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P r e f a c e .

The object of this book is to bring together in a general way some
of our present information concerning the application of micro-
organisms to industry. In so far as possible the plan of arrangeme&t
has been to place together as groups those pages having to do with
closely allied products. In each chapter the different products have
been discussed somewhat as to history and use of product, processes of
manufacture, microbiology involved, and bibliography.

There is no intention of treating any of these subjects exhaustively,
These subjects are developing so rapidly and the fields are so large
that it is out of the question to try to do more than to indicate some
of the lines of their development in America. The omission of much
important work is recognized.

Mechanical steps having little to do with the microbiology in-
volved are only briefly described. I t is often necessary, however, to
deal with processes- as a whole in order to bring out the relation and
importance of the fermentations considered.

Manufacturers are beginning to appreciate the breadth and great
value of study in this field. The criterion of present day industry is
to find the most economical methods of production and to approach as
near as possible to complete utilization of all by-products. Micro-
biology has made many valuable contributions to the industries and
it is very evident that many industries based more or less on biological
processes will be altered further. Already the relation of fermentation
to manufacturing has been emphasized to such an extent that many
manufacturing concerns are employing men versed in fermentation
to work on their processes and problems.

The advantages to industry of dealing with micro-organisms may
be classified and illustrated as follows: the accomplishment of de-
sirable physical or chemical changes (as cheese ripening); the pre-
vention of undesired changes (as canning); the achievement of certain
results unattainable by any other method (as bread-making); and
the accomplishment of certain+effects or reactions more economically
than by other means (alcohol manufacture). In brief the situation
is that economic advantage resulting from the employment of the
soience of industrial microbiology may be in one or more of the fol-
lowing directions:

(a) Product improvement.
(b) Process improvement.
(o) Creation of new products of commercial value.

I wish to acknowledge my appreciation for the many helpful sug-
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gestions "which I have received during the preparation of this work
from Dr. Fred W. Tanner; Dr. M. J. Prucha; Dr. Walter H. Mao-
Intire; Dr. Judson H. Robertson; Dr. Margaret R. MacDonald; my
wife, Linda Utter Allen; and my father, Dr. E. Davis Allen.

PAUL W. ALLEN.
University of Tennessee,

Knoxville, Sept., 1925.
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12 INDUSTRIAL FERMENTATIONS

These theoretioal yields of CO, and of alcohol are never reached.
The reason for the reduced yields was explained by Pasteur who found
that other products than alcohol and carbon dioxide were produced in
alcoholio fermentation of sugars. He also called attention to tlie fact
that some sugar is utilised by yeasts in building new yeast cells.
Pasteur obtained 48.3 per cent of alcohol and 46.4 per cent of carbon
dioxide.

The ratio of carbon dioxide to alcohol in alcoholio fermentation
has been found to vary according to the age of the fermentation and
the age of the yeast. Also it has been found that the amount of yeast
formed per unit amount of alcohol produced varies greatly a t different
stages of the fermentation, the greater amount of yeast being formed
early in the fermentation.

Hoppe-Seyler emphaeizied the need of sufficient dilution in alcoholio
fermentation indicating that the water molecule enters into the
reaction.

Harden and Young brought out the opinion that alcoholic fer-
mentation takes place in steps, the first one having to do with a phos-
phate which it is agreed is necessary in alcoholic fermentation:

2 0 ^ 0 , , + R , H P 0 * = 2 C 0 , + 2 C 9 H 8 0 + C a H 1 0 0 * (POJEt.) B + 2 H , 0

The second step of Harden and Young is as follows:

Mg + 2HSO = CeHiaOfl

Neuberg and Reinfurth gave the following steps for alcoholio fer-
mentation of glucose:
Step (1)

CH.OH.CHOH.CHOH.CHOH.CHOH.CHO = CHa0H.CHOH.CH0
glucose glyoeric aldehyde

+ CH a 0H.CO.CH s 0H
Step (2) dihydroxyacetone

C H 9 0 H . C H 0 H . p H 0
glyceric alhedyde 2CH8CO.CHO+ 2HaO

C H a 0 H . C 0 . C H a 0 H =
dihydroxyacetone methyl-glyoxal

Step (3)
2CH aC0.CH0 + HaO = CHaOH.CHOH.CSa0H -f CHa.CO.COOH

methyl-glyoxal glycerol pyruvic acid

Step (4)
CHa.CO.COOH-t- (carboxylase enzyme) = CH.CHO 4- C 0 8

pyruvio acid acetic aldenyde

Step (5)
CH8.CH0 + CH8.C0.CH0 + H . 0 = CHaCH.OH +CH..CO.COOH

acetic methyl-glyoxal ethyl alcohol pyruvio acid
aldehyde
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Dubrunfout showed that cane sugar was not fermented directly into
alcohol but first had to be converted into another sugar as:

M U +H»O 4 . invertase = CH^O,, + C«H18O6

cane sugar dextrose lavuloee

Oa = 2C2Hfl0 + 2COa
dextrose alcohol

Pasteur found as a result of his researches on alooholio fermentation
that not all of sacoharose goes to alcohol and carbon dioxide but that
a oertain small amount, S. to 6.5 per cent is converted to glyoerin and
succinio acid as:

e a + 60H2O = 24C4Hfl04 + 1440 ,^08 + 60C0,
dextrose sucoinio acid glycerin

Duolaux held that acetic acid also appears along with alcohol
formation.

Pasteur's conception of alcoholic fermentation by yeast was that
the yeast plant attaoks sugar in the absenoe of oxygen to obtain oxygen
for respiratory purposes.

Pasteur in 1857 and 1858 mentioned succinio acid (CaH^COjH),)
and glycerin (C8HB(OH)8) as by-products of alcoholio fermentation
of sugar. He obtained yields gravimetrically of .673-.76 parts of
succinic acid, 3.607-3.64 parts of glyoerin, and 1.2-1.3 parts of fats,
oellulose, etc., from 100 parts of sugar. A more detailed discussion of
glyoerin production from the fermentation of sugar will be found in
the ohaptera on acetone and glycerin.

Kruse has given the following reactions to explain the appearance
of aoetio and lactic acids in alcoholic fermentation of dextrose:

2C«H120a = 3CH aC00H
dextrose acetic acid

6C aH l s0 a = 2C,H«0?
dextrose lactic acid

Fusel oil is another product which usually occurs in alcoholio fer-
mentation of sugar and persists in traces even in alcohol after rectifica-
tion. Fusel oil is mainly inactive amyl alcohol ((CH8)i.CH.CHa.CH9
(OH)) but is always aocompanied by active amyl alcohol.

Many explanations of the presence of fusel oil in alcoholic fer-
mentation have been given. Brefeld held that it was produced by
decomposition of dead yeast bodies whioh begin to accumulate toward
the end of alcoholic fermentation. Along this same line of thought
is that of Ehrlich who made a study of yeast action on amino acids.
He found that when Ieuoine or isoleucine was present in the alcoholic
fermentation of sugar both active and inactive amyl alcohol were
produced as follows:
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HaO =

leuoine

CO8 + NH8

amyl alcohol c //3

OOH + HaO = ^ N c H C ^ O H + C02 + NH8

isoleuoine, „ active amyl alconol

Concerning these reactions of Ehrlioh, Haas and Hill say, "The
amounts of these alcohols produced are proportioned to the quantities
of leucine or isoleucine added and rise under favorable conditions to
as much as 7 per cent; furthermore it was found that although the
leucine parted with its nitrogen in the form of ammonia, the latter
substance was not lost but appeared to be taken up by the yeasty in
the production of new protein material; this observation led to trying
the effeot of adding ammonium salts, when it was found that the yeast,
finding these latter to be an easier source of nitrogenous food, gave
up attacking the leucine, and consequently less amyl alcohol was
produced."

Another explanation of the presenoe of fusel oil in alcohol is that of
Perdrix, of Pereire and Guignard, and of Pringsheim who found bao-
teria in alcoholic solutions which could produce fusel oil. In this con-
nection Gayon and Dupetit found that fusel oil production was sup-
pressed by the addition of bactericides to alcoholic fermentations.

Other products sometimes produced in small amounts during alco-
holic fermentations are formic acid, butyric acid, propionic acid, valeric
acid, caproic acid, caprylic acid, etc.

Enzymes of Yeast

The enzyme in yeast Which causes the d-series of hexose sugars
to be converted into alcohol has come to be called alooholase. This
enzyme was first described by Buchner who called it zymase. But
due to the fact that this term had previously been applied to the sac-
charose inverting enzyme of yeast previously by Been amp the newer
name, alcoholase, has come into quite general use.

Invertase or sucrase is an enzyme common to most yeasts. It
makes possible the alcohplic fermentation of cane sugar, that is, sac-
charose, by hydrolyzing its molecule to glucose and tevulose, both of
which then can be fermented to alcohol.

Other enzymes which are present in many yeasta are maltase (con-
verting the maltose molecule to two molecules of glucose), and lactase
(converting the lactose molecule to a molecule of glucose and one of
galactose).

The proteolytic enzyme, endotryptase, produced by yeast is very
important from the standpoint 6i yeast oell physiology. • This enzyme
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is an endo-enzyme remaining within the yeast cell and acting on intra-
oellular material.

Physiology of Yeast.

Concerning the physiology of yeast in industrial alcohol manu-
facture, Breckler says, "Any process for making alcohol must give
careful consideration to the question of yeast nutriment. As the
amount of yeast formed is dependent upon the volume of liquid rather
than the concentration of the fermentable matter, the most economical
process in this respect will evidently be that in which the concentration
of the fermentable matter is the greatest praotical. About 8 pounds
of dry yeast are formed from every 1000 pounds of fermentable liquor
of which 6 per cent or % lb. is nitrogen. If a liquid contains 10 per
cent of fermentable, the amount of nitrogen required is 1/13 of a
pound per gallon 160 proof. The potash requirements are about 1/5
of the nitrogen. Just as much attention to yeast poisons is desirable."

Uses of Alcohol.

The four main uses of alcohol are:

(1) Industrial uses as a solvent, etc.
(2) Use in medicines and the preparation of medicines.
h) AB fuel.
(4) Formerly as a beverage.

By the term industrial alcohol is meant ethyl alcohol denatured
with a government authorized substance, as pyridin bases, benzin,
wood alcohol, iodin, etc. A long list of different denaturing formulas
have been made lawful in the United States. These different formulas
were originated with the idea of adding a denaturing substance to
alcohol which will be beneficial or at least not harmful to the product
in which the alcohol is to be used. In other words, the United States
Government wishes to make sure that alcohol will not be used as a
beverage, and at the same time does not wish to interfere with its
industrial uses. However, many complaints have been made that much
hardship to industry has resulted from the addition of denaturing
substances to alcohol.

The industrial use of alcohol has been greatly extended in recent
years, still many believe that it is inevitable that sooner or later its
use as a fuel will supersede ite use in all other ways. Alcohol and
alcoholic mixtures have already grown in use in Europe as a motor
fuel. I t is reported that the mixture of alcohol and benzol is very
satisfactory as a fuel for tractors.

The raw materials which may serve as sources of industrial alcohol
are very numerous, as corn, molasses, potatoes, sawdust, beet pulp,
agave, palms, apple culls, caotus, sorghum, garbage, fruits, hay, straw,
corn stalks, weeds, grains, artichokes, cassava, etc. However, in
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this country only molasses and corn have been extensively used
as sources1. In Europe potatoes are successfully manufactured into
alcohoL . . . . ,

In discussing the manufacture of denatured alcohol m the United
States, the editor of the Journal of Industrial and Engineering
Chemistry says that denatured alcohol was first allowed to be manu-
factured tax-free in the United States by an act of Congress dated
June 7, 1906. Since that date up to the time of the signing of the
Armistice, denatured alcohol steadily increased. The demands for
"completely denatured alcohol" and "specially denatured alcohol"
have been gradually increasing and broadening.

I t was to b'e expected that alcohol demands would be greater during
the World War than immediately after as is shown by the figures of
the following alcohol production table. However, the normal increase
in the use of industrial alcohol is being felt again.

A long list of different "Formulas for Completely and Specially
Denatured Alcohol" were authorized in 1922 by the United States
Internal Revenue Bureau. These formulas have been originated
to best adapt the alcohol to the use which is to be made of it in
commerce.

The figures in the following table are taken from those of the
office of James P. McGovern of the United States Industrial Alcohol
Company, published in the Journal of Industrial and Engineering
Chemistry, Vol. 15, pp. 1086-1087.

DHNATOBBD ALCOHOL PBODUCHON.

Yean
1907
1008

1018
I S i
1916

1919

1921
1922

Completely
Denatured Alcohol

1312,123.38 gallons
2,370,839.70
3,076,924J>5
8,374,019.62
4,229,741.87
5,222,240.78
6,213,129,56
5,386,646.96
7,871,952.82

10,288,321.33

13,476,796.17

Specially
Denatured Alcohol

1,501,356.46
2,186,097-59
3,002,102̂ 5
8.507,109.94
393354644
41003 4177Q
B19l!84fl!o3
8,599,821.81

38,807,153.56

89,V07('l70.49

The following note concerning the above figures is given: "Com-
piled from the Annual Reports of the Commissioner of Internal
Revenue Amounts for 1907, amounts by formulas of Completely
Denatured Alcohol for 1908, 1909, 1910, 1911, and 1912, and amounS
by formulas of Specially Denatured Alcohol for 1910, and 1911 are not
given in such reports and are not available."
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Manufacture of Alcohol from Cellulose-Containing Materials.

The oivilized world is rapidly increasing its demands for mor$
light, more heat, more electricity, and motive power in all forms. Tbfc
sun is eventually the source of all this increased physical activity.
Human progress and fuel consumption seem to go hand in hand. Coal,
petroleum, vegetation, water power, and the sun's rays seem to be
quite exclusively the present sources of energy. These sources repre-
sent in reality 'the sun's rays, past and present. When the supply
of coal, petroleum, and wood is consumed, many believe we will be
restricted to the utilization of the annual fixation of energy from the
sun's rays, in other words, annual crops.

The relation of the chemist to this annual crop of fixed energy
has been discussed by EQbbert. He says, "According to a recent report
of the United States Geological Survey, if the rate of production of
crude oil in 1920, namely, about 443,000,000 barrels, continues to be
maintained our supply of crude oil will have become entirely exhausted
in about 13 years. Does the average citizen understand what this
means? In from 10 to 20 years this country will be dependent entirely
upon outside sources for a supply of liquid fuel for farm tractors, motor
transportation, automobiles, the generation of heat and light for the
thousands of country farms, the manufacture of gas, lubricants,
paraffin, and the hundreds of other uses in whioh tius indispensable
raw material finds an application in our daily life.

"It must be frankly admitted that at the present moment there is
no solution in sight, and it looks as if in the rather near future this
country will be under the necessity of paying out vast sums yearly in
order to obtain supplies of crude oil from Mexico, Russia, and Persia.
I t is believed however that the chemist is capable of solving this
difficult problem on the understanding that he be given opportunities
and facilities for the necessarily laborious and painstaking research
work involved."

The most common way of thinking of alcohol production from
annual crops is the acid hydrolysis of cellulose to sugars and the
alcoholic fermentation of the sugars thus produced. However the
cost of the aoid and fuel required for this mode of hydrolysis throws
the cost of alcohol per gallon much higher than is neoessary. Other
methods of converting starch and cellulose to sugar have been tried
out, and show much promise. Hibbert says, "Of all chemical processes
those carried out by living organisms or enzymes are, comparatively
speaking, the cheapest to operate, since the expense for labor,
etc, is small, due to the efficient manner in which the tiny organisms
operate.

"The recent work oarried on by Boulard in France on the pro-
duction of alcohol from starch by the action of certain alcohol-pro-
ducing fungi indicates a new method of approach from which ap-
parently much may be expected. By the action of these new agents it
is claimed that starch may be converted directly into alcohol, although
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in practice it has been found better to use the fungi only for converting
the starch into eugar and then to ferment the latter with yeast. Much
higher yields are claimed than where the saccharifioation is ef-
fected by acids or by malt. Large-scale experiments are stated to
show a yield of 39 to 44 liters of pure alcohol from 100 kilograms
of grain compared with 27 to 33 by the acid and 34 by the malt
process."

Hibbert says that Pringsheim guided by the epoch-making work
of Buechner on fermentation and the action of ferments, has been
able to show that there is a strict analogy between the fermentation
of certain carbohydrates Buch as maltose, cane sugar, starch dextrin.8,
etc., and that of cellulose. He says, "In the former cases fermentation
takes place in two stages in which two different groups of ferments
play an active r61e. These are the 'hydrolytio' and 'fermenting' types,
respectively. The former bring about the hydrolytio conversion of the
maltose, starch dextrina, etc., into glucose, while the latter induce
fermentation of this with formation of alcohol.

He further adds,
"Similarly under the action of certain ferments, associated with

specific microorganisms found in horse-manure, river mud, etc., cellu-
lose is converted into glucose. The first change is brought about by
the action of the hydrolytic ferment 'cellulase1 which converts the
cellulose into eellobiose. Under the action of a second ferment 'cello-
biase' the cellobiose is converted into glucose."

The formula for cellobiose as given by Haworth and Hirst is as
follows:

CH20H-CH0H-CH-CH0H-CH0H-CH-0-CH-CH0H-CH0H-
CH0H-CH20H

f O 1 ! O 1

The increasing demands for industrial alcohol and its probable
use as power fuel has greatly stimulated interest in the chemistry of
cellulose from the standpoint of its possible economic conversion into
industrial alcohol.

The empirical formula for'cellulose is C0H100B:" however this does
not tell anything about the internal structure of the molecule. With
the recent discovery that cellulose, no matter what its source, has the
same structural makeup, renewed interest has been given to cellulose
chemistry.

Concerning the structural formula for cellulose, Esselen says,
"Cellulose chemists for the most part have been agreed for some time
that cellulose contained three hydroxyl groups and no more, but
whether these were primary, secondary, or tertiary was not known.
Denham and Woodhouae recently answered this question very prettily
by repeated treatments of oellulose with dimethyl sulphate in the pres-
ence of alkali. On hydrolyzing with weak acid they obtained chiefly
trimethyl dextrose, which may be represented.



THE MANUFACTURE OF INDUSTRIAL ALCOHOL

H H

CH

OCHa OCH8 OH

Then for the first time, it was clear that in cellulose there were two
secondary hydroxyl groups and one primary hydroxyl group. With
this clue, in addition to the previously known facts, Hibbert suggested
the following formula for the cellulose nucleus:

CHaOH

with the idea that the fundamental unit from which the cellulose mole-
cule is built up, is cellobiose made by the union of two of these cellu-
lose nuclei.

CH.OH H OH

OH OH
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Admittedly the cellulose molecule is very much larger than cellobioee
and the question is now under discussion as to "whether it is a pole-
merized molecule held together by strictly primary valences or whether
it is a colloid molecule of the general type suggested by Langmuir and
held together by secondary or residual valences."

In a discussion of the action of bacteria on cellulose material
before the 42d Annual Meeting of the Society of Chemioal Industry,
A. H. Lymn and Herbert Langwell said, "The substances resulting
from the fermentation of cellulose represent perhaps the most promis-
ing source of light motor fuel at present in sight provided that they are
pbtained from waste substances, suoh as maize waste (cobs and stalks),
Various straws and grasses, etc.

"Prom 1895 to 1902 Omeliansky published his researches, giving
detailed accounts of the products obtained from cellulose by fermen-
tation at about 36° C. In 1899 Macfadyen and Blaxall {Trans. Inst
Preventive Medicine, 1899, 162) first described the action of tnermo-
philic organisms on cellulose at about 60° C , gave no detailed account
of the product. Later Pringsheim {Centr. Bakt., Abt. 2, Vol. 30)
flOTnTmmip.flt.flri an analysis of the products of the thermophilic fermen-
tation of cellulose at 65°-60° with production of formic and acetio
aoids, hydrogen and carbon dioxide. All the above were purely
labbratory experiments, apparently with no technical exploitation in
view. The only experiments on a large scale on record, apart from our
own, so far as we are aware, are those of G. J. Fowler and G. V.
Joshi (/. Indian Inst. 3d., 1920, 3, 39-60), who concluded that hemi-
celluloses were more suitaDle for fermentation than the more resistant
celluloses."

Lymn and Langwell isolated an orgapism from stable manure which
would attack "almost every form of cellulose under either anaerobic
or aerobio conditions."

The optimum temperature for growth of this organism was said to
be 60°-68° C. Some of the carbohydrates which it fermented in their
experiments were resistant celluloses, modified resistant celluloses,
hemicelluloses, starches, sugars, eto.

As explanation of the mode of attack which this organism uses,
they say,

"The following equations are an attempt to trace the course of
fermentation in order to account for the products obtained. They are
largely based upon fteuberg's well-known work on yeast fermentation,
together with our own experimental experience.

"The first action is probably the hydration of cellulose and its
breakdown to pyruvic acid and hydrogen. This is endothermic, so
that pyruvio acid is not likely to be found as an end product.

(1) CeH10Ofl + HaO -> 2CH..C0.C00H + 2HS.

"Under suitable conditions this pyruvic acid and hydrogen continue
to give laotio acid,

(2) CH1.C0.C00H + H 1 -»CH 1 .CH0H.C00H
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This is an exothermic reaction and lactic acid is actually found,in the
products.

"Under other conditions pyruvio acid splits off COa to yield
acetaldehyde.

(3) CHa .C0.CO0H-»CH8 .CHO + C0 J
This is only faintly exothermic, BO that aldehyde-fixing agents would
be necessary to prevent further splitting of the aldehyde. The fixation
of aldehyde is difficult with the cellulose fermentation owing to its
powerful reducing action, and has not yet been successfully ac-
complished.

"The aldehyde may then according to the conditions of fermenta-
tion follow one or both of two courses; it may be reduced to alcohol
as No. 4, or hydrolyzed to a mixture of aoetio acid and alcohol as
No. 5.

(4) CHs-CHO + Ha -»• CH8.CHa.OH
(5) 2CH,.CH0 + HaO -> CH?.CH3.OH + CHa.COOH
"By again ohanging the conditions, the alcohol once forced may

break down to a mixture of acetic acid and methane.
(6) 2CH8.CH2.0H-> CH..COOH+ 2CEU.
"This ohange has been repeatedly observed and is sometimes diffi-

cult to prevent.
"The high yields of acetio acid obtainable can only be explained

by a reaction such as:
(7) CeH10OB + HaO -» 3CH..C00H
"A seoondary reaction, well known in biological processes, results

in the breakdown of lactio acid to butyric acid.
(8) 2CH8.CHOH.C9OH -> CHa.CHa.CH,.COOH -f 2CO, + 2Ha
"Finally, over-aeration results in complete oxidation of any of the

above products to COa and HaO."
Concerning the fermentation of cellulose into fuel gases Esselen

says, "Some organisms decompose it into acetic, butyric, and lactic
acids, while others give hydrogen, methane, and oarbon dioxide. Some
scientists in India have recently busied themselves with an investiga-
tion to determine the possibilities of using this latter phenomenon to
produce heat. While oellulose, particularly in its usual forms, is quite
resistant to the action of bacteria, the so-called hemicellulose is quite
reactive. I t so happens that in India there are ample waste oellulose
materials, such as banana skins and stems and other vegetable refuse,
which contain hemicelluloses and have been found to give excellent
results in fermentation. After considerable experimenting it was
found possible to obtain a daily volume of combustible gas equal to
80 per cent of the volume of the space occupied by the fermenting
material. When this gas is collected over water, which is of oourse
the usual situation, it contains about 85 per cent of methane, and is
therefore of high calorific value. This calorific value is reported as
averaging about 930 B.tu. per cu. ft., which is almost twice the
calorific value of the illuminating gas in Boston. The men who con-
ducted the investigation feel that the fermentation of cellulose might
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prove a useful process for the production of a power gas for industrial

PUrA°very valuable report on the subject of the ability of the United
States' Forests to supply liquid fuel was read by R. 0. Hawley before
the section of Cellulose Chemistry of American Chemical Society
Meeting at Rochester in 1921. He gave the following data concerning
the U. S. exclusive of Alaska:

Acres forested with second growth forests . . . . . . . . . . . . . . . . . . . . • •
Waste land on whiah nothing is growing but capable of reforestation iffixXX
Virgin forests 137,000,000

, Total 463,000,000
Present growth of timber (oubio feet) per year (Becond growth).. ,̂996,000,000
Possible growth of timber (cubio feet) per year 27,780,000,000
Amount of wood removed annually as lumber, fuel, pther produots,

destroyed by fire, insects and fungi _ 26,048,915,000
Cubic feet of wood as waste from lumbering, loss by fire, insects

and fungi, as excess of possible growth over annual cut and as
possible increased growth due to more intensive crop manage-
ment, which could be used for1 liquid fuel production without
encroachment upon the supply of other forest products 11,030,000,000

Concerning liquid fuel production according to the above data,
Hawley says, "In making the calculation a cubic foot of wood is token
as weighing 30 pounds and a ton of wood as yielding 15 gallons of
alcohol. On this basis the 11,000,000,000 cubio feet of wood will
furnish an annual output of 2,475,000,000 gallons of alcohol or 33
per cent of the total amount of alcohol needed to replace the present
output of gasolene.

"The cost of the raw wood laid down at the manufacturing plant
is estimated to average 25 cents per gallon of alcohol produced by
present methods although where the proper region and species are
chosen this cost may be reduced to 7 cente per gallon. It remains
for the chemists to develop improved methods of utilizing the cellulose
more completely thereby increasing the output secured from a ton of
wood."

