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PREFACE TO THE THIRD EDITION.

Tue second edition of A PRACTICAL TREATISE ON THE
MANUFACTURE OF VINEGAR has been out of print for sometime,
and there being no recent work to take its place notwithstand-
ing the constant demand for a book on the various important
branches of industry treated of, the publication of a new edition
was deemed advisable.

Like the previous editions the volume is divided into.three
parts.

Part I. is devoted to the Manufacture of Vinegar, and in-
cludes the production of wood vinegar and other by-products
obtained in the destructive distillation of wood, as well as the
preparation of acetates.

Part II. contains the Manufacture of Cider, Fruit Wines,
ete., and Part III. the Preservation by various methods of
Fruit and Vegetables, and of Meat, Fish and Eggs.

In this, the third edition, no essential changes have been
made in the arrangement of the book, but it has been thor-
oughly revised and largely re-written, old and obsolete matter
having been eliminated and new material introduced. The
best authorities have been diligently consulted and freely
drawn on, for which due credit has, whenever possible, been
given in the text.

It is hoped that this new edition will meet with the same
favorable reception as the previous ones, and that it will be of
practical utility. S

'A copious table of contents as well as a very full index will
render reference to any subject in the book prompt and easy.

PrirapeLpHIA, November 16, 1914.
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PART L
VINEGAR.

CHAPTER 1.

INTRODUCTORY AND HISTORICAL.

Ordinary vinegar consists of a weak solution of acetic acid
in aqueous fluids prepared by the oxidation of aleoholic liquors
by means of acetic acid bacteria, Bacterium aceti, of which
there are many varieties, the best races being propagated by
pure culture methods, and used for impregnating the aleoholic
liquors to be fermented. The colorof vinegar and, to a cer-
tain extent, also its odor and taste are influenced by the ma-
terials from which it is prepared. In this form it has been
known from the earliest times, and it must have been used
contemporaneously with wine, because it is evident that at the
temperature of the Eastern countries, where the first experi-
ments with the juice of the grape were made, fermentation
must have set in rapidly and the wine been quickly trans-
formed into an acid compound. Vinegar is mentioned in the
Old Testament, and Hippocrates. made use of it as a medicine.
That the solvent effects of vinegar were understood by the
ancients, is shown by the well-known anecdote of Cleopatra,
related by Pliny. To gain a wager that she could consume
at a single meal the value of a million sesterces, she dissolved
pearls in vinegar which she drank. This is also shown by
the equally well known, but exaggerated account by Livy and
Plutarch, that Hannibal overcame the difficulties offered by

(1)
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the rocks to the passage of his army over the Alps, by dissolv-
ing them with vinegar. Admitting the exaggeration, or the
explanation which some give, viz.: that Hannibal used the
vinegar by way of strategem, to incite his men to greater ex-
ertion by the belief that the difficulties of the path were
diminished, the case nevertheless shows that the solvent action
of vinegar upon certain substances was well known at that
period.

Vitruvius also states that rocks which cannot be attacked
by either fire or iron, will yield when heated and wet with
vinegar. :

Although there can be no doubt that vinegar was in very
general use at an early period, there was no definite knowledge
as to the cause of its production and the mode of its formation,
and we are indebted to the much-abused alchemists for the
first knowledge of its purification and concentration by dis-
tillation.

Gerber, who flourished in the eighth century, gives us the
earliest description of the process of increasing the strength of
wine-vinegar by distillation, and Albucases, about 1100, stated
the fact that vinegar to be colorless has to be distilled over a
moderate fire. Basilius Valentinus, a monk and celebrated
alchemist of the fifteenth century, knew that by the slow dis-
tillation of vinegar, first a weak, and then a stronger product
is obtained, and he was probably also acquainted with the
process of obtaining strong acetic acid by distilling cupric ace-
tate (verdigris.) In fact, for a long time this was the only way
of preparing acetic acid, the résult of the further rectification of
the product being termed radical vinegar, spiritus Veneris,
Venus’s vinegar, spiritus aeruginis, ete.

Stael, in 1697, strengthened vinegar by freezing out some of
its water. In 1702, he taught the method of obtaining strong
acetic acid by neutralizing vinegar by an alkali, and distilling
the acetate thus formed with oil of vitriol. The Count de
Laragnais (1759), and the Marquis de Courtenvaux (1768),
showed that the most concentrated acetic acid obtained from
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verdigris was capable of crystallization. Loewitz (1789)
taught how pure, but weak acetic acid might be strengthened
by passing it repeatedly over charcoal powder. It may thus
be deprived of so much of its water that it crystallizes by cold.
This crystallizable acetic acid is the strongest which it is pos-
sible to obtain. Durande (1777), gave to it the name which
it still bears, of glacial acetic acid.

The formation of an acid body in the destructive distillation
of wood was known as early as the seventeenth century. How-
ever, it was for a long time not recognized as acetic acid, but
considered a special acid (pyroligneous acid). Fourcroy and
Vauquelin, in 1800, were the first to recognize this acid as
acetic acid, and Thénard, in 1802, demonstrated the presence
of acetic acid among the products formed in the destructive
distillation of animal substances.

Berzelius, in 1814, determined the exact chemical constitu-
tion of acetic acid, and Saussure, in the same year, that of alco-
hol. Dr. J. Davy observed that spongy platinum, in contact
with vapor of alcohol, became incandescent and generated
acetic acid. Dobereiner further studied the nature of the acid,
and proved that the alcohol was oxidized at the expense of the
atmospheric air, producing acetic acid and water, and that no
carbonic acid was formed, thus pointing out the fallacy of the
opinion held by the chemists of his time that carbonic acid
was one of the products of acetic fermentation.

Schiitzenbach, in 1823, one year after the establishment by
Débereiner of the now generally accepted theory of the forma-
tion of acetic acid from alcohol, introduced the quick process
of manufacturing vinegar.

Without detracting from the credit due toSchiitzenbach for
the introduction of his method and the improvement in the
process of manufacturing vinegar, it may be mentioned that as
early as 1732, nearly a century before, the celebrated Dutch
chemist and physician, Boerhave, made known a method for
making vinegar from wine, which contained the principles of
the quick process. :
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~Although it is now more than ninety years since the intro-
duction of Schiitzenbach’s process into practice, the manufac-
ture of vinegar from alcohol remains nearly the same. While
“no change can be made as regards the theoretical part of the
process, it being erected on a foundation clearly indicated by
a knowledge of natural laws, many important improvements
may surely be introduced in the manufacture of vinegar on a
large scale, this being especially the case where it is uninter-
ruptedly carried on with the use of suitable apparatus. Many
manufacturers still work according to Schiitzenbach’s original
plan, . e., they use an immense amount of labor for a per-
formance which can be attained in a much simpler manner.

Progress is essential in every business, but for several reasons
it is especially necessary for the manufacturer engaged in mak-
ing vinegar by the quick process. Alcohol in every form—
whiskey, beer, wine—is everywhere subjected to a high tax, and
the constantly increasing taxation of this fundamental material
for the manufacture of vinegar, of course increases the price
the manufacturer has to pay for it. Another reason why the
production of vinegar from alcohol becomes constantly more
difficult is found in the great competition arising from the
continued improvements in the manufacture of pure acetic
acid from wood. Not many years ago it was considered im-
possible to obtain entirely pure acetic acid from wood when
manufacturing on a large scale, but the article produced at
the present time may be almost designated as “chemically
pure” in the true sense of the word, it containing, besides
acetic acid, only water, and the most accurate analysis cannot
detect a trace of the products of tar, which render unpurified
wood vinegar unfit for use.

For consumption on a large scale, especially where only a
body of an acid taste is required, the use of so-called * vinegar
essence,” . e., pure 80 to 90 per cent. acetic acid, obtained from
wood, and which, when properly diluted, furnishes ordinary
vinegar, will undoubtedly gradually supersede vinegar pre-
pared from alcohol, it being considerably cheaper. And not-
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withstanding that the price of wood vinegar is declining every
year, in regious where wood is plentiful and cheap its manu-
facture is a remunerative industry on account of the many
valuable by-products—tar, wood spirit, charcoal—obtained
besides acetic acid. At the present time, for all industrial pur-
poses where acetic acid is required, as for instance in the man-
ufacture of tar colors, that obtained from wood is used, and
the quantities consumed in the production of vinegar for do-
mestic purposes becomes larger every year.

But the manufacture of vinegar from alcohol and alcoholic
liquids will nevertheless continue to flourish, because the pro-
duct obtained from them possesses different properties from
the pure acetic acid prepared from wood. Vinegar obtained
from alcohol, and still more so that from fermented fruit juices,
such as wine, cider, skins of pressed grapes, or from malt, con-
tains, besides acetic acid and water, small quantities of bodies
which, on account of their being analogous to those occurring
in wine, may be designated as ‘“bouquet bodies,” and which
give to the vinegar an agreeable smell and taste entirely want-
ing in acetic acid prepared from wood. These properties are
so characteristic that any one gifted with a sensitive and prac-
ticed sense of smell can at once distinguish pure acetic acid
vinegar from that prepared from wine, cider, beer, etc.

By the addition of volatile oils or compound ethers an agree-
able odor may, of course, be imparted to vinegar obtained by
diluting pure wood acetic acid with water, but it is impossible
to produce the harmonious bouquet peculiar to vinegar pre-
pared from aleohol or fruit juices, a similar relation existing
here as between genuine and artificial wine. The latter may
be made so that, as regards taste and smell, it nearly ap-
proaches genuine wine, but a connoisseur will at once detect
the difference.

The principal defects of the manner of manufacturing vine-
gar by the quick process in general use are not in the method
itself, for that, as already indicated, corresponds entirely to the
theoretical conditions, and yields as good a product as can be
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obtained from the raw material used. The weak point of the
process is found in practical execution of it, the losses of
material being much more considerable and greater than
absolutely necessary ; the consumption of labor is large, and, as
every manufacturer knows from experience, interruptions in the
regular process of working are of too frequent oceurrnce.

All these disadvantages can be reduced to a minimum, if not
absolutely overcome, and it is hoped sufficient hints how this
can be done will be found in the following chapters.

As will be explained later on acetic acid contains the same
elements found in carbonic acid and water, and to judge from
‘the results already attained by chemistry in building up com-
pounds from their elements, a method will no doubt be found
by which acetic acid can on a large scale be produced from its
elements. It is difficult to predict the effect the discovery of
such a process would have upon the life of all other methods
of vinegar manufacture. In fact, aceticacid has already been
prepared in this manner, but the method employed is not
adapted for operations on a large scale.

CHAPTER II.
THEORY OF THE FORMATION OF VINEGAR.

IXDEPENDENT of the formation of acetic acid by destructive
distillation, the chemical processes by which acetic acid in
larger quantities is formed are at present quite well understood,
and may be briefly explained as follows:

As previously mentioned, Débereiner, in' 1822, established
the theory of the formation of acetic acid from aleohol, and the
processes taking place thereby may be expressed by the fol-
lowing formula : :

C,H,0 4 0, = C,H,0, < H,0

Alcohol. Oxygen. Acetic acid. Water.
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According to the above formula, acetic acid and water are
formed by the action of oxygen upon alecohol, and hence the
formation of acetic acid takes place by a partial combustion or
oxidation of the latter. Alcohol and acetic acid are, however,
only two members of the process, and that besides them other
bodies are formed from the alcohol, can in a vinegar manufac-
tory be.readily detected by the sense of smell.

By treating alcohol with pyrolusite and sulphuric acid—
hence by the action of oxygen at the moment of its liberation
from a combination, 4. e., in its nascent state—Dobereiner ob-
tained a body which he called “light oxygenated ether”
(leichter Sauerstoffiither). Liebig later on studied this com-
bination more accurately, and found that, as regards its com-
position, it differed from that of alcohol only by containing two
atoms less of hydrogen. He applied to it the term ‘“alde-
hyde.” 'Aldehyde is composed of C,H,0, and its formation is
represented by the formula—

¢,H,0+4 0,=C,H,0, - H,0
Alcohol. Oxygen. Aldehyde. Water.

In the examination of the properties of aldehyde it was
shown that it is readily converted into acetic acid by the ab-
sorption of oxygen and, based upon these facts, Liebig estab-
lished a theory of the formation of vinegar which was for many
years considered correct.

Essentially Liebig’s theory is as follows: By the exposure,
under suitable conditions, of alcohol to the action of the atmos-
pheric oxygen, one-third of the entire quantity of hydrogen
contained in it is withdrawn, and aldehydeis formed. The lat-
ter, however, immediately combines further with oxygen, and
is converted into acetic acid ; the formation of vinegar from
alcohol being, therefore, a partial process of combustion.

From the present standpoint of our knowledge regarding the
formation of acetic acid from alcohol, the correctness of this
theory is about parallel with that according to which alcohol
and carbonic acid are formed by the alcoholic fermentation of
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sugar. The latter process can also be illustrated by an equa-
tion in as simple a manner as the conversion of alcohol into
acetic acid by aldehyde. At the present time, the processes
taking place in the formation of acetic acid from alcohol must,
however, be considered as far more complicated than supposed
by Liebig. According to the latter, a simple oxidation, i. e, a
simple chemical process, takes place. But, according to the
now universally accepted view, the formation of vinegaris due
to a chemico-physiological process with the co-operation of a
living organism. Alcohol and oxygen alone do not suffice for
this purpose, the presence of nitrogenous bodies and salts, be-
sides that of an organism, being absolutely necessary.

The French chemist, Pasteur, was the first to establish the
formation of vinegar as a peculiar process of fermentation, and
he maintains that a certain organism, the ¢ vinegar ferment”
or ‘“vinegar yeast,” consumes the alcohol, nitrogenous sub-
stances and salts, and separates acetic acid, aldehyde, ete.,
as products of the change of matter taking place in the living
organism. On the other hand, the German chemist Néigeli is
of the opinion that the role of the organism is to bring the
particles of the substance to be fermented—in this case alcohol
—lying next to it, into such vibrations as to decompose them
into more simple combinations—in this case, acetic acid,
aldehyde, etc.

The scientific dispute over these two different views is not
yet settled, though the majority of chemists are inclined to
accept Pasteur’s theory. For the practical man it is of no
consequence which of these views will be finally accepted as
the correct one; the fact that the process of the formation of
vinegar is connected with the living process of an organism
being alone of importance to him.

As is well known, organisms producing fermentation are
named after certain products which they form in larger quan-
tities, the organisms forming alcohol from sugar being, for in-
stance, briefly termed ‘“alcoholic ferment.” In this sense we
may also speak of a vinegar or acetic ferment, since a definite
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organism causing the formation of larger quantities of acetic
acid from alcohol is known, and the cultivation of this ferment
is one of the principal tasks of the manufacturer of vinegar.

Numerous observations have established the fact that the
properties of forming large quantities of acetic acid are inher-
ent only in this ferment. Small quantities of acetic acid are,
hawever, also, constantly formed by other ferments, so that
in examining products due to the process of decomposition
induced by organisms, acetic acid will generally be found
among them. In the alcoholic fermentation, at least in that
of wine and bread dough, acetic acid is always found. It
originates in the germination of many seeds, and generally
appears in the putrefaction of substances rich in nitrogen, such
as albumen, glue, etc. It appears also in the so-called lactic
fermentation, the lactic acid formed by the specific ferment of
this species of fermentation being by farther processes of fer-
mentation decomposed into butyric and acetic acids.

Acetic acid is found in many animal juices, for instance, in
meat juices, milk, sweat and urine. It also occurs in the
fresh fruit of the tamarind. The processes which take place
in its formation in these cases are not known, though it is
very likely directly formed from certain varieties of sugar.

There is quite a large series of themical processes in which
certain quantities of acetic acid are formed. Sugar, starch,
woody fibre and, in general, all compounds known as carbo-
hydrates, when fused with caustic alkalies, yield certain quan-
tities of acetic acid, and also by themselves when subjected to
destructive distillation. Among the processes by which acetic
acid is produced in a purely chemical manner, 4. e., without
the co-operation of organisms, the most interesting is that by
which its formation is effected by the action of very finely
divided platinum, the so-called platinum black, upon alcohol.
Platinum black is readily prepared by boiling a solution of
platinic chloride, to which an excess of sodium carbonate and
a quantity of sugar have been added, until the precipitate
formed after a little time becomes perfectly black, and the
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supernatant liquid colorless. The black powder is collected
on a filter, washed and dried by gentle heat. On account of
the minute state of its division, this substance condenses within
it several hundred times its volume of oxygen, and conse-
quently when the vapor of aleohol comes in contact with it, a
supply of oxygen in a concentrated state is presented to it,
and the platinum, without losing any of its inherent proper-
ties, effects chemical combination, the alcohol undergoing slow
combustion and being converted into acetic acid. In order
that the reaction may continue it is, of course, necessary to
present fresh oxygen to the platinum to replace that which
has been withdrawn. The two actions then go on side by
side.

This can be illustrated by an apparatus similar to Fig. 1.
It consists of a glass bell through
the mouth of which a long funnel
passes. The lower end of this funnel
terminates in a fine point so that the
alcohol may percolate very slowly.
The vessel is placed upon supports
within a dish in which is a saucer
or small shallow basin containing
the platinum black. The interspace
between the bottom of the dish and
the glass bell serves for the circula-
tion of air-in the latter. A short,
time after the alcohol has been
poured into the funnel an odor of
acetic acid, arising from the acetic
acid vapors which are generated, is
perceived at the mouth of the bell.
These vapors condense on the walls of the bell and trickle to
the hottom, where they collect in the vessel in the dish. It is
of advantage, for the success of the experiment, to have the
alcohol heated to about 90° F. before pouring it in. By
washing and igniting the platinum used for the oxidation of
the aleohol, it can be again employed for the same purpose.

Fie. 1.
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Independent of the purely chemical methods which, with
the exception of that by which acetic acid is produced by the
destructive distillation of wood, are of no practical importance,
the formation of vinegar, no matter what method may be
adopted, can only be effected in the presence of certain organ-
isms. It has long been known that organisms to which the
term mother of vinegar has been applied, develop upon liquids
containing, besides alcohol, certain other substances, for
instance, upon weak wine or beer, and this mother of vinegar
has also been used for making vinegar on a large scale. To
Pasteur, however, belongs the incontestable merit of having
more accurately examined the relations of these organisms to
the formation of vinegar. These examinations gave rise to
his experiments on the diseased alteration of wine, which were
later on superseded by his researches on the formation of wine
vinegar.

Pasteur found that upon the surface of every fluid capable,
by reason of its composition, of being converted into vinegar,
organisms develop immediately after the commencement of the
formation of vinegar. He recognized these organisms as fun-
goid plants of a low order and called them Mycoderma aceti.
More recent researches on the botanical nature of these plants
show them to belong to the group of lowest fungoid organisms,
to which the term bacteria or schizomycetes has been applied.

The Bacterium aceti, the name applied to this organism,
consists of a single, generally globular or filiform cells, its
special characteristic being its mode of propagation, which is
effected by the division of the cell into two, and then a separa-
tion or splitting of both.

The exceedingly minute size of the schizomycetes and their
great resemblance to each other make their accurate determina-
tion very difficult, and hence it is customary to name the better
known species in accordance with the chemical products they
form or in accordance with the phenomena they produce.
Among the first kind may be classed those which effect the
formation of acetic, lactic, butyric acids, while other very little
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known bacteria must be considered as the cause of the so-
called nitric acid fermentation, and again others appear in
putrid fermentation. A special group of bacteria reaches de-
velopment in animal organisms and gives rise to terrible dis-
eases, some causing rinderpest, others tuberculosis and various
other maladies. Cholera and other epidemics have been found
to be due to certain bacteria.

The bacteria causing disease are of course very interesting
to the physician, but to the manufacturer of vinegar a thorough
knowledge of the conditions of life governing the vinegar
bacteria is of the utmost importance in order to conduct the
manufacture in such a manner that disturbances shall rarely
occur, and should they happen, that he may be able to remove
them. It may therefore besaid that the entire art of the man-
ufacture of vinegar consists in an accurate knowledge of the
conditions of life of the vinegar bacteria and in the induction
of these conditions of life. ~As long as the latter are main-
tained the process of the formation of vinegar will go on with-
out disturbance, and the origination of new generations of
vinegar ferment be connected with the conversion of certain
quantities of alcohol into vinegar.

Pasteur regarded the bacterial growth mentloned above as
consisting of a single species. Hansen, however, showed in
1878, that in the spontaneous souring of beer at least two dif-
ferent species of bacteria can come into action, one of which
he named Mycoderma aceti and the other Mycoderma Pasteur-
tanum. At the suggestion of W. Zopf, he afterwards changed
these names to Bacterium aceti and Bacterium Fasteurianum re-
spectively. The number of species has been further increased
by recent investigalions, and among these acetic acid bacteria
there are several, the activity of which is distinetly different,
and the employment of a pure culture of systematicallly selected
species would be desirable in the manufacture of vinegar.
Searching investigations into the chemical activity of the dif-
ferent species of acetic acid bacteria would be not only oppor-
tune in the interests of science, but also highly nnportant in the
practice of the vinegar industry.
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CHAPTER IIL

.

THE VINEGAR FERMENT AND ITS CONDITIONS OF. LIFE.

A. The Vinegar Ferment—While but little is known about
the origin of the vinegar ferment, experiments have shown
these organisms to be everywhere distributed throughout the
air and to multiply at an enormous rate when fluids of a com-
position suitable for their nutriment are presented to them.
A fluid especially adapted for this purpose is, for instance,
throughly fermented ripe wine, its exposure in a shallow vessel
at the ordinary temperature of a room being sufficient to in-
duce the propagation of the vinegar bacteria reaching it from
the atr. X .

The experiment is, however, certain of success only when
made with ripe wine, by which is meant wine which shows but
little turbidity when vigorously shaken in contact with air and
exposed in a half-filled bottle to the air. Young wine contains
a large quantity of albuminous substances in solution, and. is
especially adapted for the nutriment of an organism, the sac-
charomyces mesembryanthemum belonging to the saccharomy-
cetes. It develops upon the surface of such wine as a thick
white skin, which later on becomes wrinkled and prevents the
growth of the vinegar ferment. A fluid well adapted for the
nutriment of the vinegar ferment and which may be substituted
for wine for its culture is obtained by adding 5 to 6 per cent.
of aleohol and about } per cent. of malt extract to water.

By exposing this fluid, or ripe wine at the ordinary tempera-
ture of a room, best in a dish covered by a glass plate resting
upon small wooden blocks to prevent the access of dust, the
formation of a thin veil-like coating upon the stirface will in a
few days be observed. The wine soon exhibits the character-
istic odor and taste of acetic acid, and in a few days assumes a
somewhat darker color, and deposits a slight brownish sedi-
ment consisting of decayed vinegar ferment. In 14 to 21 days
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the fluid is entirely converted into vinegar, <. e., it contains no
‘more alcohol, but in place of it the corresponding quantity of
acetic acid.

By exposing the vinegar. thus obtained for a longer time to
the air, a thick white skin of mold may happen to form on the
surface, and on testing the fluid, it will be found that the con-
tent of acetic acid steadily decreases, the mold which is able to
convert the alcohol into water and carbonic acid possessing
. also the power of forming the same products from acetic acid.
The process above described of the destruction of the wine

Fic. 2

and its conversion into vinegar by 4 veil-like coating of vinegar
ferment occurs most frequently, though a thick spume, the so-
called mother of vinegar, may also happen upon the surface
This phenomenon will be referred to later on.

On examining under the microscope a drop taken from the
surface of the wine when the veil of vinegar ferment com-
mences to form, a picture like that shown in Fig. 2 presents
itself. In a somewhat more advanced stage, formations re-
sembling chains and strings of beads appear more frequently,
and when finally the development of the ferment is in full
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progress, it appears as an aggregation of numerous single cells
mixed with double cells and many other cells strung together
like beads. The field of vision of the microscope is then com-
pletely filled with a large number of colorless globules, which
are present either singly or in combinations of two, formations
resembling chains or strings of beads being of rare occurrence.
In many of the separately-occurring formations oval forms, gen-
erally slightly contracted in the centre, are observed, this con-
traction indicating the place where the splitting of one cell
into two new cells takes place. By vigorously shaking the
fluid before viewing it under the microscope, very few of the
above mentioned bead-like formations will be found, but more
frequently the contracted ones. By observing for hours a drop
of the fluid containing the ferment in an advanced state of de-
velopment, the globules strung together will be noticed to fall
apart when at rest. ‘Hence it may be supposed that in the
propagation of cells by splitting, the newly formed cells ad-
here together up to a certain stage, and later on separate in the
fluid when in a quiescent state. Like every other organism
the vinegar ferment only lives for a certain time, and after
dying sinks below the fluid and forms upon the bottom of the
vessel the above-mentioned sediment. The latter appears
under the microscope inthe same form asthe living ferment,
but differs from it in being less transparent, and of a brownish
color. The propagation of the vinegar ferment takes place
very rapidly, and it will be found in a few hours after the com-
mencement of its development in all stages of life upon the sur-
face of the fluid, it being possible to distinguish cells of from
1.5 to 3.5 micromillimeters.*

The vinegar ferment requiring free oxygen for its propa-
gation, grows exuberantly only upon the surface of the nutrient
fluids. By filling a bottle about four fifths full with wine, and
after allowing the vinegar ferment to develop, closing the mouth
of the bottle with the hand, and submerging the neck of the

*.0One micromillimeter = 1455 millimeter.
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bottle in water, the fluid will be seen to rise for some time in
the bottle, and then remain stationary. A determination of the
content of acetic acid immediately before the commencement
of this experiment, and a few days after, shows but a slight in-
crease in acetic acid, because the ferment has consumed the
free oxygen present in the bottle, the essential condition for its
further development is wanting, and it must cease its activity,
without, however, perishing. It may here be remarked that
the vinegar ferment, like the majority of bacteria, possesses an
extraordinary vitality. Under unfavorable conditions it passes
into a kind of quiescent state, during which no perceptible in-
crease of cells takes place, and it may remain in this state for
a long time without suffering destruction, but as soon as the
conditions for its nutriment are again presented, propagation
in a normal manner recommences.

The great rapidity of propagation of the vinegar bacteria
is shown by an experiment of some importance to the practice.
Pour into a shallow vat, about three feet in diameter, a fluid
suitable for the nutriment of the bacteria, and divide upon the
surface by means of a thin glass rod small drops of wine, upon
which the frequently mentioned veil has been formed. In a
few hours the entire surface of the fluid in the vat will be
covered with vinegar bacteria, spreading concentrically from
the points where the drops of wine have been distributed.
From this it will be seen that the culture of the ferment for
the purpose of manufacturing vinegar offers no difficulties,
provided all conditions for its propagation be observed.

B. Conditions for the Nutriment of the Vinegar Ferment. The
conditions most favorable for the development of the vinegar
ferment, and for converting in the shortest time the largest
quantity of alcohol into acetic acid, have been determined by
many observations and long experience in the practice. These
conditions will first be briefly enumerated, and then the sep-
arate points more fully discussed.

For the vinegar bacteria to settle upon a fluid, and for their
vigorous propagation, the following factors are required :
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1. A fluid which, besides alcoho! and water, contains nitro-
genous bodies and alkaline salts. The quantities of
these bodies must, however, not exceed a certain limit.

2. The fluid must be in immediate contact with oxygen
(atmospheric air).

3. The temperature of the fluid and the air surrounding it
must be within certain limits.

As regards the composition of the nutrient fluid itself, it
must contain all the substances required for the nutriment of
a plant of a low order, such substances being carbohydrates,
albuminates and salts. Alcohol must be named as a specific
nutriment of the vinegar ferment, provided the supposition
that the latter consumes the alcohol and separates in its place
acetic acid, is correct. The quantity of aleohol in the fluid
intended for making vinegar must, however, not exceed a
certain limit, a content of 15 per cent. appearing to be the
maximum at which acetic fermentation can be induced.
But even a content of 12 to 13 per cent. of alecohol is not very
favorable for the vegetation of the vinegar ferment, and every
manufacturer knows the difficulty of preparing vinegar from
such a fluid. A small quantity of acetic acid in the nutrient
medium exerts also an injurious influence upon the vinegar
ferment. Upon a fluid containing 12 to 13 per cent. of acetic
acid and 1 to 2 per cent. of alcohol, the ferment vegetates only
in a sluggish manner, and considerable time is required to con-
vert this small quantity of alecohol into acetic acid.

That the vinegar ferment cannot live in dilute alcohol alone
may be shown by a simple experiment. By impregnating a
fluid consisting only of water and alcohol, a very small quan-
tity of acetic acid is formed to be sure, but the ferment perishes
in a short time—it starves to death. A fluid suitable for its
nourishment must, therefore, contain the above-mentioned
nutrient substances, sugar, dextrine, or similar combinations
occuring in wine, malt extract, and beer, being generally em-
ployed as carbohydrates. These fluids further contain nitro-
genous combinations which may serve as nutrient for the fer-

2
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ment, also considerable quantities of phosphates. Hence, by
an addition of wine, malt extract, beer, or any fruit wine (apple
or pear cider) to a mixture of alcohol and water, a fluid can
be prepared that contains all the substances essential to the
nutriment of the ferment.

The necessary quantity of these nutrient substances, as com-
pared with thav of alcohol, is very small, since the quantity by
weight of vinegar ferment required for the conversion of a very
large amount of alcohol into vinegar is only a few fractions of
one per cent. of the weight of alcohol used. Hence the manu-
facturer may be very sparing with the addition of nutrient
substances to the fluid to be converted into vinegar, without
having to fear that the ferment will be stinted.

The vinegar ferment is very sensitive to sudden changes
in the compeosition of the fluids upon which it lives, and suf-
fers injury by such changes which are recognized by dimin-
ished propagation and a decrease in the conversion of alcohol
into acetic acid.

By transferring, for instance, vinegar ferment which had nor-
mally vegetated upon a fluid containing only 4 to 5 per cent.
of alcohol, to one with a content of 10 to 11 per cent., its pro-
pagation, as well as its fermenting energy, decreases rapidly
and remains sluggish, until a few new generations of cells have
been formed which are better accustomed to the changed con-
ditions. By bringing, on the other hand, a ferment from a
fluid rich in alcohol upon one containing a smaller percentage,
the disturbances in the conditions of the ferment can also be
observed, but they exert a less injurious influence upon the
process of the formation of vinegar than in the former instance.

The process of nutriment of the vinegar ferment, however,
must not be understood to consist simply in the consumption
of sugar, albuminates and salts. It differs according to the
composition of the nutrient medium, and is so complicated as
to require very thorough study for its explanation. If, for in-
stance, wine 1s convertéd into vinegar, and the composition of
the latter compared with that of the original wine, it will be



VINEGAR FERMENT AND ITS CONDITIONS OF LIFE. 19

found that not only the alcohol has been converted into acetic
acid and the fluid has suffered a small diminution of extractive
substances and salts, which might be set down to the account
of the nutriment of the ferment, but that the quantity of tar-
taric, malic and succinic acids has also decreased, as well as
that of glycerine, and of the latter even nothing may be pres-
ent. Hence it must be supposed that the vinegar ferment
derives nutriment also from these substances, or that the fer-
menting activity acts upon them as well as upon the alcohol.
There is finally the fact of great importance for the practice,
but which has not yet been sufficiently explained, that the
vinegar ferment develops more rapidly upon a fluid which,
besides the requisite nutrient substances, contains a certain
quantity of acetic acid, than upon a fluid entirely destitute of
it. 'Regarding the supply of air, it may be said that, while
for mere existence the vinegar ferment requires comparatively
little air, large quantities of it are necessary for its vigorous
propagation and fermenting activity. In the practice it is
aimed to accomplish this by exposing the fluid in which the
ferment lives in thin layers to the action of the air, and, in
fact, upon this the entire process of the quick method of man-
ufacture is based.

Besides the above-mentioned factors, the temperature to
which the ferment is exposed is of great importance as regards
its development. The limits at which the propagation of the
ferment and its vinegar-forming activity are greatest, lie be-
tween 68° and 95° F. Above this limit the formation of
vinegar decreases rapidly, and ceases entirely at 104° F.
However, when the temperature is again reduced to 86° F.,
the ferment reassumes its activity. At a temperature exceed-
ing 104° F. the ferment suffers perceptible injury ; heated to
103° F. it becomes sensibly weaker, and at first propagates
very slowly, regaining its original vigorous development only
after several generations. When the temperature of the fluid
is raised to 122° F. the ferment perishes. '

The ferment appears to be less affected by low temperatures.
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If the temperature of a fluid which shows an exuberant vege-
tation of ferment is reduced to 50° F., the formation of vinegar
continues, though at a much reduced rate. Special experi-
ments have shown that when wine with a vegetation of fer-
ment is converted into ice by being exposed to a temperature
of 14° F., and then melted and heated to 59° F., the ferment
recommences to grow and to form acetic acid. It must, how-
ever, be remarked that while vinegar ferment in a state of
development keeps up a slow vegetation when the fluid is re-
duced to a low temperature, it is extremely difficult to culti-
vate it upon a cold fluid. This is very likely the reason why
acetic degeneration is not known in cold wine cellars, while
in cellars with a temperature of over 59° F., this dreaded pro-
cess can only be guarded against by the greatest care.

