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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


