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PREFACE

It is hoped that the present volume will, in a sense, serve to
mark the end of an era, and the beginning of a new one. Man-
kind has had certain arts from time immemorial. Weaving,
smelting, pottery, and the production of alcoholic beverages are
noteworthy among these. And they share, besides great age,
the distinction of having reached a fairly high peak of perfection
without that intensive application of scientific development which
has been characteristic of the newer arts whose origin has been
in the advance of scientific knowledge.

This is not to say that they have been untouched by science
until the twentieth century. In particular the art of alcoholic
beverages owes much to the workers of the nineteenth century.
Pasteur, Hansen, Lavoisier, and many of the immortals of sci-
ence have left their imprint and monuments in this field as well
as in many others. More recently, but still apart from the mod-
ern age were the great investigations by the Royal Commission
in Great Britain and President Taft’s Board in this country into
the question “What is Whiskey?” In our wine production, the
work of the beloved Harvey W. Wiley culminating in the “Amer-
“ican Wines at the Paris Exposition” had a far-reaching decisive
effect. This summary cannot do more than pay its respects to
the thousands of carnest workers here and abroad who by their
labors have added vastly to our knowledge of the art of making
alcoholic beverages and their composition.

The beverage art, however, has been distinguished in an-
other way. It has had to suffer under the inherent conservative
tendency of any old art, and also it has been specially hampered
by various legal bedevilments. The era just past in the United
States, prohibition, may be likened, by not a too strained analogy,
to the Dark Ages in Europe from the fourth to the fourteenth
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iv PREFACE

century. During the prohibition period, the beverage art, under
the necessity of continuing its existence to satisfy a demand
which would not cease even at an official behest, and yet under
the need of concealment to evade legal requirements, went
through a curious semi-comatose state.

The time happened to coincide with a period in our national
life when in all other arts, the sciences, especially the science of
chemistry and the growing knowledge of chemical engineering,
were finding broad new fields of extensive and intensive applica-
tion. The vast results of these applications both in new products
and in increased and improved productiveness are too well known
to require illustration.

Hence the repeal of prohibition found the beverage art as a
sort of stepchild. Chemical science was ready to step in. Chem-
ical engineering had its techniques ready. But the art to which
these were to be applied was demoralized. Bootlegging required
very little of its product. A very bare resemblance to its proto-
type and a substantial ‘“‘kick” were sufficient to satisfy the market.
Quality of product was generally unattainable by bootleg manu-
facturer, and really unnecessary to his market. Economy of
production was a relatively minor consideration when the liability
to government seizure and the maintenance of an army of thugs
and wholesale bribery constituted the larger items in the final
selling price of the product.

In this historical background, the present volume is offered.
The authors are unaware of any other summary of the art as it
now exists which has been published recently and they feel that
there may be a need for it. On this account the authors have
felt it necessary to include between the same covers a wide di-
versity of material of varying degrees of technical density, and
they have been thereby forced to an equal diversity of treatment.
Those sections which are primarily descriptive are necessarily
broad rather than detailed. On the other hand, in the analytical
sections, for example, precision of detail has been a specific aim.
With this rationale for its apparent lack of uniformity, the au-
thors offer it to the scientists and engineers who may within the
next few decades largely transform the beverage art, in the hope
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PREFACE v

that for them it will prove a useful starting point. To the larger
number who may wish to have a general knowledge of existing
techniques or to have handy a reference for special purposes, the
volume is also introduced in the hope that they will find in it such
information as they may need.

February, 193s.
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CHAPTER 1

THEORETICAL CONSIDERATIONS.—SUGARS AND
STARCH

General Statement.—The entire wine and liquor industry
rests on the fact of nature that under suitable conditions sugar is
transformed into potable alcohol, while at the same time the
other materials in the sugar solution and the by-products result-
_ing along with the alcohol lend various pleasant characteristics to
the finished product. It follows, then, that the character of the
finished product depends, first, on the raw material which fur-
nishes the sugar, second, on the conditions of the transformation
of the sugar into alcohol, and third, on the after treatment of
the alcoholic solution. An exact knowledge of the effect of each
of these factors is the key to the successful production of a uni-
formly palatable result.

Fermentation.—Basically, the transformation of sugar into
alcohol is the one step which is common to all liquor production.
This change, which is only onc of a vast number of similar
changes resulting from the action of living bodies on suitable
organic (carbon, hydrogen and oxygen) compounds, is called alco-
holic fermentation to distinguish it from the many similar proc-
esses which, starting with different chemicals, result in different
products.

Sugars.—Alcoholic fermentation involves the transformation
of a sugar, usually dextrose, into alcohol. Hence some discussion
of sugars is the logical starting point. We have used the term
sugar in a more generalized sense than it is used in lay language.
To the chemist there are known many sugars, all of which are
chemical compounds containing carbon, hydrogen and oxygen.
The two latter elements are present always in the same ratio as
in water, so that the sugars corne into a broad classification of
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4 SUGARS AND STARCH

chemical compounds called carbohydrates. Within this larger
group the sugars are generally distinguished by their ability to
form crystals. The chemist classifies sugars, first, according to
the number of carbon atoms contained in their molecules, and
second, according to the number of carbon atom chains which are
present in their molecule. This system of classification leads to
the following schematic terminology:

Monosaccharides
Trioses—CgHgOg Glycerose
Tetroses—C4HgOy, Erythrose, etc.
Pentoses—CzH,(O5 Arabinose, Xylose, Rhamnose, etc.
Hexoses—CgH 15,04 Dextrose, Fructose, Mannose, Galactose,
etc.

Heptoses—C,H,;,0, Manno-heptose, Gluco-heptose, etc.
Octoses—CgH 403 Gluco-octose, etc.

Disaccharides
Hexabioses—CoH 5,0, Sucrose, Maltose, Lactose, etc.

Trisaccharides
Hexatrioses—C;gH320,4 Raffinose, Melezitose, etc.

Poly-saccharides

(CgH1206)n Starch, Inulin, Cellulose, etc.

Within each group the sugars are distinguished from each
other by differences in chemical structure which result in differ-
ences of such properties as solubility, sweetness, crystal form,
optical rotating power, melting point, etc. In particular, it has been
found that for each structure there are pairs of sugars which have
equal but opposite optical rotating powers. Usually only one of
each pair is of common occurrence. Further discussion of the
chemistry of the sugars is beside our point here, which considers
them merely as raw materials for the production of alcohol.

For this purpose only the hexoses are directly suitable. Such
di- or poly-saccharides as can be converted readily into hexoses
are, of course, also of primary importance. The common hexoses
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which are often encountered in the fermentation industry are, in
order of decreasing importance:
Dextrose

d-Fructose, Laevulose
Galactose.

Of the disaccharides:

Maltose
Sucrose (Saccharose)
Lactose, are of importance.

Starch is the chief poly-saccharide encountered in the fermen-
tation industry.

Hexoses.—Dextrose occurs naturally in the juice of fruits
(grapes, etc.), from which is derived its common name, grape
sugar; and in blood and many other sources. It is prepared com-
mercially by the hydrolysis of starch by means of dilute acid and
can be bought in crystal form of very nearly the same high degree
of purity as cane sugar (sucrose). Its sweetness is slightly less
than that of cane sugar. More often, however, dextrose is pre-
pared directly in the wort (fermentation liquor) and converted
into alcohol without isolation. In pure solution dextrose may be
determined from the specific gravity or refractive index of the
solution. In ordinary solutions dextrose may be separately deter-
mined by making use of its chemical reducing power, optical rota-
tion, fermentability, etc. Ordinarily the fermentation industry
is more interested in the total content of fermentable sugars
than in any special one.

d-Fructose is usually also present in fruit juices, makes up
very nearly half the sweetness of honey and is obtained in equal
amounts as dextrose by the hydrolysis (so-called inversion) of
cane sugar. It is somewhat sweeter to the taste than cane sugar.
With dextrose, to which it is structurally a very close relative, it
is the most readily fermentable of sugars.

Galactose.—This sugar occurs almost exclusively as a product
of the hydrolysis of lactose, milk sugar. It is of rather minor
importance except in the production of such beverages as koumiss,
etc. by the fermentation of milk.
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Hexabioses.—Maltose.—Almost the sole occurrence of this
sugar is in the product of the hydrolysis of starch either by the
action of enzymes or by acid hydrolysis. It is not isolated but is
fermented in the solution in which it is prepared. The enzyme,
maltase, is usually elaborated by the same yeasts as carry on the
fermentation. This enzyme converts the maltose into two equiva-
lents of dextrose which are then directly fermentable. When
isolated, maltose forms hard white crystalline masses, very simi-
lar to grape sugar. It is determinable by the facts that its
solutions have some reducing power (about two-thirds that of
glucose), and that its solutions are strongly dextro-rotary.

Sucrose (Saccharose).—This is the sugar which is commonly
meant when the word sugar is used. It occurs naturally in sugar-
cane, beets, sugar maple, sorghum and in many other plants. Its
production and purification are among the world’s major indus-
tries. Cane-sugar crystallizes in large monoclinic prisms which
are readily soluble in water, very sweet in taste, and, as marketed,
represents probably the nearest approach to absolute purity of
all materials sold in large bulk. It is determinable in pure solu-
tion by either the specific gravity, polarization, or refractive index
of its solution. In impure solution, its optical rotatory power,
lack of reducing property and the change in both these properties
after hydrolysis (inversion) furnish means of determination.

The inversion of sucrose results either from the action of
acid or of a special enzyme, invertase, which is present in yeast.
In either case the process results in one equivalent each of dex-
trose and fructose. Sucrose, itself, does not ferment, that is,
does not break up into alcohol and carbon dioxide under the
influence of the enzyme, zymase. However, since most yeasts
also contain invertase, the fermentation of sucrose proceeds as
soon as this latter enzyme has had a little time to act.

Lactose.—Milk-sugar or lactose is found naturally, as its
name indicates, in milk. It forms small white crystals which dis-
solve with some difficulty in water. Lactose, on hydrolysis,
yields equivalent amounts of dextrose and galactose. After
hydrolysis the dextrose and galactose can be fermented with the
production of alcohol, and usually in practice, with some pro-
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duction also of lactic acid. To this change is due the special
character of beverages like koumiss.

Starch.~—While many fermented liquors obtain sugar for con-
version into alcohol from sources indicated above; by far the
largest single source of sugar, especially for distilled liquors, is
the poly-saccharide, starch. Its importance arises from the fact
that by suitable treatment almost 100% conversion of starch
into fermentable sugars, dextrose, maltose, etc. can be obtained.
Hence the general nature, occurrence and physical and chemical
properties of starch are of major interest in the fermented liquor
industry.

General Statement.—Starch is the compound in which all of
the higher (green-leaved) plants store the sugar they need for
food. Hence it occurs almost universally in their tissues; and
in their special storage places, seeds and tubers, makes up the
bulk of the solids. When pure, it is a fine white powder having
a density of 1.6 and at ordinary temperature it is quite insoluble
in water, alcohol, ether, and other common solvents. Under the
microscope, starch appears as minute, white, translucent grains
varying widely in size and shape according to its origin. In
each case, however, the average size and shape of the starch
grains is so characteristic that it is usually comparatively easy
to determine their botanic origin. Morphologically, starch
granules can be classified into the following groups:

(1) The potato group—Ilarge oval granules, showing concentric rings
and a nucleus or hilum, eccentrically placed. This group includes the
arrowroot and potato starches.

(2) The legume group—round or oval granules usually also showing
concentric rings and with an irregular hilum. The starches of peas, beans
and lentils belong in this group.

(3) The wheat group—round or oval granules with a central hilum.
Wheat, barley, rye and acorn as well as the starches of many medicinal

plants are found in this group.
(4) The sago group—round or oval granules truncated at one end.
The group includes sago, tapioca and cinnamon starches.

(5) The rice group—small, angular, pplygo_nal grains. Corn, rice,
buckwheat and pepper starches are inciuded in this group.
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Within various groups the grain size may vary from 0.00§-
0.15 mm. or more.

Structure—The structure of the granules is quite complex,
but consists essentially of an envelope of rather condensed nature
enclosing a colloidal substance of slightly more diffuse structure.
The envelope constitutes approximately 2% of the substance of
the granule.

Properties—The outstanding physical property of starch is
that of forming a paste when heated in the presence of water.
It can be shown under the microscope, that what happens is that
the granulose, the interior material of the granule, swells as it
absorbs water, and hnally bursts its shell. A similar result can
be obtained without the use of heat if the starch is first ground
in a ball mill to break the cell wall, or if it is treated with chemi-
cal reagents which destroy the cell wall. Dilute caustic alkalies
and solutions of zinc chloride are among thé reagents which
produce this result.

The temperature range required to produce pastification and
the viscosity of the resulting paste are highly characteristic of
the variety of starch employcd. For most starches, however,
pastification does not commence below 70° C. (158° F.)

Classification.—Commercial starches are classified, according
to the viscosity of the paste produced, as thick- or thin-boiling.
Wheat starch is a typical thin-boiling starch, as a §% mixture
of wheat starch in water yiclds a thin, translucent syrup, scarcely
gelatinous at boiling temperature. Corn starch, on the other
hand, is a characteristic thick-boiling starch. Its §% mixture
with boiling water is practically non-fluid.

While it is now known that variations in the pasting quali-
ties of a variety of starch can be induced by changes in the con-
ditions of manufacture or by suitable treatments, these properties
as well as the degree of gelatinization of the cooled paste are
of great importance to many industries. In laundry practice and
some branches of textile manufacture, for instance, it is essential
that the starch paste be thin enough to penetrate the fabric when
hot, without piling up on the surface, and at the same time that
it have body enough to provide the necessary stiffness to the
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finished article. On the other hand, in paper-box making, to
cite one example, a thick-boiling starch which will be adhesive
without soaking into the stock is required.

In the fermentation industry the pasting qualities of a starch
are only of minor importance since adaptations can always be
made to provide for them. The essential value of starch to
the fermentation industry is that by suitable treatment it yields
progressively more soluble products and finally can yield almost
100% of dextrose.

Conversion.—The conversion of starch results first in the so-
called soluble starches, then in dextrin, then in maltose and
finally in dextrose. The earlicr stages of the process are not
sharply defined from a chemical point of view and they are con-
trolled entirely with a view to the special qualities desired in the
product. As the conversion continues, mixtures of an unfer-
mentable gum, dextrin, with varying proportions of maltose and
dextrose are obtained. By carrying the process further, a yield
of almost purc dextrose can be sccured. This, of course, is the
object in the processing of starch for the fermentation industry.
The conversion of starch results either by the action of the
enzyme, diastase, by boiling with dilute acids or by gentle roast-
ing. The first two methods are used in the fermentation industry,
often in conjunction with each other.

Chemically the process is a hydrolysis. That is, by the addi-
tion of water to the starch molecules, the latter are split into
more soluble materials. The products obtained depend upon
the agent used, and, also, upon whether the action is allowed
to go to completion. Many researches have been made in the
study of this subject. C. O’Sullivan (J.C.S. 1872, 579, 1876,
125), showed that the products of diastatic action are maltose
and dextrin, and that the proportion of maltose in the product
decreases as the temperature of conversion is raised above 63°C.
According to Brown, Heron and Morris (J.C.S. 1879, 596),
malt extract at room temperature converts starch paste into 80.9
parts of maltose and 19.1 parts of dextrin, and the same change
occurs at all temperatures to 60°C. The intermediate dextrins
were investigated by Brown and Morris (J.C.S. 1885, 527;
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1889, 449, 462), and by Brown and Miller (J.C.S. 1889, 286).
Various views have been held as to the nature of the intermediate
products, and even of the final products. Daish (J.C.S. 1914,
105, 2053, 2065) and Nanji and Beazley (].S.C. Ind., 1926,
215T), state that prolonged treatment with mineral acid con-
verts starch into dextrins and maltose and finally into d-glucose.
Ordinary diastase, or amylase, a B-diastase, converts starch
finally into dextrins and maltose, whereas takadiastase, which
contains the enzyme maltase in addition to an e-diastase, yields
d-glucose as final product. (Davis and Daish, B. C. Abs. 1914,
i1, 588. Cf. Baker and Hulton, J.C.S. 1914, 1035, 1529; W. A.
Davis, J. S. Dyers, 1914, 30, 249). G. W. Rolfe (Rogers’
Manual of Industrial Chemistry, 1921, 905-906) states that since
the discovery of the process of converting starch into dextrose by
the action of heat and acids, dextrose in a crude form and known
as starch sugar or grape sugar has entered into commerce, more
or less. There is also a very pure dextrose commercially sold
under the name “Cerelose.” Its importance is small, however,
as compared to that of ‘“‘commercial glucose.” He draws atten-
tion to the fact that there is some confusion of terms which as-
sociate this starch product with grape sugar and dextrose. It is
quite true that dextrose (d-glucose) is an ingredient of commercial
glucose, but the dextrose in the commercial glucose of today is
the least important ingredient, both in quantity and for the quali-
ties which it imparts to the product. He gives a diagram (See
Figure 1) which shows the variation in proportion of the three
primary constituents of commercial glucose; dextrin, maltose,
and dextrose, present as acid hydrolysis of the carbohydrate mat-
ter proceeds. The progress of the hydrolysis is shown by the
change in optical rotation from that of starch paste to that of
dextrose. The diagonal dotted lines show the respective dextrin
and maltose percentages obtained in starch products hydrolyzed
by diastase (malt) conversion for the corresponding rotation
values. 'These are corrected for the polarization influence of
carbohydrates introduced in the malt, which do not come from
starch hydrolysis. He states, further, that the stage of hydroly-
sis most favorable for the manufacture of commercial glucose
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for ordinary purposes lies between the rotation values, 120° and
140°, although glucose used for special brewing purposes may
be somewhat outside these limits.

Magquenne and Roux (C.R., 1905, 140, 1303), claim that
starch is a mixture of two substances, amylose and amylopectin,
the former in the interior portion of the granule, and the latter
in the envelope. The amylosc, obtained by reversion, or by
heating starch with water under pressure and cooling, gives no
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coloration with iodine in the solid state, is not readily attacked
by diastase, and is scarcely soluble in water at 120° C. If, how-
ever, it is heated with water under pressure at 150° C. it dis-
solves fairly readily; the solution can be filtered, gives a blue
coloration with iodine and is completely converted into maltose
by malt extract at §6° C. It is probable that the amylose and
amylopectin are not homogeneous (C.R. 1908, 146, 542). Schry-
ver and Thomas (Bio. J., 1923, 17, 497), have found that cer-
tain starches contain small amounts of hemicelluloses, and Ling
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and Nanji (J.C.S. 1923, 123, 2666), state the ratio of amylose
to amylopectin is constant and is equal to 2:1, although their
absolute percentage will vary according to the proportion of
hemicellulose in the starch. For practical purposes, the progress
of the hydrolysis or conversion of starch paste is shown by char-
acteristic chemical and physical changes. The thick paste loses
its colloidal nature and rapidly becomes more limpid, the con-
centration (e.g., osmotic pressure) of the solution increases,
although the dissolved carbohydrates become specifically lighter,
and the solution becomes distinctly sweeter in taste. If tested
with a weak aqueous solution of iodine, the deep sapphire blue
given by the original starch paste changes as the hydrolysis pro-
ceeds, passing into violet, then to a rose red which in turn
changes to a reddish brown which grows steadily lighter, until
just before complete hydrolysis is reached, it disappears alto-
gether. A few drops of the solution poured into strong alcohol
give a copious white precipitate during the early stages of the
conversion; as the hydrolysis continues the amount of the precipi-
tate becomes less until near the end when no precipitate is

produced.
1f the conversion products are tested polariscopically, it will

be found that there will be a progressive fall in specific rotation
values from that of starch paste (202°) to that of dextrose
(52.7°). The Fehling test shows no copper reduction with
starch paste, at the beginning of the hydrolysis, but progressively
increases till the maximum reducing power is reached when all
of the converted products are finally transformed into dextrose.