Motor Fuel from Vegetation.

Concerning the use of alcohol as motor fuel, Boyd says, "Alcohol
has been used as a motor fuel to a considerable extent and it has been
found to be suitable for this purpose, and indeed it has certain ad-
vantages. Its combustion is marked by cleanliness' and freedom from
any deposition of carbon in the combustion chamber. Because it boils
at a definite and comparatively low temperature it can be well dis-
tributed in multi-cylinder motors. On account of its low boiling point
it should give no trouble from dilution of crank case oil. Alcohol
will stand very high initial compressions without knocking and at hiffh
compressions its combustion is smooth and highly satisfactory Be-
cause of the high compression at which alcohol may be used the avail-
able horsepower of a definite size of motor is much greater with alcohol
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than with motor gasolene, if each be run at its most economical com-
pression."

The following, disadvantages of the use of alcohol as motor fuel
are enumerated by Boyd.

" 1 . Low heating value—around 80,000 B.t.u. per gallon, as
compared to about 120,000 B.t.u. per gallon of gasolene.

"2. High latent heat and low vapor pressure make it hard to
start .

"3. Is absorbed by cork carburetor, thus rendering them value-
less. Loosens gummy or other materials deposited in fuel
system and thereby clogs screens in the fuel lines.

"4. Will not blend with petroleum oils unless it is either prac-
tically free from water, or unless a binder is used"

In some preliminary experiments concerning the manufacture of
ethyl aloohol from wood waste, P. W. Kressman described a process
as follows: "The process of producing ethyl alcohol from wood con-
sists, in general, of digesting sawdust or hogged and shredded wood
with a dilute mineral acid at from 60 pounds and more, of steam
pressure. This converts part of the wood into a mixture of pentoefe
and hexose sugars. The latter are then fermented, producing alcohol.

"The source of the fermentable sugar, that is, wnether derived from
the cellulose or lignin of the wood has long been a mooted question
and has been the occasion of considerable investigation, but the fact
remains that a wood cellulose like soda or sulfite pulp will produce
about twice as much fermentable sugar and alcohol as the original
wood, the yields being proportional to the cellulose content."

E. C. Sherrard in an investigation of the possibilities of the manu-
facture of industrial alcohol, that is, ethyl aloohol, from Western
Larch (Larx occidentals, Nuttall), says, "The search for raw ma-
terials from which alcohol can be prepared has been "carried to all
quarters of the earth and to many different products. Several different
wood products have been investigated. One of the very interesting
attempts to produce alcohol from wood commercially is that re^
ported by Sherrard, who studied the Western Larch as a source
of industrial alcohol. His work followed that of Schorger, who found
a water-soluble material in Western Larch called galactan which upon
hydrolysis with dilute acid yields the sugar galactose. Schorger's
work in attempting to ferment this galactose to alcohol with 'S. Carls-
bad I' yeast resulted in but a 40% yield of alcohol. Kressman work-
ing on the same problem of alcohol production from larch found that
when the wood was hydrolyzed, 26.21 per cent to 30.52 per cent of sugar
resulted. He further found that when yeast was added to the liquor
the sugars resulting from the hydrolysis of cellulose were fermented
while the galactose was not attaoked at all or at least very little."

Sherrard took up the problem at this point and fermented the
hydrolyzed water-soluble galactan and the sugar products of the
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hydrolysis of the cellulose residue separately. By this method he was
able to obtain the following average yields:

Total Reducing Sugar per cent 29.00
Total Sugar Fermentable per cent 72.00
Theoretical Alcohol per cent of dry wood 10.78
Actual Alcohol per cent 10.65
Fermentation Efficiency per cent 98.7
Alcohol Calcd. 95% per ton of dry wood 83.0

Sherrard says, "The yeast used for the actual fermentation was a
pure strain culture of a Hungarian beer yeast. Saccharomyces cere-
visi», which has been in use at the Forest Products Laboratory for
several years and has proved very efficient in the fermentation of
sugars resulting from the hydrolysis of wood.

"The sugar solutions were prepared for fermentation by evaporat-
ing to a suitable concentration and then adding a sufficient quantity
of 10 per cent solution of autolyzed yeast to make the whole correspond
to a 2 per cent yeast solution- The yeast water was prepared accord-
ing to the method of Fred and Peterson by boiling autolyzed yeast
with distilled water for one hour and filtering while hot. The solution
was then again boiled, filtered, and finally sterilized in an Arnold
steam sterilizer."

Concerning the control of the fermentation of the two different
liquors obtained from the larch, Sherrard says, "In the fermentation
of the sugars resulting from the autoclave cooks of the extracted
residue no precautions are necessary other than those already described.
{Phil. Magazine (6) 9 (1905), 599; Am. Jcmr. ScL (4) 18 (1904), 378.)
In order to obtain a satisfactory fermentation of the solutions con-
taining galactose, however, it is imperative that the temperature and
acidity be carefully regulated. The temperature must be held be-
tween 85 degrees and 90 degrees F., and the initial acidity of the
solution not greater than 5 degrees. If the acidity is greater little or
no fermentation takes place. When the galactose solution is fer-
mented alone, but very little increase in acidity occurs as the fer-
mentation progresses, but when the solution resulting from the
hydrolyzed wood is fermented, an increase of 4 per cent acidity is
quite common."

Manufacture o£ Industrial Alcohol frorj^JVood Pulja Liquor.

Mwood Hendrick, writing in Paper (1908) says: "The liquor
contains from 8 percent to 10 percent of dry residue, which includes the
lignin, with all that the word implies. Less than 1% per cent of the dry
residue is inorganic. In varying quantities there is SOa both free and
combined, sulphuric acid, and about three-quarters of 1 per cent lime,
rthe sugar content varies from a maximum of 3 per cent to something
pretty close to zero as the minimum. The per cent of alcohol from the
liquor is a very high yield even in Sweden. With good practice about
two-thirds of the sugar is fermentable.
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"In 1913 the West Virginia Pulp & Paper Company put up the
first plant in the United States at Mechanicville, N. Y., to make ethyl
alcohol from this material. Operations began in March, 1914. Count-
ing all the costs, it has not been a profitable undertaking. But where
should we be if there were nobody to try things out? The feeble of
will are discouraged by unsuccessful experiments, and such men lead
only at industrial funerals. The real leaders in industry, on the other
hand, have the virtue of perseverance along with the quality of sports-
manship, and often, indeed, they can see romance in a scrap-heap
that wrings only tears of gloom from their ungifted fellows.

"The alcohol plant was built to treat 100,000 gallons of waste liquor
a day, which at that time was the regular product of the establish-
ment at Mechanicville. They have been producing 500 gallons of
alcohol a day. This is now running somewhat higher owing to changes
in methods.

"Whether any of the sugar found in the liquor is that which was
formed of water and COa by the catalytic action of chlorophyll in the
green leaves of the trees while still growing seems still open to question,
although it is hardly possible that more than a very small portion of it,
if any, can come from this source. Dr. Erik Eaegglund, in an interest-
ing series of articles, claims that wet wood produces more sugar than
that which is dry. This has not been confirmed at Meohanicville. He
also expresses the opinion that none of the sugar present has its origin
in cellulose, although he says that Dr. Eckstrom, under whose patents
these works are operated, holds the opposite view. The impression
prevails also that a good part of the sugar is the product of lignin;
from all of which we may gather that the chemical history of the
sugar in sulphite waste liquors is still more or less guessed at.

"Dr. Haegglund reports that Sweden produces 660,000 gallons of
alcohol annually by this method."

In a paper dealing with the manufacture of ethyl alcohol from wood
waste, F. W. Kressmann says: "The production of fermentable sugars
and ethyl alcohol from cellulosic materials, such as straw, linen, cotton,
peat, wood, and in fact, all plant fibers, has engaged the attention
of ohemiste and technologists for nearly a century. I t is only within
the last two decades, however, that serious attempts have been made
to utilize wood waste for this purpose. The principal sources of fer-
mentable sugars from which alcohol is at present derived are the
hydrolytio products of starch and the sugars obtained from fruits
and such sugar-factory residues as molasses.

"Corn yields about 2.4 gallons of 188-proof spirit a bushel; and,
although the price of corn and other grains varies with the season
and from year to year, before the war the average cost of the ma-
terials for making grain alcohol, fuel excluded, was about 27% cents
a 188-proof gallon. Manufacturing costs, inoluding coal, interest,
repairs, depreciation, taxes, labor, etc., ranges from 10 to 17 cents a
gallon of 188-proof alcohol, depending upon the location and efficiency
of the plant.
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"One gallon of molasses yields from 0.45 to 0.48 of a gallon of 188-
proof spirit. The price of molasses before the war averaged from
5 to 7.5 cents a gallon, and, therefore, the approximate cost of raw
material in a gallon of molasBes spirit was from 10 to 15 cents. The
ooet of production of molasses spirit is slightly less than that of grain
spirit, but in either case the cost of raw materials is comparatively high.

"One ton of dry sawdust or other wood waste (or its equivalent on
an air-dry or green basis) will yield from 12 to 20 gallons of 188-proof
spirit. The disposal of this waste in the vicinity of a sawmill or other
large woodworking plant is specifically an item of loss, beoause most
sawmills produce waste in excess of their own power requirements.
Sometimes the waste is not worth more than 30 to 50 cents a ton, and
this makes the cost of raw material in a gallon of ethyl aloohol from
sawdust about 2 cents. This Includes also the fuel oharge, for the
residue after conversion and extraction is available for fuel, whereas
in grain distilleries about 7 tons of coal and in molasses distilleries
about 4 tons are required in producing 1,000 gallons of 188-proof
spirit.

"If the manufacturing cost of producing ethyl alcohol from wood
can be reduced to the Bame figure or nearly the same as that for making
it from grain or molasses, there will be a large margin in favor tii
producing the alcohol from wood waste."

Kressmann says:
"The processes used for the production of ethyl alcohol from wood

may be grouped into two general classes: Hydrolysis of wood into
fermentable sugars by the use of dilute acid (preferably mineral acid)
as a catalyzer, and solution processes, in which the wood is dissolved
in concentrated acid and the diluted solution is then subjected to
hydrolysis,

"The first process consists, in general, of digesting sawdust or
hogged and shredded wood with a dilute mineral acid under 60 pounds
or more of steam pressure. This converts part of the wood into a
mixture of pentoae and hexoee sugars. The latter are then fermented
into ethyl alcohol.

"Processes of the second class, involving the use of concentrated
sulphuric acid and in which the wood is actually dissolved by the acid,
as in the Ekstrom process, have not received commercial attention,
notwithstanding the fact that Flechsig many years ago showed that
cotton oellulose could thereby -be converted into dextrose and alcohol
almost quantitatively. The more recent work of Willstatter and
Feichmeister with fuming hydrochloric acid on cotton and wood has-
jonfirmed these results; but in all those experiments the amounts of
icid required have been so large that the initial and recovery costs for
icid have prevented commercial development.

"Whether the source of the fermentable sugars is the cellulose or
he lignin of the wood has long been a subject for debate and has also
ieen the occasion of considerable investigation; but the fact remains
hat a wood cellulose like soda or sulphite pulp has been found to
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produce about twice as much fermentable sugar and aloohol as the
same amount of the original wood, the yields being in proportion to
the cellulose content."

Nipa Palm of Philippine Islands as a Source of Industrial
Alcohol.

The claim is made that this palm furnishes the oheapest raw ma-
terial in the world for alcohol manufacture. I t is estimated that the
Philippine Islands could furnish 50,000,000 gallons of alcohol annually
from the Nipa palm.

Manufacture of Alcohol from Molasses.

In the manufacture of alcohol from cane molasses, the molasses is
diluted, properly aoidified, and balanced by adding a nitrogenous com-
pound, usually ammonium sulphate, for the purpose of supplying the
yeast with a nitrogen supply.

According to Wiley and Sawyer it is best to dilute cane molasses
to about 12% of sugar before starting fermentation. Beet molasses
is usually alkaline and has to be acidified before being "pitched."

Manufacture of Alcohol from Corn.

In the manufacture of corn into alcohol the process is .much less
simple than in the case of cane molasses. The grain must be ground,
cooked, and malted before fermentation can take place. The grain is
cooked at 50 lbs. pressure in a large pressure cooker with steam coils
or steam jacket and a powerful rotating agitator. Water is added
to the grain before cooking in the proportion of 20 gallons to the
bushel. When the grain is cooked and cooled malt is added. Green
malt is used in the proportion of 1 lb. to 20 lbs. of grain. Dry malt is
only one-half as strong as green malt. After the malt is added, about
an hour is required at 145° F. to convert the gelatinized starch of
grain to sugar. The converted mash is then pumped to fermentation
cellars, inoculated with distiller's yeast and held at 65° F. until fer-
mentation is complete, which requires from two to five days'. When
the fermentation is complete the fermented liquor is distilled.

Industrial Alcohol from Potatoes.

In 1910 there was wide interest in the subject of the manufacture
of industrial alcohol for power purposes. Many different waste
produots were being studied as to their possibilities in the way of
alcohol production. Wente and Tolman went into considerable detail
in a study of potato culls as a source of industrial alcohol.

They say in U.S.DA. Bui. 410 (1910), "Alcohol is a substance
produced by the fermentation of sugar. In practice there are two
possible sources of sugar for this purpose; first, plants naturally con-
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taining sugar ready to be converted into alcohol by simple fermenta-
tion, euch as sugar cane, sugar beets, sorghum, fruits, etc.; second,
materials containing starch which may be changed into sugar by tne
action of malt or acids and then fermented, such as potatoes, grains,
cassava, eto. . .

"The so-called 'denatured alcohol' is prepared by the addition 01
such ingredients as will make the alcohol unfit for drinking purposes.
It is used extensively in the manufacture of varnish, explosives, chemi-
cals, and many other commercial articles. It may be also used in
various household appliances, both for lighting and heating purposes
with much more safety than either kerosene or gasoline. Its cost
previous to the enactment of laws making it tax-free was such as to
prevent its use in engines and motors, consequently very little was
done toward their adaptations to its use. I t is, however, being suc-
cessfully used in both stationary and traction engines in other countries
where it can be had at a moderate price, and under similar conditions
of eoonomic manufacture would undoubtedly be so used in this oountry.

"One per cent of sugar or starch in a product will produce ap-
proximately one-half of 1 per cent of alcohol. It is not practicable
to distill a fermented solution containing less than 2 or 3 per cent of
alcohol. I t is therefore evident that materials containing less than
6 per cent of sugar or starch cannot be considered suitable for the
profitable manufacture of alcohol. Many of the waste materials of
the farm may accordingly be eliminated without further consideration.
The next point to be considered, after it is decided that the raw ma-
terial to be used contains sufficient sugar or starch, is the supply of
this material and the cost of its delivery to the distillery. Further,
there must be available a good supply of water for the condensing
apparatus and cheap fuel for the boilers. All of these considerations
must be carefully weighed before any attempt is made to establish a
distillery.

"The first consideration is that the distillery be oentrally located
in a potato-raising country; second, that there are railroad facilities
for the delivery of raw materials and fuel and the marketing of the
finished product at a mrnimiiTn expense. An abundant supply of oold
soft water is of almost equal importance. I t is desirable- that the
plant be near a creek or stream from whioh the water may be obtained
and into which it may be drained after serving its purpose in the
distillery. The character of the water should also be considered, and,
if possible, it should be such that it will not deposit a scale ..on the
boiler and condenser tubes; this difficulty can be overcome, however,
by treating- the water with one of the various compounds on the
market for relieving such conditions.

"The machinery should be such as will permit of economy in
operating together with a high degree of efficiency. As a distillery
in most cases would not be operated during the entire year which
invariably means a change in the working force for each season's
operation, and as skilled labor is not always available, the machinery
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should be as simple as is practicable. I t must ftft Remembered, how<
ever, that with more costly machinery and apparatus, better-result
can be obtained. The equipment should be so i n s t e l l ^ ^ ^ l t d t
ing cost will be reduced to a minimim^ and so arrange
any part to be thrown out of motion when not in actual use. I t should
be as compact as possible, without being crowded, and permit the
proper handling of the material with the least amount of labor. The
construction should be such that the exact result of eaohday'a opera-
tion may be easily ascertained.

"Cleanliness is especially necessary in the case of the yeast and
fermenting tubs, where the intrusion of these organisms will cause
serious trouble. The walls of the distillery should be kept free from
mold by an occasional ooat of whitewash. The floors should be
flooded daily, and the sewer connections must be adequate to remove
the water and other wastes from the premises.

"The products will consist of alcohol and .'slop.' As shown else-
where, about 1.3 gallons of denatured alcohol, 180 degrees proof, can be
obtained from 100 pounds of potatoes. The total amount of alcohol
produced per day will therefore be about 104 gallons of 90 per cent
alcohol, or about 187 gallons of 100 degrees proof, or 50 per cent alcohol
on which the internal revenue regulations are based, which at about
40 cents per gaHon will be worth $41.60. There will be about 1,000
gallons of slop. Twenty gallons per day per head is sufficient for
fattening oxen, so that the slop from one day's operation will form
the major portion of rations for 50 head of cattle.

"Such a distillery as this is somewhat larger than is contemplated
for the so-called industrial plant, being better suited for a community
or a cooperative plant. A plant with a capacity of 100 proof gallons
(50 per cent alcohol) per day or less, designated by the Government
as an industrial distillery, for which special regulations and privileges
are granted, will be better suited for individual farmers. The cost
of the smaller plant will be less, but the operating expense will not be
decreased in proportion to the size, which makes the larger plant more
economical and therefore more likely to succeed. The cost given may
be used as a basis for estimating that of a plant of any size, but the
exact figures can be obtained from the manufacturers of distillery
machinery.

Details of Operating a Potato Distillery.

"In manufacturing alcohol from potatoes they are first washed and
then cooked so that the starch present can be readily converted into
sugar by the action of malt. The sugar so formed is fermented by
the addition of yeast and the alcohol contained in the fermented liquid
is separated from it by the process of distillation. The detailed opera-
tion is as follows:

"The potatoes, after being weighed in the weighing bin, are run
down a slatted chute into the cooker manhole. The slate on the
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underside of the chute are spaced so as to allow only the sticks and
the dirt to fall through. When the cooker is filled, the potatoes are
washed by playing a stream of water upon them through the man-
hole, the dirt and water being drained off by means of the escape
valve. After the potatoes are thoroughly cleaned the manhole cover
is put on and bolted, and steam is admitted into the top of the cooker
by the valve, the escape valve being left open so as to allow the con-
densed water to discharge. After the potatoes have been well warmed
and steam begins to come out of the escape valve, the latter is closed.
The steam is then shut off at the top of the cooker and admitted at
the bottom through a series of inlets from the steam pipe. The
blow-off valve at the top of the cooker is now partially opened. By
allowing a small amount of steam to escape from this valve the pota-
toes are shaken up and thoroughly disintegrated. The steam pressure
in the cooker is now allowed to rise gradually to about 50 or 60 pounds,
when the blow-off valve should be closed. The entire time required
for warming the potatoes and reaching the maximum pressure should
be about one hour. The stirrer is then started, and the maximum pres-
sure held for about ten minutes to insure a thorough cooking of the
starch in the potatoes, after which the steam is shut off.

"The blow-off valve is then opened wide and the temperature
inside the cooker allowed to fall to 212 degrees F. Then the tempera-
ture of the cooked potatoes is further reduced by means of the vacuum
pump to from 140 degrees to 145 degrees F. at which point the malt
necessary to change the starch into sugar is added. About 2 lbs. of
malt are used for each 100 pounds of potatoes mashed, the exact
amount depending upon the quantity of starch in the potatoes and the
quality of the malt. This proportion will apply either in the use of
green or dried malt, as the diastatic power (i.e., the ability to change
starch into sugar) of each is about the same.

"Green malt is crushed between rolls while dried malt is ground
in a mill before using. About fifteen minutes before the maBh in the
cooker is ready for malting, the malt, already crushed or ground aB the
case may be, is mixed with water in the proportion of 1 gallon of water
to 2.5 pounds of dried malt, or three-fourths gallon of water to the
same amount of green malt. I t is prepared in a tub situated above the
oooker'and allowed to drop into the latter when the temperature of
the cooked mash has been reduced to about 140 degrees or 145 de-
grees F. _ The diastase in the malt will dissolve the cooked starch and
convert it into a fermentable sugar. This conversion will be com-
plete in about fifteen or twenty minutes, during which time the mash
should be constantly stirred. In order to know whether or not the
conversion is complete, a few drops of iodine solution are added to a
little mash which has been filtered through a cheese-cloth bag and
placed upon a porcelain dish or some other white surface. If the mix-
ture turns blue it indicates the presence of unconverted staroh and it is
then necessary either to inorease the amount of malt or the time of
conversion. Further tes£s should be made until the blue color is no
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longer obtained, which indicates that the change of starch into sugar
has been completed.

"The mash is now ready to be cooled and sent to the fermenter,
but to insure easy handling through the pumps and distilling appara-
tus, it is necessary to remove the fllH-ns and the fibrous or woody parts
of the potato which have not been broken up during the cooking proc-
ess. The entire mash on leaving the cooker, therefore, is run through
the potato-peel extractor, which is plaoed in the drop tub. This con-
sists of an upright perforated copper cylinder on the inside of which
is a revolving spiral, which oarries the hulls and lumps to the top of
the cylinder, where they are discharged through a spout, the liquid
portion flowing through the perforations into the drop tub. The
cleaned mash is now pumped through the mash cooler, where it is
reduced to the so-called pitching temperature, by circulating a con-
stant stream of cold water through a pipe surrounding the pipe through
which the mash passes. The pitching temperature most favorable
for fermentation varies between 60 and 70 degrees F., depending upon
the weather conditions and the volume of the mash. I t should be such
that the mash will show signs of active fermentation in a few hours
after being run into the fermenter. At the same time that the mash
ia run into the fermenter the yeast mash (about 3 per cent by volume
of the main mash) is also added. I t is prepared in a tub placed
above the level of the fermenter, so that it may be easily discharged
into it.

Fermenting the Mash.

"After the yeast and mash are in the fermenter the process of fer-
mentation will begin and the sugar in solution be broken down into
aloohol and carbon dioxide gas. The gas will pass off into the air and
the alcohol remain in the solution. At this point it is important to
know the gravity and acidity of the set mash, as it is now called. The
specifio gravity indicates the amount of sugar or fermentable material
contained in the mash and is ascertained as follows: The mash is
thoroughly stirred and a small portion filtered through a cheese-cloth
bag into a suitable cylinder. A Balling saccharimeter is placed in the
filtered liquid and the reading indicated on it at the liquid level will
be the gravity of the mash. This reading should be from 16 degrees
to 18 degrees, which means that the mash contains from 16 to 18 per
cent of solids, most of which is sugar.

"The acidity of the set mash, or the amount of acid present, is due
to the acidity acquired by the yeast mash and the natural acidity of
the potatoes. I t is determined by neutralizing a small portion of the
mash with a normal solution of sodium hydroxide and the amount of
the latter required will represent the acidity of the mash. The neutral
point is determined by placing a drop of the mixture upon litmus
paper. When it will not turn blue litmus paper red, nor red litmus
paper blue, but leaves it unaltered, the mixture will be neutral, and
the number of cubic centimeters1 of the solution of sodium hydroxide
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used, whioh can be read directly from.the burette, -will represent the
acidity of the mash.

"After the mash has been set about ten or twelve hours the fermen-
tation will become vigorous and the temperature begin to rise rapidly,
but it should not be allowed to go much above 80 degrees F. as quite
an amount of alcohol due to evaporation would be lost at a higher
temperature. To prevent further rise in temperature, it is necessary
to equip the fermenter with a coil through which cold water is circu-
lated. This ooil is so arranged that it may be raised or lowered very
slowly in the mash by means of a suitable device, the simplest way
being by the conversion of the circular motion of a pulley into an up-
and-down motion by means of rope and tackle. The fermentation is
allowed to continue at a -temperature between 60 degrees and 80 de-
grees F . for seventy-two hours, except in the case of mashes made
the latter part of the week, when it goes on for ninety-six hours, as
no distillations may be made on Sunday. At the end of this time
the fermentation will be complete, provided the yeast was in a normal
condition.

"To find out how much of the fermentation material originally
contained in the mash has been utilized (i.e., the amount of sugar
that has been converted into alcohol), it is necessary to determine the
gravity of the fermented mash which should have gone down to about
1.5 to 2 on the saccharimeter. I t is also extremely important that the
acidity of the fermented mash be determined and compared with that
of the unfermented or set mash. The acidity should remain about the
same during the entire fermentation, but in some cases there may be
a slight increase. The fermentation can withstand, and, in fact, is
protected by, a certain amount of acid, but the presence of an excess
will seriously interfere with its progress. A large increase in acidity
in the fermenters is generally due to the formation of butyric acid,
which is highly objectionable. This acid can be readily detected by
its odor, which resembles that of rank butter and iB caused by allow-
ing portions of fermented mash to sour in the fermenters or by not
thoroughly cleaning them after each use. Suoh a condition can be
prevented or removed by scrubbing the fermenters as soon as they are
emptied, with a 6 per cent solution of formalin or other powerful
disinfectant, or by applying a coat of whitewash to the inside of the
fermenters and washing it off before refilling. In order to control the
fermentation properly the gravity and acidity of the mash are deter-
mined every twenty-four hours and a record kept.

