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INTRODUCTION2 

For centuries the world's supply of ethyl alcohol was produced from 
starch or natural sugars by fermentation with micro-organisms. •Recently, the production of synthetic alcohol 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 industrial alcohol 
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 II, however, several hundred million bUfolhels 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 to alcohol, 
stimulated research for an enzymatic material to replace malt and 
lower the production cost of alcohol. In 1946 Van Lanen and Le Mense 
(UP and in 1947 Le Mense, Corman, Van Lanen, and Langlykke (4) 
who carried oul; the pioneer work at the Northern Regional Research 
Laboratory, of the Bureau of Agricultural and Industrial Chemistry, 
at Peoria, 111., annolln('('f\ the preparation of a fungal amylase agent 
that could be employed for the conversion of mash in the production 
of alcohol from grain. It was made by fermentation of a stillage-corn 
medium with the mold Aspergillus niger, NRRL 337. 

A subsequent pUblication (5) gives delails 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. 
It was reported that on the basis of pilot-plant results a potential 
savings of. 2.4 to 3.6 ~ents per gallon of 190 proof material is possible •
in tk~ production cost of alcohol when fungal amylase is employed 
instud 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 suc~ 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 

2 The investigation described in thi:-; bulletin was conducted by the Grain Process
ing Corporation, Muscatine, Iowa. under a contract between the Cerporation and 
the Production and Marketing Administration, U. S. Department of Agriculture. 
However. becau~e the Northern Regional Research Laboratory of the Bureau of 
Agricultural and Industrial Ch"'nistry developed the fungal amylase process, 
personnel of that laboratory served as consultants to the contractor during the 
course of the work. The important role ph!.yed by the Northern Laboratory in the 
investigation is gratefully a!!knowiedged. Particular !!redit is due Russell H. Blom. 
of the Northern Laboratory. who assembled th(: data presented in this report and 
prepared the bulletin for publi!!ation. The contribu+ions made by the Nebraska 
Agricultural Experiment Station. University of Nebraska, Lincoln. Nebr., and the 
Bureau of Animal Industry, USDA, Beltsville, Md .• arc also acknowledged. This 
investigation is heing continued under a !'Iecond !!ontract hetween the Grain Process
ing Corporation and the Agricultural Re!'learch Administration. U. S. Department 
of Agriculture. 

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

3 Italic numbers in parentheses refer to Literature Cited. p. 29. • 
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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 
given capacity; (2) the feasibility of producing pure-culture mold 
fermentations on a large scale in a distillery; (3) the process operations 
required in the alcohol pJant when fungal amylase is substituted for 
barley malt; (4) the yields and quality of alcoh~i and byproducts 
obtained when the fungal amylase process is employed; and (5) the 
comparative production costs of alcohol made from grain converted 
with fungal amylase and with barley malt. Consequently, a contract 
was negotiated between the Production and Marketing Administra
tion, United States Department of Agriculture, and the Grain Process
ing Corporation, Muscatine, Iowa, wherein the Corporation 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-scale fermentations of grain to 
ethyl alcohol. 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 con
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 

SACCHAlllFICATION OF GRAIN MASHES 

In the production of ethyl alcohol by the fermentation of starchy 
materials such as grains, it is necessary first to convert the starch to 
a sugar (glucose or maltose) upon which the yeast can act. In this 
country enzymatic conversion 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 
occur 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 malt, is used by distillers and brewers. 

In the United States the producers of alcohol from !,rrain have been 
dependent upon barley malt for the conver$ion 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 
saccharification of grain mashes. In 1914 Takamine conducted 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 Koji. Indred, the name Taka-Koji was given by Takamine to his 
product, which was a culture of Asperuillus orllzae on wheat bran, to 

• 
distinguish it from the Japanese material that is a culture 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 Unitrd States. In the process a mold, usually 
.4s])el'gilius orllzae, is cultured on moistened wheat bran. After incuba
tion under controlled conditions of temperature and aeration, the 
product is dried. Molds that may be employed have been tested by •Underkofler, et. al. (9), by determining the yields of alcohol from grain 
mashes saccharified with mold brans prepared with the various organ
isms. The plant-scale usage of mold bran in an alcohol 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 alcohol in 1945 and 1946 in at least one alcohol plant. 
However, at present little, if any, mold bran is being used for this 
purpose. 

Mold bran is made by surface-cultul'e fermentation; several proc
esses for the production of enzymes by submerged culture methods 
have been suggested. 'rhe amylo process ulJ was developed in 1895 by 
Calmette, and has been modified somewhat since then. A mold, gener
ally a species of Mucor or Rhizopus, is grown submerged in the grain 
mash itself, and the starch, sacchar'ified by the action of mold enzymes,. 
is fermented to alcohol by yeasts. The process must be carried out 
under the most .l igorously pure culture conditions. It is being used by 
alcohol plants in Asia, southern Europe, and South America. 

