
are using a large percentage (20% or more) of unmalted grain
or non-barley malt, or if you are using predominantly
traditional types of U.S. 6-row lager malt or traditional
Continental Lager, Pilsner or Munich malt. In any case, you
should determine whether to step-mash or infusion mash based
on the type of malt you are using, rather than the type of beer
you are brewing.

Advantages of Step Mashing: Despite the extra trouble,
you can get good results by using a step mash or decoction
mash to brew beers which are normally infusion mashed.

1) Increased Control Over Wort Composition: A step
mash gives the brewer complete control over the composition
of his wort, since he can use different rests to encourage the
production of certain proteins, starches, sugars and other
products. Improved control over your saccharification
temperature also allows you to lighten the body of your beer,
which is desirable in styles of beer such as pale ale.

2) Allows Use of Undermodified Malts: Like decoction
mashing, step mashing can compensate for the limitations of
undermodified malt.

3) Allows Use of High-Protein or Gummy Malts and
Adjunct Grains: A step mash can also be helpful if you are
brewing a beer with a high percentage (20% or more) unmalted
grain or wheat, oat or barley malt, since it allows you to
incorporate a protein and/or beta-glucanase rest into your
mashing schedule.

4) Allows Mash-Out Without Adding Water: This is
desirable particularly when brewing low-alcohol beers where
you don’t want to thin the mash any further, both to avoid
problems with tannin extraction (due to pH and specific gravity
falling out of desirable sparging ranges) and to hit a specific
original gravity reading without having to reduce your volume
of sparge liquor or reduce wort volume by boiling.

If using a decoction mash instead of an infusion mash,
however, you might also find that the mash extracts too much
roast flavor from dark grains, so consider adding them partway
through the mashing schedule.

Disadvantages of Step Mashing: There are serious
drawbacks to using step mashing.

1) Requires Extra Time and Labor: Additional rests
increase total mashing time. Unless the mashing equipment is
automatically controlled, the brewer can’t just leave the mash
to convert on its own. He must add water or heat to adjust the
temperature upwards.

2) Requires Extra Equipment: Step mashing requires
some method of heating the mash within the mash tun, which
almost requires an all-metal mashing set-up and some method
of directly heating the mash. Insulation is also needed to keep
the mash tun at the proper temperature. Many homebrewers
also incorporate some sort of computerized temperature and
flow controls, which adds further complexity and expense.
Commercial brewers typically use computer-controlled,
double-walled, steam-heated mash tuns.

3) Directly-Heated Mash Tuns Can Potentially Scorch the
Mash: This is more typically a problem for homebrewers using
relatively inexpensive stainless steel kettles or “keggles” (i.e.,
converted beer kegs) as mash tuns and very powerful propane-
fired burners.

4) Hot Water Can Thin the Mash: This is a problem only
for brewers who step mash by adding hot water. Excess water
can result in an excessively thin mash, raise pH out of proper
range or result in wort with insufficiently high specific gravity.

3) Decoction Mashing: This is a simple, traditional
German form of temperature-controlled mash where part
of the mash is removed from the main mash tun, heated to
boiling in a separate container, held there for a certain
amount of time and then returned to the mash to raise
overall mash temperature.

It was developed by brewers in the days before
thermometers and modern malting techniques to
compensate for imperfect temperature control and to better
utilize undermodified malt (malt with a high degree of
complex proteins and unfermentable starches and relatively low
levels of enzymes needed to break those compounds down into
smaller molecules). It is still used today to achieve the rich,
malty flavors of some German and Czech beers.

Because the necessary enzymes remain in the liquid
portion of the mash, they are left behind because the brewer
scoops out the thick portion of the grain for the decoction.
The key is to remove the thickest part of the mash, so you get
the hard-to-get-at proteins and complex starches hidden inside
your grains.

Practically, decoction mashing is a form of Step
Mashing (see below) where the brewer removes a fraction
(usually a third) of the moist grain from the mash tun and
boils it in a separate container. Once it is heated, the grain
is mixed back into the rest of the mash, heating the entire
mash. Repeated decoctions progressively increase the
temperature of the mash in steps, until Mashing-Out
temperature is reached.

