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INTRODUCTION?

For centuries the world’s supply of ethyl alcohol was produced from
stareh or natural sugars by fermentation with micro-organisms.
Recently, the production of synthetic alechol from petroleum by-
products has reached significant proportions in the United States.
Nevertheless, the fermentation process remains a very important
source of the product. At present the bulk of the industnal aleohol
produced by fermentation is from molasses, whereas corn, rye, grain
sorghum, wheat, and barley malt are used in the production of dis-
tilled spirits for beverage purposes.

During World War I1, however, several hundred million bushels of
grain were fermented to industrial alcohol that was used in our syn-
thetic-rubber program. The shortage and comparatively high cost of
barley malt, which was needed for the conversion of grain te alcchol,
stimulated research for an enzymatic material to replace malt and
lower the production eost of aleohol. In 1946 Van Lanen and Le Mense
(11)% and in 1947 Le Mense, Corman, Van Lanen, and Langivkke (4)
who carried oul. the pioneer work at the Northern Regional Research
Faboratory, of ihe Bureau of Agricultural and Industrial Chemistry,
at Peoria, 111, announced the preparation of a fungal amylase agent
that could be employed for the conversion of mash n the production
of aicohol from grain. It was made by fermentation of a stillage-corn
medium with the mold Aspergillus niger, NRRL 337.

A subsequent publication (5) gives deiails of pilot-plant studies on
the production and utilization of fungal amylase, and includes a sum-
mary of the estimated cost of production of the enzymatic material.
1t was reported that on the basis of pilot-plant results a potential
savings of 2.4 to 3.6 cents per gallon of 190 proof material is possible
in ti-2 produetion cost of alcohol when fungal amylase is employed
instead of malt,

During years of abundant production, the utilization of grains, both
sound and damaged, can become a troublesome problem. Should a
program ever be initiated to utilize such grains through conversion to
industrial alcohol and animal feed, the most economical method of
processing would be important. Production costs in an alcohol plant,
it was believed, might be decreased significantly through the use of

* The investigation described in this bulletin was conducted by the Grain Process-
ing Corporation, Muscatine, lown, under a contract between the Cerporation and
the Produection and Marketing Administration, U. 8. Depariment of Agriculture.
However, because the Norsthern Regionsl Research Luborator of the Bureau of
Agricultural and Industeial Chrrnistry developed the fungal amylase process,
personnet of shat laberatory served as consultants to the contractor during the
course of the work. The important role pluyed by the Northern Laberatory in the
investigation is gratefully acknowiedged, Particular eredit is due Russell H. Blom,
of the Northern Laberatary, who assembled the data presented in this report and
prepared the bulletin for publicaticn. The contributions made by the Nebraska
Agricuitural Experiment Station, University of Nebraska, Lincoln, Nebr., and the
Bureau of Animal Industry, USDA, Beltsville, Md., are also acknowledged. This
investigation is heing continued under 4 second contract between the Grain Process-
ing Corporation and the Agricultural Research Administration, U. 8. Departinent
of Agriculture.

The study on which this report is based wus made under authority of the Research
and Marketing Act of 1946,

* Halie numbets in parantheses refer tv Literature Cited, p. 28.
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fungal amylase. However, plant-scale tests of the process were neces-
sary to provide more exact information on (1) the investment cost of
a fungal amylase plant to operate in conjunction with a distillery of a
Fiven capacity; (2) the feasibility of preducing pure-culture mold
entations on a large seale in a distillery; (3) the process operations
recuired in the aleohe! piant when fungal amylase is substituted for
barley malt; (4) the yields and quality of aleobust and byproducts
obtained when the fungal amylase process is employed; and (5) the
comparative production ceosts of alcohol made from grain converted
with fungal amylase and with barley malt. Consequently, a contract
was negotiated between the Praduction and Marketing Administra-
tion, United States Department of Agriculture, and the Grain Process-
ing Corperation, Muscatine, Iowa, wherein the Corperation agreed to
install a fungal amylase unit in the Government-owned alcohol plant
at Muscatine, Iowa, of which it is the lessee, to operate the plant, and
to utilize the enzymatic liquor in plant-seale fermentations of grain to
ethyl aleohol. Because the mold process was developed at the Northern
Regional Research Laboratory, personnel of that laboratory served as
consultants to the contractor during the course of the investigation.
It is the purpose of this report to describe in detail the work econ-
ducted at the plant of the Grain Processing Corporation on the fungal
amylase process; to present the data and information obtained; and to
submit cost estimates and conclusions based on results of the experi-
mental work.

DEVELOPMENT OF FUNGAL AMYLASES FOR THE
SACCHARIFICATION OF GRAIN MASHES

In the production of ethyl aleohol by the fermentation of starchy
materials such as grains, it is necessary first to convert the stareh to
a sugar {glucose or maltose) upon which the yeast can act. In this
country enzymatic eonversion or saccharification is employed entirely.

Diastases or amylases comprise the group of enzymes which hy-
drolyze starch to dextrins and the sugars maltose and glucose. They
ocenr in a variety of biological forms, including the seeds of plants such
as barley, wheat, and soybeans, animal glands such as the pancreas,
and micro-organisms such as the bacteria and molds. Of these materials
barley is utilized most commonly as a source of enzymes for the in-
dustrial saccharification of starch. The enzymatic activity of the grain
is enhanced by the malting operation, and the dry desprouted product,
known as barley mait, is used by distillers and brewers.

In the United States the producers of aleohol from grain have been
dependent upon barley mait for the conversion of starch to ferment-
able sugars. However, since the latter part of the 19th century several
attempts have been made to utilize fungal preparations for the
saceharification of grain mashes. In 1914 Takamine eonducted experi-
ments in a distillery with a converting agent prepared by the tradi-
tional methods used by the Chinese and Japanese in the production
of Keji. Indeed, the name Taka-Koji was given by Takamine to his
praduet, which was a culture of Aspergillus oryzae on wheat bran, to
distinguish it from the Japanese material that is a eulture on steamed

® rice. The product is now called moldy bran or mold bran.

The production and utilization of mold bran has been investigated
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extensively in the United States. In the preeess a mold, usually
Aspergillus oryzae, is cultured on moistened wheat bran. After incuba-
tion under controlled conditions of femperature and aeration, the
product is dried. Molds that may be employed have been tested by
Underkofier, et al. {9}, by determining the yvields of aleohol from grain
mashes saccharified with mold brans prepared with the various organ-
isms. The plant-scale usage of mold bran in an alechol plant is de-
scribed by Underkofler, et al. (10). Considerable quantities of mold
bran were produced, and the material was utilized in the production
of industrial aleohol in 1945 and 1946 in at least one aleohol plant.
However, at present little, if any, mold bran is being used for this
purpose.

Mold bran is made by surface-culture fermentation; several proc-
esses for Lhe produclion of enzymes by submerged culture methods
have been suggested. The amylo process () was devetoped in 1895 by
Caimette, and has been modified somewhat since then. A mold, gener-
ally a species of Mucor or Riizopus, is grown subimerged in the grain
mash itself, and the starch, saccharified by the action of motd enzymes,
is fermented to alcohol by yeasts, The process must be carried out
under the most :igorously pure culture conditions. It is being used by
aleoho! plants in Asia, southern Europe, und South America.

In 1509, Woolner and Lasslofly (£:2) described the use of a diastatic
slop, or fungi-diastase, as a converting agent in the production of
aleohol from grain mashes. Aspergilius oryzee was grown submerged
under aerobic conditions in a medium of thin stillage. After a grain
mash was partially converted with a small amount of malt, the mold
culture and yeast were added.

Erb and Hildebrandi (71 in 1946 described a somewhat similar
process in which both fungal amylase produced in submerged culture
and malt were used for sacchanfication purposes. They employed a
strain of Rhizepus delemar and incorporated granular wheat flour,
stillage, and malt in the mold propagation medium.

The process developed at the Northern Regional Research Labora-
tory for the preparation of fungal amyvlase and its utilization in the
production of alcohol is similar in some respects o the Woolner-
lassloffy and the Erb and Hildebrandt processes, but differs from them
in that no malt is used for conversion. Briefly, the Northern Labora-
LOry process o4, 4, 8, 11 is carried out as follows:

A sterilized medium composed of thin stillage, grain, and calcium
carbonaie 13 inoculated with a liquid culture of Aspergiflus niger,
NRRL 337, Recent investigations by Tsuchiya, Corman, and Koepsell
18 have shown that improved enzyme preparations are obtained when
calcium ecarbonate s eliminated from the stillage medium and the
conceniration of grain is increased.) During incubation al 86° F,, the
submerged culture is aerated and agitated. 'The mold is propagated
for 50 to 60 hours, when the production of fungal amylases is practi-
catly completed. The whole culture is added to the grain mash, pre-
viously cooked, and cooled to conversion temperature, at the rate of
approximately 3.0 gallons per 56-pound bushel of corn. After primary
conversion, the grain mash 15 cooled and inoculated with yeast. The
alcoholic fermentation is finished in about 72 hours. Yield of alcohol
from grain converted with Lthe mold amylase is reported to be no less
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than that abtained when barley malt is employed as the saccharifying
agent.

FUNGAL AMYLASE LIQUOR, ALCOHOL,
AND BYPRODUCT FEEDS

In the experimental work at the Musecatine plant of the Grain
ing Corporation, fungal amylase liquor was produced by the
Northern Regional Research Laboratory process and utilized in the
saccharification of grain te produce alcohol and byproduct feeds.
During the preparation of enzyme liquor, analvtical tests were per-
formed to ascertain the presence or absence of contaminating organ-
isms in certain stages of the process, and the enzyme potency of the
fungal amylase was determined, in order to evaluaie the material for
subsequent use as a converting agent. As it was conceivable that the
quality as well as the yield of products might be affected by using
fungal amylase in place of barley malt, analytical and taste deter-
minations were made on the aicohol and feeding tests on the byproduct
feeds preduced with the mold agent and with malt.