In Hi09, Woolner and Lasslotfy U 2) described the use of a diastatic 
slop, 01' fungi-diastase, as a converting agent in the production of 
alcohol from grain mashes. Asperqaiu,s ory,zoe 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 Hildebrandt (J 1 in 1946 described a somewhat similar 
process in which both fungal amylase produced in submerged culture • 
and malt were used for saccharification purposes. They employed a 
strain of Rhizopils dt'lelllo)' and incorporated granular wheat flour, 
stillage, and malt in the mold propagation medium. 

The process developed at the ::\orthern Rej:,rional Research Labora
tory for the preparation of fungal amylase and its utilization in the 
production of alcohol is similar in some respects to the \\'oolner
Lasslotfy and the Erb and Hildebrandt processes, but differs from them 
in that no malt is used 1'01' conversion. Brieflv. the :\'orthern Labora
tory process 14, :i, 8, 1/1 is carried out as folic)ws: 

A sterilized medium composed of thin stillage, grain, and calcium 
earbonate is inoeulated with a liquid culture of Asperuilllls niuer, 
XI{ RL ;3:37. I Recent investigations by TSlIchiya, Connan, and Koepsell 
18! h:we shown that impro\'ed enzyme preparations are obtained when 
cal('ium carbonate is eliminated from the stillage medium and the 
concentration of grain is increased.) During incubation at 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
cally completed. '['he whole culture is added to the grain mash, pre
\'iously cooked, and eooled to eon\'ersion temperature, at the rate of 
approximately 3.0 gallons pel' 56-pound bushel of COI'l1. After primary 
conversion, the grain mash is coo:ed and inoculated with yeast. 'rhe 
alcoholi<' fermentation is finished in about 72 hours. Yield of alcohol 
from J.,rrain converted with the mold amylase is reported to be no less • 
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• 
than that obtained when barley malt is employed as the saccharifying 
agent . 

FUNGAL AMYLASE LIQCOR, ALCOHOL, 
AND8YP.RODUCT FEEDS 

In the experimental work at the Muscatine plant of the Grain 
Processing Corporation, fungal amylase liquor was produced by the 
Northern Regional Research Laboratory process and utilized in the 
saccharification of grain to produce alcohol and byproduct feeds. 
During the preparation of enzyme liquor, analytical 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 evaluate 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 alcohol and feeding tests on the byproduct 
feeds produced with the mold agent and with malt. 

• 

Fungal amylase liquor is known to display two types of activity: 
tl) A dextrinizing or liquefying action measured as alpha-amylase 
activity; and (2) a saccharifying 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 transglycosidase, 
or both; and for convenience and simplicity it will be referred to in 
this report as maltase. Research has been done on the possible COI"
relations between the alpha-amylase and maltase activities of fungal 
amylase preparations and the yields of alcohol obtained from corn 
mashes converted with these materials. No relationship has been 
found between alpha-amylase content and yield of alcohol, except that 
a preparation must contain at least a certain minimum activity of this 
type to insure good alcohol yields. However, it was determined that 
alcohol yields correlate well with the maltase activity of mold prepara
tions, provided that the low, but significant, activity of alpha-amylase 
is present also. It is. evident that both types of enzymatic activity are 
important and must be considered in the evaluation of fungal amylase. 

A method 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 rapidly. The 
method is based on the quantity 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 ascertained. 
As the available data indicate a relationship between the percentage 
of conversion and the alcohol yield, the method affords a means of 
evaluating mold preparations comparable to the Lintner method of. 
analysis for the evaluation of barley malt. The mold liquors produced 
during the large-SC"dle work were analyzed, both for their alpha
amylase and maltase contents 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 (190 proofl produced from mold
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converted mashes were analyzed chemically for esters, aldehydes, 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 Beltsville, Md., for evaluation by animal-feeding 
tests. A few of the samples of grains and solubles were analyzed for 
their content of the vitamins, riboflavin, thiamine, niacin, and panto
thenic acid. Comparative data were obtained in all of the tests. 

PH El'AHATIO;\' OF ;\101,1) J);OCULA 

The methods and techniques employed for developing laboratory 
cultures of ASjlerqWus niuer, N.RRL 337, were those recommended and 
established by the Northel'l1 Regional Research Laboratory. The gen
eral procedure used to increase the quantity of culture and details of 
the various laboratory processes follow: 

Parent or stock culture (slantl.Slant.Flask.Flask. 
Carboy 12.5 gallons).Seed tank (250 gallons). 
Amylase plant fermentor (about 25,000 gallons) 

Sporulated cultures of Aspl'I'(fillus )liUer, NRRL 3:37, obtained from 
the Northern Regional Research LabOl'atory;' are stored in a refrigera- • 
tor. To initiate the produclion of an inoculum, a few spores are trans
ferred from the parent culture to a test-tube slant. The culture medium 
and method of preparation are ~\s follows: 

Distilh;rs' thin stillage fortified with solubles or sirup to a solids content of 5 
percent. 