CHAPTER 11
THEORETICAL CONSIDERATIONS.—ENZYMES

At the beginning of the preceding chapter the statement was
made that fermentation results from the action of living bodies
on suitable organic compounds. The actual instruments of the '
conversion, however, are not living cells but constitute a group of
special chemical compounds which are built up or secreted by the
living cells and which are called enzymes. We know that these
enzymes are not living bodies because the changes which they
produce can be effected in the entire absence of any live cells.
Yeast juice, for example, even when totally free of yeast cells
can cause the fermentation of suitable sugar solutions. The ac-
tivity of the juice diminishes in the course of time, and both in
rate of fermentation and in total fermentation produced; the
extract or juice is much less efficient than an equivalent amount
of living yeast.

Description.—As a class, the enzymes are unstable, nitrog-'
enous compounds of a colloidal nature and of great chemical
complexity. Only two enzymes, urease and pepsin, have been
isolated in a fairly pure state. The exact chemical composition
of the enzymes is still unknown. They are not necessarily pro-
teins although many of them have certain properties common to
proteins. Their most important characteristic is the ability to
produce chemical changes in other substances without themselves
being changed. This is what chemistsrcall catalytic power. An-
other name for the enzymes as a group is chemical or soluble
ferments.

Specific Action—When enzymes are considered separately
rather than as a class it is found that their individuality manifests
itself in two ways; a combination of one special enzyme with one
special substrate (material to work on) is required for each par-

13
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ticular result. However, it is possible to classify enzymes to

some extent by the type of reaction which they produce, as
follows:

GROUP ACTION

1. Hydroxylases Invertase hydrolyses cane sugar. Amylase
hydrolyses starch.

2. Esterases Hydrolyse esters, including the lipases which
act specifically on fats.

3. Oxidases Produce oxidation.

4. Reductases Produce reduction as e.g. reduce aldehydes to
alcohol.

5. Carboxylases Split off carbon dioxide from organic acids.

6. Clotting enzymes Thrombase, which clots blood. Rennin, which
clots milks.

It is now customary to name enzymes after the compound on
which they act with the addition of the ending “‘ase.”

There are also known some cases in which enzymes tend to
prevent rather than produce a reaction. In the majority of cases
their action as catalysts is positive. That the action is truly
catalytic is shown by the fact that the rate of reaction is directly
proportional to the concentration of the enzymes, but the total
amount of action is independent of the amount of enzyme,
provided a sufficient time is allowed; and provided also that the
enzyme is not decomposed by other means. As a rule a small
amount of enzyme cannot decompose unlimited amounts of sub-
strate, since most enzymes are relatively unstable. Hence, if only
a small amount of enzyme is used the reaction slackens and
finally ceases, owing to decomposition (autolysis) of the enzyme
before all the substrate has reacted.

Conditions of Functioning.—Enzymes are sensitive to high
temperatures, .., when heated to below 100° C. their activity
is completely destroyed. They are, however, resistant to many
antiseptics which destroy protoplasm and kill fermenting organ-
isms. Some germicides, such as formaldehyde, tend to destroy
.enzymes.

*  Preparation.—Enzymes are concentrated by precipitation
from their solutions by the addition of alcohol or acetone, or by
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the addition of salts such as ammonium sulphate; by precipitation
after adjustment of the solution to a definite pH; or by adsorp-
tion by such materials as alumina, silica gel, fullers’ earth, etc.
Often combinations of these procedures are used. The resulting
products, however, are often contaminated with other enzymes
and with inactive impurities, all of which makes the study of their
reactions difficult.

Selectivity.—The action of enzymes is essentially selective,
in this respect differing from the action of inorganic catalytic
agents. The following tabular representation of the reactions of
the trisaccharide, rafiinose, will illustrate this:

SUGAR CATALYST PRODUCTS
Raffinose Acid Dextrose, fructose, galactose
Raffinose Diastase Melibiose, fructose
Raffinose Emulsin Galactose, sucrose

In general, esters, amides, carbohydrates, glucosides, etc. are
all hydrolyzed by hydrochloric acid. Lipases will hydrolyze es-
ters but not carbohydrates. Maltase will hydrolyze maltose but
not sucrose. Even slight differences in the configuration of two
sugars will be sufficient to affect their reactivity with a particular
enzyme.

It will be seen that the activities of the hydrolytic enzymes
are so specific that great care must be exercised to provide those
enzymes which, working on the available materials, will produce
the desired results. While this circumstance is of great theo-
retical importance, it enters into practical consideration rather
rarely. As a rule each naturally occurring saccharide or other
hydrolyzable substance is accompanied by its own specific hydro-
lytic enzyme so that it can be made available for natural utiliza.
tion. The enzyme does not necessarily exist as such in the tissue,
but may be present as a so-called zymogen, which liberates the
enzyme under suitable conditions, such as a wound to the organ-
ism or the presence of an acid.

Co-enzymes.—Very often also there are required the pres.
ence of two factors, the enzyme and the co-enzyme to produce
the fermentation. For example, it has been shown by Harden
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and Young (J.C.S. 1905 Abs. II; r09 and ibid. 1906, I; 470)
that yeast juice can be separated by dialysis into two fractions
which when recombined are equal in activity to the original juice,
although neither by itself will cause any fermentation. The
dialyzable fraction, the co-enzyme, is resistant to boiling, but dis-
appears from yeast juice during fermentation, or when the juice
is allowed to undergo autolysis. It is decomposed by acid or
alkaline hydrolyzing agents, by repeated boiling, and by the lipase
of castor beans. The presence of both an enzyme and a co-
enzyme has been found necessary in other fermentations, e.g., in
the action of lipase it has been found that a co-enzyme which is a
salt of a complex taurocholic acid is required.

Alcohol-producing Enzymes.—As can be inferred from the
above, the number of types of enzymes required to carry on a
practical fermentation may vary from one to three or more, ac-
cording to the substrate to be fermented.

Zymase, which carries on the final conversion of the mono-
saccharide to alcohol and carbon dioxide in accordance with the
chemical equation:

Dextrose (or fructose, etc.) Alcohol Carbon Dioxide
C6H1206 = 2C2H5OH =+ 2C02

is always necessary.

A hydroxylase such as maltase or invertase is usually needed
to convert maltose or sucrose respectively into mono-saccharide
sugar. This conversion follows the formulation

Disaccharide (Sucrose, Water Hexoses (Dextrase,
maltose, etc.) fructose, etc.)

Cy2H2204,4 + HyO = CgHy 306 + CgH 204

Finally another enzyme may be needed to saccharify, i.e.,
hydrolyze, the starch into maltose. Successful fermentation de-
pends very largely upon the supplying of the required enzymes at
the proper stage in the operation, and in the necessary amount to
produce the desired result. Further consideration of these topics
will be found under the captions of Yeast and Malt.



CHAPTER 1II

THEORETICAL CONSIDERATIONS.—FER-
MENTATION

Alcoholic fermentation is a subject which has attracted the
study of many chemists, even some of the greatest. Many days
of rescarch have been devoted to define completely the reactions
which take place in this chemical transformation, and various
theories have been advanced to explain the steps which occur.
Despite all this work, our knowledge of its mechanism is still in-
complete. We know that fermentation commences with sugars
in the presence of certain other materials, ferments or enzymes;
and we know most of the end products. But we do not know
how these products result, why they result, or what are the inter-
mediate steps in their formation. A completely satisfactory
explanation still has not been found in answer to these questions.

General Requirements.—Sugar, water, the presence of a fer-
ment, and a favorable temperature, usually 75° F.—~85° F. and
never over 9o° F. are inescapable requirements. There are other
limiting factors. The ferments or enzymes are known to be
chemical compounds. They have not been analyzed completely,
however, nor synthesized, and we are dependent for their pro-
duction upon living plants, the ycasts. The reactions follow the
law of Mass Action to the extent that as the concentration of the
alcohol approaches 14-16% the reaction slows down and finally
stops. The law of Mass Action states that in a reversible reac-
tion the final state reached depends on the relation between the
concentrations of the initial and end materials. However, at-
tempts to reverse the process of fermentation have been successful
only in the minutest degree.

Oxygen does not appear to enter into the fermentation
reaction, but the presence of air and particularly aeration of the
fermenting liquor, the substrate, do have a noticeable influence.

17
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Essential Nature.—Whatever the starting point, in all cases
the desired result is the presence of all of the sugars in a form
suitable for conversion into alcohol. As previously stated, this
process is called alcoholic fermentation. This change was be-
lieved by Lavoisier (1789) to follow the formulation:

CeHp;20s = 2C,HOH + 2CO,
Hexose Ethyl Alcohol Carbon Dioxide
It was shown by Pasteur (1857) that this formulation actually
accounts only for about 9§% of the sugar consumed. Glycerin,
organic acids and traces of other by-products account for the
balance. This figure of 95%, however, does represent the yield
of alcohol which is obtainable under favorable conditions and
represents also the upper limit of the result of good commercial
practice in the production of alcohol, either potable or industrial.

Since their time, the combined labors of many students have,
on the one hand, added somewhat to our knowledge of the
mechanism of fermentation; and on the other hand, have de-
fined some of the by-products as well as some of the minor
prerequisites to success.

Products.—Pasteur found that the actual yield from the fer-
mentation of 100 pounds of sugar was as follows:

Alcohol ......... .o 48.55 Ib.
Carbon Dioxide ....................... 46.74 1b.
Glycerol ... viiiiiii i 3.23 Ib.
Organic Acids .......cvvviiiiiiiennn. 0.62 1b.
Miscellaneous .............ccoivuieennn 1.23 1b.

100.37 Ib.

The fact that the total weight of fermentation products ex-
ceeds slightly the weight of sugar fermented is explained by the
absorption and fixation of small amounts of water to make cer-
tain of the by-products. According to Pasteur some sugar is
also utilized by the yeasts in building new yeast cells.
~ In general, the chief products of vinous fermentation may be
stated to be: alcohol and carbon dioxide (accounting for 94-95%
of the sugar), glycerol 2.5-3.6%, acids 0.4-0.7%, and, in addition,
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an appreciable quantity of fusel oil (higher alcohols), some
acetaldehyde and other aldehydes and some esters. Among the
minor products of fermentation may be listed the following which
have been identified:

Formic Acid

Acetic Acid
Propionic Acid
Butyric Acid
Lactic Acid

Ethyl Butyrate
Ethyl Acetate
Ethyl Caproate, etc.

Rate of Fermentation.—The ratio of carbon dioxide to al-
cohol produced and the ratio of yeast formed to alcohol produced
both vary at different stages of the fermentation. They depend
both on the age of the yeast and on the age of the fermentation.
Slator, J.C.S. (1906), 89; 128, and ibid. (1908), 93; 217 has
shown that the rate of conversion of dextrose into alcohol and"
carbon dioxide by yeast is exactly proportional to the amount of
yeast present and, with the exception of very dilute solutions, is
almost independent of the concentration of sugar. Slator and
Sand, Trans. Ch. Soc. (1910) 97; 922-927 have further de-
veloped and explained this fact by showing that the diffusion of
sugar into the yeast cell is so rapid even in dilute solutions that
more sugar is present in the cell than can be fermented at any
instant. Various yeasts will ferment levulose (fructose) at the
same rate as that at which dextrose is fermented. Similarly,
maltase-containing-yeasts will ferment maltose solutions at the
same rate as if dextrose were being fermented.

Controlling Factors.—The factors which really govern the
rate of fermentation, then, are two: the concentration of yeast
and the temperature. The latter is of the greatest importance.
Taking as a unit the amount of fermentation produced at 32° F.,
six times as much will result in the same time at 77° F., and
twelve times as much at 95° F. However, the rates of forma-
tion of undesired by-products and of autolysis of the yeast also
increase objectionably as the temperature is raised, hence it is
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usual to set an upper limit of 9o° F. on the fermentation. Since
heat is evolved during the process, this requires that the rate
must be so controlled that either natural radiation or artificial
cooling will keep the temperature within the desired limits.

Inorganic Requirements.—Various inorganic constituents
must also be present in the fermenting liquor. Some of these,
phosphates in particular, play a part in the mechanism of fer-
mentation. Others are necessary to provide food for the yeast,
nitrogen compounds, calcium, potassium and manganese, etc. In
addition there is a still incompletely defined compound called
“bios” which appears to be essential to success. Most of these
are present in sufficient amounts in the raw materials of the fer-
mentation industry although it is probable that close study of their
occurrence might be rewarded by increased yields and/or im-
proved products.

Mechanism.—The role of phosphates especially is of interest
since it shows that the fermentation proceeds by steps instead of
immediately in the sense of the equation

C6Hl2OG ::2C2H5OH + 2CO2

Harden and Young, J. Ch. Soc. (1908) Abs. i, §90 were the first
to show that the addition of phosphates (disodium phosphate) to
a mixture of yeast juice and dextrose resulted in both an initial
acceleration and in an increased total fermentation. They also
showed that there was an optimum concentration of phosphate,
deviations from which in either direction resulted in a diminished
rate of fermentation. It is assumed that a hexose-di-phosphate

is formed as follows:
C6H12OG + 2N32HPO4 - C6H1004(PO4N82)2 + 2H20

It is this compound which breaks down into alcohol and carbon
dioxide and regenerates the sodium phosphate. The latter can
then again combine repeatedly with the sugar, sensitizing it to
‘the breaking down action of the enzyme until the fermentation
is complete. It has been shown by careful experiments that dur-
ing the period of increased fermentation the amounts of alcohol
and carbon dioxide produced are stachimetrically related to the
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quanuty of added phosphate in the ratio C;H;OH : Na.HPO.,.
Since the filtered enzyme plus phosphate will not of themselves
induce fermentation, it follows that phosphate is not the co-
enzyme. On the other hand, in the entire absence of phosphate
no fermentation occurs even though both enzyme and co-enzyme
are present. Arsenites and arsenates cause some acceleration of
the fermentation, but they cannot be used in place of phosphates.
They appear rather to act as accelerators in the decomposition of
the dextrose phosphate.

It has been found by further investigation that there is ap-
parently another step in the fermentation reaction in which the
dextrose di-phosphate splits into two moles of triose mono-phos-
phate. It should be particularly noted that the immediately
preceding study of the mechanism of the action of yeast juice is
not directly applicable to the action of yeast. E.g., Slator (loc.
cit.) found that phosphates are without accelerating effect when
living yeast cells are employed.

Many other suggestions have been made regarding the inter-
mediate steps in the conversion of dextrose into alcohol and
carbon-dioxide and the naturc of the intermediate products.
Biichner and Meisenhcimer, B. (1905), 38; 620, suggested that
lactic acid is the first product of the action of zymase on dextrose
since it is known that this acid is formed in muscle tissue by the
oxidation of glycogen, which is a polydextrose. They added to
this theory the assumption of a second enzyme, lactacidase, which
carries on the decomposition of the lactic acid into ethyl alcohol
and carbon dioxide; cf. Bio. Z. (1922), 128; 144 and 132; 163.
This suggestion was based on the observation that a concentrated
solution of dextrose when treated with alkali yields about 3%
of alcohol on exposure to sunlight. Under similar conditions a
more dilute solution gives a §50% vield of lactic acid.

Another suggestion is that dihydroxy-acetone, CO (CH.OH).
is the first result of the splitting of the hexose molecule. It has
been shown by Biichner and Meisenheimer, B. 43; 1773 and by
Lebedew, B., 44; 2932. Cf. also Franzen and Steppuhn, ibid.,
2915 that dihydroxy-acetone is fermentable by yeast. It has also
been shown that dihydroxy-acetone and glyceraldehyde can, under
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suitable conditions be condensed to form a hexose so that there
is every probability that the reaction is reversible. Again, the
suggestion has been made that glyceraldehyde, C(HO)-
C(HOH) - C(H2OH), by the loss of water yields an enolic
compound CH : C(OH) - CHO called methyl-glyoxal; which, by
the addition of water can yield either lactic acid or even ethyl
alcohol and water. On the other hand, the above mechanisms,
although plausible, appear improbable as important parts of the
fermentation reaction since it has also been shown that glycer-
aldehyde is only slowly fermented while methyl-glyoxal and lactic
acid are unacted upon by yeast juice or yeast.

Neuberg, Deut. Zuckerind. (1920) 45, 492, has shown that
yeast contains an enzyme, carboxylase, which is capable of elimi-
nating carbon dioxide from a-ketonic acids, and therefore suggests
that pyruvic acid CHs * CO - COOH represents the initial splitting
product of fermenting hexose. The reaction, then, proceeds with
the decomposition of the pyruvic acid into acetaldehyde and car-
bon dioxide, and the aldehyde is reduced by the yeast to ethyl alco-
hol. In support of this theory it has been shown that the addition
of pyruvic acid to a fermenting liquor increases the yield of alco-
hol. The presence of glycerol, which may function merely as a
yeast preservative, is required. It is also known that there is pres-
ent in yeast an enzyme which is capable of reducing aldehyde.
However, the conversion of the hexose into pyruvic acid is dith-
cult to formulate logically.

Neuberg and Arinstein, Bio. Z. (1921), 117; 269 and 122;
307 suggest the following steps for the fermentation:

(1) Dextrose == Water + Methyl-Glyoxal-Aldol

CeH 30 = 2H,0 + CH; - CO - CH(OH)' CH,* CO - CHO

This keto form changes to the enol-form

CH,: C(OH) - CH(OH)CH, CO-CHO
(2) Methyl-Glyoxal-Aldol (keto form)+ Water =
Glycerol + Pyruvic Acid
CH,: C(OH)  CH(OH)- CH,CO-CHO + 2HO =
CH,(OH)  CH(OH) - CH,(OH)+ CH3 - CO - COOH
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Part of the pyruvic acid is converted by the action of carboxylase and
reductase into alcohol and carbon dioxide.
(3) Methyl Glyoxal + Acetaldehyde + Water =
Alcohol + Pyruvic Acid
CH3CO-CH:0 + CHz- CHO + HyO =
CH3CH,(OH) + CH3- CO - COOH
In support of this exposition Neuberg cites the three different
courses taken by the fermentation according to conditions :
(a) Normal in fairly acid media with over g0% yields
C6H12OG - 2C2H5OH + 2CO2
(b) In the presence of sulphites (to fix aldehyde)
C6H12OG -> C3H5(OH)3 + CH3CHO + C02

(¢) In faintly alkaline conditions (in the presence of sodium bicar-
bonate)

2CgH 1,04 + HoO —» 2C3H5(OH) 5
+ 2CO, + C,H;OH + CH3CO,H
In reply to the objection that acetaldehyde and pyruvic acid are
not so readily fermentable as dextrose, Neuberg suggests that the
reaction takes place with one of their tautomeric (enolic) forms.