Fungal amylase liquor is known to display two tyvpes of activity:
{11 A dextrinizing or liquefving action measured asz alpha-amylase
activity; and (2) a saccharifyving action measured by enzymatic
action on maltose. The latter type of action is apparently dependent
on the presence of either an alpha-glucosidase or a transglyvcosidase,
or both; and for convenience and simplicity it will be referred to in
this report as maitase. Research has been done on the possible cor-
relations between the alpha-amviase and maltase activities of fungal
amylase preparations and the yields of aleohol obtained from corn
mashes converted with these materials. No relationship has been
found between alpha-amylase content and vield of alcohol, except that
a preparation must eontain at least a certain minimum activity of this
type to insure good aleohol yields. However, it was determined that
aleohol yields correlaie well with the maltase activity of mold prepara-
tions, provided that the low, but significant, aetivity of alpha-amylase
is preseat also. It is evident that both types of enzymatic activity are
impertant and must be considered in the evaluation of fungal amylase.

A methad for the determination of the combined effect of the en-
zyme systems in fungal amylase was utilized for plant control, because
the procedure is simple and tests can be conducted rapidiy. The
method is based on the gquantity of reducing sugars formed by the
action of a measured amount of fungal amylase liquor on a given
quantity of starch under controlled conditions of time and tempera-
ture. The extent of conversion of starch to sugars is thus ascertaihed.
As the available data indicate a relationship between the percentage
of conversion and the aleohol vield, the method affords a means of
evaluating mold preparations comparable to the Lintner method of
analysis for the evaluation of barley mait. The mold liquors produced
during the large-scule work were analyzed, both for their alpha-
amylase and maltase eontenis and for the combined effect of the
enzymes, by methods which are given in Appendix A. Methods for
the detection of contaminants in a medium or in filtered air also are
described in Appendix A.

Samples of distilled alcohol 1190 proof) produced from mold-
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converted mashes were analyzed chemically for esters, aidehydes, and
fusel oil, and the odor and taste of the products were evaluated
organoleptically. Standard methods of analysis were employed for
these determinations.

Distillers’ dried grains and distillers’ dried solubles were recovered
in each of the test runs. Samples of these byproduct feeds were an-
alyzed (routinely, and by standard procedures) for moisture, protein,
fat, and fiber. Comparatively large quantities of certain batches of
feeds were submitted to the University of Nebraska and to the Bureau
of Animal Industry at Beitsville, Md., for evaluation by animal-feeding
tests. A few of the samples of grains and solubles were analyzed for
their content of Lhe vitamins, nboflavin, thiamine, niacin, and panto-
thenic acid, Comparative data were obiained in ail of the tests.

PREPARATION OF MOLD INOCULA

The methods and techniques emploved for developing laboratory
cultures of Aspergilfus niger, NRRL 337, were those recommended and
established by the Norihern Regional Research Laboratory. The gen-
eral procedure used to increase the quantity of culture and details of
the various laboratory processes follow:

Parenl or stock culiure {slant)sSiante Flask® Flask«+
Carboy (2.5 gallons)#S8eed tank (250 gallons)e
Amylase plant fermentor {about 25,000 gallons)

Sporulated cultures of Aspergittus niger, NRRL 337, obtained from
the Northern Regional Research Laboratory,? are stored in a refrigera-
tor. To iniLiate the production of an inoculum, a few spores are trans-
forred from the parent culture to a Lest-tube slant. The culture medium
and methad of preparation are as follows:

Pristillers” thin stillage forlified with solubles or sirup to a solids content of 5
pereent.

2 pereent corn starch,

I pereent agar,

Sudium hydroxide to adjust, pH to 6.0,

Plug tubes with cotton and sleriiize 30 minutes at 25807 F. (15 pounds to the
square-ineh gige .

This transfer and all ethers must be eonduected aseptically because
no degree of contaminaiion can be teolerated in laboratory or seed
cultures. After the slant has been incubated for 24 hours at 87° F., a
part of the vegetative growth produced 1s trunsferred to a 1-liter flask
containing 200 milliliters of medium of the following composition:

Distillers’ thin stillage Tortified with solubles or sirup to a selids content of 5

pereent.

2 percent cornstarch selubilized wivh 0.1 percent barley malt,

.5 percent ealcium carbonate.

Sodium hydroxide, il necessary, to adjust pli o 5.0 Lo 6.9,

Plug fasks with eotlon and sterilize 30 minutes af 250° F. 18 psdg.o.

In order Lo supply oxygen to the organism, the flask is shaken in a
room or cabinet in which the lemperature is controlled thermostati-
cally at 87° F. The speed of the shaker is approximately 45 cycles per

+ Cuitures of this organiym are avuailable (o industry in general.
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minute. The flask is incubated and agitated for 24 hours, after which
a small part of its contents (5 milliliters) is transferred to a second 1-
liter flask which contains 200 milliliters of medium of the same com-
position. This flask is shaken at 87° F. for 24 hours, at which time vig-
orous and healthy growth is obtained,

The entire contents of the second flask are employed to inoculate
10 liters of sterile medium which is contained in a 4.5-gallon carboy.
The medium is of the same composition as that used in the flasks;
however, because of the large quantity of liguor, the bottle and
contents are sterilized for 60 minutes at 267° F. (25 p.s.i.g.). The
inoculated medium is aerated vigorously by the passage of air into
the carboy through a glass or copper tube. Air for this purpese is
sterilized by filtration through tubes packed with cotton or glass wool.
In addition to the air inlet, the carboy is equipped with an air vent and
a tube through which the eontents of the bottie are transferred to the
dona tank. After aeration and incubation at 85° to 90° F', for 24 hours,
the earboy culture may be used to inoculate the dona, or seed, tank in
the fungal amylase plant. Details of the methods and equipment
employed to transfer culture liquors from flask to earboy and carbey
to seed tank, and for the aeration of the carboy cuiture, are given in
Appendix B.

BESIGN, INSTALLATION. AND OPERATION OF FUNGAL
AMYBASE UNIT AT PLANT OF GRAIN PROCESSING
CORPORATION, MUSCATINE, JOWA

In the pilot-plant work on the fungal amylase process condueted at
the Northern Regional Research Laboratory, mold fermentations were
carried oul in copper 800-gallon tanks, and alcoholic fermentations
were made in steel fermentors, each of which had a capacity of 4,000
gallons. During the experiments, approximately 300 gallons of fungal
amylase was prepared per batch and a portion of this was employed
to convert about 1,400 gailons of grain mash (40 bushels of corn). It
was ascertained thal 7 to 10 percent of the mold agent, based on the
final volume of the grain mash, was sufficiént for conversion, and that
when bateh cooking and conversion were used the fungal amylase
could simply be substiluted for a slurry of malt with no other change
in mashing operations,

‘The effect of rate of aeration during fermentation on the enzyme
potency of the fungal amylase liquur had been investigated. Although
one-eighth volume of air per volume of medium per minute appeared
to be suflicient for the preparalion of a satisfactory product, it was
recommended that an aeration rate of one-quarter be employed for
the plant, operation, as the minimum rate appeared to be a function of
the shape of the vessel und the degree and type of agitation provided.
A satisfactory medium had been developed and tested during the pilot-
plant and laboratory investigations. This medium, to be used in the
plant, consisted of thin stillage with a solids content of about 5
percent, supplemented with 1 percent of ground corn and 0.25 to 6.50
pereent of calcium carbonate.

it had been determined that the yield of alcohol from corn converted
with fungal amylase was no less than, and in seme instances signifi-
cantly higher than, the yield with malt as the saccharifying agent.



http:1l~S'rALLAT.IO

8 *ECHNICAL BULLETIN NO. 1024, U. $. DEPT. OF AGRICULTURE

Much information had been obtained on the pure culture techniques
needed in the large-scale production of fungal amylase. All available
results and engineering data of the Northern Regional Research
Laboratory were placed at the disposal of the operators of the Grain
Processing Corporation to be used as hases for the design and opera-
tion of a large installation.

it had been decided that sufficient fungal amylase was t{o be pro-
duced per run to convert enough grain to set two large fermentors in
the distillery. As the capacity of each aleohol fermentor is 100,000
gallons, and approximately 10 percent fungal amylase was to be em-
ployed for conversion, the required capacity of the fungal amylase
plant was 20,000 gallons per run.

The design of Liie enzyme plant was influenced to a major extent by
the type of tank or fermentor that could be obtained readily. The
closed tank which was purchased is constructed of lightweight steel
plates, and is cylindrical, with flat top and conical bottom. The tank
has a total capaeity of 30,000 gallons, and cannot be pressure-sterilized
hecause of its construction. Although a simple installation was desir-
able for the experiments, it obviously was impossibie to sterilize the
medium batchwise in the fermentor; hence, a continuous cooker was
provided and the tank was cleaned by machanical and chemical means
before each run.

Figure 1 is a diagrammatic flowsheet of the process as installed and
used. Fach item of equipment shown on the flowsheet is numbered
and corresponding numbers are used in the following description.

JET Steom
MEATER
E E Corn, Calcium
Corbonote,elc. b ¢
. Laboratory Culture
Stillage Aspergitios niger

SEED TANK
{6}

u = = === =- -]
CODKER ¢ i4) AR FILTERS(8}

5t
i3

. Corn, Caicium

Stiliaqe Carbonate, stic.

=y

MIXING FERMENTOR

TANK 1.
12 SR U] ; s

AR RECEIVER
Tid]

oap R -y
2} !

Fungol Amylose
to Distiliary AIR GO?:}RESSOR

PUMP
(9}
FIGURE 1.- - Flowsheot for the production of [ungal amylase,

(1) Mix vang.~This unit is an open cylindrical tank equipped with
a side-entering agitator. Its total capacity is 500 gallons. it is used for @
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blending supplementary materials with the stillage prior to steriliza-
tion of the medium.

(2) Cooxer reep ruume.—The pump has a rated capacity of 50
g.p.m. against a head of 75 pounds to the square-inch gage and is
driven with a 15-horsepower motor. [t is employed to pump stillage
with added ingredients through the cooker and cooling system and
into the fermentor.

(3) Coowxer.—This unit consists of a 1!-inch jet heater and 40
feet of 6-inch standard iron pipe. The madium is heated instantane-
cusly in the jet heater and is kept at the elevated temperature during
its passage through the section of pipe.

{4) Coouner.—Hot, sterile medium is cocied continuously to fermen-
tation temperature in this eguipment, It consists of two double-pipe
or concentric-pipe heat exchangers connected in series. The total
surface for cooling in both units is 235 square feet.