:! percent ('orn starch. 
::! percent agar. 
Sodium hydroxide to adjust. pH to G.O. 
Plug tubes wit;h ('olton and sterilize 30 minutes at :!50' ~'. {J.5 pounds to the 

square-inch gage'. 

This transfer and all others must be conducted aseptically because 
no de~'1'ee of contamination <:an be tolemted in laboratory or seed 
C'ultures. After the slant has been incubated for 24 hours at 87° F., a 
part of the \-egetati\'e growth produced IS transferred to a i-liter flask 
containing 200 milliliters of medium of the following composition: 

Distillers' thin stillage fortified with soluhles or sirup t.o a solids content of 5 
perCt:nt. 

2 percent cornst~lrt'h solubilized wit h 0.1 per{'ent barley malt. 
0.5 pereent ('alc'ium ('arbonat~'. 

Sodium hyclroxitir, if ne<:es~ary, to adjust pH to 5.0 to H.O. 

Plug flasks with ('otton and sterilize :lO minutes at 250" F. i 15 p.s.i.g. '. 


Tn order to supply oxygen to the organism, the flask is shaken in a 

room 01' cabinet in which the temperature is controlled thermostati

cally at 87° F. The speed of the shaker is approximately 45 cycles per 

Cultures of this organism are available to indu.~try in general. • -I 
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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. 

1'he 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 liquor, 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 purpose 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 contents of the bottle are transferred to the 
dona tank. After aeration and incubation at 85° to 90° F. for 24 hours, 
the carboy 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 carboy and carboy 
to seed tank, and for the aeration of the carboy culture, are given in 
Appendix B. 

DESIGN, .1l~S'rALLAT.IO~. AND OPERATION o.FFU~GAL 


AMYLASE []\IT ATPLAN'I' OF G.HAJ.l\ PROCESSING 

COHI-ORATION, MUSCAT.IN.E, JOWA 


• In the pilot..;plant work on the fungal amylase process conducted at 
the Northern Regional Research Laboratory, mold fermentations were 
carried out 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 gallons of b>Tain mash (40 bushels of corn). It 
was ascertained that 7 to 10 percent of the mold agent, based on the 
final volume of the grain mash, was suRici~nt for conversion, and that 
when batch cooking and conversion were used the fungal amylase 
could simply be substituted 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 liquor had been investigated. Although 
one-eighth volume of air per volume of medium per minute appeared 
to be sufficient for the preparation 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 and the degree and type of agitation provided. 
A satisfactory medium had been developed and tested dul"ing 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 (1)rn and 0.25 to 0.50 
percent of calcium carbonate. 

• 
It had been determined that the yield of alcohol f!"Om corn converted 

with fungal amylase was no less than, and in some instances signifi
cantly higher than, the yield with malt as the saccharifying agent. 

http:1l~S'rALLAT.IO
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Much information had been obtained on the pure culture techniques 
needed in the large-scale production of fungal amylase. All available 
results and enbrineering data of the Northern Regional Research • 
Laboratory were placed at the disposal of the operators of the Grain 
Processing Corporation to be used as bases for the design and opera
tion of a large installation. 

It had been decided that sufficient fungal amylase was to be pro
duced per run to convert enough grain to set two large fermentors in 
the distillery. As the capacity of each alcohol fermentor is 1.00,000 
gallons, rmd 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 Lhe enzyme plant was influenced to a major extent by 
the type of tank or fermento.r 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. rrhe tank 
has a tota\capacity of :30,000 gallons, and cannot be pressure-sterilized 
because of its construction. Although 11 simple installation was desir
able for the experiments, it obviously was impossible to sterilize the 
medium batchwise in the fermentol'; hence, a continuous cooker was 
provided and the tank was cleaned by mechanical and chemical means 
before each run. 

Figure 1 is a diagrammatic f10wsheet of the process as installed and 
used . .Each item of equipment shown on the flowsheet is numbered 
and corresponding number's are used in the following description. 

Corn, Calcium 
Carbonate,etc. •300·F Stillaoe Labora~or, C~It"re 

Asp"(/IlIuS ntg.,. 

COOLER 81"F 
CO KER (4)

(3) 
Corn, Calcium 


Stillaoe Carbonate. etc. 


FER"~ENTQ~
11(5) 
Ii AIR RECEIVER

7) 

PUMP 
(2) 
FunOa) Amylase 


to Di,tilrer, -n---=::t-'-'-----' 

PUMP 

i9) 

FIGURf} 1.·' Flowslll,!t!t fOf the pfoduction of fungal amylase. 