Since the propagation of the ferment and its fermenting
activity increase with a higher temperature, it would appear
most suitable to keep the temperature of the fluid to be con-
verted into vinegar as near the uppermost limit of 95° F. as
possible. Experience, however, has shown that at this temper-
ature disturbances are of frequent occurrence in -the genera-
tors, and for this reason one of 86° to 89° F. is generally
preferred. The process of the formation of vinegar itself ex-
plains why disturbances may easily occur at a high tempera-
ture. It is a chemical (oxidizing) process in which a certain
quantity of heat, depending on the quantity of alcohol to be
oxidized within a certain time, is always liberated. If now
by the use of a temperature close to 95° I., the activity of the
ferment is strained to the utmost, a large quantity of alcohol
is in a short time converted into acetic acid, and consequently
so much heat is liberated that the temperature in the gener-
ator rises above the permissible maximum and the ferment
immediately ceases its activity. Thus it may happen that in
a gencrator which has satisfactorily worked for some time,
the formation of vinegar ceases all at once, and on examining
the thermometer placed on the apparatus the cause will be
generally found to be due to too high a temperature.
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Mother of Vinegar—In connection with the description of
the conditions of life of the vinegar bacteria, a peculiar form-
ation, playing in many cases a role in the practice of making
vinegar, has to be mentioned. This is the so-called mother of
vinegar, the term having very likely been applied to it on ac-
count of its causing acetification when brought into a fluid
suitable for the formation of acetic acid. The first botanical
investigation of this substance was made in 1822 by Persoon,
who described the organized skin developing on various fluids,
and gave it the general name of Mycoderma, <. e., mucinous
skin or fungoid skin.

Kiitzing, in 1837, showed that the “ mother of vinegar” is
constructed of a number of minute dot-like organisms—which
are now called bacteria—arranged together in the form of
chains. These he classified as algae, and named them Ulvina
aceti, and asserted quite positively that alcohol is converted
into acetic acid by the vital activity of these organisms.
Kiitzing’s results, however, attracted but little attention because
two years after their publication, Liebig appeared on the scene
with his theory of acetic fermentation, which has already been
referred to, in which no mention was made of the potency of
living organisms, but the “mother of vinegar’ was asserted to
be a formation devoid of life, a structureless precipitate of
albuminous matter. One of the reasons put forward in sup-
port of this view was a chemical analysis of the “mother of
vinegar” by the Dutch chemist, G. Mulder, who because he
failed to discover the presence of any ash constituents, thought
that it must be regarded as a compound of protein and cellu-
lose. Mulder’s statement was refuted in 1852 by R. Thomson,
who showed that a.sample of “ mother of vinegar” contained
94.33 per cent. water, 5.134 per cent. organic matter and 0.336
per cent. ash. |

The formation of mother of vinegar can always be success-
fully attained by exposing young wine to the air until the
commencement of the formation of mold is indicated by the
appearance of white dots and then transferring the wine to a
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room having a temperature of 86° F. At this temperature the
development of the vinegar ferment proceeds so vigorously
that it suppresses the mold ferment, and the peculiar mass con-
stituting the mother of vinegar soon forms upon the surface.

Mother of vinegar occurs so generally in young wine which
is largely used for the preparation of wine vinegar, that its
formation was considered as inseparably connected with that of
acetic acid from -alcohol, while actually it is only due to the
peculiar constitution of the fluid to be converted into vinegar.
In many places this opinion is still entertained, and especially
where, as is generally the case, the manufacture of .vinegar
from wine is yet carried on in the primitive way of centuries
ago. In speaking of the preparation of vinegar from wine, it
will be shown that the conversion can be effected by means of
the ordinary vinegar ferment without the appearance of mother
of vinegar.

Summary.

Briefly stated, the points of the theoretical conditions of the

formation of vinegar of importance to the manufacturer are :—

1. Acetic acid is formed during many chemical conversions.
However, for the manufacture of acetic acid, and con-
sequently of vinegar on a large scale, only two methods
are available, viz., the preparation of vinegar from al-
cohol by fermentation, or the production of acetic acid
by the destructive distillation of wood.

2. All alcoholic fluids formed by vinous fermentation of
sacchariferous plant juices or fermented malt extracts
are suitable for the preparation of vinegar by fermenta-
tion. Specially prepared mixtures of water, alcohol
and vinegar may also be used for the purpose, provided
they contain small quantites of certain organic sub-
stances and salts, and not over 14 per cent of aleohol.

3. Acetic fermentation is induced by a microscopic organ-
ism belonging to the bacteria, and the conversion of the
alcohol into acetic acid is in a certain ratio to the pro-
pagation of this organism.
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4. Besides the substances mentioned in 2, the vinegar fer-
ment requires for its vigorous development free oxygen
and a temperature lying between 68° and 95° F.

5. In the acetic fermentation the greater portion of the al-
cohol is converted into acetic acid and water; besides
these, small quantities of other products are formed
which are in a measure not yet thoroughly known. In
the conversion of wine, beer, etc., other combinations
contained in the fluids, besides alcohol. are also essen-
tially changed.

CHAPTER IV.

PRODUCTS OF ACETIC FERMENTATION.

TuE formation of vinegar by fermentation being a chemico-
physiological process, many and complicated chemical pro-
cesses must take place in the fluid to be converted into vine-
gar in order to produce all the combinations required for the
propagation of the ferment. Attention cannot be too fre-
quently called to the fact that from the standpoint of the manu-
facturer, the regular propagation of the ferment is the main
point of the entire manufacture, the quick conversion of the
alcohol contained in the fluid being a necessary consequence
of it.

The body of the ferment, however, contains cellulose, albu-
minous substances, very likely fat and other combinations not
yet known, all of which must be formed from the nutrient
substances (sugar, dextrine, albuminous substances, etc.),
present. It being very probable that a portion of the alcohol
contained in the fluid is consumed for this purpose, a small
but nevertheless perceptible loss of alcohol will occur in the
production. It would be erroneous to suppose that the con-
version of alcohol into acetic acid and water is effected accord-
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ing to the formula given on p. 6, since a certain portion of it
is always converted into other combinations, the nature and
formation of which can only be, to a certain extent, explained.

In the vinous fermentation, which of all fermenting pro-
cesses has been most thoroughly studied, it is found that from
the sugar, besides alcohol and carbonic acid, large quantities
of glycerine and succinic acid and probably other bodies are
formed, which must undoubtedly be classed among the pro-
ducts of vinous fermentation. Similar processes, no doubt,
take place in acetic fermentation, and besides acetic acid and
water other little-known produets of fermentation are regularly
formed.

According to the nature of the sacchariferous fluids sub-
jected to vinous fermentation, small quantities of certain
bodies called fusel oils are formed which are decidedly pro-
ducts of fermentation. They impart to the fermented fluid,
as well as to the alcohol distilled from it, such characteristic
properties that from the odor of the alcohol a correct judg-
ment can be formed as to the material employed in its prepa-
ration.

In the conversion of such a fluid, or of alcohol prepared
from it, into vinegar, the fusel oils are also changed—very
likely oxydized—and with some experience the material (wine,
beer, malt, etc.), from which the vinegar has been made can
be determined by the sense of smell. The quantities of aro-
matic substances which reach the vinegar in this manner are,
of course, very small, but they must nevertheless be classed
among the most important products of acetic fermentation,
they being characteristic as regards the derivation of the vine-
gar. Of the products of acetic fermentation, besides acetic
acid, aldehyde and acetal are best known, these combinations
appearing always, even in small quantities, in making vinegar
according to the methods customary at the present time.

Acetic. Aldehyde or Acetaldehyde, commonly called simply
aldehyde (from alcohol dehydrogenatum), is obtained by oxidiz-
ing spirits of wine by means of manganese dioxide (pyrolu-
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site) and sulphuric acid, or platinum black, in the presence
of air, or if alcohol or ether be burning without a sufficient
supply of air. It is also formed by heating a mixture of cal-
cium acetate and calcium formate. It is contained in con-
siderable quantities in the first runnings obtained in the
manufacture of spirit of wine.

To prepare pure aldehyde, 3 parts of potassium dichromate
in small pieces are placed in a flask surrounded by a freezing
mixture and a well-cooled mixture of 2 parts of spirit of
wine, 4 of sulphuric acid, and 4 of water added. After con-
necting the flask with a condenser the freezing mixture is re-
moved ; a violent reaction soon sets in, and the liquid begins
to boil. The vapors have first to pass through an ascending
tube surrounded by warm water at about 122° F. Alcohol
and various other products are condensed and flow back, while
the vapor of the aldehyde, after having passed through a de-
scending condenser, is absorbed in anhydrous ether.

Pure aldehyde thus obtained is a colorless liguid of the
composition C,H,0. Its specific gravity is 0.800, and it boils
at about 71.5° F. It has a pungent and suffocating odor,
and is readily soluble in water, alcohol and acetic acid. Like
all the aldehydes it is very easily oxidized and acts, therefore,
as a powerful reducing agent. Thus, on heating it with a
little ammonia and nitrate of silver, metallic silver separates
out, coating the sides of the vessel with a bright mirror. It
combines with ammonia, and forms a crystalline compound
which has the peculiar oder of mice.

Though it is likely that in the manufacture of vinegar by the
quick process, besides aldehyde, acetic and formic ethers are
formed, they are of comparatively little importance for our
purposes. Of more importance, however, is acetal, the forma-
tion of this combination affording an interesting insight into
acetic acid. :

Acetal is best prepared by distributing pieces of pumice,
previously moistened with 25 per cent. alcohol, over a large.
glass plate, placing watch crystals containing platinum black
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upon the pieces of pumice, and covering the whole with a large
bell-glass. The alcohol absorbed by the pumice being con-
verted into acetic acid, 60 per cent. alcohol is poured upon the
plate and the air in the bell-glass from time to time renewed.
In a few weeks quite a thick fluid of an agreeable odor has
collected upon the glass plate. This is collected and dis-
tilled, the portion passing over at 219° F. being collected by
itself. :

Pure acetal is eomposed of C,H,,0,. It is a colorless
liquid, has a specific gravity of 0.821, and boils at 219.2° F.
It has a refreshing odor, calling to mind that of fruit ethers.
By oxidizing agents it is rapidly converted into acetic acid.
Nitrate of silver in the presence of ammonia, however, is not
reduced by it, and it remains unchanged on boiling with
potash lye. From its composition acetal may be considered
from several points of view. It may be regarded as an ethyl
alecohol (glycol) C,H;O,, in which two atoms of hydrogen
have been replaced by two molecules of the radical ethyl
C,H;, hence thus

Cszz} A T
2(CH, ST iy b

C,H,,0, acetal.

This view of the composition of acetal is supported by the
fact that methyl or amyl can be substituted for either one or
both molecules of ethyl in the combination. ‘

According to other opinions, acetal may be considered as a
combination of aldehyde and aldehyde ether :—

C,HO aldehyde
CH,0 aldehyde ether
C.H,,0, acetal,

or as a combination of aldehyde with ethyl alcohol, one mole-
cule of water in the latter having been replaced by the alde-
‘hyde :— '
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Ethyl alcohol: 2(C,H,0—H,0=CH 0O
aldehyde C,H,0O
acetal CH,O,

" By keeping in view the fact that the process of the formation
of vinegar is an oxidation of the alcohol which does not pro-
ceed with equal energy in all parts of the apparatus, it will be
understood that during this process aldehyde, acetal, and acetic
ether may be formed which, if the operation be correctly con-
ducted, will be finally converted into acetic acid, though small
quantities of them will be found in the vinegar when just fin-
ished and exert an influence upon its constitution.

Pure acetic acid, C,]H,0,, cannot be directly obtained from
vinegar, but only from acetates by methods which will be de-
scribed later on. The strongest acetic acid which can be pre-
pared is known as glacial acetic acid, from its crystallizing in
icy leaflets at about 40° F. Above about 60° F. the crystals
fuse to a thin, colorless liquid of an exceedingly pungent and
well-known odor. Pure acetic acid is a powerful restorative
when applied to the nostrils in impending fainting. It is the
strongest of organic acids and nearly as corrosive as sulphuric
acid. Applied tothe human skin it acts as an irritant, causing
redness and swelling, followed by paleness of the part, and, if
its application be prolonged, it is followed by vesication and
desquamation of the cuticle. It first whitens mucous mem-
branes, then turns them brown, causing meanwhile a severe
burning pain. Highly concentrated acetic acid isa solvent of
many volatile oils and resins, and in practice its high con-
centration is tested by its ability to dissolve lemon oil, since in
the presence of only 2 per cent. of water in the acid, lemon oil
is no longer dissolved by it.

The specific gravity of pure acetic acid is at 59° F..—

According to Oudemans . 3 3 3 : 5 . 1.0553
et Roscoe 5 > 1 Z ¢ 3 . 1.0564
i Kopp 4 ¥ 5 3 5 a . 1.0590
% Mendelejeff a g 5 ! : . 1.0607

- Mohr . 2 s 3 3 g 4 . 1.0600
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According to Mohr’s determinations, the specific gravity of
pure acetic acid varies much at different temperatures, it being

1.0630 at 54.5° F.
1.0600 % 59.0
1.0555 & 68.0 “«
1.0498 & 77.0 «
1.0480 % 700"

Mixtures of acetic acid and water show a peculiar behavior
in regard to their specific gravity, the latter rising steadily
until the content of water amounts to from 20 to 23 per cent.
The density of the liquid then diminishes so that a mixture
containing 46 per cent. of water shows the same specific
gravity as the anhydrous acid. From this point on, the
specific gravities of the mixtures decrease with the increase in
the content of water.

This peculiar behavior of the mixtures renders the accurate
determination of the content of acid in a concentrated mix-
ture, by means of the aerometer, impossible. There are a
number of determinations of specific gravities of acetic acid
with varying contents of water (by Mohr, von der Toorn,
Oudemans, ete.), but they differ considerably from each other,
like the tables at the end of this volume, so that, while the
specific gravity test answers very well for the determination
of the amount of anhydrous acid in dilute solutions, it is very
fallacious when the acid increases in strength, and an accurate
determination can only be effected by chemical methods.

Highly concentrated acetic acid has found considerable ap-
plication in photography and surgery, and frequently occurs
in commerce inthe form of so-called vinegar essence. The acetic
acid occurring under this name is generally prepared from
wood vinegar, and is only fit for the preparation of table
vinegar when a chemical examination shows no trace of tar
products, which, besides acetic acid, are formed in abundance
in the destructive distillation of wood.

In regard to the composition of acetic acid, it may be men-
tioned that one atom of hydrogen can be readily replaced by
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univalent metals or univalent compound radicals which may
be expressed by

Gao |0

whereby the acetic acid is considered as water g } O in which

one atom of hydrogen is replaced by the compound radical
C,H;0 = acetyl.
If the one atom of hydrogen standing by itself be replaced
by a univalent metal, a neutral acetate is formed, for instance :
Na
C,H,0 }0
or sodium acetate.
If this atom of hydrogen is replaced by a univalent com-
pound radical, for instance, by methyl CHj, or ethyl C,Hj,
the so-called compound ethers are formed.

CEb GH, .1
C,H,0 : C,HO [°-
Acetic acid—methyl ether. Acetic ucid—ethyl ether.

If a bivalent metal or compound radical yields a neutral
combination with acetic acid, the substituted hydrogen in two
molecules of acetic acid must evidently be replaced by this
bivalent metal, for instance :—

Ca } 0
2(C,H,0) §
Neutral calcium acetate.

Theoretical Yields of Acetic Acid—In industries based upon
chemical processes a distinction is made between the theoreti-
cal and practical yields.

By theoretical yield is understood the quantity of the body
to be manufactured which would result if no losses of substance
were connected with the chemical process; the practical yield,
on the other hand, is that in which such losses are taken
into account, the average being ascertained by long-continued
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comparison of daily yields. The closer the practical yield ap-
proaches the theoretical one, the more suitable the method
pursued in the production evidently is, and thus the manu-
facturer, who has a clear idea of the theoretical yield, can
readily judge of the value of his method by comparing it
with the practical yield attained.

Now suppose no loss of substance (by evaporation or forma-
tion of other combinations) occurs in the conversion of aleohol
into acetic acid, it can be readily calculated from the composi-
tion of the two bodies how many parts by weight of acetic acid
can be formed from a determined number of parts by weight
of alcohol.

Alcohol has the composition C,H,O, or an atomic weight
of 46, because :—

24
6
16

SCHEL

1

Make . 0 46

The composition of acetic acid is C,H,0, and its molecular
weight 60, because :

Eho== 24
=" 5 : 4
(OF =34 - S eRan

Make . : 56

Hence from 46 parts by weight of alcohol 60 parts by -
weight of acetic acid may be formed, or by taking 100
parts of alcohol it follows that 100 parts by weight of alcohol
must yield 130.43478 parts by weight of acetic acid. This in-
crease in weight has to be attributed to the absorption of one
atom of oxygen, atomic weight 16, against the loss of two
atoms of hydrogen, atomic weight 2. Since these two atoms
of hydrogen are themselves oxidized to water by the absorp-
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tion of oxygen, the total yield from 100 parts by weight of
alcohol would be :

Acetic acid . 3 . 130.43478 parts by weight.
Water 3 : et SYIB 045 SHESssi s HaREl
Total. . 169.56521 parts by weight.

The quantity of oxygen required to form acetic acid and
water from 46 parts by weight of alecohol, amounts to 32 parts
by weight, hence for 100 parts to 69.562 parts by weight. The
oxygen is conducted to the alcohol in the form of air, and it
can be readily calculated how much of the latter is required to
convert a given quantity of alcohol, for instance ,100 grammes,
into acetic acid. In round numbers the air contains in 100
parts by weight 23 parts by weight of oxygen. Since 1 liter
of air of 68° F., 4. e., of that temperature which should at the
least always prevail in the vinegar generators, weighs 1.283
grammes, the oxygen contained in it weighs 0.29509 grammes.
Since, as above stated, 69.562 parts by weight are necessary
for the conversion of 100 parts by weight of aleohol into acetic
acid, it follows that 235.70 liters of air are required for the
same purpose.

Examinations as to the content of oxygen in the air escap-
ing from well-conducted vinegar generators have shown that
on an average only one-quarter of the entire content of oxygen
is consumed in the formation of vinegar, hence four times the
theoretically calculated quantity of air must pass through the
apparatus to completely convert the alcohol into acetic acid.
Hence 100 grammes of alcohol require at least 942.92 liters of
air for their conversion into acetic acid, and, without being far
wrong, it may be assumed that in a vinegar factory, in round
numbers, 1000 liters, or one cubic metre of air, are required
for every 100 grammes of alcohol to be converted into acetic
acid.

A vinegar generator, on an average, converts daily 3 litres
of alcohol into acetic acid ; 3 litres of absolute alcohol (specific
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gravity 0.794) weigh 2382 grammes. Now, if, as stated above,
1 cubic metre of air is required for every 100 grammes of
aleohol, it follows that 23.82 cubic metres, or 23,820 liters of
air must pass daily through each vinegar generator in opera-
tion. *

Calculated to 16 working hours a day, somewhat more than
0.4 liter (more accurately 0.413 liter) must pass every
second through the generator in order to supply the quantity
of oxygen required for the conversion of alcohol into acetic
acid.

Since the formation of vinegar has theoretically to be con-
sidered as a process of combustion, in which of 46 parts by
weight of alcohol, 2 parts by weight of hydrogen, or of 100
parts by weight of alcohol 4.34782 parts by weight of hydro-
gen, are consumed, the quantity of heat liberated by the con-
version of 100 parts by weight of alcohol into acetic acid can
also be calculated. By combustion, 1 gramme of hydrogen
vields 34.126 units of heat, and hence 4.34782 grammes of
hydrogen, 148.373 units of heat, 7. e., in the conversion of 100
grammes of alcohol into acetic acid sufficient heat is liberated
to heat 148.373 kilogrammes of water from 0° C. to 1° C,, or
1.48 kilogrammes from 0° C. to boiling, and thus a consider-
able development of heat is caused by the rise of temperature
in the apparatus, in which a vigorous formation of vinegar
takes place.

In answer to the question, what can the practical manufac-
turer of vinegar learn from these theoretical explanations, it
may be said there are many points of great importance for the
execution of the work. The calculation of air shows that the
alcohol requires a large supply ; but the generators in general
use in the quick process are by no means so arranged as to be
adequate to the theoretical demands. In fact it may be said
that most of them allow only a limited change of air and con-

* Tt is always supposed that the manufacture of vinegar is effected in generators
used in the quick process.



PRODUCTS OF ACKTIC FERMENTATION. 33

sequently work slower than they actually should. That the
generators now in use are deficient is conclusively proved by
the numerous constructions which have been proposed, especi-
ally in modern times, whose chief aim is to afford a free pas-
sage to the air. :

The fact that considerable heat is developed in the interior
of the generator deserves consideration in connection with the
heating of the manufactory. If the temperature in the latter
is so high as nearly to approach the acme, . e., the temperature
most favorable for the formation of vinegar, it may easily
happen that, in consequence of the vigorous oxidation of the
alcohol, the temperature in the interior of the generators be
increased to such an extent as to exceed this acme, and the
activity of the vinegar ferment would immediately diminish
and even cease altogether. '

If, on the other hand, the temperature of the workroom is
kept too low, the generators act sluggishly and do not produce
so much as when ‘the correct conditions are observed. But
while by raising the temperature of the workroom the activity
of the generators is increased, too low a temperature is less
injurious to the regular course of the process than too high a
one.

The acme of the formation of vinegar is at about 86° F.,
and hence the aim should be to maintain this temperature as
nearly as possible in the interior of the generator. The tem-
perature cf the workroom must, however, be kept sufficiently
low, so that the acme in the interior of the generator may not -
be exceeded.

Another factor may here be mentioned. The closer the
temperature in the interior of the generator approaches the
acme and the quicker the supply of air, the more alcohol and
acetic acid are lost by evaporation, or in other words, the
smaller the yield of acetic acid. By the skillful utilization of
conditions the manufacturer must aim to reduce this loss to a
minimum, and this can be best effected by a suitable arrange-

wment of the workroom. By regulating the change of air so
3
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that it is not greater than absolutely necessary, the air will
soon become so saturated with vapors of aleohol and acetic
acid that no further loss will take place until the renewing of
the air in the workroom appears necessary. In which manner
the manufacturer is to work in order to carry on the business
most advantageously depends on the conditions of trade. If
large orders have to be filled, he will endeavor to increase the
capacity of the generators to the utmost by maintaining the
acme of temperature and a vigorous change of air in them,
and in this case must submit to the increased losses insepar-
ably connected with this high performance. If, on the other
hand, he works for stock, he will not force the capacity of the
generators to the utmost, but in order to work as cheaply as
possible direct his attention to reduce the losses to a minimum.

Yields of Acetic Acid Obtained in the Practice—By keeping
for some time an accurate account of the actual yields and
comparing them with those theoretically obtainable, the
former will be found to fall more or less short of the latter,
and the difference will be the smaller, the better the method
of production in use.

In a vinegar factory occur many unavoidable losses, the
sources of which have been indicated in the preceding explana-
tions ; alcohol and acetic acid evaporate, and further a portion
of them is entirely destroyed by too much oxidation. Now a
loss by evaporation, etc., of ten per cent. of the quantity of
alcohol originally used must no doubt be considered a large
one; but from numerous observations it may be asserted that
even ‘with the greatest care in working, the loss in some vine-
gar factories is not less than from 15 to 20 per cent., and may
even be as much as 30 per cent.

These enormous losses of material conclusively prove the
defectiveness of the processes in general use and the urgent
necessity for reformation. The experiments made for this
purpose, and which have been especially directed towards a
remodeling of the apparatus used, cannot be considered en-
tirely satisfactory, though they were partially instituted by
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practical manufacturers, who, however, lacked the necessary
theoretical knowledge.

The principal requirement is to provide the generator with
a suitable ventilator, which will allow of the passage of ex-
actly the quantity of air reguired for the conversion of the
alcohol into acetic acid, and is so constructed that the vapors
of alcohol and acetic acid (or at least the larger portion) car-
ried away by the current of air are condensed and thus re-
gained. :

A vinegar generator has frequently been compared to a fur-
nace, and in continuation of this comparison it may be said,
that the construction generally used is a furnace lacking every
arrangement for the regulation of combustion. In such a fur-
nace as much fuel is burned as corresponds to the quantity of
oxygen entering, while in a furnace of suitable construction
the combustion of fuel can be accurately regulated by increas-
ing or decreasing at will the supply of air by means of a
simple contrivance.

A vinegar generator of suitable construction should be pro-
vided with a similar arrangement. If the thermometer on the
apparatus shows too low a temperature—hence too slow a pro-
cess of oxidation—the course of the operation can in a short
time be accelerated by the production of a stronger current of
air, and the temperature correspondingly increased. If, on the
other hand, oxidation proceeds too rapidly, which on account
of the high temperature then prevailing in the apparatus is
accompanied by considerable loss of substance, it can be
quickly reduced to within the correct limits by decreasing the
current of air. -An apparatus unprovided with a ventilator is
left more or less to itself, while one provided with such an
arrangement is under the entire control of the manufacturer.
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CHAPTER V.

METHODS OF MANUFACTURE OF VINEGAR.

FroM what has been previously said, two methods of man-
ufacturing vinegar can only be distinguished, namely, by
fermentation and by destructive distillation. It has, however,
been deemed advisable to describe separately the old or slow
process by fermentation and the new or quick process. The
The various methods employed for the manufacture of vine-
gar may therefore be designated as follows:

1. By fermentation according to the old or slow process.

2. By the quick process, or manufacture by fermentation
with the application of improved methods in keeping with
our present knowledge of chemistry.

3. Manufacture of wood vinegar, or the preparation of acetic
acid by destructive distillation.

4. The preparation of pure acetic acid from acetates.

It would seem proper to commence the description of the
manufacture of vinegar with the old or slow process, but for
reasons of an entirely practical nature, it has been concluded
not to do so, and the quick process will be first considered.

Since alcoholic fluids, directly formed by the vinous fer-
mentation of sacchariferous plant juices, possess the property
of changing, under circumstances favorable to acetic fermenta-
tion, into vinegar, it is evident that the latter can be prepared
from them and, in fact, it is possible to prepare it from all
sweet fruits and parts of plants, such as cherries, strawberries,
figs, bananas, etc., as well as from the juices of the sugar cane,
beet, chicory root, ete.

Honey, which represents a concentrated solution of ferment-
able sugar, as well as crystallized cane sugar, can likewise be
indirectly used for the preparation of vinegar, since solutions
of either can be brought into vinous fermentation, and the re-
sulting alcohol converted into acetic acid.
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By malting grain, a peculiar body called diastase is formed,
which possesses the property of converting starch into ferment-
able sugar, and upon this fact is based the manufacture of beer
and alcohol. In an indirect manner—the starch having to be
converted first into sugar, and the latter into alcohol—it is
therefore possible to prepare vinegar from every substance
containing starch, and for this reason, we can speak of grain
and malt vinegars. The beer prepared from the malt con-
tains a certain quantity of alcohol, and can thus be directly
converted into vinegar. ;

Alcohol forming ultimately the material for the manufacture
of vinegar, the direct use of dilute alcohol became obvious.
By the employment of a suitable process, ¢. e., one correspond-
ing to the laws of acetic fermentation, it was found that the
conversion of dilute aleohol into acetic acid could be effected
in a much shorter time than by the old method, and upon
this process is based the quick process now in general use.
Hence, as previously stated, two principal methods of manu-
facture may be distinguished, viz.: the old or slow process,
which requires more time, and the new, or quick process.

In the old process many modifications are found, which are
partially based upon old usage and partially upon the differ-
ence in the chemical composition of the raw material used.
Beer, for instance, which contains only about 4 per cent. of
alcohol and a large quantity of extractive substances (sugar,
dextrin, salts, etc.), requires a different treatment from wine,
which contains on an average 10 per cent. of alecohol, but
scarcely 2 per cent. of extractive substances. Fruit-wines,
(cider, etc.), with only 5 to 6 per cent. of alcohol but a large
quantity of extractive substances, again require different treat-
ment from grape wine, etc., so that, in a certain sense, it may
be said there are as many different methods of making vin-
egar as there are fundamental materials, and by taking into
consideration the difference in the chemical composition of the
latter, it is evident that there must be just as many varieties
of vinegar. Besides acetic acid and a certain amount of water,
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every vinegar contains other substances, which, though fre-
quently only present in very minute quantities, nevertheless
exert considerable influence upon its properties.

Even vinegar obtained from dilute alecohol shows differ-
ences in odor, which depend on the material used in the pre-
paration.of the specific alcohol. Potato alcohol always con-
tains traces of potato fusel oil (amyl aleohol), while other fusel
oils. are found in alecohol prepared from grain or molasses.
In the oxidation of the alcohol by the vinegar ferment, these
fusel oils are also oxidized and converted into combinations
distinguished by their peculiar and very strong odor.

Though these bodies occur in vinegar in such minute quan-
tities that they can scarcely be determined by chemical analy-
sis, an expert can detect them by the sense of smell, and from
the specific odor of the vinegar form a conclusive judgment as
to the material used in its preparation.

" The differences in vinegar from wine, fruit, beer and malt
are still more pronounced, and extend not only to the odor,
but also to the taste. Besides a specific odoriferous principle,
every kind of wine contains cenanthic ether, tartar, tartaric
and succinic acids, glycerin, and a series of extractive sub-
stances not thoroughly known. The odoriferous substances
and the cenanthic ether also undergo alteration in the oxida-
tion of alecohol, and are converted into other odoriferous com-

-binations with such a characteristic odor that wine vinegar
can at once be recognized as such by it. On account of the
presence of so many substances each possessing a specific taste,
that of the wine vinegar must, of course, differ from that of
pure dilute acetic acid.

Similar conditions prevail in fruit-wine, beer, malt extract,
etc., and hence vinegar prepared from these fluids must pos-
sess definite properties.
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CHAPTER VL

QUICK PROCESS OF MANUFACTURE OF VINEGAR.

In 1823 Schiitzenbach conceived the idea that by greatly
enlarging the relative surfaces of contact of the alcoholic solu-
tion and air containing oxygen, the process of acetification
would be greatly facilitated. His experiments proved suc-
cessful,"and soon after the quick vinegar process was generally
adopted. Analogous processes were nearly at the same time
invented, in Germany by Wagmann, and in England by Ham.

The principle involved of course depends on an extreme
division of the liquid being effected. This is very skilfully
contrived. By making the alcoholic solution percolate slowly
through, and diffuse over, a mass of shavings, wooden blocks,
pieces of coal or cork, etc., it forms a very thin layer, present- |
ing a large surface, and is therefore better adapted for the !
chemical appropriation of the oxygen in the current of air
which is transmitted over it. The mass of shavings, ete.,
serves not only for the division of the liquid into fine drops,
but also as a carrier of the vinegar ferment.

It will be readily understood that this arrangement presents
in a high degree all the conditions required for the formation
of vinegar, the vinegar ferment upon the shavings acquiring
from the liquid all the substances required for its nutriment
and propagation, and by the current of air passing through
between the shavings is enabled to oxidize the alcohol to acetic
acid. This process taking place simultaneously on thousands
of points in a normally working generator explains why a
large quantity of alcohol can in a comparatively short time be
converted into acetic acid. The term quick process is hence
very appropriate for this method, it’ differing from the older
slow process only in less time being required for its execution,
the chemical processes being the same in both cases.

It will be seen that the generator, technically called “ grad-
uator,” used in the quick process may be compared to a fur-
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nace in which the fuel (in this case the alcoholic fluid) is in-
troduced from above and the air from below. The spaces
between the shavings, etc., may be compared to the interstices
of a grate, combustion taking place on the points of contact of
the alcoholic fluid, vinegar ferment and air. The product of
(partial) combustion—the vinegar—collects in a reservoir in
the lower part of the generator.

Each generator, as previously stated, requires about. 0.4 liter
of air per second, which must ascend uniformly from below
through the mass of shavings, etc. At the first glance this
would seem very simple, but its practical execution is accom-
panied by many difficulties, and hence a large number of vari-
ous constructions of generators have been proposed by which
this object is claimed to be best attained.

Generators—A peculiarly constructed vessel, called the gen-
erator, is required for the production of vinegar by the quick
process. It is divided into three spaces above one another,
the uppermost serving for the division of the alcoholic liquid
into many small drops; in the center one, which forms the
largest part of the apparatus, the alcoholic liquid is converted
into vinegar, while the lower one serves for the collection of
the vinegar.