(3} Fermexton.—This cylindrical elosed tank is constructed of
welded steel plate, with a flat top and conical botiom. It is 20 feet
in diameter and 12 feet high on the straight side, and has a total
capacity of approximately 30,000 gallons. The fermentor is equipped
with a top-entering mixer, which is driven at the rate of 32 revolutions
per minute by means of a 75-horsepower motor with chain and gear
reduction. The mixer eonsists of one turbine-type unit, 84 inches in
diameter; the tank is equipped with four vertical baffles o reduce
swirling of the medium during agitation. Air is introduced into the
fermentor by four 2-inch pipe lines, the discharge ends of which are
just below the turbine agitator. All piped openings into the tank are
protected against the accidental passage of contaminants by double
valves, and by steaming the section of pipe between the valves. Air is
exhausted from the tank through a 6-inch pipe welded in the top of
the tank. This line is piped in the shape of an inverted “U” to prevent
contaminating moisture or dust from entering the vessel.

{6) Seep Taxk.—This is a closed cylindrical steel tank, 3! feet in
diameter and 5 feet high, with flat heads; its total capacity is approxi-
mately 360 gallons. It is eguipped with a top-entering mixer with
2.propeller agitators. Air is sparged into the fermentor through a
4 ,-inch tee near the bottom of the vessel under the lower propelier.
All piped openings into the tank are steam-sealed. The inocuium inlet
is described in Appendix B. Air is exhausted from the unit through
3 section of pipe, which is trapped by an inverted ““U” bend to prevent
the entranee of contaminated moisture or dust into the tank. A flow-
meter is connected to the discharge end of the vent line and used to
measure the volume of air that is passed through the medium.

{7 Am cosmrressor.—This is a single-stage, reciprocating com-
pressor with a rated capaeity of 1,000 cubic feel per minute at 20
pounds to the square-inch gage. 1t is driven by a 75-hp. motor. An air
receiver, 425 cubic feet in capacily, is provided. It was determined
that the actual capacity of the compressor was about 650 c.f.m. at 20
p.s.i.g and 900 c.f.m. at 15 p.s.i.g. ) : .

{8) AR riLTERs.—Two filters are provided. Each consists of a tank
3 feet in diameter by 4 feet high (shell of Bowser fiiter), with a re-
movable top head and equipped with a single horizontal support for
the filter medium. This i1s nonabsorbent cotfon, of which 16 l-inch
pads compressed to a thickness of approximately 4}, inches are used.
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The tanks are construcled to withstand inlernal pressure; hence, they
can be sterilized with steam at 156 pounds to the square-inch gage.

(8) Fexaan advuass rume. - This is a centrifugal pump with a
capacity of 25 gallons per minute against a head of 58 feet, 1t is driven
by means of a 5-hovsepower motor, and is used for transferring fungal
amylase from the fermentor to the distillery.

The final assembly and installation of the equipment were made
with the knowledge that fungal amylase must be produced by pure
eulture fermentation. Ttems of equipment which must be sterile or free
of eontzminants during all or some portion of the fermentalion cycle
are the cooker, cooler, fermentor, air fitlers, seed tank, and pipe hnes
that connect these unils. Therelore, provisions were made to sterilize
{he equipment and lines with steam ai o pressure of 15 pounds to the
square-inch gage when possible. Obviously, in an installation of this
ivpe, the equipment and pipe lines must be arranged so that they can
be cleancd and kepi clean if stemmn sterilization 1s to be completely
effective. For example, if medium can enter the air line and particles
of eorn are deposited in the pipe between ihe wir filiter and the fer-
mentor, these pockels of organic material may become centers of in-
feetion and cause econtamination of the medium in laler runs,

Although it appears improbable, it 15 possible that infectious mate-
rial might feak past the gate of @ elosed vilve in u pipe line connected
to the fermenlor or seed tank. For this reuson sample outlets, mash
inlet lines, drain oullels, ete. are double-valved and a steum seal is
provided between the vaives. [n general, this method should be used as
a safety measure in all piped connections belween the fermentor or seed
tank and the appurlenunces which are or may be non-sterile.

The fungal wnylase plant was erected and operated as an ouidoor
unil. Subseguenily, however, it was enclosed in a frame building so
that operations could be conlinued during winter.

Praxe orprariox,  ‘Phin stillage was pumped from a storage tank
in the feed recovery house of Lhe distillery to the mix tunk in Lhe
fungal amyluse plant. The solids content, of the stiliage was in most
cases about. 4 pereent and i was ineveased Lo 6 to 8 percent by forti-
fication of the stiliage with distillers’ sirup (evaporated stillage) that
eontained approximately 25 percent solids. Ground corn, calcium
carbonate, and a solulion of sodium hydroxide were added proporiion-
ally to the fortified siillage in the mix tank. These ingredients were
added in quantilies suflicient o give the medium a composition of
approximately 1 percent corn and 4.25 Lo 0.50 percent calcium car-
bonate, Its inibial pH was 5.0 to 5.5 A small amount of ammonjum
bifluoride also was added to Lhe slillage al Lhis time, for the purpose of
inhibiting bacterial growth in the medium il it beeame contaminated
during fermentation.

In a typical plant run (lxperiment 128), about 25,000 gailons of
medium was prepared. To preduce the liguor, fortified thin stillage
was supplemented with 2,000 pounds of ground corn, 1,080 pounds of
caleium carbonate, 325 pounds of sodium hvdroxide, und 37 pounds of
ammonium bifluoride. 'T'he pH of Lhe medium after sterilization was
5.0. Based on the volume at Lhis fime, it conlained 0.96 percent of
corn, .48 pereent of euleiwn carbonate, and $.018 percent of am-
monium biftuonide,

Stillage, mixed with corn and the other ingredients, was withdrawn




METHOD OF PRODUCING ALCOHOL FROM GRAIN 11

continuously from the mix tank and pumped through the cooker and
cooler into the fermentor. In preparation for this operation, the cooker
and cooler had been sterilized with steam under pressure, and the
fermentor had been cleaned chemically with detergents and antiseptics
and then steamed at atmospheric pressure. The temperature of the
medium was increased instantaneously to 290° F. by mixing it with
steam at 55 pounds eser square-inch gape in the jet heater, and the
medium was retained at this temperature for 6 minutes during its
passage through the cooker. The rate of pumping was 30 to 35 galions
per minute. The hot medium passed from the cooker through an ex-
pansion valve to the cooler, where its temperature was reduced to
87° F., and thence to the fermentor. A total time of about 12 hours
was required to sterilize 25,000 gallons of medium.

From 24 to 30 hours before the large fermentor was charged with
sterile medium, the seed tank had been inoculated. The seed medium
was prepared and sterilized batchwise. Approximately 250 gallons of
fortified thin stillage was pumped into the seed tank, the agitator
started, and ground corn, calcium carbonate, sodium hydroxide, and
ammonium bifluoride were added. The volume of medium at this titme
was about 260 gallons. In experiment 12B, the quantities of ingredients
used were as follows: 20 pounds of corn, 7.5 pounds of caleium car-
bonate, 2.0 pounds of sodium hydroxide, and 140 grams of ammonium
bifluoride. The composition of the medium before sterilization was
0.92 percent corn, 0.35 percent caleium carbonate, and 0.014 pereent
ammonium bifluoride, and the pH after sterilization was 5.8.

The medium was sterilized in the seed tank by double cooking, with
an intervening rest period. After the medium was cooked with open
steam for 60 minutes at 240° F., it was cooled to 90° to 100° F. and
kept at this temperature for several hours. The medium was recooked
for 60 minutes at 270° F., then cooled to 87° F. and inoculated with
au liters of a laboratory culture of Aspergillus niger, NRRL 337. Hot
niedium was cooled by means of a spray of cold water on the outside
of the tank. Cold water or warm condensate was sprayed on the tank
to control the temperature of the medium ut 84° to 88° F. during
fermentation.

Sterile air was supplied the seed fermentor while the cooked medium
was being cooled. The contents of the tank were under atmospheric
pressure only when the inoculum was transferred into it. During fer-
mentation, the rate of aeration with sterile air was about one volume
per volume of medium per minute.

After the seed culture had been incubated for 24 to 30 hours, it was
transferred to the large fermentor. This was done by closing the vend
valve of the seed tank, while aeration was continued, to increase the
pressure in the vessel o 12 to 15 p.s..g. which was sufficient to force
the culture into the large fermentor through a connecting pipe line.
The transfer line had been cleaned and was steamed until used. The
large fermentor was inoculated while it was being charged, and usually
when it contained about 8,000 gallons, which was enough medium to
cover the turbine ngitator.

Aeration in the large fermentor was begun immediately after it had
been steamed and just before sterile medium was pumped into the
tank. In this way, the pressure inside the vessel always was slightly
greater than atraospheric, a condition which is recommended for pure
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culture fermentation. Aeration of the medium in the large fermentor
was conducted at the rate of 650 to 950 c.f.m., which corresponded to
a volumetric rate of (.20 to 0.28 volumes of air per volume of medium
per minute, when 25,000 gallons of liquor was fermented. The tempera-
ture of fermenting medium in the large tank was adjusted by means of
a spray of cold water or warm condensate on the outside of the vessel.
This temperature ranged usually between 85° to 89° F.

After fermentation for 48 to 60 hours, the fungal amylase liquor was
ready for use. At this time, it was pumped to the distillery as needed
during mashing operations there,

OPERATHONS IN THE ALCOHOL PLANT—
USE OF FUNGAL AMYLASE

In order that the reader may fully comprehend the use of fungal
amylase in the distillery, the system of mashing employed at the
Grain Processing Corporation is explained here in detail. Figure 2 is a
diagrammatie flowsheet of the process used at Muscatine to prepare
grain for fermentation with yeast. Corn is ground in hammer mills,
and the ground grain is mixed with water and stillage in the premix

Corn

JET Steam, IS psig to Baromelric
HEATER Gondenasr and
P Steom Ejactor

HAMMER
MILL 250F

Stillage c
onvertin
Water Agent: 9

Water + Molt or
iR Fungol Amylase l

Steam—u»{ _ - Liquor
PRE-MIX TANK

150°F To Fermentors 195" 10 IS2°F
|

} (======- g
PUMP MASH COOLER

Ficune 2. - Flowsheet showing how grain is mashed in the aleohol plant of the
Grain Processing Corporation,

tank or precooker. The slurry is pumped from this vessel to a continu-~
ous cooker. A jet heater at the entrance to the pipe cooker instan-
taneously heats the mash to 340° F., and it remains at this tempera-
ture for about 5 minutes during its passage through the retention leg
of the unit. The hot mash is cooled to 250° F. in a pressure flash cooler;
then to 147° to 154° F. in a vacuum flash cooler. The converting
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agent is introduced into the mash at this point, and the mixture is
pumped through a length of pipe in which the mash is retained for
5 to 6 minutes at the conversion temperature that is usually 145° F.
when malt is used. This is referred to as the period of primary conver-
sion. Mash passes from the conversion line to the mash coolers, where
its temperature is reduced to about 90° F., and thence to a fermentor.