(1) MIX 'l'ANK.",,·1'his 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) COOKER FEED f'GlH·.-Thepump has a rated capacity of 50 
g.p.m. a~inst a head of 75 pounds to the square-inch gage and is 
driven With a IS-horsepower motor . .It is employed to pump stillage 
with added ingredients through the cooker and cooling system and 
into the fermentor. 

(:3) COOKfJR.-·This unit consists of a 1!2-inch jet heater and 40 
feet of 6-indl standard iron pipe. The medium is heated instantane
ously in the jet heater and is kept at the elevated temperature during 
its passage through the section of pipe. 

(4) COOLER.-Hot, sterile medium is cooled continuously to fermen
tation temperature in this equipment . .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. 

(5) .FER).rmnoH.,-This cylindrical closed tank is constructed of 
welded steel plate, with a flat top and conical bottom . .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 consists of one turbine-type unit, 84 inches in 
diameter; the tank is equipped with four vertical batHes to 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 fr?m. th~ ta~k t~rough a 6-inch pipe welded in the top of 
the tank. ThiS lme IS piped 10 the. shape of an Inverted ·'u" to prevent 
contaminating moisture or dust from entering the vessel. 

(6) SEED TAxK.-This is a closed cylindrieal steel tank, 3! 2feet in 
diameter and 5 feet high, with flat heads; its total capacity is approxi
mately 360 gallons . .It is equipped with a top-entering mixer with 
2-propeller agitators. Air is sparged into the fermentor through a 
:{.~-inch tee near the bottom of the vessel under the lower propeller. 
All piped openings into the tank are steam-sealed. The inoculum inlet 
is described in Appendix B. Air is exhausted from the unit through 
a section of pipe, which is trapped by an inverted "U" bend to prevent 
the entrance 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. 

(71 Am cO.\lI'RE8soR.-This is a single-stage, reciprocating com
pressor with a rated capacity of 1,000 cubic feet per minute at 20 
'Pounds to the square-inch gage. It is driven by a 75-hp. motor. An air 
receiver, 425 cubic feet in capacity, is provided. It was determined 
that tht: actual capacity of the compressor was about 650 cLm. at 20 
p.s.i.g. and 900 c.f.m. at 15 p.s.i.g. . 

(8) AIR nLTER::l.~Two filters are provided. Each consists of a tank 
3 feet in diameter by 4 feet high (shell of Bowser filter), with a re
movable top head and equipped with a single horizontal support for 
the filter medium. This is nonabsorbent cotton, of which 16 I-inch 
pads compressed to a thickness of approximately 4}'.! inches are used. 
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The tanks are constructed to withstand internal pl'essure; hence, they 
can be sterilized wit,h steam at .1.5 pounds to the square-inch gage. 

(9) ,FI.'NUAIJ J\:\I\'bMHl PUMP. ' This is a centrifugal pump with a 
capacity of 25 gallons per minute against a head of 50 feet. It is driven •
by means of a 5-horsepower motor, and is used for tl'ansferring 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. Hems of equipment which must be sterile 01' free 
of contaminants during all 01' some portion of the fermentation cycle 
arc the tooker, cooler, fermentor, air filters, iiced tank, and pipe lines 
that conned these units. 'l'herefol'e, l))'ovisions were made to sterilize 
the equipment and lines with stearn at a pressure of Hi pounds to the 
square-inch gage when possible. Obviously, in an installation of this 
type, the equipment and pipl' lim's must be ar'l'anged so lhat they can 
\je cleaned and kepI; elt'an if stearn st.l'rilizati(ln iii to be completely 
effective. 1"01' example, if medium can enler the air line and particles 
of ('orn are deposited in the pipe between lhe ail' filtcr and the fer
mentor, these poekets of organie material may become ('enters of i n
feet:ion and cause C'ontamination of the medium in later runs. 

Although it appears improbable, it is possible that infectious mate
rial might leak past the gate of a closl'd valve in a pipe line eonnected 
to the fenllentor 01' seed tank. For this reason sample outlets, mash 
inlet lines, drain outlets, ete. are double-valved and a stearn seal is 
provided between the valves . .In general, this method should be used as 
a safety measure in all piped connection::; between the fennentor 01' seed 
tank and the appurtenances which are 01' may be non-sterile. 

The fungal amylase plant was erected and operated as an outdoor 
unit. Subsequently, howevel', it was enclosed in a fl'ame building so •
that operations could be eontinued during winter. 

PLA~'I' OI'I';HA'I'IOX. Thin stillage was pumped from a storage tank 
in the feed recovery house of the distillery to the mix tank in the 
fungal amylase plant. The 1;olids contentoI' the stillage was in 1I10st 
('aiil'S about 4 pereent and it waii inel\'ased to (i to 8 IWrC'('nt by forti
fieation of the stillage with distillel's' sirup (evaporated stillage) that 
contained approximately 2G percent solids. Ground COl'll, calcium 
carbonate, and a solution of sodium hydroxide were added proportion
ally to the fortified sUllage in the mix tank. These ingredients were 
added in quantities suflicient to give the medium a composition of 
approximately 1. pen:ent corn and f),2G to O.f>O percent calcium car
bonate. Hs initial pH was G.O to 5.G. A small amount of ammonium 
bifluoride also was added to the stillage at t.his lime, for the purpose of 
inhibiting bacterial gl'Owth in the medium if' it beeame contaminated 
during fermentation. 