"As before stated, the gravity should fall rapidly and the acidity
remain about the same or increase slightly. If this is not the case,
the mash has either been pitched at a temperature too low for the
proper development of the yeast, or acid-forming organisms have be-
come active and are retarding the fermentation. If temperature con-
ditions have been the cause, the following mash can be pitched a little
higher; but, if injurious organisms have gained control in the mash^
they must be suppressed at once so as to prevent the following mashes
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from becoming infected also. The amount of alcohol contained in
the fermented mash will vary according to the gravity of the set mash,
and as alcohol boils at a lower temperature than the other constitu-
ents it can be separated by distillation.

"The yield of alcohol obtainable from potatoes_ is directly^ propor-
tionate to the amount of starch which they contain so that it is im-
portant to know not only the weight of a consignment, but also the
percentage of staroh. This is of course absolutely necessary when the
potatoes are paid for on the basis of their starch content, which is
their real alcohol-producing value. The percentage of starch may be
easily determined by means of an instrument especially designed for
that purpose. An average sample of the potatoes is washed and thor-
oughly dried. Exactly 10 pounds are placed in the wire basket (one
potato may be out if necessary to get the exact weight). The instru-
ment with the basket attached is floated in a tank containing dear
water at 63.5 degrees F. The stem is so graduated that the percent-
age of the starch can be read directly from it. Potatoes average
from 14 to 20 per cent of starch and 1 pound of starch in practice
yields about 0.071 gallon of absolute alcohol or 0.079 gallon of de-
natured alcohol at 180 degrees proof. -One hundred pounds of an
average grade of potatoes containing 17 per cent of staroh would yield
approximately 1.3 gallons of denatured alcohol.

"The denaturing process consists in adding certain ingredients to
the alcohol to make it unfit for drinking purposes. Alcohol to be
denatured must be at least 180 degrees proof, which is equivalent to
90 per cent alcohol, and the ingredients used must be authorized by
the Bureau of Internal Revenue and the denaturing done under ite
supervision. Wood alcohol and benzin are generally used as denatur-
ing agents, though the Bureau of Internal Revenue allows the use of
other agents depending upon the use to which the denatured alcohol
is to be put.

Development of a Yeast "Starter."

"Yeast culture is rather difficult, and as any quantity may be
grown from one 'starter' yeast, it is best to obtain the initial yeast from
a laboratory; if this is not convenient, a hop yeast may be grown, or
as a last resource ordinary compressed baker's yeast may be used. I t
is not necessary, for fermentation purposes, to separate the yeast from
the liquid in which it is grown, but the entire liquid, together with the
yeast (known as the "yeast mash"), may be put into the liquid which
is to be fermented. It requires a yeast mash of about 2 to 3 per cent
by volume of the main mash (as the liquid to be fermented is called)
to cany on the fermentation properly, so that the 'starter' yeast must
be increased or grown by making preliminary yeast mashes, and in-
creasing the volume ten times with each successive mash until the de-
sired quantity is obtained. These mashes are prepared exactly like
the one now to be described and may be made in any suitable wood
or copper vessel.
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"If compressed yeast is used 1 pound will be sufficient to start a
20-gallon mash, and if culture yeast from a laboratory is used 1 gallon
(which is the amount usually sold) will start a 10-gallon mash.

Preparation o£ a Spontaneous Hop Yeast.

"If a spontaneous hop yeast is to be used, it must be obtained in
the following manner:

"Boil 1 pound of hops in 5 gallons of water for fifteen minutes,
9train off the hops and add 8 pounds of ground barley malt to the ex-
tract. Allow the mixture to stand about five hours, then strain it
through a fine brass sieve to remove all the particles of grain, cool
to about 85 degrees P. and place in a warm room and hold at that
temperature. The gravity of the liquid should be about 20 degrees
Balling. In about ten hours' fermentation will begin and should
be allowed to continue until the gravity has fallen to 6 de-
jjees or 8 degrees Balling. The resulting spontaneous or hop yeast
s then put into a tin-lined copper jug and kept on ice or in a cool
Dlace (preferably in running water or at the bottom of & well) at a
lemperature never exceeding 56 degrees F., under which conditions it
vill keep indefinitely and a 'starter' yeast will be obtainable at any
ime. The jug is made absolutely air and water tight and provided
vith a faucet for withdrawing the yeast. The use of the quantities
jiven will produce about 2 gallons of yeast, all or part of which may
)e used to start a yeast mash ten times the volume of the amount
ised.

Yeast Mashes.

"Yeast will grow rapidly in a liquid containing sugar such as may
•e obtained in a potato or grain mash in which the starch of these
materials is converted into sugar by the action of malt. Rye is most
onvenient for this purpose, as the malt will act upon its starch without
lie preliminary cooking, which is necessary in the case of potatoes.
.s there are many organisms besides yeast that feed upon sugar and
re not only incapable themselves of producing alcohol, but are also
ecidedly harmful to the development of the yeast, it is extremely
nportant that such precautions be taken as will prevent these injur-
>us organisms from developing in the mash, and that conditions be
tade favorable for the rapid growth of the yeast. This is accom-
lished; first by allowing the mash to sour, or in other words to in-
•ease its natural acidity, which is not harmful to the development of
le yeast but is decidedly so to most other organisms; second, by add-
.g a sufficient amount of yeast to carry the fermentation through
ifore the other organisms can be established. These operations are
lown as souring and yeasting the mash.

The details of preparing a grain yeast mash are given in the
llowing section:
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Preparation of a Grain Yeast Mash.

"The yeast mash is prepared in a wooden tub equipped with a
rake for stirring and a copper coil fitted with steam and water con-
nections for heating and cooling the mash. The volume, as has already
been stated, should be from 2 to 3 per cent of the main mash to be fer-
mented, and 10 times that of the yeast mash used to start it. Equal
parts by weight of finely ground rye meal and crushed green malt (or
ground dried malt) are added to water in the proportion of 1 quart
of water to each pound of the grain used. The water is measured into
the tub and the temperature raised to 150 degrees F. The stirrer ia
then started and the rye meal allowed to run in slowly so as to pre-
vent its lumping. The addition of the rye will cause the temperature
of the mash to fall to about 140 degrees F . at which point the malt is
added. The malt is allowed to act upon the starch for about three
hours, during which time the mash is Btirred occasionally and the
temperature is gradually raised to 145 degrees F. At the end of this
time the formation of sugar will be complete and the gravity of the
mash should be about 20 degrees to 24 degrees Balling. The mash
is then ready to be soured.

Scouring the Mash.

"It has been found that acid solutions tend to suppress organisms
which infect starchy materials. This is especially true.of lactic acid
and as this organism is always present in potatoes and grain the acid-
ity of the mash can be increased by its development under the proper
conditions. This is accomplished by keeping the yeast mash at 130
degrees F. for forty-eight hours, at the end of which time the desired
acidity will be obtained. By adding a start sour (that is, a culture of
lactic acid organisms) to the yeaBt mash at the beginning of the
souring period, the proper acidity can be obtained in the twenty-four
hours, so that a forty-eight hour period is only necessary in the. case of
the first yeast mash or if a new sour is desired. The start sour is a
portion of a previously soured yeast mash and should be about 2 per
cent of the yeast mash to which it is added. I t is important that the
proper temperature be maintained throughout the souring period in
order to prevent the growth of other acid organisms which interfere
with the development of the yeast.

"The acidity of the mash at the beginning of the souring period is
called its natural acidity and in a mash prepared as described will be
about 0.5 cc. By adding a start sour the acidity will increase in
twenty-four hours to about 2.5 cc. or 3 cc. when the start sour for the
following day's mash is withdrawn. An acidity of 2.5 or 3 cc. will be
sufficient to suppress all undesirable organisms and will not interfere
with the proper development of the yeast. Further growth of the
lactic acid organisms whioh have now produced the desired acidity
must be prevented by heating the mash to 160 degrees F. and main-
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taining this temperature for twenty minutes. The mash is then cooled,
by passing cold water through the coil, to a temperature favorable to
the growth of the yeast {see following caption). I t is very important
that the cooling be done as quickly as possible as there are a great
many objectionable organisms which develop at the wanner tempera-
tures.

Yeasting the

"When the temperature has been reduced to approximately 90 de-
grees F. the yeast (about 10 per cent by volume of the mash) is added;
it may be either a preliminary yeast mash or a quantity of mash taken
from the previous day's yeast mash, the former being the case when
the distillery is just being put in operation, or when a new yeast is
desired, and the latter when the plant is running regularly. The tem-
perature is then further reduced to 60 or 70 degrees F. This final tem-
perature is called the "setting temperature" and varies with the volume
of the mash and the weather conditions. I t should be such as will
permit the immediate growth of the yeast. Gas bubbles, due to the
esoape of carbonic-acid gas, appearing on the surface of the mash after
a few hours will indicate that the yeast has become active. The fer-
mentation, which will gradually become more vigorous, is allowed to
continue for twenty-four hours. As the activity of the yeast increases,
the temperature of the mash will rise perceptibly, but it should not
be allowed to go above 90 degrees F., as there will then be danger of
the yeast mash becoming infected with other organisms, such as
acetic bacteria, which have a harmful effect on the fermentation.

"The yeast in the yeast mash should be active and vigorous when
put into the main mash so that fermentation will begin at once. The
yeast remains active only so long as there is sugar present for its
growth, consequently the yeast mash is added to the main mash before
all the sugar in the former is exhausted or when its gravity has
fallen to about 4 or 5 degrees Balling. If it is allowed to fall below
this point the yeast will beoome less vigorous from lack of food and
delay fermentation of the main mash.

"The setting temperature, as well as that maintained during the
twenty-four-hour fermentation period, should be as low as possible
and still permit a sufficient growth of the yeast to cause the gravity
to fall to 4 or 5 degrees Balling. The acidity of the yeast mash should
be carefully taken after the souring period or rather immediately after
the maah has been yeasted, and compared with that of the mash
twenty-four hours later, namely, after the fermentation period. Not
much change should occur as any increase would indicate the presence
and development of undesirable acid organisms, the immediate sup-
pression of which is of great importance. They can be easily avoided
by employing only the proper temperatures and keeping the tubs sweet
and clean. It is best to cover the tubs, thoroughly sterilize them with
live steam, and scrub them with clean water after each use. The
acidity and gravity of the fermented mash having been found to be
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satisfactory, a quantity amounting to about ten per cent by volume
of the yeast mash to whioh it is to be added is removed and kept at
a temperature below 66 degrees F. to be used as a start yeast for the
following yeast mash, and the rest is added to the main mash. Sum-
marizing this discussion, it is seen that a yeast mash consists of a
selected yeast grown in a suitable mash and requires about fifty-one
hours for its preparation, of which three hours are required to allow
the malt to act upon the starch, twenty-four for souring the mash,
and twenty-four for growing the yeast.

Preparation of a Potato Yeast Mash.

"The selection of a yeast and its subsequent development in the
mash as just described will be applicable to either a grain or a potato
distillery. I t will be found more economical, however, in the latter to
use rye in the first two or three yeast mashes and then substitute pota-
toes. A part of each day's cooked and malted potatoes constituting
the main mash is pumped into the yeast tub and one.-half pound of
crushed green malt or one-quarter of a pound of dried malt is added
for each gallon of potato mash, this additional malt being added to
serve as food for the yeast. I t is not neoessary to add water. To the
malted potato yeast mash is added a start sour taken from a pre-
viously soured potato or grain mash, and after twenty-four hours it is
yeasted by adding a start yeast taken from a previous grain or potato
yeast mash. Exactly the same operations are employed and the same
temperature maintained as in the case of the grain yeast mash just de-
scribed. An economical potato distilling yeast may be obtained, there-
fore, by the growth of an initial start yeast in a grain mash, the use of
grain yeast mashes for the first two or three days' operations, and the
subsequent substitution of potatoes for rye in the yeast mashes. The
accompanying schedule outlines the various steps necessary in the
building up and daily preparation of a potato distillery yeast."
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C h a p t e r 2 .

L e a t h e r a n d T a n n i n g .

The leather industry of America is greater than that of any other
country. The annual product reaches a value of nearly a billion dol-
lars. Not only does the total output exceed that of other oountries
but from the standpoint of methods, processes, machinery, and fine
quality of the product the American industry is foremost.

This is an old industry and the art of t a p i n g was somewhat de-
veloped in earliest times. Many half civilized peoples knew consider-
able about tanning. Even the Amerioan Indian was an expert in the
preparation of certain hides. .

Morton Henderson in the Travelers' Protective Association Maga-.
sine says: "The leather industry of to-day is an evolution covering
many centuries. I t is a far cry from the crude, primitive methods
employed in the earliest historic period to the highly complex processes
of the modern tannery. Probably the first method of curing skins was
simply cleaning and drying. Then it was found that the use of
smoke, sour milk, various oils, and even the brains of the animals
from whioh the hides were stripped improved the quality and texture
of the leather. Still later it was discovered that certain astringent
barks and vegetables effected permanent changes in the texture of the
skins and stopped decay; This use of bark and vegetable juices has
continued and forms the basis of many of the modern tanning proo-
esses. The Egyptians possessed this knowledge, for piotures and
hieroglyphics describing the methods are found on many of the ancient
tombs in the Nile valley. Three thousand' years ago the Chinese
were familiar with leather preservation, as various relics handed down
from antiquity serve to show. Leather preserved and tanned with
oil, alum and bark was also used by the Romans."

The buffalo hunters of the western plains after a day's killing of
buffaloes went out in the evening to skin them and to stretch or "stake"
out the skins so that they would dry and thereby prevent the begin-
ning of putrefaction. It was found that putrefaotion quickly ruined a
hide. In the arid climate of the West the buffalo akin a dried very
quickly, and in this dry state were preserved until the buffalo hunter
could draw his hides to a trading post from whioh they were shipped
to tanneries.

40
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Preservation of Hides.

Several different methods have been used for the preservation of
hides, until they can be shipped to the tannery; rapid drying; salting
and drying; and slow curing of wet, salted hides, known as green
salting.

In the preservation of hides, drying was no doubt the earliest
method used. This method was also very practical in that the weight
of the hides was greatly reduced for transportation. However, unless
drying is carefully carried out, the subsurfaoe of thick hides may retain
enough moisture to allow putrefaotive action to start up during ship-
ment or storage and to ruin the hide.

Salt as a preservative of hides has been extensively used and with
good results. In green salting, the salt is applied to the flesh side of
the washed hide and left in contact with it during storage and ship-
ment. The action of the salt is a rapid diffusion throughout the hide.
As concentrated solutions of salt are strongly antiseptic, little putre-
factive change goes on in the'hide. Some shippers combine drying
and salting of Mdes.

One of the disadvantages resulting from the use of salt on hides is
the occurrence of "salt stains." Some of these stains persist through-
out all of the tannery processes and therefore greatly reduce the value
of the leather after it is tanned. The stains in the finished leather
are of different colors as blue, brown, red, and yellow. Much investi-
gation has been carried out concerning the cause of these stains. Some
workers believe them to be due to certain iron oompounds which had
actually combined with the hide constituents. In a bacteriological
study of leather stains, Becker found that certain chromogenio bac-
teria, at least experimentally, produced the same stains in hides.

Disinfection of Hides.

Beoausje of the fact that infectious diseases have often been spread
by shipment of infected hides, the custom of disinfecting hides with
powerful disinfectants has become imperative in certain localities. It
has been found that the hides of animals dying with tetanus, anthrax,
foot-and-mouth, and other diseases are dangerous unless disinfected.

An antiseptic solution extensively used is a 2% solution of mer-
curic chloride in 1% formic acid. This was first advocated by Alfred
Seymour-Jones. He recommended that hides be held in contact with
the antiseptic for one to three days. After this antiseptic treatment
the hides were placed in saturated salt solution for an hour and then
dried. Another antiseptic solution used for disinfecting hides is that
of Schattenfroh. He advocated the use of a 10% solution of salt in
2% hydrochloric acid. Hides are held in this solution for three days
at a temperature of 40° C. It is said that no harm is done to the
hides by the use of these antiseptic solutions.

Perhaps anthrax is the moBt common infection carried by hides
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which escape proper inspection and disinfection. This disease is caused
by Bacillus anthracis", a rod-shaped organism which grows in compact
masses in the lesions of the infected animal. The disease occurs to
some extent among Bheep and cattle in all parts of the world but is
more, prevalent in Europe than in America. Infection of humans
Occurs by way of abrasions resulting in surface lesions, or by way
of infected food, resulting in intestinal lesions. Also persons sometimes
suffer lung infection by breathing dust from infected hides. The
organism produoes spores which are quite resistant to drying. These
spores have been known to remain alive for years in dust and dirt.
A large percentage of persons infected with the disease die within a
few days after infection. This is especially true in cases of infection
of the face or head.

At the tannery, hides pass through five somewhat distinct proc-
esses, as soaking and fleshing; unhairing and scudding; bating or puer-
ing; drenching and pickling; and tanning. Each of these processes
contributes to the quality of the final leather.

The Soaking and Fleshing Process.

The purpose of soaking hides, as a preliminary treatment at the
tannery, is to cause them to become soft and pliable and to make it
possible to run them through the fleshing machine. The amount of
soaking and handling necessary to bring hides back to their normal
thiokness and pliability depends upon the method of preservation
which has been practiced and the length of time the hides have been
in shipment or storage.

Rogers says: "Whether the skins are green, salted, or dried, they
must first be soaked in water in order to remove the blood, dirt and
salt, and in the case of dried skins to bring them to a soft condition.
It is very essential that the skins should be free from all of this foreign
matter before entering the limes or other unhairing solution, as the
presence of salt retards the plumping and albuminous matter is apt
to set up an undesirable fermentation in the after-treatments. The
time of soaking yarieB from one or two days to several weeks, depend-
ing upon the thiokness of the hide and the age and temperature of
the soak. Putrid soaks soften quicker than fresh ones, but great care
is necessary in using them lest the decomposition attack the hide fiber
itself. For heavy hides, which soften very slowly, it is found very
advantageous to run in a drum for a short time with water at a tem-
perature of about 40° F., the tumbling movement thus materially aid-
ing in the softening process."

J. T. Wood says that in the "soaks" the bacterial action is largely
liquefaction of some of the hide substance.

In a study of microorganisms active in soak liquors, Andreasch
found the following organisms to be present: B. subtilis, B. mesen-
tencus vulgatus, B. mesentericus fuscus, B. mycoides (Flugge) B
liquidus (Frankland), B. gasoformans (Eisenberg), B. fluorescens
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liquefaoiens (Fltigge), B. proteus vulgaris, B. prot#aa mirabilis, and
B. butyricus (Hueppe).

The source of the misoeUaneous bacteria is the animal's skin before
flaying and the contamination picked up in shipment and .handling.
Many of these bacteria are spore formers and strong liqtieflers^ As
prolonged action by these organisms results in destruction of ox at least
damage to the nitrogenous connective tissues which make up hide, it
is very important that soaking be carefully controlled,.

Putrefactive bacteria in general work most vigorously at a reaction
very close to the neutral point. This fact no doubt underlies; the
method of controlling proteolytic aotion in soak liquors by the addition
of alkaline compounds. Wilson made a study of the hydrogen-ion con-
centration of soak liquors in which proteolytic bacterial action was
most active and found the pH valves between 5.5 and 6.0.

Depilation.

In making leather, only the dermis is saved. The epidermis
with its hair and hair roots must be removed. This is accomplished
by a number of different ways as liming, the sweating process, use of
enzymes, acids, or alkalies.

Rogers says, "Following the soaking operation comes the remov.
of the hair, which process is known as depilation. This is necessar,
in all kinds of leather except that used for furs. The earliest methoQ
of accomplishing this result was by means of incipient putrefaotion in
which case the soft mucous matter of the epidermis became affected,
thus causing hair to beoome loosened without materially injuring the
true skin. This method is still employed by many tanners of sole
leather and is called 'sweating.' The operation is conducted in closed
rooms which are kept at a temperature of about 70° F. The hides
are hung in small chambers ('sweat pits') holding about 100 hides
each. After four to six days of this treatment the hair is sufficiently
loosened to be removed by working over a rounded beam with a blunt
knife made for the purpose. No matter how carefully this operation
may be conducted there is liability, however, that the putrefaction
attacks the B în itself, thus causing a weak grain, and for this reason
we find it being used less and less."

It is found in the use of lime liquors for depilation that after a
liquor has been used for some time it becomes more active in the re-
moval of the epidermal layer. This subject has been studied by Wood
and Law who conclude that this increased aotivity or mellowness of
old liquors is due to bacterial enzymes which accumulate as the liquor
is used. They found that lime liquors which had been used for several
weeks usually contained thousands of proteolytic bacteria as M. flavus
liquefaciens, and B. prodigiosus.

Speaking of the action of lime in depilation, Rogers says: "The
aotion of lime on the hide is to swell up and soften the epidermis cells,
dissolve the mucous layer and loosen the hair so that it may be scraped



44 INDUSTRIAL FERMENTATIONS

off with a blunt knife. The action on the true skin is also very vigor-
ous, causing the hide to beoome plump and swollen, at the same time
dissolving the cementing material of the fibers, thus causing them to
split u p into finer fibrils. The swelling is probably due to the for-
mation of a lime soap, caused by the union of the lime with the
fatty matter of the hide."

Bating and Puering.

Bating and puering are processes of freeing the hides from lime
and calcium salts which were retained by the hides after the process
of liming. The bating process makes the hide clean and very pliable,
and facilitates the tanning. The process owes its action on the hides
to the activity of bacterial enzymes and to the lime neutralizing action
of organic acids produced by bacteria.

After hides have been limed they become plump or swelled and
rubbery due to some action of the alkaline salts on the hide substance.
This "plumping" must be removed so that the tan liquors may prop-
erly enter the hide tissues in the prooess of tanning.

The "bate" liquors were made by adding the dung of fowls to water
while the "puers" were made by adding dog dung to water.

Wood holds that the action of "bates" and "puers" is the dissolu-
tion of some of the interfibrillar cementing substances by bacteria
while the organic acids produced by bacteria neutralize and remove
the lime. Becker believes that the principal organisms involved in
"puering" are members of the ooli group.

Rogers says: " I t ia very essential that the lime, or other depilat-
ing agent, should be completely removed when it has done its work,
since its action is very harmful when brought into contact with tan-
ning materials. For most leather, also, it is not only necessary that
the lime be completely removed, but that the skin should be brought
free from its swollen, to a soft and open condition. To accomplish this
result on the heavier classes of dressing leather, BUC£ as split hides,
kips, coltj and calf skins, the stock is run in a weak fermenting infu-
sion of pigeon or hen (manure, the time depending.upon the strength
of the liquor, and upon the nature of the goods under treatment, the
process being known as 'bating.' 'Puering' is a very similar process
applied to the lighter and finer skins, such as glove-kid and morocoos,
in which dog manure is substituted for that of birds. As the mixture
is used warm and the skins are thin, the process is complete in a few
hours. Neither 'bating1 nor 'puering* are very effective in removing
lime, but seem to act by means of bacterial products upon the hide
substance, thus causing the pelt to fall, that is to become soft and
flaocid."

In deliming, a weak acid fermentation, according to Rogers, is a
most satisfactory bate and deliming process for hides which are to be
tanned into soft, supple leather by & chrome or a vegetable tannage.
He says that excellent results as regards full flft-nTrp> good break, and
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fine even grain are obtained by allowing grape sugar or common glu-
cose to become sour, and using definite proportions of the same in com-
bination with lactic acid for eaoh pack of hides or grains.

"The presence of suitable bacteria in the Hbate' is very important
as certain bacteria produoe the desired proteolytic enzymes and at the
same time the desired organic acids. These organisms have been found
to «xist in dog feces and the droppings of pigeons." Concerning this
subject Rogers says that despite the unpleasantness of its use, dog
dung is an efficient bate for leather that requires a soft, fine, and
silky grain.

"In the manufacture of the sole leather the hides are not left in
the lime pit solution long but are removed and placed in solutions of
lactic acid which neutralize and wash out the lime preventing the
extensive breaking down of nitrogenous material of the hide which is
necessary to give the leather its proper weight and stiffness.

"In the manufacture of the finer leathers the action of the bacteria
and their enzymes on the gelatin and other nitrogenous materials of
the hide is not stopped but encouraged and hastened by the puering
process. These materials contain bacteria which have been found to
best remove the nitrogenous materials of the hides and leave them in
the best condition. Even some of the intracellular material of the
skins are dissolved."

W. V. Cruess reports that the organisms of these dung infusions are
mostly members of the colon group and the proteus group. He reports
that Noble, of the Universitv of California, used hay infusions' of
B. subtilis successfully as bathing liquor.

Cruess and Wilson made a study of the organisms present in pigeon
dung and described the organisms which seemed to be characteristic
of this bate. They found that some of these organisms in diluted
skim milk were able to remove "plumping" the same as pigeon dung
bates.

Beoker isolated an organism which he named B. erodiens which
had the ability of removing "plumping" in the same manner as dog
dung bate.

In a study of the enzymes of dog dung bates, Wood and Law found
bacterial enzymes resembling trypsin, pepsin, Terrain, diastase, and
lipase. This work emphasizes the complexity of actions going on in the
bating process.

After the hides have been removed from the "bathing wheel," they
are placed in the tan pits to which at first is added solutions of tan
liquor and then more concentrated solutions. These tan liquors con-
tain all varieties of microbial life, but the tannin from the tan bark
has an inhibitive action on the putrefactive organisms.

