Modern Distillery Practice

C. S. Boruff, Hiram Walker & Sens, Inc., Peoria, Ill.

important new phase of the business

of manufacturing whisky. Chem-
istry, biology, and engineering meant little
or nothing to the old industry, oceupied
as it was with its deep obeisances to age
and hoary tradition. To the reborn in-
dustry, science and technology have he-
come essential tools,

Age was the fetish of the distiilers and
of tie drinkers of alcoholic beverages of
two decades and with many it still oe-
cupies a sacred niche. Even the niche has
vanished before the enlightening discov-
eries of research which form the hasis of
today's distilling practice,

Necessarily there are three steps in the
manufacture of heverage aleohol: fer-
mentation, distillation, and maturing.
For many reasons which will become ap-
parent, the ancient practice of distillers
placed particular emphasis on maturing
over long periods of time and the fetish
of age became the idol of the industry.
The crude distillate of old-fashioned stiila
was harsh and unpleasant and long aging
in charred cak barrels was known to ac-
complish a remarkable change in it. After
long maturing, whisky lost its rough
harshness, acquired 4 pleasing aroma, and
delighted the palate. Chemists explained
this as the removal of certain unwanted
constituents and the chemical rearrange-
ment of others to yield a palatable result.
Either this fact failed to reach distillers or
they were too busy with
other matters to heed it.
in any case, it has re-
mained for the reborn

REPEAL of prohibition ushered in an

are shsorbed and modified through as-
similation, while during the second stage
{maturing) slow chemical reactions oecur
hetween the congeners (nonethanol con-
stituents) of the distilate and the wood
extractives, whereby the desired bouquet
is attained. Both of these stages of
aging occur slowly and the time re-
quired for them depends definitely on the
kind and quantity of congeners present.
The correct age is attained when the wood
extrart and congener content are halanred.
if the distillate has a low rongener content,
arelatively short time is needed to balance
this with wnod extract and a light-bodied
whisky results. To make a heavy-
bodied whisky requires a high-congener
distillate, mure wood extractives, and a
longer aging period.

On this guiding principle, it is easily
possible to contrel the processes of fer-
mentation and distiliation to yield any
degree of body desired and to adjust the
aging conditions to fit.

Present Practice

The effect of this iden on practice has
heen remarkable. Fermentations are con-
ducted on carefully xelected raw materials
with strains of yeastz known to produce
congeners of varieties and in the quantitie=
needed to achieve a desired result in the
finished whisky. No longer are yeast cul-
tures permitted to develup wild organisms=
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to make every fermentation batch yield a
heavy whisky. Sanitation and exact
control keep this part of the operation in
line. Modemn stills of high efficiency re-
move the more unruly congeners from the
distillate bhefore the aging process is
started, instead of throwing the whole
load of eorrection on the harrels as older
practices with bateh stillsdid. Finally the
extent of maturstion required determines
the character of the char in the barrels used
for maturing. Barrels for distillates in-
tended to vield heavy-hodied whiskies are
heavily churred, while refilled whisky
harrels are preferred for the maturing of
light-bodied products.

The eonception of whisky of two decades
ago reached the puint of making the prod-
uct an alecholic solution of a quantity of
congeners—that is, compounds other than
ethanol present in whisky. In other
words, the congeners themselves became
the prime objective of the distillery and
the alcoho! merely a convenient carrier for
these flavors. (n this basis long maturin
to permit the completion of slow chemica
reactions in the distillate and the dissolv-
ing of extractives from the oak barrels con-
taining the spirits was essential. The new
industry, huwever, has been built upon
the concept that the primary objective is
the zleohal in the finished whisky and that
such congeners as are present make this
potable. The difference between these two
conceptions has enahled the new industry
of whisky distilling to
provide whiskies of high

tability and palata-
hility, and yet whiskies

whisky industry to apply
this fact to its operations
to the advantage of all
The new technic is ex-
emplified in the opera-
tions of Hiram Walker &
Bons, in a plant at Peoria,

In the old practice of
the distillery, fermenta-
tion was allowed to take
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which may possess quite
different  characteristies
from those of even u
guarter century ago.