In a typical plant run llDxperiment 12B), about 2G,OOO gallons of 
medium was prepared. To pl'oduce the liquor, fortified thin stillage 
was supplemented with 2,000 pounds of ground corn, 1,000 pounds of 
calcium carbonate, ;325 pounds of sodium hydl"oxide, and ;;~7 pounds of 
ammonium bifluoride. 'rhe pH of the medium after ~terilil'ation waS 
5.0. Based on th~ volume at this time, it: eontained O.~)(i percent of 
corn, 0.48 percent.. of calcium carbonate, and 0.018 percent.. of am
monium billuoride. 

Stillage, mixed with COl'll and the other ingredients, was withdrawn • 
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• 
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 \\ith 
steam at 55 pounds per square-inch gage 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 gallons 
per minute. The hot medium passed from the cooker through an ex
pansiori valve to the cooler, where its temferature was reduced to 
87° F., and thence to the fermentor. A tota 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. 1'he 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 time 
was about 260 gallons. In experiment 12B, the quantities of ingredients 
used were as follows: 20 pounds of corn, 7.5 pounds of calcium car
bonate, 2.0 Jlounds of sodium hydroxide, and 140 grams of ammonium 
bifluoride. The composition of the medium before sterilization was 
0.92 percent corn, 0.35 percent calcium carbonate, and 0.014 percent 
ammonium biftuoride, and the pH after sterilization was 5.6. 

• 
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. 1'he medium was recooked 
for 60 minutes at 270° F., then cooled to 87° F. and inoculated with 
1" liters of a laboratory culture of Aspergillus nif/er, NRRL 337. Hot 
medium 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 at 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 veHL 
valve of the seed tank, while aeration was continued, to increase the 
pressure in the vessel to 12 to 15 p.s.i.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 agitator. 

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 atmosphenc, a condition which is recommenrl.ed for pure 

http:recommenrl.ed
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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 0.20 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. 
'rhlS temperature ranged usually between 85° to 89° F. 

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

OPEHATIONS IN 'rilE ALCOHOL PLANT
USI': O.F FUNGAL AMYLASI~: 

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 
diagrammatic 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 

Steam, 15 pslg
JET 

HEATER
,---9'I-Steam 

COOKER 

HAMMER 


MILL 
 • 
Convertina 


Agent: 


Water+ Malt or 
Fungal Amylase 

Steam~--~->-_--L Liqlior 

PRE-MIX TANK 

To Fermentors 

87°-96°F 

MASH COOLER 

FIGUlnJ 2.-Flowsheet showing how grain is mashed in the alcohol plant or the 

Grain Processing Corporation. 


tank or precookel'. 'rhe 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. ~rhe hot mash is cooled to 2500 F. in a pressure flash cooler; • 
then to 1470 to 1540 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 1450 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 900 F., and thence to a fermentor. 

When malt is used as the converting agent, it is ground, mixed with 
water in a malt slurry tank, and the mixture is pumped into the 
mash 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 fP'ain in the mash is normal (20 to 22 per
cent) 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 alcoholic fermentation. To liquefy or thin the mash, and to 
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 enough to saccharify the starch and to thin the 
mash to. the desired extent in a few minutes. rrhe temperature must 
not be so hi~h as to cause destruction of the enzymes. 

Thhs 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. 'l'his is the period of secondary conversion. 

In the pilot-plant work at the Northern Regional Research Labora
tory, corn mashes were cooked batch wise and primary conversion with 
fungal amylase was batchwise in all instances. No difficulties were en
countered; both liquefaction of the mash and saccharification 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 increase the 
conversion temperature with fungal amylase to 1520 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 \'\;1S charged with 2,700 to 3,500 
bushels of corn, the am<r,mt charged oepending on the concentration 
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 through 
a heat exchanger at the base of a fermentor. 1'he yeast inoculum was 
prepared from malt-corn mash which was lactic-soured. Most alcoholic 
fermentations of mash converted with fungal amylase were in process 
over a week end; hence, a beer was 4 or 5 days old at the time it was 
distilled. 

At the time these contractual experiments were conducted at 
Muscatine, the plant was engaged in the production of neutral spirits 
for use in beverages. 1~he distillation unit, a four-column still, gave a 
product of satisfactory quality as judged by organoleptic tests. 'fhe 
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 
representative of mold alcohol. 