When all the other steps in the preparation of leather have been
completed, it is tanned. There are many different methods of tanning.
Rogers says: "The oldest method in vogue is that known as 'oil
tannage' which consists in treating the hide or RTHTI with a mixture
of fish and other oil in a machine which works the skin by a sort of
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iding motion known as the 'stocks.' During this operation heat
sveloped, resulting in the formation of aldehydes and other oxida-
products. The excess of oil is removed by scraping and pressing,
product obtained being known as 'degras.' The skins are then
aed with a fairly strong alkaline solution, the alkaline solution
oralized with an aoid with the result that fatty acids are produced
vn as 'sod oil.' • This method of tannage is used especially for the
ailed 'chamois leather.'"
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C h a p t e r 3 ,

T h e R e t t i n g o f H e m p a n d F l a x .

The fibers of flax, hemp, ramie, and other similar fibers are sepa-
rated by a process called retting. The fibers are placed in vats and
allowed to stand. Spontaneous fermentation springs up in the water
living on the soluble matter from the fibers. There are a large number
of different bacteria present both aerobic and anaerobic whioh produce
enzymes which dissolve the pectin compound encasing the fibers.

Beyerinck attributed this to an organism called Granulobacter pec-
tinovorum. Van Tieghem attributed it to B. amylobacter. Part of
this dissolving action has been ascribed also to molds.

Pure culture inoculation of retting tanks has been recommended.

The Hemp Industry and Hemp Retting.

L. H. Dewey in U.S.D.A. Year Book (1913) says: "The two
fiber-producing plants most promising for cultivation in the central
United States and most certain to yield satisfactory profits are hemp
and flax. The oldest cultivated fiber plant, one for which the con-
ditions in the United States are as favorable as anywhere in the
world, one which properly handled improves the land, and which yields
one of the strongest and most durable fibers of commerce, is hemp.
Hemp fiber, formerly the most important material in homespun fabrics,
is now most familiar to the purchasing public in this country in the
strong gray tying twines one-sixteenth to one-fourth inch in diameter,
known by the trade name 'commercial twines.' "

"Production in United States Declining."

"This falling off in domestic production has been due primarily to
the increasing difficulty in securing sufficient labor to take care of the
crop; secondarily, to the lack of development of labor-saving ma-
chinery as compared with the machinery for handling other crops and
to the increasing profits in raising stock, tobacco, and corn, which have
largely taken the attention of farmers in hemp-growing regions'.

"The work of retting, breaking, and preparing the fiber for market
requires a special knowledge, different from that for handling grain
crops, and a skill test aoquired by experience. These factors have
been more important than all others in restricting the industry to the
bluegrass region of Kentucky, where the plantation owners as well
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as the farm laborers are familiar with every step in handling the crop
and producing the fiber. <

"An important factor, tending to restrict the use of hemp, has been
the rapidly increasing use of other fibers, especially jute, in the manu-
facture of materials formerly made of hemp. Factory-made woven
goods of cotton or wool, more easily spun by machinery, have replaced
the hempen 'home-spun' for clothing; wire ropes, stronger, lighter, and
more rigid, have taken its place in standing rigging for ships; 'abaca'
(Manila hemp), lighter and more durable in salt water, has superseded
it for towing hawBers and hoisting ropes; while jute, inferior in strength
and durability, and with only the element of oheapness in its favor,
is usurping the legitimate plaoe of hemp in carpet warps, so-called
'hemp carpets' twines, and for many purposes where the strength and
durability of hemp are desired."

Concerning the World's Production of fiber flax, Miles says:
"According to the latest available statistics, about 1,300,000 acres are
devoted to fiber flax each year, as compared with more than 4,000,000
acres previous to 1914. The present production is about 190,000 tons
of fiber, as oompared with about 800,000 tons in pre-war years. Russia,
which before the war produced about 80 per cent of the world's supply
of flax, now produces less than half the quantity needed for its own
normal home consumption. The leading flax-fiber producing countries
during the years 1917 to 1921 were the following: Belgium, France,
Ireland, Netherlands, Czechoslovakia, and Japan. In the United
States during these same years from 1,000 to 6,000 acres have been
devoted to fiber flax, while about 1,700,000 are devoted to seed flax."

Dewey says: "Hemp was probably the earliest plant cultivated
for the production of a textile fiber. The 'LuBhi,' a Chinese work
of the Sung dynasty, about 500 A.D., contains a statement that the
Emperor Shen Nung, in the twenty-eighth century B.C. first taught
the people of China to cultivate 'ma' (hemp) for making hempen
oloth. The name 'ma' occurring in the earliest Chinese writings desig-
nated a plant of two forms, male and female, used primarily for fiber.
Later the seeds of this plant were used for food. The definite state-
ment regarding the staminate and pistillate forms eliminates other
fiber plants included in later times under the Chinese name 'ma.' The
Chinese have cultivated the plant for the production of fiber and for
the seeds, which were used for food and later for oil, while in some
places the stalks are used for fuel, but there Beems to be no record
that they have used the plant for the production of the narootic drugs
bhang, charas and ganga. The production and use of these drugs
were developed farther west."

Early Cultivation in Kentucky.

•*«• x T h e ^ r B t c r o p o f h e i n p k Kentucky was raised by Mr. Archibald
McNeil, near Danville, in 1775. I t was found that hemp grew well
in the fertile soils of the bluegrass country, and the industry was de-
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veloped there to a greater extent than it had been in t h e e a s t e r n
colonies. While it was discontinued, in Massachusetts, V i r g i n i a , a n
Pennsylvania, it has continued in Kentucky to the present t i m e . •*•«
the early days of this industry in Kentucky, fiber was p r o d u c e d t o r
the homespun cloth woven by the wives and daughters of t h e p i o n e e r
settlers, and an export trade by way of New Orleans was d e v e l o p e d .
In 1802 there were two extensive ropewalks in Lexington, K y . , f^11™
there was announced 'a machine, moved by a horse or a c u r r e n t ot
water, capable, according to what the inventor said, to b reak a n d c l e a n
eight thousand weight of hemp per day. Hemp was later e x t e n s i v e l y
used for making cotton-bale covering. Cotton bales were a l so b o u n d
"with hemp rope until iron ties were introduced, about 1865. T h e r e
was a demand for better grades of hemp for sailcloth and for c o r d a g e
for the Navy, and the industry was carried on more extensively f r o m
1840 to 1860 than it haB been since.

Retting.

"Retting is a process in which the gums surrounding' the fibers a n d
binding them together are partly dissolved and removed. I t p e r m i t s
the fiber to be separated from the woody inner portion of t h e s t a l k
and from the thin outer bark, and it also removes soluble m a t e r i a l s
which would cause rapid decomposition if left with the fiber. T w o
methods of retting are practiced commercially, via, dew r e t t i n g a n d
water retting.

Dew Retting.

"In this country dew retting is practiced almost exclusively. T h e
hemp is spread on the ground in thin, even rows, so tha t the b u t t s a r e
all even in one direction and the layer is not more than t h r e e s t a l k s
in thickness. This work is usually paid for at the rate of $1 p e r a c r e ,
and experienced hands will average more than 1 acre per d a y . T h e
hemp is left on the ground from four weeks to four months. W a r m ,
moist weather promotes the retting process, and cold or d r y w e a t h e r
retards it. Hemp rets rapidly if spread during early fall, p r o v i d e d
there are rains, but it is likely to be less uniform than if re t ted d u r i n g
the colder months. It should not be spread early enough t o b e e x -
posed to the sun in hot, dry weather. Alternate freezing and t h a w i n g
or light snows melting on the hemp give most desirable r e s u l t s i n
retting. Slender stalks one-fourth inch in diameter or lees r e t m o r e
slowly than coarse stalks, and such stalks are usually not o v e r r e t t e d
if left on the ground all winter. Hemp rets well in young w h e a t o r
rye, which hold the moisture about the stalks. In Kentucky m o s t of
the hemp is spread during December. A protracted J a n u a r y t h a w
with comparatively warm rainy weather occasionally results in o v e r -
rating. While this does not destroy the crop, it weakens the fiber a n d
causes much loss. When retted sufficiently, so that the fiber c a n b e
easily separated from the hurds, or woody portion, the stalks a r e r a k e d



PLATE 1

Epidennifl test in incompletely retted flax. The epidermis (e) is clinging to
both nodes and internodes in. large pieces, showing that the retting process is not
complete.

Epidermis test of flax fibers when retting ia nearly complete. The fibers are
well separated and of finR diameter. Pieces of cuticle (c) are clinging in spot*.
When this stage of retting is reached it is necessary to swish the fibera to and fro
in water in order to tell whether the epidennifl is well loosened.

Daoia ia U. S. D. A. Dept. Bulletin 1185.
Flax fibers at the completion of the epidermis test. Retting is at the same

stage as that shown in figure next above. The cortex is shown after it has been
swished to and fro in water. Retting is almost complete, and the cuticle (c) is
separated except at the leaf soars (£).
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up and set up in shocks, care being exercised to keep them straight and
with the butta even. They are not bound in bundles, but a band is some-
times put around the shock near the top. The work of taking up the
stalks after retting is usually done by piece work at the rate of $1 per
acre.

Water Retting.

"Water retting is practiced in Italy ; France, Belgium, Germany,
Japan, and China, and in some localities in Russia. I t consists in
immersing the hemp stalks in water in streams, ponds, or artificial
tanks. In Italy, where the whitest and softest hemp fiber is produced,
the stalks are placed in tanks of soft water for a few days, then taken
out and dried, and returned to the tanks for a second retting. Usually
the stalks remain in the water first about eight days and the second
time a little longer.

"In either dew retting or water retting the process is complete when
the bark, including the fiber, readily separates from the stalks. The
solution of the gums is accomplished chiefly by certain bacteria. If
the retting process is allowed to go too far, other bacteria attack the
fiber. The development of these different bacteria depends to a large
extent upon the temperature. Processes have been devised for placing
pure cultures of specific bacteria in the retting tanks and then keeping
the temperature and air supply at the best for their development.
These methods, which seem to give promise of success, have not been
adopted in commercial work.

Chemical Retting.

"Many processes for retting or for combined retting and bleaching
with chemicals have been devised, but none of them have given suf-
ficiently good results to warrant their introduction on a commercial
scale. In most of the chemical retting processes it has been found
difficult to secure a soft lustrous fiber, like that produced by dew or
water retting, or completely to remove the chemicals so that the fiber
will not continue to deteriorate owing to their injurious action.

"One of the most serious difficulties in hemp cultivation at the
present time is the laok of a satisfactory method of retting that may
be relied upon to give uniform results without injury to the fiber. An
excellent crop of hemp stalks, capable of yielding more than $60 worth
of fiber per acre, may be practically ruined by unsuitable weather
conditions while retting. Water retting, although less dependent on
weather conditions than dew retting, has not thus far given profitable
results in this country. The nearest approach to commercial success
with water retting in recent years in America was obtained in 1906
at Northfield, Minn., where, after several years of experimental work,
good fiber, similar to Italian hemp in quality, was produced from hemp
retted in water in large cement tanks. The water was kept in circula-
tion and at the desired temperature by a modification of the Deswarte-
Loppens system.
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Steaming.

"In Japan, where some of the best hemp fiber is p r o
methods of retting are employed—dew retting, water r e t t i n g
ing, the last giving the best results. Bundles of hemp s t u
immersed in water one or two days to become thorough ly
are then secured vertically in a long conical box open n/fc
and top. The box thus filled with wet stalks is raised t
a derrick and swung over a pile of heated stones on w l i :
dashed to produce steam. Steaming about three hours
The fiber is then stripped off by hand and scraped, to r e m o
bark. The fiber thus prepared is very strong, but less f
that prepared by dew retting or water retting.

"Cool, moist weather, light snows, or alternate freezing
ing are favorable for retting hemp. Dry weather, not nee<
from rain but with a rather low relative humidity, is e s sen t i
factory work in breaking hemp. The relative humidity t\
in January, February and March, when most of the h e m j
ranges from 62 to 82 per cent. The work of breaking h o i :
carried on when there is snow on the ground. The work c
and cleaning hemp seed can be done only in dry w e a t h e r .

Robert L. Davis in U.S.D.A. Dep t Bui. 1185 gives t l :
facts concerning the progress of retting in the different j :
stem. He says: "The rapidity and order with which *fc]
tissues in the flax stem are retted depends on the d i g c
solubility of the cementing substances that bind the tissu.<
their accessibility, and the relative amounts of them p r e
different tissues. The tissues of the flax stems tha t lie i n
may be divided into the fiber bundles, the phloem p a r e n e ]
between the fiber bundles and the cambium layer, the p
lying between the fiber bundles themselves, the epidermis t l
the stem, and the outer parenchyma that lies between t t i<
and the fiber bundles.

"Retting takes place first in the cambium layer w h e r e
is quite soluble and where because of the very thin e e l ]
layers of pectin or cementing substance are correspond
When flax stems are sterilized in water at 115 degrees C. r r
pectin in the cambium layer is dissolved, and the c o r t e x
loosened from the wooden core that the loose-core test ia c
at all as a positive indicator that retting is completed. T l a
the tissues of the cortex is less soluble than that in the c a m
and is not much affected by the solvent action of the hot w
not entirely because of a difference in accessibility that t l i
retted after the oambium layer, as at the exposed surfaces o .
where all.tissues are equally exposed to the attack of t i n
retting is not materially hastened in the cortex.

"It is true, however, that the cambium layer, located o n
of the stem, is somewhat more accessible to the attack of -fcl
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than the tissues lying to the outside in the cortex. The stems are
partially protected from the outside by the waterproof nature of the
cutin in the outer wall of the epidermis. The areas where the leaves
drop off are waterproofed by the formation of leaf scars where suborin
is deposited. At harvest time the waterproof covering on the outside
of the stem is complete with the exception of the stomatal openings.
Part of the stomata, as microscopic examination shows, are closed and

After Daoit in U. B. J>. A. Department Bulletin 1185.
Fia. 1.—Leaf-scar test in partly retted flax, made toward the root end of the

stem and parallel to the wooden oore. On the right is the beginning of the test
and on the left the end of the test. Retting is incomplete. Note how the fibers
cling to the leaf scars where the cortex has been peeled away from the core in
the left-hand figure.

made water-tight by the formation of cork cambium. The retting
liquid and bacteria, however, can find their way through the epidermis,
as the flax stems which have been paraffined at both ends will ret. The
closing up of the ends, however, does distinctly retard retting, indicat-
ing that the bacteria enter more readily through the epidermis than at
the stem ends.

"The variables in the retting process itself are the nature of the
retting bacteria, the temperature of the water, the rate of water circula-
tion, the water quality (whether hard or soft), and the duration of the
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ret. Of these factors the one that causes most trouble is the duration of
the ret, or making the decision as to when retting is completed. A study
of the process of disintegration of the flax stem as retting proceeded
waB undertaken in order to find out what changes in the flax stems
were closely associated with the completion of retting."

As an end point in the retting of flax, Davis says it is best to supple-
ment the leaf scar test with the epidermis test so that when a positive
leaf scar test is secured the epidermis test also may be used to de-
termine whether retting has proceeded far enough to thoroughly loosen
the epidermis. He says: "In case the epidermis test does not confirm
the positive leaf scar test the retting may be allowed to proceed still
farther until a positive epidermis test is secured. I t is thought that
the leaf soar and epidermis teats are distinctly more reliable than the
loose-core test and that even where the dry-straw test is used they
may be of some value as indicating when to begin the dry-straw tests.

A Study of Flax and Kindred Fibers.

"The fact that flax and ramie fibers alwayB twist in a clockwise
direction when drying, while hemp and jute fibers twist in the reverse
direction, is the basis of a convenient method for distinguishing flax and
hemp. Microscopic examination of these fibers after treatment reveals
a fibrillar structure, the fibrils of flax and ramie being arranged in left-
handed spirals, while those of hemp and jute are in right-handed
spirals. In some cases, internal spirals with a reverse twist may occur.
The drying of the fibers is always accompanied by a twisting up of
the component fibrils."

Concerning the possibilities of establishing a flax fiber industry in
the United States Miles says:

" I t has been demonstrated beyond all doubt that fiber flax of ex-
cellent quality can be grown in various sections of the United States,
yet it cannot be said that the industry has ever become established
here. One reason for this is that much cooperation is necessary be-
tween the different branches of the industry, and up to the present
time this cooperation has not existed. The farmer can grow the flax,
but before doing so he should be assured of a market. On the other
hand, the manufacturers Bhould be assured of a sufficient supply of
flax in order that they may establish their branch of the industry."

Miles in U.S.DA. Bui 669 says: "The best flax fiber is obtained
from the Courtrai region of Belgium, where flax is water retted in the
Eiver Lys. Flax is also watei* retted in Ireland and in certain provinoes
in Russia, but in these countries the retting is done in pools or reser-
voirs. The bundles of flax are usually placed upright in crates, or
nets, and are immersed by placing weights on top of the whole. As
fermentation progresses it is generally necessary to add more weights
in order to keep the straw under water. The retting process is usually
completed in from 6 to 15 days, depending upon the condition of the
water. The straw should be removed a t just the proper time, as a few
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hours' delay often causes loss, The practice in Belgium and in some
portions of Ireland is to watch constantly during the latter part of
the retting period, in order to remove the straw from the water at the
time when the retting process has progressed sufficiently even though
this be during the night. The straw is set on end to drain for about
24 hours and is then spread over a meadow for a few days, in order
to become thoroughly dry. After drying the straw is stored until time
for breaking and scutching. Water retting in tanks is practiced in
Oregon."

REFERENCES ON RETTING OF HEMP AND FLAX

Milea, F. C, 1922. Fiber Flax, U. S. D. A. Bui. 669.
Davis, Robert L., 1923. Flax-Stem Anatomy in U. S. D. A Dept. Bui. 1185.



C h a p t e r 4 .

T h e I m p o r t a n c e , P r e p a r a t i o n , a n d U s e o f L e g u m e
C u l t u r e s .

Importance.

That any of the' tremendous amount of nitrogen in the air (the
air being about four-fifths nitrogen) is available to the farmer to be
used for plant growth in a practical way, is due largely to the plants
which we call legumes. They constitute the only farm crop plants
whioh can use the nitrogen of the air surrounding their roots. _ They
harbor on their roots nodules containing bacteria which gather nitrogen
from the air and furnish it for the plant's growth. The nitrogen which
remains in these nodules when the crop is cut is left in the soil and
enriches it.

Whiting, at the Illinois Experiment Station, has calculated that if
the nine more important crops grown in the United States were to be
furnished all their nitrogen requirements by the application of the
nitrate of soda, at present the most important commercial nitrogenous
fertilizer, the world's supply of this material would be sufficient for
this country alone for only about six years. He further calculated
that the nitrogen in the air over four acres of land would furnish more
than the annual consumption of commercial nitrogen in the entire
United States. As a result of these and similar calculations by him
and many others, it is now realized that the growing of legumes is
essential in many localities if the fertility of the soil, one of the
greatest of assets, is to be conserved, That legume crops must ulti-
mately play an important part in permanent agriculture wherever
there is worn-out soil, is now well recognized.

The Examination of Legume Plants for Nodules.

In pulling up a legume plant growing in firm soils, the nodules are
stripped from the fine roots. To examine properly the root systems of
most legume plants for bacteria, therefore, it is necessary to break
the ground around the plant and to take the plant up with a quantity
of earth about six inches square. Then the soil can be gently jarred
loose and the coarse and fine root systems can be examined.

In the case of the ordinary legume crops, if one does not find a
uniformly abundant nodule formation on a half dozen representative
plants dug up in different parts of the field, one may be quite certain
that the crop is utilizing the nitrogen of the soil and impoverishing it
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by its growth rather than utilizing the nitrogen of the air and further
enriching the soil.

Lack of an abundance of nodules on the roots indicate clearly

After A. L. Whitinc in IWnott Sap. Sta. B*L No. 179.
FIG. 2.—On the left, roota from plant grown in COi + 0; on the right, roots

from plant grown in N + COi + 0.

that there are an insufficient number of legume bacteria in the soil.
A sickly yellowish appearance of the plants also is often general
evidence of want of proper inoculation.

Importance of Sufficient Inoculation in Fields Planted
to Legumes.

If a field doea not contain sufficient legume bacteria in the soil fo
cause vigorous nodule production at the roots of the plants in all parts
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of the field, the legume plants are forced to live on what nitrogen
there is'in the soil. In the case of this deficiency of the specific legume
bacteria, the wonderful faculty which legume plants have, that of
taking nitrogen from the air rather than from the soil, is not allowed
to operate. If the soil is very rich there will be little difference seen,
whether the nodules do or do not form, but in soils of average fertility
the difference between inoculated and uninoculated legumes will be
very marked.

"Fia. 3.—An alfalfa seedling 28 days old, showing how nodule production is
accomplished early in the plants growth in well inoculated soil. The impor-
tance of early nodule formation by legume plants grown in average BOUB can-
not be overemphasised, as those oropa need more nitrogen than other crops
and depend upon the bacteria of the nodules for it.

I t has been shown that nodule production on the roots should occur
early in the growth of the legume plant to obtain the best results.
Legume seedlings begin to utilize atmospheric nitrogen through the
agenoy of nodule bacteria as early as the ninth day after planting.
From these facts it is seen that in the early stages of a crop's growth,
plants benefited by nodule production* may be able to withstand
unfavorable weather conditions a little better than those without nod-
ules. In some of the eastern states where the growing of legumes
is a practice of long standing, it has been found that a large percentage
of the failures in the growing of these crops is due to the lack of the
specific legume bacteria in the soil in sufficient numbers to insure a
uniform nodule production on the roots of the plants in all parts of
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the fields. I t is not only important that the specific bacteria be present,
but that they be present in sufficient numbers.

Pea Alfalfa Vetch . R. Clover
Fia. 4.—Typical nodule formation on the roots of four different legumes.

When to Inoculate in Planting Legumes.

The presence of legume bacteria may be secured by proper inocu-
lation of the seed or the soil. Either the seed or the soil should be
inoculated when planting any legume crop unless this particular crop
has been successfully grown on the piece of ground selected, within
the three previous seasons. There are many factors whioh may cause
a legume crop to be a failure, such as drought, freezing, poor seed,
animal depredations, unfavorable reaction of soil, etc., but lack of
proper inoculation of seed or soil need not be one of them.

Considering the slight cost of bacterial inoculation, it is the beat
practice to help insure a successful crop by the inoculation of the
seed at the time of planting if there is any indication whatever that
the soil is not sufficiently inoculated. In the growing of legumes or
any other crop there are enough factors beyond man's control, so
that no one can afford to neglect to provide for those necessary con-
ditions which are controllable.

What Npt to Expect from the Practice of Legume Inoculation.

The proper inoculation of the roots of legume plants should be
considered simply as one of the factors which must be taken care of
in the growing of these crops. When seeds are inooulated with bacterial
legume cultures it must be remembered that this procedure only insures
proper inoculation for the crop's growth. In other words, the practice
of inoculating legume seeds will not prevent the ill effects of poor
seeds, poor preparation of ground, unfavorable climate, unfavorable
year, acid soil, etc. These are conditions governing the growth of
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legumes apart from the question of bacterial inoculation. To con-
sider that because the inoculation of the seeds has been practiced,
other factors can be slighted is a misunderstanding of inoculation
and its purpose. The best known cultural methods should always be
employed in. addition to proper inoculation of seed or soil.

Gross Inoculation of Legumes.

There are a number of different varieties of legume bacteria, each
of which will inoculate one or more legumes. The latter may be
grouped according to the variety of bacteria that will grow on them.
Each one of the following groups has its own bacterium, so to speak,
and all members of each group will be inoculated by the same bacterial
legume culture.

Group I.
Red Clover.
AMke Clover.
Crimson Clover.
White Clover.
Berseem Clover.

Group H.
White Sweet Clover.
Yellow Sweet Clover.
Alfalfa.
Bur Clover.

Group III.
Cowpea.
Patridge Pea.
Velvet Bean.

Group IV.
Garden Pea.
Field Pea.
Vetches.

Group V.
Soybean.

Group VI.
Garden Bean.

Methods of Inoculating Legumes with Bacteria.

There Are several methods of inoculating legumes with bacteria.
description of four important methods follows":
1. The Pure Culture Method on Jelly. This is the method which

most used at present. I t consists in sprinkling legume seeds at the
me of seeding with a solution made by rinsing out a bottle containing
pure culture of legume bacteria on jelly. I t has proven to be more



PLATE 2

AfUr BurrOl and Haum fa Illinois Agr. Evp. 8ta. Bvl. COS.
Mieao-PHorooRAPHs OF NODTTUBS BACTKBIA.

FIG. 1.—Baoteroids from a very young
nodule of pea (Pisurn aativum), show-
ing Hwannere among the bacteroida.
X 1080.

FIQ. 2.—Bacteroids from young,
growing nodule of hairy vetch (Vina
viilosa). X 1080.

FIG. 3.—Baoteroids from an older
nodule of hairy vetch (7tc»o vil-
losa), showing vacuoliaation. X
1080.



PLATE 3

After BwrrQl and Haatm in TUtoois Agr. Esp. Sta. Bui. £02.

FL&GKIJLA SIAINB OP NODULEA SIAINB OP NODULE BACT^IA.

Paeudomonaa radidcolo, showing polar flagellum: A.—Cowpea {Vigna sinensis). X 1080; B.—Cowpea (Vigna
sinensis), more highly magnified; C—Partridge pea (Cassia chamcecrista). X 1080; D.—Acacia (Acacia floribtmda).
X about 1600; E.—Tick trefoil (Desmodium canescens). X 1080; F.—Japan clover (Lespedeea striata). X 1080.
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satisfactory than any other method from the standpoint of general
practicability. ' „ , , . , .