By-products.—Glycerol.—The preceding formulations of the
fermentation reaction indicate readily the production of glycerol.
Biichner and Meisenheimer have shown that it is formed in sugar
solutions even by the action of yeast juice without the require-
ment of living yeast cells. It is known also that by the addition
of sodium carbonate or sulphite and by selection of the most
suitable yeasts a yield of 2% or more of glycerol on the weight
of sugar fermented can be obtained.

Fusel Oil and Succinic Acid, etc—1It has been shown that this
group of by-products derives not from the sugar but from other
materials present in the fermenting liquor. F. Ehrlich in many
researches (1904-1910) has shown that the higher alcohols and
aldehydes, which when mixed we call fusel oil, are formed by the
deammination of amino acids resulting from the hydrolysis of
proteins. Thus isoamyl alcohol, which is the chief constituent of
fusel oil, is closely related to leucine, amino-isohexoic acid, and
active amyl alcohol is similarly related to isoleucine, e-amino-g-
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methyl-valeric acid. Both of these acids are formed in the
hydrolysis of proteins and both, according to Ehrlich, are trans-
formed into the corresponding amyl alcohols in the presence of
sugar by the action of pure yeast cultures. The gross reaction is
formulated as follows:

(CHg),- CH- CH,- CH(NH,)- COOH + H,0 =
(CH3)9CH - CH, - CHy(OH) + CO, + NHj

In a similar manner the other amino acids react; tyrosine, B-p-
hydroxy-phenyl-a-amino-butyric acid yielding p-hydroxy-phenyl-
ethyl alcohol, tyrosol; while phenyl-alanine, a-amino-B-phenyl-
propionic acid, yields phenyl-ethyl alcohol. Succinic acid, for ex-
ample, which is of usual occurrence in fermented liquors is
probably formed by a similar reaction from glutamic acid with the
additional step of oxidation in the process.

These changes take place only by the action of yeast but not
by the action of yeast juice. This fact points to the importance
of these reactions in the life process of the yeast cell. A similar
conclusion results from the fact that no free ammonia is found
at the end of the reaction, all of it having been consumed in the
building up of new yeast cells. This conclusion is further
strengthened by the fact, also shown by Ehrlich, that if appre-
ciable amounts of simple nitrogenous bodies, such as ammonium
salts, are present in the fermenting liquor these will be used by the
organisms in preference to decomposing the amino-acids. Ehrlich
has found it possible to increase or diminish the amounts of
fusel oil formed by diminishing or increasing the amounts of
ammonium salt added to the wort; and also to increase the yield
of fusel oil by adding larger amounts of amino-acids to the fer-
menting mixture. Practically all amino-acids formed in the
hydrolysis of proteins can be similarly decomposed by yeast cells
provided that sugar is present. As previously stated enormous
amounts of research have been devoted to the mechanism of the
fermentation reaction. Despite this, the complete definition of
the reaction has not been arrived at. The point of interest here
is that there are a large number of factors involved, many of
them known and controllable and necessary to success.



CHAPTER 1V

THEORETICAL CONSIDERATIONS.—RAW
MATERIALS

General Classification.—The preceding chapters have been
devoted to a brief discussion of the chemical background which
is common to all of the fermentation industry. The various raw
materials which, by the application of the principles developed,
are converted into alcohol-containing beverages will be discussed
in the present chapter. The diversity of these raw materials is
very great, since anything which contains sugar or may be treated
to yield sugar, will serve and probably has been applied, to pro-
duce intoxicating liquor. Tt is possible to classify these materials,
therefore, in two ways. Howcver any classification may err at
times as industrial demands change. The classification may be:

I. According to their function as sugar suppliers or auxiliaries.
II. According to the products into which they enter.

On the first basis we find three groups:

A. Materials which supply preformed sugar for fermentation.

Fruit and fruit juices
Molasses

Honey

Sugar, etc.

B. Starch-containing materials yielding fermentable sugar on treatment.
Cereal grains
Potatoes, etc.

C. Auxiliary materials which contribute neither sugar nor starch.

Spices and other Flavoring matters
Coloring Agents
Blending Agents, etc.

This classification is based on -applicability or composition.

On the basis of use the same materials may be reclassified:
25
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A. Materials for the production of distilled spirits.
Cereal grains
Potatoes
Molasses
Flavoring and Coloring Agents, etc.

B. Materials for the production of wines.

Fruit juices and fruits
Sugar, etc.

C. Materials for the production of liqueurs and cordials.
Alcohol
Sugar
Spices and Essential Qils
Coloring Agents, etc.

Distilled Spirits.—The materials used for the production of
distilled spirits are further classified according to the types of
product in which they find employment:

American W hiskies
Rye
Barley
Rye
Bourbon
Barley

Corn
‘Wheat

Scotch W hiskies

Pot Still Type
Barley

Patent Still Type
Barley
Rye
Corn
Oats

Irish W hiskies

Pot Still Type
Barley
Rye
Oats
Wheat
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Patent Still Type

Barley

Rye

Corn

Oats
Gin (Distilled)

Barley

Rye

Corn
Kornbranntwein

Barley

Rye

Corn

Wheat
Vodka

Barley

Rye

Corn (In cheaper grades)
Rum

Molasses

Cane Juice
Schnapps

Potatoes
Brandy

Grape juice and marc.
Other fruits (Apples, prunes, cherries, etc.)

Since the entire spirit industry is designed to produce palatable
products, the tabulation given above is not necessarily binding.
Some of the materials listed are very seldom used. Practice may
differ from plant to plant producing the same product or may be
influenced from year to year by changed crop and economic con-
ditions. Owing to the great variety of distilled liquors in flavor
and general character, and the influence on these of both the
materials used and the processes by which they are treated, it
is impossible to be completely general. However, it may be stated
that the important cereal grains to the liquor industry are in
order: barley, rye, corn, oats, and wheat. A short discussion
of these grains including both their botanical and chemical char-
acteristics follows:
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Cereal Grains.—Barley.—Barley takes the first place in im-
portance in the spirit industry on account of its high production
of the enzyme, diastase, when permitted to sprout (malt). There
are several types of barley which are largely used. These include:

(1) a. Hordeum distichum, atwo-row type which includes the well-
known varieties Chevalier, Hallett, Hanna.
b. Hordeum zeocritum, two-row fan-shaped barleys of which
Goldthorpe is the leading variety.
(2) Hordeum vulgare, the ordinary six-row barley, such as Manchu-
rian, Oderbrucker, Scotch, etc.
(3) Hordeum hexastichum, which likewise have their flowers on a
spikelet fertile, but on account of the fact that the ears are wide,
the appearance of the head is a hexagon when examined from the
top. These are really six-row barleys.
the white barley of Utah and adjoining States.

An example of these is

The average composition of barleys of these three types, to-
gether with data as to weight, are given in the following
tabulation:

TaBLe 1.—AvERAGE PERCENTAGE ComposiTioN oF THREE TYPES oF
MavrtinGg Barreys (LE CLERrC) !

Water-free basis We. | Wt
Type of barley Mois- per | per
ture, bushel,| 1,000
% | Ash, | Pro- | Fat, |Fiber, |Pento-|Starch [pounds|grains,
tein, sans, grams
Yo | %o | % | % | % | %
Two-row............ 8.9 (29 |11.6] 20| 5.2 | 8.4 |59.1] 52 38
Ordinary six-row. . ... 8.7 130 |11.9f 2.0 5.8 9.6 |58.9] 47 27
Hexastichum......... 8.¢ | 2.9 |10.0| 20| 5.8 | 9.0 | 59.9 | 48 38

1U. S. Dept. Agr., Bureau of Chemistry, Bull. 124, Le Clerc and Wahl, Chemical studies of
American barleys and malts.

The two-row barleys are chiefly grown in Europe, although
they are raised in this country in Montana, Idaho, New York,
etc., to a limited extent. On account of their relatively high car-
bohydrate content and low protein, they are particularly adapted
to use in the brewery.
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In this country, the ordinary six-row barley. is the kind most
abundantly produced, being raised extensively in the States of
the Mississippi Valley. Its relatively high protein content causes
it to produce malt of high diastatic power, and thus fits it espe-
cially to use in the distillery.

A good distiller’s barley should be free of dirt and have good
odor and color, small grains of uniform size, a high percentage
of nitrogen, and high germinating capacity. With these charac-
teristics and with proper treatment in the malt house, it is bound
to yield a malt of good character.

Cleanliness is necessary, not only because dirt is not a source
of alcohol, but because it is sure to carry large numbers of bac-
teria and molds, which interfere with the production of a good
malt.

Barley is composed of about 12 per cent husks, 10 per cent
bran, 2.5 per cent embryo, and the rest endosperm or the stored
food for the plantlet. The husks and bran are merely protective.
The germ is the seat of life; it consists of embryonic radicles or
rootlets and the plumula or acrospire. The sprouting of this
germ is essential to the production of malt since this serves to
convert the starch of the endosperm into fermentable sugar. The
endosperm is composed mostly of starch and protein, but both
of these substances are insoluble and non-diffusible and can not
be used directly in supplyving food for the young plant. The
agency which renders these soluble and diffusible is an enzyme
or a series of enzymes secreted by the embryo during growth,
one of which, the diastase, dissolves the starch and converts it
into sugar and dextrin, while another, the peptase, acts on the
protein. These enzymes arc developed in the growing malt as
the germ’s need for food increases. The products of enzyme
action are soluble and diffusible, and can be directly used as food
by the growing embryo.

Barley contains about 65 per cent of fermentable- matter;
and at a weight of 48 pounds per bushel one ton should produce
about 98 gallons of alcohol.

Barley, to be considered good, should show a germination
of at least 97 per cent. If below this limit of vitality, it should
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be reduced in price, or rejected. Grains which are incapable of
germination are not only useless, but harmful, because they act
as carriers of micro-organisms which may infect the rest of the
grain.

Rye.—Rye is, comparatively speaking, a minor crop in the
United States. The only species under cultivation is the common
rye: Secale cereale.

In structure and habits of growth, ryc resembles wheat, and,
like wheat, it is grown as both a spring and winter crop. It is
a tall-growing, annual grass with fibrous roots, flat, narrow, bluish-
green leaves, standing erect or decurved and having slender cylin-
drical spikes consisting of two or three-flowered spikelets. The
flowering glumes are long-awned or bearded and lance-shaped,
and are so firmly attached that little chaff results from the thresh-
ing. The individual grains are partly exposed and are longer,
more slender and more pointed than wheat. They are dark,
with a slightly wrinkled surface and are very hard and tough,
requiring more power to mill than any other grain.

The following is an analysis of common rye:

TasLe 11

Moisture. . .....ooviiiii i e, 11.0%
Ash.ooo i e 2.0%
Protein (N X 6.2¢)...........ccooviiviion... 11.6%
Etherextract................................. 1.7%
Crudefiber.............oiiiiiiii . 2.0%
Pentosans............oooviiiiiiiiiiii 8.5%
Total sugar. .. .....ovviviiii i, 4.0%
Other carbohydrates. . ........................ §59.2%
Wt. per 1,000 grains. . . ........iiiiiiiiea. 2.0 grams
Wt. perbushel. . .............o it 56.0 lbs.

Rye is very largely used in distilleries which produce potable
spirit such as whiskey, gin and vodka, and in the manufacture of
compressed yeast. It is also used in relatively small amounts in
the yeast mashes of alcohol distilleries. It is not suited to use as
the chief ingredient of the mash in an alcohol distillery, on ac-
count of the tenacious quality of thc mash which it forms. Fur-
thermore, it gives a low yield in proportion to the amount of
starch which it contains. Though it usually contains over 60
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per cent of fermentable matters, it rarely produces over 85 gal-
lons of alcohol to the ton.

Corn—This valuable food stuft is the grain of a gigantic
grass known to botanists as Zea Mays. It originated in America
but subsequently was transplanted to many other countries, prin-
cipally France, Hungary, Ttaly, Spain, Portugal, South Africa and
Argentine.

There are over three hundred recognizable varieties, some
of which are only a few inches in height, while others are giants
of six feet or more; some come to maturity in two months, while
others require three or four times as long before their cobs ripen.
There is also great variety in the shape, size, and color of the
actual grain. Some are white as, for example, the Cuzco maize,
others are yellow, red, purple, or even striped, and the varieties
differ among themselves in chemical composition.

The most important maize growing country of the world is
the United States. Many varieties are cultivated, but the chief
may be roughly grouped into four classes. First come the ‘‘Flint”
varieties which are most commonly met with east of Lake Erie
and north of Maryland, and the “Dent’’ varieties which are most
popular west and south of these localities. The ‘“Horsetooth,”
which passes insensibly into the above forms, is grown chiefly in
thc South. Lastly, the ‘“Sweet” varieties are extensively cul-
tivated for the green grain. These are boiled and used as
a vegetable and seldom allowed to mature into the ripened
grain.

For the making of whiskey the finest white “Flint Corn” is
preferred. The Kentucky distilleries are extremely careful in
their selection of the raw material. Indian Corn that is grown
along the Ohio and the Kentucky Rivers is especially sought after
by the distillers as being peculiarly suitable. Corn which has been
injured by frost, heat, moisture or mold can readily be used in
the manufacture of industrial alcohol as such damage does not
affect the fermentable content of the grain and it can be bought at
a low price, but it is unsuitable for the liquor industry.

A typical American maize should have the following com-
position:
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TasLe 1II
Weight of 100 kernels.....................o.L 38 grams
Moisture. . ..oovitniin i e 10.75%
Proteids. . ....oovviiiiii e 10 %
Etherextract........cooviiniiiiin i, 4-25%
Crudefiber.........ooiiiiiiii i 1.75%
Ash. .o e e 1.50%
Carbohydrates other than crude fiber............ 71.75%

Dry corn of good quality should yield at least 65% of sugars
and starch and should yield from 98 to 105 gallons of 180°
alcohol per ton (shelled).

Oats—Oats is the grain or seed of the cereal grass Avena
sativa. It forms one of the most valuable sources of food for
both man and beast, the nutritive value of the grain being very
high. Tt is extensively grown in Great Britain, Continental
Europe, Russia and North America.

Practically four-fifths of the oat crop of the United States is
produced in the thirteen states extending from New York and
Pennsylvania westward to North Dakota, South Dakota,
Nebraska and Kansas. FEach of these states devotes more than
a million acres to oats. The average yield in the six northern-
most states, New York, Michigan, Wisconsin, Minnesota, North
Dakota and South Dakota is 31.68 bushels per acre while their
total production is slightly less than one-third of the oat crop
of this country. The average yicld of the other seven states,
Pennsylvania, Ohio, Indiana, Tllinois, Towa, Nebraska and Kan-
sas is only 29.23 bushels per acre yet they produce more than
half of the entire crop. The difference in yield of nearly two
and one-half bushels to the acre between these two groups of
states is due largely to the fact that the climatic conditions of
the northern group are better suited to the production of the crop.
There is no material diffcrence in soil composition or other fac-
tors affecting the yield.

Oats are grown in the corn belt, which includes all the states
of the second group, largely because a small-grain crop is needed
in the rotation and because the grain is desired for feeding to
work stock. Spring wheat is seldom satisfactory in this district
and winter crops often do not fit well into a rotation which
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ordinarily includes corn, a small grain and grass. Under these
conditions oats are generally grown as the best crop between corn
and grass. This is particularly true in Illinois and Iowa, the
two states producing the greatest quantity of both corn and oats.

There are many factors which reduce the yield of oats in
the corn belt. In general, those varieties of oats which mature
earliest are best adapted to the belt, for carly maturing often
enables a crop to escape hot weather, injury from storms, and
attacks of plant diseases. The early varieties also usually pro-
duce less straw and for that reason are less likely to lodge than
the ranker growing late varieties. A number of years ago the
Farly Champion and the Fourth af July varieties came into
prominence but they are not now extensively grown, for, although
early in maturing, their yield is often unsatisfactory. Burt is a
very early variety much used for spring seeding south of the
Ohio River but little known elsewherce. The type of early oats
now most largely grown in this country is represented by the
Sixty-Day and the Kherson varietics, two comparatively recent
introductions from Europe.

The following is a typical analysis of a variety of oats:

TasLE 1V

MoOIStUTE. o .ot vtieivnninenitie s et ennennan 11.69%
Ash. e i 3.4%
Protein (N X 6.25) . ..o vviviniiiiiniiin e, 11.59%
Etherextract.......c.vveiiiiiiieinennenennn. 4.7%
Crudefiber. . ....ovviviiiiiiiiin e, 11.09%,
Pentosans. .. ovverrreictentrcniaieriieieas 12.0%
Total sugar. .....ooovviiiiiiiiiiiiiiiiii 1.5%
Other carbohydrates. . ........cccovviiinennn. 44.3%
Wt. per 1,000 grains. . . .o.viv i 29.2 grams
Wt. perbushel. ...l 32.0 lbs.

This grain is not too well suited for distillery use because of
the glutinous nature of the mixture which is formed when it is
treated with hot water. It contains about 5o per cent of fer-
mentable substance and might be made to yield about 70 gallons
of alcohol per ton.

W heat—Wheats have been cultivated by man since before
the dawn of history, and nothing is now known of the original
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wild forms from which they are descended. In old legends and
ancient manuscripts wheat is spoken of as familiarly as at the
present day. Nor do we know with any certainly in which coun-
try it was first found; but it seems probable that Central Asia
was the original home of the wild forms from which the culti-
vated species have sprung.

Wheat belongs to the grass family, Pouceas (Germineae),
and to the tribe called Hordeae, in which the 1 to 8 flowered
spikelets are sessile and alternate on opposite sides of the rachis,
forming a true spike. Wheat is located in the subtribe Triticeae
and in the genus Triticum where the solitary two-to-many flow-
ered spikelets are placed sidewise against the curved channeled
joints of the rachis.

Great diversity is shown by the varieties of wheat grown in
the United States. More than 200 distinct varieties are grown.
Clark (‘“Classification of Amcrican Wheat Varieties” U. S. De-
partment of Agriculture, Dept. Bull. 1074, 1922) divides
American grown wheats into the following groups:

(1) Common
(2) Club

(3) Poulard

(4) Durum

(5) Emmer

(6) Spelt

(7) Polish

(8) Einkorn

(9) Unidentified

Within these groups are numerous types of which the follow-
ing more important are arranged in approximate order of pro-
duction and use:

Common
Turkey, Marquis, Fultz, Red Wave, Poole, Fulcaster.

Club
Hybrid (Grown only on Pacific coast)

Durum
In Dakotas and adjoining states
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Emmer
Minnesota, Dakotas and adjoining states

Polish
New Mexico and Wyoming
(Not grown much)

Spelt

Not grown to any extent commercially.