Byproduct feeds were recovered at the plant by the regular methods. 
Whole stillage was screened, 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 difficulty in sharply separating 
mold and malt byproduct feeds because of the constant flow of material 
through the plant. 

I'RODUCTJQN AND UTILIZATION OF FUNGAl.. AMYLASE 

A total of 31 experiments on the production of fungal amylase was 
conducted during the course of the work at Muscatine. Of these runs, 
the first 15 were preliminary and served mainly to familiarize the 
operators with the process and with the techniques involved. The 
fungal liquors produced in the preliminary runs were unsatisfactory in 
most instances; only one batch was used in the distillery to convert 
mash. It would serve no useful purpose to 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 
18B and 23B, each batch of mold liquor was used in the distillery for 
the conversion of 5,000 to 7,000 bushels of grain. 

Fortified thin stillage was employed as the principal substrate of 
the medium in all mold fermentations. Because in regular operations 
grain was converted with malt, stillage most easily available 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
cycling mold stillage on the quality of the fungal amylase liquor, 
experiments 13B, 14B, 15B, 16B, 17B, and 18B were conducted in 

• 


• 


• 
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TABLE I.-Data on production of fungal amyla~e liquor on a semipiant scale 

Composition of medium 1 Analysis of fungalllmylase liquor 
a: 
t'jRun Time of AciditylIum- fermenta- ~ Calcium Sllccharifi 0ber tion Alpha- ...Type of stillnge Corn carbon- Acidity cation value, Maltaseamylase '" ate conyersion Titrat  0Finalable 2 "'.l 
"d:= 
0Unit" .... 
'-'(800 C.) ('lIit4 0 

Percent Percent lJH Hours Percent j /ml. mi. pH 89B ..... Corn-malt ............. 0.96 0.48 .5.5 52 24.0 12.0 4.0 5.2 4.6 Z
lOB .... .... . do ................ .96 .48 5.3 54. 24.1 11. 0 5.2 4.0 5.0 (;) 


11B.... .... . do ................. .91 .48 5.2 60 24.5 15.0 X.D. 4. 1 4.9 
 >12B .... .... . do ................ .96 .48 5.6 58 29.4 15.0 ? 4.0 4.9 t" 

C'.l13B.... Corn-mold from l2B .... .85 .44 5.3 fiO 19.8 6. 7 2.0 6.6 4.5 0l4B .... .... . do ................ .98 .49 5. 1 57 15.2 5.3 ? 3.3 4.8 

1.5B.... Corn-mold from 13B .... 1. 50 .60 5.0 48 28.4 10.0 2.3 2.8 5.0 0== - ') t"16B.... Corn-mold from l4B .... .96 .48 ;).~ 60 29.4 15.0 4.6 5. I 4.6 
17B .... Corn-mold from 1613 .... .96 .48 5.0 54. 32. 1 19.2 4.0 2.6 5.0 "'.l 

:=:l1813 .... .... . do ................ .96 .48 ........ .. 68 22.0 8.6 2.1 3.2 5.2 
 02113 .... })art corn-malt, part 
~ 

a: 
eorn-mold ........... 1. 20 .60 5. 1 72 21. 4 8.9 Less t,han 2 3.5 4.n 


22B .... Corn-malt ............. .9(i .48 5.5 ii6 34.8 11. 0 4. 7 2. 7 4.!l 
(;) 

:=:l

2313 .... .... .do~ ............... ............. . ..... ~ ........ ......... .. .......... . . ........... .. ........ . .......... .. ....... " .. >
• ,_ '_· ••• 0 ...2513 .... .... . do ................ 1. 33 .44 .5.6 52 39.3 13.8 N.D. 1.5 5.2 
 Z 
- ?2613 .... .... . do ..............•. 1.15 .46 ;).- 54 38.5 1H.2 3.3 1.5 5.1 


27B .... .... .do ................ 1.11 .44 5.!) 84 In.8 10.0 Less than 2 .2ij 6. 7 


1 All media eontained t~bout 0.02 pereent ammonium hi fluoride to inhibit growth of baeteria if a liquor beeame contaminated during run. 

2 Milliliters of 0.1 N NaOH to titrate 10 mL of filtered mold liquor to phenolphthalein end point. 

3 Discarded after 24 hours because it was badly c()ntaminated. Tmuble traced to laboratory <:ulture. ..... 
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TABLE 2.-Data on the utilization of fungal amylose l£quor for the conversl:on of corn 'mashes in the alcohol plant of the c:7') 

Gra.£n Processl:ng Corporation, 

~ 
II C 

ZConverting Grain l\laslting operations F~;rll1el1t:ltiol1 = agellt mashed 	 I C 
-----;- '- u: !....; =...;: .!. I ----)~,!. :-, , . I -= ;: t ... ::-'13 _ " :: - ... -~ - ..". - ,. 1.,,,, '\cldlt\· ::; ,.,  a. \:j~ 	 c::2] 	 9E t'l~ i~- ~ 1 i~l ~~@ j::; I ]i I ~l .; 1---1 --1 1~ ii 