2. The Soil Method. Soil is obtained from a field which is growing
the legume crop successfully and is broadoasted over the field to be
planted, at the rate of about a quarter of a ton per acre. Harrowing
should follow immediately after soil broadcasting.

3. The Sand Method. Sand is prepared in the laboratory and
inoculated heavily with legume bacteria. This is then mixed with
the seed at the time of sowing. This method has been largely dis-
continued.

4. The Illinois Method. This method consists in preparing heavily

FIG. 5.—Method of sending out legume cultures to farmers.

inoculated soil and mixing it with the legume seeds after they have
been sprinkled with a solution of glue and water. The glue causes the
particles of inoculated soil to stick to the seeds.

The preparation and sale of legume cultures as an industry has
been pushed to considerable extent, both in Europe and America.
The United States Department of Agriculture has sent out many cul-
tures to farmers. The United States Experiment Stations in many
states have furnished cultures to farmers. The furnishing of these
cultures has been a great blessing to agriculture in general, neverthe-
less much dissatisfaction has resulted also. The disappointments in
the use of legume cultures which were sent out a number of years ago
was to some extent due to the fact that these cultures were often dead
and therefore worthless. No doubt many of those prepared by drying
the organisms on cotton were very low in vitality or entirely dead.
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However, the art of preparing vigorous cultures has been developed
and more recently splendid results are reported from their use. Much
of the present disappointment in the use of legume culture comes from
other factors than the fact that the soil has not been made fit as to
physical and chemical conditions. One of the best forms in which
legume oultures are shipped for use by farmers is the jelly culture,
contained in a fiat bottle. These cultures are usually sent out at a
retail price of 25 cents to 40 cents for sufficient culture to inoculate
the seed used in planting one acre of any particular legume.

Preparation of Commercial Legume Culture on Agar.

Pure cultures of nodule bacteria are inoculated into sterile flasks
of liquid media of the following composition:

Magnesium sulphate 02 gm.
Dibasic potassium phosphate 0.2 gm.
Sodium chloride 02 gm.
Calcium sulphate 0.1 gm.
Commercial cane sugar 10.0 gm.
Distilled water 1000.0 gm.
Reaction pH 7JQ

After Praimovishi as adapted by A. L. Whiting.
PIG. 6.—Young nodule, showing the beginning of the differentiation of its

tissues.

The above inoculated liquid medium is incubated at 28° C. until it
becomes stringy. This may be called a seed culture and is used as
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follows to prepare commercial cultures to be sold to farmers. Six,
eight, or ten ounce bottles are used for the commercial culture. Solid
media of the same constituency.as the liquid media above but with
the addition of 2% of agar is used. Enough of this media is placed
in each bottle so that when it has solidified in the bottle lying flat, it
will give a layer of agar a quarter of an inch thick. To .each bottle
is added 2 cc. of the seed culture. This syrupy seed culture is shaken
over the surface of the solid media and then is incubated at 28° C.
until it has grown to its greatest amount. Usually 5 to 10 days incuba-
tion are required for the growth at whioh time the culture can. be sent
out to the farmer.

Directions for Use.

1. Fill the bottle about one-half full with clean cool water.
2. Shake hard in order to get the bacterial slime growth off the

surface of the hard jelly. The water will then assume a milky
appearance.

3. Do not try to get the solid jelly on which the bacteria are grow-
ing into solution for it will not dissolve.

4. Add the water containing the bacteria to the seed.
5. Refill the bottle several times until enough water is added to

moisten all the seed.
6. Mix the seeds thoroughly with the hands to distribute the

bacteria evenly over all.
7. Spread the seed out on a clean surface away from the sunlight

and dry thoroughly.

Precautions.

1. Store in a cool dark place and do not open the package until
ready for use.

2. Do not remove cotton plug from bottle until ready for use.
3. Use as soon as possible. Old cultures are not reliable.
4. Do not expose the bottle, culture, or the inoculated seed to direct

sunlight. Sunlight will kill bacteria.
5. Inoculate the seed just before sowing and sow as soon as the

seed is sufficiently dry.
6. If the seed is sown by hand or broadcast, follow immediately

after with the harrow to cover the seed from the sunlight.
Note.—With large legume seeds, such as peas and beans, sowing

may be done directly after inoculation. Drying is not neoessary with
these seeds.

Note.—If convenient sow some seed without inoculation and see by
comparison if the bacteria improve legumes on your soil.

REFERENCES ON LEGUME CULTURES.
). Inoculation in the Growing of Legumes. Wi
122.

Spfflman, W. J, 1910. Soil Conservation. U. S. D. A. P. Bui. 406.

Allen, P. W., 1923. Inoculation in the Growing of Legumes. Washington Experi-
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D i s i n f e c t a n t s a n d D i s i n f e c t i o n .

Both physical and chemical agents have become widely used in
killing disease producing germs. MoCoy, Stimson, and Hasseltine give
the following classification of disinfectants:

Physical.

Heat.

Incineration
Dry heat

Moist heat..

Sunlight
Diffused light
.Air

Solid agents.

Superheated at 100°
("Steam
I Boiling

• ] Temperature below boiling
I (pasteurization)

{Lime
I Chlorinated lime

Disinfect ante.

Liquid agents or
solutions

Chemical.

TJorroaiye sublimate (mercuric
ohloride)

Formaldehyde solution
Phenol
Crude carbolic acid
Pine oil disinfectant (Hyg.

Lab.)
. Cresol

Potassium permanganate
Lime
Chlorinated lime
Hypochlorite
Chlorine
Petroleum
Gasoline

..Carbon disulphide

Formaldehyde
Sulphur dioxide
Chlorine
Hydrocyanic acid
Pyrethrum fumes
Carbon monoxide
Carbon dioxide

Incineration, that is, the burning of infectious materials, is an old
custom in use long before the idea of the true nature of infection was
developed. The ancients found that they could sometimes free them-
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Gaseous agents.
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selves from certain scourges by the burning of clothing, houefehoiu
effects, and dwellings. The method of the Indians was to burn the
tepee of the smallpox infected Indian along with the dead body of the
Indian. In modern times incineration has been used for the destruo-
tdon of garbage and even to some extent sewage. However, incineration
of infected materials is an expensive means of destruction of disease
germs, and because of this fact, this method has not had an extensive
use on a large scale.

The use of dry heat as a method of disinfection hae been largely
confined to the sterilization of laboratory apparatus. I t is *ised when
steam heat would in some way damage the material being sterilized.
Hot-air ovens are used in dry heat sterilization. The temperature
most generally employed is 180° C. I t is found that by slowly raising
the temperature muoh glassware which would break if submitted to
steam, can be satisfactorily sterilized.

McCoy, Stimson, and Hasseltine give the following list of ad-
vantages and disadvantages of some common disinfectants:

The idea of the test is to compare other disinfectants with a
standard. The disinfectant used as a standard is phenol which meets
the requirements of the Eighth U. S. Pharmacopoeia, that is, the con-
gealing point must not be below 40° C. A fresh 5% sol. of phenol is
used as a source in making dilutions. In comparing other disinfectants
with standard phenol dilutions the ability to kill Bacillus typhoeus
(Hopkins strain) is used as a basis of comparisons.

The typhoid germs are grown in the following media:
Beef extract (Liebig's) -8 gm.
Peptone (Armour's for disinfectant testing) 10 gm.
Sodium chloride 5 gm.
Water, distilled 1000 gm.
Boil for 15 minutes.
Make to original weight by addition of water.
Filter through paper.
Tube, 10 o.o. to each tube.
Sterilise.
The pH 7.0.

The culture of Bacillus typhosus used must be a 24 hr. culture
which has been transferred at 24 hr. intervals for five days, always
using a temperature of 37° C.

The hand method of making the determination of the coefficient
is described in U. S. Publio Health Report No. 27 of Vol. 36 as
follows:

"The object is to add 0.1 c.o. of typhoid culture to 5 c.c. of suo-
cessive dilutions of the disinfectant and of phenol, and, after this
addition to transfer a loopful of each mixture to a separate subculture
tube at periods of 5, 7%, 10, 12%, and 15 minutes. The subculture
tubes are then incubated for 48 hours at 37° C , and readings of growth
or no growth are made and recorded.

"Dilutions are made to cover the expected range of the disinfectant,
and 5 c.c. of eaoh dilution is placed in a seeding tube. Dilutions of
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Chlorinated lime.

Chlorine (liquid)

Formaldehyde
( )
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phenol are made as follows: 1:80, 1:90, 1:100, 1:110, 1:120, and
1:130, and 5 c.'c. of eadh is placed in a seeding tube.

"The seeding tubes are placed in the water bath at 20° C. and a few
minutes are allowed for their contents to reach this temperature.

"To each seeding tube 0.1 c.c. of culture is then added seriatim,
allowing 15 seconds for each addition. If there are ten tubes of dis-
infectant dilutions, this will occupy 2% minutes. At the end of 5
minutes from the time of adding the disinfectant to the first seeding
tube, a loopful of the mixture is transferred from this tube to a sub-
culture- tube, and this is done from each successive seeding tube at
15-second intervals. This procedure is repeated after the lapse of
7%, 10, 12%, and 15 minutes from the time of the first addition of
oulture to the seeding tube. Each loop is placed on the support and
flamed with the Bunsen burner immediately after • use, and the use
of several loops permits them to cool before they are needed again.
The operator is obliged to make a transfer every 15 seconds for ten
minutes.

"The dilutions of phenol are next treated in the same manner as
those of the disinfectant.

"The tubes are properly labeled and are placed in the incubator
for 48 hours, at the end of which time readings of growth or no growth
are made and entered in a table as — or + signs, respectively."

Example of determination of coefficient of disinfection from U. S.
Public Health Report, Vol. 36, No. 27.

Time of Exposure in Minutes
Sample Dilution

6 7% 10 12% 15
Diflinfeotant 1:700 — — — — —

1:800 + — — — -
1:900 + + — — —
1:1,000. + + + + -
1:1,000. + + + + +

Phenol 1:80 — — — — —
1:90 + + - - -
1:100 + + + + -
1:110 + + + + -
1:120 + + + + +
1:130 + + + + +

700 900 1000
n ^ - 4. 80 + 90 + 110 8.7 + 10.0 + 9.0 n oCoeffioient = 5 = = = 92

o o

S o m e o f t h e m o s t c o m m o n l y u s e d d i s i n f e c t a n t s a r e :

C a r b o l i c a c i d ( p h e n o l )

C r u d e c a r b o l i c a c i d

F o r m a l d e h y d e

C r e s o l

B i c h l o r i d e o f m e r c u r y

C h l o r i d e o f l i m e
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Lime
Hydrochloric acid
Caustic soda (crude)
Sodium hypochlorite

Carbolio acid is a white substance in the orystalline form. The 5%
olution is most often used. I t is made by dissolving this amount of
rystals in water. Liquefied carbolic acid is made by adding 1 part of
rater to 9 parts of the crystals.

M. Dorset gives the following advantages and disadvantages con-
arning the use of carbolic acid:

"Advantages:
(1) I t is reasonably effective for destroying non-spore-bearing

bacteria.
(2) Its action is only slightly interfered with by albuminous

substances.
(3) I t does not destroy metals or fabrics in a 5% solution.
(4) I t is readily available at all pharmacies.
Disadvantages:
(1) I t cannot be depended upon to destroy spores of suoh. bacteria

as anthrax and malignant edema.
(2) I t is expensive.

"Formaldehyde may be used for disinfection either as a solution
enerally 6% solution) or as a gas. The 5% solution of formalde-
de as a disinfectant is equal to the 5% solution of carbolio acid,
le gaseous' form is of advantage where everything in a room is to be
infected."
Dorset gives the following advantages and disadvantages in the

3 of formaldehydfc:

"The advantages may be summarized as follows:
(1) I t is one of the most powerful germicides known.
(2) Its action is not interfered with by albuminous substances.
(3) I t is not poisonous and may therefore be used for disinfecting

hay and grain without destroying these for food purposes.
(4) It is not injurious to delicate fabrics, paint, or metals. (For-

malin solutions will attack iron, but not other metals.)

"The disadvantages' are briefly as follows:
(1) The gas has a strong tendency to condense in cold weather

and is not reliable as a disinfectant when the air temperature
is below 60° F.

(2) I t is necessary to seal tightly all compartments which are to
be disinfected with the gas in order that penetration may be
secured and that the required concentration may be main-
tained for a sufficient length of time."
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Chlorinated lime is a powerful disinfectant but is so destn
to all organic material and BO corrosive on metals that its usefiu
is limited.

The advantages and disadvantages in the use of cresol are according
to Dorset as follows:

"Briefly, the advantages are:
(1). A 2 per cent solution of cresol is as efficient as a 5 per cent

solution of carbolic acid.
(2) It is not interfered with by albuminous substances.
(3) It is cheaper than carbolic acid.
(4) It does not destroy metals or fabrics in a 2 per cent solution.
(5) It is more effective than carbolic acid for destroying spores of

bacteria, such as anthrax.

"The main drawback to the use of cresol* is that it is not readily
soluble in water, hence may be used in too weak solution unless great
care is taken in the preparation of the solution."

Bichloride of mercury is one of the most powerful germicides known
but great care must be employed in its use due to the fact that it is Buch
a virulent poison for all a-nimflR

Hydrochloric add is used to considerable extent in disinfecting
wooden tanks and reels on which other disinfectants might leave resi-
dues whioh would later show up in the manufactured products. Lime
and caustic soda are similarly used in many plants where their grease
cutting ability is also an important factor.

Disinfection of articles on a large scale is carried out by the use
of large steam chambers.

McCoy, Stimson, and Hasseltine describe a large disinfecting ap-
paratus as follows:

"The Kinyoun-Francis apparatus is the best known in America
for large disinfecting plants. A knowledge of the mechanical con-
struction of this apparatus is necessary for its intelligent operation.
Briefly, the steam disinfecting chamber consists of a jaoketed closed
chamber. Steam is admitted to the jacket chamber, and the apparatus
is thus heated to avoid condensation when the steam is admitted to
the inner chamber. The materials to be disinfected are placed in
the inner chamber, which is closed. Air is then removed from the
disinfecting chamber by the production of a partial vacuum (15 inches)
by a steam vacuum pump. By opening the proper valve steam is then
admitted from the jacket to the disinfecting chamber. All steam
admitted to the disinfecting chamber must pass through the jacket
chamber. The partial vacuum increases the penetrating power of the
steam, as the air is partially withdrawn from all interstices and folds
of the materials subjected to disinfection. When the desired pressure
is reached it is maintained until a proper exposure to this temperature
and pressure has been accomplished. By use of the vacuum apparatus
a large part of the steam can be removed to avoid condensation and
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consequent wetting of the articles exposed. The heated jacket facili-
tates the drying of the articles. When the articles are removed they
are damp, but they soon dry upon exposure to the air.
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C h a p t e r 6.

W o o d P r e s e r v a t i o n .

Because of the greatly increased oost of wood used where there is
contact with the earth and the weather, different methods of wood
preservation have come to be extensively practiced. Posts, railroad
ties, poles, and piling have their durability increased many times by
the application of wood preservatives.

Wood placed in water or in 4amp earth decays, due to the attaok
of microorganisms. However, wood thoroughly dried or kept sub-
merged in water resists attack by germs much longer than if kept
just moist. This is due to the fact that a moist condition is best for
the growth of microorganisms.

Some of the more important means of preserving wood are:

I. Fainting.
II . Charring.
HE. Dipping in tar or creosote.
IV. Soaking in tar or creosote for hours.
V. Impregnating with tar or creosote by heating.
VI. Use of zinc chloride and other salts.

The method in which creosote iB used is said to be the most efficient.
Q. M. Hunt says, "The United States Government, appreciating

the great importance of preservative treatment of wood as a means of
conserving the fast-diminishing timber supply, has been investigating
preservatives and methods of treatment for many years and muoh
fundamental information on these subjects is now available in the
publications of the U. S. Forest Service.

"The experience of nearly a century of use of preservatives and
the scientific investigations of twenty years have demonstrated the
value of coal-tar creosote and zino chlorid as wood preservatives so
that now they are the standard materials in their respective classes.
All new materials or methods offered for wood-preserving purposes are
compared with these standards. No material or prooess that does
not compare favorably in efficiency with these standards can expect
to find extensive use for the preservation of wood.

"There is no quick method of determining the effectiveness of a
wood preservative. Service tests are the only reliable guides. This
ifl unfortunate, because it places a considerable burden upon the legiti-

76
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mate promotion of promising new materials and may result in their
abandonment after many years of triaL

"It is possible by proper control of drying and manufacturing
processes now in use to make good furniture from wood within a few
days from the time the tree is felled. I t is not, however, economically
practicable or desirable.

"The effect of the presence of albumens or their coagulation or pf
the fermentation of the sap is df no consequence to the wood-preserver.

Am U. B. D. A* Bulletin 11$8.
Fio. 7J—Section of yellow-birch propeller atook. The incipient decay here

shown is caused by the false tinder fungus.

Sap fermentation does not cause dry-rot or decay. Decay results
from the growth of wood-destroying fungi, and good preservatives
prevent this growth by poisoning the wood. Tar is not an excellent
preservative unless deeply injected into the wood, and this deep in-
jection is seldom accomplished. Surface treatments with tar have
been repeatedly shown to be ineffective."

Decays and Discoloration^ of Valuable Woods.

In a splendid piece of work on this subject, J. S. Boyce in U.S.D.A.
Bui. 1128 says, "From an economic standpoint by far the most
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important discoloration* in wood are caused by junP- F °
fieTdisoolorations into sap stains and decay decolorations.

says:"Fungi growing on wood may be roughly divided into two groups,
depending on the habit of growth of hyph*. In the first group are

Fro* V. S. D. A. Bulletin 11U.
Fia. 8.—Decay common in the heartwood of pine, larch, and Douglas fir.

This typioal decay, "with the characteristic conspicuous white mycelium felts,
ia caused by the chalky Quinine fungus.

placed those fungi whose hyphffl live on the substances contained in
the various cells of the wood, while to the second group belong those
whose hyphffl attack the actual wood substance of the cell walls and
destroy it. The first group is principally represented by the sap-
staining or discoloring fungi, so called because they produce various
discolorations which are confined to the sap-wood. To the second
group belong the wood-destroying fungi.
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Sap-Stain.

"The discoloration is nonnally limited to the green sap-wood be-
cause as a rule there is neither sufficient food material nor moisture
in the dry dead heartwood for the development of the fungus. The
discoloration is usually most intense in the medullary rays, since in

From U. B. D. A. Bulletin 1118.
Fia. 9.—Section of the heartwood of Douglas fir. The typical decay here

shown IB caused by the ring-scaled fungus The light-colored wood at the right
is sound sapwood.

these tissues the bulk of the food material is found. The stain is
produced in two ways, either by a reflection of the color of the hypha
through the cell walls of the wood or by an actual color solution ex-
creted by the hyphse which stains the wood itself. These stains vary
in color from blue or blackish to reddish, the former being the most
common. Since these fungi do not attack the cell walls in which the
strength of the wood reposes, except to a negligible extent, discolored



80 INDUSTRIAL FERMENTATIONS

wood is not appreoiably weakened. This has been determined by com-
parative meohanical tests on stained and unstained wood."

The most important of these stains from an economic standpoint
is blue-stain caused by various species of ceratastomella, which may
be found on almost any hardwood or softwood.

Discussing measures of the control of blue-stain, Boyce says, "Blue-
stain may be ohecked after it has started, but the stain can not be
eradicated unless it is so superficial that it can be planed off. There-
fore, the keynote of all treatments must be prevention.

"Unfortunately, there is no one principle that can be applied to
the prevention of this discoloration. Staining may take place at any
time after the trees are felled or, in the case of dead timber, while they
are still standing. Hence, in logging operations in regions where blue-
stain is of importance, the logs should be removed from the woods
as soon as possible after the trees are felled and bucked (cut up into
log lengths). The practice of leaving logs in the woods for months
can not be too strongly condemned as this not only causes blue-stain
but also promotes the growth of wood-destroying fungi. Furthermore,
the inevitable attacks of wood-boring insects assist greatly in the
spread of blue-stain and decay. When the trees are bucked the narrow
space left by the saw kerf between the logs as they are lying end to
end affords an ideal situation for the development of the bluef-stain
fungi. Such logs often stain deeply, while those with the ends fully
exposed remain entirely free from discoloration. As soon as the logs
are in the mill pond danger from staining is over for the time being,
since the oxygen supply is so reduoed that the fungi can not develop.

"The greatest danger of all is enoountered during the process of
drying the rough lumber as it comes from the saw. The best method
of preventing blue-stain is by kiln drying. If the stock checks easily,
so that low temperature and high humidities must be maintained over
a considerable period, some of the other staining fungi such as molds,
may develop. But these can be checked by raising the temperature
in the kiln to about 160° F. or slightly more for an hour by turning
live steam into the kiln. When this is done, care must be taken to
keep the air saturated while steaming and to reduce the humidity
gradually after steaming. When the stock has once been dried properly
the moisture oontent has been so reduced that there is no more danger
from staining, provided it is kept dry. A dispute that arose over the
efficiency of a dry kiln was immediately settled by the fact that the
blue-stain fungi had resumed vigorous growth the day after the stock
was removed from the kiln. This could not have ocourred if the lumber
had been properly dried.

"All airplane lumber should be kiln-dried immediately, since this
not only prevents blue-stain but also stops the growth of wood-
destroying fungi, prevents future checking, and greatly reduces weight
without in any way injuring the lumber, provided temperatures that
are too high are avoided.

"In case kiln drying is impossible, treatment with antiseptic solu-
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tions is of considerable value. As it comes from the saws the green
lumber is dipped into a hot or oold chemical solution. The solutions
most commonly employed are sodium carbonate or sodium bicarbonate
in water. Neither is 100 per cent effective under optimum conditions

Jfost V. 8. D. A. BvUatfn 14*8.
Fia. 10.—The left-hand section shows blue-stain in sugar pine. The dark-blue

specks are the ends of the medullary rays. The heartwood side u uninfected.
The right-hand section shows brownish discoloration and white streaks m

white-ash longeron caused by moipient white heartwood rot.

for staining, but they aid materially in checking discoloration. These
two chemicals, however, color the treated wood a decided yellow or
brownish. Sodium fluorid, although it does not stain the lumber and
is slightly better for blue-stain, is not so effective against oertain molds
as the two solutions first -mentioned. This chemical is seldom used.
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It must be remembered that the strength of the solutions must neces-
sarily vary with the conditions. The more favorable the conditions
for blue-stain, the stronger the solutions should be.

"After being dipped in any of these solutions the lumber must be
carefully open piled, that is, with spaces between the boards to insure
good ventilation. Narrow cross strips or 'stickers' chemically treated
should be used, to prevent staining at the points where the boards and
cross strips meet.

"Salt is of little or no value in preventing blue-stain in comparison
with the other chemicals. The application of salt after blue-staining
has well started is almost a waste of money. In fact, the application
of wet salt or a strong salt solution may prove detrimental in the long
run, for if the lumber is dried after such treatment the affinity of the
salt for water may cause the moisture content to remain much higher
than normal.

"Mercuric chlorid in a 0.1 per cent solution is exceedingly effective
against blue-stain, but on account of its highly poisonous nature and
extremely corrosive action when in contact with many metals it is little
used.

"Shipping green stock closely piled in closed box cars during the
spring and summer months is almost certain to result in severe staining.
Indeed, the writer has seen some stock handled in this way which
stained even in winter. On the other hand, any measures taken to
prevent staining, such as open piling-in gondolas or on flat cars, will
almost certainly result in severe checking. Of the two evils, checking
is by far the most serious in airplane stock, since checked lumber is
greatly reduced in strength, while the stained lumber is only somewhat
unsightly. Shipping green lumber in the close hold of a vessel, par-
ticularly if tropical seas are to be traversed, is an invitation to swift
and sure disaster as far as sap staining is concerned. It is doubtful
whether dipping in any chemical solution now used, except possibly
mercuric onlorid, would be effective under such severe conditions.

"But to repeat, the most effective measure to employ against blue-
stain is speed in drying the wood. Get the logs from the woods to the
saw with the greatest rapidity and the lumber from the saw directly
into the dry kiln."

Discussing sap-stain on soft woods, Boyce says, "Certain species
are peculiarly susceptible to sap-stain. This is due both to the
character of tiie wood and to the climatic conditions of the region where
the species grows. Western white pine, spruce, and southern yellow
pine, the last-named wood including longleaf pine (Pinus palustris
Mill.), shortleaf pine (P. echinata Mill.), and loblolly pine (P. tseda
Linn.), are very subject to sap-stain, especially blue-stain, while true
fir and cedar are not so easily affected. Douglas fir occupies an
intermediate position.

"Besides blue-stain, a red stain has been very commonly found on
Sitka spruce airplane lumber. It occurred abundantly in the East on
stock in cars just arrived from the Pacific coast and also developed
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on material along the Atlantic coast which had arrived unstained at
the port of embarkation but was held over awaiting shipment. The
stain appeared as terra-cotta or brick-red spots on the rough lumber,
varying from very faint to a pronounced color. In the stock worked up
in the factories in this country it was found that the stain was super-
ficial, usually surfacing out during remanufacture; but reports from
abroad indicate that the fungus developed very intensively by the time
the lumber reached European ports, and the discoloration penetrated
deeply into the sapwood. The appearance of the wood is not marred
to the same extent that it is by blue-stain, and as far as is known no
reduction in strength results. The fungus causing the discoloration is
as yet unknown.