The following is an analysis of two typical wheats:

TasLe V

Soft wheat Hard Wheat
Moisture. .. ....coviiviennnnenn. 12.0%, 12.0%,
- ) 1.9% 1.89
Protein (N X 6.2§)................ 9.0% 12.4%
Ether extract...................... 1.7% 1.7%
Crude fiber.....................0. 2.5% 2.§%
Pentosans.................. ... 7.0% 7.0%
Total sugar. ...............ooun 2.7% 2.7%
Other carbohydrates. .............. 63.2% 59.9%
Wt. per 1,000 grains. .............. 38.7 grams 38.7 grams
Wt per bushel.................... 60.0 lbs. 60.0 lbs.

What has been said regarding the yield of alcohol to be
obtained from rye applies also to wheat and therefore, the latter
has not been much used in distilleries, even at times when it was
relatively cheap.

Wine Materials.—The wine industry differs from the spirit
industry, among other things, in that the distinguishing character-
istics of the finished product, wine, are much more closely re-
lated to the individual character of the raw material. Although
almost all wines are made from grapes, the character of a single
batch of wine will depend not only on the variety of grape used,
but even on the special plot of ground on which it was grown and
the climatic conditions in the year of its growth. For this reason
a classification of materials for the wine industry in the same
manner as that given for the spirit industry is not possible. On
the other hand, a means of classification is possible based on the
geographical distribution of the grape varieties which are suc-
cessfully grown for wine production.
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Since the United States is gcographically so large and offers
for grape culture at one spot or another every feature that can
be found elsewhere, the following tabulation and discussion is
confined to this country. The principles, of course, and possibly
excepting some special niceties, the practice are of universal
application.

The wine industry is somewhat less than 200 years old in
the United States. It has successfully taken root in some of the
Eastern and Middle States and principally in California and
Texas. The first successful cultivation of American wine grape-
vines was carried out in California in 1770 at the San Diego
Mission of the Franciscan Padres. They used a Spanish vine
which had been successfully transplanted in Mexico. The first
real attempt to cultivate the grapevine on a commercial scale in
California was probably around 1861 when the state government
backed Colonel Haraszthy in a trip to the principal grape grow-
ing districts of the world. He visited Europe, Asia Minor,
Persia and Egypt and returned with 200,000 cuttings of vines
which he believed likely to grow in California. A nursery was
established at Sonoma and a study was made of the possibilities
of the transplanted vines. Subsequently, the first State Board
of Viticultural Commission, the United States Department of
Agriculture and University of California, imported other clip-
pings which were also tested. As a result vines were soon dis-
tributed and planted in all suitable localities of the state. Ex-
perienced European grape-growers and wine-makers were then
induced to settle in the state and in course of time the well-known
Californian industry was established successfully. As a result of
this farseeing and well organized undertaking California, today,
is able to imitate the wines of practically any district of the world.

Many attempts were also made in Eastern states to establish
vineyards and to found an Eastern wine industry, procedure be-
ing much along the same lines as those tried successfully in Cali-
fornia. Unfortunately, European grapes will not flourish in
these sections of the United States and all such attempts ended
in disaster. About the middle of the last century Nicholas Long-
worth, Sr., experimented with the native Catawba grape in Ohio
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and was so successful that the Ohio River was often referred to
as the “Rhineland of America.” This undertaking also came to
a disastrous ending when disease attacked the vines. However,
fresh plantings of American Vine Roots and Hybrids along the
shores of Lake Erie and in Steuben County, New York, and
parts of New Jersey have been more successful.

Geographical Considerations.—The choice of a site for
grape production, as indicated previously, depends very largely
on the nature of the soil and the climate. The following tabu-
lation of grapes successfully grown in the United States will illus-
trate this statement:

TABLE VII.—AMERICAN GRAPE VARIETIES

Lake Shore District of Ohio
Catawba, Delaware, Concord, Norton

Steuben County, New York
Arranged in the order of merit:
Delaware, lona, Diana, Catawba, Concord, Isabellas, Norton

Southern Texas

Devereux (Black July), Mustang, Herbemont, Lenoir (known as
Burgundy in eastern Texas and Black Spanish in western Texas).

California
Fresno County
Zinfandel, Malvoisie and Fahirzozos.
Zinfandel is considered best grape; color, excellent; flavor and acid,
splendid.
Sonoma Valley
Mission, Riesling, Gutedel (Chasselais), Muscatel, Burger, Zin-
fandel.
The Mission grape has spread over the whole state and is much
used in the production of Hock, Claret, Port and Angelica.

Napa County
Riesling, White, Pineau and Chasselais for dry white wines.
Black Burgundy, Zinfandel and Charboneau for Claret. The first
makes a dark, full bodied and richly flavored wine. The second
has a fine raspberry flavor but an excess of acid and is a little light
in body and color.
Black Malvoisie is the best Port wine grape.
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Bioletti (California Agr. Exp. Sta. Bull. 193. “The Best
Wine Grapes of California’”) has summarized the geographical
and climatic factors which must be borne in mind. While his
statement is with particular reference to California, the principles
which he enunciates are of gencral validity. He says:

“For the good of the industry at large it is desirable that varieties
should be planted which will produce as large a crop as is compatible with
such quality as will maintain and extend the markets for our wine. These
markets are varied in character. For some, cheapness is the essential
factor; for others, quality. Cheap wines can be produced with profit only
from heavy-bearing varieties grown in rich soil; wines of the highest qual-
ity only from fine varieties grown on hillsides or other locations where the
crops are necessarily less. It is therefore unwise to plant poor-bearing
varieties in the rich valleys where no variety can produce a fine wine. It
is equally unwise to plant common varieties on the hill slopes of the Coast
Ranges where no variety will produce heavy crops. The vineyards of the
San Joaquin, Sacramento, and other valleys can not compete with the
vineyards of the Coast Ranges in quality, and the latter can not compete
with the former in cheapness.

Each region has its own special advantages which, if properly used,
will make grape-growing profitable in all, and instead of competing each
will be a help to the other. The danger to be feared by the grape-growers
of the Coast Ranges from the production of dry wine in the interior is not
competition, but lies in the bad reputation given to California wines by
the production of spoiled and inferior wines. If the cheap wines of the
valleys are uniformly good and sound the market for the high-priced fine
wines of the hills will increase, and large quantities of the Coast Range
wines will be used for blending with the valley wines to give them the
acidity, flavor and freshness which they lack.

In order to obtain these results it is necessary that varieties suited to
each region and to the kind of wine should be planted. No variety which
is not capable of yielding from 5 to 8 tons per acre in the rich valley soils
or from 1% to 3 tons on the hill slopes should be considered. On the
other hand, no variety which will not give a clean-tasting, agreeable wine
in the valley or a wine of high quality on the hills should be planted,
however heavily it may bear. To plant heavy-bearing inferior varieties
such as Burger, Feher Szagos, Charbono, or Mataro on the hills of Napa
or Santa Cruz is to throw away the chief advantage of the location. The
same is true of planting poor-bearing varieties such as Verdelho, Chardo-
nay, Pinot, or Cabernet Sauvignon in the plains of the San Toaquin.
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With these considerations in view, the following suggestions are made
for planting in the chief regions of California:
WiINE GRAPES RECOMMENDED FOR CALIFORNIA
For Coast Counties
Red Wine Grapes W hite Wine Grapes

1. Petite Sirah 1. Semillon
2. Cabernet Sauvignon 2. Colombar (Sauvignon vert)
3. Beclan 3. Sauvignon blanc
4. Tannat 4. Franken Riesling
5. Serine 5. Johannisberger
6. Mondeuse 6. Tsaminer
7. Blue Portuguese 7. Peverella
8. Verdot

For Interior Valleys

Red Grapes W hite Grapes
1. Valdepenas 1. Burger
2. St. Macaire 2. West’s White Prolific
3. Lagrain 3. Vernaccia Sarda
4. Gros Mansene 4. Marsanne
5. Barbera 5. Folle blanche
6. Refosco
7. Pagadebito
For Sweet Wines
Red Grapes W hite Grapes

1. Grenache 1. Palomino
2. Alicante Bouschet 2. Beba
3. Tinta Madeira 3. Boal
4. California Black Malvoisie 4. Perruno
5. Monica 5. Mantuo
6. Mission 6. Mourisco branco
7. Mourastel 7. Pedro Ximenez
8. Tinta Amarelia '

Finally, a few suggestions as to what “not to do.”
. Don’t plant Mataro, Feher Szagos, Charbono, Lenoir, or any variety
which makes a poor wine everywhere.
Don’t plant Burger, Green Hungarian, Mourastel, Grenache, or any
common heavy-bearing varieties on the hill slopes of the Coast Ranges.
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Vineyards in such situations must produce fine wines, or they will not be
profitable.

Don’t plant Chardonay, Pinot, Cabernet Suavignon, Malbee, or any
light-bearing varieties in rich valley soils. No variety will make fine, high-
priced wine in such situations, and heavy bearers are essential to the pro-
duction of cheap wines.

Don’t plant Zinfandel, Alicante Bouschet, or any of the varieties which
have already been planted in large quantities, unless one is sure that the
conditions of his soil and locality are peculiarly favorable to these varieties
and will allow him to compete successfully.”

Liqueurs and Cordials.—The raw materials for the manufac-
ture of liqueurs and cordials are necessarily classified in a different
manner from those used in the distilled spirit or wine industries.
In general they may be divided into three broad groups with sub-
divisions as indicated:

A. Flavoring Agents
1. Herbs, spices, seeds, roots, and fruits.
2. Aromatic spirits and tinctures.
3. Aromatic waters.
4. Essential Oils.
B. Coloring Agents
1. Vegetable Coloring Matters.
2. “Aniline” dyes. (Synthetic dyestuffs.)
C. Bulk Ingredients

1. Sugar and glucose.
2. Brandies or rectified spirits.

3. Water.

The number of materials included in Group A1 above is
very large; among others the following find principal use:

HERRBS, SEEDS, ROOTS, SPICES, BARKS, FRUITS, ETC.

Chinese aniseed Cocoa—Caraque
Bitter almonds Cocoa—Maragnan
Green anis Mace

Coriander Vanilla

Fennel Figs
Angelica—root Cumin
-Angelica—seed - Calamus, aromatic

Lemon peel Pecl of Dutch Curacao
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Orange peel
Anis de Tours
Anis d’Albi
Ceylon cinnamon
Orris

Cloves
Marjoram
Sweet almonds
Nutmeg
Sassafras
Muskseed
Apricot stones
Cherry stones
Dried peach leaves
Dried peaches
Myrrh

Quince juice
Strawberries
Nuts

Pineapple
Angostura bark

In Group A 2 will be found:

Aloes

Saffron
Curacao—reeds
Wormwood
Hyssop Flowers
Lemon balm
Cherries

Alpine mugwort
Arnica Flowers
Peppermint
Balsamite
Thyme

Tonka beans
Black currants
Black currant leaves
Quinces

Red Sandalwood
Liquorice wood
Ginger root
(Galanga root

AROMATIC SPIRITS

Anis
Angelica—root
Angelica—seeds
Curacao
Peppermint
Apricot
Lemons
Coriander
Amberseed
Dill

Caraway
Daucus

Fennel
Strawberries

Group A 3 includes:

Celery

Aloes

Myrrh

Saffron

Chinese cinnamon
Cloves

Nutmeg

Orange Flowers
Bitter Almonds
Cardamom—major
Cardamom—minor
Oranges

Nuts

AroMATIC WATERS

Orange Flower
Peppermint
Rose

Moka
Chinese aniseed

Clove
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Group Ag4 includes the flavoring principles derived from
any of the raw materials listed under the heading of Group Ax2.
The term “essential oils” is a generic commercial phrase used to
designate the volatile oils obtained by various processes such as
steam distillation, expression, maceration, enfleurage and solvent
extraction, from the specific plant or part of a plant which gives
them their name. The term is derived from the word “essence”
meaning that in thesc oils is contained the soul or strength of the
plant. In fact, in some countries, the single word is used instead
of the longer “‘cssential 0il.” In the United States, however, the
usage is that the term “‘essence” or “spirits of” applies rather
to a solution in alcohol of the “essential 0il.”” And a new phrase
“soluble essence” has been invented to describe essences which are
completely miscible with water or dilute alcohol without separa-
tion of the oil taking place.

The essential oils exist in all odorous vegetable tissues, some-
times pervading the plant, sometimes confined to a single part;
in some instances, contained in distinct cells, and partially retained
after desiccation, in others, formed upon the surface, as in many
flowers, and evaporating as soon as formed. Occasionally two
or more oils are found in different parts of the same plant. Thus,
the orange tree produces one oil in its leaves, another in its
flowers, and a third in the rind of its fruit.

The volatile oils are usually colorless when freshly distilled,
or at most yellowish, but some few are colored brown, red, green
or blue. There is reason, however, to believe that in all instances
the color depends on foreign matter dissolved in the oils. They
have strong odors, resembling that of the plants from which they
were procured, though generally less agreeable. Their taste is
hot and pungent, and, when they are diluted, is often gratefully
aromatic. The greater number are lighter than water, though
some are heavier; their specific gravity varies from 0.847 to 1.17.
They vaporize at ordinary temperatures, diffusing their particular
odor and are completely volatilized by heat.

The following is a partial list of coloring agents used in the
production of liqueurs and cordials:
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VEGETABLE COLORS

Caramel Indigo (Sulphonated)
Cherry Extract Orechil

Chlorophyll preparations Saffron

Cochineal Vanilla Extract
Cudbear

SYNTHETIC DYESTUFFS

In France the artificial coloring agents used are subject to less
limitation than in the United States, and since France is the
largest producer of cordials the following list is appended:

Rose Bengal Bleu de lumiére

Rouge de Bordeaux Bleu coupier

Fuchsine, acid Malachite green

Bleu de Lyon Violet de Paris (Gentian Violet 3B)

It should be noted that not one of these dyes is included in
the United States list of colors certified for use in foods, which
only are permitted to be used in this country in interstate com-
merce and in many states in intrastate commerce. This list which
follows is varied enough to allow for the production of any
desired shade.

CerTIFIED Foop CoLORS

RED SHADES: GREEN SHADES:
80. Ponceau 3R. 666. Guinea Green B.
184. Amaranth. 670. Light Green SF Yellowish.
74%3. Erythrosine. Fast Green FCF.
Ponceau SX.
ORANGE SHADE: BLUE SHADES:
150. Orange 1. 1180. Indigotine.

Brilliant Blue FCEF.

YELLOW SHADES:

10. Naphthol Yellow S.
640. Tartrazine.
22. Yellow AB.
61. Yellow OB.

Sunset Yellow FCF.
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The numbers preceding the names refer to the colors as listed in the
Colour Index published in 1924 by the Society of Dyers and Colourists of
England, which gives the composition of these dyes. Names not preceded
by numbers are not listed in the Colour Index.

No description is here necessary of the materials which we
have classified as group C above. A description of their specific
employment will be found in subsequent chapters devoted to
manufacturing operations. The same applies to a number of
minor ingredients or materials used for special purposes such as
souring, fining, preserving, sterilizing, etc.



CHAPTER V
YEASTS AND OTHER ORGANISMS

General Statement.—In the preceding chapter on Fermenta-
tion it was stated that the production of alcohol is performed by
enzymes which act on the sugars present in the fermenting liquor.
It was also indicated previously that the enzymes which accom-
plish this transformation are representative of a very large group
of such matcrials which function in every chemical change in-
volved in the life process. The enzymes of value to the
fermentation industry are produced by living plants, yeasts, which
are allowed to grow in the liquor to be fermented and which,
as an incident of their own life process, achieve the desired pro-
duction of alcohol.

Yeasts belong to the second broad group of vegetable
growths: those which do not contain chlorophyll and are, therc-
fore; unable to manufacture their own food. This group is
distihguished from the first group of plants which can extract
inorganic materials from the soil and the air and from thesc
manufacture their own food. The ability to perform this function
i8 ascribed to the prescnce in the plant of a green coloring matter,
chlorophyll.

The group name of the non-chlorophyll bearing plants is
fungi. They are all dependent for their food supply upon the
materials built up by living plants of group one, or upon animal
matter. Among the fungi, which naturally vary in complexity
of structure, are a group of simply constructed plants having but
one cell and which are called yeasts. The cells vary in shape
and size, being round, oval or elongated, but of the order of
0.003 inches in diameter.

“Each such cell consists of a transparent elastic sac or mem-
brane enclosing a more or less granular mass of jelly-like sub-

stance which is called protoplasm. The name was originated by
46
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Purkinje (ca. 1840) to apply to the formative material of young
animal embryos. Later, von Mohl (ca. 1846) used the term
to distinguish the substance of the cell body from that of the
nucleus which he called cytoplasm. In modern usage dating from
Strasburger (ca. 1882) the name protoplasm has been applied to
all of the essential living substance within the cell wall and means
the form of matter in or by which the phenomena of life arc
manifested. Protoplasm can exist in many modifications varying
from its usual one of a thick, viscous, semi-fluid, colorless, trans-
lucent mass containing a high proportion of water and holding in
suspension fine granular material. Chemical examination of pro-
toplasm, necessarily after death, has shown that it is composed
largely of protein material. During its life, however, it appears
probable that the chemical composition is both more complex
and more unstable. For our purpose it is only necessary to state
that the protoplasm is that portion of the plant which is alive and
which carries on the vital processes of the plant.

Life Processes.—All living organisms exemplify the cycle of
birth, growth, multiplication and death. Starting, for yeast, at
the stage of growth we see the process as follows: When the
yeast is supplied with an abundance of nutrient material, it grows
vigorously and the cellular protoplasm is homogeneous. As the
growth continues and the nutrient material becomes exhausted,
clear, apparently empty, spaces called vacuoles appecar in the
protoplasm. Actually these spaces are filled with serum or sap.
At a little later stage, granules appear, some of which are fat
globules while others are more condensed portions of proto-
plasm. Finally, as the cell nears the end of its life, the proto-
plasm shrinks to a thin layer against the cell wall while the bal-
ance of the cell is occupied by a large vacuole. The nucleus of
the cell is rarely visible and does not, for this reason, enter into
our consideration.

While this growth of the single cell continues, multiplication
also takes place at a rapid rate. According as the life conditions

are favorable or not multiplication takes place in one of two
ways:

1. By budding or germination.

2. By endogénous division or ascospore formation.
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The first process occurs under favorable conditions when the
yeast is growing rapidly. It consists in a bulging of part of
the cell wall and the pressing of part of the cell contents into
the bulge which is formed. This is the bud. As the bud grows the
wall between it and the mother cell constricts and finally closes
and there are then two distinct cells. Whether the bud-cell stays
in connection with the mother cell depends somewhat on the
conditions of growth but more on the variety of yeast. With
some varieties the bud stays in connection with the mother cell
and itself multiplies through many generations so that long chains
or branching clusters are formed. In all cases the rapidity of
multiplication depends on the vigor of the yeast and the suitability
of the conditions under which it is growing.

In distinction to the method of reproduction just described,
when a vigorous yeast growth is placed into adverse conditions
it prepares to survive by a different mode. The protoplasm of
the cells becomes granular, then divides so as to form separate
masses. These round off and become invested with a wall so
that the original ccll wall acts merely as a sac to contain the new
bodies. Because of this last fact the name ascospores is given
them, meaning spores formed within a sac. The conditions re-
quired to bring about ascospore formation are not completely
understood. Usually, however, a suitable temperature, plenty
of moisture and lack of nutrient material will cause young, vigor-
ously growing yeast cells to form from one to four ascospores
each. The spores have remarkable ability to survive under con-
ditions which would be fatal to ordinary cells; such as extremes
of temperature, lack of food, drying out, etc.