;.-

t':"'E 	 '~ :" 
t.".2 

:: :;; ;:;: t" 5 '"=: -= " ~-;r. ~ -:: I ::: -'" '-::.. I::: ",' j;: " '- - ~ ~£
£ 
~= = 	 ~ 

'- . ZgE -~ ~ §~] '0 ~ .~; ~ ~ ~.~ .~~ ~~ ~ ~ ~ I ~ ~ 1 \ ~-= B'~~ c= z 
?~.S IJ::; ~] ~ ~ ~ 1gB ~ ~ ~ A ! ~ 1\; ~ I ~iI ~ I ~ I j ~.~ ~;. -~-----------	 ---\ ---,------1---,---·1----1---- ~~ 

PerBush	 °Bal/PerGul Pmoj ~ 
celli els 	 G{//lon.~ Pe,.cellt OF. I/O/Irs ill!1 pH celli- !tillS" gal/OII.s 

(,_'') 	 ~(JB...••124.0 5,502 I Xo,3 	 !} 4.0 0.0 145 COl'll-lIl:llt O. \) :.~. 2 4.5 5. 7H ,16.4 5.35 
2 3.4 1.0 1-15 ... do .... .. 5!) .8 .1. :3 4.U 8. \0 37. 1 6.01 o 

~1013. .•. 24.1 6,003 .. do ••. 	 1 2.8 1.2 J;) I . .. do..... . 105 1.3 6.1 .1. (i 8. II aH.8 5.\)7 t.".2 

3 3.8 loO 151 ... do.... .. 104 L4 5.8 .1. (i 8.02 37. I 5. !)5 ~ 
1113..•. 24. Ii 6,130 .. do••. 	 3 :i.2 . n 152 ...do..... . 117 .8 4.7 4. 7 7.81 38. I n.n5 

5 3.\) I 152 " .do..... . U8 .8 5.6 4.6 7.58 40.6 6. 16 ...,o 
I ~'J12B... , 2\!.·' 5,17!) .. do... 	 2 4.3 .0 ;)- . ..do..... . 107 1.3 (i. 6 4.u 7.55 41.3 6.24 

;.4 4.5 .0 152 ... do..... . 105 L I 4.5 4. 7 7.fl4 3~1. 4 6.2H C
13B.,.. In.8 !.i,413 .. do .•. 	 2 3.2 1.0 153 Corn-mold IOlJ 2.0 n -t 4.0 6.48 38.5 4.99 ....4 3.2 2.0 153 ... do..... . 1I0 .0 tU 4.8 7.8\) 37.0 5.84 

~ 

C
? 14B. ... 15.2 6,404_ .. do.. . 	 5 3.3 1.5 152 " .do. ()4 _.n 8.4 4.!! 7. 14 a6.4 5.20 c:: 

7 3.4 1.4 152 " .do..... . -1\) 3.1 7.n 5.0 (i. 32 3H. 7 4.64 ~ 15B. . .. 28.4. 6,473 .. do .. . 	 2 3. 1 l.3 151 . •. do..... . 110 1.5 8.0 ... ?~ 7.2-t a8.4 5.561
-. 	 c:: 

4 3. 1 I. I 151 ...do.•.... 110 .7 5.S 4. 7 8.31 3.:;.3 5.87 
1613. ... 20.4 H,030 .. do.. . 3 3.3 2.0 153 . .. do..... . 105 I .7 5.4 4.4 7.4.:; 3\).6 5.90 t;; 

5 3.3 1.8 153 ...do..... . !):3 .6 4 'J 4.. 8 8.38 37. 1 6.2::' 
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which mold stillage from a previous dist,illery operation was used for 
preparation of the medium. It was found that the use of recycled still
age from mold beel's had no effect on the enzymatic potency of the 
resultant mold liquor 01' on the COli version power of the material 
when it was used in the distillery. These resilHs are in a('('ol'(\ with 
information obtained in pilot-plant work at the .Nort:hern Rcgional 
Research Labol'alory ((.). 

The principal diflkulty in lht' preparation of till' fungal amylase 
liquor was contamination of thc medium during fermentation. \n 
only thl'ce experiments was the finished liquor free (If ('ontaminants. 
A thorough se:lrc·h was made for the sourC'e of th(- infection; filtered 
ail' was tested 1'01' sterility, the ('ooked medium was sampled asep
tically and cultured to determine theprcscnc'c 01' absenee of eontami
mlting organisms, and the seed culture was examined. As a result of 
these tests it waS de(·ided that til!.' large fungal :Imylase ferment.or was 
the eause of the trouble. He('ause of its construdion this tank ('ould 
not be sterilized with stearn under pressur(', and the int(:'rior surfa('e of 
the n~::;::;el wa::; rough and difli('ult to dean. 