"Blue-stain is very severe on the white pines and is particularly
noticeable because of their white wood. Plate 1, left part, shows a sec-
tion from a sugar pine rib web in which the sapwood is stained to
some extent. The small, darker, bluish black spots are the ends of the
medullary rays, in which, as before stated, the fungous mycelium is
most abundant. The longer streaks are the resin ducts.

"Certain fungi (Penicillium spp.) stain the sapwood of the pines
an orange-red to a crimson-red color. Another fungus (Eusarium
roseum Link) is responsible for a pink to a lilac color in the same
woods. The color is produced by means of a pigment secreted by the
hyphffi, which actually dyes the wood.

"A wood-staining fungus (Zythia resinsB (Fr.) Karst.) has been
reported in Europe as working on finished pine lumber after the wood
has been oiled. The discoloration was characterized by violet to dirty
red or even dark grayish brown flecks beneath the oiled surface of the
wood. The spots were covered with minute pustules varying from
violet, orange, and brown to black. These constitute the spore-
producing bodies. The discolored areas extend within the wood as
streaks closely associated with the medullary rays and resin ducts.
The report does not'state whether the discoloration was confined to
sapwood. Apparently the wood was not reduced in strength. As far
as is known, this stain has not yet been found in the United States."

Boyce gives the following information concerning decay and dis-
coloration in different kinds of lumber:

"The hyphffi of wood-destroying fungi living within the wood feed
on the various substances composing the cell walls. They use certain
constituents of the cell walls, neglecting others, with the result that
these walls are broken down, the wood being thus greatly weakened and
more or less destroyed. It is the breaking down of the wood and the
change in its physical and chemical qualities that is termed decay.
The degree of decay is determined by the energy of growth of the
fungus, the length of time it has been at work, and the type of wood
it attacks. Some-fungi attack many different kinds of wood, while
others are limited in their choice. Owing to their less exacting moisture
requirements, wood-destroying fungi are able to live on heartwood as
well as sapwood. The fruiting bodies, usually quite large, are found
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on the surface in the form of brackets, crusts, or mushrooms or toad-
stools. They are not developed until the hyphsB have been at work
for some time; consequently, the presence of fruiting bodies indicates
serious decay. . ... .

"Two types of wood-destroying fungi may be recognized, (1) those
mainly attacking the heartwood, rarely the sapwood, of standing living
trees, and (2) those principally confining their activities to the manu-
factured product, such as sawed lumber, cross-ties, and poles. The
former type may continue their work of destruction after the tree has
been cut down and worked up into lumber. The latter, attacking the
manufactured product, usually invade the sapwood first, since it is far
richer in stored food, generally has a higher moisture content than the
heartwood, and is not so inherently resistant to decay. Fungi causing
this type of decay are often very abundant in yards where the lumber
is closely piled on damp earth, with little or no aeration under the
piles, and much accumulated wood debris scattered throughout the
yard. Unfortunately, such conditions are all too prevalent in mill
yards. Sanitary yards both at the mills and the factories are badly
needed. Humphrey gives a complete account of the life history and
habite of these fungi, the damage caused by them, and methods for
their control.

Types of Decay in Logs and Lumber.

"In addition to the wood-destroying fungi which normally attaok
living trees, and which may continue to decay the wood after the tree
is cut, there are fungi which grow only or principally on wood in the
form of logs or lumber. Owing to their destruotiveness some of these
deserve more than passing mention. Although it is true that damage
caused by such fungi is due to improper handling of the timber during
the course of manufacture and utilization, unfortunately such improper
handling does oocur and must be reckoned with.

"One of the most important of these fungi is that which causes
dry-rot in stored logs or lumber and in timber in structures. The
term 'dry-rot' is loosely applied to cover almost any type of decay,
but it is correctly applicable only to the work of the dry-rot fungUB
(Merulius lacrymana (Wulf.) Fr.) . This decay is more common on
ooniferous woods than on hardwoods. The incipient decay appears as
a yellow-brown discoloration not easy to detect. Wood with typical
decay is yellow to brown in color, much shrunken and cracked, and
is so badly disintegrated that it oan easily be crushed to a powder.
Both sapwood and heartwood are attacked.

"Another common decay on logs and sawed lumber, particularly on
railroad ties, is the brown-rot, caused by the brown Lenzites (Lenzites
sepiaria(Wulf.) Fr.), which is praotically confined to coniferous wood.
The typical decay is brown, friable, and easily reducible to a powder.
In the early stages of decay, infected wood is darker in color than
the normal. Sometimes the early spring wood of the annual rings
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may be completely decayed, while the summer wood is scarcely
affected. In this condition the" wood separates readily along the
annual rings.

"Certain fungi (Polystictus versi-color (L.-) Fr., Stereum hirsutum
(Wild.) Pers., and others) cause a sap rot very difficult of detection
in its incipient stage. The typical decay is very light in weight, white
in color, rather soft, and easily broken in the hands. But sinoe the
first indication of this decay is a faint whitening of the diseased wood
and white is the normal color of most sapwoods, it is apparent that
the initial stages may be readily overlooked. At the same time the
wood is decidedly reduced in strength. The decay is most common
on hardwoods, but also ocours to some extent on softwoods. For-
tunately none of tke fungi causing this white sap-rot attack living
trees of the species which furnish airplane timber.

"Red-gum logs when left in the woods for any considerable time
are subject to a very serious sap-rot caused by the smoky Polyporus
(Polyporus adustus (Wild.) Fr.). ' The heartwood is comparatively
durable. Boards cut from diseased logs are very characteristic and
striking in appearance. Normally, red-gum sapwood is a light yel-
lowish white, commonly with a reddish tinge. The sapwood in a de-
cayed board has a number of various-colored streaks or lines irregularly
distributed from the end of the board toward the middle. These
streaks are light orange at first, but in the more advanced decay are
a very light straw color (in fact, almost white) and are intermingled
with lines and patches of bluish gray and the normal-colored sapwood.
Black zigzag lines may extend from the ends of the board for a dis-
tance of 2 inches or more parallel to the grain. The general con-
sistency of sapwood with this incipient deoay, which may extend 2 or 3
feet in advance of the typical decay, is firm and solid. Sapwood with
the typical decay is- badly broken down, being soft and pulpy and
without firmness.

"This and other sap-rots may be prevented by shortening the
drying period in the woods. Coating the ends with hot coal-tar
creosote immediately after the logs are cut is also effective. Where
possible, all freshly cut logs, particularly those out during the spring
and summer, when the rot develops best, should be peeled. Sap-rots
similar to those found in the red gum are found in tupelo gum (Nyssa
sylvatica Marsh) and in maple."

Hunt of U. S. Department of Agriculture in Bulletin 744 says:
"Decay is not due to the chemical action of the soil or to the

fermentation of the sap, but is the result of the action of certain low
forms of plant life called fungi. These consist for the most part, of
very fine thread-like filaments, collectively called mycelium, which
penetrate the wood in'all directions. Certain substances in the wood
constitute the food of the fungi. As these substances are dissolved
the structure is broken down, until the wood reaches the condition
commonly known as rotten.

"The mycelium usually grows out to tjhe surface to form compact
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masses called fruiting bodies. Since there are many kinds of fungi,
there are many kinds of fruiting bodies. The various forms of 'toad-
stools,' 'punks,' 'brackets,' or 'dog ears,' which are so frequently found
growing on trees and deadwood, are examples of these. Their presence
generally means that decay has made considerable progress in the
wood. The function of all fruiting bodies is to produce Bpores, which
are to the fungus what seeds are to higher plants. Millions of spores
may be produced by a single fruiting body, and they are BO small
that they are able to float long distances in the air. When a spore
drops into a crack in a piece of wood and conditions are iavorable, it
germinates and the fungus begins its destructive action.

"Another way in which decay spreads is by the mycelium growing
from one piece of wood to another. When a piece of decaying wood
is in contact with a sound piece the latter may rapidly become infeoted
in this way and be ruined.

"The four requirements for the growth of fungi are moisture, air,
a favorable temperature and food.

"A damp condition of the wood is probably the most favorable to
decay. Wood can be either so wet or so dry that the fungi can not
live in it. When submerged in water it has been known to last hun-
dreds of years, and in perfectly dry situations it will often last in-
definitely. Wood in contact with damp ground usually contains the
right amount of moisture for the development of decay. Also, where
timber is in contact with wood or other material, water frequently
collects in the joints and keeps the wood moist for long periods of time,
thus favoring decay at these points."

Hunt says, "Wood-destroying fungi can not grow at very high or
very low temperatures; but there are few, if any, climates in which
the temperature during at least part of the year is not favorable to
their growth.

"The wood itself supplies the fourth requirement of the fungi, which
is food. In order to prevent decay, it is necessary to deprive the
fungus of one or more of these four requirements. I t is out of the
question in ordinary situations to deprive it of air and warmth; and
though moisture can sometimes be eliminated to a certain extent,
this can not be done when the wood is exposed to the weather. In
general, therefore, the most effective method of preventing decays
is to poison the food supply; and upon this principle is based the use
of most successful wood preservatives."

Hunt in U.SD.A. Bui. 744 says that coal-tar creosote penetrates
many species of wood satisfactorily and that excellent results can be
obtained by its use. He says, "Coal-tar creosotes vary considerably
in quality; but satisfactory results may be obtained from any good
grade, provided a sufficient amount is put into the wood and a good
penetration is secured."

Concerning other wood preservatives for farm timbers Hunt says:
"Carbolineums are proprietary preservatives similar in appearance

and preservative qualities to coal-tar creosote, but usually higher in



PLATE 4

LOOQEPOLE PINE OAK
HICKORY WHITE ASH

After WUUi in V. 8. D. A. Farmer* Buttotin 387.

Sections of posts of various woods treated with creosote by the open-tank process. All the posts are drawn
to the same scale, and are approximately 5 inches across. The black areas show the creosote penetration, which
corresponds generally to the sapwood.
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prioe. In service tests made by the Forest Service on brush-treated
telephone poles they have given about the same increase in durability
as coal-tar creosote.

Wood-Tar Creosotes.

"But little reliable data upon the effectiveness of wood-tar creo-
sotes is available, and until satisfactory service tests are completed
no definite recommendation can be made. I t is likely, however, that
good results will be obtained if the wood creosote is of a high grade.

Water-Gas-Tar Creosote.

"Water-gas-tar oreosote is an oil similar in many ways to coal-tar
creosote, but its value as a fence post preservative has not been fully
established. I t is possible that good results would be obtained from
its use in open-tank work.

Zinc Chloride.

"Zino chloride is a toxic preservative that gives good results when
properly applied and used under the right conditions. I t is sold in
solid form or in a 50 per cent solution, and is injected into the wood
in a solution of from 2 to 5 per cent in water. It is much cheaper
than coal-tar creosote. On account of its solubility in water, however,
it is washed out of wood in time by the rain or ground water, which
is the chief objection to its use.

"In general, zinc chloride is not considered as satisfactory for farm
timbers as coal-tar creosote, but there may be cases where its use is
advisable. For wood to be used indoors it may in some cases be
satisfactory where creosote would be objectionable on account of its
odor, color, etc. I t is not recommended, however, for use by the brush
method.

Tar.

"Tar is not a good preservative for farm use; and, in general,
good results have not been obtained with it when applied by methods
that are practicable on the farm. Its chief defect is that it does not
penetrate the wood readily. Coal-tar and water-gas tar are also
much less poisonous to the organisms which cause deoay than is coal-
tar creosote.

Crude Oil.

"Crude oil is. not sufficiently poisonous for a wood preservative. If
the wood can be thoroughly saturated with it, water may be kept out
and decay prevented; but it is very difficult, if not impossible, to get
enough oil into most woods by processes which are practicable on the
farm. For treating by the brush method crude oil is entirely
unsfltisfactorily.
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Paint, Linseed Oil, Whitewash.

"Good results cannot in general be expeoted from paint; linseed
oil, or whitewash when used on fence posts, or other timbers in contact
with the ground. They do not penetrate the wood deeply, and the only
way they can prevent decay is by preventing the entrance of fungi
or moisture into the wood. Furthermore, the wood is seldom painted
on all sides; so it is usually possible for fungus to enter through an
unpainted part. Whenever the painted film cracks or peels off decay
can also enter. I t is quite common to see wood decaying beneath a
coat of paint. If the wood were saturated with linseed oil it might
prevent deoay by keeping out the water; but this would be difficult to
accomplish as well as being too expensive.

Cement Coatings.

"Posts have sometimes been dipped in thin cement and allowed to
dry, leaving a coat of cement over the surface of the wood. Such a
coating will not keep out water and is easily cracked or broken off.
Good results cannot be expected from this treatment."

In the study of the life of treated fence posts1 under Wyoming con-
ditions Buffum gives his conclusions as follows:

Summary of Results.

"The best treatment, and one which was eminently successful in
preserving the posts, was dipping the lower ends in crude petroleum
and burning off the oil a sufficient distance to come above the ground
when set. This seems to drive hot oil into the post, which with the
protecting char cover keeps it from decay. The sixteen years had
made but slight inroads on the posts thus treated,4and they apparently
would last indefinitely. This dipping can be done very cheaply, and
will undoubtedly pay."
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C h a p t e r 7.

F e r m e n t a t i o n i n t h e T e x t i l e I n d u s t r y .

In the manufacture of textile goods one of the most common
sayings of the weaving room is that half the weaving is done in the
slasher room. In other words, warps which are properly sized give
little difficulty in weaving.

Size for the preparation of warp is made of many different animal,
mineral, and vegetable compounds and for each constituent added to
size is claimed a certain virtue in weaving. Some of the vegetable
constituents sometimes added to size are corn starch, potato starch,
sago starch, wheat starch, wheat flour, rice starch, tapioca flour,
dextrins and modified starches of many kinds. In general, these grain
products give strength to the warp by cementing the fibers together.
In addition to these carbohydrates, other constituents added to size
are fats, oils, and waxes to give pliability, and mineral matter to give
weight.

The carbohydrates above mentioned are used as the basis to cany
the other ingredients and are first placed in the size kettle and gela-
tinized, after which the other ingredients are added. Due to the fact
that the starch grains are gelatinized and to the presence of protein
in the size, fermentation begins as soon as the mass is slightly cooled.
This fermentation is carried by miscellaneous microorganisms and
starts progressive changes in the physical properties of the size.

Formerly all dyeing with indigo was carried on by a fermentation
process but more recently only wool dyeing is accomplished by vat
dyeing. The dyeing liquor is made up of wood, molasses, madder,
indigo, lime, and water at room temperature. Fermentation generally
begins immediately and at the end of three days the liquor is ready
for use as a dye. Evidence of the starting of fermentation after mak-
ing up the liquor is the vigorous production of gas bubbles. The
organisms involved in this process of dyeing have not been extensively
investigated but belong to the lactic acid forming bacteria, the hy-
drogen and carbon dioxide forming bacteria, and to alcoholic yeasts,
the gaB evolved being mainly carbon dioxide and hydrogen.

This method of dyeing with indigo is very ancient, having been
practiced by the Egyptians.

Indigo blue is an insoluble blue substance obtained from the indigo
plant. When it comes in contact with reducing agents some of which
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produced in the fermentation vat , i t is reduced to indigo white
n is soluble as follows:

C1BHioN2Oa + 2H = C16H l sNaqa
indigo blue indigo white

Then the dyed goods are brought into contact with the air the re-
i of the above takes place and the indigo in the goods becomes
0 blue which is soluble.
idigo is one of our oldest dyestuffs. I t is a vegetable coloring
3r obtained from the stalks of the plant Indigofera tinctoria
1 grows in the East and West Indies, Egypt, and in South America.
3 been used extensively for calico printing.
he stalks of the plant are cut jus t before flowering and with
3 left on are piled in cement cisterns where they are covered with
1 and held at a constant temperature of about 30° C. The fer-
ation commences instantly and is allowed to run for 12 hours
the liquid becomes bluish green and contains much indigo white,
jNaOa . At this point the liquid ia drawn off into other vats
i it is agitated vigorously to bring i t into contact with the air.
>xygen of the air oxidizes the indigo white to the blue pigment
», CioHioNsOa, which preoipitates and settles to the bottom. The
is then decanted. The indigo is washed, boiled to sterilize it,

nally filtered and dried on cloth screens. The dried powder IB
d into cakeB and Bent to market.
ie yield of indigo per ton of plant stalka is low, being not more
,3%. As indigo is composed of several coloring matters it is
imes purified by reducing it to indigo white and then reoxidizing
ing a precipitate of a higher percentage of indigo blue. The
blue of commerce averages about 50% purity, the other 50%

indigo red, indigo brown, and nitrogenous substances from the
which do not get fermented out or decanted in the process.

The Fermentat ion.

e fermentation of the indigo plant as carried out in the Province
.gal is due to a bacterium, B. indigogenus which exists normally

leaves of the green plant. The physiological characteristics
orphology of this -baoillus is much like the Friedlander's pneu-
bacillus. I t is an aerobe and a capsule former. Accompanied
er organisms it ferments the glucoside, indioan, CaeHsiNOir, to
white and a sugar, indiglucin, which is partly destroyed by the
tation.
igo is also manufactured by a purely chemical process and
the yield from the plant can be considerably increased it is
/ that the manufacture of indigo from the plant must give way
7 to the chemical process. The artificial product is more uni-
nd of higher purity. Due to absence of nitrogenous impurities
Dr ia brighter.
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C. M. Hutchinson in 1916 investigated the possibilities of improving
the processes involved in the manufacture of indigo by bacterial action
and gave the followng report:

(1) The yield of indigo depends largely on bacterial action. (2)
Some kinds of baoteria operate beneficially while others act detri-
mentally. In the absence of the former olass in sufficient quantity
there will be a reduotion in yield. (3) I t should be possible to insure
the presence of the beneficial kinds by artificial inoculation. (4) I t is
necessary to bring the bacteria normally present on the walls of the
steeping vat into closer contact with the indigo plant in the vat, by
altering the shape of the latter so as to reduce the ratio of cubical oon-
tents to the wall area. (5) I t will probably be found beneficial to
modify the character of the wall surface so as to promote a more
extensive permanent growth of the beneficial bacteria.



C h a p t e r 8 .

T o b a c c o .

The curing of tobacco according to the studies thus far made is
due to enzymes to a lar^e extent, and perhaps to bacteriological ac-
tivity, while curing in a compressed state. There is a decrease in
nicotine and an increase in" citric acid during curing.

H. Jensen thinks that in so far as tobacco curing proceeds in the
presence of formalin and chloroform, it is not a bacterial process.

Molding of finished cigars has been investigated by It. H. True. He
says: "The mold UBually appeared most abundantly on the 'head'
or closed end of the cigar, less frequently on the veins or other elevated
portions of the wrapper, but in some cases the entire surface was more
or lesB involved. The wrapper leaf is usually prepared for use the
day before it is actually used in manufacture. I t is first brought into
the necessary moist condition, or gotten into 'case,' by dipping into
water. The leaves are bound into small bundles in which the bases
of the leaves are tied together. These bundles, or 'hands' are grasped
by their bases and carried down into and through the 'casing' liquid
with a scooping motion, so performed as to drag the bundle of leaves
with the bases ahead, the blades of the leaves being pulled through
the liquid. After this quick dip, the bundles are shaken and set up-
right on a draining board to permit the surplus liquid to drain away.
The pile, loosely packed together, is then covered with a moist cloth
and allowed to stand until the droplets of water clinging to the surface
of the leaves have been absorbed. In a few hourB the leaf becomes
soft and pliable without giving the impression of being wet. The ribs
are then pulled out and the broad leaf blades are worked up as their
size, shape and quality may determine. The freshly made cigars are
then sorted aocording to colors and boxed immediately, or sometimes
held in bundles, to be packed later.

"In this condition each cigar is round, and the prescribed number
of cigars_ when placed in the box overfill it, so that the cover must be
brought into place by the use of pressure. Here the moist cigars yield
to each other and take on such flattened sides and angles as may be
required to get the box closed. Sometimes the lids of the boxes are
considerably bent by the pressure of the fresh cigars, and the boxes
are then placed for a day in large presses before they are nailed up.
In warm weather the mold sometimes appears while the boxed cigars
are in the presses; that is, within 48 hours after they are made, but
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more frequently within a week or two after making. When warm,
humid weather conditions prevail it is not rare for molds to appear
while the cigars are in transit or in storage. Since heat and moisture
are necessary conditions for mold development, it follows that little
trouble is experienced in the winter months but much during the hot
summer months.

"A number of attempts had been made by the factory managers to
remove this source of loss. Small quantities of vinegar in the water
(1 pint in 4 or 5 gallons) used for casing wrapper leaf were found to
aggravate the trouble. When the leaf was cased in vinegar at full
strength the molds were suppressed, but the luster of the leaf was
thought to be impaired. Casing in alcoholic solutions was found to
be helpful, but too expensive. Small quantities of glycerin were found
to be useless in suppressing molds, but helpful in retaining moisture
in the wrapper."

True describes ideal remedial measures BB follows: "Having
located the eause of the trouble in the organisms above discussed and
having found the point of their entrance, as well as the seat of their
activities, to be in the tragacanth paste, practical remedial measures
seemed to lie along the line of sterilising the paste.

"In view of the conditions governing the subsequent handling and
final utilization of cigars, an acceptable sterilizing agency must com-
bine several characteristics. It must be permanent, since cigars
sterilized for but a short time are liable to mold at a later period when
conditions of heat and moisture concur with or follow the exposure
of the cigars to the infecting organisms. The substance must be odor-
less and tasteless; otherwise it will alter the taste and aroma of the
cigar, points' on which smokers, and therefore dealers, are very
sensitive. It must not alter the color or -the luster of the wrapper,
since on these the selling quality of the cigars in considerable part
depends."

Concerning the organisms which attack finished cigars in the final
package, F. W. Patterson found Rhizoporus nigricans (Ehren); Mucor
racemosus (Frea. yar. brumeus Morini, Penicillium (sp.); and Asper-
gillus oandidus (Link)).

True found that boric acid in the paste was the best preventive.
He says: "Gum tragacanth is used in small quantity to fasten the
wrapper of the cigar in place. The wrapper is rolled tightly on the
cigar, the rolling proceeding from the open end toward the head, the
last portion of the wrapper remaining free being a small flap of leaf
which serves to finish off the head. This small flap receives a little
paste on the under surface and is then carefully brought into place.
The cigar is then usually rolled with some pressure between the hand
and the board or table at which the cigar maker works, thus giving
it the desired regularity of form. Thus, a little paste is always found
at the head of the cigar, and if an excess has been applied, especially
if the paste is rather thin, a portion is liable to be squeezed out on to
the board or table at which the maker works, and the cigars may
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receive a more or lees extensive smear of paste over the surface of the
wrapper.

"The paste as usually made up contains" about 10 parts by weight
of gum tragacanth to 90 parts of water. A large stock is generally
made in one container, sometimes only enough to last for the day
and sometimes enough to last for a longer period. An inspection of
the paste pots in several factories showed that while some were in
fairly clean condition the sides of others were- thoroughly covered
with molds, indioating that in some cases little attention was paid to
cleanliness regarding this feature.

"Since the paste evaporates water between the time of making and
of using, a concentration somewhat less than saturation was recom-
mended in making the paste. This would also tend to decrease the
liability of the acid to crystallize out in a conspicuous way on the
surface of the cigars should paste happen to be smeared on them.
The following concise directions were prepared: Place borio aoid in
warm water at the rate of 1 ounce of dry acid to 1% pints of water.
Stir till the aoid is all dissolved. Use this solution instead of water
in making up the paste. Great care should be taken not to use more
paste on the cigaj than is necessary, since it is liable to be smeared
on the surface of the cigar, where the boric acid in the paste tends to
orystallize, giving an appearance suggesting mold.

"These directions have been followed for some years in the factory
in which the complaints originated, and when the writer was last in
communication with those in charge the boric-acid treatment was in
use as a routine practice and only in rare instances were molds found
troublesome."
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S i l a g e ,

The preservation of corn, or other suitable produots, in a silo, that
is, the manufacture of silage, is' another illustration of the preserva-
tive effect of organic acids. In many points, it is similar to sauer-
kraut manufacture and to pickling. The organic acids formed in
silage by the aotion of microorganisms are mainly lactio and acetic
The acid producing bacteria find the conditions, of growth very favor-
able in the silo and produce large amounts of these acids, creating
an acid content of 1% to 2% by weight. The putrefactive bacteria
are unable to grow in the presence of this acid and thus the protein
of the silage is preserved. In the first stages of silage making there
are considerable numbers of yeasts present, and alcohol and carbon
dioxide are produced during the first day or two after filling.

The action of microorganisms is not the only action which is
going on in the silage, as the plant tissues contain many enzymes
which act on the proteins and carbohydrates. This action helps to
bring about the condition of the mature silage.

While the fermentative conditions in the silage naturally pre-
serve the protein, still if air gets into the silage either through cracks
in the silo or due to the fact that the cut corn stalks are not packed
closely enough, molds and other fungi attack the acids and; destroy
them. When the acids are destroyed it is possible for proteolytio
bacteria to set up a vigorous putrefaction of the protein and those
spots where air has entered the silo are made unfit for oattle food.

Inoculation of silage materials with cultures of lactic aoid bacteria
is not necessarily practiced as these organisms exist in abundance
naturally on the com or other plants and silage seldom fails to result
under normal conditions.

Silage can be kept for years in a perfectly tight silo which pre-
vents the entrance of air into the silage.