When at some future time the sporcs are placed into favor-
able conditions for growth they germinate and start a new series
of the ordinary type of yeast cells. In germinating they exert
a pressure against the wall of the mother cell which finally breaks
and permits the escape of the new cells. In some cases actual
dissolution of the cell occurs during germination.

.The changes described above are well illustrated in the ac-
companying figure, which shows stages in the life of a favorable
pure culture yeast and also some of the mixed forms.
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Classification of Yeasts.—Although the structure of yeasts is
so exceedingly simple that it seems difficult for varieties to exist,
nevertheless there are many different kinds or species. The dis-
tinctions are partly morphological, i.e., in the physical form of
the cells, and partly chemical, i.e., in the enzymes elaborated by
the cells which, of course, means that the products resulting from
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Fic. 2.—True Wine yeast.

1. Yeast cells in fermenting grape juice (mixed forms).
2. Saccharomyces ellipsoideus (spores).

3. Saccharomyces ellipsoideus (old).

4. Saccharomyces ellipsoideus (young).

the action of different yeasts on the same medium or substrate
will be different. 'When a pure yeast is used in fermentation, an
entirely different result is obtained than from the use of an im-
pure. The flavor is different, as also the odor, and with a pure
yeast the keeping properties are better. For the purposes of the
fermentation industry, yeasts are divisible into two groups:
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1. The wild yeasts—those which occur in nature; floating in
the air, in the soil, and on-the skins of fruits.

2. The cultivated yeasts—which have been selected from the
wild yeasts for their favorable action and are carefully guarded
in laboratory and factory to insure purity of strain.

There are two schools of thought in the fermentation indus-
try and especially among wine makers as to whether it is prefer-
able to use pure culture yeasts or to depend on wild yeasts. On
the one hand it is claimed that pure culture yeast will result in
a more accurately controlled fermentation, in a reduction in the
time and labor required for racking and aging, a cleaner taste
and flavor, and in the ability to select beforehand the flavor
desired.

On the other hand, it is claimed that these advantages are
offset by the necessity of sterilizing the must, pressed grapes and
juice. In practice, however, the benefits derived from the use
of pure culture yeast can often be had without resorting to the
costly operation of sterilization. The pure culture yeasts are
especially advantageous in the manufacture of white and sparkling
wines and in the refermentation of the latter. They are used ex-
tensively abroad for these purposes and have secured some recog-
nition and produced excellent results in some wineries in this
country.

In whiskey distilleries, pure culture yeasts have been used ex-
tensively in recent years. The types are selected for high alco-
hol yields and propagated by the Hansen single-cell method.
There can be no doubt at the present time but that pure culture
yeasts are an absolute necessity for the manufacture of distilled
spirits and very much preferable for the manufacture of wines.

The principal yeasts encountered in spirit and wine manufac-
ture are:

Saccharomyces cerevisiae. The ordinary yeast of the brewer and the
distiller. Two kinds are recognized: (a) top fermentation, and (b) bot-
tom fermentation.

Top yeast, as its name implies, is a type which rises in a frothy mass to
the top of the mash during fermentation. Bottom yeast sinks to the bot-
tom of the vat during fermentation. Higher temperatures favor the for-
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mation of the former and lower temperatures favor the latter. Distillers’
yeast is a high attenuating top varicty.

Saccharomyces ellipsoideus. This is the yeast which converts must, or
grape juice, into wine.

Saccharomyces pastorianus. This also occurs in wine making and when
present during brewing gives a bitter taste to the beer.

Saccharomyces mycoderma. This yeast is the cause of “mother” which
appears on the surface of wine or beer after exposure for some days to
the air.

Bakers use either compressed yeast (compressed cakes of
top yeast) or dried yeast (a mixture of yeast cells with starch).
The former has high fermenting capacity and gives uniform
results, but it will keep only a day or two; while the latter retains
its capacity to produce fermentation for a long period. Brewers’
yeast is not desirable for bread making because it is likely to give
a bitter flavor and its activity is slow in a dough mixture.

Pure Cultures.—To determine the properties due to a par-
ticular yeast, it must be separated from all other organisms with
which it is associated and when grown thus, free from all con-
tamination, it is then known as a “pure culture.” A commercially
pure yeast is different, as this simply means “free from added
non-yeast matter.”” This is the condition of most compressed
yeasts as found on the market; they are commercially, but not
bacteriologically, pure, since they have numbers of bacteria and
molds associated usually with more than one yeast variety.

Micro-Organisms Found on Grapes.—The surfaces of
grapes in the vineyard will hold any or all of the bacteria and
fungi usually carried in the air and by insects. Many of these,
especially the bacteria, cannot grow in grape juice on account of
its acidity. These, of course, have a negligible effect on the wine.
Others, such as most yeasts and molds and a few varieties of
bacteria find grape juice to be a favorable medium for their de-
velopment. Wine is a somewhat less suitable medium than
unfermented grape juice (must), owing to its alcohol content,
but still, a large number of forms are capable of growing in the
wine. As the wine ages, the less suitable it becomes for the
growth of micro-organisms, but it is never quite immune.

Among the great variety of organisms the only ones desired
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are the wine yeasts. Many different types of wine yeast have
been isolated and studied. It has been demonstrated that not
only do slight morphological differences exist, but also that they
vary in the flavor and quality of wine produced and also in the
speed and completeness with which they split sugar and consume
acids. The true yeasts occur much less abundantly on grapes than
the molds. Until the grapes are ripe they are practically absent,
as first shown by Pasteur. Later, they gradually increase in
number; on very ripe grapes being often abundant. In all cases
and at all seasons, however, their numbers are much inferior to
those of the molds and pseudo-yeasts. The cause of this seems
to be that, in the vineyard, the common molds find conditions
favorable to their development at nearly all seasons of the year,
but yeasts only during the vintage season.

Investigations of Hansen, Wortmann and others show that
yeasts exist in the soil of the vineyard at all times, but in widely
varying amounts. For a month or two following the vintage, a
particle of soil added to nutritive solution contains so much yeast
that it acts like a leaven. For the next few months the amount
of yeast present decreases until a little before the vintage, when
the soil must be carefully examined to find any yeast at all. As
soon as the grapes are ripe, however, any rupture of the skin of
the fruit will offer a favorable nidus for the development and
increase of any yeast cells which reach it. Where these first
cells come from has not been determined, but as there are still a
few yeast cells in the soil, they may be brought by the wind, or
bees and wasps may carry them from other fruits or from their
hives and nests.

The increase of the amount of yeast present on the ripe
grapes is often very rapid and seems to have (according to
Wortmann) a direct relation to the abundance of wasps. These
insects passing from vine to vine, crawling over the bunches to
feed on the juice of ruptured berries, soon inoculate all exposed
juice and pulp. New yeast colonies are thus produced and the
resulting yeast cells quickly disseminated over the skins and other
surfaces visited.

The more unsound or broken grapes present, the more honey-
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dew or dust adhering to the skins, the larger the amount of
yeast will be. The same is true, however, also of molds and
other organisms.

True Wine Yeasts—Saccharomyces ellipsoideus.—In the
older wine-making districts, much of the yeast present on the
grapes consists of the true wine yeast, S. ellipsoideus. The race
or variety of this yeast differs, however, in different districts.
Usually several varieties occur in each district. The idea preva-
lent at one time, that each variety of grape has its own variety
of yeast seems to have been disproved, though there seems to be
some basis for the idea that grapes differing very much in com-
position, varying in acidity and tannin contents, may vary also in
the kind of yeast present. Several varieties of ellipsoideus may
occur on the same grapes. In new grape-growing districts, where
wine has never been made, ellipsoideus may be completely absent.

Besides the true wine yeast, other yeasts usually occur. The
commonest forms are cylindrical cells grouped as S. pasteurianus.
These forms are particularly abundant in the newer districts,
where they may take a notable part in the fermentation. Their
presence in large numbers is always undesirable, and results in
inferior wine. Many other yeasts may occur occasionally, and
are all more or less harmful. Some have been noted as produc-
ing sliminess in the wine. Many of these yeasts produce little or
no alcohol and will grow only in the presence of oxygen.

Pseudo-yeasts.—Yeast-like organisms producing no endo-
spores always occur on grapes. Their annual life cycle and their
distribution are similar to those of the true yeast but some of them
are much more abundant than the latter. They live at the
expense of the food materials of the must and, when allowed to
develop, cause cloudiness and various defects in the wine.

The most important and abundant is the apiculate yeast, §.
apiculatus (according to Lindner this is a true yeast producing
endospores). The cells of this organism are much smaller than
those of S. ellipsoideus and very distinct in form. In pure cul-
tures these cells show various forms, ranging from ellipsoidal
to pear-shaped (apiculate at one end) and lemon-shaped (apicu-
late at both ends). These forms represent simple stages of de-
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velopment. The apiculations are the first stage in the formation
of daughter cells; the ellipsoidal cells, the newly separated daugh-
ter cells, which, later, produce apiculations and new cells in turn.

Many varieties of this yeast occur, similar in degree to those
of §. ellipsoideus. They are widely distributed in nature, occur-
ring on most fruits, and are particularly abundant on acid fruits
such as grapes. Apiculate yeast appears on the partially ripe
grapes before the true wine yeast and even on ripe grapes is more
abundant than the latter. The rate of multiplication of this yeast
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Fic. 3.—Yeasts and injurious pseudo-yeasts.
Torule and pseudo-yeasts.

. Torulz and pseudo-yeasts.

. Saccharomyces apiculatus.

. Saccharomyces pasteurianus.
Mycoderma vini (2 forms).

. Dematium pullulans.
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is very rapid under favoring conditions and much exceeds that
of wine yeast. The first part of the fermentation, especially at
the beginning of the vintage and with acid grapes, is, therefore,
often almost entirely the work of the apiculate yeast.

The amount of alcohol produced by this yeast is about 4 per
" cent, varying with the variety from 2 to 6 per cent. When the
fermentation has produced this amount of alcohol, the activity of
the yeast slackens and finally stops, allowing the more resistant
ellipsoideus to multiply and finish the destruction of the sugar.
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The growth of the apiculatus, however, has a deterring effect on
that of the true yeast so that where much of the former has been
present, during the first stages of the fermentation, the latter
often fails to eliminate all the sugar during the final stages.

Wines in which the apiculate yeast has had a large part in
the fermentation are apt to retain some unfermented sugar and
are very liable to the attacks of disease organisms. Their taste
and color are defective, often suggestive of cider, and they are
difficult to clear. This yeast attacks the fixed acids of the must,
the amount of which is therefore diminished in the wine while,
on the other hand, the volatile acids are increased.

Many other yeast-like organisms may occur on grapes; but,
under ordinary conditions, fail to develop sufficiently in competi-
tion with apiculatus to have any appreciable effect on the wine.
Most of them are small round cells, classed usually as Torulae.
They destroy the sugar but produce little or no alcohol.

A group of similar forms, known collectively as Mycoderma
vini, occurs constantly on the grapes but, all being strongly
aerobic, they do not develop in the fermenting vat. Under
favoring conditions, however, they may be harmful to the fer-
mented wine.

Bacteria of many kinds occur on grapes as on all surfaces
exposed to the air. Most of these are unable to develop in solu-
tions as acid as grape juice or wine. Of the acid-resisting kinds,
a number may cause serious defects and even completely destroy
the wine. These, the “disease bacteria” of wine are mostly
anaerobic and can develop only after the grapes are crushed and
the oxygen of the must exhausted by other organisms. Practically
all grape-must contains some of these bacteria, which, unless the
work of the wine-maker is properly done, will seriously interfere
with the work of the yeast, and may finally spoil the wine. The
only bacteria which may injure the grapes before crushing are
the aerobic, vinegar bacteria, which may develop on injured or
carelessly handled grapes sufficiently to interfere with fermenta-
tion and seriously impair the quality of the wine.

Among the organisms which can infect wine and cause so-
called “diseases” are the following:



56 YEASTS AND OTHER ORGANISMS

Molds. The spores of the common saprophytic molds, Penicillium,
Aspergillus, Mucor, Dematium, are always present on the grapes, boxes,
and crushers, as on all surfaces exposed to dust laden air, and most of them
find in grape must, excellent conditions for development. Botrytis cinerea,
a facultative parasite of the leaves and fruit of the vine, is also nearly
constantly present in larger or smaller quantities. All of these molds are
harmful, in varying degrees, to the grapes and the wine. Some of them,
such as Penicillium, may give a disagreeable moldy taste to the wine, suffi-
cient to spoil its commercial value. Others, such as Mucor and Asper-
gillus may affect the taste of the wine but slightly and injure it only by
destroying some of the sugar and thereby diminishing the final alcohol
content. Dematium pullulans may produce a slimy condition in weak
white musts, and most of them injure the brightness and flavor to some
extent and often render the wine more susceptible to the attacks of more
destructive forms of micro-organisms.

On sound, ripe grapes, these molds occur in relatively small number,
and, being in the spore or dormant condition, they are unable to develop
sufficiently to injure the wine under the conditions of proper wine-making.
On grapes which are injured by diseases, insects or rain, they may de-
velop in sufficient quantities to spoil the crop before it is gathered. On
sound grapes which are gathered and handled carelessly, they may develop
sufficiently before fermentation to injure or spoil the wine.

The molds are recognized by their white or grayish cobwebby growth
over the surface of the fruit. This consists of fine branching and inter-
lacing filaments known as mycelium. This is the vegetative stage of the
fungus and the active part in the destruction of the material attacked.
When mature, it produces spores which differ for each mold in form, size
and color. The spores are the chief means of multiplication and distri-
bution. They are minute, single celled bodies which are easily distributed
as dust through the air, and are capable, after remaining dormant for a
longer or shorter period, of germinating, under favorable conditions and
giving rise to a new growth of mycelium.

The commonest molds on grapes in California are the Blue Mold, the
Black Mold and the Gray Mold. Usually only one of these occurs plenti-
fully at the same time. Which this one will be depends principally upon
the temperature and humidity. In the hotter regions the Black Mold is
most common during the earlier part of the vintage, later the Blue Mold
takes its place. In the cooler regions only Gray and Blue Molds occur
commonly.

Blue Mold (Penicillium glaucum). This is the common mold which
attacks all kinds of fruit and foods kept for a length of time in a damp
place. It is distinguished by the greenish or bluish color of its spores
which cover the grapes attacked, and by its strong disagreeable moldy
smell, It sometimes attacks late grapes in the vineyard after autumn rains
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have caused some of them to split. Grapes lying on the ground are espe-
cially liable to attack. The principal damage of this mold occurs usually,
after the grapes are gathered, while they lic in boxes or other containers.
It will grow on almost any organic matter if supplied with sufficient
moisture and at almost any ordinary temperature. It is almost the sole
cause of all moldiness in boxes, hoses, and casks, and the most troublesome
of all the molds with which the wine-maker has to deal.

The conditions most favorable to its development are an atmosphere
saturated with moisture and the presence of oxygen.

Black Mold (Aspergillus niger). This is very common in the hotter
and irrigated parts of California. It annually destroys many tons of grapes
before they are gathered. It attacks the grapes just as they ripen and is
distinguished by the black color of its spores, which sometimes fill the air
with a black cloud at the wineries where the grapes are being crushed. It
is especially harmful to varieties which have compact bunches and thin
skins, such as Zinfandel. Its effect on the wine has not been well studied
but it is much less harmful than Green Mold. Large quantities of grapes
badly attacked are made every year into merchantable wine. The main
damage done is in the destruction of crop and it is therefore a greater
enemy to the grape-grower than to the wine-maker.

Gray Mold (Botrytis cinerea). This fungus in certain parts of Europe
is a harmful parasite of the vine, injuring seriously leaves, shoots and
growing fruit. The only injury of this kind noted in California is in the
“callousing” beds of bench grafts.

As a saprophyte it may attack the ripe grapes in much the same manner
as the Black Mold. 1t occurs apparently all over California but seldom
does much damage. It attacks principally second crop and late table
grapes.

Under certain circumstances this fungus may have a beneficial action.
When the conditions of temperature and moisture are favorable, it will
attack the skin of the grape, facilitating evaporation of water from the
pulp. This results in a concentration of the juice. The mycelial threads
of the fungus then penetrate the pulp, consuming both sugar and acid but
principally the latter. The net result is a relative increase in the per-
centage of sugar and a decrease in that of acid. This, where grapes ripen
with difficulty, is an advantage, as no moldy flavor is produced. Two
harmful effects, however, follow: First, the growth of the mold results
in the destruction of a certain amount of material and a consequent loss of
quantity. This is, in certain circumstances, more than counterbalanced by
an increase in quality, as is the case with the finest wines of the Rhine and
Sauternes. For this reason, the fungus is called in those regions the ‘“Noble
Mold.” Second, an oxydase is produced which tends to destroy the color
brightness and flavor of the vine. This may be counteracted by the judi-
cious use of sulfurous acid.
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F16. 4—Wine grape molds.
(After Duclaux.)

1. Black mold (Aspergillus niger).

a. Fruiting hyphae.
b. Sporecarp showing formation of spores.

¢. Spores.
2. Gray mold (Botrytis cinerea).
3. Blue mold (Penicillium glaucum).

a. Mycelium.
b. Fruiting hypha.
¢. Chains of spores.

d. Spores.

(After Ravaz.)
(From skin of moldy grape.)
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This mold is not of great importance in California as its beneficial
:ffects are not needed and there is seldom enough to do much harm.
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The special organisms which cause diseases in wine include:
Anaerobic organisms such as Dematium pullulans induce
slimy fermentation which results in ‘“ropiness.”
attack the sugar, but not glycerin nor alcohol and produce man-

nite, carbon dioxide, lactic and acetic acids and alcohol.

These bacteria
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Fi6. 5.—Disease Bacteria of wine.

. Bacteria of mannitic wine.
. Bacteria of bitter wine (butyric).
. Bacteria of vinegar (b. aceticum).
. Bacteria of lactic acid, young.

(a) Cell of wine yeast.
. Bacteria of lactic acid, old.
. Bacteria of slimy wine.

growth is entirely prevented by the presence of alcohol above thir-
teen per cent, free tartaric, tannic or small amounts of sulphurous
acid. The infection is ordinarily not very serious and disappears
under ordinary cellar treatment.

Botrytis and Penicillium which when present cause oxidation
of the tannin causing a bitter taste. This is more common in

red wines.

Acetic acid bacteria which cause the further oxidation of al-
cohol to acetic acid and result in a “pricking” taste. This taste
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is noticeable even when there is only 0.1-0.1§% of acetic acid. A
dry wine becomes practically undrinkable at 0.25% of acetic acid.

Saccharomyces apiculatus will cause some production of alco-
hol but affects the flavor adversely.

Mycoderma wvini attack the alcohol changing it to carbon
dioxide and water and hence weaken the wine directly as well as
rendering it more susceptible to infection by other disease organ-
isms. It is sometimes the cause of film.