In the old art, the
fermentation was con-
ducted and the choice
made of the raw materials
used in it to foster the for-
mation in the ultimate
distillate of alcohols,

place as it would in open
wooden tanks which were
never sterilized and into
which every possible wild
yeast was encouraged to
come and grow. Distilla-
tion was conducted for the
prime purpose of recover-
ing every bit of alechol
possible from the mash
without regard to other
constituents. The result
was a distilate which
contained all the volatile
(with steam) constituents
found in the fermented
mash and whose maturing
required long stretches of
time to correct its defi-
ciencies,

The vital impuortance
of the maturing proeess
justified analysis and
investigation, and from
this came the key to the
whole situation, Matur-
ing was found to consist
of two parts (1) correc-
tive aging and (2) matur-
ing. ring the correc.
tive aging period the ob-
jectionable flavor and
bouquet-producing  sub-
stances, found especially
in whiskies made by the
“rule of thumb’’ method,
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aldehydes, and =aeids in
variety and abundance.
Thizx end was accom-
plished by encouraging the
growth in the mash of
organisms other than the
veast. When the product
of a fermentation of this
kind was distilled, the dis-
titlate was an extremely
unpalatable product, re-
quiring extensive subse-
quent correction tw give
it the desired houquet
wnd flavor. Thelargerthe
proportion of congeneric
substances, the longer
the period of aging re-
quired and the greater the
quantity of extractives
needed to balance their
eoffect. In contrast to
this, the new whisky in-
dustry has devoted its
efforts to finding methods
of fermentation and dis-
tillation which control the
original formation of con-
geners in the mash and
which subject those
present to logical treat-
ment. Smaller propor-
tions of congeners are bal-
anced in the fnished
whisky by smaller
amounts of extractive
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matter, and at the same time, since the ex-
tent of the chemical reactions involved is
materially reduced, the time required for
them to occur is very much shortened. In
other words, by making distillates con-
taining predetermined amounts of con-
geners, the subsequent treatment to make
the glechol palatable is ‘pned.et.ermmed.
The raw materials of whisky manufac-
ture consist of grain, malit, yeast, lactic
acid baeilli, and water. The selection and
control of these raw materials initiate the
process and are essential parts of the
whole. Since we are here dealing with &
biological process where wild straine of
microtrganisms cause trouble, the utmost
cleapliness and frequent sterilization of
equipment are the second essentinl. ‘The
distillation of the fermented mash must be
conducted as carefully as its preparation.
The final maturing of the distilate in
charred, white oak barrels for a period
determined by the extent of maturing
necessaTy comcfletes the job, and yields
a product ready to be put in bottles for
sale. Strangely enough, the bottling of
the whislsy is equally essential to the
whole, since legal restrictions require the
roduct to be sold only in new, glus
ottles. No retail consumer is permitted
to buy whisky today in any other
container.
Grain supplies starch for the fermenta-
tion. Both corn and rye are used for this
ose. In this distillery some 21,000
Eua els are consumed v, an amount
used each day equal to the annual rpl'odll_l:t
of approximately 720 atres o fertile
American farm land. In the selection of
the in the primary consideration is its
stare conten)t, si:;lce other co:gtituen{.s
{proteins, etc.) are always present in ample
amounts. In the old days, distillers ap-
parently failed to recognize that differ-
ences exist betw?n the Bt.t:lrch content tff
various es of grain and consequently
always bouiht the cheapesat. The fallacy
in this has been amply demonstrated and
the first and second grades of comm, al-
though selling at higher prices per bushel,
have been found actually cheaper sources
of starch than the lower-priced inferior

grades.
Since fermentation is the primary opara-~
tion of the plant and it is necessary to
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keep out unwanted yeast and bac- gired inorganic medium for the yeast

teria, the raw grain is carefully ex-
amined from s bacterial point of
view before it is purchased. Stand-
ards have been set up which must be
the total
count of microdrganisms must fall
helow established limits, despite the

met by raw grain and

fact that the corn is cooked and the rye
and malt are heated toas much as 71° C.
(160° F.}. The malt (hoth rye and bar-
ley malt are used) which supplies the
etzyme to convert the solubilized starch
of the grain into sugar must also meet
rigid chemical and bacteriological stand-
arde, By applving modern sanitation to
the malting operation the count of micro-
organisms per gram of malt has been re-
duced from thirty or fifty million to one or
two million per gram.

The storage bins for grain are so con-
structed of concrete as to avoid any pock-
ets in which grain might accumulate and
their interiore are coated with a Bakelite
varnish to ensure the utmost smoothness.
From the bins as each batch is needed,

in is droj to mills in which it is cut
inot erushed) to a fine meal. Each batch
of meal is ground when required and goes

immediately from the mills through auto-
matic weighing scales to the cooker with-
cut intermediate sto: in which flavor
might be lost. Three hundred bushels of
grain make up a cooker charge and this
quantity is wn from the grain meal
bins, weighed, recorded, and poured into
the cooker by an automatically controlied
process started by pushing a button,
As the meal enters the cooker it is mixed
with water.