The quality of silage as to feeding value depends considerably on
the condition of the corn when it is cut. A. R. Lamb says, "The com
forage should be ensiled when the grains are well dented, which is
generally when the lower leaves and husks are beginning to dry up
and the corn is nearly ready to be cut for shocking. The sizes of
pieces into which the corn should be cut is not of very great impor-
tance but an average of % to 1 inch long is very generally accepted as
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correct. The corn will usually not need added water if cut at the
proper time in a normal season."

Many other products than ensilage corn may be siloed with greater
or less difficulties.

According to A. R. Lamb, rape makes fair silage but is somewhat
more difficult to handle than corn, because of greater water content
and greater sugar content. He also mentions the facts that the sul-
phur of rape may occur in fermentation products and give trouble if
the silage fermentation progresses too far, also the acidity may go too
high due to the sugar present in rape. However he adds that if the
same precautions, especially the exclusion of air, are observed as in
making corn silage, there should be no difficulty in preserving rape.

Concerning mixtures of rape and other grains as silage he says,
"The mixtures which were made with rape and other plant materials
were much better, however, especially in the case of added legumes
such as alfalfa and red clover. The rape supplies to the mixture the
neoessary sugars whioh are deficient in amount in the legumes. This
mixed rape-legume silage may be made in almost any proportion,
from 20 to 80 parts per hundred of rape, and the resulting silage,
if properly made, will be pleasant and aromatic in taBte and odor, and
not too sour. The alfalfa-rape mixture will furnish a silage high in
flesh-building and growth-producing constituents, and perhaps better
for swine feeding than the other mixtures. The following plant ma-
terials, however, made successful silage when mixed with rape; corn
grain, whole corn plant, potatoes, blue grass and timothy."

C. H. Eckles says that while shock corn silage is not equal to silage
made from corn put in at the proper stage, still it may be used to
advantage in the silo. He says that according to experiments made
at the Missouri Station a pound of water should be added for every
pound of dry fodder.

Esten and Christie in a study of silage fermentation arrive at the
following conclusions:

" 1 . The fermentation of corn silage is essentially the ohange of
sugar into several acids. The most important change is the conver-
sion of a part of the sugar by lactic acid bacteria into lactio acid.
A secondary change is produced by the action of yeasts on the re-
maining sugar changing it to alcohql. The acetic bacteria change
the alcohol into acetic acid.

"2. The exclusion of air is necessary for the proper production
and preservation of silage.

"3 . The walls of a silo should be non-conducting to heat, cold and
moisture.

"4. Mature corn makes silage of better quality with less waste.
"5. Silage undergoes a ripening, somewhat similar to the ripening

of cheese, whioh softens the fibers, makes more digestible the proteins
and adds new and agreeable flavors. This ripening occupies from
three to four weeks.

"6. A silo is the oheapest form of storage.
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"7 . Any farm product can be siloed providing thft^iS
sugar in the mixture to be fermented into acid to n a H

" Th f l l i i t il f l l M11B
"8 . The following mixtures silo suooeesfully and make a very de-

sirable and nearly balanced ration: Alfalfa and rye, clover and
timothy, or wheat, or oats, oats and peas, and corn and cowpeas or
soybeans.

"9. A round wooden stave silo, taking all things into considera-
t ion, has proven most satisfactory.

"10. Nothing excels the feeding of silage, especially legume silage,
during the dry summer months for keeping up the milk flow to its -
highest point."

Swanson and Tague studied the factors in silage making. They
say , " I t was found that silage could be made from alfalfa alone if
absolute exclusion of air and retention of carbon dioxid could be se-
cured. These conditions are, however, indicated as not practical of
realization. The addition of supplements was found to insure a more
rap id and plentiful production of acids, which makes conditions for
putrefactive organisms unfavorable. Wilted alfalfa was more suitable
for silage than unwilted. The addition of water to unwilted alfalfa was
harmful, while no deoisive results were obtained by the addition of
wate r to wilted alfalfa.

"Molasses was found to be the most effective supplement tried.
Germinated corn was more effective as a supplement to alfalfa than
sound corn, the results produced being similar to those produced by
molasses. I t is indicated that rye would be a suitable supplement
b u t for the strong odor which it imparts to the silage.

"The value of tightness of packing lies only in the fact that it
makes the exolusion of air more certain.

" I n good alfalfa silage about one-third of the nitrogen was found
to b e in the amino form, while in bad silage the amount was some-
t imes one-half that of the total nitrogen.

"Most of the acids present in alfalfa silage are produced in the
first two weeks. The percentage of acidity may increase after that,
b u t the increase is comparatively slight. The alfalfa, as it is put
in to the silo, contains only a small amount of nitrogen in amino form.
M o s t of the change of nitrogen into amino form takes place in the
first 10 days. Silage from wilted alfalfa contains more nitrogen in
this form than that made from fresh alfalfa. Sugar present in the
materials used in making silage disappears very rapidly. Completely
matured silage contains no sugar."

Evard and Lamb made a study of making silage from soft corn.
T h e y say, "The soft corn ears in last roasting stage were husked^ run
through a silage cutter and tightly packed into small silos. The silage
resulting after 12 days of fermentation (ordinary silage is practically
m a d e in 10 days) was surprisingly good, having a favorable odor much
like ordinary entire corn plant silage. In appearance the soft ear corn
silage was good, being quite bright and light colored, clean, free from
mold and palatable. Chemical tests showed sufficient silage acids to
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have been developed to preserve without over acidity or sourness.
Such corn and cob silage will not develop as much acidity as ordinary
silage, but enough to preserve it well if properly cut up and packed.

"Snapped corn, or corn ear plus husks, will make good silage, the
husks being of advantage in that they will tend to tie or pack the
small ear pieces more closely together and hold the desirable moisture.

"Precautions which must be necessarily observed to secure best
results are:

" 1 . Chop quite finely—no pieces should be over an inch aoroes,
the smaller the better, within practical limits.

"2. Pack tightly by tamping well, especially near the walls.
"3. Add water. This is best done by adding slowly during the

milling, being careful not to add an excess so that the water collects
at the bottom of the silo. A good scheme is to have an opening at
the base of the silo which will indicate when there is a surplus of
added water. Late roasting corn will take a ton of water to about
every 6 to 7 tons of silage corn, whereas, milky corn will not require
nearly so much.

"4. Cover the filled silo over with cheap material, such as stover,
straw or other stuff, in order to avoid loss of good concentrated ear
corn feed. Dry stover, well wet down, is usually most economically
used and conveniently nandled.

"5. I t is well not to have too large a proportion of mature or
nearly mature corn, because the hard cobs prevent packing and fur-
ther because it does not contain enough sugar to allow of correot acid
fermentation, so necessary for preservation.

"Soft corn, which has been frozen, but not spoiled, will make good
silage; this has been demonstrated in special tests.

"Immature snapped or ear corn silage can be fed to the same stock
as ordinary silage, but it is to be remembered that it is a concentrate
and not a roughage. Swine, for this reason, can use thiB silage to con-
siderable advantage, whereas ordinary silage has a very limited field
of usefulness with them.

"To be able to preserve the soft corn ears in the silo may be the
means of saving some of this year's oom grain crop, which might
otherwise be lost. To put the soft corn grain in a safe, convenient
form and in a convenient place for feeding means much to the eco-
nomio handling of soft corn."

C. A. Hunter (1921), in Journal of Agricultwral Research, Vol. 21,
No. 10, gives the results of "bacteriological and chemical studies of
different kinds of silage." He summarizes this piece of work as fol-
lows:

" 1 . From the bacteriological and chemical analysis, little differ-
ence can be noted between the fermentations taking place in silage
composed of Canada field peas and oats, corn and soybeans, and corn
only. There was a larger number of organisms belonging to the bul-
garicus group in corn silage than in the other types1 of silage studied.

"2. Production of acids was due to microorganisms.
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"3 . Yeasts apparently had little effect upon the fermentation of
silage except during the first few days.

"4. Plant enzymes were chiefly responsible for the hydrolysis of
protein with formation of amino nitrogen.

"5. The formation of ammonia was due to both enzymes and micro-
organisms."

J. B. Fitch emphasizes the necessity of moisture in silage making.
He says: "To make silage it is necessary that the air be excluded. To
exclude the air the cut material must be of sufficient weight to paok
well. "When the crop is dry it comes into the silo in a very fluffy con-
dition, and, as it can not be packed tight enough to exolude all the air,
air pockets are formed which cause mouldy spots in the silage. When
the material is toq dry, water should be added to it as it goes into

MOO

Attar Emter.

Fia. 11.—Graph showing increase in acidity in Canada field pea and oat silage.

t h e s i l o . W h e n c o r n i s c u t a t t h e p r o p e r t i m e i t i s n e a r t h e d a n g e r
l i n e of m o i s t u r e . I t t a k e s e x p e r i e n c e t o t e l l w h e t h e r o r n o t w a t e r
m u s t b e a d d e d , b u t p e r h a p s t h e b e s t g u i d e i s t o n o t i c e h o w t h e m a -
t e r i a l c o m e s i n t o t h e s i l o . I t s h o u l d b e m o i s t e n o u g h t o p a c k firmly
u n d e r o n e ' s f o o t w h e n t r a m p e d , a n d w a t e r s h o u l d b e a d d e d t o t h e
d r y , fluffy m a t e r i a l u n t i l t h i s c o n d i t i o n i s r e a c h e d . W h i l e s i l a g e t h a t i s
t o o w e t i s n o t d e s i r a b l e , i t i s h a r d t o i n j u r e s i l a g e f r o m a d d i n g w a t e r
t o i t . E x c e s s i v e d r y n e s s , o n t h e o t h e r h a n d , c a u s e s s p o i l e d s i l a g e . I n
c a s e of d o u b t , t h e r e f o r e , w a t e r s h o u l d b e a d d e d . T h e c o m m o n p r a c -
t i c e a n d m o s t d e s i r a b l e m e t h o d o f a d d i n g w a t e r t o s i l a g e m a t e r i a l i s
t o r u n a s t r e a m o f w a t e r i n t o t h e b l o w e r . • I n t h i s w a y e a c h p a r t i c l e
c o m e s i n t o c o n t a c t w i t h t h e w a t e r a n d t h e m o i s t u r e i s e v e n l y d i s -
t r i b u t e d t h r o u g h o u t t h e s i l o . W h e r e i t i s i m p o s s i b l e t o a d d w a t e r t o
t h e b l o w e r , t h e w a t e r c a n b e a d d e d i n t h e s i l o . I t s h o u l d b e w e l l d i s -
t r i b u t e d i n t h e s i l o , b e c a u s e a g r e a t a m o u n t o f w a t e r a d d e d i n o n e
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place is apt to run down through the silage and leave dry places at the
surface. I t is'impossible to state the amount of water to add to silage.
The material itself is the determining factor. Silage near the top of
the silo should receive more water than that lower down. This will
make greater weight for the silage near the top of the aild, where it does
not have much weight on it."

Concerning the value of packing in silage making, Fitch says:
"Perhaps the most important operation in filling a silo is getting the
silage properly paoked. More silage is spoiled by improper packing
than by any other cause controlled by the farmer. When the silage
is not tramped sufficiently to exclude the air, spoiled silage results.
I t is known, too, that the more the silage is tramped in the filling
process, the less it settles afterwards. When the silage settles in the
Bilo it tends to draw away from the wall, thus leaving an air Bpace
whioh results in spoiled silage. The amount of tramping necessary
depends upon the rate of filling. When a small outfit is used over
several days, the slow filling gives more time for the silage to be
tramped, and the silage settles from day to day. With a large outfit,
however, the silage should be well tramped, as it goes in more rapidly,
and if not well tramped will settle several feet after t he silo is filled.
The capacity of the silo; unless refilled, will thus be reduced and a
large amount of spoiled silage may also result."

Round and Gore studied the possibilities of potato silage and found
that the use of 2 to 5% of corn meal mixed with crushed potatoes
insures an acid fermentation which converts potatoes into good silage.
The process can be carried out on either a large or small scale and with
reasonable oare the losses are negligible. The potatoes should be first
well washed and then properly crushed. The container in whioh the
fermentation takes place must be tight and so covered as to exclude
as much air as possible. They consider that the resulting product is
very desirable and can be eaten freely by oattle. Hogs learn to like
it as well as cattle.

R, M. Washburn reports that most weeds can be ensiled without
much danger of the viable weed seedB returning to the soil after feed-
ing to stock.

Hunter and Bushnell emphasize the importance of B . bulgarious
in the maturing of silage. They say:

"The presence of Bacterium bulgaricus group was first observed
from the preliminary examinations of miscellaneous samples of en-
silage. Since that time several hundred bacteriological analyses have
been made from different kinds of ensilage, and a t all stages of
fermentation. The results obtained offer sufficient evidence to indicate
the importance of thin. Bulgarian group in the ripening of normal
ensilage.

"Detailed studies of many kinds of ensilage were made from the
time the material entered the silo and at frequent intervals until en-
silage was formed. The following kinds of ensilage were examined:
cane, kaffir, cane fodder, alfalfa, and several kinds of ensilage made
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from the mixture of alfalfa and different oarbohydrate materials.
In every case the Bulgarian organisms were present in sufficient num-
bers to be very influential in silage fermentation.

"The presence of this group, in all normal ensilage, in large num-
bers, at a very important stage of fermentation, together with the
fact that their characteristic fermentation is aoid producing, seem to
offer sufficient evidenoe to support the view that a large part of the
acid formed in normal ensilage is the result of their activities."
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Lactic Acid.

Laotic acid is used to a slight extent in many industries of which
the tanning industry is perhaps the largest. I t is used for neutralizing
the lime left in the hides- after liming.

The sources of lactic acid are skimmed milk, and the carbonaceous
part of grains. The reaction from hydrolyzed starch to lactic acid is
CeH^Oa = 2CaEU0HGO2H.

Lactic acid bacteria producing high percentages, % % acid, are used
in fermenting skimmed milk or hydrolyzed starches. A carbonate,
either calcium carbonate or zinc carbonate, is added to the fermenting
liquor to neutralize the acid and change it into calcium or zinc lactate
as fast as formed, thus preventing the checking of the vigorous action of
the lactio organisms due to high acid content.

Friedberger uses B. delbriickii in a hydrolyzed starch liquor contain-
ing chalk submerged in it. After the fermentation is well along B. bul-
garicus is added to the liquor. Tannin is used to clarify the fermented
liquor. Sulphuric acid is used to free the lactic acid as follows:

2C1H*0HC09H + CaCO8 = Ca(C aH*0HC0,)9 + CO, + H ,0
, + H ^ O , = CaSO* + 2CaH*0HC0£H

Following the work of LaForge and Hudson on the utilization of
corn cobs, Fred and Peterson have carried on further investigations
with corn cobs as a source of laotio and acetic acid. They say: "The
commercial utilization of corn cobs as a source of organic acids is a
possibility which deserves careful investigation. When partially hy-
drolyzed and inooulated with certain bacteria, Lactobacillus pento-
aceticus n. sp., the extraot of corn cobs ferments readily and yields
almost equal quantities of acetic and lactic acids. If the yields on a
commercial scale should prove equal to what has been obtained in the
laboratory, it is estimated that every ton of corn cobs would be capable
of yielding more than 300 lbs. of acetic acid and about 320 lbs. of lactic
acid. The development of this process on a commercial scale would
involve numerous chemical and technological problems, but the possi-
bility of producing chemicals in this way was successfully accom-
plished during the war; more than 5,000,000 lbs. of acetone were ob-
tained by a fermentation process. The organism Lactobacillus pento-
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aceticus n. sp., has certain characteristics that make it especially suit-
able for a commercial prooess. I t grows rapidly, produces large
amounts of acid, and is able to compete successfully with other organ-
isms. Some idea of the possible value of corn cobs may be gathered
from the fact that there are produced in the U. S. alone more than
20,000,000 tons of corn cobs annually. A small amount of this material
is used in the various stock feeds, but in general the cobs are dis-
carded or used as fuel."

Fred and Peterson emphasize the faot that while xylose, a hy-
drolysis product from corn cobs had a limited use, still laotic and aoetic
acids which can be made from xylose have wide application in indus-
try. _ They give the following theoretical equation as a close approxi-
mation of the fermentation of xylose to lactic and acetdo acid.

Xylose Acetic acid Lactic aoid
CflH100B = C j H A + C8Hfl08

150 60 90

Fred and Peterson summarize their work as follows:
1. Corn cobs offer" a promising raw material for the commercial

production of acetic acid and lactic acid.
2. These acids are obtained by fermenting a syrup made from

corn cobs hydrolyzed with dilute sulphuric acid. This hydroly-
sis is easily brought about and yields from 30 to 40% of xylose.

3. Crude xylose syrup is rapidly fermented by certain micro-
organisms, for instance, Lactobacillus pentoaceticus n. sp., with
the production of the above acids. The fermentation is almost
quantitative, since 85 to 90 per cent of the xylose can be ac-
counted for by the two acids.

Citric Acid.

While lemons constitute the major Bource of oitrio aoid of com-
merce, still it is possible to obtain this organic acid from fermentation
sources. Certain molds ferment the sugars, maltase, Buccharose,
glycerol, producing as one of the major products oitrio acid. The
mould most active in producing citric aoid is called Citromyces and
works best in 5% solutions of the sugars,. converting from 25% to
50% of the sugar into citric acid. Citric acid is not at present pre-
pared to any extent commercially by use of these organisms.

The reaction caused by Citromyces is as follows:

CBH12O6 + 300 = CaHaOr + 2H8O
citric^ aoid
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A c e t o n e .

There are two fermentation methods of producing acetone
(CH COCHa) Amylaceous produots may be fermented either into
acetic acid from which acetone may be made or they may be fer-
mented directly to acetone, alcohols, etc. Previous to the World
War the acetone of commerce was prepared by the destructive dis-
tillation of oalcium acetate but with the increased demands for the
product in the manufacture of smokeless gun powder and as a solvent,
the lesa expensive direct fermentation method known as the Fernback
method was developed.

Concerning the rise in importance of acetone, Northrop, Ash, and
Morgan say, "Acetone was one of the substances for whioh the war
created a greatly increased demand. It was needed by all the allies
for the dope used on airplane wings and by the English in addition
for the manufacture of cordite. The ordinary source of acetone, the
dry distillation of wood, proved quite inadequate to supply the quali-
ties needed. I t became necessary therefore to develop some new
method for the production of acetone. Large quantities were made
from calcium acetate which was in turn produced from acetic acid
obtained by the oxidation of alcohol. The expense of this process,
however, rendered it impracticable. I t seemed important, therefore,
under these conditions, to attempt the development of a direct fer-
mentation prooess for the production of acetone, inasmuch as such n
method, if successfully developed, would furnish acetone in practically
unlimited quantity and at a low cost."

Arthur D. Little says, "Acetone is used principally in the manu-
facture of smokeless powder as a solvent, particularly in cordite
manufacture and it has various other uses, 'peaoe' uses, in connection
with cellulose nitrates. I t is used as a basio raw material in the manu-
facture of ohloroform, for low grade, as an absorbent for acetylene,
and for other minor uses."

Remler in an address before the Division of Industrial and En-
gineering Chemistry at the 64th meeting of the American Chemical
Society at Pittsburgh, Sept., 1922, said, "The excellent solvent proper-
ties of acetone have established its useful application in many indus-
tries notwithstanding the fact that data relative to its value as a solvent
are widely disseminated in the literature and are also sometimes
indefinite. The large Quantities of this solvent used during the World
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War, in the manufacture of cordite and airplane 'dope' exceeded the
production from calcium aoetate, with the result that new methods for
its manufacture were developed. At the present time the supply of
the chemical is greater than the demand, and consequently there has
been a drop in price. The availability of acetone in any quantity
at a reasonable cost, together with its technically important solvent
properties, has suggested consideration to the extension of its present
applications and to finding new uses for it in industry."

Render gives the following advantages of the use of acetone as a
solvent:

1. The grade of acetone obtained at present from calcium acetate
is of good quality and homogeneity.

2. I t is entirely volatile and does' not impart an odor to the solute
of minus" 94.6° C. at normal pressure.

3. Acetone has a boiling point of 56.5° C. and a freezing point
of — 94.6° C. at normal pressure.

4. Acetone is inflammable, but not to as great a degree as ethyl
ether, carbon disulfide, benzene, toluene, gasolene, petroleum
ether, and pentane.

Dr. Squibb has pointed out that acetic acid can be easily converted
into acetone by passing through a tube or a chamber heated to about
500° C. over a catalyzer.

Mezzadroli, an Italian, describes the use of cultures called B. iri-
yertenti lattici and B. invertenti acetici in the manufacture of acetone
from cane sugar and cane sugar waste.

An illustration of the use of the direct fermentation method is de-
scribed in British Patent 4846 (1915) by C. Weizmann. In this process
acetone and butyl aloohol was produced from carbohydrate material
as maize, rice, wheat, oats, rye, dari, and potatoes. A culture of bac-
teria obtained from soil, cereals as maize, rice, fax, was used This
organism is resistant to 90-100 degrees C. for 1-2 minutes, and liquefies
gelatin. I t is supposed to be B. granulobaoter pectinovorium. The
method used in preparing the culture was the inoculation of sterile
maize mash with maize meal heated to 90-100° C. for 1-2 minutes.
The mixture was allowed to ferment at about 37° C. A pronounced
odor of butyl alcohol was considered the indication of the active exist-
ence of the organism desired.

The Freer Company have patented a process for acting on sugarB
in the presenoe of inert and neutral material by Bacillus macerans and
thereby producing ethyl alcohol and aoetone.

In the original Fernback fermentation process for the direct pro-
duction of acetone the carbohydrate matter is mixed with water and
a suitably degraded yeast is added. The mixture is then sterilized
and a ferment of the type of the butylic baoillus of Fitz is added. The
mixture is then fermented in the absence of air.

In U. S. Patent 1,293,172, J. H. Northrup,-describes the use of a
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culture called Bacillus aceto-ethylicum which produces acetone and
alcohol by the fermentation of carbohydrates. The following yields
of acetone were obtained from various materials:

Galactose 4to 5%
Maltoae JJ° J J
Mannose i^JS
Raffinose 8 to 10%
Arabinose 6 to 7%
Starch 8 to 10%
Beet molaases 8 to 10%
Potatoes 2 to 4%
Dextrin .., 6 to 7%
Dextrose 0 to 10%
LuBvulose 8 to 10%
Xylose 4 to 5%
Sucrose 8 to 9%
Corn 10tOl3%
Corn oobe 1 to 5%
Horse oheetnuta 7 to 8%

Nora: The yield of alcohol along with acetone was 3 to 5 times the amount
of acetone formed.

Summary of description of organism used by Northrop, Ash, and
Morgan in their fermentation process for acetone production.

Proposed Name: Bacillus aoetoethylicum.
Source: Old Potatoes.
Morphology: (1) Vegetative cells, motile. From 24 lira, ftffar

slant, 40 C—Short rods. 4-6 \i\i. 0.2-0.3 [i\i. No
chains. Ends rounded.

(2) Spores-pElliptioal form at end of rods. 0.5-1.0
{41 in diameter.

Optimum Reaction of Media: For growth, pH = 8.0-9.0. For
fermentation, pH = 6.0-8,0.

Optimum Temperature Relation: 40-43° C. Spores stand boiling
20 minutes.

Relation to Drying: Resistant.
Typical Products: Formic acid, ethyl, propyl, and butyl alcohol

and acetone.
Acetone Production in Sugars: 4-10j>er cent.
Alcohol Production in Sugars: 12-25 per cent.
Air Relation: Facultative Anaerobe.

The sources of raw material for the fermentative production of
acetone have been grams and particularly molasses. Fred, Peterson
and Anderson have investigated the use of wood waste, straw seed
hulls and corn cobs as cheap sources of raw material and the use of
Bacillus acetoethylicum as the fermentating organism
"Th^S^^A^ P ^ o l o g y of this organism, these workers say,
f n ^ f w e f / r o l u . c t f i to™*1 b / ^ organism are acetone, ethyl alcohol
formic and acetic acids, and carbon dioxide. The biochemical rela-
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tions of these products to one another are very intimate, as may be
seen from the fact that a high production of acetone and aloohol is
accompanied by a low yield of volatile acids. Conversely when the
acid production is high, the acetone and alcohol yields are low. The
condition determining this variation of the products is the reaction of
the medium. An alkaline reaction, pH 8.0 favors the production of
acid, while an acid reaction of pH 5 to 7 increases the yield of acetone
and alcohol."

This investigation was summarized by these workers as follows:
" 1 . Com cobs may be utilized for the production of aoetone, ethyl

alcohol, formic acid, and acetic aoid. These products may be obtained
by fermenting a syrup which is made from corn cobs by hydrolysis
which is easily brought about and, based on the weight of corn cobs,
yields from 25 to 30 per cent of reduoing sugars, mainly xylose.

"2. This crude xylose syrup is readily and almost completely fer-
mented by Bacillus acetoethyllcum with the production of the above
products. On the basis of 100 lbs. of oorn cobs, the yield of products
is 2.7 lbs. of acetone, 6.8 lbs. of alcohol and 3.4 lbs. of volatile acids.

"3. The best results are obtained by conducting the fermentation
in a container partly filled with cinders. The bacteria become attaohed
to these cinders, thus bringing about a good distribution of cells
throughout the culture. At the end of the fermentation the solution
is removed and a fresh charge is added without disturbing the bac-
terial slime. An immediate and vigorous fermentation ensueB. An
important oondition that must be observed is the reaotion of the
medium. This should be between pH 7.6 and 8.4 at the beginning of
the fermentation and an abundance of calcium oarbonate should be
present to neutralize the acids that are formed.