Briefly, the steps are as follows: 1. Dough in at first
desired rest temperature. 2. Remove a third of thick portion of
the mash. 3. In another kettle, briefly raise the decoction
temperature saccharification temperatures (2-5 minutes). 4.
Boil the decoction for 15-30 minutes, stirring constantly and
adding water as necessary to avoid scorching. 5. Mix the
decoction back into the main mash to raise overall temperature.
Mix thoroughly to avoid hot spots in the mash. 6. Repeat up to
2 times.

Because the moist grain is boiled in the decoction,
decoction mashing breaks down cell walls, giving protease
(protein-converting) and amylase (starch-converting) enzymes
better access to the contents of each grain of malt. Furthermore,
because the decoction is held at starch conversion temperatures
before being boiled, the grain in a decoction rest goes through a
saccharification rest either two or three times. This means
decoction mashing gives the brewer a greater degree of starch
conversion than with infusion mashing or other techniques of
step-mashing.

Types of Decoction Mashing: Historically, brewers used
a variety of different decoction mash schedules.

1) Triple Decoction Mash (Dreimaischverfahren): This
type of mash was traditionally used for Bohemian Pilsner,
Traditional Bock, Doppelbock and Munich Dunkel.

It used a three-step mash where the mash was doughed-in
using ground temperature (55-56 °F) water. The first decoction
raised the mash to protein rest temperatures, the second raised it
to saccharification rest temperatures, and the third decoction
was used to raise the mash to mash-out temperatures.




A variation of the triple-decoction mash was used by
Czech Pilsner brewers, who used the same rest schedule, but
doughed-in with warm water to get an acid rest.

Triple decoction mashes were necessary to compensate
for deficiencies in water chemistry (in the case of Bohemian
Pilsner) and/or poorly modified malts. They are not necessary
when using modern brewing methods.

2) Double Decoction Mashes (Zweimaischverfahren):
This is a two-step decoction mash used in the 19" and early to
mid-20" centuries to brew other styles of German beer, which
took advantage of better quality (i.e., better and more evenly
modified) malts. A few German brewers still use it.

Typically, hot water is used during doughing-in to hit a
strike temperature suitable for a protein or beta-glucanase rest
temperature, then decoctions are used to bring the mash to
saccharification rest temperatures and then to mash-out.

3) Single Decoction Mash (Einmaischverfahren): A single
decoction mash is mostly commonly used to get to mash-out
when otherwise using an infusion mash. It is well-suited to
modern, well-modified continental lager and amber malts.

Homebrewers sometimes use a single decoction mash
where the strike temperature is either at the proper temperature
for a beta-glucanase and/or protein rest and a single decoction
raises the temperature to saccharification temperatures with no
mash out. Or, they hit a strike temperature suitable for
saccharification at mashing-in and then use a single decoction
to mash-out.

Advantages of Decoction Mashing: In some ways,
decoction mashing can be considered an improvement over
infusion mashing for the following reasons:

1) Allows Limited Step Mashing: It allows you to use step
mashing using a mash tun which can’t be directly heated, such
as a picnic cooler, without needing to increase mash volume
and thinning the mash by adding hot water.

2) Easy to Hit Desired Strike Temperature: It is easier to
hit your desired strike temperature for a particular rest, since
you can control the mash temperature by only adding back a
portion of the boiled decoction or by quickly heating a bit more
mash or by adding a bit of hot water.

You can also dough-in at a lower temperature;
automatically getting a doughing-in, protein- or beta-glucanase
rest. You can then raise your mash temperature to the critical
temperature range where starch conversion occurs.

3) Aids Starch and Protein Conversion: The process of
heating the decoction aids in the conversion of non-soluble
starches (amylase and amylopectin) to soluble starches, such as
dextrins, and fermentable sugars such maltose and glucose, by
exploding starch granules and breaking down the protein matrix
in undermodified malt. This improves brewhouse efficiency
(degree of sugar extraction from the malt) by 10-15%,
especially when using undermodified malts.