The best form of the generator is that of a truncated cone.
This form offers to the alcoholic liquid in its passage from the
upper part of the generator the opportunity of spreading over
a constantly increasing surface, and by thus coming in con-
tact with the fresh air entering the lower part of the apparatus
its oxidation must evidently be promoted. The current of air
in passing from below to above yields a certain portion of its
oxygen in the lower part of the apparatus, and if it were
allowed to ascend in a vessel of a purely cylindrical shape, the
alcoholic fluid running down would come in contact with air
quite poor in oxygen. Hence this evil must be sought to be
overcome by the acceleration of the motion of the air upwards,
which is accomplished by giving the vessel the form of a
slightly truncated cone.
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Fig. 8 shows a common form of generator. It consists of
the wooden vat K provided with a perforated false bottom L
a few inches from the bottom, and another S, similar in struc-
ture, at the same distance from the top. The aperture 4
serves for the discharge of the fluid collecting underneath the
false bottom L. The cover D, the arrangement of which will
be described later on, serves for regulating the drought of air
in the generator. In the lower part of the generator, holes, O,
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are bored. These holes are intended for the entrance of air,
and in number may be as many as desired, since the regula-
tion of the current of air is not to be effected on the lower
portion of the apparatus, but on the cover.

For the construction of the generator wood thoroughly
seasoned and as free as possible from knots should be used.
Formerly oak was largely employed for the purpose but, be-
sides its being too expensive, it has the disadvantage of be-
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ing so rich in extractive substances that a generator con-
structed of it, has to be several times lixiviated with water
before use, as otherwise the vinegar prepared in it would for
a long time acquire a disagreeable tang and dark color.
Larch is an excellent wood for the construction of generators.
In this country pitch pine is largely used, and is well adapted
for the purpose, as it is cheap and readily obtainable every-
where. It is claimed by some manufacturers that the pitch
pine protects fermentation in generators constructed of it from
the influence of rapid variations in temperature which are of
frequent occurrence in portions of this country.

The hoops of the generators, as well as all other metallic
parts in the factory, should be coated with good linseed-oil
varnish or asphaltum lacquer, and care should be had imme-
diately to repair any injury to this coating, as otherwise heavy
rusting is caused by the vapors of acetic acid contained in the
air of the work room.

There is considerable variation in the dimensions-of the
generators, some having only a height of 5 feet, with a lower
diameter of 3 feet 3 inches, and others again a height of 20 feet
or more, with a diameter of up to 6} feet. The small gen-
erators have the disadvantage of rapidly yielding heat to the
exterior, and hence a correspondingly high temperature must
be maintained in the workroom in order to keep up the proper
degree of heat in their interior. On the other hand, generators
of considerable height have the drawback of the shavings,
etc., with which the center space is filled, becoming strongly
compressed by their own weight, thus obstructing the proper
passage of the air. It has been sought to overcome this evil
by placing several false perforated bottoms in the generator, in
‘'order to divide the weight of the filling into as many smaller
weights as there are false bottoms. But this arrangement is
also attended with inconveniences, il being difficult to main-
tain a sufficiently strong draught of air in generators of such
height.

- Some manufacturers hold that the production of very
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strong vinegar containing 11 to 12 per cent. of acetic acid is
only possible in very tall generators. This opinion is, how-
ever, unfounded, the manufacture of very strong vinegar being
just as well or rather better effected in small generators than
in those twenty feet or more high, which besides are very
expensive.

The manufacture of vinegar should be carried on in a room
with a low ceiling, since even with the best heating arrange-
ment the temperature near the ceiling is always much higher
than on the floor. However, with the use of generators 20
feet high, the ceiling of the work room must be at least 26
feet high, which makes it impossible to maintain a uniform |
temperature, as the difference between the upper and lower |
parts would frequently amount to more than 25°.

The most suitable generators are very likely those with a
height not exceeding 10 feet, and a lower diameter of about 45 |
inches and an upper one of about 35 inches. A large diameter,
to be sure, contributes towards the maintenance of a uniform
temperature in the generator, but it has the disadvantage of
making it difficult for the air to ascend uniformly through all
parts of the filling. This drawback is sought to be evercome.
by placing in the center of the generator a tube open above and
velow and provided on the sides with holes. Such tube, how-
ever, does not produce the intended favorable effect upon the
draught of air in the parts of the filling surrounding it, expe-
rience having shown that the greater portion of the warm cur-
rent of air ascending in the interior takes the nearest road to
the top, . e., through the tube, without passing sideways into
the filling. Every generator of suitable construction should be
provided with a well-fitting cover. In this cover, Fig. 4, are
bored, in concentric circles, holes which are intended for
draught apertures. If the draught of air in the interior is too
great, it can be at once diminished by closing a number of
these holes, it being even possible to direct it towards a cer-
tain portion of the filling. This arrangement is, however, only
available when the false bottom to be described later on is
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either not used or provided with a number of short vertical
tubes which permit the passage of the air.

Many generators are provided with a number of obliquely
bored apertures below the false bottom through which the air
can escape. This is, however, attended with the disadvantage
that a regular dranght of air only takes place in the outer layers
of filling next to the walls, while it is not sufficiently strong
1in the center of the apparatus. It is also incorrect to have but
one air aperture in the cover, which can be made larger or
smaller by means of a slide. In a generator thus arranged, the
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current of air entering below will naturally pass chiefly through
the conical portion of the filling, the base of which is formed
by the lower false bottom and the apex by the draught aper-
ture in the cover. The lower portion of the filling, which
embraces this cone, remains without sufficient ventilation and
is ineffective as regards the oxidation of alcohol.

In Figs. 5 and 6 the hatched surfaces terminated by the
dotted lines illustrate the portions of the generator in which,
with the use of many apertures below the false bottom and a
single one in the center of the cover, the regular current of air

"~

s




QUICK PROCESS OF MANUFACTURE OF VINEGAR. 45

from below to above passes. Although a current of air takes
place outside of these lines, it is in most cases too weak, and
consequently the entire available space of the generator is not
sufficiently utilized.

Fia. 5.
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Each generator may also be entirely open below and stand
in a shallow tub, which serves for the collection of the vinegar.
Generally, however, the lower portion of the generator itself is
used for this purpose, and is provided with an arrangement for
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the occasional discharge of the collected fluid. This can be
effected either by a spigot fixed immediately above the bottom
or, as in Fig. 7, by a glass tube, which bends upwards nearly
as high as the air-holes and then curves downward so as to dis-
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charge the liquid, when it rises as high as the shelf in the
interior of the apparatus, into an appropriate vessel placed to
receive it. Simple as this arrangement is, it is scarcely suit-
able in the practice on account of its being too liable to break-
age, and hence it is better to provide the generator with an
ordinary spigot, and- prevent the vinegar from rising too high,
by boring about } inch below the draught apertures a hole
in which is fitted a pipe leading to a tub. The vinegar rising
to the height of this pipe will commence to run off, and thus
give warning to empty the generator by opening the spigot.

Fig. 8.

In generators of older construction a strong hoop is fixed
about one foot from the top, on which is placed a perforated
disk which serves for distributing the alcoholic fluid as uni-
formly as possible over the entire filling. The disk, Fig. 8; is
perforated with numerous holes (about 400 with a disk diam-
eter of 3 feet) arranged in concentric circles. These holes are
loosely filled with cotton wick or packthread, a knot being
made at the top end to keep them from falling through. The
threads reach down to the shavings, and serve the double
purpose of conducting the liquid equally through the body of
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the generator and also of stopping it from passing too rapidly
through it (see Fig. 9). It is important to pack the disk so
tightly against the walls of the geherator that none of the
liquid can percolate, which is best effected by a packing of tow,
and coating this with a mixture of equal parts of wax and
rosin. The dripping of the alcoholic fluid through the disk
taking place uniformly only when the latter lies perfectly hori-
zontal, great care must be exercised in placing the generator.
To prevent warping several strong cross-pieces are inserted in
the lower side of the disk.

As previously mentioned the current of air must pass through

FiG. 9.

all portions of the filling, and for this purpose seven short glass
tubes, r (Fig. 8), about £ inch in diameter, are inserted in the
disk. These tubes are so arranged that one is in the center of
the disk and the others in a circle equidistant from the center
and the periphery. Upon the disk is placed the well-fitting
cover, provided with an aperture for the passage of the air.
This aperture, about 3 inches square, is provided with a well-
fitting slide, so that it can be made larger or smaller at will.
As previously stated, it is more suitable to provide the cover
with a large number of draught holes arranged in concentric
circles and to fit each hole with a wooden stopper. By with-
drawing or inserting the stoppers the draught of air can then
be properly regulated. «
To effect the influx of air from below in such a manner that
it takes place not only through the draught holes in the circum-
ference, but also assures its conveyance to the center of the
apparatus, it is recommended to insert in the center of the
lower part in which the fluid collects a tube, R, Fig. 10, open

’
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at both ends and protected above by the hood H against the
dropping in of alcoholic liquid.

A uniform distribution of the alcoholic liquid upon all por-
tions of the filling of the apparatus would be effected if about

Fic. 10.

the same quantity of liquid dripped from all the threads. This
being, however, difficult to attain, it has been sought to give
the disk a more suitable arrangement, which consists, for in-
stance, in the insertion of small wooden tubes with a small

Fie. 11.

aperture on the side (Fig. 11). This arrangement, though
very suitable in itself, becomes, however, useless in case of the
slightest warping of the disk, a number of the tubes being
then raised so high that no fluid runs through them, while it
passes in a full stream tHrough the others.
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These drawbacks connected with the use of a disk can be
somewhat diminished by the employment of a so-called  tilt-
ing trough ” (Figs. 12 and 13), which is arranged as follows :—

Upon a perfectly horizontal axis is placed a rotatory, trough-
like vessel divided by a partition into two equal parts.

‘If the tilting trough is in the position shown in Fig. 12, the
alcoholic liquid runs through the cock, placed above, into the
partition marked 1.

As soon as this partition is filled to a certain height it turns
over in consequence of the disturbance of the equilibrium of
the trough and assumes the position shown in Fig. 13. In
this position partition 2 is gradually filled with aleoholic
liquid ; the trough then tilts back into position 1, and so on.

Fic. 12. Fic.13.

It will be seen that with the assistance of such a tilting
trough the same quantities of liquid can always be poured out
at certain intervals, and that this arrangement can be used for
distributing the alcoholic liquid upon the disk, the latter in
this case being best provided with holes having the form of an
inverted cone. The apex of this cone forms a very narrow
aperture through which the alcoholic liquid poured upon the
disk trickles in very thin jets upon the filling of the generator.

But even this arrangement is not free from objections, it
working entirely satisfactorily only as long as the disk remains
in a perfectly horizontal position. In the more modern con- |
structions of vinegar generators the disk is generally entirely |

4
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omitted and the distribution of the alcoholic liquor effected by
a so-called “ sparger,” similar to the one used in beer brewing
“for sprinkling malt residues. The sparger is arranged like a
simple turbine, and is moved by reaction in the direction
. opposite to that in which the discharge of the fluid takes place.
Spargers used in vinegar factories can be constructed only of a
material indifferent to the action of acetic acid, such as wood,
glass, hard rubber, etc. Their construction will be understood
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from Figs. 14 and 15, showing a view from above and a cross-
section. ,

Into a hollow cylinder of wood are screwed four thin wooden
tubes, closed at both ends and perforated [lengthwise with
numerous small holes. The tubes are so arranged that all the
holes are directed toward one side. The basin in the center is
closed on top by a glass tube about 20 inches long and of
sufficient width to allow of the passage of as much fluid as can
at one time run off through all the lateral tubes.
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The principal requ1s1te of the correct working of the sparger
is that it revolves with ease around its vertical axis. This is
effected by placing in the center of the vessel a glass pin drawn
out to a fine point and running in a small glass step. The

. Fic. 15.

vertical glass tube is guided in a sharp-edged wooden ring
fastened to a stay placed upon the cover of the generator (Fig.
16). The sparger finds its center of motion upon a strip in-
serted in the direction of the diameter of the generator. This
strip is placed at such a height that the sparger can move
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freely between it and the cover of the generator. The sparger
being in position as shown in Fig. 16, a funnel-shaped vessel,

through which the alcoholic fluid is poured in, is placed upon
the glass tube.
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By now pouring through this funnel-shaped vessel the alco-
holic liquid in a sufficiently strong stream, so that during its
influx the glass tube remains filled, it passes in fine jets
through the lateral openings, and, the sparger revolving in an
opposite direction, is distributed in the form of a fine spray
over the filling in the generator.

The use of the sparger overcomes the difficulties frequently
occurring with the disk, especially as regards the position of
the latter, and the circulation of air through the apparatus also
takes place in a perfectly uniform manner. A number of
apertures in the cover of the generator serve also here for the
regulation of the current of air.

A thermometer is an indispensable adjunct to a generator,
and should be so placed that the temperature prevailing in the
apparatus, and especially in the center, can be readily read
off. This is best effected by introducing at about half the
height of the apparatus, through an obliquely bored hole in
one of the staves, a glass tube closed at the lower end and
reaching to the center of the filling. This tube serves for the
reception of a thermometer fastened to the lower end of a stick
of wood. The latter projects from the glass tube, so that the
thermometer can be quickly drawn out and the temperature
read off.

Filling the generators.—The space ‘between the upper disk
and lower false bottom is filled with a material offering a large
surface for the distribution of the aleoholic. liquid. Pieces of
charcoal and of pumice washed in hydrochloric acid and well
rinsed in water to remove empyreumatic substances, which
would render induction of acetic fermentation impossible,
have been used for the purpose. Small pieces of cork and
cork waste have also been recommended for filling. This
material absorbs liquids like a sponge, but when sucked full
does not press evenly together, dry places being thus formed
during the operation. Corn cobs thoroughly dried and finely
divided may be used to advantage, especially in the manufac-
‘ture of wine and cider vinegar. Grape stems are still occa-
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sionally used. They actually present a very large surface
but, independent of the fact that they cannot be everywhere
obtained in sufficient quantities, they have the drawback of
becoming in a short time so firmly compressed as to prevent
the free passage of air.

Beechwood shavings, however, are now almost generally em-
ployed for filling the generators. Indeed, beechwood presents
many advantages: It can be had easily and is cheap; it curls
well and stands without breaking for a length of time. White
woods will curl as well, but they will not stand so well as
beech ; resinous woods are mot porous enough, and besides
their rosin is objectionable, as it may partly dissolve in the
vinegar; oak wood does not curl as well and contains too
much coloring matter and tannin. '

The beech shavings are generally made in special factories.
They consist of wooden bands about 0.02 inch thick, 1} inches
wide, and 16 to 20 inches long. They are rolled into close
spirals by a special machine, and each shaving, according to
the above dimensions, presents a surface of about 62 square
inches. Now, as a generator of moderate size contains many
thousands of such shavings, it will be readily seen that the
surface over which the alcoholic fluid is distributed is an
extraordinarly large one.

A shaving of the stated dimensions represents in a’rolled
state a cylinder with a volume in round numbers of 1.7 cubic
inches. By allowing an interspace of .85 cubic inch between
the shavings, 1.7 + 0.85 =1.92 cubic inches space is required
for each shaving. The space to be filled with shavings in a
generator 3.28 feet in diameter and 6.56 feet high is equal to
55.44 cubic feet, and hence 58,000 shavings, with a total sur-
face of 22,733.56 square feet, are required for the purpose.
Now suppose only & per cent. of this surface is continually
active in the formation of vinegar, we have still a surface of
over 1075 square feet at our disposal. But the active surface
would seem to be actually much smaller even with the most
favorable working of the generator, as otherwise the average
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quantity of alcohol daily converted into acetic acid in a gen-
erator would be much larger than is actually the case.

Beechwood shavings contain-a considerable quantity of ex-
tractive substances, which if not removed, would for a long
time impart a disagreeable tang (woody taste) to the vinegar.
Hence it is recommended to lixiviate the shavings in water
repeatedly renewed, in order to get rid of the substances
soluble in cold water, and remove the last traces of them by
treatment with steam.

This steaming is best effected in a large tub or vat, which is
later on to be used as a generator. The shavings are thrown
in loosely and covered with a loaded lid. A steam-pipe is
introduced through a hole near the lid, and the tap-hole near
the bottom is opened. The steam-pipe being connected with a
boiler, in which prevails a tension of 1} to 2 atmospheres, the
steam-cock is at first opened but slightly, to prevent the steam
entering with great force from throwing off the lid, or even
bursting the vessel. In the commencement of the operation
the steam condenses on the shavings, but after some time the
vessel becomes very hot, and a dark-colored fluid, consisting
of almost boiling water charged with extractive substances of
the wood, begins to run off. After continuous steaming for
about 20 to 60 minutes—according to the size of the vessel—
the fluid running off becomes clearer until finally clear water
is discharged, which is indicative of the removal of the
extractive substances soluble in water.

Although not absolutely necessary, it is advisable to dry the
steamed shavings. When air-dry they still contain about 20
per cent. of water, which in the subsequent ‘“ acetification ” of
the generator must be replaced by vinegar. Hence it is
recommended to dry the shavings completely by exposing
them for some time to a current of air of 194° to 212° F.

In a factory provided with a central heating apparatus * in
the cellar, this drying of the shavings can be effected without

*The arrangement of a central heating apparatus will be described later on in
speaking of the arrangement of the factory.
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difficulty, it only being necessary to put them in a vessel with
a perforated bottom and open on top, and place the vessel
over an aperture of the register through which the hot air
from the heating apparatus ascends, closing all other apertures.

As perfectly dry wood absorbs with avidity moisture from
the atmosphere, the shavings thus dried should immediately
be brought into another vessel and, while still hot, moistened
with the vinegar intended for acetification.

Before using the shavings for filling the generators, it is
necessary to allow them to swell by placing them in water or
alcoholic liquid. If this were omitted and the shavings in-
troduced in a dry state, they would rise above the generators
as soon as moistened, on account of the increase in volume
by swelling. :

In most factories it is customary simply to pour the shav-
ings into the generator, but for a uniform distribution of the
alcoholic fluid it is advisable to proceed with the filling in a
certain order. First place the shavings in three or four regu-
lar layers upon the false bottom, then pour them in loosely to
a height of 8 to 12 inches, and after leveling the surface as
much as possible pour in again, and continue in this manner
until the generator is filled. The uppermost portion should
again consist of three or four regular layers. £

-All the generators used in a vinegar factory should be of
the same size and charged with the same number of shavings,
which is best effected by filling them with the same quantity
by weight. The total surface of shavings being thus nearly the
same in all generators, the latter will work uniformly, 4. e., with
an equal temperature and draught of air; and in the same time
convert equally large quantities of alcohol into acetic acid.
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CHAPTER VIIL

ARRANGEMENT OF A VINEGAR FACTORY.

TaE arrangement of the manufacturing rooms formerly cus-
tomary even in large factories is by no means a suitable one.
The generators were generally simply placed in a room adapted
for the purpose by its size, while the high temperature re-
quired was sought to be maintained by heating. By con-
sidering, however, that every considerable variation in the
temperature causes also a disturbance in the formation of
vinegar, it will be seen that the object of keeping up an undis-
turbed working of the factory cannot be attained by such
primitive means. A suitable arrangement of the room in
which the vinegar is to be manufactured is, therefore, abso-
lutely necessary.

The principal requisites to be observed are: The mainten-
ance of a uniform temperature in the room and a suitable
arrangement for ventilation. Further, simple devices for the
conveyance of the raw materials and the finished product
must be provided for, and means devised for regaining the
acetic acid, with the vapors of which the air in the manufac-
turing room is constantly saturated. ’

For the maintenance of a uniform temperature in the work-
room, which should remain almost constant even in the cold-
est season of the year and during abrupt changes in the outer
temperature, the walls should be of more than ordinary thick- .
ness and the number of windows and doors sufficient only for
the necessary light and communication, and so arranged that
no unintentional ventilation .can occur. The windows and
doors should, therefore, be double, and the latter so placed
that one can be closed without opening the other. The walls
‘and ceilings should be plastered and preferably papered with
heavy packing paper ; asbestus shingles are also highly recom-
mended for this purpose.
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Asphaltum being impermeable and also indifferent to the
action of acetic acid, is undoubtedly the best material for the
floor of the workroom, though it may also be constructed of
large slabs of sandstone with the joints filled in with asphal-
tum. Cement floors can only be recommended provided they
are immediately after their construction coated with silicate of
soda until they cease to absorb it. In constructing the floor
care must be had to give it such an inclination that the entire
surface can be cleansed by a simple jet of water. If the heat-
ing channel is conducted lengthwise through the workroom,
gutters for the rinsing water to run off must be arranged on
both sides.

The height of the room depends on that of the generators.

Heating of the Workroom—Heating by a stove placed in the
workroom itself can only be recommended for very small fac-
tories ; in larger ones a special heating apparatus should always
be provided. Where stoves are used it is recommended lo
arrange them so that the fuel can be supplied and the ashes
removed from the outside, i. e., from a room adjoining the
actual workroom. In attending to the stoves fine particles of
ashes will unavoidably reach the air, and from the latter they
may get into the generators, and being soluble in acetic acid
may injure the vinegar ferment.

For large factories a heating apparatus similar to the one
shown in Figs. 17 and 18 can be recommended. The heater,
provided with the feeding-door I and the air-regulating door
A, stands in a vault beneath the center of the room to be
heated. It is surrounded on all sides by the sheet-iron jacket
M, reaching from the floor of the cellar to the top of the vault.
In the vault is a circular aperture, O, for the reception of the
flues C and C;. The latter ascending slightly, run along the
center of the room to be heated. Above they are covered by
cast-iron plates, P, and by pushing these plates apart or sub-
stituting a lattice plate forone of them in any part of the flue,
warm air can be admitted to the room. If the room is to be
heated without renewing the air, the register in the flue L,
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which communicates by a flat iron pipe with the lower part of
the jacket, is opened. The furnace being heated, the air in the
room is sucked in the direction of the arrow through‘the flue
L, and passing between the jacket and the furnace, ascends
strongly heated through O and penetrates through the open-
ings in the flue, air being again sucked through L, and so on.

Fias. 17, 18.
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If, however, the air in the workroom is to be entirely re-
newed, the air-flue L.is closed and a register (not shown in
the illustration) in the lower part of the jacket opened. In
this case the air in the cellar is sucked in, heated and distrib-
uted through the flues C and C,. By partially opening this
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register and that in L, a portion of the air can be renewed at
will.

In order to be able to form a correct idea of the state of the
temperature prevailing in the room, it is
advisable to have several ordinary thermom-
eters and also a maximum and minimum
thermometer. If the latter shows no greater
variation than from 4° to 5°, the process of
heating may be considered as satisfactory.

A very suitable apparatus for controlling
the temperature in a vinegar factory is an
electrical thermometer, which is so arranged
that a bell rings in case the temperature
rises above or falls below a certain degree.
By placing two such thermometers in the
room, the bell of the one indicates the rise
of the temperature above the limit, and that
of the other that it has fallen below it.

Fig. 19 illustrates the principle of a maxi-
mum electrical thermometer, <. e., one which
rings a bell when the temperature of the
room exceeds a certain limit. Into the bulb
of an ordinary mercury thermometer is
melted a platinum wire ; another platinum
wire is inserted in the tube up to the mark
indicating the temperature not to be ex-
ceeded, for instance, 35° C. The ends of !
the platinum wires projecting from the ther- ; o
mometer are connected by insulated copper
wires with a galvanic battery consisting of several elements,
an ordinary door-bell being inserted in one part of the con-
ductor. If now, in consequence of a continued increase in the
temperature, the mercury rises to the point of the platinum
wire at the figure 35°, the circuit of the battery is closed at
the same time by the column of mercury, and the bell rings
and keeps ringing until the circuit is again opened by the
mercury falling below 35°.

Fia. 19.
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The minimum electrical thermometer, used for indicating
the falling of the temperature below a certain degree, is so
arranged that one platinum wire is melted into the bulb of the
thermometer and the other in the tube at the point below
which the temperature is not to fall. As long as the mercury
remains above this point a battery, which changes a piece of
iron to an electro-magnet, whose armature opens a second bat-
tery which is connected with an electric bell, remains closed.
If the temperature falls below the minimum, the circuit of
the first battery is opened, and the armature of the electro-
magnet falling down effects the closing of the second battery
and sets the bell ringing.

By placing such thermometers not only in the working
room but also in every generator, the control of the entire
process would be immensely facilitated, but at the present
time these useful and at the same time inexpensive instru-
ments are but little used in vinegar factories. '

In factories arranged according to the autornatic systen, the
aleoholic liquid is contained in vessels placed at such a level
that their contents can run directly into the generators. The
alcoholic liquid having to be correspondingly heated, adequate
provision must be made for heating the space in which the
reservoirs are placed. In order not to increase the height ot
the entire room, it is recommended to place these vesselsin
the center and give only to this portion the required height.
This has the further advantage that the alcoholic liquid can
be pumped up by the use of a pump with a short rising-pipe,
and the liquid can be readily conducted from the reservoirs
to the separate generators by means of pipes.
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CHAPTER VIIL

ARTIFICIAL VENTILATION OF THE VINEGAR GENERATORS.

THE first experiments in conveying direct air to every gen-
erator were made in England ; but though this step towards
improvement in making vinegar must be considered an
important advance, the English process failed of being ac-
cepted in practice on account of the inadequacy of the
apparatus used.

In the English factories by a special apparatus a current of
air was sucked from above to below through every generator.
As shown in Fig. 20, the tall generator is open on top and
divided into several partitions by false bottoms, upon which the
shavings, etc., rest. Above each false bottom holes are bored
in the circumference of the generator. In the bottom of the
generator is inserted a pipe which is connected with an
arrangement for sucking in the air, a blower or air-pump
being used for the purpose. :

As will be seen from the /illustration, the suction of air
through all parts of the generator cannot be uniformly effected
by the use of this apparatus, the current of air being much more
checked in the upper portions by the false bottoms and holes
in the circumference, than in the lower. Hence the effect of
the air-pump or blower will chiefly assert itself in the lowest
partition. This drawback might be remedied by leaving out
the false bottoms and placing no air-holes in the circumference
of the generator entirely open at the top. By this means the
air would be forced to pass in a uniform current through the
entire layer of the filling material.

That the passage of the current of air from above to below
is entirely incorrect, because contrary to all theoretical require-
ments, can readily be explained: In a generator in full activity,
oxidation of alcohol must already take place in the uppermost
portion, and hence a certain quantity of oxygen is withdrawn
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from the air. This process being also continued in the lower
parts of the generator, a current of air already deprived of a
portion of its oxygen, and hence less suitable for the further
formation of acetic acid, would be
sucked in the same direction which
the drops of alcohol take.

The principal reason advanced
for the use of a current of air from
above to below is that by these
means a uniform termhperature is
maintained in all parts of the gen-
erators, while it rises considerably
in the upper part of those in which
the air passes from below to above.
This rise of temperature is, however,
agreeable to nature. The air enter-
ing from below oxidizes the alcohol
to acetic acid, becoming thereby
poorer in oxygen and again heated.
By the higher temperature it ac-
quires, it is, however, capable of a
more vigorous chemical activity, so
that it will induce the process of the
formation of vinegar, even in the
uppermost portions of the genera-
Y tor. DBesides, the warmer current
>, of air moving upwards has the fur-

ther advantage of yielding heat to
the drops of alcoholic fluid trickling down. With the use of
generators of moderate height, and with a suitable regulation
of the draught of air, the maximum temperature will not be
exceeded, even in the uppermost portions of the generator.

If no rise of temperature is observed in the lower portions
of a generator in which the air passes from above to below, it
only proves that the air has lost too much oxygen to further
effect a vigorous oxidation of the alecohol. It will be readily
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understood that under these conditions a diminution in the
loss of substance can, to a certain degree, be effected, but it is
doubtful whether the generators are utilized in the manner
they should be; besides, the diminution in loss of substance
cannot be very considerable. Since a high temperature also
prevails in ventilated generators, the current of air passing
downward will be loaded with as much vapor of alcohol or of
acetic acid as it can absorb at this temperature, and, hence, it
would seem, no diminution in loss by evaporation could be
effected. To render this possible, the current of air sucked
from the generator would have to be sufficiently cooled off by
a suitable arrangement to allow of the greater portion of the
vapors carried away by the current of air being condensed to
a fluid.

Schulze’s Ventilating Apparatus.—The ventilation of the vine-
gar generators, according to the previously described method,
requires the presence of an uninterruptedly acting power for
working the air-pump, blower, etc. As is well known, a cur-
rent of air can, however, be also produced by heating the air
passing through an ascending pipe, by which it becomes
specifically lighter and ascends, while denser air enters from
below, etc. Schulze, as will be seen from Fig. 21, has applied
this method to the ventilation of vinegar generators.

Schulze’s generator differs somewhat from the ordinary con-
struction, and is arranged as follows: The vat has a height of
about 8 feet, and a diameter of 2 feet 6 inches. In the upper
part it is terminated by a false head, fitting air-tight, and is
further provided with a cover, in the center of which is an
aperture about 2} inches in diameter, which serves for the
entrance of air, while another aperture on the side serves for
pouring in the alcoholic liquid. In the false head are in-
serted four glass tubes, open at both ends, and about $ inch in
diameter, which afford a passage to the air. The generator is
filled with pieces of washed and assorted charcoal, so that
pieces of the size of a nut are placed upon the false bottom,
and upon this smaller pieces, gradually decreasing in size
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until those on the top are only that of a pea. In the center
of the bottom is inserted a wooden tube, open at both ends
and provided on top with a hood to prevent the trickling in
of vinegar (see Fig. 10). By a suitable intermediate piece,
this tube is connected with the draught-pipe (see Fig. 21), in
which the ascension of the air by heating is effected.

The draught-pipes are of cast-iron, and are about % inch
thick and about 4} feet long, with a clear diameter of 2 inches.

Fra. 21.
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They are placed, strongly inclined, over the flues of a heating
‘apparatus and covered above by a double course of stone. The
air in the iron draught-pipes, being heated by the escaping
gases of combustion, ascends and effects the passage of a cur-
rent of air from above to below in the generators. For keep-
ing up a constant ventilation it is claimed to be sufficient to
heat the furnace only once a day. With this construction it
is necessary to have as many draught-pipes as there are gener-
ators. The same effect might, however, also be attained by
connecting the pipes leading from several generators with a
draught-pipe of a somewhat greater diameter and length.
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It is not difficult to prove that a uniform ventilation of the
generators cannot be obtained by the use of this construction.
As long as the draught-pipes are strongly heated, a very rapid
current of air will pass through them and the generators con-
nected with them, which will, however, decrease in the same
degree as the pipes cool off. Hence, in the first case, a too
rapid current of air, accompanied by a correspondingly strong
evaporation of alcohol, would pass through the generators, and
in the latter, ventilation would be so sluggish that the process
of the formation of vinegar would not proceed in a normal
manner.

Generators with Constant Ventilation and Condensation.—The
object to be attained by the use of special ventilating contriv-
ances is a double one: To conduct a constant current of air
through the generators, and, further, not to allow the tem-
perature to rise above a certain limit, so as to decrease by
these means the loss by evaporation of alcohol and acetic acid.
This object can, however, be attained only by the use of an
apparatus which allows of the most accurate regulation of the
current of air passing through the generator, and is connected
with a contrivance by which the vapors of aleohol and acetic
acid carried along by the current of air can be condensed as
much as possible. The apparatus described below is well
adapted for the purpose. "Its principal parts consist of the
generator, the apparatus for condensing the vapors, and the
ventilator.

The construction of the lower part of the generator, Fig. 22,
is the same as of those previously described. The cover fits
tightly upon the upper edge of the vat, the joint being made
air-tight by strips of paper pasted over it. In the center of
the cover is a square aperture, from which rises a quadrang-
ular pyramid, P, constructed of boards, upon which sits a low
prism, 4. The sparger D has its center of motion upon the
strip L, placed in the uppermost portion of the generator, and
is guided above in the short strip L,, which carries the sharp-
edged ring described on page 51. E is the glass tube through

5 %
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which the alcoholic liquid flows into the funnel of the sparger.
On the point where the pyramid passes into the prism 4, is a
bottom provided with a circular aperture, O, 21 to 3 inches in
diameter. Upon the top of the prism 4 is placed a nut, in
which runs a wooden screw, provided on the lower end with
a wooden disk, S, of a somewhat greater diameter than the
aperture O. By raising or lowering this screw, the aperture
O can be closed more or less or entirely, and thus the strength
of the current of air regulated at will in every generator. The
prisms A4 of all the generators are connected with each other
by the conduit R, constructed of boards.

Fia. 23.

This conduit R is connected—best in the center between
an equally large number of generators—with the condensing
apparatus, the chief feature of which is a worm similar to
that used in a still. Fig. 24 shows the apparatus in cross-
section.

In a sheet-iron vessel of the same height as the generator is
placed another vessel, so that there is a distance of about 53
inches between the walls. From a reservoir situated at a
higher level cold water runs into the apparatus through the
pipe K, and off through the short pipe W. In the space be-
tween the walls of the two vessels lies a tin coil with very thin
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walls and a diameter of at least 2} inches. On top this tin
coil is connected with the wooden tube R (Fig. 23) and below
with the iron pipe R,, which leads to the ventilating appa-
ratus. Cis a glass tube about 16 inches long and } to £ inch

Fia. 24.

in diameter, which reaches nearly to the bottom of the flask
half filled with water.

The ventilating apparatus consists of an ordinary self-feeding
stove, but its jacket is closed below so that air can only pass in
between the heating cylinder and the jacket through the pipe
R, coming from the condensing apparatus.