Control of Yeasts.—Control of the growth of these organ-
isms and even to some extent selection of the variety which shall
grow is largely possible by a consideration of thc factors affecting
their vigor.

Nutrition—The preferred food of the yeasts is the sweet
juice of more or less acid fruits. Most of them are active agents
of alcoholic fermentation breaking up the sugar into alcohol and
carbonic acid gas. Wine yeast may carry on the fermentation
until the liquid contains 15 per cent or slightly more of alcohol.
Other yeasts, such as ordinary beer yeast cease their activity when
the alcoholic strength of the liquid reaches 8 to 1o per cent, while
some wild yeasts are restrained by 2 to 3 per cent.

Relation to Oxygen—They are acrobic, that is, they require
the oxygen of the air for their development. Most of them are,
however, capable of living and multiplying for a limited time in
the anaerobic condition, that is, in the absence of atmospheric oxy-
gen. It is in the latter condition that they exhibit their greatest
power of alcoholic fermentation. They multiply most rapidly
and attain their greatest vigor in the presence of a full supply of
air. In fermentation, therefore, it is necessary, first, to promote
their multiplication and vigor by growing in a nutritive solution
containing a full supply of oxygen and, then, to make use of
their numbers and vigor to produce alcoholic fermentation in a
saccharine solution containing a limited supply of oxygen. These
conditions are brought about automatically in the usual methods

-of wine-making. The stemming and crushing of the grapes thor-
oughly aerates the must. The yeast multiplies vigorously in this
aerated nutritive solution until it has consumed most of the dis-
solved oxygen. It then exercises its fermentative power to break
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up the sugar, with the production of alcohol. With many musts
it is able in this way to completely destroy all the sugar without
further oxygen. In other musts, especially those containing a
high percentage of sugar, the ycast becomes debilitated before
the fermentation is complete. In such cases it is generally neces-
sary to reinvigorate it by pumping over the wine or by some other
method of aeration before it can complete its work.

Relation to Temperature.—Yeast cells can not be killed or
appreciably injured by any low temperature. They do not be-
come active, however, until the temperature exceeds 32° F.  Wine
yeast shows scarcely any activity below §0° F., and multiplies
very slowly below 60° F. Above this temperature the activity
of the yeast gradually increases. Between 70° F. and 80° F.
it is very active and it attains its maximum degree of activity
between 9o° F. and 93° F. Above 93° F. it is weakened, and
between 95° F. and 100° F. its activity ceases. At still higher
temperatures the yeast cell dies. The exact death point depends
on the condition of the yeast, the nature of the solution and the
time of exposure. In must and wine a temperature of 140° F.
to 145° F. continued for one minute is usually enough to destroy
the yeast.

The best temperature in wine-making will depend on the kind
of wine to be madc and will lie between 70° F. and 9o° F.

Relation to Acids—The natural acids of the grapes, in the
amounts in which they occur in must, have little direct effect on
wine yeast. Indirectly they may be favorable by discouraging the
growth of competing organisms more sensitive to acidity. Acetic
acid has a strong retarding influence which commences at about
0.2 per cent and increases with larger amounts until at 0.5 per
cent to 1.0 per cent, according to the varicty of the yeast, all
activity ceases.

Relation to Sulfurous Acid.—Sulfurous acid is an antiseptic,
mild or strong, according to the quantities used. The fumes of
burning sulfur arc used in various ways and for various purposes
in wine-making. The active principle of these fumes is sulfurous
acid gas of which the chemical formula SO. shows that it is
composed of one atom of sulfur combined with two atoms of
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oxygen. As sulfur has just twice the atomic weight of oxygen
this means that one part by weight of sulfur combines with one
part by weight of oxygen to produce two parts by weight of
sulfurous acid gas. This combination takes place when sulfur
is burned in free contact with air. The same substance can be
obtained from certain salts, one of which is most suitable for use
in wine-making. This is a potash salt known as potassium meta-
bisulfite. This salt is composed of nearly equal weights of potash
and sulfurous acid. In contact with the acids of the must, the
sulfurous acid is set free and the potash combines with the tar-
taric acid of the must to form bi-tartrate of potash, some of
which is already present as a natural constituent of the must.

Bacteria of all kinds arc much more sensitive to the effects
of sulfurous acid than are ycasts. If used, therefore, in properly
regulated amounts it can be made a very efficient means of pre-
venting bacterial action and thus indirectly of aiding the work of
the yeast. It has also the very valuable property of preventing
the injurious action of the oxydase produced by Botrytis and
other molds. Finally, it is necessary in most cases to prevent
the too rapid or overoxidation of the wine during aging.



CHAPTER VI
PRODUCTION OF YEAST

Commercial Yeast.—The application of the principles just
developed is well illustrated in the manufacture of yeast for gen-
eral use. The same niceties observed in this process must also
be followed in the production of so-called “starters” for the fer-
mentation of whiskey mashes or of wine must. Figure 6 is the
flow sheet of such a process. The exact proportions of the vari-
ous grains used are naturally varied according to the secret
formula of the manufacturer.

It will be noted that the steps on this flow sheet may be
divided by two horizontal lines into three broad divisions:

1. The first set of mechanical operations has for its object
the conditioning of the raw materials for the next set. It in-
cludes very thorough cleaning and purification of all the materials,
grinding the cercals to make them more recactive and steeping
them in water to further ease the dissolution of the nutritive
ingredients.

2. The next sct of biochemical and chemical operations in-
cludes bringing the food for the yeast cells into the most readily
assimilable form and then growing the yeast in the medium so
produced under conditions which will result in the most vigorous
and prolific production of yeast.

3. In the final set of mechanical operations the yeast cells
are separated from the fermented liquor under the optimum con-
ditions to ensure their survival and prepared for marketing. The
actual operations involved in the process are somewhat as follows:

The cleaned, ground and steeped grains are cooked to pastify
the starch. Usually the corn is cooked first at the highest tem-
perature, then the rye is added and when the mash has cooled to
the proper temperature for the most effective action of diastase

(ca. 55° C., 130° F.) the malt is added.
: 6
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When the diastase of the malt has had time to act the mash
is inoculated with a smaller special mash of rye and malt in which
a pure culture of lactic acid bacteria (Bacillus delbruckii) is
growing. The mash is now incubated for about sixteen hours at
the proper temperature (ca. §50° C., 122° F.). During this time
the proteins of the grains are partially hydrolyzed and some
lactic acid is formed. The liquor now contains largely sugars,
resulting from the action of malt diastasec on the starch, lactic
acid, amino acids, and other hydrolysis products of the pro-
teins, all in a highly assimilable form for the yeasts, and the cellu-
lose residues from the cereals.

This sour mash is filtered and the filtrate, now called “wort,”
is heated (Pasteurized) to kill off the lactic acid bacteria and
any undesirable organisms. After cooling the wort is run into
fermentation tanks and inoculated with a pure yeast culture of
sufhcient size. The wort is then acrated by passing in com-
pressed air either through bottom or side inlets. The oxygen of
the air bubbling through the wort stimulates the growth and
reproduction of the yeast cells.

When the growth of yeast has reached the desired extent, the
cells are separated from the fermenting wort in the third set of
operations. The ordinary equipment for this purpose is identical
in action with the familiar centrifugal cream separator. The
heavy cream of separated yeast is cooled, further water is re-
moved by means of a filter press. The press cake is churned,
squeezed in hydraulic presses, packed, and stored in a refriger-
ator.

Distillers’ Yeast.—Each manufacturer of distilled spirit pre-
pares the yeast for carrying on the production of alcohol in a
manner generally similar to that just described. The start is
usually made by reserving a portion from each completed fer-
mentation. The yeast in this reserved portion is propagated in
a small special mash made often from cqual amounts of barley
malt and rye. In other distilleries only malt, either rye or barley,
is used; or possibly a mixture of one of these malts with a ground,
unmalted cereal such as wheat, barley or rye. In any case, the
object is to produce yeast cells which are young, vigorous and
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so active that they will rapidly reproduce and will have a high
sugar splitting or fermentive capacity, to the end that the highest
possible yield of alcohol will result. A flow sheet of this process
is shown in Figure 7. It will be noted that it corresponds quite
closely to the main steps in the manufacture of ordinary yeast.

The ground rye is first scalded with water of about 170° F.
temperature. Then it is stirred, the ground malt added and the
whole mash kept for about two hours at a temperature of ap-
proximately 150° F. Its sugar content should be about 22 to
2§ per cent as indicated on the Balling hydrometer.

Hot Ground Barley Yeast reserved from
Water Rye Malt a previous fermentation

170°F

Mashing
150°F and 22.25% Balling

CoTHng
Souring
120°F
Heating
170°F
Coaling

| R
Fennegtahon

To main mash at 7 to 8% Balling

Fic. 7.

The mash is now cooled and soured. Sometimes a pure cul-
ture of lactic acid bacteria is added to speed up the souring
process. Cooling reduced the temperature of the mash about
thirty degrees, or to 120° F.  When no lactic acid bacteria are
added it is kept at this temperature for about forty-eight hours
and souring is usually completed by that time. The addition of
bacteria reduces the time for souring to about eighteen hours, or
a little longer.

The souring process not only helps in the development of a
nutritive medium for the yeast but also the lactic acid formed
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prevents, or retards, the development of unfavorable micro-
organisms during fermentation, notably acetic acid bacteria.

As in commercial yeast manufacture, the lactic acid bacteria
are killed by heating the mash again; this time to 170° F. After
holding it at this point for about twenty minutes the temperature
is brought down to about 85° F. and the seed yeast is added.
Fermentation commences and the temperature is gradually low-
ered about five degrees. When the sugar content of the mash has
dropped to about 8 per cent Balling it is added to the main mash
where it represents about § per cent of the total volume.
Heating and cooling in all cases is obtained by the use of coils
for the circulation of hot or cold water in the tanks.

Wine Starters.—Grapes ordinarily will produce a must which
contains sufficient yeast to carry on the fermentation. Unfortu-
nately, the must is also almost certain to contain many varieties
of unfavorable micro-organisms. Hence, especially in the manu-
facture of white wines some purging or sterilizing process is neces-
sary. The process ordinarily used is called defecation. This
consists of treating the must with sulfurous acid and is ordinarily
accomplished by pumping it into sulfurized casks (as described in
chapter on wine making). In from twelve to twenty-four hours,
the must is purged, and all its gross impurities, including micro-
organisms, dust and solid particles derived from the skins, stems,
pulp and leaves have settled to the bottom. It may be slightly
cloudy or nearly clear. It should then be drawn off into clean
casks and fermentation started. Sometimes it is sterilized by
Pasteurization following defecation, but this is not a very satis-
factory operation from the flavor standpoint; it is costly and is
generally dispensed with. In defccating must to eliminate un-
favorable micro-organisms the wine maker, unfortunately also
removes the true yeasts. The more perfect the process the more
necessary it is to add wine yeast. It is, therefore, necessary to
add a starter.

Natural Starters—One method of producing such a starter
is to gather a suitable quantity of the cleanest and soundest ripe
grapes in the vineyard, crush them carefully and allow them to
undergo spontaneous fermentation in a warm place. An addition
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of a quarter to a third of an ounce of potassium meta-bisulfite per
hundred pounds of grapes is of great assistance in promoting
a good yeast fermentation in the starter. Perfectly ripe grapes
should be sclected and the fermentation allowed to proceed until
at least 10 per cent of alcohol is produced. If imperfectly ripe
grapes are used or the starter used too soon, the principal yeast
present may be S. apiculatus. Towards the end of the fermenta-
tion §. ellipsoideus predominates. From one to three gallons of
this starter should be used for each hundred gallons of crushed
grapes or must to be fermented. Too much should not be used
in hot weather or with warm grapes, as it may become impossible
to control the temperature.

This starter is used only for the first vat or cask. Those
following are started from previous fermentations, care being
taken always to use the must only from a vat at the proper stage
of fermentation and to avoid all vats that show any defect.

Pure Yeast Starters—An improvement on a natural starter
of this kind is a pure culture of tested yeast. There are two
ways of using these yeasts. One is to obtain, from a pure yeast
laboratory, a separate starter for cach fermenting vat or cask.
All the wine-maker has to do is to distribute this starter in the
grapes or must as they run into the vat. If the starter is used
when in full vigor this mcthod is simple and effective.  Unfortu-
nately, it is difficult to have it on hand in just the right condition
at the right moment. If the starter is too young, it will not
contain e¢nough yeast cells; if too old, the cells will be inactive or
dead. The usual starter is in full vigor for only a few days
at the most. Recent improvements in the methods of preparing
pure yeast starters arc said to overcome this difficulty and to
produce starters which maintain their full vigor for wecks or
months.

The other method is for the wine-maker to obtain a small cul-
ture of pure yeast from a reliable source and from this to make
his own starter.

“To do this he prepares an innoculum of two or three gallons
of must defecated with sulfurous acid and sterilized by boiling.
This, on cooling, is placed in a large demijohn plugged with



WINE STARTERS 69

sterilized cotton and the pure culture of yeast added. The demi-
john must be placed in a warm place (70° to 80° F.) and
thoroughly shaken several times a day to aerate the must. In a
few days a vigorous fermentation occurs.

When the fermentation is at its height in the demijohn, which
will be when the must still contains 3 or 4 per cent of sugar, it is
ready to use to prepare a bulk starter. This is best prepared in a
small open vat or tub, varying in size according to the amount
of starter needed daily. Into this tub are poured twenty to fifty
gallons of well-defecated must extracted from clean, sound grapes.
It is not necessary to boil it, as the few micro-organisms it may
contain will be without effect in the presence of the vastly more
numerous yeast cells introduced from the pure culture in the
demijohn.

The whole of the pure culture is poured into the tub of must,
the temperature of which should be between 80° and 9o° F. This
temperature i1s maintained either by warming the room or by
occasionally placing a large can full of boiling water in the tub.
This can should, of course, be tightly stoppered in order that
none of the water may get into the must. The must should be
well aerated several times a day to invigorate the yeast. This
is done by dipping out somc of the must with a bucket or ladle
and pouring it back into the tub from a height of several fect or
by the use of compressed air. The tub should be covered with a
cloth to exclude dust, and everything with which the must comes
in contact should be thoroughly cleaned with boiling water.

In a day or two the must is in full fermentation and may be
used as a starter. From ten to thirty gallons of starter are used
for every thousand gallons of must or crushed grapes. The
cooler the grapes the more should be added. Too much added
to warm grapes may make the fermentation so rapid that it will
be difficult to control the temperature. Moldy or dirty grapes
require more than clean, because there are more injurious germs
to overcome.

Every twenty-four hours, nine tenths of the contents of the
starter tub can be used and immediately replaced with fresh
defecated must. The yeast in the remaining tenth is sufficient to
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start a vigorous fermentation and multiplication of yeast. Two
things must be watched with special care if the starter is to main-
tain its vigor. The temperature must be kept above 80° F. and
thorough and frequent aeration must be given.

With care, a starter of this kind will remain sufficiently pure
to be used continuously throughout the vintage.



CHAPTER VII
MALT

In one very important respect the manufacture of spiritous
liquors from a grain base differs from that commencing with a
fruit juice base. This difference is that the fruit juices contain
preformed sugar directly available for fermentation while the
cereals contain starch and proteins in a relatively insoluble form.
It was stated in previous chapters that by suitable processes this
insoluble starch and proteins can be converted into soluble forms
which are then fermentable. The processes by which this con-
version is accomplished are the subject of this chapter.

There are two general means by which starch and proteins
are solubilized (hydrolyzed) for the purpose of fermentation.
These are by the action of suitable enzymes or by treatment with
acids. Of these the former is much more common in the liquor
_industry. For the production of suitable enzymes the natural
changes which occur in the sprouting of seeds are used. The
employment of this natural chemical process is called malting,
and the product, malt.

Malt.—Malt may be made from any cereal but is commonly
made from barley and unless otherwise specified, the term “malt”
is understood to refer to barley malt. The general preference
for barley is due to its high enzyme productivity, its ability to
retain its husk in threshing (husk subsequently serving as a filter-
ing material in the mash-tun) and the responsiveness of its endo-
sperm during growth to modifications and mellowing.

The following Figure 8 shows an enlarged cross-section of a
barley grain.

A grain of barley, or other cereal, consists essentially of two
parts, the main starchy portion, known as the endo-sperm and a
smaller part at one end of the corn known as the embryo. The

71
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embryo is the rudimentary plant. From it rootlets eventually
develop which extract nourishment from the soil for the develop-
ment or growth of the plant. The rootlets do not appear in the
first stages and it is necessary for nature to provide some means
of feeding the embryonic plant. The nutrient media provided
by nature are principally starch, and smaller amounts of proteins
and other products. The nutrient materials are contained in the
endo-sperm and are insoluble and therefore non-diffusible through
the cellular structures to the germ where they are needed. Na-
ture has adjusted for this situation by providing that the plant

b
FiG. 8.

secretes certain substances, namely enzymes, very actively as soon
as germination commences. The enzyme, cytase, attacks the cellu-
lar wall structures and its action makes it possible for the enzyme,
diastase, to act upon the starch, changing it into a soluble form
and therefore rendering it diffusible, assimilable and available to
the germ as food. A portion of the insoluble proteins is also
acted upon and changed into soluble, diffusible and chemically
simpler substances, e.g., peptones, proteoses, and amino acids.
This change, commonly called proteolysis, is thought to be
brought about by other enzymes in the plant but little is definitely
known with respect to these agents, the action partly resembling
that of trypsin and partly that of pepsin or peptase. The actual
mechanism by means of which cytase enables the other enzymes
to reach the starch and proteins is also not definitely known; i.e.,
it is not known whether the cytase dissolves the cellulose or
whether its action is merely a softening one whereby the cellulose
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is rendered permeable. Figure 9 is a diagram of the various
changes which take place within the grain during the malting
operation.
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This is the process on which the maltster relies, but his en-
deavor is to keep the consumption of starch as low as possible
and hence when the action has proceeded to a point where he
judges the starch rendered soluble and the enzymes developed to
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the most useful point the process is arrested and the plant killed by
drying the germinating grain in the malt kiln. This calls for
considerable judgment and experience on the part of the maltster,
but, in a general way, the end point may be said to have been
reached when the plumule has grown almost to the length of the
grain or corn. At this stage the starch should be in the proper
degree of conversion into sugar and the enzymes developed to
such a point as to be able to act upon and saccharify not only
the starch of the malt but also the starch of the unmalted cereal
with which it is often mixed in the mash tun. Since the yield
of alcohol is dependent upon the yield of starch converted to
sugar it is important to develop a malt of maximum diastatic
properties. It is also economical becausc it eliminates the neces-
sity of converting all of the cereal to malt.

Generally speaking, American malts have high diastatic
(starch-converting) power and are mixed with other cereals in
proportions ranging from 10 to 1§ per cent of the whole for the
production of lower grade whiskies and from 20 to 50 per cent
for the higher grades. The United States Dispensatory requires
that malt shall be capable of converting not less than five times its
weight of starch into sugars. Distillers’ malt, however, is usually
capable of accomplishing the conversion of nearly fifteen times its
weight.