When malt is used as the converting agent, it is ground, mixed with
water in a malt siurry tank, and the mixture is pumped into the
inash stream. To change from malt to fungal amylase was a simple
operation; the mold liquor was pumped from the fungal amylase plant
to the malt slurry tank, from which it was introduced in the regular
way into the mash stream.

Several purposes are accomplished when grain is mashed. In grind-
ing grain, the starchy portions of the kernel are exposed, but only a
small part of the starch is available to enzyme action. When an
aqueous slurry of ground grain is cooked, the starch granules swell and
rupture; the starch becomes gelatinized and thus open to attack by
enzymes. When the cooked mash is cooled, it becomes very viscous,
and if the concentration of grain in the mash is normal (20 to 22 per-
eent) it is impossible practically to transport the material mechan-
ically; that is, by pumps and through pipe lines. Also, at this time,
only a small amount of fermentable sugar is present in the mash, and
some sugar is required for immediate use by the yeast in the subse-
quent aleoholic fermentation. To liquefy or thin the mash, and fo
degrade a portion of the starch to dextrins and fermentable sugars,
amylolytic enzymes are added to the cooked and partially cooled
material. When mashing is continuous, the conversion temperature
employed must be high eneugh to saccharify the starch and to thin the
mash to the desired extent in a few minutes. The temperature must
not be so high as to cause destruction of the enzymes.

This initial treatment of starch at an elevated temperature with
enzymes is called primary conversion. The mash has been only par-
tially converted. Saccharification of the residual starch and of the
dextrins takes place slowly at the temperature of and during the
alcoholic fermentation. This is the period of secondary eonversion.

In the pilot-plant work at the Northern Regional Research Labora-
tory, corn mashes were cooked batchwise and primary eonversion with
fungal amylase was batchwise in all instances. No difficuities were en-
countered; both liquefaction of the mash and succharification of the
starch were satisfactory. However, because the conversion step was a
batch operation, time was not a factor. Experimental results indicated
that fungal amylase did not thin a grain mash as rapidly as malt under
conditions usually employed when malt was used as the converting
agent, It was beneficial, in the tests at Muscatine, to inecrease the
contversion temperature with fungal amylase to 152° F,, in order to
enhance the liquefaction power of the material. This development will
be discussed in more detail later in this bulletin,

The alcoholic fermentation of mash converted with fungal amylase
was conducted in the regular manner. Each fermentor in the plant of
the Grain Processing Corporation has a capacity of 100,000 gallons,
and in these experiments one tank w.s charged with 2,760 to 3,500
bushels of corn, the amcunt charged cepending on the coneentration
of grain in the mash. One batch of fungal amylase liquor was used to
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convert mash for two plant fermentors. Temperature of the fermenting
mash was adjusted when necessary by circulation of the liquor throngh
a heat exchanger at the base of a fermentor, The yeast inoculum was
prepared from mali-corn mash which was lactie-soured. Most alechalie
fermentations of mash converted with fungal amylase were in process
c;verl?. (\.;reek end; hence, a beer was 4 or 5 days oid at the time it was
distilled.

At the time these contractual experiments were condueted at
Muscatine, the plant was engaged in the production of neutral spirits
for use in beverages. The distillation unit, a four-column still, gave a
produet of satisfactory quality as judged by organoleptic tesis. The
operation of the columns was not altered for the distillation of fungal
amylase beer. Because neither the beer well nor the distillation unit
was empty when it was time to distill mold beer, it was impossible to
make a sharp separation between malt spirits and mold spirits. Samples
taken during the latter part of a distillation were considered to be
representafive of mold aleohol.

Byproduct feeds were recovered at the plant by the regular methods.
Whole stiliage wus sereened, and the oversize particles of grains
pressed and dried to make distillers’ light grains. The thin stillage that
passed through the screen was concentrated by evaporation to a sirup
containing about 25 percent solids. Sirup was pumped to a double
drum dryer where distillers’ dried solubles were produced. During the
experiments, some distillers’ dark grains were made. In this case, the
dried light grains were mixed with sirup and the mixture dried in a
rotary unit. Again, there was some difficuity in sharply separating
mold and malt byproduet feeds beeause of the constant flow of material
through the plant.

PRODUCTION AND UTILIZATION OF FUNGAL AMYLASE

A total of 81 experiments on the production of fungal amylase was
eonducted during the course of the work at Muscatine. Of these runs,
the first 15 were preliminary and served mainly to familiarize the
aperators with the process and with the technigues involved. The
fungal liquors produced in the preliminary runs were unsatisfactory in
most instances; only one bateh was used in the dishillery to convert
mash. Ii would serve no useful purpose $o discuss these runs further
in this bulletin,

Information on the last 16 experiments is given in table 1. Approxi-
mately 25,000 gallons of fungal amylase liquor was prepared in each
of these runs, and with the exception of material made in experiments
188 and 23B, each batch of mold hguor was used in the distillery for
the conversion of 5,000 to 7,000 bushels of grain.

Fortified thin stillage was employved as the prinecipal substrate of
the medium in all mold fermentations. Because in regular operations
grain was converted with malt, stillage most easily avaiiable was from
malt beer. If a plant were to use fungal amylase regularly the stillage
would be from mold beer. It seemed conceivable that malt stillage
might contain nutrients for mold growth and that these factors might
not be present in mold stillage. In order to determine the effect of re-
cyeling mold stillage on the quality of the fungal amylase liquor,
experiments 13B, 14B, 15B, 16B, 17B, and 18B were conducted in




TasLe 1.—Data on production of fungal amylase liquor on a semiplant scale
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T&BLE 9 —Data on the utilization of fungal amylase liquor for the conversion of corn mashes in the alcohol plant
Grain Processing Corporation.
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which mold stillage from a previous distillery operation was used for
preparation of the medium. L was found that the use of reeyeled still-
age from mold beers had no effect on the enzymatlic potency of the
resultant mold Hquor or on the conversion power of the material
when it was used in the distillery. These results are in accord wilh
information obtained in pilut-plant work at the Northern Regional
Research Laboratory 7).

The prineipal difficulty i the preparation of the fungal amvlase
liquor was contamination of the medium during fermentaiion. In
only three experiments was the finished liguor free of contaminanis.
A thorough search was made for the source of the infection; fltered
air was tested for sterilily, the cooked medium was sumpled asep-
tically and cultared Lo determine the presence er ahsence of contami-
nating organisins, and the seed cuiture was exmnined. As a result of
these tests it was decided that the large funga) amyiase fermentor was
ihe cause of the frouble. Because of s consiruction this tank could
not be sterlized with stesm under pressure, and the interior surface of
the vessel was rough and difficull 1o clean.

Phe enzvme polency of the fungal amylase Hquors varied widely.
Succharifieation powers as fow as 15.2 percent in experiments 1458 and
as high as 39.3 in run 2512 were obtained. [Uis believed that contamina-
tion was the chiel eause of the vartation. fn pilol-plant work at the
Northern Laboratory consistent resully were obtined, bul contamina-
tion was inlrequent.

Diata on the utilization of fungal amyluse liquor in the distiliery are
given in table 2. After a foew runs in the distillery it became evident
that the power of the mold liquor Lo liquefy mash was less than that
of malt. This is of special significance to a plunt in which continuous
cooking and eonversion are employed, as only aboul 6 minutes are
provided for liquefaction and primary conversion of the mash, If the
mash s Loo viscous at the time it enters the cooler the pressure drop
aeross the cooler becomes excessive and the mash pump delivers less
material, Thus, the over-all rate of mashing must be decreased in order
Lo maintain sleadv-siate conditions in the continuous system.

When mall-converied mush was pumped at the rate of 400 bushels
of grain per hour the pressure at the discharge side of the mash pump
was about 30 p.sdag At Lhe sume rate, but with mash converted with
fungal amyiase, the pump pressure in most cases was 40 to 60 p.s.ig.
in onc experiment, this pressure reached 100 p.s.ig., which was suth-
cient Lo lower the capacity of the pump and mash accumulated in the
vacuum flush cooler.

In order to improve liquefaction when fungal amylase was used for
conversion, a small amount of malt was mixed with the mold liquor in
most of Lhe experiments. Froim { to 2 percent mall was employed on
the basis of the total graan bill,

[+ was observed that when mash was converted with fungal amylase
at a temperature of 152° B, rather than 1457 to 146° F., liquefaction
was improved. The higher temperature had no detri mental elfect on
the alcohol vields. It is believed that fungal amylase alone will liquefy
mash sutisfactorily if a conversion temperature of 152° to 155° F. and
4 relention time of 12 10 15 minutes are used. indeed, recent plant-
scale experiments huve shown this to be true. Another [actor which
affects rate of liquetaction is the quality of the fungal amylase hquor.
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Experiment 26B was a very successiul run. Corn mash for the second
fermentor of this experiment was converted with funga! amylase mixed
with only a very small quantity of mait (0.3 percent of the total grain
bill); yet the mashing operation was normal in all respects. It is
significant that the mold liguor was of good quazlity. It is reasonable
to assume that the use of fungal amylase of consistently good quality
will help to eliminate the liquefaction problem in these runs.

On the average, about 3.5 gallons of moid liquor was used for the
conversion of 1 bushel of corn, as received. The controlling factor in
these experiments was liquefaction during mashing operations. No
attempt was made to determine the effect on fermentation of smaller
amounts of hquor. However, in pilot-plant work and in recent plant-
scale experiments satisfactory results were obtained with 2.7 gallons
and less of fungal amylase liquor per bushel of grain when the liquor
was of good quality and under favorable conditions for primary
conversion.

Secondary conversion and fermentation of mold-eonverted mashes
appeared to proceed more slowly than with malt-converted material.
This indicates that a longer fermentation time might be required when
fungal amylase is used unless more favorable primary conversion were
obtained.

Samples of mold-converted mash taken at various times during the
alecholic fermentation were examined for baecterial eontamination, The
extent of contamination was less than usually encouuntered in malt-
converted mashes. This was to be expected, as many bacteria are added
to the mash with the malt.