The apparatus works as follows: According as combustion
in the stove proceeds slowly or quickly by the corresponding
position of the regulating register, the air between the heating
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cylinder and the jacket becomes less or more heated and as-
cends with corresponding velocity. But as the furtherentrance
of air can take place only through the pipe R, the tin coil, and
the wooden tube R, a uniform current of air from below to
above must pass through all the generators. To regulate the
strength of the current for each generator, it is only necessary
to close the aperture O (Fig. 22) more or less by raising or
lowering the screw. ,

The current of air passing from the wooden tube R into the
tin coil carries with it the total amount of evaporated alcohol
or acetic acid. By passing through the tin coil, which is cooled
by the water, the air itself becomes cooled off, and the greater
portion of the vapors held by it condense to liquid and run off
through the tube C into the bottle. The fluid thus obtained .
consists chiefly of alcohol, water, and acetic acid, and is again
used for the preparation of alcoholic liquid. On account of the
peculiar form of the cooling vessel but little water is required
for feeding it. As the quantity of vapor separated from the air
wiil, however, be the greater the more energetically the tin coil
is cooled off, it is recommended to reduce the temperature of
the water to nearly 32° F. by throwing in pieces of ice.

It has been proposed to regain the vapors by conducting the
air containing them into a large vessel in which water in the
form of a fine spray trickles down or is injected. It is, of
course, possible in this manner to condense the greater portion
of vapors of a higher temperature and tension, but with vapors
of at the utmost 95° I. little success would be attained. The
greater portion of the vapors remaining uncondensed, a very
large quantity of fluid containing but little alcohol would be
obtained in the course of a day, and this fluid could at the best
be used only instead of water for the preparation of alcoholic
liquid. The value of the material thus regained would not
cover the working expenses of the apparatus. By working,
however, with the condensing apparatus described above, the
condensed alcohol does not even contain the total quantity of
water evaporated with it, and it need only be compounded
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with the corresponding quantity of water and vinegar again
to yield alcoholic liquid.

The generator manufactured by Singer, of Berlin, shows an
essential difference in construction from those previously de-
scribed. It consists of several shallow wooden vessels arranged
one above the other and connected with each other by wooden

Fia. 25.
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tubes so that the alcoholic fluid runs drop by drop from one
vessel into the other, passing thereby through the tubes. In
order to distribute the fluid as much as possible, the tubes are
inside provided with horizontal gutters, whereby the surface of
the fluid passing through is greatly increased. In addition,
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each of the tubes is provided in the center with a slit running
length-wise, allowing of a free passage of the air. The latter
encounters in the tubes the finely-divided fluid and effects the
oxidation of the alcohol to vinegar. This is repeated four
times and oftener before the alcoholic fluid has passed through
the apparatus, whereby, it is claimed, a very complete forma-
tion of vinegar is attained. The entire apparatus stands in a
case which protects it from cooling off and from too great an
access of air, and which can be heated in winter.

Fig. 25 shows Singer’s generator in cross section, and Fig.
26 the separate vessels and their connection by drip tubes.
Fig. 25 represents five shallow vats standing one above the
othér, at uniform distances, the
Fre. 26. latter being effected by elongated
i staves.

In the bottoms of the vats A4

.jf;"""mi'}"",'i’;" and A! are inserted 37 tubes, a, b,
il by which they are connected with

Sy

the vats B and B?! below. The
bottoms of the latter are provided
only with 32 tubes, which above
connect the vat B with A! and
below pass into the vat C.
. As will be seen from Fig. 26,
| the sections of the tubes through
which the alcoholic fluid is to run
slowly are provided above with
six annular gutters. Above these
gutters are four apertures for the
entrance of the alcoholic fluid. In the center the tubes are
slit lengthwise for the free admission of air. The lower end of
each tube is also provided with two gutters. On top each tube
is closed with a lid, but the end entering the vat below is open.
Of all the five vats only the upper one, 4, is provided with
a cover, and upon the latter is fixed a holder, f, for securing
the tube g. Above, the latter is connected with the reservoir
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E, filled with alcoholic fluid and below ends in the short pipe
h, which permits the alcoholic fluid to run into the upper vat
A. In addition to the drip-tubes, every two vats standing one
above the other are connected with a knee., The upper one
of these knees 4 issues from the bottom of the vat A and enters
the vat B close to the bottom. The second tube connects in
the same manner, B with A!, the third, A! with B!, and
lowest one, B! with C. Each of these tubes is provided with
a cock to allow of the separate vats being connected or discon-
nected at will. The lowest vat, C, is provided with two dis-
charge pipes, one, i, at the bottom, and the other, %, about 1}
inches higher up.

The five vats rest upon the reservoir, ), which serves for
the reception of the total quantity of alcoholic liquid which
has passed through the apparatus. It is provided with the
opening, g, which is connected by a rubber tube with the
cock, I, on C. In addition, D, is provided with a glass gauge,
p, which by turning it downward, serves for discharging the’
fluid from D. A

The case enclosing the apparatus is constructed of wood and
glass, the rubber tube, g, passing through the roof of the reser-
voir E, holding the alcoholic fluid. On top the roof is pro-
vided with a trap, m, which can be opened and closed at will
by means of a rope. Below the case is provided with slides
n n. By opening the slides and the trap, the admission of air
can be regulated. i .

In the commencement of the operation the cock on. £ is
opened and the alcoholic fluid is allowed to run through the
tube ¢, and the short pipe %, until it stands 1} to 2} inches
deep over the drip-tubes. The cock on the pipe ¢ is then
closed. The alcoholic fluid now penetrates into the drip-tubes,
and runs through them into B, which is soon filled so far that
the openings of the drip-tubes are reached by the level of
the fluid. As the admission of alcoholic fluid continues un-
interruptedly, one vat after another is filled, and the alcoholic
fluid is in the separate drip tubes distributed over a compara-



7)) MANUFACTURE OF VINEGAR.

tively very large surface, being at the same time brought in
intimate contact with fresh air.

The admission of alcoholic fluid can readily be regulated,
so that on reaching the lowest vat it is converted into vinegar.

When the apparatus is once in operation, the formation of
vinegar progresses without interruption, it being only neces-
sary regularly to fill the reservoir with fresh alcoholic fluid,
and to draw off the finished vinegar into barrels. If for some
reason the operation is to be interrupted, the alcoholic fluid
still contained in the vats is drawn off through the respective
knees, and the apparatus is filled with water to prevent dry-
ing out. When manufacture is to be recommenced, the water
is drawn off, and alcoholic fluid admitted.

It is doubtful whether this apparatus possesses advantages
over the ordinary generator, since the surface over which
the alcoholic fluid is distributed is much smaller than in gen-
erators filled with shavings.

Michaelis’ revolving generator consists essentially of a strong
barrel, 3 feet 3 inches in diameter at the widest point, and a
space of 3 feet 3 inches between the two bottoms. The barrel
rests horizontally upon two supports, so that it can be rolled to
and fro upon them. The interior of the barrel is divided by a
horizontal lath-grating into two partitions, the upper smaller
one being filled with shavings. Below the lath-grating in the
bottom of the barrel is a horizontal tube for the admission of
air, and above in the side of the barrel a cock for its escape.
The alcoholic fluid is poured in close to the lath-grating by
means of a funnel, the air-cock is closed and the barrel re-
volved to allow of the shavings to become thoroughly saturated
with the alcoholic liquid. In about 15 minutes the barrel is
brought back to its original position, and the air-cock opened.
The commencement of the formation of vinegar will soon be
recognized by the increase of temperature in the shavings,
and the operation is then in full progress.

For the constant continuation of the formation of vinegar, it
is only necessary to revolve the barrel for a few moments sev-
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eral times a day to saturate the shavings with the alcoholic
fluid. The progress of the formation of vinegar is shown by
a thermometer placed in the bottom of the upper space, the
lowering of the temperature indicating the completion of the
process.

The apparatus is cleaned by rinsing the shavings, without
taking them from the barrel, with hot water, and filling the
barrel with strong vinegar, which is drawn off in 24 hours.

The advantages of this generator consist, according to the
inventor, in cheapness of first cost, simple operation, larger
yield, saving of alcohol, and better quality of the product.

CHAPTER IX.

AUTOMATIC VINEGAR APPARATUS.

THE principal work to be performed in a vinegar factory
consists in pouring at stated intervals the alcoholic fluid into
the generators. In a large factory several workmen are con-
stantly engaged in this work, and losses by spilling are un-
avoidable. Further, it is almost next to impossible always to
pour in the same quantity at exactly the same intervals, and
sometimes a generator may even be entirely overlooked, and
thus remain inactive until the next supply of alcoholic liquid
is poured in.

The greatest disadvantage is, however, the interruption for
several hours daily, of the formation of vinegar in all the gen-
erators, so that, for instance, in a factory working 16 hours a
day, one-third of the time is lost. Independently of the small
return on the capital invested, these interruptions are accom-
panied by many other conditions injurious to the regular run-
ning of the factory.

_The greatest of these evils is that with the cessation of the
supply of alcoholic fluid the propagation of the vinegar fer-
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ment diminishes and finally ceases altogether. Further, the
development of heat in the interior of the apparatus at the
same time ceases and the temperature is reduced several de-
grees, this phenomenon appearing even in factories provided
with the best heating apparatus and keeping up a constant
temperature in the workroom during the night.

In the morning when work is resumed, it is in most cases
necessary to vigorously air the apparatus by opening all the
draught holes, in order to gradually restore the temperature
to the required degree, and it will be some time before the
apparatus again works in a normal manner.

The vinegar ferment, however, is very sensitive to changes
of temperature, as well as to the concentration of the nourish- -
ing substances surrounding it, and there can be no doubt that
its propagation is prejudiced by the continuous variations of
temperature to which it is exposed during the interruptions of
several hours a day. That such is actually the case is shown
by the fact that the quantity of vinegar ferment formed in the
generators is small as compared with that which, under con-
ditions favorable to the ferment, forms in a short time upon
alcoholic liquids.

Besides the debilitation of the vinegar ferment and the con-
sequent disturbance in the regular working of the factory, the
repeated reduction of the temperature in the generators has the
further disadvantage that, besides the vinegar ferment, other fer-
ments for whose development a low temperature is more favor-
able may be formed, and these ferments may increase to such
an extent as to entirely suppress the vinegar ferment. There
can scarcely be a doubt that the many apparently inexplicable
disturbances in the working of the generators, such as their
remaining cool notwithstanding an increased current of air,
the vinegar becoming suddenly weaker, or the entire cessation
of its formation, find their easy explanation in the daily
interruptions lasting for hours in the regular working of the
factory.

Besides the increase in the capacity of the factory, disturb-
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ances are, therefore, less likely to occur where the work is
carried on uninterruptedly, but in order to do this there must
also be a corresponding ‘increase in the number of workmen
employed in pouring alcoholic liquid into the generators.

By the use of simple automatic contrivances for the regular
pouring out of the alcoholic liquid, the number of workmen
employed in a vinegar factory can, however, be reduced to the
attendance required for looking after the heating apparatus,
raising the alcoholic liquid to a certain height, and an occa-
sional control of the temperature in the interior of the genera-
tors. A factory thus arranged requires but little attendance,
as when once in good working order it may be left to itself for
many hours without the occurrence of any disturbance.

According to the characteristics which distinguish the differ-
ent constructions of continuously working apparatus from each
other, they may be divided into two principal systems, viz.,
into those with an uninterrupted, and those with a periodical,
pouring out of the alcoholic liquid, but in either case the latter
has to be brought into a reservoir placed at a certain height
above the generators.

CONTINUOUSLY ACTING APPARATUS.

The Terrace System.—The alcoholic liquid, as is well known,
cannot be converted into finished vinegar by passing once
through the generator, a repeated pouring into several, gen-
erally three, different generators being required. To avoid
the necessity of raising the alcoholic liquid three times, three
rows of generators have been arranged one above another, so
that'the alcoholic liquid coming from a reservoir placed at a
higher level flows first into the uppermost generator, and pass-
ing through this, runs directly into the second, and from
there into the third, which it leaves as finished vinegar. Fig.
27 shows a vinegar factory arranged according to this system,
1, II, 111, representing the three rows of generators placed one
above another, 7! the reservoir for the alcoholic liquid, P the
arrangement for pumping the alcoholic liquid into the reser-
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voir, -V the distributing vessel for the alcoholic liquid, S the
collecting vessel for the finished vinegar, H the heating appa-
ratus for the entire establishment.

For a uniform supply of alcoholic liquid to the generators
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standing on the same level a conduit, L, from which the alco-
holic liquid flows into each generator, runs above the upper-
most row. Another conduit, L, common to all the genera-
tors, serves for the reception of fluid (finished vinegar) running
oﬁ' from the lowest row, and conduects it to the collecting ves-
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sel, &. The arrows indicate the course the alcoholic liquid
has to traverse.

From all appearances the arrangement of a factory according
to the above-described system would be most advisable, there
being actually nothing to do but to raise the alcoholic liquid
once and to remove the finished vinegar from the collecting
vessel. In practice, however, this so-called terrace system pre-
sents many difficulties not easily overcome, the greatest un-
doubtedly being the solution of the heating problem. Experi-
ence shows that the temperature in a generator must be the
higher the more acetic acid the alcoholic liquid contains.
According to this, the highest temperature should prevail in
the lowest series of generators (111, Fig. 27) and the lowest in
the uppermost ().

But in practice just the reverse is the case even w1th the
use of the best heating apparatus, the highest temperature
prevailing in I and the lowest in III, as, according to natural
law, the warm air being specifically lighter than the cold
constantly strives to ascend.

To overcome this drawback nothing can be done but to place
the series J, II and III of the generators in as many different
stories entirely separated from each other, or, in case there is a
central heating apparatus in the cellar, to correctly distribute
the warm air in the separate stories by suitably arranged reg-
isters. The solution of this problem offers no insuperable
difficulties, but requires the arrangement of the entire factory
to be carefully planned in accordance with the laws of physics.

An unavoidable drawback of the terrace system is the cost-
liness of the factory building, and, finally, that a disturbance
occurring in one of the generators must simultaneously affect
two others of the vertical series, which must necessarily remain
idle until the disturbance is removed. Considering all the
disadvantages connected with the terrace system, though it is
seemingly so suitable, it is but little adapted to practice, it
being much preferable to place all the generators on the same
level and to divide them into three groups, each of which is



78 MANUFACTURE OF VINEGAR.

provided with a reservoir for the alcoholic liquid and a col-
lecting vessel.

The mode of working according to this system is as follows:
The alcoholic liquid is pumped into a reservoir, from which it
passes through group I of generators and collects in a vessel.
From the latter it is pumped into a second reservoir placed on
the same level with the first, and runs through group I/ of
generators into another collecting vessel ; from there it is again
pumped into a third reservoir, and after passing through group
11 of generators finally collects as finished vinegar in a third
collecting vessel.

Though the arrangement of all the generators on the same
level renders it necessary to raise the alcoholic liquid three
times; it would seem more suitable than the terrace system for
the following reasons: 1. By a suitable regulation of the heat-
ing apparatus the required temperature can be readily main-
tained in the separate groups of generators. 2. In case of a
disturbance in one of the groups, the generator in question can
be left out without causing an interruption in the work of the
‘other groups. 3. The power required to pump the alcoholic
liquid three times into the reservoirs V,, V,, and V5, is not
much greater than that which has to be used to raise it to the
height of the reservoir in factories arranged according to the
terrace system. 4. Notwithstanding the greater area required,
the erection of a one-story factory is less expensive than that
of a three-story building with complicated heating apparatus
and very strong, solid floors, which are required on account of
the great weight of the generators.

The uniform distribution of the alcoholic liquid into each
generator is very simple in factories arranged according to the
terrace system, and can be effected in the following manner:

The false heads are fitted water-tight in the generators;
they are provided either with narrow holes alone, or with aper-
tures loosely filled with cotton-wick, pack-thread, etc. The
pipes ascending from the vinegar-forming space, which is filled
with shavings, are inserted water-tight in the false bottoms.
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On the reservoir containing the alcoholic liquid is a spigot
which can be accurately adjusted, and is securely connected
with the conduit leading to the separate generators. At the
place on the conduit where the alcoholic liquid is to be intro-
duced into the generator is a discharge-pipe also provided with
a spigot. :

When the factory is to be put in operation the reservoir is
first filled with alcoholic liquid, the spigots on the several gen-
erators being entirely open, but the principal spigot closed.
Now, by suddenly opening the latter, the air in the conduit is
expelled by the alcoholic liquid flowing in, and the latter
rushes in a full stream from the spigots connecting the conduit
with the generators. These spigots are then closed so far that
only the quantity of alcoholic liquid required for the regular
process of the formation of vinegar can enter the generators.
To prevent the force of pressure from varying too much in the
conduit by the lowering of the level of the fluid in the reser-
voir, it is recommended to give the latter only a slight height
but a large bottom surface.

From the lower portion of the uppermost series of genera-
tors the alcoholic fluid then gradually reaches through a pipe
the false bottoms of the next series, and from this the lowest
series, from which it runs off as finished vinegar into the col-
lecting vessel.

It will readily be seen that some time for experimenting is
required before a factory arranged according to this system
can be brought into regular working order, it being necessary
to test the fluids running off from the different groups of gen-
-erators as to their contents of acetic acid in order to find out.
whether too much or too little or just enough alcoholic liquid
reaches the generator, so that the liquid running off from the
lowest series contains no alcohol and may be consjdered as
finished vinegar. Any fault in the working of the generators
can in this case be overcome by a corresponding adjustment
of the spigots so as to regulate the influx of alcoholic liquid,

Theoretically no more simple or convenient process for
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making vinegar than the terrace system could be devised.
Provided the spigots supplying the separate generators be once
correctly adjusted and the temperature of the different stories
suitably regulated, it is only necessary constantly to supply
the reservoir with alcoholic liquid, and the heating apparatus
with fuel, in order to carry on the work for any length of
time desired. The disadvantages connected with this system
having been already explained need not be further referred to.

Lenze's chamber generator : * This apparatus is a Schuetzen-
bach generator of logically improved construction, and not, as
might be supposed at the first glance, an arbitrary modifica-
tion of the exterior shape. Its construction is based upon the
following principles :

1. Saving of space and volume. 2. Simplification of the
work and facility of control. 3. Utilization to the best ad-
vantage of the square fermentation-surface. 4. The process is
carried’ on without being separated by partitions in many iso-
lated narrow columns of shavings. 5. Surface-fermentation
with little height. 6. Large producing capacity.

The average height of the apparatus is about 7 feet. It is
rectangular in form, is built entirely of wood, no hoops what-
ever being used, and is of solid and massive construction. It
is made in three sizes. Fig. 28 shows a No. 3 apparatus with
a base of about 107 square feet, length 10 feet, width 6 feet,
and a capacity of producing 20 to 25 quarts of 13 per cent.
vinegar per 10} square feet of shavings-surface (base of gen-
erator).

The alcoholic liquid is periodically supplied at fixed inter-
vals, but the operation may also be carried on continuously
day and night. ;

The attendance of the apparatus is entirely mechanical, by
means of a pump operated by hand or power. Losses of
material by spilling or otherwise are impossible since the
aleoholic liquid moves in closed tin pipes and the finished
vinegar is conveyed in the same manner.

*.J. Lenze, Iserlohn, Westfalen, Germany.
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The apparatus is furnished with a lath-bottom and a per-
forated head, the intermediate space being packed with beech
shavings. The air-holes are between the actual bottom and
the lath-bottom and the air-outlets below the perforated head.
The alcoholic liquid is very uniformly distributed over the
entire large surface of shavings by the perforated head. The
latter is tightly covered with cloth, divided into square fields,

Fic. 28.

and so secured that it cannot warp or get out of position.
Notwithstanding its large superficial area the perforated head
is the coolest place in the apparatus and this evidently con-
tributes towards reducing the loss by evaporation to a mini-
mum, and such loss can be still further limited by the use of
a cover fitting almost air-tight. The upper layer of shavings
is also not impaired by higher degrees of heat, because the as-
cending air which has been Leated and exhausted, is con-
6
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stantly cooled by the pourings of alcoholic liquid and partly
condenses on the lower surface of the perforated head, and
thus cooled, escapes through a pipe-system below the perforated
head.

The mode of operating such an apparatus and its attend-
ance is illustrated by Fig. 28.

The alcoholic liquid is contained in the vat C and a suffi-
cient quantity of it is by means of the pump P conveyed to
the vat 4, where it is diluted to a weak wash. When the
operation is carried on with back pourings, the vat B contains
the vinegar; otherwise it is omitted. The intermediate vat
E effects automatically by suitable contrivances the measuring
off of the separate pourings, so that after pumping the entire
quantity of alcoholic liquid required for one day, the actual
labor is finished, which requires about one hour’s consump-
tion of time and power, no matter whether one or several ap-
paratuses are operated, larger pumps being used in the latter
case.

For the accurate control of the operation a contrivance is
provided which indicates in the office whether and at what
time the separate pourings have been effected.

The product running off from the apparatus collects in the
course of the day in the vat ). When the latter is full, the
overflow passes through a pipe to the storage-vat. By this
arrangement the danger of any of the vats running over is
excluded.

Plate Generator.—This generator, patented by Dr. Bersch, of
Vienna, Austria, is so arranged as to render the formation of
aldehyde as well as the destruction of acetic acid already
formed impossible, and the loss by evaporation is reduced to
a minimum. As will be seen from the description, the
arrangement of the apparatus is such that on all portions of
the surface of the plates air and alcoholic liquid are in undis-
turbed contact. Hence the formation of vinegar takes place
constantly and the regulation of the current of air can be
effected with the utmost accuracy. Since the effective surface
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of each apparatus, 4. e., the surface upon which the formation
of vinegar actually takes place, is more than 10,764 square
feet, the performance of this generator is extremely large, sur-
passing by far that of a generator packed with shavings.

This generator is provided with a contrivance which auto-
matically attends to the pouring-in of alcoholic fluid with the
regularity of clock-work, and thus the work of a factory using
a large number of generators can be done by a single work-
man, he having nothing else to do than to fill once a day the
reservoir for alcoholic fluid.

In its most recent construction the plate-generator consists
of a vat filled inside with layers of extremely thin plates of
wood arranged in such a manner that the separate layers are
fixed crosswise at right angles one above the other. Since
every two plates in the layers lying alongside each other are
kept apart by prismatic wooden rods, fluid can run down on
both sides of the plates, and air ascend undisturbed between
them.

Since the total surface of ‘the wooden plates in a generator
about 8} feet high is more than 10764 square feet, and for-
mation of vinegar takes place uninterruptedly upon this
entire surface, thé efficacy of the plate generator as regards
producing capacity is the highest attainable.

Through a pipe, open at both ends, in the bottom of the
generator, air is admitted to the interior. The upper portion
of this pipe is furnished with a hood to prevent fluid from
dropping into it, and the lower opening is covered with fine
gauze to exclude the entrance of vinegar lice (vinegar mites).

The strength of the current of air in the generator is regu-
lated by a register-bar in the cover of the apparatus, in which
is also fixed a thermometer. In the commencement of the
operation the register-bar is so set that the thermometer indi-
cates the temperature—about 91° to 93° F.—suitable for the
formation of vinegar. So long as alcoholic liquid runs in
and the temperature of the workroom remains the same, the
same temperature will be indicated by the thermometer, be-
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cause in equal periods of time the same 'quantity of vinegar
will always be formed and a quantity of heat corresponding
to it developed.

The uniform distribution of the alcoholic fluid in the form
of very fine drops over the plates in the interior of the gen-
erator is effected by a sparger fixed over the uppermost layer
of plates.

The apparatus, like every other generator, can be charged
by pouring in the alcoholic liquid by hand. However, to
make it entirely independent of the workman, and especially

to keep it working regularly day and night without interrup-
tion, it is provided with an automatic pouring contrivance.
This contrivance consists of a vat of such a size as to be capa-
ble of holding the fluid required for supplying for 24 hours
one generator or a group of two, three, four or more genera-
tors. In this supply-vat floats in a suitable guide a wooden
float-gauge,fwhich rises and sinks with the level of the fluid.
To this float-gauge is secured a siphon, the longer leg of which
is furnished with [a {checking contrivance which has to be
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accurately regulated. By shifting this checking contrivance,
the quantity of fluid discharged in a certain unit of time, for
instance, in one hour, can be determined. Since the siphon
sinks with the level of the fluid, and its length remains un-
changed, the fluid always runs off under the same pressure.
The liquid running from the siphon passes into a distribut-
ing vessel underneath. The latter should be of sufficient
capacity to hold the total quantity of liquid required for one

Fra. 80.

pouring upon all the generators in a battery. If, for instance,
every generator in a battery of twenty-four is to receive a
pouring of 3 quarts, the distributing vessel should have a
capacity of at least 3 X 24 =172 quarts. The automatic pour- .
ing contrivance is fixed in the distributing vessel. ~When the
latter contains the quantity of alcoholic liquid required for
one pouring for a determined number of generators, the time
fixed belween every two pourings has elapsed. The auto-
matic pouring contrivance then opens the distributing vessel
and the alcoholic liquid passes through the conduits to the
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generators. When the distributing vessel has been emptied,
the discharge-contrivance closes automatically, the distribut-
ing vessel is filled within the determined time, and is again
emptied when this time has elapsed. The automatic distribut-
ing contrivance thus continues working without interruption
so long as liquid is contained in the supply-vat. If the latter
is of sufficient capacity to hold enough alcoholic liquid for 24
hours, it is only necessary to fill it in the morning.

Figs. 29 and 30 show the arrangement of the separate parts
of a plant for automatically working plate generators. Fig.
29 is a view from above and Fig. 30 a side view. V is the
supply-vat for the alcoholic liquid, S the float-gauge to which
is secured the siphon H. A4 is the automatic distributor, and
I the conduits conveying the alcoholic liquid to the separate
plate-generators P. The dotted line aa represents the level of
the fluid in the supply-vat.

PERIODICALLY WORKING APPARATUS.

The Three-group System.—In the second system of automatic
generators it has been sought to imitate the ordinary working
of a vinegar factory by providing the apparatus with certain
mechanical appliances which allow of the distribution at cer-
tain stated intervals of any desired quantity of alcoholic liquid
into the generators. The term ¢ periodical ’ may be applied
to this system of automatic apparatus.

The mechanical appliances used for the purpose of admlttlng
at certain intervals a fixed quantity of alcoholic fluid into the
generator may be constructed in various ways, the tilting
trough, shown in Figs. 12 and 13, p. 49, being an example.
. By a modification of the apparatus, as shown in Fig. 31, any
desired quantity of fluid can with its assistance be at certain
intervals admitted to the generator. The fluid may be either
poured out upon the false head, or, what is more suitable -
for its better distribution, used for feeding a sparger.

As seen from the illustration a prismatic box with a bottom
formed of two slightly inclined planes, stands at a suitable
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height over each generator. In this box a tilting trough is
placed so that its axis of revolution runs parallel with the line
formed by the two bottom surfaces of the box. On the point
of contact of the two, a pipe is inserted which extends to the
false head or to the funnel of the sparger. Above the box is
a spigot connected by a pipe with a reservoir for the alcoholic

fluid placed at a higher level. This reservoir serves for sup-
plying a large number of generators, and can be shut off by a
carefully adjusted spigot. From the latter a vertical pipe
leads to the conduit running in a horizontal direction over the
generators. The pipe is provided with small spigots which
discharge the fluid into the tilting troughs.
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By giving each tilting trough such a capacity that, for in-
stance, each partition holds 5 quarts, and adjusting the spigot
so that 30 minutes are required for filling one partition, the
trough will, at the expiration of this time, tilt over and empty
the fluid upon the inclined planes. From here it runs into
the sparger, and setting the latter in motion is poured in the
form of a fine spray over the shavings. Since the other parti-
tion of the tilting trough has the same capacity, as the first,
and the quantity of the alcoholic fluid remains the same, the

BIGIES28

trough will, after the expiration of 30 minutes, again tilt over,
and again empty 5 quarts of fluid, this being continued as
long as the reservoir contains any fluid.

In place of the tilting trough the so-called “ siphon-barrel,”
Fig. 32, may be used for effecting the discharge of a certain
quantity of fluid at a stated interval. In a spherical vessel
placed at a higher level than the edge of the funnel of the
sparger is a siphon, the longer leg of which passes through the
bottom of the vessel into the funnel. On the edge of the vessel
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is a spigot which is connected with the pipe conveying the
fluid, and so adjusted that within a previously determined space
of time the vessel is filled with fluid up to the height indicated
by the dotted line. As soon as the fluid reaches that height,
action of the siphon commences, and the content of the vessel
runs through the longer leg into the funnel of the sparger until
its level is sunk to the edge of the shorter leg. = The action of
the siphon then ceases until the vessel is again filled up to the
line, when it recommences, and so on.

The siphon of bent glass tubes being very liable to breakage,
it is frequently replaced by the so-called bell-siphon, the ar-
rangement of which is shown in Fig. 33. It consists of a glass
tube which forms the longer leg of
the siphon, while a glass cylinder
secured to this tube by means of a m
perforated cork, represents the other
leg. The action of this siphon is
the same as the other.

In working with automatic appa-
ratus, fixed quantities of fluid being
at stated intervals introduced, pro-
vision for the reception of the fluid
must be made in the apparatus itself,
or for its being conducted to a spe-
cial reservoir at the rate at which it
trickles from the shavings. In the
first case the space beneath the false
bottom must be of sufficient size to
receive the fluid passed through the apparatus in a certain
time. This time being suitably fixed for 12 hours, the appa-
ratus can during this time work without further attendance,
so that the required space beneath the false bottom can be
calculated by multiplying the number of pourings with the
quantity of fluid poured in at one time.

Example:—The generator receives at intervals of 30 min-
utes a pouring of 5 quarts, hence in 12 hours 24 pourings of

Fra. 33.
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5 quarts each = 120 quarts. The space beneath the perfo-
rated false bottom must therefore be of sufficient capacity to
receive up to the height of the draught-holes at least 120.
quarts of fluid.

As will be seen from the following general descrlptlon of a
vinegar factory, arranged according to the automatic principle,
it is decidedly preferable to arrange the generators so that the
fluid trickling from.the shavings is at once conducted to a
collecting vessel.

Arrangement of a Vinegar Factory Working According to the
Automatic Principle.—As previously stated, it is not possible to
convert all the alcohol contained in the liquid into acetic acid
by one pouring ; only a portion of the alcohol being converted,
and this semi-product is brought into a second generator, and,
if the liquid used is very rich in alcohol, into a third. In the
second apparatus another portion of the alcohol is converted
into acetic acid, and the process finished in the third.

It being in all cases advisable to prepare vinegar with a
high percentage of acetic acid, most manufacturers now pass
the alcoholic liquid successively through three generators. In
practice it is recommended to place the generators which are
to receive alcoholic liquid of the same content of acetic acid
alongside each other, which leads naturally to the division of
the generators into three groups. If, for instance, a factory
contains 48 generators, each group contains 16; group I is
charged with freshly prepared alcoholic liquid ; the generators
of group II contain the alcoholic liquid which has already
passed through those of group I, and group III is charged
with the fluid yielded by group II.

Besides the easy control of the work, this arrangement into
groups has another advantage. The generators in which the
last remnants of the alcohol of a quite strong fluid are to be
converted into acetic acid are best kept at a somewhat higher
temperature ; and with a suitably arranged heating apparatus
and the eventual use of curtains by which the workroom can
be divided at will into two or three partitions, it can be readily
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arranged to convey somewhat more heat to the second group
of generators and the greatest quantity of it to the third.

The height of the actual workroom of the factory should not

be greater than required by that of the generators. The reser-
voir is placed under the roof of the workroom, while the col-
lecting vessels are either sunk in the floor or placed in the
cellar. :
Below is given a description of a periodically working estab-
lishment with 24 generators. The generators are arranged in
three groups, I, IT, and III, the following articles belonging
to each group :—

8 generators ;

1 reservoir;

1 collecting vessel ;

8 apparatuses for the distribution of the alcoholic liquid into
the generators;

Conduits for the alcoholic liquid to be poured in;

Conduits for the alcoholic liquid running off.

For the three groups in common :—

A pump to convey the alcoholic liquid from the collecting
vessels to the reservoirs.

A flue for the conveyance of warm air from the heating
apparatus in the cellar and for its distribution in the work-
room.

An apparatus for heating the alcoholic liquid.

The three reservoirs rest upon the joists of the ceiling of the
workroom, each being enclosed by a small chamber con-
structed of boards which are papered. In the floor of each
chamber is a man-hole for access to the reservoir. The man-
holes should not be furnished with doors, it being of import-
ance that the reservoirs should constantly be surrounded by
warm air which ascends through the man-holes. To prevent
loss by evaporation the reservoirs should be provided with
well-fitting covers.

To retain solid bodies such as shavings, ﬂakes of mother of
vinegar, etc., which might eventually obstruct the fine aper-
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tures in the false head or sparger, a filter is placed on the
end of the pipe through which the alcoholic liquid passes into
the reservoirs. A suitable filter for the purpose is a horse-hair
sieve containing a linen bag, the latter being from time to
time replaced by a new one.

