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A resurgence in the popularity of bourbon has inspired a more detailed
study of the science involved in its production.

gence. Consider that the more than nine million

barrels aging in Kentucky amounts to two barrels in
inventory per state resident (1). While 95% of the world’s
bourbon supply is produced in Kentucky (Figure 1), bourbon
can be produced anywhere in the U.S.

Bourbon is a distilled spirit that begins as a mash

bill (i.e., ratios of grains added to water) of at least 51%
corn, which is fermented and distilled to no more than
160 proof — i.e., 80% alcohol by volume (ABV). Bourbon
enters a new, charred-oak barrel at no more than 125 proof,
other congeners (i.e.,chemical components). This mixture

The bourbon industry has experienced a recent resur-
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with increasing temperature and time. Initially, corn starch
granules range from 7-20 pm, but over time as temperatures
increase, the starches undergo liquefaction and the chains of
starch begin to separate. Once the starch chains are liberated
from the structure of the grist, saccharifcation occurs.

During saccharifcation, the chemical bonds of the
polymerized starch are broken into simple sugars via an
enzymatic reaction. Traditionally, the role of malt in a
mash bill was to provide the necessary enzymes for this
process. Malting causes the grains to begin the germination
process. As part of germination, seeds produce enzymes
to break down their starch stores to generate energy. By
carefully allowing germination to start and then, just as
it begins, stop, enzymes are generated, but the starch is
not signifcantly consumed.

Today, commercially available enzymes are often used to
increase the effciency of the process. Specifcally, a high-
temperature alpha amylase is added during mashing to digest
large starch polymers into smaller chains (i.e., dextrins) by
cleaving the alpha-1,4 linkage in the starch. Alpha amylase is
also used to reduce the viscosity of the mash, especially when
the mash bill contains large amounts of rye. Glucoamylase
enzymes are then added, further cleaving the dextrins into

1o Figure 2. In the mash tun, the grains and water are heated with enzymes that
break starches into fermentable sugars.
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fermentable sugars, including
maltose and glucose. The activ-
ity of these enzymes depends on
the temperature and pH. Typical
temperatures during the mash-
ing process can be as low as
145-160°F for wheat, rye, and
malted barley, or greater than
200°F for corn.

Just After Mixing

Fermentation

After the sugars have been
liberated from the starch, the
mixture is cooled and moved
from the mash tun to a fer-
menter, where yeast is added
(Figure 4). Some facilities that
have a more continuous process
recycle this cooling water to

75°C (167°F)

U Figure 3. As the water and grains are
heated, water is forced into the starch
particles, causing them to swell and begin

to break apart. 85°C (185°F)

1o Figure 4. Traditionally, and often still today, fermentation vats are uncovered
and open to the environment.
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heat the next round of mash water.

The distiller can make the mash in one of two ways:
sweet or sour. In a sweet mash bourbon, only grains, water,
and yeast are combined to make the mash. In a sour mash
bourbon, part of the water is supplemented with stillage
(i.e., setback), which is the liquid portion that remains from
a previous distillation after the alcohol is removed. Because
of the presence of acidic compounds (e.g., organic acids)
formed throughout the fermentation process, setback is sour,
hence the name of this process. Both methods can make
great bourbons, but there is contention among distillers as to
whether sweet or sour mash is best.

Although distiller’s yeast has the highest activity at
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wood of the barrel. In winter, the liquid contracts. These
fuctuations are vital to changing the chemical composition
of the bourbon.
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