The location of a distill is most often
predicated on the availability of a water
supply eatisfactory, not only in quantity,
but more especially in quslity. Lime-
stone-bearing waters are preferred because
they contain calcium and magnesium
biecarbonate berdness and the per
quantity of sulfates to furnish the de-

fermentation. Since the quantity of
water required by this distill

illery runs as
high as ten to thirteen million gallons s

day, econorny is practiced to prevent
waste wZiuh might easily increagc{ethis
to extraordinary ‘The well water

that is used for cooling purposes (mash,
condensers, yeast, etc.) is automatically
treated with sulfuric acid to a low residual
biearbonate content (pH 6.5 to 6.7) in
urder to eliminate deposits of carbonate
scale, From these points where the prin-
eipal value of the water is its low tempera-
ture, it is conducted to s warm-water
storage tank where it is held until needed
for cooking, etc. ere hot water is
needed it i1s heated by heat exchangers,
using the blowofl from the cookers as the
heat supply.

Mixed with the proper qusantity of
water, the corn mesl is cooked fo a uni-
form consistency at a pressure of 80 pounds
of steam. The cookers are provided with

continuous stirrers and when the cooking
operation is complete, they are cooled to

a temperature of 68° to 71° C. (155° to
160° F.) by blowing off through heat ex-
changers and further cooled under vae-
uum, At this point, the maslt, which has
been previously mixed to s slurry with
water in a Porteus mixer, is run into the
cooker. Conversion takes place at a

H of approximately 5. When the malt-
ing of the solubilized starch has converted
it inte sugar, the batch is run into drop
tuba for tempaorary storage and from them
mesgsyring %umps deliver the mash
through double pipe coolers, where the
temperature is reduced to 72¢ to 75° F,
into the fermenters. The charge to a
fermenter consists of the malted mash,
yeast, water, and a small amount of sterile,
screened back-slop from the stills which is
received boiling ﬁot. and through
coolers before reaching the fermenters.
This sterile back-slop, which is the waste
product of the stills, is added to keep the
amino acid content of the fermenting mash
up to standard and alse to introduce
some lactic acid into the batch. The pro-
teins in the back-slop are hi%hly available
as yeast food and thus assist fermentation.

he special care exercised to ensure the
purity and vitality of the t culture
added to the mash is of vital importance.

The accompanying chart shows the steps
followed with respect to the two micro-
organisms which enter the process: yeast
and us delbrucksi.

The function of the yeast is to convert
the sugar formed by ma{ti.ng the mash into
ethyl aleohol. Consequently any organ-
isms producing other types of fermentation
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are carefully excluded. To this end the
cultare is built up by stages from an in-
ocylation consisting of a single selected
cell in 8 sterile medium. Different
strains are chosen for use where different
products are to be made. Because lactic
acid favors the growth of yeast (rather
than that of bacteria as acetic acid does),
this acidifying agent is used to bring the
main mash to the preferred reaction (pH
5.0). The lactic acid bacillus used is a
thermophile, Laclobacillus delbmckzs
chosen for its efficiency in conversion an
beeause the high temperature of optimym
growth and activity (49° to 54° C,, 120°
to 130° F.) discourages the growth of
other unwanted organisrns. Its purity is
assured by using culturing methods simi-
lar to that for developing the pure
culture yeast. In making the finail culture
to go into the 117,000-gallon fermenter
charge, the yeast is grown for 18 to 24
hours in 8 sterile lactic acid containin
grain mash in a 9900-gallon batch, whic
seeds two fermenters. The old method of
euaed.i.nil each fermenter or each yeast tub
from the preceding one tended to encour-
age the growth and accumulation of wild
congener-forming organiams. In the most
modern practice not only is this taboo but
also all ?i lines, vessels, and fermenters
are carefully sterilized after each use and
idle equipment is kept constantly at ster-
ilizin%J temperatures by bleeding steam
into them. [Even the stirring of the fer-
menter charge, to secure uniformity, is
done with carbon dioxide gas instead of
air to avoid the effect this might have in
introducing or encouraging the growth of
unwanted bacteria.

The fermentation is conducted in
rlosed fermenters, each of 117,000 gallons
capacity, for 72 hours be%Ginning at a tem-
perature of 72° F. and subsequently rising
t & maximum of 86° F. (for ryes) to 90° F,
(for bourbons). Temperature is held
within preseribed limits (1°) by auto-
matically controlled coils in each fer-
menter. The fermented mash, or beer,
from each fermenter is dropped into a well
from which it is pumpecr by a positive
displacement pump to continuous stills.
The pumps are so designed and built that
the same stroke which supplies fresh
heer to the stills simultaneously pumps
out the still slop, thus maintaining volume
equilibrium in the still. On its way to the
stilt, the beer is warmed by heat exchange
with slop and/or wvapor so that it
enters the still hot.