The conduits for the conveyance of the alcoholic liquid to
the distributing vessels and from there to the generators are
best constructed of thick glass tubes, the connection of two
pieces being effected by pieces of rubber hose pushed over the
ends and secured with twine.

Each generator may be furnished with a vessel containing the
automatic arrangement, it being, however, in this case neces-
sary to provide for each a special conduit from the reservoir,
which for a factory containing a large number of generators is
rather expensive. Hence it is recommended to use for each
group only one or at the utmost two distributing vessels, and
from them to extend smaller conduits to the separate -gene-
rators. Each of the principal conduits is provided, at the place
where it enters the distributing vessel, with a spigot, which is
adjusted for the discharge of a certain quantity of alcoholic
liquid. If, as above mentioned, every generator is to receive
a pouring of 5 quarts of alcoholic liquid every 30 minutes, the
distributing vessel serving for a group of 8 generators must
have a capacity of 40 quarts, and the spigot has to be so
adjusted that exactly this quantity passes through it in 30
minutes.

The discharge-pipe of the automatic arrangement must enter
a space in which are inserted eight pipes having the same
diameter, which conduct the alcoholic liquid to the separate
generators. By this arrangement all the generators receive
simultaneously a pouring of an equal quantity of fluid which
either sets the sparger in motion or gradually trickles through
the apertures in the false head. The alcoholic liquid which
has passed through the generators collects either in the space
under the false bottom or runs directly through condmts to
the collecting vessels.
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The conduits placed before the discharge apertures of the
generators are intended to conduct the alcoholic liquid to the
reservoirs, and there being no pressure of fluid in them they
might be merely open gutters. For the sake of cleanliness and
to avoid losses by evaporation it is, however, advisable to use
glass tubes for the purpose. At the places where the dis-
charge-pipes of the generators are located, the connection of
two glass tubes is effected by a wooden joint with an aperture
on top in which is placed a glass funnel. For collecting ves-
sels for the alcoholic fluid running off from the generators of
one group, vats provided with lids are used. They have to be
placed so low that some fall can be given to the conduits, and
in each of them is a pipe provided with a spigot, which serves
as a suction-pipe for the pump intended to raise the alcoholic
fluid.

The manner of working in a factory thus arranged is as
follows : * The collecting vessel Cr serves for the preparation
of the aleoholic liquid, which is then pumped into the reser-
voir Ri1, from whence it runs through the first group of gen-
erators, GI, to the collecting vessel, Cir. From this it is
pumped into Rir, and runs through the second group of gen-
erators, Gir, into the collecting vessel Ciri. On being pumped
up the third time it runs from the reservoir Riir through the
third group of generators Gir1, and passes as finished vinegar
either into a fourth collecting vessel or is at once conducted
into storage barrels. _

The distance the alcoholic liquid has to be raised from the
bottom of the collecting vessels to the reservoir amounting to
not more than from 23 to 25 feet, an ordinary suction-pump
may be used for the purpose, though a forcing pump is better,
it doing the work more rapidly. The pump must be con-
structed of material entirely indifferent to acetic acid (wood,
glass, hard rubber, tin, or thickly silvered metal).

*To avoid repetition the collecting vessels are designated: Cr, i, m; the res-
ervoirs Ry, 1r;"and_1i7; the groups of generators Gi, 1, 1.
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Any metallic vessels used in the factory should be of pure
tin, . e., unalloyed with other metals, it being the only metal
entirely indifferent towards acetic acid, but unfortunately it is
too soft to be suitable for the construction of pﬁmps.

The pump is generally located in the immediate neiglibor-
hood of the collecting vessels, and the three branches of its
suction pipe pass into the latter. When one of the collecting

Fre. 34,
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vessels is to be emptied, the spigot of the branch pipe entering
it is opened and the spigots of the other branch pipes are
closed.

Ordinary well or river water being used in the preparation
of the alcoholic liquid, the temperature of the latter does not
generally exceed 54° F., and if it were thus introduced into
the generators acetification would be very sluggish until the
temperature rises to above 68° F. Independently of the loss
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of time, there would be the further danger of injuring the de-
velopment of the vinegar ferment ; hence it is necessary to heat
the alcoholic liquid to the temperature required. This is best
effected by passing it through a coil surrounded by hot water.
Fig. 34 shows an apparatus especially adapted for heating the
alcoholic liquid. In a copper or iron boiler filled with water,
which can be heated from below, is a coil, S, of pure tin; it
enters the boiler above at a and leaves it at b, so that the place
of inflow is at the same level with that of outflow. With
this form of construction the coil of course remains always
filled with liquid, which with the use of pure tin is, however,
of no consequence ; besides, this can be remedied by placing
on the lower coil a narrow pipe, R, which projects above the
edge of the boiler and is bent like a siphon. By opening the
spigot h the fluid contained in the coil runs off through R.

The rising pipe of the foreing-pump is provided with an
ar'rangement by which the alcoholic liquid can be brought
either directly from the collecting vessel into the reservoirs, or
first forced through the heating apparatus. It consists of a
prismatic wooden body provided with three spigots. By clos-
ing spigots 2 and 3 and opening 1, the alcoholic liquid is
immediately conveyed from the collecting vessels to the reser-
voirs. By closing spigot 1 and opening 2 and 3, which are
connected by short pieces of rubber hose with the ends of the
coil, S, the alcoholic liquid forced upward from the collecting
vessels by the pump must pass through the heating coil, and
after being heated it returns to the rising pipe, which conveys
it to the reservoirs. The arrows in the illustration indicate
the course of the alcoholic liquid has to traverse when splgots
2 and 3 are open and 1 closed.

The diameter and length of the tin coil depends on the
quantity of fluid which is to pass through it, though one with
a clear diameter of 12 to 14 inches and a length of 23 to 26
feet will, as a rule, suffice. Besides by slower or quicker
pumping the fluid can be forced with less or greater velocity
through the coil and correspondingly more or less heated.
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The walls of the coil should be as thin as possible so as to
yield heat rapidly.

The heating of the alcoholic liquid, of course, can also be
effected by heating one portion more strongly than necessary
and reducing it to the required temperature by mixing with
cold fluid. In working, however, with a fluid containing living
vinegar ferment—and such, as will be explained later on, is
claimed to be already contained in freshly prepared alcoholic
fluid—care must be had not to heat the liquid above 120° F.,
this temperature being destructive to the ferment.

CHAPTER X.

OPERATIONS IN A VINEGAR FACTORY.

Acetification of the Generators.—The object of acetification is
to thoroughly saturate the filling material—shavings, char-
coal, etc.—of the generators with vinegar and to cause the
development of the vinegar ferment upon it. The generators
are first filled with the filling material, the false heads or
the spargers are next placed in position, and the temperature
of the workroom is brought up close to 86° F. Ior acetifica-
tion, 4. e., saturating the shavings, vinegar of the same
strength, 4. e., with the same content of acetic acid as that
which is to be prepared in the generators, is used. TFor every
3531 cubic feet of the space filled with shavings or charcoal are
required for complete acetification the following quantities of
vinegar :

For shavings loosely poured in.... .ccccoeuniinnennins 603 to 71} gallons.
For shavings piled up one alongside the other ..90 to 105} gallons.
For charcoal, the size of a walnut ......... ........ 142} to 2113 gallons.

The value of the vinegar used for acetification has to be
considered as dead capital.
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The first vinegar running off from the generators is not only
considerably weaker than that used for acetification, but, not-
withstanding the previous lixiviation of the wood, has a dis-
agreeable taste so as to render it unfit for the preparation of
table vinegar, and can only be utilized, for instance, in the
preparation of acetate of lead, etc. 'When the vinegar running
off exhibits a pure taste, it is collected by itself and later on
converted into a product of greater strength by mixing it with
aleohol and passing again through the generators. By this
saturation of the shavings with vinegar, the vinegar ferment
locates in abundance upon the surface of the shavings, and
the generators are fit for the formation of vinegar.

Regular production, however, can be commenced only grad-
ually, which may be illustrated by an example as follows:

At first, for instance, alcoholic liquid is introduced only
once a day, either early in the morning or in the evening.
In about eight days, or under certain conditions even later,
the temperature in the generators has risen to from 86° to 95°
F., and alcoholic liquid may now be introduced twice daily,

- for instance, early in the morning and in the afternoon. The
fact that the generator is working is recognized by the in-
creased temperaturg and by the flame of a candle held near a
draught-hole being drawn inwards. After eight to fourteen
days more the thermometer shows 96° to 98° I'., and then
alcoholic liquid is introduced three times daily, for instance,
early in the morning, in the forenoon and in the afternoon,
whereby the temperature rises to 102° or 104° F. If now the
vinegar running off shows the desired strength, the generators
are in good working order, and are subjected to the regular
treatment. '

Accelerated Acetification.—By closely considering the process
which must take place in acetification and the first stage of
the operation, it will be plainly seen that the above-described
method cannot be called a rational one, there being a waste of
time as well as of material, and the commencement of regular

~ working being largely dependent upon accident.

i
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The object of acetification is, as previously stated, first to
thoroughly saturate the shavings with vinegar and next to
develop the vinegar ferment upon them. This can, however,
be attained in a more suitable and a quicker manner than by
the above process.

. Air-dry wood contains on an average 20 per cent. of water,
and during acetification this water must be gradually replaced
by vinegar; hence the vinegar trickling from the generators
will remain poor in acetic acid and rich in water until the
shavings are entirely saturated with pure vinegar and the
water has been expelled.

The removal of the water from the shavings and its substitu-
tion by vinegar are effected by osmose, i. e., the cells of the
wood surrounded by vinegar yield a fluid consisting of water
and extractive substances of the wood and absorb sufficient of
the exterior fluid until both liquids have the same composition.
Now, by pouring only a small quantity of vinegar at one time
over the shavings in the generator, as i1s done in acetification
according to the old method, the course of the process is very
slow, 14 days or more, as already mentioned, being required
before the vinegar running off shows no longer a change in its
concentration.

In a generator in a stage of acetification an uninterrupted,
though slight, current of air upwards takes place, since even
with the use of the best heating apparatus the air in the upper
layers is warmer than in the lower. This current of air be-
comes stronger with the development of larger quantities of
vinegar ferment and causes a large absolute loss of vinegar.
The greater portion of this loss must be set down as being due
to evaporation, which must be considerable on account of the
great surface over which the vinegar is distributed, and the
smaller portion, to consumption by the vinegar ferment.

By placing the shavings in vinegar the above-described pro-
cess of substitution of vinegar for the fluid contained in the
cells of the wood takes place very quickly, and, theoretically,
it would therefore seem to be advisable to follow the same
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course on a large scale, i. e., to saturate the shavings with
vinegar before placing them in the generators. By using
artificially dried shavings (see p. 54) the saturation is effected
in the course of a few hours, the dry woody tissue absorbing
the fluid like a sponge. :

The shavings, while still hot, are brought into a vat and
covered with the vinegar to be used for acetification. In about .
12 hours they are thoroughly saturated. The excess of vine-
gar is drawn off through the tap-hole in the bottom of the vat,
and having absorbed neither water nor extractive substances
from the steamed and thoroughly dried shavings can be imme-
diately re-used for the saturation of another portion of shav-
ings. The saturated shavings are at once used for filling a
generator, and the latter, which may now be considered as
completely acetified, can at once be employed for the process
of the formation of vinegar according to the method described
below.

Instead of in a vat, the shavings can also be saturated
directly in the generator. For this purpose the shavings,
after having been artificially dried, are immediately brought
into the generator, and vinegar is poured over them either by
means of the false head or the sparger until a considerable
quantity has accumulated in the space below the false bottom.
This accumulation is then drawn off and again poured over
the shavings, this being continued until they are thoroughly
saturated, which is effected in a comparatively short time.

Induction of the Operation with an Artificial Cullure of Vinegar
Ferment.—In the process of accelerated acetification of the
. generators no development of vinegar ferment can of course
take place, since by heating the shavings to about 212° F.
any fermenting organisms accidentally adhering to them are
destroyed. The vinegar ferment increases with astonishing
rapidity provided it finds nutriment suitable for its develop-
ment. Vinegar is, however, a very poor material for this
purpose, and this is very likely the reason why weeks are re-
quired before production can be commenced in generators
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acetified according to the old method. The ferment can,
however, be so rapidly propagated in the generator that pro-
duction can be commenced almost immediately after acetifi-
cation is complete. :
* For this purpose a method similar to that employed in the
manufacture of alcohol and yeast has to be pursued and vigor-
ous ferment obtained by cultivation. As previously mentioned,
the ferment causing acetic fermentation is widely distributed
throughout nature and is most abundantly found in the air of
thickly populated regions.
The ““ pure culture’” of the vinegar ferment, <. e., in which
no other than the desired ferment is developed, is not diffi-
cult, it being only necessary to prepare a fluid especially
adapted for its nutriment and allow it to stand at a suitable
temperature in order to obtain in a few days a vigorous
growth produced by a few individual germs reaching the fluid
from the air. The best fluid for the purpose is one which con-
tains, besides a large quantity of water—about 85 to 90 per cent.
—a, certain amount of alcohol and acetic acid, and very small
quantities of nitrogenous substances and mineral salts. Hence
its preparation is not difficult, it being only necessary to mix
ordinary vinegar and alcohol in suitable proportions and add a
small quantity of a fluid containing nitrogenous substances
and mineral salts, such as wine, cider, beer or malt extract.
Numerous experiments have shown that a fluid containing
from 4 to 6 per cent. of acetic acid and the same quantity of
“alcohol with the addition of a small quantity of one of the
above-mentioned fluids is best adapted for the vigorous nour-
ishiment of the vinegar ferment.. Ordinary table vinegar con-
tains as a rule from 4 to 6 per cent. of acetic acid ; the average
percentage of alcohol is in wine from 8 to 10 ; in cider from
4 to 6; and in beer from 3 to 5. Taking this statement as a
guide, the preparation of a fluid containing from 4 to 6 per
cent. of acetic acid, 4 to 6 per cent. of alcohol, and the required
nitrogenous combinations and salts will not bé difficult.
Fluids of this composition are obtained by mixing, for in-
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stance, equal parts of cider and vinegar, or one part of wine
with two of vinegar, or one part of beer with three of vinegar,
and adding 5 per cent. of 90 per cent. alcohol to the mixture.
Such mixtures, possessing the power of vigorously nourishing
the vinegar ferment, can at the same time be considered as
types for the preparation of alcoholic liquid of suitable com-
position. '

To assure the exclusive development of vinegar ferment
upon any of the above-mentioned mixtures it is best to heat
it to the boiling-point of water. Young wine as well as cider
contains considerable quantities of albuminous substances in
solution, and fluids of this nature being well adapted for the
nutriment of the mold ferment, the development of the latter
might increase to such an extent as entirely to suppress the
vinegar ferment and thus render its cultivation a failure.
Beer is also very suitable for the nutriment of the mold fer-
ment, though in a less degree than young wine, and besides
living yeast, contains alcoholic ferment.

By heating wine or beer only for a moment to about 158°
F., a large portion of the albuminous substances in solution
becomes insoluble, and on cooling separates as a flaky precipi-
tate, all ferments present in the fluid being at the same time
destroyed. Hence for the preparation of a fluid especially
adapted for the cultivation of pure vinegar ferment, it is
recommended quickly to heat to the boiling point 1 quart of
ordinary white wine in a covered porcelain vessel, and after
cooling to the ordinary temperature, to mix it with 2 quarts
of vinegar. To remove the separated insoluble albuminous
substances, filter through blotting paper.
~ To prepare a nourishing fluid from beer, heat a quart of it
to the boiling point, mix it after cooling with 3 quarts of
vinegar, add } quart of 90 per cent. alcohol, and filter.

Distribute this fluid in a number of shallow porcelain vessels
and place the latter near a window in the heated workroom.
To prevent dust from falling into the fluid, cover cach dish with
a glass plate resting upon two small wooden sticks placed
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across the dish. In two or three days, and sometimes in 24
hours, the commencement of the development of the vinegar
ferment will be recognized by the stronger odor of vinegar than
that possessed by the original fluid and by the appearance of
the surface of the liquid. By observing the latter at a very
acute angle, dull patches resembling grease-stains and consist-
ing of a large number of individuals of the vinegar ferment
will be seen. In a few hours these patches will have increased
considerably, until finally the entire surface appears covered
by a very delicate veil-like layer of vinegar ferment.

By touching the surface with the point of a glass rod a cer-
tain amount of the coating adheres to it, and by rinsing it off
in a fluid of similar composition not yet impregnated, the fer-
ment quickly develops upon it. By placing a drop of the fluid
under the microscope a picture similar to that shown in Fig.
2, p. 14, presents itself, the entire field of vision being covered
with germs of vinegar ferment.

By the development of mold ferment the cultivation of pure
vinegar ferment may sometimes result in failure even with the
use of the above-mentioned fluids. The development of this
ferment is recognized by the appearance of white dots upon
the fluid, which quickly increase to white opaque flakes, and if
left to themselves finally cembine to a white skin of a peculiar
wrinkled appearance. Fig. 35 shows a microscopical picture
of such abortive culture of vinegar ferment. By observing
at the commencement of this phenomenon the fluid with the
microscope, very small individuals of vinegar ferment, b, will
be observed alongside of the much larger oval cells a, of the
mold ferment. Such fluid being not adapted for our purposes
has to be thrown away and the dish rinsed off with boiling
water. :

When the fluid in the dishes is entirely covered with pure
vinegar ferment, it is poured into a vessel containing the
greater portion of the alcoholic fluid intended for the first
charge of the generators, and in the course of 10 hours the
entire surface of this fluid is covered with vinegar ferment.
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This fluid being poured into the sufficiently acetified genera-
tors and trickling gradually through them, the greater portion
of the ferment adheres to the shavings, and increases with
such rapidity that the great rise of temperature in the interior
of the generators shortly indicates the regular beginning of
their activity, and the pouring in of alcoholic liquid can at
once be commenced.

Vinegar ferment developed upon one of the above-mentioned
fluids is evidently so constituted that it can be thoroughly

nourished by it, and hence the generators might be continued
to be charged with alcoholic liquid of a corresponding com-
position. It being, however, as a rule, desired to manufacture
as strong a product as possible, an alcoholic liquid much richer
in alcohol than the above-mentioned nourishing fluids has to
be used. _

By, however, suddenly changing the nourishing fluid of the
vinegar ferment, for instance, from a fluid containing only 4
to 6 per cent. of alcohol to one with 12 to 13 per cent., the
action of the ferment would very likely be sluggish before it
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became accustomed to the new conditions. Further, its
activity might suffer serious disturbance and its propagation
decrease very sensibly, so that notwithstanding strong heating
of the workroom and thorough ventilation of the generators,
the temperature in the latter would suddenly fall, and would
only be restored to the required degree after the ferment had
become accustomed to the new conditions and recommenced
its vigorous propagation.

To overcome such annoying disturbances, it is only neces-
sary .to gradually change the composition of the nourishing
fluid to that which the alcoholic liquid to-be worked in the
generators is to have. Commencing, for instance, with an alco-
holic liquid containing 5 per cent. of alcohol, the next day
one with 6 per cent. is used, the succeeding day one with 7
per cent., and so on until the maximum percentage of alcohel
the liquid is to have is reached.

CHAPTER XI.

PREPARATION OF THE ALCOHOLIC LIQUID.

By the term ‘““alcoholic liquid ”’ is to be understood every
kind of fluid to be converted into vinegar which, besides water
and small quantities of nourishing salts and albuminovs sub-
stance, does not contain over 14 per. cent. of alcohol. The
term ““ wash ” or “ mixture” is frequently applied to the alco-
holic liquid. In the directions generally given for the prepa-
ration of such liquids, vinegar is mentioned as an indispensa-
ble constituent. While it cannot be denied that a content of
vinegar in the alcoholic liquid exerts a favorable effect-apon
the formation of vinegar, it must be explicitly stated that it is
not the acetic acid in the vinegar which in this case becomes
active, but the ferment contained in it. ’

In a vinegar factory, vinegar just finished and quite turbid
is as a rule used in the preparation of alcoholic liquid, and a
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microscopical examination shows such vinegar to contain in-
numerable germs of vinegar ferment. This ferment on com-
ing in contact with much air in the generators will evidently
increase rapidly and contribute to the rapid acetification of the
alcohol. That it is actually the ferment in the vinegar used
which exerts a favorable effect can be shown by a simple ex-
periment. By adding vinegar previously heated to from 140°
to 158° F. to the alcoholic liquid, the formation of vinegar in
the generators proceeds more slowly, the ferment contained in
the vinegar having been killed.

The best proof, however, that the alcoholic liquid does not
require any considerable quantity of acetic acid for its conver-
sion into vinegar is furnished by the behavior of wine. Prop-
erly prepared wine of a normal composition contains only a
few ten-thousandths of its weight of acetic acid, and this must
very likely be considered as a product of vinous fermentation.
If such wine be stored for.years in a cool cellar, its content of
acetic acid does not change. By, however, exposing it in a
shallow vessel to the air at from 66° to 78° F., microscopical
examination will show the development of vinegar ferment upon
it, and a chemical analysis a constant increase, soon amounting
to several per cent. of acetic acid. A fluid composed of 5 to 6
per cent. of alcohol, 94 to 95 per cent. of water, and a very
small quantity of malt extract, acte in a similar manner. In
many cases the vinegar ferment is developed without the fluid
containing acetic acid.

The alcoholic fluid to be used may from the start contain a
sufficiently large percentage of alcohol to correspond to the de- ~
sired strength of the vinegar to be made, and in this case the
fluid has to be poured several times into the generators, it
being impossible to convert a large quantity of aleohol into
acetic acid by passing it through but once. By another
method an alcoholic liquid is first prepared containing but
little aleohol, which ‘is almost completely converted into acetic
acid by one passage through the generators. The fluid run-
ning off from the generators is then further mixed with a cer-
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tain quantity of alcohol, and being poured into a generator in
which the vinegar ferment is already accustomed to larger
quantities of alcohol and vinegar, is also converted into acetic
acid. More alcohol can then be added, and so on. The last
method is evidently the best as regards the conditions of life
of the vinegar ferment, and actually the only one by which
the strongest vinegar (with from 12 to 13 per cent. of acetic
acid) can be obtained in generators.

That it is advisable only gradually to increase the content
of alcohol in the aleoholic liquid is shown by the behavior of
the ferment towards alcohol and acetic acid. Both bodies, if
present in large quantities, are decidedly inimical to the prop-
agation of the ferment, a fluid containing from 14 to 15 per
cent. of alcohol, or as much acetic acid, being capable of check-
ing it to such an extent as to disturb the process of production.

Another argument against the use of the total quantity of al-
cohol in the preparation of the alcoholic liquid to be employed
for the first pouring, is the fact that evidently more alcohol will
be lost by evaporation than by commencing with a fluid con-
taining less alcohol, and adding a corresponding quantity of
the latter after the fluid has once passed through the genera-
tors. The quantity.of alcohol for the first pouring should be so
chosen that the fluid running off still contains a small quantity
of unchanged alcohol, this being an assurance that only alcohol
and not unfinished acetic acid has undergone an alteration.
So long as alcohol is present in the alcoholic liquid the vinegar
ferment is almost entirely indifferent towards acetic acid, but
after the oxidation of all the aleohol, it attacks the acetic acid
and decomposes it to carbonic acid and water. This can be
shown by a very simple experiment. If finished vinegar, in-
stead of alcoholic liquid, be poured into a generator in full
operation, the vinegar running off shows a smaller percentage
of acetic acid than that poured in, the acetic acid missing
having been destroyed by the ferment.

To what an extent even smaller quantities than 14 to 15
per cent. of alcohol or acetic acid exert a restraining influence
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upon the propagation and activity of the vinegar ferment can
be seen in generators charged with alcoholic liquid of different
strengths, those containing less concentrated liquid can in the
same time form a much larger quantity of acetic acid than
those in which a liquid is used which already contains certain
quantities of acetic acid. Hence, the greater the quantity of
acetic acid already contained in the alcoholic liquid, the slower
the conversion of the alcohol still present in the acetic acid.

It may, therefore, be laid down as a rule that the manufac-
turer should not strive to prepare vinegar with more than about
12 per cent. of acetic acid. Though in exceptional cases a
product with 13 per cent. can be obtained, it will also be ob-
served that the respective generators gradually yield a weaker
product, or that their activity suddenly ceases to such an
extent as to require them to be placed out of operation.

The preparation of high-graded vinegar being undoubtedly
subject to greater difficulties than that of a weaker product,
the question might be raised whether the manufacture of weak
vinegar only would not be the most suitable. This must be
largely decided by local conditions. For a manufacturer whose
custom lies in the immediate neighborhood, for instance, in a
large city, the production of weak vinegar only would be advis-
able; but if he has to send his product a considerable distance,
the fact that the more freight has to be paid on what is of no
value, the weaker the vinegar is, and that the expense of trans-
porting a strong article is relatively less, deserves considera-
tion. The consumer can readily prepare vinegar of any
described strength by diluting the strong product with water.

The quantity of beer required for the purpose of offering
suitable nutriment to the vinegar ferment is very small, an ad-
dition of i per cent. to the alcoholic liquid being ample. Sour
or stale beer can of course be used. The reason for the em-
ployment of larger quantities of beer in mixing the alcoholic
fluids is found in the fact that the vinegar prepared from such
mixtures sooner acquires a pure taste than that made from
fluids containing but little beer. The addition of beer should,
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however, not exceed 15 per cent. of the total quantity of alco-
holic liquid, as on account of the comparatively high percent-
age of albuminous substances and the maltose, dextrin, and
extractive matters of hops it contains, a larger quantity would
be injurious to the process of acetic fermentation, the genera-
tors being frequently rendered inactive by the so-called  slim-
ing of the shavings.” The production of the latter is due to
the fact that by being partially excluded from contact with the
air by the comparatively thick fluid passing over it, the vine-
gar ferment deposited upon the shavings assumes the form of
mother of vinegar which adheres to the shavings as a slimy
mass.

The quantity of finished vinegar added to the alcoholic
liquid varies between 10 and 33 per cent. The use of large
quantities is however decidedly inexpedient, since the only
effect produced by the vinegar is, as previously stated, due to
the ferment contained in it. Of freshly prepared, turbid vine-
gar, 10 per cent. is ample for the preparation of aleoholic
liquid, and a greater quantity can only be considered as use-
less ballast.

Theoretically a certain quantity of alcohol yields exactly a
certain quantity of acetic acid. The following table shows the
proportions between the two bodies :—
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Practically less vinegar with a smaller percentage of acetic
anhydride is, however, always obtained, this being due to losses
of material caused partially by evaporation and pa;tial]y by
the oxidation of the alcohol extending beyond the formation
of acetic acid. In preparing the alcoholic liquid these un-
avoidable losses must be taken into consideration, and more
alcohol has to be used for the production of vinegar with a de-
termined percentage of acetic acid than is theoretically re-
quired. How much more has to be taken depends on the
kind of apparatus used and on the strength the vinegar to be
prepared is to show. The higher the percentage of acetic acid
which is to be obtained, the greater the losses will be, and con-
sequently the greater the content of aleohol in the alcoholic
liquid must be. Theoretically one per cent. of alcohol yields
one per cent. of acetic acid, but practically the proportions are
as follows:

For the production of Is required an alcoholic
vinegar with a con- liguid with a conteut
tent of acetic acid of— of alcohol of—

5 per cent . 5.4 to 5.5 per cent.
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The strength of commercial alcohol varying considerably, it
is of importance to the manufacturer to be able to calculate in
a simple manner how many gallons of water have to be added
to alcohol of known strength in order to obtain an aleoholic
liquid with the desired percentage of alcohol. The calcula-
tion is executed as follows :—

Suppose :

P = per cent. of alcohol in the spirits to be used.

E = per cent. of alcohol in the alcoholic liquid to be pre-
pared, the quotient obtained by dividing P by E gives the
volume to which the spirits have to be reduced by the addi-
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tion of water in order to obtain alcoholic liquid with the de-
sired percentage of alcohol.

Exam.ple —

From spirits of 86 per cent. Tralles’, alcoholic liquid with
11 per cent. of alcohol is to be prepared.

PE—= 86 1; IBi=HiEl ;:7.818.

Hence one volume of the spirits to be used has to be brought
to 7.818 volumes, or to one gallon of spirits 6.818 gallons of
water have to be added.

Examples of the composition of aleoholic liquid :—

A. Alcoholic liquid from aleohol, water, and vinegar :

For vinegar with about 7 per cent. of acetic acid.—Alcohol of
90 per cent. Tr. 10 parts by volume, water 107, vinegar with
7 per cent. of acetic acid 12.

For vinegar with about 12 per cent. of acetic acid.—Alcohol of
90 per cent. Tr. 10 parts by volume, water 65, vinegar with
12 per cent. of acetic acid 7. 3

It is advisable to add about 1 per cent. of the entire volume -
of beer to the above alcoholic liquids.

B. Alcoholic liquid from aleohol, water, vinegar, and beer.

For vinegar with about 5 per cent. of acetic acid.—Alcohol of
90 per cent. Tr. 10 parts by volume, water 107, vinegar with
5 per cent. of acetic acid 13, beer 14.

C. For vinegar with about 8 per cent. of acetic acid—Aleohol
of 90 per cent. Tr. 10 parts by volume, water 92, vinegar with
8 per cent. of acetic acid 10, beer 9.

In many factories it is customary not to determine the com-
position of the alcoholic liquid by calculation, but simply to
work according to certain receipts. Vinegar of a certain per-
centage is obtained, but its strength cannot be predetermined
with the same nicety as by calculating the percentage of alco-
hol in the alcoholic liquid by the above formula. The follow-
ing may serve as examples of such receipts :—
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D. Alcohol of 50 per cent. Tr. 100 quarts, water 600,
vinegar 900.

E. Alcohol of 90 per cent. Tr. 100 quarts, water 1200,
vinegar 300.

F. Alcohol of 90 per cent. Tr. 100 quarts, water 1350,
vinegar 175, beer 175.

G. Alcohol of 90 per cent. Tr. 100 quarts, water 1400,
vinegar 300, beer 100.

H. Alcohol of 80 per cent. Tr. 100 quarts, water, 850,
beer 750. |

I. Alcohol of 50 per cent. Tr. 100 quarts, water 100, beer
100.

The mixtures A, B and C are only given as examples of how
alcoholic liquids which yield vinegar containing the desired
percentage of acetic acid are prepared according to receipts.
Though it may be very convenient for the manufacturer to
" work according to such receipts as are given under D to I,
their use without a previous examination cannot be recom-
mended. It is far better for the manufacturer to prepare the
alcoholic liquid according to a receipt of his own, and not
shrink from the slight labor it involves. He has then at least
the assurance of obtaining vinegar with exactly the percent-
age of acetic acid desired, and is in the position to obtain an
accurate view of the entire process of the operation.

In the United States low wine containing 12 to 15 per cent.
by volume of alcohol is as a rule used for the preparation of
the alcoholic liquid. Some manufacturers prepare the sac-
chariferous mash themselves, allow it to ferment by the addi-
tion of yeast, and then distil off to between 12 and 15 per cent.
by volume. As the manufacture of yeast is frequently com-

_bined with that of vinegar, the distillates obtained from the
fermented liquors are after skimming off the yeast utilized for
vinegar manufacturing purposes.

Alcohol being the initial material in the preparation of
alcoholic liquid, it is necessary to know exactly the per cent.
by weight of alcohol it contains. With the assistance of the
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tables at the end of this volume, the content of alcohol in
spirits of wine can be readily determined by means of the
alcoholometer and thermometer.

With the temperature of the spirits of wine at exactly 59° F.,
it suffices to determine its specific gravity by testing with an
aerometer and to find the indicated figure in Table I (Hehner’s
alcohol table). The figure in the next horizontal column gives
the per cent. by weight, and the next the per cent. by volume
of alcohol contained in the spirits of wine examined. Tables
II, III and IV give data relating to the proportion between
the specific gravity and per cent. by weight and volume of
spirits of wine of various concentration, as well as the decrease
in volume by mixing with water. Table V shows the relation
between the statements of Tralles’ alcoholometer and a few
others used in different places.

The specific gravity as well as the volume of spirits of wine
varies with the temperature, and the statements of the aero-
meter for temperatures above the normal of 59° F. requires a
-corresponding correction, the execution of which is simplified
by the use of Tables VI and VII. Tt being desirable, especially
during the cold season of the year, to raise the temperature of
the spirits of wine by mixing with water, Table VIII shows
how much water has to be added in order to obtain from
105.6 quarts of spirits of wine of known strength, whiskey of
any desired concentration.

In order to know exactly the yield of acetic acid which is
obtained from a given quantity of alcohol, the acetic acid con-
tained in the vinegar added must necessarily be taken into
account as well as the alcohol in the beer, which is, of course,
converted into acetic acid. It is best to make the content of
alcohol in the alcoholic liquid so that it produces vinegar
‘whose strength corresponds with that of the vinegar added.
If, for instance, vinegar with 7 per cent. of acetic acid is used,
-aleohol of 7.6 to 7.7 per cent. by weight would have to be
employed according to the table on page 109. The following
compilation shows the manner of preparing alcoholic liquid
-according to rational principles.
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Suppose vinegar with 7 per cent. acetic acid is to be pre-
pared. There would be required—

Spirits of wine of 7.6 to 7.7 per cent. by weight......... 105.6 . quarts.