Malt is used, cither alone or in combination with unmalted
cereals, as a raw material in the manufacture of whiskey, gin,
vodka and kornbranntwein. It is also used as a raw material in
the manufacture of beer. It is, therefore, one of the most im-
portant products used by the liquor industry.

The finished product may be light yellow, yellowish-brown or
blackish-brown in color depending upon the intensity of the heat
treatment received in processing. Caramel malts are yellowish-
brown and are so called because they have been made from ordi-
nary malt submitted to a secondary process consisting of steeping,
drying and progressive heating until the sugar formed at the
lower temperatures is finally caramelized. Black malts are those
of the darkest color and are the product of comparatively high
temperature drying.
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The malting operation offers several distinct advantages. It
assists in the development of the enzymes diastase, cytase and
peptase which are of great importance. It influences the solubility
of the albumen, starch and phosphates in the grains and affects
the condition of the starch for subsequent conversion in the mash-
ing operation.

Practical Malting.—The malting operation consists in: 1.
cleaning the grain, 2. adding water and steeping, 3. germinating,
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4. drying, §. cleaning and crushing. The sequence of these steps
is shown in the flow sheet, Figure 10.

Equipment and processes for cleaning, steeping and drying
are more or less standardized but various methods are available
for carrying out the germinating operation.

Steeping.—This consists of soaking the cereal in water for
approximately 48 hours. Allowance must be made for variables
such as kind and condition of barley, water temperature, hard-
ness of water, humidity of air, etc. Float or ladle off skimmings.
Change the water every 12 hours the first day and every 24 hours
thereafter. When loading have tank half full of water and then
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add barley, allowing water to stand 1 to 2 feet above the barley
when full. 'When cereal is properly steeped drain off water.

Germination.—There are three methods available for carry-
ing out the germinating operation on a large scale. These are
respectively known as the floor, compartment, and drum systems.
The floor method was the first used, the other two representing
the contributions of modern chemical engineering. They are com-
monly referred to as pneumatic malting and are based on mechan-
ical as compared to hand turning over the grain and on subjecting
it to a flow of conditioned air either intermittently or continuously
during the raking or tumbling. Pneumatic malting is of great
assistance to the patent still distilleries; it permits all-year-round
malting.

Floor system.—In this method the damp cereal is spread upon
the floor and is periodically shovelled over to aerate the germinat-
ing mass and keep its temperature below the scorching or burning
point. The right air temperature is about 60° F. and the grain
temperature should be about 75° F.

This part of the process must be watched closely and its suc-
cess depends on the judgment and experience of the maltster who
varies the depth of the grain at each working over. He will
usually start with a depth of about 8 to 10 inches and then alter-
nately and gradually increase and reduce it from a maximum of
14 inches to a minimum of about § inches.

Germination proceeds and in a few days reaches a point where
further growth must be arrested. This is usually when the leaf
or acrospire has grown to the length of the kerncl. The ger-
mination is stopped by drying the grcen malt in the kiln. Man-
churian barley reaches this point in about five days while the
two-rowed and Bay Brewing types take about eight davs.

Drum system.—These are large drums of the rotating, tum-
bling type found in many chemical and other industrial plants.
They are arranged for continuous admission of conditioned air
and their speed can be varied to suit operating requirements.

It is customary to revolve the drums very slowly at first but,
as germination proceeds, the speed of rotation is gradually stepped
up. No definite operating rules can be set up since germinating
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conditions are never absolutely standard, but the following pro-
cedure may be used as a guide: twelve complete revolutions every
twenty-four hours for the first three days, then change to a full
revolution every hour and a half for the next thirty-six hours
and thercafter speed up to one revolution every forty minutes
until germination reaches the arrestation point in about twelve
hours more. :

Compartment system.—This consists of an oblong tank with
perforated bottom, usually of galvanized steel. The conditioned
air can be either top or bottom delivered. A carriage fitted with
revolving helices for stirring the grain travels across the top of
the tank and a sprinkling device is usually provided for moistening
the grain as it is turned over. Unloading is accomplished by
means of a scraper which draws the grain to one end of the tank
where an automatic device is located for feeding the germinating
mass to a conveyor.

Kiln drying.—This is carried out in a three-storied building
fitted with a suction fan on the top floor and a furnace on the
ground floor. The furnace is fed with smokeless coal and air
and the hot gases are sucked up through the floors and exhausted
from the top of the building by the fan. The grain is spread
on the top floor and given a preliminary drying. It is then
dropped to the second floor where it is gradually subjected to
higher temperatures. This is an operation of some delicacy, and
considerable care and experience are required in order that the
malt may be dried gradually and not spoiled by scorching. Ex-
posing the green malt to too high temperatures at the beginning
of the drying operation will reduce its diastatic strength. For the
first 24 hours 9o° F. is about right and it should then be dry to
the touch; thereafter the heat is gradually increased until a tem-
perature of 120° to 130° F. is reached in the 4oth to 48th hours.

The maximum diastatic properties of the malt are obtained
when the drying is stopped at about 123° F. and this is an im-
portant point for the distiller of mixed mashes. Malts dried at
temperatures no higher than this point arc usually referred to as
green malts. '

On the other hand, where high diastatic power is not so
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essential, as at all-malt distilleries, it is better to continue drying
to a higher temperature. This gives the following advantages:
(1) a more friable product, easier to grind, (2) more suitable for
storage and (3) better fermentations and superior flavoring
properties. Offsetting these favorable characteristics is the fact
that green malts are more nourishing to yeasts and have about
ten times more diastatic power. Barley gives a malt of the high-
est diastatic power with rye, wheat, oats and corn following in
the order named.

Yield —After the malting and kilning operations the acreened
malt produced will weigh approximately 20 per cent less than the
green grain, but, taken by measure, the malt will exceed the origi-
nal grain by 6 or 7 per cent. This is to say, the malt produced
is bulkier but less dense than the original green grain.

Acid Conversion.—The theory of the acid conversion of
starch into sugars was discussed in Chapter I. Practically, this
method finds some use in the preparation of cereal raw materials
prior to fermentation although probably less in this country than
abroad. In the United States the hydrolysis of starch for fer-
mentation is almost invariably accomplished by the diastatic action
of malts. These malts are mixed with unmalted grain (the starch
of which has been pastified by prior cooking) and the conversion
to fermentable sugar carricd to completion by a subsequent
operation called “‘mashing.”

In Great Britain there is more variation in the means em-
ployed to secure a completely fermentable mash. There is first
of all the common process in which all of the diastatic action
comes from malt. Then there arc two processes for making
mixed mashes. In the first of these, mixtures are made of malt
and unmalted grain, the starch of the latter having been com-
pletely converted by the acid process. In the second process the
action of the acid on the unmalted grain is halted before com-
pletion and a small proportion of malt added to finish the task
of hydrolysis. The preparation of these mashes will be discussed

again under the general subject of the whiskies prepared from
them.



CHAPTER VIII
DISTILLATION

Definitions.—Distillation is defined as the separation of the
constituents of a liquid mixture by partial vaporization of the
mixture and separate recovery of the vapor and the residue. The
more volatile constituents of the original mixture are obtained in
increased concentration in the vapor; the less volatile remaining in
greater concentration in the residue. The apparatus in which this
process is carried on is called a still. Generally speaking, the
essential parts of a still are: 1. The kettle in which vaporization
is cffected, 2. the connecting tube which conveys the vapors to
3. the condenser in which the vapors are reliquefied. Modifica-
tions involving the addition of other parts to the still are intro-
duced for various purposes such as the conservation of heat and
to effect rectification. Rectification is a distillation carried out in
such a way that the vapor rising from a still comes into contact
with a condensed portion of the vapor previously evolved from
the same still. A transfer of material and an interchange of heat
result from this contact, thereby securing a greater enrichment of
the vapor in the more volatile components than could be secured
with a single distillation opcration using the same amount of
heat. The condensed vapors, returning to accomplish this object,
are called “reflux.” (The above definitions are substantially
based on “The Chemical Enginecers’ Handbook™ by Perry,
p. 1107-8.)

In less precise language, a simple distillation is a means of
separating a volatile liquid from a non-volatile residue. A frac-
tional distillation is a means of separating liquids of different
volatility. This latter process rests on the fact that no two liquids
of different chemical composition have the same vapor pressure
at all temperatures, nor very often the same boiling point.
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On the other hand, while its actual amount may be almost
vanishingly small, every liquid or even solid substance has a defi-
nite vapor pressure at any given temperature. Furthermore, that
vapor pressure is unchangeable at a fixed temperature by any
external means, but only by a change in the composition of the
liquid. From this it scems probable that the vapor pressure de-
pends partly on the nature of the liquid molecules and partly on
their mutual attraction. We have neither need nor space here
to develop the proof of this theory. Tts application is as follows:
The molecules of water (B. P. 100° C.) and of alcohol
(B. P. 78.3° C.) do possess a strong attraction for each other
as shown by the contraction which is readily observed when the

BOILING POINTS OF ALCOHOL WATER MIXTURES

100°C
78.30°
78.17°
Alcohol {100% 150 Alcohol 0%
Water 0 Water 100%
F1G. 10a.

two liquids are mixed. The effect of this on the vapor pressure
and hence on the boiling point is shown in Figure 10a. From this
diagram, the proportions of which are exaggerated, it will be
noted that a mixture containing approximately 95% of alcohol
to §% of water by volume has a lower boiling point (i.e., higher
vapor pressure) than either pure compound. From this it fol-
lows that alcohol higher than 95.57% cannot be produced by
distillation and also that in a simple still, starting with a mix-
ture of alcohol and water of relatively low alcoholic strength,
the first distillate will be higher in alcohol content and as the dis-
tillation continues the alcohol content of each succeeding portion
of distillate will be lower until finally pure water comes over.
The relation between the alcohol content of the first vapors and
distillate and that of the original boiling liquid as determined by
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Sorel (Distillation et rectification industrielle, 1899) is shown in
Figure 1ob.

If the first portion of distillate were condensed and redis-
tilled, the new distillate would be still richer in alcohol. For
instance, if the liquid being distilled contained 10% of alcohol,
the first distillate would contain 48.6% and this if condensed and
redistilled would contain 69-70% alcohol. Obviously, a practical
operation cannot be conducted in this manner. What is done,
therefore, is to introduce into the head of the still a number of
plates in each of which a portion of the vapor is condensed, yield-
ing a liquid somewhat richer in alcohol than the original liquid,
and this is again partly evaporated so that as we ascend the
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column each plate is progressively of higher alcoholic strength.
It is possible by the application of experimental results such as
Sorel’s (loc. cit.) to these considerations to calculate the number
of plates required, and the proportion of condensate return re-
quired, to produce alcohol of any desired strength from a given
dilute supply. In general it can be seen that there is an inverse
ratio between the number of plates and the amount of reflux so
that as a practical matter it is advisable to increase the number
of plates as far as economically feasible in order to economize
fuel.

The fact that it is difficult to secure alcohol concentrations in
excess of 12-14% by fermentation alone, requires that for the
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production of stronger liquors the process of distillation be ap-
plied. The increase in alcohol concentration which can be
achieved thereby depends on the effectiveness of the rectification
and the completeness with which it is desired to recover all the
alcohol. It can range up to a recovery in excess of 99% and
alcohol of 95% strength by volume. The type and size of still
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Fic. 11.—Simple pot still used in liqueur manufacture.

actually employed in the distilled liquor industry depends on the
industrial development of the country in which the process is
being applied, upon the beverage being made, the raw materials
used, and the amount of material being processed at one time.
The various types may be classified as pot stills, Coffey or patent
stills, vat stills and continuous stills.
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Pot Stills.—The simplest form of pot still is used in the man-
ufacture of liqueurs both on account of the small lots which are
worked and the method of manufacture. Such a still is shown
in Figure 11. “A” is the kettle; “D" is the “swan’s neck” for
conveying the vapors to “‘R” the condenser; and “‘S” is the worm.
The mode of operation of this apparatus is obvious from an
inspection of the figure.
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F1G. 12.—Pot still used in French brandy manufacture.

C is the chauffe-vin used for pre-heating the wine fed to the still.
R is the condenser.

Figures 12 and 13 illustrate the addition of another part to
the simple pot still as used in France for the production of brandy.
This is the device marked “C,” called in French the “chauffe-
vin,” from its function of pre-heating the wine which is fed to
the kettle “A.” This pre-heating is a mode of conserving some
of the latent heat of the vapors by passing them through the feed
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to the kettle before leading them to the condenser. The types
of still illustrated are specially designed for brandy manufacture
and their peculiar adaptation for this purpose will be found in the
chapter on Brandy.

Improved Pot Still.—In Great Britain the chief distilled
liquor is whiskey. Some of this continues to be made in pot-stills

.“‘*‘"‘p(t :
o i} i
J~-l~4~_‘._.__I_—A«‘:‘JE:Lt =
Fi16. 13.—French brandy still fitted with chauffe-vin.
A is the kettle,

C the chauffe-vin.

R the condenser.

of somewhat improved design and considerably larger size as
shown in Figure 14. The pot stills used for this purpose are
divided into two classes, wash stills and low-wines stills. The
mash in which fermentation is complete, now called ‘“wash,” is
distilled in the former. The distilled product, low wines, is ap-
proximately a third of the volume of the original wash and
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FiG. 15.
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{ 3

somewhere in the neighborhood of 2§% alcoholic concentration,
Since a large volume of wash must be handled to produce a much
smaller volume of whiskey, the wash stills are very large, ranging

sk

Fi1c. 16.

from 7,000 to 12,000 gallons capacity. It is not safe practice,
however, to charge these stills beyond 50-75% of their capacity,
to avoid foaming and priming, that is, the carrying over of some

Fi1G. 17.

of the boiling wash into the condenser. A still of the size range
indicated may be expected to distill about 600 gallons of wash to
low wines per hour.

‘Figure 15 is an improved pot still, arranged for direct firing
and equipped with a rectifier in addition. The vapors pass from
the kettle into the rectifier, which is similar to an ordinary con-
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denser. The least volatile portions are condensed and returned
to the still. The more volatile portions of the vapor pass on to
the regular condenser.

A doubling of this arrangement is shown in Figure 16. This
kind of equipment is used in the British West Indies for the
production of rum. Either Figure 15 or 16 may also be arranged
for heating by steam instead of direct firing.

Another type of rectifying arrangement called a “Corty’s
head” is shown in Figure 17. Four traps are fitted into the neck
of the still. Each trap contains a diaphragm by means of which
the direction of the rising vapors is changed, forcing them to
circulate around the trap. Cooling water enters the system by
means of the pipe (9) and flows downwards through pipes (10)
from trap to trap. A fractional condensation occurs in each trap
causing progressive rectification of the ascending vapors in an
effective manner and resulting in the vapors passing to the total
condenser being much richer in alcohol than those evolving from
the boiling liquid in the kettle.

Coffey Still.—The Blair, Campbell and McLean form of the
“Coftey” or patent still, shown in Figure 18 in plan, and
diagrammatically in Figure 19, is a much more effective rectify-
ing and distilling equipment. Instead of applying direct heat
to a large volume of wash in a kettle, the wash is spread
in thin layers over a large surface and heat supplied by
the introduction of steam from an external boiler. The wash
enters the still at the top and trickles down over a series of per-
forated copper plates. Steam enters the still at the bottom and
bubbles upward through the perforations, each of which is in
effect a trap. By this means the wash is heated and the alcohol
vaporized so that by the time the wash has reached the lowest
plate it has lost all of its alcohol and can be discharged from the
still with its dissolved and suspended solids. As the mixture of
alcohol vapor, volatile impurities, and steam rises toward the top
of the apparatus, the lower becomes its boiling point, more steam
is condensed from it, and the richer it becomes in alcohol. The
part of the still in which this operation takes place is called the

“analyzer.”
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Fi16. 18.—(From Martin Industrial and Manufacturing Chemistry-Organic, Crosby,
Lockwood and Son, London.)
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The vapors from the top of the “analyzer” are led into the
bottom of a second column of perforated plates which is called
the “rectifier.” There is a zig-zag tube full of cooling liquid
extending the full length of this column to serve as a condenser.
Usually cold wash on the way to the analyzer is employed as
cooling liquor, while it is thereby preheated, thus effecting econ-
omy of heat. The alcoholic vapors on their upward passage
through the plates are fractionally condensed in each cooling
chamber and lose their water until finally they are condensed on
an unperforated sheet at the top of the column (the “spirit
plate”) as very strong alcohol, and are removed. It is stated
that from 94-96% spirit can be continuously obtained from this
type of still, whereas a simple still at best and even by repeated
distillations will only yield a small quantity of strong alcohol not
over 90-92% by volume from each operation.

A mixture of weak, impure alcohol and “fusel oil” (“hot
feints”) collects in the bottom of the “rectifier.” This is re-
turned to the “‘analyzer” to recover the alcohol. Towards the
end of the distillation of a batch, however, instead of completing
the purification of all the alcohol, it is found more economical to
raise the temperature of the apparatus and distill off the whole
residue of impure spirit. This is condensed and collected as
“feints” in a separate receiver. Here the fusel oil which has
accumulated throughout the process separates, to a large extent,
from the weak spirit and is skimmed off. The remaining
“feints” are redistilled with the wash of a succeeding operation
to recover their ethyl alcohol.

In the United States alcohol is distilled and rectified from its
wash by means of continuous stills. In smaller establishments all
non-volatile materials and a substantial portion of the water are
removed in a so-called “beer still,” Figure 20. On account of the
partial rectification in the preheater the distillate from a 6%
beer will frequently run as high as 40 to 60 per cent alcohol.
The crude alcohol is neutralized with some suitable alkali such
as soda ash, and then purified and concentrated in an intermit-
tent still, Figure 21. Assuming that the feed runs as high as
60 per cent alcohol, the feed is diluted so as to reduce the con-
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centration to §o per cent and the distillate will run as high as 9§
per cent alcohol but is collected in a number of portions of which
70 to 7§ per cent can be used as spirits. The neutralization of
the distillate from the beer still must be very carefully done,
because if the solution is boiled when alkaline, the nitrogenous
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Fic. 20.—Beer Still. (Redrawn from Robinson’s Fractional Distillation. Courtesy
McGraw-Hill Book Co., Inc.)

bodies set free amines whose disagreeable odor is difficult to
remove in the finished alcohol, and which also form blue com-
pounds with copper which discolor the alcohol. Another draw-
back is that they tend to combine with the aldehydes, forming
resins which may gum up the column, or impart a yellow color
to the alcohol withdrawn from the column. On the other hand,
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if the solution is acid, esters will form, and any undecomposed
ammonium acetate will react with strong alcohol forming ethyl
acetate and setting free ammonia. (See Robinson, ‘“The Ele-
ments of Fractional Distillation.”)