*
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FIGURE 3.-—Relutionship bhetween saceharogenie power of
fungal amylase and yield of aleohol.
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The results of the plant experiments indicate a relationship between
saccharogenic power of the fungal amylase liquor and the yield of
alcohol obtained from fermented mashes converted with this agent.
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The correiation is not precise for two reasons: The yuantity of mold
liquor used for the conversion of 1 bushel of corn was not the same in
ail experiments; and a small amount of malt was employed with the
fungal amylase in most of the runs. Figure 3 shows the superficial
relationship between saccharogenic power of fungal amyiase and the
vield of alcohol. For the preparation of the graph the yield used was
the average of those oblained in the two alcoholic fermentations con-
ducted with a given bateh of fungal amylase liquor. The data from
plant run 2713 were not used because of the inordinately large quan-
tity of malt that was employed with the fungal amylase for conversion.
it is indicated from the praph that to be a satisfuctory converting
agenl the fungal amylase liguor should have a saccharification value
of 25 percent or more. OF Lhe 16 runs reported in table 1, 10 batches
of mold figuor had a saecharification value of 24 percent or more. The
other 6 preparations were poor because of contamination of the culture
during the mold lermentation,

in the 10 plant runs in which fungal amylase of satisfuctory quality
wits used, the average aleohol yield was 5.98 proof gallons per bushel
of dry grain. During this sume period of operation, the average yield
of aleohol from mudi-converled mashes was 5.87 proof gallons per
bushel of dey grain. In experiments 983, 128, and 2613, 4 fermentors
were sel with mash converled with fungal wmylase which had been
supplemented with only a trace of malt, orin which no mall was used.
1t 15 significant thal the average alcohel yield from these fermentors
was 5.98 prool gallons per bushel of dry grain, This indicates that the
1 to 2 pereent malt used in other runs to help thin the mash did not
affect the alcohol yields.

Tl wr=ia M VL kb (EME™ BNV EWFEHIMENES

In plani runs 178 and 228, corn thal was approximately 50 percent
hent-damaged was mashed to determine whether fungal amylase could
be used wilh Lhis Lype of malerial. ‘The results were satisfactory. An
average nlcohol vield of 6.04 proof gallons per bushel of dry grain was
oblained from the four fermentors of these runs. The average vield
from this Lype of corn converted with malt was 5.86 in fermentations
condueted immedialely before and after each of the experimental runs.

No difliculties or differences in operation were encountered in the
distiliation of heer from mold-converted mash. Feed recovery opera-
tions wlse were normal. Feed vields, although impossible to meuasure
aceurately, appeared Lo be the same as yields from malt stillage.

The use of fungal amylase for the conversion of yeast mashes was
not investigated. All veast cultures used in the planl experiments were
prepared with malt-converted mash.

L7 ATy it s B, AN FEEIS PHRODUSER WIPH FENIOAL v MY LASE

Sumples of the alcohol and byproduct leeds recovered during the
experimental runs were analyzed chemically for components which are
ased commonly as a means of evaluation. In addition, the alcohol was
compared, organoleptically, with standard samples of high-grade
spirits made with malt. The resulis of these tests are given in table 3.
included in this table is a typical analysis of products made with malt
as the converting agent. There is no significunt difference belween
these figures and the average values Tor the products made with fungal




Tantg 3.--Properties of products made with fungal amylase as converting agent
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amylase as the saccharfying agent. "The organcleptic evaluation of
the alcohol produced from mold-converted mash showed it to be
satisfactory.

Quantities of distillers’ dried graing and distillers’ dried solubles
nroduced by the fungal amylase process and by malt conversion were
supplied to the Experiment Station of the Uiniversity of Nebrasku and
1o the Bureau of Animal Industry, UL 8. Pepartment of Agriculiure,
[or comparison by animal leeding tests, Preliminary reports have been
mude By cach of these agencies on the progress of Lheir experiments.
o T AL the Nebraska Experiment Station steer calves which were
fed grain and praivie hay along with the fungal amylase grains made
an average daily gain of 1.8 pounds for 223 days, and required an aver-
age of 286 pounds of prairie hay, 599 pounds of ground shelled corn,
and 146 pounds of distillers’ product per 100 pounds of live-weight
gain. The lot of calves fed the deied graing from malit-converted mash
made an average daily gain of 1.68 pounds, and required an uverage
ol 302 pounds of prairie hay, 602 pounds of ground shelled corn, and
1535 pounds of dried grains per 100 pounds of live-weight gain. A
sitmilur lot of cattle was fed praivie hay and ground shelled corn with-
out any protein supplement. These animals made an average daily
gain of 135 pounds and required 441 pounds of hay and 838 pounds
of ground shelted corn Tor 104 pounds of gain.

In another series of tests by the Nebraska Experiment Station steer
ealves were wintered on a full feed of August-cut prairie hay, 2 pounds
per head daily of ground shelled corn, and 1.72 pounds per head daily
of the distillers” products. The ot fed fungal amylase grains made an
average daily gain of 1.21 pounds and consumed an average of 880
pounds ol hay, 165 pounds of corn, and 144 pounds of distillers’ wrains
per 104 pounds of win. The lot of calves fed graing from malt-con-
verted mash made an average daily gain of 1.19 pounds and required
an average of 876 pounds of hay, 168 pounds of corn, and 146 pounds
of distiliors” product per 100 potinds of lve-weight gain.,

The resulis of the Nebraska tesis indicate that there is no significant
diilerence in fecd vilue between disiillers’ grains made with fungal
amytase or with malt as the converting agent.

Investigaiions ol the following Lype have been conducted or are in
progress by the Bureau of Animal Industry on the byproduet feeds
made with malt and with fungal amylase: A complete analyvtical study,
including the aming acid and vitamin content of the byproducts pro-
duced by ithe Lwoprocessey; toxicily and palatability studies with sheep
and catile; poulirv- and swine-feeding tests where the solubles are
used as vitumin carriers; and digestibility studies and practical sheep-
feeding tests in which the dark grains are used as protein supplements.

The Bureau of Animal Industry found no significant difference in
either chemical composition or amino acid content between compar-

S Raker, M. L., Uol. of Agr. and Agr, Expt, Sta., Univ, of Nebr, (Private com-
munication,

LS Dept. Agr., Burs of Anim, Endus. Prog. Rept, - Unpublished .

FDowe, T, W, and Arthaud, V. H., Col. of Agrodind Ayr, Fxpt. Sta., Univ, of
Nebr. Prog, Rems, No. 192 and No. 198, | Unpublished. :
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able materials produced with mall and fungal amyiase, The resulis (o
date of the palatabilily and lexicity tests with sheep indicate that the
fungal amylase dark grains had no toxic or detrimental effect on the
animals, although they were fed at 4 to 7 times the level ordinarily
used in feeding work and for lony periods of Lime. There are some indi-
cations that sheep have o slighi preference for the conventional malt
dark grains over the fungal amylase byproducts; however, the dark
grains produced by the fungal amylase process were palatable, as
they were consumed mn large quintities throughout the test periods.

Practical sheep-feeding tests have shown that distillers’ durk grains
produced by either the mall or fungal amylase process ean satisfuc.
torily replace linseed oil mead us u profein supplement. in a {attening
ration for lumbs.

No signifieant differences have been observed between solubles
produced by either process when used in swine ralions.

Preliminary chick feeding tesis huve been conducted by the Bureuny
of Ammal Industry, in which the conventional mall solubles and also
the fungal amylase solubles have been used as riboflavin earriers.
Additiona] work is being done in order Lo obtain conelusive results.

ESTEMATED COSTS FOR INSPALLATION AND OPERATION
OF FULLSCANLE PUNGAL AMYLASE PLANVT

To caleulale, Tor purposes of comparison, the cost of producing
aleohol frem grain mash sacchurified with fungal amylase, an estimate
hus been made of the mvestment and produetion cosis for a fungal
amylase plant to operate in conjunction with the atcohol plant, of the
Gran Processing Corporation, [t is emphasized that the estimales
given are specific in that they apply Lo a possible installation at the
Museatine plant. Certain items of equipment and of operational ex-
pense pertain umquely Lo this alcobol plant; hence, general application
of the data should be made eauliously.,

The design of the hypothetieal planit and the cost esiimates were
based on the following considerations and assumptions:

1. The distilery is Lo mash 11,830 bushels tas received) of No. 2
corn per day for 27 days per month to produce 842,000 wine gallons
of 198-proof or 1,600,000 proof gallons of alecohol per month. The yield
of aleohol is assumed to be 2.63 wine gallons of 190-proof or 5.00 proof
gallons of aleohol per bushel of grain as received.

2. The estimates are based on the use of 3.1 palions of fungal
amylase hiquor per bushel of corn. 14 is recognized Lhat as little as 2.7
galions of mold hiquor per bushel of gram might be adequate; however,
so that the costs might be conservatively high, the larger figure was
used.

3 in view of considerations 1 and 2, the required average daily
capacity of the enzyme plant is 56,800 galions,

4. Fhe maximum rate at which sterile aiv is supplied to the fer-
mentors during production of the amylolytic liquor is 0.25 volume
of air per volumme of medium per minute. This rate of aeration is
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probably higher than will be needed in actual practice with fermentors
of favorable design,

5. The fermentors in which the fungal amylase liquor is produced
are to operate on a cycle based on u 60-hour fermentation period.

IS A%t SPERATIONS ox W HILH e AILE HASED

Corn meal and calcium carbonate are fed quantitatively and con-
tinuously to a mixing tank along with lortified thin stillage from the
feed recovery department of the distillery. The medium is sterilized
by pumping il through a steam-jet heater and a holding pipe whieh
constitute the cooker. The jet heater instantaneously raises the tem-
perature of the medium to 300° F. (33 pounds per square-inch gage)
and the liquor is retained i, this temperulure for 6 L0 12 minutes. The
sterile hiquor 15 cooled 1o 86 by passage through a conceniric-pipe
heat exchanger. A portion of the medium is delivered 10 a seed-culture
tank and the remainder to a fermentor whieh has heen cleaned and
sterilized.

Approximately 2.5 gallons of a culture of Aspergiltus niger, NRRL
337, is prepared in the luboratory and vsed to ineculate 250 gallons
of sterile medium in u seed Lank. Aseptic precautions are observed
throughout the plant and especially in the preparation of the inoculum.
The seed culture is grown for 24 hours and then transferred to a fer-
mentor that contains about 24,750 gallons of sterile medium. After
fermentation period of 60 hours at 86° or 87° I, the contents of the fer-
mentor are pumped Lo the distitlery as required.