Vinegar with 7 per cent. of acetic acid ...........ouuevuuen. 10.56 ‘¢
D e A e R R o T L4 10.56 “

Suppose the beer contains, for instance, exactly 8 per cent.
by weight of alcohol, hence 10.58 ounces in 10.56 quarts.
According to this, a result of 126.78 quarts of vinegar with
exactly 7 per cent. of acetic acid could not be expected, since
10.56 quarts of the alcoholic liquid do not contain, as should
be the case, 26.82 to 27.18 ounces of alcohol, but only 10.58
ounces. Hence actually to obtain vinegar with 7 per cent. of
acetic acig a sufficient quantity of spirits of wine will have
to be added to the alcoholic liquid to increase the content of
alcohol by 16.22 to 16.57 ounces, or spirit of wine with more
than 7.6 to 7.7 per cent. by weight will have to be used from
the start.

It will, of course, be understood, that the data given above
hold good only for the quality of the vinegar in reference to
its content of acetic acid, the factor of the qualitative yield
being left out of consideration. The material lost in the
course of production amounts, as previously stated, to at least
15 per cent., and in determining the quality of the vinegar
to be produced this circumstance has to be taken into con-
sideration.

The content of acetic acid in vinegar can be determined with
great ease and accuracy (up to 13z per cent.) by volumetric
analysis, and from the result of such determination it can be
readily seen how near the correct proportion of alcohol in the
aleoholie liquid has been attained, and should the latter con-
tain too little of it, it can be readily brought up to the deter-
mined percentage by the addition of some strong spirit of wine,
or, if too much, by the addition of some water.

Constitution of the Fundamental Materials used in the Prepara-
tion of Alcoholic Liquids.—Spirits of wine, water, vinegar, and

8
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in most cases beer, constitute the fundamental materials for
the preparation of alcoholic liquids.

Any kind of wholesome drinking water is suitable for the
manufacture of vinegar. Water containing a large amount of
organic substance or living organisms, or which possesses a
specific taste from the admixture of salts, should not be used
under any circumstance.

Many well-waters are very hard, <. e., they contain a com-
paratively large quantity of calcium carbonate in solution. If
such water be used in the preparation of alcoholic liquid, the
calcium carbonate is decomposed by the acetic acid and the
vinegar contains a corresponding quantity of calcium acetate
in solution. Other well-waters contain a large quantity of
gypsum (calcium sulphate) in solution. This salt is not
changed by acetic acid, but remains partially dissolved in the
finished vinegar.

When water very rich in gypsum is mixed with alcohol the
fluid, at first entirely clear, becomes in a short time opalescent
and finally perceptibly turbid. After long standing a very
delicate white sediment separates on the bottom of the vessel,
the fluid. becoming again clear. This phenomenon is ex-
plained by the fact that gypsum, while soluble in water with
comparative ease, is next to insoluble in a fluid containidg
alcohol, and hence gradually separates in the form of minute
crystals. s

Water containing no gypsum but much calcium carbonate
shows after mixing with spirits of wine a similar behavior; it
at first becoming turbid and again clear after separating a deli-
cate white precipitate. Calcium carbonate is soluble only in
water containing a corresponding quantity of carbonic acid ;
on standing in the air the carbonic acid escapes and the cal-
cium carbonate separates.

This behavior of water when mixed with alcohol and stand-
ing in the air can be utilized for the almost complete separation
of the gypsum and calcium carbonate. Mixtures of water and
alcohol, in the proportion the alecoholic liquids are to have, are
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first prepared and the fluid stored in barrels in a warm apart-
ment near the workroom. The mixtures at first turbid be-
come clear after some time, and are then drawn off from the
sediment by means of a rubber hose. A comparative exami-
nation of the water and the mixtures shows that the latter
contain only very small quantities of gypsum and calcium
carbonate in solution.

River water, though generally soft, 4. e., poor in the above-
mentioned salts, is seldom sufficiently clear to be used without
previous filtration. It is further very likely that the small
worms, known as vinegar eels, which frequently become very
annoying in vinegar factories, reach the alcoholic liquid
through the use of river water, and, therefore, the use of well-
water wherever possible is recommended.

The constitution of the spirits of wine used in the prepara-
tion of the alcoholic liquids is of great importance, the bouquet
of the vinegar to be prepared depending on it. Commercial
spirits of wine always contains certain foreign bodies known as
“fusel oils,” which have a very intense odor and can only be
removed by careful rectification. For the vinegar manufac-
turer it is of great importance to know the behavior of spirits
of wine containing fusel oil when converted into acetic acid,
and a number of experiments with different varieties (from
potatoes, grain, wine) have shown the respective vinegar also
possessed of a specific odor, differing, however, from that of
the original fusel oil and developing by storing into a bouguet
of a peculiar but agreeable odor. This phenomenon is ex-
plained by the fact that the energetic oxidizing process which
takes place in the generators extends not only to the alcohol
but also to the other bodies present, and the greater portion of
the fusel oils is thereby converted into odoriferous combina-
tions or compound ethers.

By treating potato fusel oil (amyl alcohol) with sulphuric
acid and an acetate, amyl acetate is formed which in a diluted
state smells like jargonelle pears and is used by confectioners
under the name of * pear essence ” for flavoring so-called fruit
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bonbons. The same process would seem to take place by
passing spirits of wine containing potato fusel oil through the
generators, the vinegar prepared from such spirits of wine
showing an agreeable odor immediately when running off
from the generators, while vinegar prepared from entirely pure
spirits of wine has at first a stupefying smell and acquires a
harmonious odor only by long storing. ;:

It would, therefore, be advisable for the manufacturer who
works with potato aleohol not to use the highly rectified pro-
duct, but a mixture of it and of crude spirits containing fusel
oil, the vinegar prepared from such a mixture acquiring a
more agreeable odor than that obtained from the rectified pro-
duct. How much of the crude spirits has to be used can only
be determined by experience, but, as a rule, only enough
should be taken to assure the conversion of the entire quantity
of amyl alcohol present.

The fusel o1l contained in spirits of wine from grain consists
largely of a mixture of fatty acids, and offers far greater resist-
ance to oxidation in the generators than amyl alcohol. The
same may be said of cenanthic ether, the fusel oil of brandy.
In working with alcoholic liquid prepared with a large quan-
tity of grain spirits containing fusel oil, the smell of un-
changed fusel oil is perceptible in the vinegar besides the odors
of the products of its decomposition. With the use of small
quantities of grain spirits containing fusel oil, vinegar possess-
ing a more agreeable odor than that from entirely pure spirits
is obtained.

CHAPTER XII.

EXECUTION OF THE WORK IN A VINEGAR FACTORY.

Waex the factory is in proper working order the further
execution of the operation is very simple, it being only neces-
sary to admit at stated intervals to the generators a previously
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determined quantity of alcoholic liquid and to collect the
vinegar running off. With the operation running its proper
course, attention has only fo be paid to the maintenance of the
correct temperature in the workroom and in the generators,
the chemical process proceeding regularly without further
assistance. In many cases, however, deviations from the reg-
ular order occur, and are due to external influences, such as
changes in the temperature in the generators, variations in
the composition of the alcoholic liquid, ete. They will later
on be discussed in a special chapter.

The capacity of a factory depends on the number of gen-
erators in operation. A regularly working generator is sup-
posed to be capable of daily converting 3 liters (3.16 quarts)
of absolute alcohol, and this quantity will be taken as the basis
for calculating the execution of the operation. If, for instance,
vinegar with 8 per cent. of acetic acid is to be manufactured,
alcohol of 8.8 per cent. by weight has to be used, and to pre-
pare this, 3 liters of 100 per cent. alcohol have to be reduced
with water, so that, according to Table I, the fluid shows a
specific gravity of 0.9858 at 59° F. According to Table III,
8.98 liters of water have to be added to every liter of 100 per
cent. alcohol to obtain spirits of wine of 8.8 per cent. by
weight ; hence 3 liters have to be compounded with 26.94
liters of water (according to Table III, alcobol with 90 per
cent. by volume of alcohol contains 11.80 per cent. by volume
of water, 80 per cent. alcohol 22.83, etc., which has to be
taken into consideration in making the dilution).

According to Table III, the contraction in this case amounts
to 0.799 part by volume for every 100 parts by volume of the
fluid. Hence the 3 liters of 100 per cent. alcohol yield, when
diluted to spirits of wine of 8.8 per cent. by weight, 26.94 + 3
=29.94 liters of fluid. Actually the quantity is somewhat
smaller, as in mixing alcohol with water a decrease in vol-
ume takes place. If the alcoholic liquid is to contain 10 per
cent. each of vinegar and beer, the quantity of fluid is as
follows :—
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Dilute spirits of wine . 3 : : ; . , 29.94 litres.

Vinegar with 8 per cent. acetic acxd . 3 - 5 . 2994 ¢

Beer . ¢ 3 2 . : 7 T K : S ili 2991
35.928

Hence the quantity to be worked in a generator in the course
of a day amounts to 35.928 liters, or taking into account the
quantity of alcobol (about 90 grammes or 3.17 ozs.) contained
in the beer, to about 36 liters. This quantity has to be divided
among the separate pourings so that in a working time of 15
hours, 2.4 liters would have to be poured every hour. How-
ever, by this method, too much alcohol would, on the one
hand, be lost by evaporation, and, on the other, the work of
the generators would be comparatively slow, since, as is well
known, the conversion into acetic acid is effected with greater
rapidity when the alcoholic liquid contains less alcohol.
Hence it is advisable to use in the commencement of the oper-
ation a fluid which contains only about one-half or two-thirds
of the total quantity of alcohol, and to add a corresponding
quantity of strong alcohol to every fresh pouring.

When all the alcohol has been converted into acetic acid,
the vinegar ferment, as previously mentioned, commences,with
great energy to oxidize the latter to carbonic acid and water,
and hence the quantity of spirits of wine added to the alcoholic
liquid must be sufficiently large for the vinegar runmng off to
contain always a minute quantity of .

Much has been written about this gradual strengthening of
the alcoholic liquid with alcohol, and explicit directions are
given as to the original composition of the alcoholic liquid, as
well as to how much, how often, and when the alcohol is to be
added. These directions may have proved useful in many
cases, but local conditions exert too great an influence upon
the process of manufacture for them to be of general value.
Besides the content of alcohol in the alcoholic liquid, the size
of the generators, the strength of the draught in them, the
temperature prevailing in the workroom and in the interior of
the generators, are factors which must be taken into consider-
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ation in determining on a plan of operation actually adapted
to existing conditions.

The size of the generators is, of course, fixed once for all.
In a proper state of working the strength of the current of air
must be so regulated that the temperature in the interior of the
generators is only about 45° F. higher than that of the work-
room, which is readily accomplished with a suitable central
heating apparatus. There still remains the determination of
the most favorable proportion of the content of alcohol in the
alcoholic liquid to be first used and its gradual strengthening
by the addition of spirits of wine, which can only be effected
by a chemical examination of the fluid running off from the
generators. -

This chemical examination is restricted to the accurate de-
termination of the quantity of acetic acid in the fluid and to
that of the alcohol to 0.1 per cent. The determination of the
acetic acid is effected by volumetric analysis, and with some
experience requires four to five minutes for its execution. For
the determination of the alcohol an examination with the
ebullioscope suffices, which can also be accomplished in four to
five minutes.* These two determinations, which every vine-
gar manufacturer should be able to make, are the only means
of obtaining an accurate control of the working of the factory,
and also serve, of course, for settling the exact plan of opera-
tion from the start.

If, with reference to the example given above, vinegar with
8 per cent. of acetic acid is to be prepared, the alcoholic liquid
must contain a total of 8.8 per cent. by weight of aleohol.
Now if the manufacture is commmenced with an alcoholic liquid
containing the total quantity of water, vinegar, and beer, but,
for instance, only 5 per cent. by weight of alcohol, the follow-
ing method will have to be pursued in order to accurately
determine when and how much alcohol has to be added.

The first portion of the alecoholic liquid being poured into

* The manner of executing these determinations will be described later on.
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the generator, the fluid running off is tested as to its content
of acetic acid and alcohol, the test being repeated after the
second and each successive pourings. Each test must show an
increase in the content of acetic acid and a decrease in that of
alcohol, and the latter must finally have disappeared so far
that a new addition of alcohol seemns to be in order. If the
test after the third pouring shows the fluid to contain only 0.3
to 0.4 per cent. of alcohol, this quantity would be quickly and
completely oxidized in the fourth pouring, and a certain quan-
tity of acetic acid be at the same time destroyed. Hence it is
necessary to add, for instance, 2 per cent. by weight of alcohol
to the alcoholic liquid before the fourth pouring. When this
2403 or 24 0.4 per cent. of alcohol, which the alcoholic
liquid now contains, is again reduced, after the sixth or
seventh pouring, to 0.3 or 0.4 per cent., the last addition of
1.8 per cent. of alcohol is made, the total quantity of alcohol,
54 2+ 1.8 = 8.8 per cent. having now been used.

When, after a certain number of pourings, a test of the fluid
running off shows a content of 8 per cent. of acetic acid and
only 0.1 or 0.2 per cent. of alecohol (a small remnant of alcohol
should always be present) the process is considered as finished,
and a further pouring into the generator would not only be
useless labor, but contrary to the end.in view, since, after the
complete oxidation of the last remnants of alcohol, that of
acetic acid would immediately commence, and weaker vinegar
would be obtained after each pouring.

If a generator works up the quantity of aleoholic liquid in-
tended for 12 or 15 hours in 10 or 12 hours, it is more proper,
on account of the diminished loss by evaporation, to induce
slower work by decreasing the draught of air in order to
maintain the rule that a generator has to work up 3 liters of
absolute alcohol in the working time of a day.

After controlling for several days the work of a generator,
by examining the products as to their contents of acetic acid
and alcohol, the plan of operation resolves itself from the
results of these tests, since then it is accurately known after
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how many pourings of an alcoholic liquid of known composi-
tion an addition of alcohol is required ; further, after how many
pourings a finished product is present, so that directions for
the progress of the operation can be given to the workmen ac-
cording to time and quantities. The normal working of the
generators can always be controlled by from time to time re-
peating the test of the products.

Now, suppose the work in a newly arranged factory having
reached the point at which acetification is complete, the actual
production, according to the old method, will be gradually
commenced by pouring in alcoholic liquid of corresponding
concentration.

The shavings of the generator having been saturated with
acetifying vinegar, the latter is partially replaced by the fluid
poured in, and as much as is expelled runs off. If the gener-
ator should at once commence to work regularly, the tempera-
ture in its interior would be observed to rise, though it would
at first be impossible to establish a change in the composition
of the fluid running off. Slight variations in the content of
acetic acid and a small percentage of alcohol could be deter-
mined in the fluid only after the acetifying vinegar originally
present has been entirely expelled by a series of pourings.

With the progress in the manufacture of vinegar, it became
customary to produce the strongest vinegar possible, the so-
called triple vinegar, with about 12 per cent. of acetic acid.
On account of its greater commercial value, this article could
be sent greater distances, the consumer reducing it to a weaker
product by the addition of water.

To prepare directly vinegar with such a high percentage of
acetic acid, it would, however, be necessary to acetify all the
generators with vinegar of the same strength, and to use alco-
holic liquid very rich in alcohol. By this method the losses of
alcohol by evaporation, and also of acetic'acid, would, however,
be so great as to make the product too expensive. Further-
more, the work would require most careful and constant atten-
tion on account of the difficulty with which oxidation takes
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place in alcoholic liquid containing much acetic acid, and it
might only too readily happen that the generators suddenly
worked with less vigor, i. e., that the content of acetic acid in
the vinegar running off would decrease, and the quantity of
alcohol remaining unchanged correspondingly increase.

On account of these difficulties, it has become customary to
charge the greater number of generators with alcoholic liquid
yielding the so-called double vinegar with about 8 per cent. of
acetic acid, and to work this vinegar with the addition of the
required quantity of strong spirits of wine in a number of
generators, which, of course, must be acetified with 12 per
cent. vinegar.

It will be readily understood that the employment of this
method is not only advantageous for the production of vinegar
with the highest attainable content of acetic acid, but also for
general purposes. Passing the alcoholic liquid but once
through the generators does not suffice, even for vinegar with
only 5 to 6 per cent. of acetic acid, an examination always
showing a considerable quantity, 3 per cent. and more, of un-
converted alcohol in the vinegar running off. The conversion
of alcoholic liquid with a small content of alcohol into vinegar
by one pouring can, to be sure, be accomplished, but it neces-
sitates the use of very tall generators and a constant struggle
with difficulties on account of the irregular draught of air,
caused by the packing together of the shavings.

Group System.—Theoretically, as well as practically, the
group system may be considered as the perfection of the quick
process. The principle of the operation consists in the divi-
sion of the generators into two or three groups, each group
preparing vinegar of determined strength. In factories which
do not produce vinegar of the greatest attainable strength (12
per cent. vinegar), but only double vinegar with about 8 per
cent. of acetic acid, two groups might suffice. The manufac-
ture of a product of the greatest attainable strength being,
however, advisable in most cases, it is recommended to ar-
range the factory for continuous work with three groups of
generators.
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For this purpose the number of generators must be divisible
by three; Hence 3, 6, 9, 12, etc., generators have to be pro- .
vided, of which 1, 2, 3, 4, etc., form one group, so that, for in-
stance, in a factory working with 24 generators belonging to
one group with the same number, we have groups I, II and
I11, and in acetifying and operating, the generators belonging
to one group are treated in the same manner.

. For the preparation of the strongest vinegar (12 per cent.)
the generators belonging to group I can, for instance, be acet-
ified with vinegar of 6 per cent. acetic acid, those of group II
with 9 per cent. vinegar, and those of group III with 12 per
cent. vinegar. The process of operation is then as follows :—

Group I. The generators belonging to this group are
charged with an alcoholic liquid which yields vinegar
with a content of 6 per cent. acetic acid, and the fluid
running off is poured back into the generators until a
test shows the alcohol, with the exception of a small
remnant, to have been converted into acetic acid. To
this vinegar is then added sufficient strong aleohol to
form an alcoholic liquid which will yield 9 per cent.
vinegar.

Group II. The alcoholic liquid for 9 per cent. vinegar.is
poured into the generators belonging to group II, the
pourings being repeated until all but a very small quan-
tity of the alcohol is oxidized. The vinegar running
off is again compounded with sufficient alcohol to form
alcoholic liquid for 12 per cent. vinegar, and is brought
into

Group III. The pourings are here repeated until the oxi-
dation of alecohol is nearly complete. The finished
product is then stored or clarified.

As will be seen from the above, in operating according to
the group system, the entire factory is, so to say, divided into
three factories, I, II, and III, of which I produces vinegar of
6 per cent., II vinegar of 9 per cent., and III vinegar of 12
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per cent. The product of I, after having been eonverted by a
suitable addition of alcohol into alcoholic liquid adapted for
the preparation of 9 per cent. vinegar, is directly used for
charging the generators of group 1I, and that of I for charg-
ing III.

The generators belonging to one group having been aceti-
fied with vinegar of the same strength, the fluid running off
from one generator need not necessarily be returned to it.
The work can, therefore, be simplified by conducting the fluid,
running off from all the generators by means of a suitable
pipe-system into a common receiver instead of allowing the
fluid, which has passed through a generator, to collect under
a false bottom and then drawing it off and returning it to the
same generator. If, for instance, 8 generators belong to one
group and 3 litres have at the same time been poured into
each, the passage of the liquid through all the generators will
be shown by a measuring scale placed in the common receiver,
indicating that the latter contains 3X8=24 litres.

Thesamples for determining the content of acetic acid and
alcohol are taken from the common receiver, and the latter
also serves for the conversion of the vinegar, after it has ac-
quired the percentage of acid attainable in that group, into
stronger alcoholic liquid by the addition of aleohol. In order
to effect an intimate mixture, and at the same time prevent
the vinegar ferment floating in the fluid from suffering injury
by coming in contact with the highly concentrated spirits of
wine, the required quantity of the latter is introduced in a
thin jet and with constant stirring.

In many factories it is customary from time to time to alter-
nate with the pourings in the groups or * to cross the genera-
tors.” By this ¢ crossing ”’ the alcoholic liquid, which, accord-
ing to the above method, would, for instance, pass from group
II to group III, is poured into group I, so that after some time
the generators of this group are converted into generators of
group III (with 12 per cent. acid), and group III becomes
group I, it now containing the weakest alcoholic liquid (with 6
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per cent. acid). Crossing, however, cannot be recommended,
because a sudden change in the constitution of the nourishing
fluid always exerts an injurious influence upon the propaga-
tion of the vinegar ferment.

Recourse to crossing is most frequently had for the purpose
of “ strengthening ”” the vinegar ferment by working weaker
alcoholic liquid in the generators of one group-—generally that
which yields the strongest vinegar—when their activity dimin-
ishes. This strengthening of the ferment can, however, be
effected in a more simple and suitable manner by diminishing
the quantity of alcoholic liquid poured in at one time and by
increasing the draught of air, and the consequent change of
temperature in the generators, so that the principal reasons for
“ crossing the generators”’ (which many manufacturers consider
indispensable) have no force.

Group System with Automatic Contrivances. If the pourings
of the alcoholic liquid are to be effected at determined inter-
vals by an automatic contrivance, the group system as de-
scribed on p. 122 ef seq. should be used. The operation of
such a factory is very simple. ~As seen from the descriptien
of the arrangement, the generators are divided into three
groups, I, I, and III. Besides the generators each group must
be provided with a reservoir, which may be designated R, and
a collecting vessel C. (The other component parts, distribu-
ting arrangements and conduit, can here be left out of con-
sideration.)

For the production of 12 per cent. vinegar in such a factory
it is the best so to prepare the alcoholic liquid for the several
groups that

Group I contains alcoholic

liqguid with . . . . 6 p. c. acetic acid and 6.5 to 6.6 p. c. alcohol.
Group II contains alcoholic
Igeideivithie o2 5 hes o 09 g £ +3.2 to 3.3 0

Group IIL contains alco-
holic liquid with . . .12 ¢ At +3.2 to 3.3 o
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Group I having been ‘acetified with 6 per cent. vinegar,
group II with 9 per cent. vinegar, and group III with 12 per
cent. vinegar, the fluid running off from group 1, after being
compounded with 3.2 to 3.3 per cent. of alcohol, is used in
group II as alcoholic liquid for 9 per cent. vinegar, and yields
9 per cent. vinegar, which after being again compounded with
3.2 to 3.3 per cent. of alcohol, yields 12 per cent. vinegar after
having passed through group IIL

The uninterrupted working of the generators constituting
one of the principal advantages of the automatic system, it is
advisable to regulate the automatic contrivance so that but a
small quantity of alcoholic liquid be at one time poured out,
and to fix the intervals between two pourings so that the sec-
ond pouring takes place after about one-half of the first has
run off. Under these conditions there will be in the lower
half of the generator an alcoholic liquid in which the alcohol
is nearly as much oxidized as it can be by one passage through
the generator, while in the upper half will be fresh alcoholic
liquid in which oxidation is continued without interruption.
A further advantage obtained by this is that a generator will
yield quantitatively more than one working only 15 to 16
hours; further, the conditions of temperature in the interior
of the generator remain always the same, and the ferment con-
stantly finds nutriment.

The alcoholic liquid for group I is pumped into the reser-
voir R, and passes through the generators of group I into the
collecting vessels C,. All the alcoholic liquid having run off
from R,, the fluid collected in C,, after having been tested as
to its content of acetic acid, is for the second time pumped in-
to R, and passes again through the generators of group I. The
automatic contrivance isso regulated that the alcoholic liquid,
after being twice poured in, contains but a very small remnant
of alcohol.

To the vinegar of 6 per cent. collected in C|is now added
3.2 to 3.3 per cent. by weight of alcohol, best in the form of
80 to 90 per cent. spirits of wine. The resulting stronger alco-
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holic liquid 1is at once pumped into R,, and passing through
the generators of group II reaches the collection vessel C. It
is then tested, pumped back into R,, and again collected in C,.
If it now shows the required strength, it is mixed with the
second portion of 3.2 to 3.3 per cent. by weight of alcohol and
is pumped into R;, and after passing twice through the gene-
rators collects as finished vinegar in C, :

It will be seen from the above description of the process that
in making the tests, the product of all the generators of one
group is treated as a whole. A disturbance may, however,
oceur in either one of the generators, and it would take consid-
erable time before its existence would be detected by a change
in the constitution of the entire product. The thermometer
with which each generator is provided is, however, a reliable °
guide as to the activity of the latter, and if it shows in one of
them a temperature varying from 37° to 49° F. from that pre-
vailing in the others, it is a sure sign of the respective generator
not working in the same manner as the others, and the product
running off from it should be tested by itself as to its content
of acetic acid and alcohol.

Generally it will contain either no alcohol or very much of it.
In the first case the temperature of the respective generator is
higher than that prevailing in the others, and its activity has
to be moderated by decreasing the admission of air; in the
other case, the generator works too sluggishly, and the differ-
ence is sought to be equalized by increasing the current of air
or giving a few pourings of somewhat warmer alcoholic liquid.
With a good heating apparatus producing a uniform tempera-
ture in the workroom such disturbances will, however, but
seldom happen, and by the use of the above means the normal
working of the generators can be restored.
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CHAPTER XIII.

DISTURBING INFLUENCES IN THE MANUFACTURE OF VINEGAR.

IN no other industry based upon the process of fermentation
are irregularities and disturbances of such frequent occurrence
as in the manufacture of vinegar. Besides the nourishing sub-
stances dissolved in the fluid and free oxygen, the vinegar fer-
ment requires a certain temperature for its abundant propaga-
tion, by which alone large quantities of alcohol can in a short
time be converted into acetic acid. By exercising the neces-
sary care for the fulfillment of these conditions serious dis-
turbances can be entirely avoided, and the slighter ones due
to insufficient acetic fermentation of the ferment readily re-
removed. :

As regards the nourishing substances of the ferment, irregu-
larities can actually occur only in working continuously with
an alcoholic liquid composed exclusively of water and alcohol.
In such alcoholic liquid the nitrogenous substances necessary
for the nutriment of the ferment are wanting, nor are the phos-
phates present in sufficient quantity. The consequences are
the same as in every insufliciently nourished ferment-organism :
The fermenting activity suddenly diminishes, propagation pro-
ceeds sluggishly and ceases entirely if abundant nutriment is
not introduced. Hence it may happen that from a generator
containing alcoholic liquid composed only of water, alcohol,
and vinegar, the greater portion of the alcohol suddenly runs
off unchanged, the temperature in the interior of the generator
at the same time falling, and the draught of air ceasing soon
afterwards. When these phenomena appear it should first be
ascertained whether the disturbance is not due to too slight a
current of air. For this purpose the draught-holes are entirely
opened, and if the temperature rises the generator gradually
resumes its normal working. If, however, no improvement is
observed, the disturbance is due to defective nutriment, and the
composition of the alcoholic liquid has to be changed, which is
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best effected by the addition of a few per cent. of beer or of
fermented aleoholic mash, either one of them containing a suffi-
cient quantity of phosphates.and albuminous substances. The
use of sweet beer wort or malt extract has also been highly
recommended for “strengthening weak-working generators.”
These substances also furnish albuminous bodies and phos-
phates to the alcoholic liquid, but they also contain maltose and
dextrin, and as it has not yet been ascertained whether the
latter and the carbohydrates in general can be consumed and
digested by the ferment, they possibly may pass unchanged
into the vinegar. Honey and glucose are also sometimes used
for strengthening purposes, but while the former might be
useful on account of the abundance of salts and nitrogenous
substances it contains, no substances of any value to the fer-
ment are present in the latter. At any rate the addition of
beer, mash, or malt extract is to be preferred.

An addition of phosphate to the alcoholic liquid is also
claimed to produce a favorable effect upon the propagation of
the ferment. Commercial phosphoric acid is dissolved in
water and the solution neutralized with potassium, a solution
of potassium phosphate being in this manner obtained. The
vinegar ferment being very sensitive towards this salt, a very
small quantity of the solution, about 15457 of the weight of the
alcoholic fluid may be added. The experiment must, how-
ever, be made very cautiously, and the effect upon the working
of the generator carefully noted.

Disturbances ascribable to the quantity of newly formed Acetic
Acid. Under proper working conditions the alcoholic liquid
brought into the generators should be completely converted
into vinegar, and theoretically, the product running off show
the same strength as the vinegar used for acetification. Act-
ually there are, however, slight variations not exceeding a few
tenths of one per cent. Should greater differences appear, a
disturbance actually exists and may show itselfin various ways.
The generator may work too feebly or too vigorously. In the
first case the content of acetic acid in the fluid running off de-

9
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creases considerably, while that of alcohol increases. The
process of the formation of vinegar is, so to say, only half
carried through, a great portion of the alcohol being converted,
not into acetic acid, but into aldehyde. The greater portion

of this combination is lost to the manufacturer on account of

its low boiling point (71.6° F.), it escaping in the form of vapor,
the stupefying odor of which when noticed in the air of the
workroom is accepted by all manufacturers as indicative of a
disturbance in the regular working of the generators. This
odor, however, becomes perceptible only after the disturbance
has continued for some time, with the loss of a considerable
quantity of alcohol. Hence the control of the working of the
generators by a frequent determination of the acid becomes
necessary. Repeated observations of the thermometer also
furnish valuable hints about the progress of the chemieal pro-
cess. The temperature in this case remains only for a short
time unchanged and soon falls, far less heat being liberated in
the mere conversion of aleohol into aldehyde than when oxi-
dation progresses to the formation of vinegar. These phe-
nomena are indicative of the generator not being able to master
the alcoholic liquid introduced, and may be due to the pourings
being too large, or the temperature of the alcoholic liquid
poured in being too low, or finally to an insufficient draught
of air. !

To restore the generator to a- proper state of working, it is
best to try first the effect of smaller pourings, and then an in-
creased draught of air. If the disturbance was due to an in-
sufficient draught of air, the temperature soon rises and the
generator will be able to work up the regular quantity of alco-
holic liquid. By the use of alcoholic liquid of a somewhat
higher temperature the restoration of the normal conditions
can be accelerated.

A decrease in the content of acetic acid in the fluid running
off from the generators without the presence of alcohol being
shown, indicates a too vigorous process of oxidation, the alco-
hol being not only oxidized to acetic acid, but the latter further
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into carbonic acid and water. The temperature in the interior
of the generators rises considerably, about 45° F., above that
of the workroomn.

In this case the restoration of the respective generator to a
proper state of working is not difficult and can be effected in
two ways, either by considerably decreasing the ventilation ot
the generator, or by pouring in a larger quantity of alcoholic
liquid than previously used.

Heating of the generators is generally due to faulty con-
struction. Generators of large dimensions, as a rule, become
too warm much easier than smaller ones, the phenomenon also
appearing more frequently in summer than in winter; and
“too warm ’’ being just as injurious to the efficacy of the gen-
erators as “too cool,” they must, during the warm season of
the year, be as carefully protected against too high a tempera-
ture as against cooling during the cold season. This is effected,
on the one hand, by a suitable ventilation of the workroom
during the night, and, on the other, by the use of alcoholic
liquid of a somewhat lower temperature during the lottest
season of the year. Moreover, disturbances from too high a
temperature of the exterior air need only be feared in coun-
tries with a very warm climate.

It has been frequently proposed to counteract a too vigorous
activity of the generators by the addition of a little oil of cloves
or salicylic acid which have the property of checking fermenta-
tion. Salicylic acid, especially, is an excellent corrective for
the faulty working of a generator. It has to be used, bowever,
with great caution and only be added by the i3isgs of the
weight of the alcoholic liquid, and just in sufficient quantity
to attain the desired result. A large amount is injurious to
the ferment and might kill it.

“ Sliming” of the Shavings in Generators—This disturb-
ance sometimes occurs in a vinegar plant, and its progress gen-
erally ends in throwing the entire operation into complete
disorder so that finally no more vinegar can be produced. -
After fruitless experiments nothing remains but to empty the
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generator, wash the shavings with hot water and, after drying
and steeping them in hot vinegar, return them to the gen-
erator.

Sliming may be due to infection by foreign bacteria and
fungi, as well as to super-oxidation and the accumulation of
larger quantites of alcohol in the shavings which affects the
bacteria to such an extent that they have no longer the power
of forming acetic acid or only very small quantities of it, but
only aldehyde, the intermediate product between alcohol and
acetic acid.