The operation of the beer still shown in Figure 20 is per-
formed as follows: The alcoholic feed is supplied by a constant
level feed tank “A’’ containing a ball float which controls a steam
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Fic. 21.—~Intermittent Still (modern). (Redrawn from Robinson’s Fractional Distil-
lation. Courtesy McGraw-Hill Book Co., Inc.)

pump to pump the feed from the storage tank to A as rapidly
as it is used. The feed then flows by gravity through the feed
heater “B” where it is raised nearly to its boiling point. Con-
tinuous stills are often fitted with recuperators in which the in-
coming feed is heated by the outgoing hot waste from the bottom
of the exhausting column. If the liquor contains solid materials
that are likely to form deposits on the heating surfaces, recupera-
tors are dispensed with, on account of the difficulty of cleaning
the outside of the tubes. The vapor heater shown at “B” has
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the liquor only inside of the tubes, and the fouled surfaces can
very easily be cleaned by removing the top and bottom heads of
the heater, and passing a cleaning device through the tubes.

The hot feed is introduced into the top section of the exhaust-
ing column “C” where it flows downward from plate to plate;
the volatile portions are gradually removed as the liquor comes
into contact with the steam blown in at the bottom through the
perforated sparger pipe “L..” The exhausting column has usu-
ally from 12 to 1§ plates, each plate being large and deep to
give a long time of contact of the feed in the column in order to
insure complete removal of the volatile substances. The com-
plete removal of these substances is readily tested by what is
known as the slop tester. Vapor is withdrawn from a plate near
the bottom at “H,” any entrained liquid removed by the separat-
ing bottle, and the vapor condensed in a suitable condenser “I,”
from which it flows to a tester “J” where it can be tested, or its
specific gravity measured by means of a hydrometer. The
exhausted liquor is then discharged from the bottom of the still
through a suitable seal pipe “M.” The rate of introduction of
steam into the column is governed by means of a suitable pressure
regulator.

The vapor leaving the exhausting column to pass to the heater
is substantially in equilibrium with the liquid on the top plate of
the column. It is partially condensed in the heater, enriched in
its alcohol content, and then passes to the condenser where it is
completely condensed. The portion of the vapor condensed in
the heater is returned to the top plate of the column together
with a controlled portion of the vapor condensed in the con-
denser, from the regulating bottle “E.” The distillate flows,
through the tester “F” where its quantity and specific gravity
may be measured, to the storage tank “G.” The water supply
for the condenser is obtained from the constant level feed
tank “N.”

In larger establishments a continuous rectifying still is used in
place of the intermittent still for the second operation. Figure 22
is a diagram of such a continuous rectifying still. The still con-
sists essentially of a purifying column “C” and a concentrating
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and exhausting column “D.” The function of the purifying
column is to remove the volatile head products, which are sep-
arated from the alcohol by fractionation. The function of the
concentrating column is to separate the alcohol from water, as
well as from the less volatile impurities which are not removed
in the heads. This rectifying unit will produce an alcohol of
higher grade than the best produced by the intermittent still with
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Fi1G. 22.—Ethyl Alcohol Still (continuous). (Redrawn from Robinson’s Fractional
Distillation. Courtesy McGraw-Hill Book Co., Inc.)

a recovery of perhaps 75 to 85 per cent. It will avoid the neces-
sity of subsequent purifying treatments with charcoal, ctc., and
rehandling of intermediate fractions at a considerable saving in
time, labor, and cxpense. The purifying column is fitted with a
partial reflux condenser ‘G and a total condenser “H” and is
independent of the rest of the apparatus except that it receives
the hot feed continuously from the recuperator “B” and the
feed supply tank “A” and delivers the purified dilute alcohol con-
tinuously from its base to the other column “D.” It has its own
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steam regulator “O” and cooling water supply and its rate of
operation can be controlled according to the amount of the im-
purities to be removed.

A further improvement of this system of alcohol production
is shown in the plan in Chapter IX on Whiskey. Here the beer
still is connected directly to the rectifying unit so that the feed
to the rectifier is in the form of a vapor instead of a liquid. This
effects considerable saving of steam for heating purposes and the
final product contains not less than 98 per cent of all the alcohol
present in'the beer and produces 9o per cent of this alcohol as
high grade, pure spirits, the remainder as heads, and a washed
fusel oil. Chemical analysis cannot determine whether the al-
cohol produced comes from molasses or grain. These units use
about 40 pounds of steam per gallon of alcohol produced. Fur-
ther improvements now pending will give an even higher yield.

The most modern American whiskey still consists of a column
and an extra head which contains two rectifying plates and one
washing plate. This still and its mode of operation are described
in Chapter IX on Whiskey.



CHAPTER IX
WHISKEY MANUFACTURE

Historical.—Whiskey is essentially an English and American
beverage. It was first developed in the United Kingdom and
subsequently its manufacture was taken up in this country.

When whiskey was first made is not definitely known. But
Usquebagh (from which the word “whiskey” derives) is said to
have been made in Ireland in the twelfth century and it is re-
ported that its manufacture there had assumed sizable propor-
tions even before Queen Elizabeth’s time. It is also said that
distilled spirits were made by the monks prior to the fifteenth
century and that they jealously guarded the secrets of their form-
ulae and methods of manufacture. However, commencing with
the fifteenth century the process became more widely known.
There is a treatise on distillation which is one of the very first
of printed books. At first the manufacture was carried on in
a small way in the houschold, but a young whiskey distilling in-
dustry was gradually established. At that time spirits were made
from malt in Scotland and from wort and sour beer in England.
The industry was operated under government supervision in all
three countries and its products were taxed. As a result, the
history of spirit distilling can be followed fairly accurately by a
study of the taxation legislation.

The industry has had a very stormy carecer and it is interest-
ing to note that in the sixteenth, seventeenth and eighteenth cen-
turies many of its troubled periods and their subsequent develop-
ments paralleled conditions under the prohibition era in the
United States in the last thirteen or fourteen years. For example,
restrictive legislation, high taxation, manufacture under strict

government supervision and last, but not least, the bootlegger, or
. 96
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as he was then called, the illicit distiller, all existed long before
our times. Smuggling was often rife, and England had its rum
row two or three hundred years before America. In 1556 there
was a death penalty in Ireland for illicit distillation.

In the reign of Charles I there was formed the Distillers’
Company of London, which received a charter of incorporation
and was empowered to regulate the manufacture of whiskey from
the point of the quality of materials to be used. A little later,
in the reign of Charles II, distilling materials included such
varied substances as sugar, molasses, sour wines, sour ales, cider,
and wort from grain and malt; and the products included whiskey,
brandy, gin, and rum (although much of this was made in
Jamaica). By 1694 annual production in England had risen to
900,000 gallons.

The sceventeenth, eighteenth and nineteenth centuries were
periods of experimental taxation and other governmental regula-
tion in Scotland, England, and Ireland, and the industry may be
said to have grown in spite of, rather than because of, these
regulations. Prior to 1860 the taxation and regulations were
different in all three countries; and in Scotland, during one period,
there was even a wide difference in regulations for Lowland and
Highland distilleries. At one time taxes were either collected by
local authorities or were farmed out to private persons or busi-
ness houses, who received a percentage of their collections for
their services. It was quite common for such tax collecting con-
tracts to be let and sub-let. Later, a fixed minimum of receipts
was stipulated for each distilling region. Following this another
form of taxation was tried, based on the capacity of the still and
its rate of operation, but the legitimate distillers displayed con-
siderable ingenuity in beating the law, often by faster distilla-
tion. Morewood (Inventions, etc., in Intoxicating Liquors,
1824) describes a still for this purpose which was built with
the unique proportions of 48 inches in diameter and only three or
four inches deep!

Thus, three centuries have passed and a satisfactory solution
of the problem is still sought. “When taxation was high and
regulations very restrictive, legitimate production waned and il-
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licit distillation and smuggling increased. When taxation was
lowered and regulations made less restrictive, legitimate manu-
facture would prosper and smuggling and illicit manufacture
diminish.

In 1730 the laws almost killed the industry, but illicit distilling
became so profitable that the government was forced to revise
the regulations in 1743. Legitimate production then jumped to
5,000,000 gallons of proof spirit. In 1751, and again in 1756,
taxation was increased and legitimate production gradually
dropped till it amounted only to 3,000,000 gallons in 1820. In
1760, 500,000 gallons of spirit were smuggled into England
from Scotland. About the year 1800, 6,000 illicit stills were
seized in Ireland in one year and illicit production exceeded legiti-
mate production three or four times. Taxation was revised in
Scotland in 1817, and in England in 1823, and finally in 1860 all
legislation was consolidated and restrictions were somewhat re-
laxed. Since then further concessions have been made from time
to time, the greatest being those since the war. At present the
tax is about $2.00 per bottle.

The history of whiskey manufacture in the United States is
not so easily traced. The date of the building of the first distil-
lery is uncertain, as is the progress of the industry in the eight-
eenth and nineteenth centuries. However, no book on this sub-
ject can omit a reference to the ‘“Whiskey Insurrection” which
occured in Western Pennsylvania in 1792 to 1794, when Presi-
dent Washington was compelled to call out the militia to quell
the insurrectionists, so strong was the reaction against the excise
regulations put into force about that time.

The prohibition question, especially its legislation and devel-
opments in the past two decades in the United States are too well
known to warrant reviewing. According to D. S. Bliss, U. S.
Commissioner of Industrial Alcohol, only seven distilleries were
legally operated during this period for the purpose of manufac-
turing whiskey for medicinal purposes. They were allowed to
manufacture only limited quantities and they started operation
during the fall of 1929. On the manufacture of whiskey during
the last three decades see also Chapter XV on Statistics.
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Definition and Types.—Whiskey may be defined as an alco-
holic beverage produced from cereal grains by the following gen-
eral series of operations:

1. Transformation of the starch of the grains, either malted, unmalted,
or mixed, into fermentable sugar.

2. Fermentation of the sugar to produce alcohol.

3. Distillation to concentrate the alcohol.

4. Ripening by aging in oak barrels.

There are available on the market a number of types of
whiskey, which as the result of variations in the details of proc-
essing or in the raw materials used, possess different flavors and
other characteristics of importance to the consumer. In general
these may be classified as:

American
Rye:
Made from a mash composed of unmalted rye and either rye
or barley malt.
Bourbon:
Made from a mash composed of maize and either wheat or
barley malt.

Low grade American whiskeys are made from mashes con-
taining from 10 to 1§ per cent malt.

High grade American whiskeys are made from mashes con-
taining from 20 to 5o per cent malt.

Most American whiskeys are made in patent stills.

Scotch

Pot still:
Made from barley malt and having a smoky taste, obtained by
using peat instead of coal as fuel in the kiln drying of the malt.
Changes in the variety of peat used materially affect the flavor.
This includes scotch whiskeys commonly classified in the British
Isles as follows: (1) Highland malts, (2) Lowland malts,
(3) Campbelltowns, (4) Islays.

Patent still:
Made from a mash composed of unmalted cereals and barley
malt. The former may be either rye or oats but commonly is
American maize (corn). These whiskeys do not have the
smoky taste and are more American in character.
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Irish
Pot still :
Made from an all-malt mash or from a mixed mash composed
of barley malt and unmalted cereals. The latter may be barley,

oats, wheat, rye or variously proportioned mixtures. Malt runs
high, from 30 to 50 per cent of the whole.
Patent still:

Made from a mash composed of unmalted cereals and barley
malt,

On a different basis all mixed mash whiskies may be classi-
fied as either:

Sour or sweet mash
Sour mash:
A whiskey made by cooking the ground, unmalted cereal with

spent liquor of a previous mash which has been dealcoholized by
distillation.

Sweet mash:
A whiskey made by cooking the ground unmalted cereal in the
ordinary way with water.

Blends.—In addition to the straight whiskeys described above,
both in this country and abroad various blends have come into
public favor. Especially in Great Britain blending has become
a very large trade as it is stated that the public taste demands a
whiskey of less prominent but more uniform characteristics than
formerly. To gratify this desire blends are made, in the United
States presumably of straight whiskeys; but in Great Britain
either by the mixture of various pot still whiskies of varying age,
etc., with the possible addition of silent spirits from patent stills.
In the latter case cheapness is often the purpose of the blend,
but it is also stated that it unites the several whiskies in the mix-
ture more completely and enables the blender to produce a whis-
key of more uniform character. Blends, even when made from
aged spirits of various kinds, are frequently stored in bond for
considerable time. The addition of patent still spirits, even those
containing very small amounts of secondary products, is viewed
as dilution rather than as adulteration. Methods of blending are
discussed under that heading later in this chapter.
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MANUFACTURE OF WHISKEY

General Outline.—The manufacture of whiskey is essentially
a chemical process based on changes in the composition of ma-
terials brought about by temperature alterations and the effect of
the activity of ferments and other reagents. Very little depends
on mechanical manipulation and there is a lack of spectacular
features.

Successful operation depends on a complete understanding of
the changes taking place in the composition of the materials and
on accurate temperature control. Technical knowledge, experi-
ence and judgment are required to select and control conditions
and materials so that a high yield of uniform product is obtained.

It has been the object of the preceding chapters to explain
the theoretical bases on which the process of whiskey making
rests. In the present chapter the sequence of the operations and
some of the manners of control are discussed. In actual fact,
it is very easy to make a sort of crude whiskey by simple perform-
ance in regular order of the first three or four basic operations
listed in this chapter in the section on definitions and types. The
commercial production of whiskey in quantities is very largely a
magnification in scale of these operations with the introduction of
refinements and modifications designed to facilitate the opera-
tion, secure a more uniform product, and obtain a maximum
yield. It is to be expected, therefore, that the historical steps in
the change from the simple “home still” of earliest times to the
largest scale continuous operation of American practice have
been preserved and can be seen in the manufacture of whiskey in
various establishments in different countries. This is the case
to such an extent that the common varieties of whiskey are each
identified with a different degree of evolution in the whiskey
making process. A number of distinct process sequences can be
formulated on this basis, of which the following are outstanding.
(See Table VIII).

Mashing.—In all types of whiskey, the process, by which all
the starch of the grains used is brought into solution, is called
mashing. It involves both extraction and conversion of the starch
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TaBLe VIII.—TaBuLarR CompParIsSON OF WHISKEY PROCESSES
Whiskey Scotch or Scotch or Scotch or American American
type Irish Irish Irish small scale large scale
Materials All malt Malt and Malt and Malt and Malt and
grain grain grain grain
Pre-mashing None None Partial acid | Cooking at | High pressure
conversion normal cooking of
pressure grain
Filtration Yes Yes Yes No No
of mash Only wort is| Only wort is | Only wort is | Whole mash | Whole mash
fermented | fermented fermented is fermented | is fermented
Method of Pot still Pot still Patent still | Patent still | Patent still
distillation

into sugars. The process is carried out in an apparatus called a
“mash tun” as illustrated in Figure 22a. The essential parts of
a mash tun are a vat equipped either with steam coils or means

FIG. 22a.—Mash tun and apparatus. (Redrawn from Rogers’ Manual of Industrial
Chemistry, D. Van Nostrand Company, Inc.)

of heating by direct injection of steam, and an efficient agitator.
The latter must have both scraper and stirrer arms to ensure that
all the ground grain comes into contact with the water.
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W ater—The quality of water used in mashing is very im-
portant both on account of its influence on the quality of the
finished liquor and in its own right, since it is used by the distiller
in many times greater volume than any other of his materials.
As used in mashing it is possible for impurities in the water to
cause irreparable damage. It is also claimed that the water used
influences the flavor of the finished whiskey. There is even told a
tale of a Scotch distillery being built on the banks of a stream and
then abandoned and a new distillery built on another stream
twenty miles away because the water from the latter resulted in a
product of superior flavor. As the Italians say Se non é vero, é
ben trovato. Certainly it is known that Scotch and Irish distil-
lers emphasize greatly the purity of their water supply. They
select by preference, moss water, or some special location such
as Loch Katrine or the river Bush, whose name is part of the
trade name of ‘“‘Old Bush Mills.”

Lacking such ideal locations, an effective water purification
and softening plant may be necessary if the water supply is in
the least questionable. The magnitude of the problem is readily
seen from the fact that a pot still distillery, on a basis of 1,000
bushels of malt mashed weekly, will require about 240,000 gallons
of water, and a patent still distillery, producing 20,000 proof
gallons of alcohol per week, will use about 700,000 gallons of
water in its production.

Scotch or Irish Pot Still Whiskey.—Preparation of Wort.—
As can be seen from Table VIII (p. 102), the manufacture of
this type of whiskey involves the least introduction of modern
improved processes. The mashing procedure as shown diagram-
matically in Figure 23 consists of three extractions of the ground
grain, either all malted or a mixture of malted and unmalted, with
separate portions of liquor. Oat husks are added to assist in
the drainage or filtration of the wort and the third or final liquor
from one batch of grain is used as the first liquor on the succeed-
ing batch. The liquor is heated to the proper temperature, poured
over and mixed with the cereals in the mash tun, allowed to soak
for a suitable time and drained off. The first two liquors ob-
tained in this manner are cooled to the proper temperature for
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fermentation and run to the fermenting vats. The third liquor
or “weak wort” is returned for use on the next batch of malt.
Fermentation—This stage of the process of whiskey making
permits of only minor variations in methods of inoculation, time,
temperature control, ctc.  The general practice is the same both in

Oat husks to Ground Malit Weak wort from
facilitate previous mash
filtration

Temperature
1502160°F
25-35 gal. per cwt.
of malt.

First Mashing
Initial tempe{)rature
135-145 F

Hot Water Wort to coolers and
fermentation vat.
Second Mashing
1502155°F
Hot Water Wort to cooler and

fermentation vat.

.

Third Mashing

165%170°F l
/
Exhausted Mash to Weak wort to heater
waste or recovery and recirculation.
Fic. 23.

America and in the British Isles. The principles to be observed
have been outlined in Chapters III and VL.

The customary procedure is as follows: The wort coming
from the mash tuns, filtered abroad, unfiltered here, is cooled to
between 68° and 70° F. Yeast in a vigorous state of activity
is added and the fermentation proceeds. The temperature of
the fermenting liquor increases and must be carefully controlled
by passing cold water through coils in the fermentation vat. The
amount of temperature rise permitted has a direct effect on the
time of fermentation. In some distilleries the rise is kept small
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and the fermentation slow. In most, however, the temperature
is allowed to advance about twenty degrees in the first twenty
hours. The temperature is never permitted, however, to exceed
90° F. Since the distillers’ yeast is very active, a sweet rye fer-
mentation, for example, is usually complete in 72 hours.

It is observed that high and rapid fermentations on the one
hand are more likely to exhaust the sugar in the wort, but on the
other hand, it is claimed that they are responsible for the forma-
tion of larger amounts of the congeneric substances including
esters, fusel oil and aldehydes.

Aeration.—Some form of aeration is necessary both before
and during fermentation. It may vary from the simple raising
of buckets full of wort and pouring them back, to elaborate per-
forated pipe and air pump assemblies. The results of aeration
and the objects of the practice include: 1. thorough stirring and
intermingling of wort and yeast, 2. maintenance of uniformity
of temperature throughout the vat, 3. expulsion of carbon diox-
ide from the wort, 4. stimulation of yeast in vigor and multiplica-
tion, 5. flocculation of suspended matter.

Distillation—On the conclusion of the fermentation, the
liquor, now called “wash,” is ready for distillation. In Scotch
pot still practice two distillations are required for preparing whis-
key from the wash. The first takes place in the wash still. The
distillation is continued until all the alcohol has been driven off
from the wash and collected in one distillate. The l<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>