Sterile air is supplied to both the fermentors and seed tanks at the
rate of 0.25 volume per volume of medium per minute. The air is
compressed and then sterilized by passing it through a column packed
with activated carbon or through cotion filters,

During the period of operation 27 days per months fermentors are
set at the rute of approximaiely one every 16 hours. For one fermentor
2,080 pounds of corn, 520 to 1,040 pounds of calcium carbonate, and
about 24,500 gallons of fortified thin stillage are required.

ISVESTWMENVE axp (HPER VPN EXPEYSES

The investment cost for the fungal amylase plant and for Lhe neces-
sary distillery modifications is estimaied to be $305,000. An itemized
account of this cost is given in table 4. No sieam plant is included in
the estimale, because the fungal amylase would be produced in con-
sunction with the alcohol plant of the Grain Processing Corporation,
which has a steam plunt of sufficient capacily to satisfy the require-
ments of the enzyine plant.

The estimated production costs for the mold amylase plant are pre-
sented in table 5. All charges are included except administrative
expense. The cost to produce suflicient fungal amylase to convert 1
bushel of grain in the distillery i estimated to be 4.62 cents, which is
equivalent to 1.76 cents per wine gallon of 190-proof aleohol, or 6.92
eents per proof gallon.
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Tasve 4.—Estimated cost of fungal ainylase plant, equipment, and in-
stallation for operation in conjunction with alcohol plant of Grain
Processing Corporation, 1949

[Capueity of plant: 36,800 gallons of fungal lguor per day, operating 27 days
prr month]

Esti-
mntea]
totul
ot

Fungal nmylase plant cost,

iitdings and fmprovemenis: Duoitars
One building, tile, 80x 60 x 30, ... .. . ..., 75, ()
One well; drilling, pump, motor, pumphouse, vte,, 1,000 g.pa. 14, (HH)
Three transformers, 500 kv, =u., 14, 200-4-0) voli, ' 4, Ol

Totah.ovoo L 98, 000

Feuipment:
Six tanks, fermentor, working enpasity-~ 25,000 gal., with agitator, drive,
and mor e ot R16,000 | 06, 000
Six air compressors, LK efom. at 20 peigg 0 LLatb 83,750 | 22 500
Four tanks, seed fermentor, working capacily 230 gul., with sparger, agi-
tutor, nmd motor ut 81,501 G, (HW}
One continuous cooker, complete with job heater and contrels. . | 2, 0y
One heat oxehanger, eonentrie pipe cooler, 2,000 sq. ft R, D00
Onax bin, corn storage, with feeder. ., 1, 200
Twa bing, chemical storage, with feeder 2, 400
One hamrer nill, with wwtor, complete, .. ..., .. 2, 500
One tenk, mixing, 2,000 gallons. ... .. . .. 750
Four uir filters. .. ... e e 2,000
Onwe air rocejver e e e 1,000
Instruments snd controls e e e 3, 00
Luberatory equipment. .. .0 . 0 L. 4, (K
Totnl e i e 124,850

Alterations in distitiery:
Btillage Yine from drjer house, .. .. . 0 0L 500
PPipe 1o inerepse capneity of conversion Boe 00 L 1, 000
One comtroller (e control entio of low of Tungal lquor to mashy, |

Total

Installation. rosts:
Electrie wiring and sapplies, .
Pipe and pumps. .o, e
Canstruction: Tabor, exclugive of building. ... ... ..
Toal, .. .. . ' c e B0, 000

Totalo, ..o .. ] ML 80

Todal eost of plant, ready for operation, . <.l 305, D00
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T anLe 5.—FEstimaled monthly operaiing costs for the production of fungal
amylase liguor in e full-scale plant, 1949

{Cupncity of plant: 36,800 gallons of fungal tiquer per duy, operating 27 days
per month|

Estimuied | Cost per 3.1
Fungal amylase liguor production cost maonthly gul, of
et liquor !

Raw materinls: Dollars Centys
Corn, 82,0000 My, ot F1.20 per bushel. oo RN 1,770 0, hiw
CUnleinm earhonate, 41,4000 b, at $0.00 per Ih A1 . B

B L O 2, 100

Ho0

Utilities: _
Electrivity, 500,000 kw, = hr, at. 20005, ., 2, 500
Stewm, 6,000,000 1, cond cost, only 2, 150

Totul. ... 4, 650

Labor und supervision:
One operator per shift, 720 hours ot $LAG per hour, | . 1, 008
Twir Inborers per shift, 1,440 hours at $1.25 per hour .. 1, 800
One chemist-bacteriologist, $400 per month J(H)
Once supervisor, 3500 per month 500

Total. . oo s beeranas 3,708

500

Fieed charges:
Depreciation-—
Eguipment, 10 pereeat. per your on $230,000 1y
Buailding, 5 pereeul per yeur on 875,000 313
Taxes and insuranee, 4 percent per yenr on $305,000. | 1,7

Total, .. e e et 3,247

Surtmnry:
Iaw materinds, ., ..., et 2,190
Bupplics S
Utihties. .. ooae o iien i, e taiee s 4, 650
Tabor and supervision 3,708
Muinteranee 500
Fixed eharges_ . .., 3, 27 1.

Total production cost., ... ., 14, 795 t4, 623

' 3.0 gallons is the quantity of liquor to be used for the conversion of 1 bushel of
grain.

* Biuua the vield of aleohol per hushel is assumed to be 2.63 wine gallons of 190-proof
or 5300 proof gablons of aleelwl, the cost for the fungnd converting agent is 1.76 cents
jrer wine gallon 190-prool’ or 0.02 cents per proof gallon of aleohol.
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METHOD OF PRODUCING ALCOHOL FROM GRAIN
COMPARATIVE COSTS OF PRODUCING ALCOIIOL

Table 6 shows the comparative costs of aleohol proauced with malt
and with fungal amylase. The assumptions used in making the caleula-
tions are stated. Operating costs to produce aleohol were based on data
obtained from the Grain Processing Corporation und represent pro-
cedures and wage scales which prevailed during the experimental runs
at Muscatine, Iowa.

Tanus 8.—Comparative costs of aleohol produced with fungel cmylase
and with malt *

Ihstillery operntion will

Fatigal
Muly anylase

Bases:
Aleotiol yieki per bushel No. 2 corn, ns received
(wing gublons, | 2,63 2,63
Dried by prenluct feed recoverad per bushiel No. 2 corn,
nsreemvel, L Lol oL, PR 1A TTTEIS 16.0 16,0
Quuntity of vonversion agent used, ... O peroet 3.1 gl fin.
Cost of corn, No. 2, pur 54 1. bushel, .
! 1,20
Cost of mald, per 31 b, bushe!, os received, | dollars,
Cost of fungal ntaylase liguasy, per 5.0 gnl L conts.

CosT PER WINE GALLON 100-PROOF ALCOILOL:
Operating costs of alcohol plant: Puidturs
Lubo R 0. 0523
344
Supplies. . ... o . . NH B
Eleetricity 077
General and administrndive expense. .. .. e e ABG A3LG

Total operativg costs. . ., ... o ol 0. 1408 0. 1408

Raw muterial costs!
Corn, 19,377 Dy ane 23,293 1h . 0.1152 {1, 1503
Malt, 1,416 Ib
Funga) aanylase, 11070 gal. .. ... .,

Pednl cost of raw materinls, ... .. ..., ....... 50 (. 4734

Fodal produstion cost 2, L o L. 0. 6018 0. 6347
Bavings by use of fungal asylnse per wine gallon of
190-proul aleobol, .. ... o o 0. 03714

¥ Figures hused on 1940 costs and on information supplied by the Geain Proeessing
Corporation, Museatine, fown,

These totals do ot include cvedit for by praduet, feed, rent, or profid, ofl of which
wonld be the snine for distillery operstion with cither mndt or fungad amyiuse,

It should be noted that operating ecosts in the distillery are the
same for both malt and fungal amylase. This is to be expected be-ause
the operations and yields of products are the same for both convoerting
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agents. In order to use fungal amylase successfully, provision was
made in the design of the fungal amylase plant to increase the reten-
tion time of the mash during conversion. This alteration is minor,
and would not add to the cost of operation.

The savings in production cost of alcohol when fungal amylase is
employed instead of malt amounts {o 3.71 cents per wine gallon of
190-proof alechol. I a distillery operated at a capacity of 11,850
bushels of grain per day, it is indicated that a total saving of $l,l50
per day is possible.

The extent of the savings in preduction cost when fungal amylase
is used instead of malt is the difference in price between barley malt
and corn. Ihis relationship is shown in figure 4. If 56 pounds of malt
costs only 51.5 cents more than 56 pounds of corn there is no monetary
advantage in using fungatl amylase. However, if corn can be obtained
for $1.00 per wushel and barley malt costs 6.0 cents per pound the
potential savings with the fungal amylase process is 6.2 cents per wine
gallon of 190-proof alcohol.

8.0 [

Basnsl

Matl waversion, 3 percenld

fungal Tiquer conyerslon, 3.1 gallons
aee bushel

fumgal 1iguor cast, 3.1 qallens,
4,62 conts

Tield, 2.63 wine gallons [30-procf
alaohod per bushel tom s received

*
o

COST SAVINGS, CENTS / WINE GAL
190~PROOF ALCOHOL
~ B
o O
I r
i !

! l ! E i ]
50 80 no 140 170 200 230 260
COST 56 LB MALT LESS GOST 56 LB CORN, CENTS

F1GURE 4.~ Relationship between difference in costs of malt und corn, and the
possible savings in production cost of aleohol by the fungal amylase process,

SUMMARY AND CONCI.USIONS

1. The preparation and utilization of fungal amylase by a distillery,
and in conjunetion with its operations, appear to be feasible and prac-
ticable. Only minor alterations in the distillery may be required in
order to adapt the plant to the use of the mold liquor.

2, Satisfactory fungal amylase may be produced on a large scale,
and in eommerecial equipment, in a medium consisting of distillers’
thin stillage supplemented with 1 percent of ground corn and 0.5
percent of ground limestone. However, pure culture conditions must
be mair.tained and the medium must be properly aerated and agitated
during fermentation.
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3. Fungal amylase liquor can be used to replace malt completely
in mashing operations if the liquer is of good enzyme potency, and if
proper conversion time and temperature are employed

4. The yield of alcohol from sound corn saccharified with fungal
amylase is at least equal to the yield obtained when malt is the con-
verting agent.