The trouble begins to show itself by the generators commenc-
ing to work irregularly. While formerly a certain quantity of
alcohol was after a fixed number of pourings converted into
acetic acid, a large number of pourings are now required to
attain the same result. The generators work slower and the
heat in their interior decreases. By heating the workroom
more strongly only a temporary improvement is brought about,
and the production of the generators becomes less and less, and,
finally, so low that work has to be interrupted. When the
disturbance has progressed thus far a disagreeable musty, in-
stead of the characteristic acid odor, is perceived in the work-
room. By allowing one of the faulty working generators to
stand for a few days without charging it with alcoholic liquid,
the temperature in the interior may rise considerably and pro-
ducts of putrefaction be developed to such an extent as to
taint the air of the workroom, :

" Long before this phenomenon becomes apparent, an altera-
tion takes place in the shavings. A shaving taken from a
. normally working generator has the ordinary appearance of
wet wood ; but one taken from a generator working in the
above-mentioned faulty manner is coated with a slimy mass,
which is somewhat sticky, and can be drawn into short threads.
Viewed under the microscope this slimy coating presents a
structureless mass, throughout which numerous germs of vine-
gar ferment are distributed and sometimes the vinegar eels.
Independently of the presence of the latter, this slimy coating
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presents the same appearance as the so-called mother of vine-
gar. By placing a shaving coated with slime upright in a shal-
low dish, and filling the latter % the height of the shaving with
alcoholie liquid, the previously described delicate veil of vine-
gar ferment develops upon the surface, while the portion of the
shaving covered by the fluid is surrounded by flakes distin-
guished by nothing from mother of vinegar. Hence there can
scarcely be a doubt that the slimy coating actually consists of
the same structure to which the term mother of vinegar (see
p. 21) has been applied, and in searching for the cause of the
formation, it will generally be found to be due to conditions
similar to those which give rise to the formation of the latter.
An alcoholic liquid overly rich in young beer containing much
albumen, or one to which much malt extract or young fruit-
wine has been added, is apt to give rise to the formation of
mother of vinegar in the generators. The slimy coating thus
formed upon the shavings envelops the vinegar ferment and
prevents its immediate contact with the air; consequently the
alcoholic liquid does not encounter as much ferment as is re-
quired for the complete oxidation of the alcohol, and the gen-
erators become weaker. This decrease in the production is, of
course, followed by a lower temperature in the generators, and
consequently by a decrease in the propagation of the ferment,
these unfavorable conditions finally becoming so great as to
bring the activity of the generators to a standstill.

The settlement of vinegar eels upon the surface of the mother
of vinegar has no connection with sliming. Should, however,
large masses of these animalcules happen to die in the genera-
tors for want of air, due to the constantly decreasing draught,
they quickly putrefy-on account of the high temperature, and
give rise to the most disagreable odors.

A careful manufacturer will observe sliming at the com-
mencement of the evil, when it can be remedied without much
difficulty. - First of all, the composition of the alcoholic liquid
must be changed by discontinuing the use of fluid containing
many carbohydrates and albuminous substances, such as
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young beer, malt extract, young fruit-wine, it being best to
use alcoholic liquid of water, vinegar, and alcohol only until
the generators are entirely- restored to a normal working
condition. The activity of the ferment is at the same time
increased by a stronger draught of air in the generators and
by raising the temperature of the workroom. In a few days
the generators will be again in a proper working condition,
which is recognized by the normal conversion of alcohol into
acetic acid.

If, however, the evil has progressed to a certain extent

nothing can be done but to empty the generators. Though
considerable labor is connected with this operation, there is
no further use of experimenting, since such nonsensical addi-
tions as beer-yeast, tartar, honey, etc., which have been pro-
posed as remedies, only accelerate the final catastrophe—the
entire cessation of the formation of vinegar. Should a dis-
turbance occur which cannot be accounted for by defective
nutriment of the ferment, want of air, or an incorrect state of
the temperature, the condition of the shavings should be at
once examined into, and if they show the first stages of sliming
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the evil should, if possible, be remedied by changing the com-
position of the alcoholic liquid. If the new alcoholit liquid
contains only water, vinegar, and alcohol, sliming cannot
progress, and the layers of slime upon the shavings will in a
short time disappear, they being partially utilized in the nu-
triment of the ferment, and partially mechanically washed
off by the alcoholic liquid running down.

Disturbances due to Vinegar Eels. In many factories filamen-
tous structures scarcely visible to the naked eye will frequently
be observed in the vinegar. When viewed under the micro-

scope they will be recognized as animalcules, to which the
term vinegar eel (Anguilla aceti) has been applied on account
of their form slightly resembling that of an eel. Fig. 36
shows a microscopical picture of a drop of vinegar swarming
with vinegar eels slightly magnified, and Fig. 37 a vinegar
eel greatly magnified. -

The animalcule consists of & cy 'lindrical body running to a
sharp point. The mouth-opening is covered with small knots;
the throat is globular and passes directly into the long intes-
tinal tube. The eggs are placed at about the centre of the
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body in two tubes which unite to a plainly perceptible aper-
ture.. The average length of the female is 0.0682 Paris inch
and that of the male 0.0486, the former being larger than the
latter in proportion of 1:1.3.

Vinegar eels can exist in dilute alcohol of the strength used
in making vinegar as well as in dilute acetic acid. In
alcoholic liquid containing much alcohol and acetic acid they
do not thrive as well as in weak liquid. Their part in the
manufacture ot vinegar is under.all conditions an injurious
one. The vinegar ferment can only carry on its function
correctly when vegetating upon the surface of the fluid and in
contact with air. The vinegar eel being an air breathing
animal always seeks the surface, and in an alcoholic liquid
which contains it, and upon whose surface an abundance of
ferment grows, actual combats between animalcule and fer-
ment can be observed, the former striving to force the latter,
which is inimical to its existence, under the surface and thus
render it harmless. (Submerged vinegar ferment, as is well
known, changes its conditions of existence aud becomes mother
of vinegar.) If the conditions are favorable for the develop-
ment of the animalcules, the latter overcome the ferment and
submerge it so that it can continue to exist only as mother of
vinegar, and consequently the process of the formation of
vinegar will be considerably retarded. Under conditions
favorable to the development of the ferment the reverse is the
case. The ferment floating upon the fluid consumes nearly
all the oxygen contained in the layer of air immediately above
the surface, and thus deprives the animalcules of a condition
necessary for their existence. A portion of them die and fall
to the bottom of the vessel, .while another portion of them
escape to the sides of the vessel where they congregate imme-
diately above the surface of the fluid in such masses as to form
a whitish ring. These conditions can be readily induced by
pouring vinegar containing a large number of vinegar eels
into a flat glass dish and adding a fluid upon which vinegar
ferment has been artificially cultivated. In a few hours the
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ferment has spread over the entire surface and the animalcules
form the above-mentioned white ring on the sides of the vessel. -
If by means of blotting paper the veil of ferment be removed
as fast as it propagates, the animalcules soon spread over the
entire fluid.

From the above explanation it is evident that the appearance
of vinegar eels in large masses threatens danger to the regular
working. When the animalcules reach the shavings the strug-
gle for existence between them and the ferment commences,
and their struggling to dislodge the latter may be the first cause
of the formation of slimy masses of mother of vinegar upon
the shavings. Since the vinegar eels consume oxygen, the air
in the generators becomes thereby less suitable for the nourish-
ment of the ferment, and consequently the generators will work
feebly. By accelerating the draught of air in the generators,
which is generally the first remedy tried, the development of
the ferment may again become so vigorous that a large portion
of the vinegar eels are killed, their bodies being found in the
vinegar running off. The dead vinegar eels remaining in the
generator, however, finally putrefy and give rise to the pre-
viously mentioned disagreeable odor. The processes of putre-
faction being also effected by bacteria capable of decomposing
nearly all known organic combinations (even small quantities
of such strongly antiseptic bodies as salicylic and carbolic
acids), it is evident that vinegar containing vinegar eels, can-
not possess good keeping qualities and must be subjected to a
special treatment, which will be referred to later on.

Several remedies for the suppression of vinegar eels in the
generators have been proposed, one of them consisting of the
introduction of vapors of burning sulphur, <. e., sulphurous
acid. Sulphurous acid, it is true, kills the vinegar eels, but
at the same time, the vinegar ferment, and if small remnants
remain, also the newly-introduced ferment. To restore a
generator thus treated, a large quantity of air must be blown
through it, which will remove the last traces of sulphurous
acid. An alcoholic liquid containing much living ferment is
then poured in.



138 MANUFACTURE OF VINEGAR.

The vinegar ferment can for many hours stand the exclusion
of oxygen without being destroyed, while the vinegar eels die
in a short time. This circuamstance can be utilized for the de-
struction of the animalcules without recourse to other reme-
dies. The generator having first been brought into the high-
est state of activity by pouring in very warm alcoholic liquid
and opening all the draught-holes, is left to itself for 6 or 8
hours after closing all the draught-holes. The ferment in a
short time consumes all the free oxygen in the generators, and
the vinegar eels die from the want of it. By opening the
draught-holes and pouring in alcoholic liquid, the normal
formation of vinegar soon recommences.

The killing of a large number of vinegar eels in the above
manner is, however, of considerable danger to the regular
working of the factory, and the respective generators must be
watched with special care in order to meet at once any appear-
ance of putrefaction. It may sometimes succeed to keep up
the work undisturbed, the killed vinegar eels being gradually
removed from the generators by the vinegar running off. In
such critical cases, when the generator may at any moment
commence to work irregularly, the use of a very small quan-
tity of salicylic acid as an addition to the aleoholic liquid
would be advisable. The acid by checking putrefaction would
prevent the immediate decomposition of the killed vinegar
eels still present in the generators.

Should, however, signs of putrefaction appear, energetic
means should at once be taken to arrest its progress, it being
in this case best to sulphur the generator. This is effected by
closing all the draught-holes except one, and introducing into
the latter the nozzle of the apparatus whose arrangement is
shown in Fig. 38.

In a large clay vessel, best glazed inside, stands upon a tripod
a shallow dish. The cover of the vessel luted air-tight with clay
is provided with three openings. The opening in the center is
closed by a well-fitting clay stopper, while glass tubes bent at
a right angle and with a clear diameter of about % inch are
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cemented in the openings at the side. The tube reaching
nearly down to the plate is connected by means of a rubber
hose with a double-acting bellows, while the second tube lead-
ing directly from the cover is connected with a second clay
vessel. From the cover of this vessel a pipe leads to, and is
fitted into, the open draught-hole of the generator.

For use the apparatus is put together, as shown in the illus-
tration, and small pieces of sulphur are thrown through the
central aperture upon the dish. The sulphur is ignited by
throwing in a lighted sulphur match, and after closing the
aperture the bellows is put in operation. The product of the

combustion of the sulphur passes through the tube into the
generator, and in ascending dissolves the fluid adhering to the
shavings to sulphurous acid. The addition of sulphur and the
blowing-ini of air are continued until the odor of burning sul-
phur is clearly perceptible in the upper portion of the genera-
tor. The second vessel which contains some water serves for
the condensation of the portion of the sulphur which is not
consumed, but only volatilized.

The sulphurous acid kills every living organism in the gen-
erator, and consequently all the germs of the vinegar ferment
are also destroyed.

After allowing the sulphured generator to stand a few hours,
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fresh air alone is forced through it by means of the bellows.
The air-holes are then opened and the generator allowed to
stand a few days for the sulphurous acid to be converted into
sulphuric acid by the absorption of oxygen. To bring this
generator again into operation, it is best to introduce at first a
number of pourings consisting only of vinegar, with a content
of acetic acid corresponding to that of the original acetification.
In consequence of the absorption of sulphuric acid by the
shavings, this vinegar becomes of no value as a commercial
article, but it can be used for the preparation of alesholic
liquid. .

The last traces of unchanged sulphurous acid having in this
manner been removed from the generator and the greater
portion of sulphuric acid adhering to the shavings washed out,
the generator is again acetified, this being best effected by
pouring in alcoholic liquid just run off from correctly working
generators.

Disturbances Due to Vinegar Lice (Vinegar Mites).—Unless
the most scrupulous cleanliness prevails, so-called vinegar lice
will always be found in the factory. They prefer places kept.
constantly moist, and to which the air has access, for instance,
the draught-holes and the interior of generators beneath the
false bottom. As a rule, manufacturers do not pay much at-
tention to their presence, as they apparently exert no influ-
ence upon the regular working. That such, however, is not
the case, will be seen from the following occurrence: Some
years ago, the proprietor of a vinegar factory in Italy informed
Dr. Bersch, of Vienna, that millions of small animals had
appeared in the factory and penetrated into the generators,
the shavings to a certain height being covered with living
and dead animals, and by reason of the latter putrefying,
further operations had become impossible. Every drop of
vinegar running off from the generators contained one.or more
of the mites. A small bottle half full of vinegar and closed
air-tight by a cork accompanied the communication. Al-
though the bottle had been sixty hours in transit, on opening
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it a number of living animals were found, congregated especi-
ally in the fissures of the cork. On examining them with the
microscope two forms (male and female ?) could be clearly dis-

Fre. 39.

tinguished, many being only one-quarter or one-half the size
of others. Figs. 39 and 40 show the two characteristic forms

Fia. 40.

of these animalcules. As far as it was possible to determine
their zodlogical position, they belong to the family Sarcoptidee.
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No particulars as to their origin seem to be known, the manu-
facturer simply stating that they had come from the soil under
the supports of the generators and gradually rendered the
latter ineffective. The generators were sulphured in the
manner above described, and again put into operation.

To prevent the vinegar mites from collecting in large masses,
scrupulous cleanliness must prevail in the factory. Especially
should the draught-holes be from time to time examined, and,
if mites be found, thoroughly cleansed with hot water, which
kills them. The mites might also be prevented from.pene-
trating into the interior of the generators by rings of a sticky
substance (turpentine) around the draught-holes.

Vinegar-Flies.—Though, as far as known, the animals
known as vinegar-flies create no disturbance in the regular
working of the factory, they deserve mention because they
appear wherever a fluid passes into acetic fermentation. In
wine cellars, not kept thoroughly clean, these insects are fre-
quently found on the bung-holes of the wine-barcels, and in
factories in which the manufacture of wine vinegar is carried
on according to the old system, they often occur in great
swarms.

The vinegar-fly (Drosophila funebris, Meig) is at the utmost
0.11 inch long ; it is especially distinguished by large red eyes
sitting on both sides of the head and meeting in front. The
thorax and legs are red ; the abdomen, which is provided with
six rings, is black, with yellow stripes. The wings are longer
than the body. The larva is white, has twelve rings, on the
mouth two black hook-like structures, and on the back part of
the body four warts, two of which are yellow. In eight days
the larva is transformed into a yellow chrysalis.

The collection of these flies in large masses can be readily
prevented by keeping the factory thoroughly clean and being
especially careful not to spill any fluid.
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CHAPTER XIV.

SLOW PROCESS OF MAKING VINEGAR.

Ix the manufacture by the slow process, barrels thoroughly
cleansed with boiling water and previously saturated with hot
vinegar are used. The bung-holes are left open or loosely
covered. Smaller barrels with a capacity of from 15 to 25
gallons are preferred, and earthenware pots holding only 3 to
5 gallons are also used, it being claimed that they are espe-
cially suitable for the preparation of very strong vinegar. The
barrels are arranged in tiers upon wooden supports in such a
manner that their contents can be readily withdrawn by means
of a faucet or a siphon. The heating apparatus may be either
stoves, a hot-air furnace, or an arrangement similar to that
employed in heating hot-houses. Due attention must be
given to the methods of maintaining an equable temperature.

For the induction of the formation of vinegar, finished
vinegar should be added to the dilute alcohol. By adding a
few slices of bread, or beer wort, or a decoction of resins, the
formation of vinegar can in many cases be accelerated, the
substances named offering nutriment to the vinegar ferment.

The mixture of weak alcohol and vinegar is called wash. It
is prepared from whiskey or alcohol, to which sufficient water
is added that the mixture shows a content of about 6 per cent.
of alcohol. To this weak spirit one-quarter or one-half of its
volume of vinegar is added. Suppose vinegar containing 4}
per cent. of acetic anhydride is to be made. Theoretically, the
wash should contain a little over 5 per cent. absolute alcohol,
but on account of the loss by evaporation of alcohol, a wash of
6 per cent. must be used. If in making this wash 80 per cent.
alcohol is employed, then the latter would have to be diluted
so that every gallon of it becomes 13 gallons. In other
~ words, to 100 gallons of 80 per cent. alcohol 1,250 gallons of
water are added, which makes 1,330 gallons of mixture, and
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this, after the addition of 300 gallons of vinegar, becomes 1,630
gallons of wash. A portion of the water must be taken suffi-
ciently hot to give a temperature of 90° to 100° F. to the
wash. The resulting wash is placed in the fermenting barrels
to fill each one two-thirds full, and the temperature of the
apartment, observed by thermometers placed in different parts
of it, must be kept at between 75° and 100° F. - At the mini-
mum temperature less fuel is required, but the time needed
for acetification is extended, and consequently more barrels
and a larger apartment are needed to make the same amount
of vinegar. With the maximum temperature the reverse is
the case.

Several days after the addition of the wash acetification be-
gins, and is indicated by a temperature in the barrels slightly
above that of the apartment. A piece of stone or slate, which
is usually laid over the bung-hole of each barrel to prevent too
great evaporation and consequent cooling, is bedewed with
moisture, and a pungent acid odor is perceived in the room.
As long as these indications continue, everything is going on
well, but every barrel must be examined by itself to at once
restore activity in any “ lazy ”’ one, lest putrefaction or mouldi-
ness take place and spread to the neighboring barrels. When
this misfortune occurs, the bad barrels are at once removed
from the apartment, their contents thrown away, and the
barrels scoured well with brushes and water, and placed in the
sun. After they are dry they may be saturated with hot vine-
gar and brought into action again. If only ‘lazy,” they are
excited by withdrawing a portion of their contents, which is
warmed in glass bottles, and with the addition of a little alco-
hol and vinegar is restored to the casks.

Too cool a location or a constant draught of air will some-
times put a cask out of action. This is remedied by re-
moval, after acetification is restored, to a warmer location, or
by covering with a non-conductor, such as heavy paper pasted
over it.

After a lapse of time dependent on the temperature which
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is kept somewhat higher towards the end of the operation,
acetification is complete. Otto gives the time generally re-
quired as follows:

‘With a temperature of ‘W eeks required.
95° to 100° F. 2to 4.
86° to 95° F. 4to 8.
72°to 86° F. 8 to16.

The close of acetification is indicated by the diminution of
the strong vinegar smell in the room, by the absence of vapor
condensing upon the slate covers of the bung-holes, and by
the temperature of the inside of the barrels becoming equal to
that of the room.

As soon as acetification in any one barrel is perfected, the
vinegar must at once be withdrawn, barreled and removed to
a cooler place than the vinegar room, in which its tendency
to spoil in the heated atmosphere is very great. Theslimy de-
posit called “mother of vinegar ” is removed, and the vinegar
with which it is imbued, employed in part for the next aceti-
fication. If the sediment from each barrel be placed in a cask,
the clear vinegar may be drawn off after the deposition of the
mother of vinegar. It is well before barreling the vinegar, to
allow it to stand for a short time in a cool room in a vessel
filled with beech shavings, which clarify it. When stored, a
pint of spirits should be added to each barrel.

As previously mentioned, the slow process above descrlbed
may be modified in various ways. Thus, instead of bringing
the fermentation to completion in all of the barrels at about the
same time, they may be divided into three or four groups, so
that 4 or } of the whole quantity of vinegar may be with-
drawn, and stored at intervals of } to } the time required for
the acetification of the whole quantity. This modification has
the advantage of a greater distribution of the work ; necessity
of a smaller quantity of vinegar stored for sale, and the pres-
ence of barrels in full action, emi{ting strongly acetic vapors,
which is of advantage in keeping up fermentation in barrels

10
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just going into operation. The disadvantages consist in greater
need for entering and leaving the vinegar room, involving
loss of its heat, and requiring in consequence greater attention
to its fires. In addition to this the heat cannot be increased
towards the close of acetification, which is useful in shortening
the time for manufacture.

Another modication consists in always keeping a large
quantity of vinegar in the fermenting barrels, and at short
intervals withdrawing small quantities of vinegar which are
replaced by fresh wash. This saves time, as acetification is
more rapid in the presence of large bodies of vinegar. It
involves loss of heat by a need for too frequently entering the
vinegar room. It involves also a loss of interest upon the
value of the large quantity of vinegar kept in the fermenting
barrels. The intervals at which vinegar may be withdrawn
are closer in proportion to the heat of the apartment, which
bears a ratio to the amount of fuel consumed.

By this method only 2 of the vinegar is removed at one time
from each barrel; in other words, at intervals of one to two
weeks, according to temperature, one gallon of vinegar is with-
drawn from every 5 gallons in the fermenting barrels, and in its
. stead a gallon of wash is added. In a large factory, the latter
process requires a large number of barrels of vinegar to com-
mence operations. The vinegar must be either purchased or
made gradually in the fermenting barrels, not withdrawing any
until the barrels are sufficiently full. The advantage consists
in a smaller number of fermenting barrels being required than
by the method first described. Dr. Otto gives the following
calculation for the number of fermenting barrels required for
the slow process:

Suppose that it is required to furnish a barrel of vinegar per
day, excluding Sundays, which would equal 312 forty-gallon
barrels per year, the fermenting barrels would have each a ca-
pacity of 1 barrel, and since they are not filled with wash, and
on account of unavoidable loss, four such barrels may be allowed
to each barrel of vinegar made. What is added to make the
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wash is, of course, not accounted as manufactured vinegar, as
a like quantity must be added in the subsequent wash. From
every four fermenting barrels, one barrel of vinegar may be
sold, and hence 6 barrels of vinegar will require 24 fermenting
barrels. If the workroom be so heated that the operation is
completed in four weeks, 24 barrels of vinegar will have to be
drawn off, to do which 96 fermenting barrels will be required.
If, however, a lower temperature be maintained in the work-
room, say to complete the process in 16 weeks, 4 times 96 =
384 fermenting barrels, will be required. In the latter case
the expense of fuel is lessened, but that of the fermenting
barrels is increased. Besides, a larger apartment will be neces-
sary, which will involve a higher rent and greater expense for
fuel in heating it. If the process be modified, as described, so
that a large body of vinegar is always kept in the fermenting
barrels, their number may, as before stated, be proportionately
decreased.

This calculation affords the very best illustration of the
superiority of the modern quick process, over the old slow
method. To make one barrel per day by the quick process, a
small room and two generators are the only requisites.

Household Manufacture of Vinegar.—The following method
is to be recommended as simple, expedient, and furnishing a
constant sup'ply of vinegar with scarcely any trouble and at
trifling cost :

Procure two barrels, the one for making, the other for stor-
ing the vinegar, barrels from which good vinegar has just been
drawn being preferable. The storage barrel is always kept in
the cellar, and the generating barrel in the house or cellar, ac-
cording to the season. At the top of one of the heads of the
storage barrel a small hole is bored for the circulation of air.
The barrels lie on their side, and each of them is furnished
with a wooden faucet. Their capacity is, of course, regulated
by the yearly demand.

Suppose that the generator, filled to the level of the venti-
lating hole, contains 10 gallons, the manufacture will then
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be carried on as follows: Seven gallons of vinegar of a good
quality are placed in the barrel, and three gallons of warm
alcobolic liquid are added. This alcoholic liquid is made as
follows: If common 50 per cent. whisky be employed, have a
small measure of 3 pints and a large one (a bucket) of 3
gallons. If 86 per cent. alcohol is used, let the small measure
be for 2 pints. Put a small measureful of spirits in the large
measure ; fill quickly to the mark with boiling water, and
pour by means of a funnel into the generator. Every two or
three weeks, three gallons of vinegar are withdrawn from the
generator and added to the storage barrel, and three gallons of
alcoholic liquid are placed in the generating barrel as before.

Another method of working the casks consists in half filling
the generator with vinegar, and adding every week so much
of the alcoholic liquid that it fills the barrel in from 8 to 16
weeks, according to the season. Half the vinegar is then
added to the storage cask, and the process then recommenced
in the generator. The warmer the season the more rapid
may be the manufacture.

Preparation of Vinegar with the Assistance of Platinum Black.
—In considering the theory of the formation of vinegar it was
mentioned that platinum in a finely divided state posscsses the
property of converting alcohol into acetic acid. This property
of platinum has been utilized for the purpose of manufacturing
acetic acid on a large scale. The apparatus used for this pur-
pose consists of a small glass house, provided in the interior
with a number of compartments. The shelves forming these
compartments support a number of porcelain capsules. The
alcohol to be acetified is poured into these capsules, in each of
which is placed a triped, also of porcelain, supporting a watch-
glass containing platinum black or spongy platinum. In the
roof and at the bottom of the apparatus are ventilators, so con-
structed as to admit of regulating the access of air. By means
of a small steam-pipe the interior of the house is heated to 79°
F. By this means the alcohol is gently evaporated, and com-
ing in contact with the platinum black or sponge is acetified.
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So long as the ventilation is maintained, the platinum black
retains its property of oxidizing the alcohol. With an appa-
ratus of 52 cubic yards’ capacity and with 37 pounds of plati-
num black, 150 quarts of alcohol can daily be converted into
pure vinegar. The drawbacks to this process are high prices
for alcohol, and the large quantity of the very expensive
platinum required for working on'a manufacturing scale.

CHAPTER XV.

FURTHER TREATMENT OF FRESHLY-PREPARED VINEGAR.

THE vinegar running off from the generators is “ finished ”
in so far that it contains the quantity of acetic acid obtainable
from the content of alcohol in the alcoholic liquid, but it be-
comes a commercial article only by long storing and special
treatment. T

The odor of freshly prepared vinegar is by no means agree-
able. It is very pungent and at the same time stupefying,
the latter property being no doubt due to small quantities of
aldehyde contained in it, which, however, volatilize or oxidize
by storing. The odor depends largely on the materials used
in the manufacture, that of vinegar prepared from an alcoholic
liquid composed of water and alcohol alone without an addi-
tion of beer being decidedly the least agreeable. By long
storing such vinegar acquires a somewhat finer odor, but never
especially agreeable properties. A

The barrels for storing fresh vinegar should be filled up to
the bung-holes and closed air-tight, since when air is present
the ferment in the absence of alcohol consumes acetic acid,
thus reducing the strength of the vinegar ; and moreover, mold
ferment might develop.

The temperature of the vinegar running off from the gener-
ators being quite high, its volume diminishes on cooling, and
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consequently the barrels when inspected later on will not be
quite full. When the vinegar is stored in barrels not made
air-tight by a suitable coating (lacquer, paraffin, etc.), the air
penetrates through the pores of the wood and a constant re-
ciprocal action takes place between it and the vinegar. The
very slow oxidation thus produced exerts a decidedly favorable
influence upon the odor of the vinegar, the processes thereby
taking place being somewhat similar to those which cause the
formation of the bouquet in wine. This similarity extends
also to the fact that the vinegar bouquet, if it may so be called,
is the finer the slower the effect of the oxygen, and this can
be reached by storing the barrels in a warehouse having a
temperature of from 57° to 60° F., or in a cellar.

It has been sought to improve the odor of vinegar by various
additions, but that of volatile oils, such as oils of caraway,
fennel, anise, etc., which has been frequently proposed for the
purpose, cannot be recommended. These oils, to be sure, give
a specific, agreeable odor to the vinegar, but an expert can at
once detect such additions. More suitable for the purpose is
the use of a very small quantity (a few hundred-thousandths
of the weight of the vinegar) of potato or grain fusel oil, these
bodies forming with the corresponding quantity of acetic acid
the frequently mentioned odoriferous compound ethers. An
addition of } per cent. of very strong alcohol to the vinegar
has also a very favorable effect upon the odor of the latter,
acetic ether being formed in storing. In place of alcohol,
acetic ether or amyl acetate (pear essence) can be directly
added, but only in very small quantities and best in alcoholic
solutions of a determined content, for instance, 50 grammes of
pear essence to 1 liter of 95 per cent. alcohol.  Of this solution
0.1 liter (= 100 cubic centimeters) contains 5 grammes of pear
essence, and if added to 100 liters of vinegar, which in round
numbers weigh 100 kilogrammes, the latter will contain 55855
of pear essence. By proceeding in this manner the correct
quantity required can be readily determined. Immediately
after the addition of one of the above-mentioned substances
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its odor is disagreeably prominent, but becomes pleasant by
storing.

After lying for several weeks a muddy sediment forms on the
deepest place of the barrel. The vinegar can be carefully
drawn off from this sediment by means of a rubber hose ; or a
special apparatus, similar to that shown in Fig. 41, is used for
the purpose. It consists of the glass tube a, which is inserted
in the tap-hole of the barrel and reaches to the bottom, where
it is slightly bent 'upwards. In front of the bung-hole this
tube is provided with a bulb in which is fitted by means of a
cork a tube, b, bent at a right angle. While the vinegar is
stored, this tube stands upright as indicated by the dotted
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lines, and is secured to a rubber hose reaching up to the
bung-hole. By turning the tube downward, the fluid runs
out through the tube a, until its level has sunk to the dotted
line.

Sometimes the vinegar is not rendered perfectly clear by
storing, and filtering has to be resorted to. Before referring
to this operation a few words will be said in regard to the
storing of vinegar.

The vinegar brought into the storage barrels contains the
following constituents: Water, acetic acid, alecohol (very
little), aldehyde (very little), acetic ether, vinegar ferment
(living and dead), extractive substances (depending on the
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nature of the alcoholic liquid used). Moreover, there are fre-
quently found alcoholic ferment (from the beer), and vinegar
eels and vinegar mites, if these animals exist in the factory.

By filling the storage barrels to the bung-holes and closing
them air-tight, the vinegar eels and vinegar mites die in a short
time for want of air, and fall to the bottom. The living vine-
gar ferment present in the fluid must assume the form in which
it can for some time exist without free oxygen, i. e., of mother
of vinegar. When in consequence of the shrinkage in the
volume of the vinegar by cooling, the air penetrates through
the pores of the wood, it is first utilized for the conversion of
the small quantity of aldehyde into acetic acid, and later on
enables the vinegar ferment to continue to exist upon the sur-
face and to slowly convert the small quantity of alcohol still
present into acetic acid.

If the barrels are not closed absolutely alr-tlght the vinegar
ferment will develop quite vigorously upon the surface, and
when all the alcohol is consumed attack the acetic acid, so that
when the vinegar is tested a decrease in the content of acetic
acid is plainly perceptible. If the finished vinegar still con-
tains considerable quantities of albuminous substances in solu-
tion (vinegar from grain, malt, or fruit), or if it contains
tartaric and malic acids and at the same time only a small per-
centage of acetic acid, as most fruit vinegars do (seldom more
than 5 per cent.), the mold ferment readily settles upon the
vinegar and finally dislodges the vinegar ferment from the
surface. The acetic acid is, however, very rapidly destroyed
by the mold ferment, and through a luxuriant growth of the
latter, which floats upon the surface as a white membranous
coating, the vinegar may in a few weeks lose one or more per
cent. of it. This happens so frequently, for instance with fruit-
vinegar, that the opinion that such vinegar cannot be made to
keep, is quite general.

Vinegar which, besides a considerable quantity of extractive
substances, contains the salts of certain organic acids (malic
and tartaric acids), for instance, vinegar prepared from apples
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or wine, must be frequently examined, as it readily spoils, and
may suffer even if kept in barrels constantly filled up to the
bung. In fluids containing ‘the salts of the above-mentioned
organic acids a ferment may frequently develop, even when the
air is excluded, which first decomposes the tartaric and malic
acids, and though these acids are present only in a compara-
tively small quantity, they influence, to a considerable extent,
the flavor of the vinegar on account of their agreeable acid
taste. In vinegar in which this ferment has long existed a
diminution of acidity can be readily detected by the taste, and
by the direct determination of the acid a decrease in its con-
tent can be shown which, if calculated as acetic acid, may in
some cases amount to one per cent. Besides the loss of its
former agreeable taste, vinegar thus changed acquires a harsh
tang, due no doubt to the formation of certain products not
yet known formed by the ferment effecting the destruction of
the tartaric and malic acids. Moreover, wine or fruit-vinegars
in which this ferment has for a considerable time flourished,
lose their characteristic agreeable bouquet which may be con-
sidered the greatest damage. '

In the presence of a large number of vinegar eels their bodies
may decay and impart to the vinegar a very disagrecable
putrid odor, even if stored in barrels closed air-tight. ?

The advisability of filtering the vinegar before bringing it
into the storage barrels will be readily understood from the
above statement. By filtration it is, however, only possible to
remove the vinegar eels and vinegar mites swimming in the
fluid and larger flakes of mother of vinegar. The ferments
and bacteria inducing putrefaction cannot be thus removed,
so that even filtered vinegar is liable to spoil when stored.