The thickness of a typical decoction mash also favors the
production of dextrins over fermentable sugars, increasing the
maltiness and mouthfeel of your beer without increasing
sweetness. This is particularly useful when brewing with
unmalted grains or undermodified malts.

4) Caramelization and Maillard Reaction Products:
Caramelization (i.e., direct heating of sugars) and Maillard
(non-enzymatic browning) reactions occur when the decoction
is boiled. This forms melanoidins which darken the color of the
finished beer as well as contributing roasted, toasted and savory
notes to its flavor and aroma. This aids the development of

caramel and toasty notes when brewing beers such as Bocks,
Doppelbocks, Dunkelbiers or Oktoberfests.

5) Boiling the decoction slightly reduces pH of the wort
(by 0.1-0.15 pH)3. In doing so, it prevents tannins from malt
husks from leaching into the liquor during sparging. A lower
pH mash also makes it easier to brew very pale beers, such as
Pilsners, using soft, low carbonate water, such as that from
Lake Ontario.

6) Increased Enzyme Efficiency: Repeated exposure to
saccharification rest temperatures maximizes the efficiency of
amylase enzymes, while boiling the decoction gelatinizes
starches before the main mash is raised to saccharification
temperatures, making them more readily available to amylase
during saccharification. This makes undermodified malts, such
as traditional Continental base malts like pale lager, pilsner, and
Munich, work much more efficiently, since they have only a
third of the amylase enzymes found in equivalent British or
American pale malts.

7) Better Protein Breakdown: Boiling the decoction
directly breaks down proteins, increasing Free Amino Nitrogen
(FAN) levels and preventing proteins from high-protein or
undermodified malts from surviving through the wort boil. In
turn, this prevents protein haze in the finished beer and
improves its long-term stability.

Boiling the decoction also reduces protein gums which
can interfere with sparging, causing a stuck mash. This is
particularly handy when brewing with high-protein malts, such
as wheat or rye or when working with unmalted grains. (This is
true of any step mash schedule which includes a Protein Rest,
but is particularly true of Decoction mashes.)

8) Allows You to Brew Without a Thermometer:
Decoction mashing allows you to brew without a thermometer,
since adding a decoction back into the mash naturally elevates
it to the next rest on the schedule of acid rest, protein rest,
saccharification rest and mash-out.

Disadvantages of Decoction Mashing: There are trade-
offs to using a decoction mash, however. In addition to the
troubles associated with regular step mashing, problems
include:

1) Extremely Labor and Time Intensive: Much more time
is needed to do a decoction mash correctly, especially if you
allow for more than one decoction rest. German brewers who
used triple decoction mashing allowed six and a half hours for
the entire mashing process, excluding time for sparging, wort
boiling, cooling, pitching and cleanup! For this reason, most
commercial brewers, even German and Czech brewers, no
longer use decoction rests.

2) Complexity: It is more complex, since you can’t just let
the mash sit in the tun as you would with an infusion mash. At
times you must monitor the temperature of two separate
mashes, while stirring constantly to prevent your decoction
from sticking to the pot or burning.

3) Less Fuel Efficient: It is more somewhat expensive, not
just in terms of time and extra equipment, but also extra fuel.
This is another reason why most commercial brewers have
abandoned decoction mashing.

4) Risk of Spoiling the Mash: You have a greater risk of
spoiling your beer by accidentally scorching a decoction and
then returning it to the mash tun. This can impart unwanted
bitter and smoky notes to the beer. Decoction mashing might

3 How to Brew, p. 171.



also extract more DMS precursors from the beer. Oddly
enough, however, there is little risk of imparting husky
astringency if you perform your decoction mashing correctly.
Even though you boil a portion of your grains in the decoction,
which is normally a good way to extract tannins from grain
husks, the low pH and thick mash within the decoction prevents
this from happening.

6) Requires Extra Equipment and Space: Homebrewers
who perform decoction mashing will need an extra stock pot, a
sieve or other container, a mash paddle and a directly-heated
source to heat the decoction. Homebrewers brewing on a large
scale (i.e., 10-gallon batches or larger) might also have trouble
pulling large enough decoctions, heating them up properly, and
returning them to the main mash tun.