5. When fungal amylase is employed in the mashing of heat-dam-
aged corn, the yield of aleohol obtained is no less than that obtained
when malt is used with the same type of corn.

6. There is no significant difference in enzyme potencies of fungal
liquors prepared with stillage from mold-converted mash and from
malt-converted mash. The alcohol yield is not affected when the fungal
amylase is produced on stillage from mold-converted mash,

7. Mashes converted with fungal amylase contain fewer con-
taminants than do malt-mnvertef mashes. Fermentation of mold-
converted mash appears to proceed at a slower rate than with malt-
converted material; however, conclusive data on this point were not
obtatned.

8. Fungal amylase liquefies mash at a slower rate than does malt
under the conditions most favorable for the latter material. Higher
conversion temperatures enhance the thinning pewer of the mold
agent. It is believed that fungal amylase will liquefy mashes satisfac-
torily if a longer retention time during conversion and the higher con- -
version temperature are employed. This is of special significance to
distiileries using continuous mashing systems.

9. The use of fungal amylase appears to have no detrimental effect
on the operation of the distilling system or on the quality of the
alcohel.

10. Feeds recovered from {ermentations of mold-converted mash
are, by appearance and chemiecal analysis, practically identical to feeds
recovered from malt fermentations. The yields of feed appear to be the
same. Limited information on the evaluation of fungal amylase feeds
by animal-feeding tests indicates that these materials are of the same
quality as malt feeds.

11. On the basis of cost calculations, there is a definite and sig-
nificant economic advantage in using fungal amylase in place of malt
for the conversion of grain mash.
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APPENDIX A

IDETEGTION OF HACTERIAL CONTAMINANTS IN FUNGAL AMYLASE
MEDIUM AN® IN FILTEREL AIR

A sample of mold liquor is withdrawn aseptically from the fermentor
or seed tank into a sterile flask. One ml. of this is transferred with a
sterile pipette to a large test tube that contains 10 ml. of nutrient
broth. The test medium is prepared in accordance with the directions
given below. The broth culture is incubated for 24 hours at 88° F. A
loopful of this culture is then transferred to a second tube of broth
which is prepared just like the first one. The second tube is incubated
for 24 hours at 88° F. and then examined for turbidity. If the broth
is turbid, bacterial contaminants are present. The result should be
confirmed by examination of the broth under the microseope.
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DIRECTIONS FOR PREPARING TEST MEDIUM:

Nulriend broth Suit solition

Glurose, . ........... . ......,.1lgm, Mg B0,-TH.0O 4 gm.
Yeast extract ., ............ .1l gm. Fe 80, - TH.O.. . ,........... 0.2 gm.
Peptone 1 gm, MnS0,-4H.O., ...........0.8 gm,
K:HPO.ooooo oo . ... 0B gm. NaCl.. ... ... o0 i 0.2 gm.
Sodium citrate.,..... .. . 1 gm. Cone. HCI 0.4 ml.
Sodium acetate.... ... . ... 0.1 gm.
Salt solution. ... ........... .. 2.0ml
Water to make

' Dispense 10-ml. quantities into test tubes: plug with cotton; sterilize 15 minutes
at 2507 F.; and cool.

Sterility of air used in the lermentor and seed tank is tested by the pas-
sage of a sample stream of it through 200 ml. of the described nutnient
broth for 30 minutes. The broth is contained in 4 1,000-ml, Erlenmeyer
flask equipped with an air delivery tube, and with an opening plugged
with cotton through which the air is vented. After aeration of the
broth, it is incubated for 24 hours at 88° F. Sterility is shown by the
absence of turbidity in the medium. The result should he confirmed
by examination of the broth under the microscope.

IIETERMIA ATION OF ALFHA-AMYLASE ACTIVITY IN FENCAL AMYLASE PHEFARATIONS

The methods for the determination of alpha-amylase activity in
fungal amylase preparations are based on the procedure of Sandstedt,
Kneen, and Blish (6) and that given in the Journal of the Association
of Official Agricultural Chemists, fifth edition (1947), page 96. The
method depends on the length of time required for an enzyme prepara-
tion to hydrolyze beta-amylase treated starch to dextrins whieh give
a characteristic color when the enzyme-subsirate mixture is added to
a solution of iodine and potassium iodide,

I. Reacexsts

(e} Stock iodine solution: 5.5 grams of iodine erystals and 11 grams
of potassium iodide are dissolved in water and the solution is made up
to 250 ml. The stock solution is stored in the dark. A fresh solution
is made each month.

ib) Dilutle iodine solution: 2 ml. of the stock iodine solution (la)
is added to 20 grams of K! dissolved in water and made up to 500 ml.

(¢} Buffer solution: 120 mi. of glacial acetic acid and 164 grams of
anhydrous sodium aeetate are dissolved and made up to 1 liter.

() Beta-amylase: A special beta-amylase in dry form has been de-
veloped by Wallerstein Laboratories, New York, N. Y., for use in the
preparation of the alpha-amylodextrin substrate in the determination
of alpha-amylase in starch hydrolyzing materials by dextrinization
procedures. The betu-amylase is standardized at 2,000° Lintner and
to the specifications set by the Malt Evaluation Committee of the
American Association of Cereal Chemists. The specifications require
that “{1) at the addition level recommended there shall be a variation
not greater than 5 percent in the dextrinization times of a given malt
extract when one- and three-day old substrates are compared, and
(2) a substrate prepared by adding twice the recommended level of
beta-amylase shall not deviate by more than 5 percent from one pre-
pared with the recommended level after 24 hours standing.”

{e) Buffered beta-amylase limit dextrin (alpha-amylodextrin} solu-
tion: A suspension of 10 grams (dry weight) of soluble starech (accord-
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ing to Lintner, “Special for Diastatic Power Determination”) is
poured slowly into boiling water. The solution is boiled for 1 to 2
minutes with stirring and then cooled. 25 ml. of bufler solution and
250 my. of beta-amylase (1d) dissolved in a small amount of water are
added to the starch solution. The volume is made up to 500 ml. and
saturated with toluol. The solution is stored at, or close to, 30° C. for
not less than 24 nor more than 72 hours before use.

1) Standard solution: 100 ml. of 0.01 N HCl are added to 25 grams
of CoCl: - 6H.0O and 3.84 grams of K.Cr.O;. 10-ml. portions are
placed in test tubes which are then sealed. These stundard solutions
may be kept indefinitely.

H. Fxzvye Rearmox

{1; The fungal amyluse preparation iculture filtrate}, the sub-
sirate (led and iodine (1) solutions are all attempered to 30° C. Five
m!. of fungal amylase preparation (or appropriate dilutions thereof)
iz added to 10 mi. of the substrute solution (le). T'he instant that the
fungal amylase preparation is added to the substrate solution, the
time is noted. At appropriate time intervals, 1-ml. samples of the
reaction mixture are transferred Lo test tubes containing 5 ml. of the
iodine solution (101, The optical density of the mixture is compared
with that of the standurd ([f} in a rapidly acting photometer (type
similar to Lumetron model No, 400 with a 650y filler). The instrument
i+ set 50 that the standard (1f) gives 50 percent transmission. When
the reaction has proceeded 1o the point where the enzyme-substrate
solution gives 50 percent f1ansmission when added to the iodine solu-
{ion (I the end point has been reached and the time is noted. The
elapsed time is referred to as the dextrinization time.

Sampies should be taken and read every 15 seconds as the end point
is approached. Although u photometer is desirable and convenient to
use in this determination, visual reading may be made when such an
instrument is not available.

HI Cacernarmiox
‘The alpha-amylase activity may be calculuted (rom the following
equation, where D.'I". is the dextrinization fime.

e, 60 . diln, _prams betu-amyluse treated starch dextrinized per ml. of

17D, “ml. eng. sol. original enzyme solution per huur,
Example No. 1:
5 ml. of 1:100 diin. of fungal amylase has a D.T. of 10 minutes.

0.2 60 100 24 grams beta-amyluse treated starch dextrinized per mi. of original

1775 5 ~enzyme solution per hour.
Example No. 2:
1 ml. of 1:20 diln, of fungal amylase plus 4 mi. of water has a D.T'. of 10 minutes.

0.2
=

)CEQ"29 _24 grams beta-amylase treated starch dextrinized per ml. of original
T~ 1 enzyme solution per hour.
For convenience, table 7 has been compiled from the foregoing
equation.
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TABLE T.~--Grums of heba-wmnpluse treated slarck dertrinized per wmi. of originol enzpme
solution per hanr

Minuies p> 1 i Alinutes 0

Slaeel 0T QLY 0.2 0, 1D
|

LY . 108 M livy « LY
LM L Lo L 100
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The use of the table is demonstrated in the following exampleé:

5 ml. of 1:100 liln. of Tungal amylase has a DUT, of L0 minutes,

10 min. =0.24; diln. is 1:100,

.24 11001 =24 grums of beta-amylase treated starch dextrinized per ml. of
originul enzyme solution per hour.

1 ml. of 1:20 diln. of fungal amylase plus 4 ml. of water has u 1T, of 10 minutes.

10 min, =0.24; diln. is L:20 and 1:3,

0245 420 {51 =24 prams of beta-amyluse treuted starch dextrinized per ml, of
original enzytne solution per hour,

IV, Precavmons

i1) The type of starch used is very important. Soluble starch pre-
pared according to Lintner, “Specinl for Diastatic Power Determina-
tion,” must be used. Emphasis is placed on the term “Special for
Diastatic Power Determination.” The starch must be of grade
equivalent to Merck's soluble starch, according to Lintner, “Special
for Diastatic Power Determination.’’

121 In the preparation of buffered beta-amylase limif dextrin (le),
the starch must be in complete solution after boiling for 1 to 2 minutes,
Formation of starch film must be avoided by pouring while hot into
the volumetric flask and cooling quickly prior to the addition of the
buffer tI¢) and water to make up to volume.