Heating the Vinegar—In order to destroy all organisms
which might cause the spoiling of the vinegar, it is recom-
mended to heat the latter to about 140° F. before running it
into the storage barrels. A few moments exposure at this
temperature being sufficient for the purpose, a large volume
of vinegar can in a short time be heated with the use of a suit-
able apparatus, such as is shown in Fig. 42.
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In the head of the barrel b is secured a pipe of pure tin with
very thin walls and a clear diameter of about } inch. It is
coiled in a boiler filled with water, which it enters at ¢ f and
leaves at h. It then passes into the barrel b, in which it is also
coiled, and ends outside the barrel at g. At ¢ it expands to a
bulb in which a thermometer, ¢, is placed. A vat, a, placed at
a certain height above the barrel is provided with a wooden
stop-cock, ¢, to which is secured a rubber hose, d, which enters
the barrel b above the bottom. The pipe &, which is secured
on top of the barrel b, is open on both ends and of sufficient
length to project above the vat a.
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"The boiler is filled with water and placed in an ordinary
hearth. The vat a is filled with the vinegar to be heated and
kept constantly supplied. The water being heated to boiling,
the stop-cock ¢ is opened. The vinegar now runs through d
into the barrel b, and, after filling it, flows at ¢ into the tin
coil and in passing through it in the direction of the arrows
is heated. The thermometer ¢ dipping into the hot vinegar
indicates the temperature, and the inflow of vinegar is accord-
ingly regulated by opening or closing the cock ¢. As shown
in the illustration, the hot vinegar runs through the coil sur-
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rounded by cold vinegar into the barrel b, whereby it is cooled
off and the vinegar in the barrel preparatorily heated. The
pipe k, open on both ends, allows the escape of the gases de-
veloped.

In consequence of the albuminous substances becoming in-
soluble by heating, the vinegar running off at ¢ is, as a rule,
more turbid than before. It is brought into the storage bar-
rels, which need, however, not be closed air-tight, the subse-
quent processes taking place in the vinegar being of a purely
chemical nature and not caused by organisms. The latter
have been killed by heating, and, together with all other for-
eign bodies suspended in the vinegar, gradually fall to the
bottom of the barrel. If the vinegar after heating is allowed
to lie for a sufficiently long time, it clarifies completely and
can be drawn ofl perfectly bright from the sediment.

Filtration of Vinegar.—The bodies suspended in the vinegar
and causing its turbidity being very small, it takes some time
before they settle on the bottom and the fluid becomes entirely
clear. To accelerate clarification the vinegar is filtered.

Fig. 43 shows a filter suitable for the purpose. It consists
of a small, strong wooden vat provided with two perforated
false-bottoms, s and 4. Upon the lower false bottom is spread
a linen cloth and upon it fine sand, which is not attacked by
acetic acid, or small pieces of charcoal. Upon the smoothed
surface of the sand is spread a layer of paper pulp £ to 1 inch
deep which is covered with a linen cloth and then placed upon
the false bottom b, the latter being forced down by means of
the screw & and the pieces of wood 7. The vinegar to be fil-
tered is in the vat ¢ which is connected with the filtering vat
by the stop-cock % and the rubber hose s, 8 to 10 feet long.
By opening the stop-cock A the filter stands under the pres-
sure of a column of fluid 8 to 10 feet high and the filtered
yinegar runs off through an aperture in the side of the filter-
ing vat. By filling the filter below the paper pulp with fine
sand, the latter retains the greater portion of the solid bodies
suspended in the vinegar, and it will be a considerable time
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before the pores of the paper pulp become choked up to such
an extent as to require its renewal.

Sharp, fine-grained sand should be used for filtering. It
should be free from iron and sulphur and previous to use
freed as much as possible from lime and earthy constituents
by washing in pure water to which some hydrochloric or tar-
taric acid may be added. Fine white quartz sand is very
suitable for the purpose. White sea-sand is also highly
recommended for filtering vinegar, it being claimed that after
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its use for several months not a single vinegar-eel was found
in the filtered product. When after long use the sand be-
comes so closely packed that the vinegar does not run off with
the rapidity desired, the layer of slime that has accumulated
upon the sand is carefully removed and the sand thoroughly
washed and dried, when it is again ready for use.

An arrangement suitable for filtering larger quantities of
fluid under an increased pressure is shown in Fig. 44.

It consists of a strong linen bag, S, about 16 inches in diam-
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eter, and a jute or hemp hose, R, open at both ends and about
6 inches in diameter. The bag is tied by means of pack-thread
to a cylindrical piece of wood which is secured to a suitable
support. The bag is then connected by means of the rubber
hose K with the reservoir B, which contains the vinegar to be
filtered, and is placed about 10 to 13 feet above the support
carrying the bag. The bag is folded so that it can be inserted
in the hose R, the latter being also secured to the cylindrical
piece of wood.

By gradually opemng the stop -cock on the reservoir the bag
is filled with vinegar, but being
enveloped by the hose R cannot Fre. 4.
enlirely expand but only so far
as permitted by the diameter of
R, so that though its entire
surface acts as a filter a large
number of folds are formed, and
it is thus protected from burst-
ing, even under the pressure of i

a column of fluid of consider-

able height. The fluid filter- !://////%

ing through the bag runs down
on the hose and collects in a
vessel placed under it.

At first this filter generally
does not act entirely satisfac-
torily, the fluid running off tur-
bid ; and this continues until
the pores of the filter have be-
come sufficiently contracted to
retain the small bodies sus-
pended in the fluid. This can,
however, be remedied by stir-
ring some charcoal powder into
the first portion of vinegar to
be filtered. The charcoal powder adheres to the sides of the




158 MANUFACTURE OF VINEGAR.

bag and contracts the pores of the tissue so that the fluid runs
off entirely clear.

By subjecting the freshly-prepared vinegar to heating and
filtering, a commercial article is obtained which is perfectly
clear and does not spoil by keeping. By storing it, however,
for some time in barrels it gains considerable in fineness of
odor and taste. Wine-vinegar, cider-vinegar and fruit-vinegars
in general should positively be stored for some time, the
odoriferous bodies which make these varieties so valuable
developing only by that means.

Sulphuring of Vinegar.—Sulphuring has long been employed
as the most convenient method for the preservation of wine,
and, if correctly applied, can also be used for that of vinegar.
But as sulphurous acid readily dissolves in vinegar, the latter
must not be brought in direct contact with the gases arising
from the burning sulphur.

The sulphuring of vinegar is best executed as follows: The
barrel intended for the reception of the vinegar is thoroughly
rinsed and immediately placed in the storeroom. Then place
a sulphur match consisting of a strip of linen about 6 inches
long and § to 1 inch broad dipped in melted sulphur into a
perforated sheet-iron cylinder about 8 inches long and 1 inch
in diameter, secure this cylinder to a wire, and after igniting
the sulphur match, lower it from the bung-hole to the center of
the barrel. The sulphurous acid formed by the combustion
of the sulphur is at once dissolved by the water adhering to
the interior of the barrel. A sulphur match of the above size
suffices for a barrel of 100 to 125 gallons.

If the sulphured barrel be now immediately filled with vin-
egar, the sulphurous acid becomes distributed throughout the
fluid and kills the vinegar ferment as well as all other fer-
ments present, so that the vinegar cannot undergo any further
change except it come again in contact with living ferments.

The sulphurous acid dissolved in the vinegar is after some
time converted into sulphuric acid and its presence can be
readily detected. It may, however, be remarked that the
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quantity of sulphuric acid which reaches the vinegar in the
above manner is exceedingly small, and, moreover, is partially
fixed to the mineral bases (lime and magnesia) contained in
the water used in the preparation of the alcoholic liquid.
Hence a manufacturer who sulphurs his barrels need not fear
being accused of having adulterated his vinegar by the direct.
addition of sulphuric acid. Sulphured vinegar must be stored
at least several weeks before it is salable, the odor of sulphur-
ous acid adhering to it perceptibly, and disappearing only at
the rate at which the sulphurous acid is converted into sul-
phuric acid.

Fining Vinegar.—Similar to wine, vinegar can be obtained -
bright by “fining ”’ with isinglass. This method is employed
by a number of manufacturers though it offers no advantages
as compared with filtration. The isinglass to be used is pre-
pared as follows : Cut with a pair of scissors into narrow strips
% to 1 drachm of isinglass for every 20 gallons, and soak it in
water in a porcelain dish for 24 hours. The resulting jelly-
like mass is pressed through a linen cloth. A solution of } to
% drachms of tannin for every 20 gallons is then added to the
isinglass and the mass diluted with vinegar. The whole is
then thrown into the barrel and thoroughly mixed with the
contents. The clarified vinegar is finally drawn off from the
sediment. -

Coloring Vinegar.—Vinegar prepared from alcohol is limpid
as water or only slightly colored. Prior to the general intro-
duction of the quick process consumers were accustomed to
the dark yellow product prepared from wine or beer, and many
are still prejudiced against slightly colored vinegar, consider-
ing it weaker. Unfounded as this prejudice is, the manufac-
turer is nevertheless obliged to recognize it, and to suit the
public taste, must color his vinegar by artificial means. Car-
amel or burnt sugar prepared from glucose is a simple and
perfectly harmless coloring. It is made by melting the glua-
cose in a shallow iron vessel over a fire, stirrimg constantly
with a long-handled spoon. The melted mass soon turns
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brown and rises in the vessel. The conversion into caramel
being hastened in the presence of alkalies, the addition of a
small quantity of pulverized carbonate of ammonium—about
1} to 2 per cent. of the weight of the glucose used—is of ser-
vice at this stage. The massis now heated with constant stir-
ring until it becomes black, runs from the spoon in viscous
dark brown threads, and a sample dropped upon a cold sur-
face congeals to a black mass impervious to light except upon
the edges. The vessel is then lifted from the fire and the con-
tents poured out upon metal or stone plates. The taste of the
congealed mass should not be bitter, or at least only slightly
so. On exposure to the air, the caramel deliquesces to a thick
black fluid, and, therefore, it should immediately after its
preparation, be converted with water into a solution of the con-
sistency of syrup, such concentrated solution keeping better
than a dilute one which readily molds. Immediately before
use the solution is diluted with water, and enough of it added
to the vinegar to give it the desired coloration. Some manu-
facturers use molasses or dark syrup for coloring vinegar.

CHAPTER XVI.

PREPARATION OF VINEGAR FROM VARIOUS MATERIALS.

SixcE acetic acid is formed by the oxidation of aleohol, vin-
egar can, of course, be prepared from every kind of fluid con-
taining alecohol, such as beer, wine, cider, as well as from the
juice of sacchariferous fruits which has passed into alcoholic
fermentation. By allowing grain to germinate, a body to
which the term diastase is applied is formed, which possesses
the property of converting starch into fermentable sugar and
dextrin when brought in contact with it under certain con-
ditions. Vinegar can, therefore, be prepared from starch—
though in a round-about way—by treating the latter with
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grain containing diastase (malt), whereby it is converted into
maltose and dextrin. The fluid (sweet mash) is compounded
with yeast, and the sugar—and with a correct execution of the
process the dextrin also—is converted into alcohol by vinous
fermentation. The resulting aleoholic liquid can then be
used for making vinegar. |

Alcohol or spirits of wine obtained in the above-described
manner from the starch contained in potatoes or grain being at
present the chief material used in the manufacture of vinegar,
the greater portion of the latter brought into commerce might
actually be designated potato or malt vinegar according to the
elementary material used. The great progress made in modern
times in the preparation of malt, brewing of beer, and in the
distilling industry has been accompanied by a constantly ex-
tending division of labor. While formerly every brewer and
distiller prepared his own malt, there are at present numerous
establishments exclusively engaged in-this branch of the
industry which sell their product to the brewer and distiller.
The manufacturer of vinegar who did not use materials con-
taining finished alcolol (beer or wine) had to undertake the
laborious work of making the malt and preparing and ferment-
ing the mash in order to obtain an alcoholic liquid which he
could finally convert into vinegar. With the present im-
provements in the preparation of malt and the production of
alcohol, the vinegar manufacturer can work more cheaply by
buying the alcohol, and the manufacture of so-called malt or
grain vinegar would pay only where heavy taxes prevent the
direct use of alcohol. :

Formerly, when, in consequence of defective processes,
many a brewing or batch of malt spoiled, it was used for mak-
ing vinegar. But, as a rule, the vinegar oblained was not
of a fine taste and remained turbid, and besides, the operation
was frequently interrupted by all sorts of incidents, which
led to the opinion of malt-vinegar not possessing keeping
properties. :

Beer-wort judged by its composition does not seem a suit-

11
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able material for making vinegar. Besides a certain quan-
tity of fermentable sugar (maltose), it contains a considerable
amount of dextrin and other fermentable bodies. For the
purpose of making vinegar the maltose alone can be consid-
ered, it being the only fermentable constituent of beer-wort.
Hence, vinegar prepared from beer-wort always contains a
considerable quantity of dextrin and extractive substances,
and, consequently, is of a more thickly fluid nature than
belongs to vinegar, and clarifies with difficulty. Moreover,
this drawback exerts a disturbing influence upon the behavior
of the vinegar when stored, it being frequently changed by
further processes of fermentation into a slimy fluid, and ac-
quires an insipid taste and loses a large portion of its content
of acetic acid.

Alcoholic mashes containing in consequence of faulty prepa-
ration a considerable quantity of dextrin show, when used for
making vinegar, a behavior similar to that of beerwort; the
vinegar obtained clarifies with difficulty and does not keep
well. Fermented whiskey-mashes properly prepared contain,
however, only very small quantities of dextrin and extractive
substances, and, when freed by filtration from admixed husks,
can be used as a material for the manufacture of vinegar and
yield an entirely normal product. :

According to experience, the process of the formation of
vinegar proceeds in the most uniform manner by preparing
the alcoholic liquid from dilute alcohol, and, consequently, in
a vinegar factory connected with a distillery it would be best
to dilute non-rectified spirits of wine with the required quantity
of water and add from 10 to 20 per cent. of the weight of the
alcoholic liquid of fermented mash. The latter containing
salts and nitrogenous substances suitable for the nourishment
of the vinegar ferment serves, in this case, as a substitute for
the beer generally used in vinegar factories for the prepara-
tion of alcoholic liquid.

Manufacture of Malt or Grain Vinegar.—Under certain local
conditions the manufacture of vinegar from malt, with or with-
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out an addition of grain, can be profitably carried on in con-
nection with that of compressed yeast. Such factories for
evident reasons not being established on an extensive scale, a
description of the preparation of vinegar in connection with
that of compressed yeast without the use of expensive machin-
ery will be given.

The preparation of the fundamental material, malt, requir-
ing much labor and knowledge, it will be best for the manu-
facturer to buy the article already prepared. Malt kiln dried
at as low a temperature as possible and yielding a light-col-
ored extract when treated with warm water should be chosen.
Many malt houses prepare such malt especially for distilling
purposes. Malt prepared for brewing purposes is after the
actual kiln-drying heated to a temperature frequently exceed-
ing 158° F. for the formation of certain aromatic combinations
and coloring substances which are to impart to the beer a
specific taste and dark color. Independently of the dark color
of the vinegar prepared from such malt, it contains a consider-
able quantity of dextrin, and consequently acquires an insipid
by-taste, clarifies with difficulty, and is readily subject to in-
jurious alterations. Malt, as is well known, contains diastase,
which in mashing with water effects the conversion of the
starch into maltose and dextrin. By kiln-drying at a very
high temperature a portion of the diastase is, however, rendered
ineffective, and in mashing comparatively little maltose but a
large quantity of dextrin is formed. Mashing, in this case,
would have to be continued for a long time in order to obtain
a larger quantity of maltose.

With the use of but slightly kiln-dried malt, in which the
efficacy of the diastase has not been injured by a high tem-
perature, the greatest directly obtainable quantity of maltose
and the smallest amount of dextrin are procured. The pro-
portion of maltose to dextrin is in this case as 4:1, or in other
words, the finished mash contains about 80 per cent. of mal-
tose and 20 per cent. of dextrin. The dextrin cannot be
directly converted into acetic acid by the vinegar ferment and
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conscquently would be found in the finished product. It is,
however, possible to treat the finished mash in such a manner
that the total quantity of dextrin contained in it can be con-
verted into maltose and the latter into aleohol. In this case
the theoretically calculated yield of vinegar from the malt
will be nearly approached in practice, and the product thus ob-
tained contain only a small quantity of extractive substances
of the malt which are not decomposed by alcoholic or acetic
fermentation.

Before entering upon a description of the mashing process,
the theoretical part in mashing will be briefly discussed. Malt
contains starch and diastase. By bringing the comminuted
malt in contact with water of about 131° to 133° I, the starch
is formed into paste and the diastase passes into solution. By
the action of the diastase upon the starch, the latter is con-
verted into maltose and dextrin, the finished mass containing
80.9 per cent. of maltose and 19.1 of dextrin. Ior reasons
given later on, the finished mass is heated for a short time to
between 140° and 141.8° F., without, however, exceeding this
temperature, and then cooled off to the degree required for the
induction of alcoholic fermentation.

Mash prepared in this manner contains, besides the stated
quantities of maltose and dextrin, ¢ffective diastase, i. e., such
as possesses the power of liquefying starch. By heating to
above 158° F. the diastase entirely loses this property. By
compounding a mash of this nature with yeast, the diastase
with the simultancous action of the yeast is able to convert all
the dextrin present in the fluid into maltose, and consequently
the total quantity of starch originally present is converted into
alcohol by this peculiar process, to which the term after-effect
of the diastase has been applied.

Unmalted grain being cheaper than malt and the latter
containing sufficient diastase to convert a very large quantity
of starch into maltose and dextrin, a mixture of malt and
unmalted grain (equal parts of both; % grain and } malt, etc.)
can be used-instead of malt alone. The latter is, however,
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preferable for the manufacture of vinegar, it yielding a product
of a finer taste than unmalted grain. The mode of preparing
the mash is exactly the same as for the distillation of alcohol,
and as the necessary information can be obtained from any
treatise on that subject, only a brief sketch of the operation
will here be given.

The malt carefully ground is mixed with cold water to a
thin paste, which is stirred until all small lumps are dissolved.
This mixing of the ground malt with water, doughing in as
it is called, can be effected with the assistance of a crutch or
rake, but best in a vat provided with a mechanical stirring
apparatus.

Doughing-in being finished, water of 140° to 149° F. is per-
mitted to run in. until the mash shows a temperature of about
181° to 133° F. During this operation the mash should be
constantly stirred. The at first thickly fluid mass will soon
be observed to become thinly fluid by the starch paste being
converted into soluble bodies. Mashing is finished in 2 to 2%
hours, and will be the more complete the more accurately the-
temperature is maintained at 131° to 133° F. The completion
of the process is recognized by a filtered sample cooled to the
ordinary temperature remaining colorless after the addition of
iodine solution.

The mash having reached this state, sufficient hot water is
added with constant stirring to raise the temperature to 140°
or 141.8° F. The purpose of this operation is to render all fer-
ments present in the mash ineffective. Lactic acid ferment and
frequently also butyric acid ferment always adhere to the malt,
and, if allowed to develop in the mash, would form lactic and
butyric acids during fermentation which would be injurious to
the process of alcoholic fermentation as well as to the proper-
ties of the vinegar to be manufactured. The mash is now re-
duced to a temperature of about 57° or 59° F. by bringing it
into the cooling-back or passing it through a system of refrig-
erating pipes. When working on a small scale the mash can
be suitably cooled by allowing cold water to pass through a
coil placed in a vat containing it.



166 MANUFACTURE OF VINEGAR.

The strength of the vinegar to be manufactured depends on
the concentration of the mash; mashes showing a saccha-
rometer statement of 20 per cent. contain after fermentation
about 9% per cent. of alcohol which yields vinegar of about 8
per cent.; mashes showing 18 per cent. yield vinegar of about
7 per cent., so that 1 per cent. of acetic acid in the vinegar
may be calculated on for about every 2% degrees indicated by
the saccharometer.

The mash is now set with yeast, though the latter may be
added when the mash still shows a témperature of 71.5° to
75° T, the yeast having then time to vigorously propagate.
Mashes prepared from malt alone are uncommonly rich in
nourishing substances for the yeast, the latter propagating
abundantly and inducing a very vigorous process of fermenta-
tion. This can be profitably utilized by combining the manu-
facture of vinegar and that of compressed yeast, a valuable
product being thus obtained without any extra expense and
with but little labor. At a certain stage of the alcoholic fer-
mentaticn the yeast comes to the surface of the fluid and can
be lifted off. By washing the yeast once or twice with cold
water and then freeing it from the excess of water by pressing,
compressed yeast is obtained which, with the exception of the
portion to be used for setting fresh mashes, can be sold.

Up to the completion of alcoholic fermentation the treatment
of the mash as can be seen from the preceding description,
does not essentially differ from that to which mashes for the
manufacture of alcohol are subjected. If, however, the com-
pletely fermented ¢ ripe ”mash is to be used for making vine-
gar, it should be subjected to a special treatment, the object of
which is to prepare a fluid containing no living yeast.

By filtering the mash through a closely woven linen cloth
the particles of malt-husks, etc., are retained but not the cells
of alcoholic ferment which may be present, and which, on ac-
count of their minuteness, are difficult to separate from the
fluid by filtration. It is, therefore, best to heat the mash be-
fore filtration to about 140° F. whereby the ferment is killed,
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and at the same time a certain quantity of albuminous sub-
stances dissolved in the fluid is rendered insoluble and sepa-
rated. The heating of the mash is best effected by passing it
through a coil of tin-pipe placed in a boiler filled with water
kept constantly boiling. The temperature of the fluid can bhe
readily regulated by increasing or decreasing the velocity with
which it passes through the coil. If the fluid heated to 140°
F. were allowed to cool in the air, a large portion of the alco-
hol contained in it would be lost by evaporation, and it is there-
fore allowed, after heating, to pass through a second coil of
pipe which is surrounded by cold water whereby it is cooled to
at least 86° F. This fluid is then filtered through a linen bag,
is being repeatedly poured back into the filter until it runs off
sufficiently clear. It will not, however, be obtained perfectly
clear in this manner, the yeast cells being too minute to be re-
tained by such a filter, but having been killed by heating, their
presence in the fluid is connected with no disadvantage.

By mixing the filtered fluid with from 10 to 15 per cent. of
its volume of vinegar, an alcoholic liquid is obtained which
can be worked in the usual manner in the quick-process gen-
erators, and yields an agreeable aromatic vinegar which clari-
fies rapidly and improves by storing.

According to the slow process, the fermented malt-wort is
run into casks placed in apartments called “stoves,” since
they are heated by stoves or steam to a temperature ranging
from 70° to 80° F. The casks are arranged in parallel rows,
resting upon long wooden beams elevated about 18 inches
from the ground, and having their bungs uppermost while a
small hole on top of the front head of each causes the circula-
tion of air.

A large saving of labor will be effected by connecting ele-
vated tanks holding the fermented wort with pipes and mov-
able flexible hose which will allow of the rapid and easy filling
of the casks. The vinegar produced is siphoned off into in-
clined troughs, which deliver it to a central underground
tank, from which it is pumped into the storing tanks.
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Malt vinegar generally contains a great deal of mucilaginous
matter which settles with difficulty, preventing its keeping,
while giving nourishment to vinegar eels. It is therefore
necessary to filter it, and for this purpose it is pumped into
the refining or rape vessels. These vessels are often filled with
wood shavings, straw, or spent tanner’s wood, but nothing acts
as well in producing by filtration a clear bright vinegar asthe
stalks and skins of grapes or raisins technically called “rape.”
Where there is power and a large quantity of vinegar is man-
ufactured, the filtering is effected under a considerable hydro-
static pressure. The rape is placed in a closed vessel between
two false perforated bottoms. A circuit of pipes is connected
at the lower and upper part of the vessel, and by means of a
pump the vinegar is made to pass again and again through
the rape. '

The mode of manufacture is frequently effected by ¢ field-
ing.” 1In this case, as the term implies, the process is con-
ducted in the open air. The casks rest on small frames 1}
feet high, being supported by firm pillars of brick-work or
wood. The operation generally begins in spring and continues
during the summer. The fermented liquor is run into the
casks by the bung-holes, the lattér being left open in dry, and
loosely covered with a tile in wet weather. Gradually the
alcohol of the “gyle,” as the fermented liquor is called, be-
comes oxidized, and acetic acid is produced, of course simul-
taneously affording vinegar. The latter is then drawn off and
transferred, to the refining or rape vessels where it passes
through the process of filtration already described. :

In some factories large quantities of sour ale and beer are
converted by similar processes into vinegar, but the product is
much inferior to the vinegar inade from malt-wort. The large
amount of nitrogenous and other extractive substances which
those liquids contain undergoes a second or putrid fermenta-
tion after the alcohol has been oxidized into acetic acid, and
in doing so reacts upon the acid, leaving a liquid of a dis-
agreeable odor slightly resembling very stale beer. By the
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addition of sulphuric acid this second fermentation is post-
poned for some time, but the vinegar has nevertheless a
nauseous smell which renders it objectionable.

Vinegar from Sugar-Beets.—The juice of the sugar-beet con-
tains a considerable quantity of cane-sugar and is readily
brought into alcoholic fermentation, so that seemingly this
root would form a very suitable material for the manufacture
of vinegar. Sugar-beets contain on an average 12 per cent.
of cane-sugar, the latter yielding, when completely fermented,
a fluid containing about 64 per cent. by weight of alcohol; a
fluid with this percentage of alcohol yields vinegar with 6 per
of acetic acid. :

In addition to sugar the juice of the beet-root contains,
however, a large number of other substances which exert an
influence upon the course of alcoholic fermentation, and, be-
sides alcohol, a large quantity of fusel oils is formed, so that
the alcohol has to be thoroughly rectified before 1t is fit for
use. The fermented beet-root juice itself has, however, a dis-
agreeable taste and odor, and the vinegar prepared from it
showing similar properties will not be fit for household pur-
poses until a remedy for these drawbacks is found. Numerous
experiments made for the purpose of freeing beet-root vinegar
from the substances which impart to it a disagreeable odor
and taste have given no favorable results. Filtering through
charcoal, and even distilling the vinegar and treating the dis-
tilled product with strongly oxidizing bodies, do not produce
the desired effect. From these experiments it would seem
impossible to directly obtain from sugar-beets vinegar fit for
household use.

Vinegar from Sugar, Fruits and Berries—DBy fermenting
sugar solution with pure yeast and pouring off the clear alco-
holic fluid, the latter shows a slightly acid reaction (from suc-
cinic acid), but is not converted into vinegar even if standing
for several weeks in the most suitable temperature, because
the vinegar ferment is wanting. DBy adding, however, an
excess of yeast, so that it remains partially suspended in the
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fluid, which can be effected by the addition of solution of gum
or starch paste, the nourishment for the spores of the vinegar
ferment reaching the fluid from the air is provided and
acetification takes place.

Cadet-Gassicourt advises the fermentation together of 124
parts of sugar, 868 of water, and 80 of yeast, and to filter after
one month. Or, according to another formula: Sugar 245
parts, gum 61, water 2145, yeast 20. Allow to ferment at
68° F. Fermentation begins the same day and is completed
in 15 days.

Doebereiner gives the following directions: Dissolve 10 lbs.
of sugar in 180 quarts of hot water, add 6 lbs. of pulverized
crude tartar (it dissolves only partially), and after .cooling to
77° F. induce fermentation by 4% quarts of beer yeast. In
aboul eight days, when fermentation is finished, add about 15
quarts of spirits of wine of at least 50 per cent. Tr. or 8 quarts
of aleohol of 90 per cent. Tr., and bring the mixture into the
acetifying vessel. This fluid would also be suitable for the
quick process. ‘

For making vinegar on a small scale for domestic use, brown
sugar with water alone, or sugar with raisins, currants, and
especially ripe gooseberries, may be used. These should be
mixed in the proportion which would give a strong wine, put
into a small barrel filled to about three-fourths of its capacity,
and bunged very loosely. Some yeast should be put in and
the barrel set in the sun in summer or a little way from the
fire in winter, and fermentation will soon begin. This should
be kept up constantly, but moderately, till the taste and smell
indicate that the vinegar is complete. It should then be
poured off clear, and bottled carefully. It will keep much
better, if it is boiled for a minute, cooled, and strained before
bottling.

With the exception of apples and pears, the different varie-
ties of fruit cannot be had in such abundance as that they
could be used for the manufacture of vinegar on a large scale,
and hience only a brief description of their utilization for that
purpose will be given.
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It is characteristic of most of our varieties of fruits, and
especially of berries, that in proportion to their content of
sugar they have a much greater content of free acids than
grapes, and this circumstance must be taken into considera-
tion, as otherwise wine would be obtained which contains a
considerable quantity of unfermented sugar. The followin
table shows the average content of sugar and free acid in the
most common varieties of fruits :—

Free acid calculated

Sugar. as malic acid.

Ghennissie el iade . x 1L oy 10.00 —

NI DTS o | iy I LR 6.25 to 13.99  0.691
ey T e TR R T B 8.78 —

Clummriichy J Ao A R A S 640 2.147
Strawberries. . . . . . . . . . 5.09t011.31 1.363
Gooseberries . . . . . . . .. 6.93 1.603
BilDertiestis ih oose d ki o tie o . 5.78 1.841
Raspberries .. . . . . . . . .. 4.02 1.484
BlackBerries s, & e 3T U 4.44 1.188

According to the above table, currants, gooseberries, rasp-
berries, etc., contain on an average scarcely 6 per cent. ot
sugar, and consequently their juice, after complete fermenta-
tion, would give a fluid with about 3 per cent. of alcohol, from
which vinegar with about 2} per cent. of acetic acid could be
obtained. Such vinegar being, however, too weak, those ber-
ries would not seem suitable for the direct preparation of vine-
gar. Moreover, the complete fermentation of the juice of most
berries is very difficult, the free acids, among which malic acid
proponderates, exerting an injurious influence upon the pro-
gress of fermentation.

Vinous fluids of an agreeable taste can, however, be pre-
pared from berries, and from them an aromatic and finely
flavored vinegar, by decreasing the content of acid in the juice
and increasing that of sugar. The juice of currants, as seen
from the above table, contains in round numbers 6 per cent.
of sugar and 2 per cent. of malic acid. By diluting this juice
with an equal volume of water a fluid containing 3 per cent.
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of sugar and 1 per cent. of acid is obtained, and the content
of the former can be increased at will by the direct addition
of sugar.

By compounding, for instance, 100 quarts of currant juice
with 100 quarts of water and adding 34 lbs. of sugar, the re-
sulting fluid contains about 20 per cent. of sugar and after
complete fermentation gives a fluid with about 9.5 per cent. of
alcohol, which yields vinegar of nearly 9 per cent. strength.
The taste of this vinegar is, however, stronger and more agree-
ably acid than that of vinegar from alcohol, it containing be-
sides acetic acid about 1 per'cent. of malic acid. Moreover,
vinegar obtained from berries contains a certain quantity of
extractive substances and odoriferous products of fermentation,
so that it possesses an agreeable bouquet and thus appears
more valuable than the ordinary product.

In many regions bilberries grow in abundance and can be
bought very cheap. Treated in the above manner, they yield
an excellent vinegar, possessing, however, a somewhat harsh
by-taste, due to the tannin contained in the berries. The latter
can be removed from the fermented fluid before using it for
the preparation of vinegar, by compounding the latter when
quite clear with gelatine solution or fresh white of egg, both
forming insoluble combinations with the tannin, which sepa-
rates in the form of flakes.

In regard to the preparation of vinegar from berries, it re-
mains to be remarked that, after pressing the bruised berries,
the juice is compounded with water and sugar and at once
brought into fermentation by the addition of yeast (best fresh
wine-yeast, or if this be wanting, compressed yeast divided
in water). Fermentation should take place at quite a high
temperature, 68° to 72° F. The separated yeast is carefully
removed from the fermented liquid and the latter stored away
in barrels kept constantly filled up to the bung, or at once used
for the preparation of vinegar. By converting fruit-wine into
vinegar by means of the vinegar ferment floating upon the
fluid a much finer product is obtained than by the quick
process.
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Peaches as Vinegar Stock. Mr. H. C. Gore* has made ex-
periments regarding the value of peaches as vinegar stock.
The conclusions drawn by him from this work are, first, that
peaches contain sufficient fermentable sugar for use as vinegar
stock, and, second, that they can be successfully handled by
machinery already in use for making apple cider and vinegar.
Other points of interest are as follows: First, but little varia-
tion was found in the composition of the same variety of
peaches when obtained from different localities. Second, the
peach juices analyzed were found to be richer in sugar than
those which have been previously analyzed by others, but
they were about 1. per cent lower in sugar than average apple
juices. They were considerably richer than apples in suec-
rose and in acid. Third, it was found that the use of pure
culture yeasts was not necessary to insure rapid aleoholic fer-
mentation. Fourth, the ciders prepared from peaches were
considerably poorer in alcohol than apple ciders on account of
the fact that peaches contain less total sugars than apples.
Fifth, the presence of brown rot was found not to inter-
fere with the alcoholic fermentation of the ground peaches,
but a large proportion of the sugars was wasted by allowing
the fruit to rot before fermenting. Sixth, well-flavored vine-
gars were produced by the use of a small quick-process gener-
ator. These vinegars werc of acceptable quality, though tur-
bid, and did not possess the distinctive peach flavor.

Cider Vinegar. The manufacture of cider itself will be de-
scribed in another portion of this work and, hence, its utiliza-
tion for the preparation of vinegar will here only be given.

The preparation of vinegar from good cider is not difficult,
the process of acetification by means of the vinegar ferment
floating upon the surface yielding an aromatic product of a
fine flavor which is nearly of as good a quality as wine vine-
gar. On account of its content of malic acid, the vinegar is
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