The distillate from the continuous stills
i3 known as hiﬁh wines (100 to 150 proof)
and goes to the high wines room.
faulty batches are returned to be redis-
tilled into cologne spirits; and accepted
lota go, still as individual lots, to the
cistern building where they are re-
duced in proof and drawn into barrels.

The barrels are quite as important
in the whisky manufacturing process as
the grain or the distillation. They are
made from selected white oak {Quercus
alba from the Ozark Mountaing) and are
given an internal char, light, medium, or
hesvy, adggted to the ¢ of whisky to
he matured in them. en filled and
marked for identification—for every drop
of whisky must be traceable back to
the particular batch of grain from which it
came to meet governmeit requirements—
the barrels are stored in great tiers with
free circulation of air around them in air-
conditioned warehouses held at summer
temperasture throughout the year. Here
the contents gein in alcoholic strength by
the loss of water, extractives are drawn
from the wood, and the slow lﬁrocess of
chemical alteration proceeds. timately.
}.he and matured product is bottled

or e.
Process by-products consist of the car-
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bon diozide generated by the fermenta-
tion, which is collected and converted into
dry ice for ultimate sale %0 consumers,
and distillers’ ﬁm& recovered from the
still slop which find ready market as cattle
feed of high protein content.
Technical Personnel
If, in this account, the important roles
of chemists, bacteriologists, chemical engi-
neers, and other technical men seem to
have been neglected, let that impression
be promptly erased.  Continual research in
chemistry, chemical engineering, and
bacteriology is actively prosecuted with
the view to improving the quality of the
product, the economy of operation and
the value of the by-products. Every
step in the process is carefully checked bi;
annlysis from raw grain, water, and fuel,
to l{nal bottled product. The control
laboratories here are called upon for some
40,000 analyses annually. The plant
itself represents the latest word in auto-
matic processing and control, every opera-
tion being part of a chain of events set
in motion by pressing a button or throw-
ing a lever and progressing to completion
without human intervention. [ nder such
circumstances, where improvements are
constantly sought all along the line and
where imagination is essential to under-
stand the consequences of pushing a but-
ton, the main body of the operating force is
recruited from technical graduates, me-
chanical and chemical engineers. In this
lant more than one hun such men
orm the backbone of the operating crew.

Right-Hand, Twentr-Foor 117.000-
GaLron szp FEBMENTERS Con-
VERT MASH INTO ALCOROL
Lower. CONTROLS OF STILL OPLBATION
Are EssENTiAL To CLEAN DisTiLLATE
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Modern acience is moving inte this re-
born beverage alcohol i.mfustry and is
deatined to m{lace the rule-of-thumb and
empirical methods of the past.

Removal of Impurities in
Mineral Deposits Converts
Waste into Wealth

Tm; conversion of practically worth-
less mineral deposits into commer-
cially valuable materisl, through the re-
movwal of minute quantities of impurities,
is one of the services being rendered to
the mineral industries of the Southeastern
States by the Southern Experiment Sta-
tiom of the U. 8. Bureaun of Mires, De-
partment of the Interior, at Tuseafoosa,
Ala. Processes developed at the station
should make available extensive deposits
of barite in Tennessee and South Carolins
which were previously of no value.

At the Southern Experiment Station of
the Bureau of Mines, in an investigation
of possible methods for eliminating im-
purities from barite, it was found that iron
and silica can be removed almost com-
Fletely from barite hy a].glication of the
roth flotation process. By this process,
barite containing only a fraction of a per

cent of iron and silica is obtainable from
ore of certain deposits in Tennessee and
South Carolipa which in their original
state are too high in these impurities to
be of amy commercial value and which,
therefore, have been unsuitable for ex-
ploitation in the past.

Advance Orders for Sym-~
posium on Food Flavors

8 ALREADY announced, the

AMERICAN CHEMICAL SocmETY
Symposium on Flavors in Foods
will be published in full in Volume
2, No. 3, of Food Researck, which
is to appear shortly. With this
will also be published a ecritical
review of the literasture on food
flavors.

As it is anticipated that the de-
mand for this issue wiil greatly
exeeed the ordinary number pub-
lished, the publishers are now
tgking advance orders. Aayone
desiring copies shoukl send his
order promptly to the Garrard
Press, Champaign, [lL., accom-
panied by a remittance. The
price is 75 cents for single copies
and 50 cents each in lots of ten.

E. F. ARMSTRONG has been nomi-
nated to represent the City and
Gauilds Institute on the govern-
ingsl;ody of the Imperial College
of Science in place of Sir Arnold
Wilson. He is also a member
of the Delegacy which governs
the City and Guilds College at
Souath I{ensingt.on. following Sir
Henry Lyons.
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