1:]!-:T|-1|l\||"-\‘l‘1l'i.\' OF MALTASE AOTIVITY AN FEUNU AL AMYLASE PEHEP AR TGN S

The method, developed at the Northern Laboraiory for the de-
termination of maltase activity in fungal amylase preparalions, is
based on the observation that an increase of 78 percent in reducing
power is obtained when mallose monohydrate is hydrolyzed to glucose
under the conditions given below. T'here is a stoichiometric relation-
ship between the amount of enzyme and the hydrolysis rate, when the
rate is caleulated from the difference in maltose hydrolyzed at 15 and
120 minutes.

1. ReaceNrts

(e} pH 4.4 acetate buffer (6.0}, 217 ml. of glacial acetic acid, and
183 grams of anhydrous sodium acetate are dissclved and diluted to
1 liter with water.

{6} Acetate buffer (0.3M), maltose substrate (0.068) solution.
2.35 grams of maltose monohydrate (92 percent pure as caleulated on
reducing value, for example, of Eastman Kodak Co. produet) and
5 ml. of acetate buffer are diluted to 100 ml. with water.




34  TECHNICAL BULLETIN NO. 1024, T. 8. DEPFT. OF AGRICULTURE

{¢) LN sulfuric acid, 1N sodium hydroxide, phenolphthalein indi-
cator.

{d) Reugents for sugar estimation by method of Somogyi 7).
I Exzvme Reacrviox

Five mi. of fungal amylase preparalion iculture filtrates and 10 ml.
of buffered substrate sofution, both atiempered to 30° €., are placed
in a test lube and the tube is incubated in a water bath at 30° C.
After 15 minutes, 1 3-ml. aliquol of the reaction mixture is trunsferred
toe a 100-ml. volumetric flask containing 3 mi. of LN H.80, to in-
activate the enzyme. After 120 minutes, a second 3-ml. aliquot of
the reaction mixture is treated in similar manner.
L Axauvsrs

After 10 minutes, the acidified reaction mixiures are adjusted 1o the
phenolphthalein end poind with 1N sodium hydroxide soluiion and
made up to 100 ml. with water, ¥ive mi. aliquots are taken lor analyses
for reducing value 1RV by the method of Semogyi 7, using the
20-minule heating perieod.

in this procedure, the R.\V.'s of the reaction mixtures, obtained
after 15 ard 120 minutes” hydrolysis, are measures of glucose produced,
residual maltose, and reducing sugars in the enzyme preparation.
IV, Cancviaros

a=R.\. of reaction mixture incubated for 15 minutes.

b= R.\. of veaction mixture incubated for 120 minutes.

‘h-ad '

8.78

maliose hydrolvzed mil. of carvyme preparation in 1 he.
V. Prsescrioxs

Hydrolysis rate values should be between 2 and 10 mg. maltose
hydrolyzed ml enzyme preparation in 1 hr. {o be acecptabie, Values
in higher range are preferved.

A pH of 4.4 must prevail in reaction mixture. Fungal amylase
preparations highly buffered ai pH values other than 4.4 must be
adjusted Lo approximately this point before testing.

soglucose equivalenl of Na R0, =178 220 3¢ 1%’.’ = my.

[y VS TRSFECRRNTITN G FLCUHAREHIEN TS AUV IEY 6k F MO AL AMY LK

The method of analysis was adapled by Frb, Wisthoff, and Jacobs
.2t from a combinalion of two analviical procedures methods 20.61,
p. 257, and 20,28, ppy. 244-245  given in the Journal of the Association
of Agricullural Chemisis, sixth edition (1945,

Rizadrxrs

tad Starch solution «3 percenty. Male a paste of 3 grams of Lintner
sotuble starch with cold water, Pour slowly into about 70 mi. of boiling
water. Cool and add water to 100 ml.

(01 Buffer solution, Make 6 m!. of glacial acetic ueid and 8.2 grams
of anhydrous sodium acetate to 1 liter with water. The pH of this
solution should be 4.6 to 4.8,

iet Bulfuric acid solution, (3.58 N1 50 mi. cone. H-80, diluted te
500 ml. with waler,

t¢1 Sodium tungsiate solution. 12 prams diluted (o 100 ml. with
water.

ie) Ferricvanide solution. 10.1 Ny 33.0 grams of pure dry Ky Fe-
(N1 and 44.0 grams of anhydrous Na.COy per liter.
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(f) Acetic acid-salt solution. Make up 200 ml. of glacial acetic
acid, 70 grams of KCI, and 40 grams of ZnS0O, * TH.0 to 1 liter with
water.

(#) Starch and KI solution. Add 2 grams of soluble starch to small
quantity of cold water and pour slowly into boiling water with con-
stant stirring. Cool thoroughly (or resulting mixture will be dark
colored), add 50 grams of KI and make up to 100 ml. with water. Add
1 drop of NaOH solution (saturated). _

(B} Thiosulfate solution. 2482 prams of Na«8$.0y - 5H.O and 3.8
grams of Na.B,0; - 10H.0 per liter.

Procepune
The following are placed in a 100-ml. Erlenmeyer flask:

20 mi, starch solution (3-percent Lintner soluble starch solution).
25 ml. buffer solution.
1 ml. fungal amyluse (flerate from mold cubture:,

Hold for 1 hour at 30° C. in a water bath. Add 2 ml. of 3.58 N
H-S0, and 2 ml. of sodium tungstate solution. Filter ai once; discard
first 8 to 10 drops. Pipette a 5-mi. aliquot into a 1- by 8-inch Pyrex
test tube and add 10 ml. ferricyanide solution. Hold exactly 20 minutes
in a boiling water bath. Cool to rcom temperature and empty the
tube into a 100-ml. Erlenmeyer flask. Rinse with 25 ml. acetic salt
solution, add 1 ml. starch -+ KI solution, and titrate with 0.1 N
thiosulfate solution. Record ml. of thiosulfate used. Run a blank con-
taining only starch and buffer in each test.

CALCULATIONS

Use table on page 245, A.0.A.C,, sixth edition (p. 216, A.0.A.C,,
5th edition), to find the amount of maltose corresponding to the 0.1 N
ferricyanide used. Divide by 20 to give the mg. of maltose per 60 mg.
of starch. This figure divided by 60 gives the percentage of conversion
in 1 hour at 30° C,

Example:
Blank 9.68 ml.
Test; 1.52 mi,
8.16 ml, =475 mg. maltose
18 L =49.58 percent conversi
70 Aﬁo-——-_- 8 percent conversion
If the results show over 40 percent conversion, a smaller aliquot
than 5 ml. may be taken for the ferricyanide test and the results
calculated accordingly.

APPENDIX |
;\I'I'All‘\'l'l:f'i AN TEGCHRIQUES EMIMOYEDR 1N THE PIRODICCTIOIN AN
TUANSFER GF 1NN

The first steps in the preparation of inoculum involve culturing of
the mold on slants. A few spores are transferred from the parent or
stock slant cultures to a second slant which is incubated to propagate
the fungus, and a small portion of the vegetative prowih is then trans-
ferred to 200 ml. of broth in a l-liter Erlenmeyer flask. No special
techniques or equipment are required for these operations; standard
bacteriological procedures are quite satisfactory.

After ihe flask-culture is incubated on a shaker for 24 hours part
of the culture-liquor is used to inoculale a second flask identica] in size
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to the first flask, and which contains the same quantity of medium.

A pipette is used to make this transfer and regular aseptic precautions

are observed. The second flask, like the first, is simply plugged with @
cotton, as shown in figure 5-4.

FIGure 5. A, Shaker-flask and, B, appuratus for transferring culture.

Afler incubation, the tolal contents of the second flask are used
Lo inoculate a carboy of sterile medium. The carboy with special
fittings is shown in figurc 6-4, It is equipped with a tight-fitting
stopper which has openings for three tubes. Tube (a) is a vent and
serves also as the inoculum inlet; tube (b) is the line through which
the carboy culture is discharged; and air is passed into the culture
through tube {¢). The length of tubing (¢) is packed with cotton or
glass-wool. Air that is passed into the culture during fermentation
ts steritized by means of this filter,

To prepare the earboy culture the botile is charged with medium
and closed with the stopper that is complete with appurtenances. The
stopper is fastened in place securely by means of a wire clamp. Vent-
tube (a) is plugged with cotton and the special fitting (d) is plugged
and wrapped with cotton. Pinch-clamps (f) and {g) are closed. The en-
tire unit ts then stertlized in an auteclave for 60 minutes at 267° F.
(25 p.sig).

Inoculum is transferred from the second shaker flask into the carboy.
For this purpose the apparatus shown in figure 5-B is used. The glass
tube {p) is protected by means of the test tube (»n) which fits snugly
onto the rugber tubing. The filter tube {) is packed with cotton. The




METHOD OF PRODUCING ALCOHOL FROM GRAIN 37

assembly, including the stopper, is placed in an empty 1-iter flask and
the stopper and top of the flask are wrapped in cotton. The whole unit
is then sterilized in an autoeclave. To transfer ineceulum from a shaker
flask to a carboy the assembly is shifted from the empty flask to the

S

s
[

®

vy

Fievre B, - Details of: A, Carbay in whieh celture is growns anid
5, inoculum valve on seetl Lank,

shaker flask: the test-tube is removed from the glass delivery tube:
the cotton plug is removed from the vent opening in the carboy; and
the delivery tube of the flask assembly is inserted into the carboy vent.
These operations are conducted asepticaliv, The fask is then inverted
and the culture flows into the carboy. If clumps of mycelium plug the
delivery line, air is pumped into the Hask by means of an aspirator
bulb attached to the end of the fiiter, in order to force the culture
through the tube. After the transfer is made, the carboy vent is again
plugged, an air line is attached to the end of the air filter (¢s, pinch-
clamp 11+ is opened, and the flow of air into the carboy is begun.
Inoculum is transferred from the carboy into a seed tank through
fitting :d), «fig. 6--4+ into the inoculum valve on the seed tank. A
sketch of the valve assembly is given in figure 6-B. Except when the
tank is being seeded the inoculum valve is closed, the drip valve is
open, and sufficient steam is passed into the pipe nipple above the
valve so that vapors escape from around the cap and through the
drip line. At the time of inoculation, the cap is removed, the cotton
covering and plug removed from fitting id1 of the carboy, and the
adaptor inserted into the opening of the inoeulum valve assembly. The
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inoculum valve is opened, the steam and drip valves are closed, and
ginch clamp (g) is opened. Air is passed into the carboy through the

Iter (¢), the vent (@) is closed by covering it with a finger, and the
pressure which develops forces the culture liquor into the seed tank.
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