"The crude lime neutralized syrup resulting from oat and peanut
hulls hydrolysis with sulphuric acid for 2 hours at 15 lbs. steam pres-
sure was fermented by Bacillus acetoethylicum by Fred, Peterson, and
Anderson. They report that' better yields are obtained from oat hulls
than from peanut hulls." They say, "Because of the larger percent-
age of reducing sugars obtained from oat hulls, the yield of products
per hundred pounds of dry material is greater tnan from peanut hulls.
On the basis of 100 lbs. of oat hulls, about 3.9 lbs. of acetone, 7.2 lbs.
of ethyl alcohol, and 1.4 lbs. of volatile acid were obtained."
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G l y c e r i n M a n u f a c t u r e b y M i c r o o r g a n i s m s .

According to A. B. Adams the production of glycerol industrially
divides itself into three important parts:

(1) Selection of a yeast.
(2) Modification of atmosphere of fermentation.
(3) Modification of the yeast culture.

He used S. ellipsoideus var. Steinberg, No. 637 of American Mu-
seum of Natural History and S. ellipsoideus var. yeast No. 45, Uni-
versity of California. He found that the production of glycerol was
favored by alkaline reaction and a temperature between 30° C. and.
32° C., and obtained a yield of 3.1 to 3.3% glycerol.

In the production of glyoerol on an experimental scale best results
were obtained when the following medium was used:

40 grams sucrose
2 grams ammonium dihydrogen phosphate
1 gram dipotassium hydrogen phosphate

10 grams pressed yeast in 400 co. water
30 grams sodium sulphite added after the starting of fermentation.

Bode reports that the addition of alkali in amounts not damaging
to the yeasts increased materially the amount of glycerin formed in
alcoholio fermentation. Sodium sulphite exerts a particularly favor-
able influence. He thinks the kind of yeast and temperature has little
influence on the fermentation. In some tests as much as 15% of
glycerin was produced in liquids containing only sugar and mineral
salts. He says that on a large scale one may secure from 100 parts
of sugar, 20 parts of glycerin, 27 parts of alcohol, and three parts of
aldehydes. The yeasts remain aotive in spite of some morphological
changes and in spite of the high concentration of salt and the strong
alkaline reaction of the nutrient solution. The appearance of alde-
hyde in addition to alcohol is characteristic. The amounts of aldehyde
and glycerin increase with the addition of the sulphites while the
amounts of alcohol and carbon dioxide decrease.

Lind says that as high as 20 to 26% of molasses may be converted
into glycerin by fermentation.
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Due to the fact that large amounts of glycerin are. imported into
tibia country annually the development of glycerin production should
be an inviting enterprise.

REFERENCES ON MICROORGANISMS.
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S e w a g e D i s p o s a l .

In the plan of nature, microorganisms seem to have been designed
to destroy the compounds and tissues built up by larger plants and
animals. The breaking down of organic compounds then is simply
a part of the cycle around which certain elements naturally revolve.
In sewage disposal advantage is taken of this fact and conditions are
made favorable for the most rapid and thorough destruction of such
organio residues as are found in sewage.

Microorganisms have two modes of decomposition of organic com-
pounds of plant and animal origin; the aerobic, and the anaerobic
method. Aerobio action is that kind of microbic decomposition which
takes place in the presence of abundance of air, that is, oxygen, while
anaerobic destruction is that which is caused by microorganisms when
air is entirely excluded.

In the microbic destruction of sewage many different kinds of fer-
mentations proceed abreast. A great variety of different organisms
take part in the attack on the cellulose, proteins, and fats and their
residues. An understanding of many of these complex changes has
never been worked out.

Rice and Gardner give the following outline of sewage treatment:

1. Primary Treatment—
Screening,

a Coarse screens.
b Fine screens.

Sedimentation,
a Grit chambers.
b Sedimentation with or without coagulants.
0 Septic tanks.
d Imhoff tanks.

2. Secondary Treatment—
Activated Sludge Method,
Filtration,

a Broad irrigation and sewage farming.
b Sand filters.
c Contact beds.
d Sprinkling filters.
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3. Final Treatment.
a Sedimentation,
b Roughing filters,
c Disinfection.

4. Ultimate Disposal.
Dilution with

a Ground water.
b Stream.
c Lake or ocean.

Hammond (1917) says, "While much was done abroad in the
early days of sewage disposal study especially in England it was in
our own country that the most important experimental results were
accomplished, and the honor of carrying the work onward to success
belongB, very largely, to the Commonwealth of Massachusetts, and to
the Lawrence Experiment Station.

CONTACT r/LTER

U^m/uthnhuK.M»a Udtfar** concrwte fiber
y

contend of b*J L ^ ^

TYPICAL SECTION
Ajter Rich and Gardner of Miah. State Board of Health.

F I G . 12

" A s a r e s u l t w e n o w r e c o g n i z e t h a t t h e o b j e c t t o b e a i m e d a t i n

s e w a g e t r e a t m e n t i s b i o c h e m i c a l o x i d a t i o n o f t h e u n s t a b l e o r g a n i c m a -

t e r i a l s c o n t a i n e d i n t h e s e w a g e , a n d w e e m p l o y m e t h o d s a n d p r o c e s s e s

w h i c h m a k e u s e o f b a c t e r i a l l i f e . I f n o w w e u s e c h e m i c a l p r e c i p i t a -

t i o n , w e e x p e c t t h a t t h e e f f l u e n t finally w i l l r e a c h s t a b i l i t y b y m e a n s

o f n a t u r a l b i o l o g i c a l a g e n t s , a n d a s a t W o r c e s t e r , e i t h e r p r e p a r e i t

f o r d i l u t i o n i n a r i v e r c o n t a i n i n g m y r i a d s o f b a c t e r i a o r d i s c h a r g e

i t u p o n filter b e d s , r e m o v i n g p r e v i o u s l y a s m u c h s u s p e n d e d m a t t e r a s

p o s s i b l e , t o b e t r e a t e d i n a m o r e i n t e n s i f i e d f o r m . W e h a v e f o u n d

t h a t t h e r e m o v a l o f s o l i d s f r o m t h e s e w a g e , a s B o o n a s p r a c t i c a b l e ,

p r e v e n t s t h e i r b e c o m i n g d i s s o l v e d a n d s a v e s t h e e x p e n s e o f r e m o v i n g

t h e o r g a n i c m a t e r i a l a f t e r i t h a s d i s s e m i n a t e d t h r o u g h a v a s t q u a n -

t i t y o f w a t e r , t o h a n d l e w h i c h i s a t t e n d e d w i t h a c o s t i n p r o p o r t i o n t o

i t s a m o u n t a n d t h e c o n t a i n e d p o l l u t i o n . S u c h m a t t e r s a s w e a r e a b l e

t o r e m o v e b y s c r e e n s o r t a n k s d e c r e a s e s t h e b u r d e n o n filter b e d s ,

o r o n t h e o x y g e n c o n t e n t o f w a t e r w a y s , i n t o w h i c h t h e s e w a g e m a y

b e d i s c h a r g e d , w h e r e t h e m e t h o d e m p l o y e d i s d i l u t i o n .

" I t h a s b e c o m e t h e p r i n c i p a l o b j e c t o f s a n i t a r y e n g i n e e r s , i n d e s i g n -
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ing sewage treatment and disposal plants, to bring together in the
most suitable and efficient manner the decomposable materials, the
oxidizing bacteria and an abundant air supply for the bacteria. All
forms of sewage disposal on land, in the method known as broad irri-
gation or sewage farming, all filtration methods, such as sand filter,
the percolating or sprinkling filter, called in England a 'bacteria bed,1

the contact filter, etc., no less than the various forms of methods of
treatment using compressed air forced into sewage in a tank or a
filter bed, depend upon this fundamental principle, which is also
nature's principle, by means of which brooks, streams, rivers, ponds,
and indeed all natural waters are purified. This principle in short
consists of the biochemical oxidation of the decomposable materials
present in foul water or sewage."

TRICKLIN6 FILTER

TYP/CAL SECTION
After Btoh and Gardner of Jtieh. Stats Board of Health.

FlQ. 13

The Dilution Method of Sewage Disposal.

One of the earliest methods of sewage disposal by a community
was the use of dilution. In other words, communities along rivers
or streams and along the ocean disposed of sewage in these waters.
These people depended upon the fact that sewage conducted into large
amounts of water quickly becomes greatly diluted and does not become
a nuisance because of this fact. Later there was developed the idea
of preliminary treatment of sewage before disposal into natural bodies
of water.

Hommon et al. (1920) say, "Dilution has for a long time been
the most oommon means of sewage disposal practiced in the United
States. Formerly it was regarded as a temporary and undesirable ex-
pedient, to be ultimately abandoned as soon as sewage purification
became sufficiently developed. During recent years, however, the
economic need for utilizing to the greatest possible extent the self-puri-
fication capacity of natural water sources has been apparent, with the
result that the disposal of community wastes by natural dilution has
become recognized as a legitimate and desirable process where carried
out in such a manner as not to endanger the publio health."

Much work has been carried out by way of determining the allow-
able bacterial count and the minimum reserve oxygen supply for a
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natural water used as a depository of sewage or sewage effluent. The
Report of the International Joint Commission on Pollution of Bound-
ary Waters recommends that the sewage effluent should not impose
upon water purification plants, water fifty per cent of whose 0.1 cc.
samples should contain B. coli.

Screens.

The preliminary treatment of sewage usually consists of coarse
screening and fine screening. Revolving fine screens have been found
to be very efficient in removing a large part of solids in suspension.

MODIFIED SEPTIC TANK

$£CT/QW ON A-A
AJUT Rich and Gbnfeor of MUih. 8taU Board 0/ Health.

FIG. 14

Grit Chambers.

After screening, some sort of sedimentation is generally practioed.
Grit chambers are long, narrow tanks designed so that the flow is about
one foot per second allowing the heavier suspended matter to settle.

The Septic Tank.

The septic tank has a sedimentation aotion as well as the destruc-
tion of putresible matter. It is often a large tank constructed so that
solids may settle into a sloping bottom where bacterial action goes on
anaerobically. Anaerobic putrefactive bacteria here destroy nitrogen-
ous matter and evolve gases due to their aotion. This bacterial
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action takes place spontaneously in properly built and handled septic
tanks.

Septic tanks differ from sedimentation tanks in the mam purpose
for which they are built to accomplish. Sedimentation tanks are for
sedimentation of solids in suspension. Sometimes coagulants as lime,
alum, sulphate of iron, etc., are added as sewage enters the sedimenta-
tion basins. On the other hand septic tanks are constructed with the
idea of favoring bacterial and enzymatic destruction of the organic
matter of sewage.

Not all of the organic matter in the septic tank becomes destroyed
although a large percentage of it is broken into simple compounds
which disappear as gases and as simple products in solution. Some
of the gases produced are carbon dioxide, hydrogen, hydrogen sul-
phide and marsh gas. For best action the sludge at the bottom of the
septic tank is left undisturbed and sewage is not allowed to remain
in its passage through the tank for more than six to twelve hours.
Slower movement of sewage through the tank reduces the efficiency of
the action on the sewage material.

The Imhoff Tank.

There have been numerous kinds of septic tanks designed but per-
haps the best is the "Imhoff" tank designed by Dr. Karl Imhoff in
Germany. The "Imhoff Tank" is built in such a way as to prevent
gas sewage scum and solids from rising to the surfaces of the liquid.
Anaerobio bacterial action and enzymatic action proceed to such an
extent that the sludge is much less foul than is the case with ordinary
septic tank sludge. The "Imhoff Tank" sludge can be dried into an
inoffensive humus mass.

The Activated Sludge Method.

The activated sludge method of treating sewage developed by
Fouler of England is a biological process in which sewage is artificially
aerated in the presence of what is called "activated sludge." This is in
reality sewage constituents carrying aerobic protein attacking micro-
organisms. The aeration favors the most rapid action of the organisms
and the chemical reactions which they cause. The treated sewage is
allowed to settle and the clear liquid standing above the sludge line
is drawn off. In this method according to Hohlman there is an oxida-
tion of ammonia nitrogen to nitrate nitrogen and then to nitrates.

According to the Report of Comm. of American Public Health
Ass'n, the process is "the agitation of a mixture of sewage with about
15% or more of biologically active liquid sludge in the presence of
ample atmospherio oxygen for a sufficient period of time at least to
coagulate a large portion of the colloidal substances, followed by sedi-
mentation adequate for the subsidence of sludge flocculi; the activated
sludge having been previously produced by aeration of successive
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portions of sewage and maintained in its active condition by adequate
aeration by itself or in contact with sewage."

W. R. Copeland describes the activated sludge action aa follows:
"The sludge contained in sewage and consisting for the most part of
organic matter when agitated with air for a sufficient period, assumes
a flocculent appearance very similar to little pieoes of sponge. Bac-
teria gather in these flocculi in immense numbers, some of them having
been strained out of the sewage and others developed by natural
growth. Among the latter are species which possess the power of de-
composing organic matter, especially of an albuminoid or nitrogenous
nature, setting the nitrogen free; and others of absorbing this nitro-
gen, converting it into nitrates and nitrites.

ACTIVATCD SLUD6E PROCESS

Rroue p*>t*»

TYPICAL SECTION OT A CONTINUOUS FLOW INSTALLATION
After Rtoh and Gardner of Mieh. State Board of Health.

F l Q . 15

" T h e s e b i o l o g i c a l p r o c e s s e s r e q u i r e t i m e , a i r , a n d a f a v o r a b l e

e n v i r o n m e n t , s u c h a s s u i t a b l e t e m p e r a t u r e s , f o o d s u p p l y a n d

s u f f i c i e n t a g i t a t i o n t o d i s t r i b u t e t h e m t h r o u g h a l l p a r t s o f t h e

s e w a g e . "

B a r t o w ( 1 9 2 2 ) s a y s , " I t i s c o n c e d e d t h a t t h e a c t i v a t e d s l u d g e p r o c -

e s s i s t h e m o s t p e r f e c t m e t h o d o f s e w a g e d i s p o s a l a t t h e p r e s e n t

t i m e . I t s g r o w t h i n A m e r i c a a n d E u r o p e a n c o u n t r i e s h a s b e e n q u i t e

w i d e s p r e a d . S i n c e t h e d i s c o v e r y o f t h e p r o c e s s e a r l y i n 1 9 1 4 , t h e

m e t h o d h a s 1 b e e n a d o p t e d f o r s e v e r a l m u n i c i p a l i t i e s a n d a n e x -

c e e d i n g l a r g e n u m b e r o f e x p e r i m e n t a l p l a n t s h a v e b e e n p u t i n o p e r a -

t i o n . "

W i l k i n s o n o f E n g l a n d g i v e s t h e f o l l o w i n g c o r r e l a t i o n b e t w e e n t h e

p l a i n filtration m e t h o d o f s e w a g e t r e a t m e n t a n d t h e a c t i v a t e d s l u d g e

p r o c e s s . H e s a y s , " I n s t a r t i n g u p a n e w filter t h e s e w a g e s h o w s b u t

l i t t l e o h a n g e a f t e r p a s s i n g t h r o u g h , b u t a s t i m e g o e s o n a g r o w t h s h o w s

i t s e l f i n t h e b o d y o f t h e filter, i n w h a t m a y b e t e r m e d t h e s t a t i o n a r y
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framework, and colonies of bacteria accumulate there, which attack the
sewage and effect purification.

"These bacteria being mainly aerobic, an ample supply of air is
necessary, in order that they may thrive, hence the necessity for ade-
quate ventilation of the under drainage.

"Let us take a given volume of the stationary framework from a
ripe filter, and carefully remove the coating, or growth, throughout
the material. We shall then have a certain volume of what may be
termed Bludge, rich in aerobic bacteria which may be referred to as the
activated sludge of this particular process. In the new process (acti-
vated sludge), the active sludge is circulated throughout the sewage
in the presence of air, as against the present day practice of passing
sewage in thin films over active sludge retained on a stationary frame-
work, as in the case of percolators.

"The real problem, then, is as follows; To ascertain the most eco-
nomical method of applying air to sewage with maintenance of com-
plete circulation of the activated sludge without any formation of dead
banks of material. The problem may now be said to resolve itself
into one of reproducing in a tank the changes which take place in a
percolating filter. We have our tank which represents the walls
and floor of the filter; we have our colonies of bacteria and the air
necessary to support their life; and what we require to do is to provide
means for supporting an even distribution of this life throughout the
body of the tank, other than by allowing the hacteria to adhere to a
stationary framework, such as stone, slate, or chamber material. Com-
pressed air will both insure sufficient agitation and effeot the desired
results as regards preserving uniform contact and even distribution in
the liquid."

An explanation of the theory of the activated sludge process is
given by Hommon et al. as follows: they say, "Aeration of sewage
with finely divided air causes the suspended and colloidal matter in the
sewage to gather, forming a flocculent precipitate in whioh large num-
bers of bacteria are accumulated. Conditions in the flocculus thus
formed and in the presence of air appear to be very favorable for the
multiplication of nitrifying organisms. Sludge thus formed and
'seeded' with nitrifying bacteria is known as 'activated sludge.' When
such activated sludge is added to fresh sewage and the whole aerated
for short periods with finely divided air a nitrification of the sewage,
a high removal of bacteria, and a quick settling sludge formation takes
place. The aifiuent from plants of this type shows a bacterial reduc-
tion of over 90 per cent, and is clear and stable.

"The sludge formed contains approximately 98 per cent water, and
is therefore voluminous. The proper handling and disposing of the
large amount of putrescible sludge has constituted one of the objections
to this type of plant."

Hommon et aL say, "The process in general is as follows: approxi-
mately 20 to 25 per cent of well activated sludge is added to the raw
sewage as it enters the aerating tank. As the sewage with its added
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activated sludge passes through the tank it is constantly aerated by air
fed through diffusers in the tank bottom. From the aerating tank
the mixed sewage and sludge pass to the settling tank in which the
Bludge settles rapidly, the supernatant matter passing oft through the
effluent outlet.

SAA/D FILTER

j
SECTION AL0N6 UNDERDRA/NS

A-A

SECT/ON ACROSS UNDERDRAWS
B-B

After Rioh and Gardner of Mieh. SpiUs Board of Health.

FlO. 16

" F r o m t h e s e t t l i n g t a n k a p o r t i o n o f t h e s l u d g e i s d r a w n off t o t h e
s l u d g e a e r a t i n g t a n k s a n d f u r t h e r a e r a t e d t o p r e p a r e i t f or a d d i t i o n t o
t h e i n c o m i n g f r e s h s e w a g e . T h e s l u d g e a c c u m u l a t i o n s i n t h e s e t t l i n g
t a n k a r e d r a w n off f o r d e w a t e r i n g a n d d e c o m p o s i t i o n . "

P u r e c u l t u r e work" i s b e i n g c a r r i e d o n i n c o n n e c t i o n w i t h t h e d e -
v e l o p m e n t o f t h e a c t i v a t e d s l u d g e p r o c e s s . O r g a n i s m s w h i c h a r e f o u n d
t o b e e s p e c i a l l y r a p i d n i t r i f i e r s a r e c h o s e n a n d a d d e d i n l a r g e a m o u n t s
t o t h e a c t i v a t e d s l u d g e t a n k s .
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The Fi l t ra t ion Methods.

The treatment of sewage by filtration, like the activated sludge
method, depends for ita success upon the destructive action of bacteria
on putrescible matter. This destruction of nitrogenous matter may take
place in the soil as in the case of sewage farming, in the sand of sand
filters, among the broken stones of contact filters, or among the broken
stones of sprinkling filter beds. The passage of sewage liquids through
contact filters and through sprinkling filters is intermittent to give the
aerobic bacteria of the beds optimum oxygen supply.

The three general types of sewage filters in use in the United States
are contact filters; trickling, sprinkling, or percolating; and intermit-
tent sand filters. Hommon says, "The main function of all three
types of filters is primarily the stabilizing of the organic constituents
of sewage oxidation, though intermittent sand filters in addition re-
move very high percentages of bacteria.

Contact Fi l ters .

"The contact type of filter, which is described fully by Metcalf and
Eddy and by Fuller, consists of a tight tank filled with broken stone
and provided with regulating devices for controlling both inflow and
outflow. The ordinary cycle of operation of these filters consists of
filling them with sewage, allowing them to stand full for a specified
period (termed the 'contact period') > emptying them, and allowing
them to rest for a relatively long period (termed the 'rest period').

Tr ickl ing Filter.

"The trickling (sometimes termed 'sprinkling' or 'percolating')
filter represents a further step in the evolution of the contact bed in
an effort to produce a more efficient and economical apparatus for
oxidizing the putrescible matters of sewage. The filtering medium em-
ployed is similar to that which is used in contact filters, but it is so
arranged as to facilitate as far as possible the free access of air
throughout the interior of the bed. The method of applying sewage
to this type of filter consists of spraying, it as uniformly as possible
over the surface of the bed, allowing it to percolate freely through the
medium to a tight underdrain floor, whence the effluent is conveyed to
outflow conduits. Ordinarily the sewage is applied intermittently, the
regulation of dosage being automatic. An average operation schedule
consists of about 6 minutes of application followed by about 10 min-
utes of rest. The particular schedule adopted depends upon local con-
ditions.

"The active purifying element of trickling filters consists of films
of bacterial zooglea which form on the surfaces of the broken stone
or slag composing the medium. Until these films form and the filter is
'ripe' it accomplishes practically no work. The material composing
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the films, whioh is virtually activated sludge, removes, by adsorption
and absorption, the suspended and dissolved organic substances brought
into contact with it. The activities of aerobic bacteria growing within
the films then bring about the oxidation of such substances, the basio
supply of oxygen for this purpose being supplied by the air circulat-
ing within the bed. The stabilized produots of oxidation resulting
from this process are gradually returned in solution to the films of
percolating sewage and thus carried off in the effluent.

Intermittent Sand Filters.

"The intermittent sand filter is extremely simple in construction,
consisting of a layer of natural sand about 4 feet deep graded to a level
surface and underdrained with either a deposit of natural sand or a
tile underdrain system. It is provided with apparatus, usually radiat-
ing surface troughs, for distributing the sewage evenly over the filter,

.and in some cases, with automatic devices for controlling the inter-
niittency of application of the sewage.

"The action of an intermittent sand filter consists of both mechan-
ical straining and biochemical oxidation. The former mechanically
removes a high proportion of the suspended matter and bacteria con-
tained in the applied sewage, while the latter, by biochemical processes
very similar to those taking place in the trickling filter, bringB about
an oxidation of dissolved organic matter into stable products. A large
proportion of the mechanical straining action takes place in the upper
layer of the filter, this being aided materially by the 'ripening' of the
sand grains and the decomposition of a gelatinous zooglea mat at
the surface. After a certain period of operation of the bed, it becomes
clogged and must be cleaned. This is usually accomplished by removal
of the top layers of sand and the accumulated mat. While as noted
above; the oxidizing action of this type of filter is similar to that of
the trickling filter, the degree of nitrification which it accomplishes is
in general greater.

The operation of intermittent filters is simple, consisting of the
intermittent application of sewage from one to three times daily, fol-
lowed by draining and a period of rest sufficient in length to permit the
circulation of air throughout the bed."

Disinfection Method.

The treatment of sewage by disinfectants has been tried out to
some extent and according to some authorities has considerable pos-
sibilities. The disinfectants used are chlorine and copper salts.
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C h a p t e r 1 4 .

S o y - B e a n S a u c e M a n u f a c t u r e .

M. Church of U. S. D. A. has given a very informative description
of Soy-Sauce making by the Japanese. She says: "The process of
manufacture which produces soy-bean sauce, or, as it is called in
Japan, ehoyu, begins with the preparation of the ingredients and
includes a preliminary mold fermentation, followed by a ripening in
brine. The soy beans, having been cooked and mixed with prepared
wheat, are inoculated with the shoyu mold or ferment. This mold is
procured commercially in Japan under the name 'tane-koji' in which
form it consists of starchy rice particles overgrown with the vegetative
and yellow-green fruiting portions of the fungus. The action of the
shoyu mold and ite enzymes on a mixture of cooked soy beans and
crushed roasted wheat, under specific conditions of temperature and
moisture, produces' in from three to four days a mold-fermented product
known in Japan as 'shoyu-koji.'

"The mold-fermented material is emptied into a strong brine, thus
producing a mash. Constant, daily attention is given to aeration, even
distribution, and stirring of tne solid ingredients. Progressive changes
take place over a period of from six months to several years, until at
last mature 'moromi,' as the mash is designated by the Japanese, is
produced. These changes are due partially to the activity of bacteria
and yeasts, but chiefly to the enzymes of the mold introduced into the
mash with the koji. Purely chemical alterations in the ingredients
also appear probable.

"The rather thick, dark-brown mash resulting is" siphoned or
pressed to produce the soy sauce, which is brought to a boil, filtered,
and in the more modern of the Japanese factories processed or partially
pasteurized. The completed sauce is distributed in casks or bottles."

M. Church says that the manufacturers of soy sauce in the United
States have many difficulties to overcome. She says: "The variations
in the flavor of Oriental soy sauce should reduce the task of American
manufacturers of this product. The American product would not be
compelled to compete with a product having only one recognized
Btandard of flavor. If the sauce the manufacturer developed had an
individual flavor of its own, there would be less prejudice to break
down when he placed it on the market. AJ1 of which, however, should
not lead to satisfaction with an output lacking uniformity nor to the
acceptance of flavors produced by hurried or improper processes of
ripening. It has been shown that unsatisfactory flavors in soy sauce
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