Commercial brewers need an extra kettle and associated
directly-heated heat source, which takes up floor space in the
brewery. They also need some method of transferring
decoctions to and from the main mash tun, which adds
additional bulk, expense and risk.

6) Potentially Unnecessary: Many of the same malt
flavors produced by decoction mashing can be achieved by
using modern melanoidin malts in a step or infusion mash,
although these some brewers claim that decoction mashing still
gives superior flavors. This is still another reason why most
commercial brewers have abandoned the practice.

Equipment Needed For Decoction Mashing at Home:
Some additional equipment is needed to do decoction mashing.

1) Time: The major drawback of decoction mashing,
especially double or triple decoction mashes, is that it adds
several more hours to your brew day beyond the usual time
needed to brew an all-grain beer

2) Extra Stockpot: An additional stockpot is needed to
boil the fractions of the mash removed from the mash tun.
Aluminum stockpots are ideal because they are relatively
inexpensive and distribute heat evenly. Alternately, a copper-
bottomed stainless steel pot will also work. If money is no
object, you can also use a copper pot, which conducts heat even
better than aluminum. Be careful when using stainless steel
pots, since they can develop hot spots, especially if the bottom
is thin.

3) Mash Paddle: You will need a mash paddle or some
other method of thoroughly mixing the mash, such as a sturdy,
long-handled spoon. Not only must the decoction portion of the
mash be stirred while it is boiled, but you must also thoroughly
stir the heated decoction back into the mash to get an even
temperature increase.

4) Measuring Cup: You will need a 2-quart heat-resistant
measuring cup, preferably made from plastic or Pyrex. You will
need to make volume measurements on the fly when
determining how much mash you pull for your decoctions.

Useful Equipment for Decoction Mashing: The
following items are handy to have, but not absolutely required:

1. Gloves or Oven Mitts: You will be carrying boiling hot
kettles of mash and you will be stirring boiling hot mash which
can splash you. Other protective equipment, such as an apron,
proper clothing and proper footgear is also highly
recommended when brewing. You are, after all, working
around heat and large volumes of very hot liquid.

2. Flame Tamer: A 1/8” thick piece of copper or
aluminum sheeting placed between your decoction pot and your
burner will reduce the risk of hot spots and scorching in your
decoctions by spreading the heat evenly.

3. Insulated Mash Tun: Any step-mash requires you to
hold your mash at a steady temperature during the various rests,
but decoction mashing demands an insulated mash tun since
you even if you can apply heat to your main mash tun and your
decoction vessel simultaneously, you can’t easily monitor and
control the temperature of both at the same time.

4. Powerful Heat Source: Some mashing schedules
require you to bring up to several gallons of grain porridge up
to a boil in 15-20 minutes. Also, since the length of your brew
day is largely determined by how fast you can get wort or water
to boil, being able to quickly heat liquid saves lots of time —
and decoction mashing takes a lot of extra time to do right.

5. Probe Thermometer: You will need to take temperature
readings from different parts of the mash to be sure that you
have an even temperature. Digital probe thermometers are nice
since they record their temperature quickly. Infrared
thermometers are not suitable since they only measure
temperature of the mash surface.

6. Volume Measuring Device: Most calculations for how
much mash you should remove depend on volume
measurements accurate to the nearest gallon, if not the nearest
quart. You can estimate the volume of the mash in your tun by
marking the inside or by making marks on a ruler or dowel rod
or along the handle of a long-handled spoon (turning it into a
charismatic spoon).

7. Mash Rake: Decoction mashes are traditionally raked to
improve liquor flow during lautering.

How to Do Decoction Mashing: Once you have your
equipment, you can start decoction mashing, as with any other
skill practice makes perfect.

1) Dough-In using a relatively thick mash4, but purposely
undershoot your normal infusion mash strike temperature by
20-30 °F. This automatically gives you a doughing-in, beta-
glucanase or protein rest (see Step Mashing, below for
descriptions of the various rests). Alternately, some German
brewers historically mashed-in using ground temperature (56
°F) water and then used a decoction to ra