The enzyme poten('Y of t he fungal amylase liquors varied widely. 
::;aC'C'harifi(oation powers as low :IS 1;;.2 pcreent in experiments 14B and 
as high as :~!).:3 in run 251~ were obtained. It is believed that contamina
tion was the chief ('ause of the \'ariation. In pilot-plant work at the 
:\orthcrn L.aboralory consistent results were obtained, but contamina
tion wa::; infrequent. 

Data on the utilization of fungal amylase liquor in the distillery are 
gi\'en in table 2. After a few runs in the distillery it became evident 
that the pow(-r of the mold liquor to liquefy mash was less than that 
of .rnalt. '!'hi:;; i::; of speeial significance to ,I plant in whieh eontinuous 
('ooking and eOI1\'crsion are employed, as only about () minutes are 
pro\'ided for liquefaetion and primary (,on version of the mash. If the 
mash is t.oo viseOlls at the time it entt'rs the ('ooler the pre:;;surc drop 
aeross the ('ooler be('omes exeessive and the mash pump delivers les::; 
material. Thu::;, the over-all rate of ma::;hing must be deereased in order 
to maintain steady-stale c-onditions in the continuous system. 

When m:t1l-('oll\'erted mash was pumped at the rate of 400 bushels 
of grain per hour the Iwef;sure at the diseharge side of the mash pump 
was about :~O p.s.i.g. At the same rate, but with ma::;h eonverted with 
fungal amylase, the pump pressure in most ease::; was 40 to {)O p.s.i.g. 
In one experiment, this pressure reae-hed 100 p.::;.i.g., which was sufli
('ient to lower the e:lpac-ity of the pump and mash aeeumulated in the 
vacuum flash (·ooler. 

In order to improve liquefaction when fungal amylase was used for 
('onversion, a small amount of malt was mixed with the mold liquor in 
most of the experiments. ';'rom 1 to 2 perC'ent malt was employed on 
the basis of the total grain bill. 

It. waS observed lhat when m~lsh was converted with fungal amylase 
at a temperature of 1520 F., rather than 1450 to 14(lo~-"., liquefaetiun 
wa,::; improved. The higher temperature had no detrimental effect on 
the a\('ohol yield:;;. I t if; believed that fungal amylase alone will liquefy 
mash satisfaetorily if a. cOI1\'('rsion temperature of 1520 to 155°F'. and 
a retention time of 12 to 15 minute::; are used. Indeed, recent plant
seale experiments have shown this to be true. Another faetor which 
affects rat.e of liquefaetion is the quality of the fungal amylase liquor. 

• 

• 

• 
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'. Experiment 26B was a vtlry successful run. Corn mash for the second 
fennentor of this experiment was converted with fungal 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 liquor was of good quality. 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 mold 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 liquor. 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-converted 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 
alcoholic fermentation were examined for bacterial contamination. The 
extent of contamination was less than usually encountered in malt
converted mashes. This was to be expected, as many bacteria are added 
to the mash with the malt . 
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SACCHARIFICATION VALUE, PERCENT 

f.'IGURE 3.-Relationship between saccharogenic power of 
fungal amylase and yield of all'ohol. 

• 
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 correlation is not precise for two reasons: The quantity of mold 
liquor used for the conversion of .1 bushel of corn was not the same in 
all 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 pO';/er of fungal amyiase and the 
yield of akohol.For the preparation of the graph the yield used was 
the average of those obtained in the two alcoholic fermentations con~ 
ducted with a given batch of fungal amylase liquor. 'rhe 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 indi('ated from the graph that to be a satisfactory converting 
ag(lnt t.he fungal amylase liquor should have a saccharification value 
of 25 pereent 01' more. Of the Hi runs reported in table 1, 10 batches 
(If mold liquor had a saeeharifkation value of 24 percent 01' more. The 
other 6 preparation.,; were poor be('<luse of contamination of the culture 
during the mold fermentation. 

In the 10 plant runs in whieh fungal amylase of satisfactory quality 
was used, the a\'eragc akohol yield was 5.!)8 proof gallons per bushel 
of dry grain. During t.his same period of operation, the average yield 
of aieohol from mall-C'onverted mashes was fl.87 proof gallons per 
bushel of dry grain. I n experiments !lB, 1213, and 2613, 4 fermentors 
were set with mash ('onverted with fungal amylase which had been 
supplemented with only:\ traee of malt, or in whieh no malt was used. 
I t is signifieanL that the average akohol yield from these fermentors 
was fl.!!H proof gallons per bushel of dry grain. This indicates that the 
1 to 2 pcn:enl malt used in other runs to help thin the mash did not 
aired the akohol yields. 

IIE\'I~~"\\I\LEU U'I"'\ I' ";\I·Eltl\t ..~"I'~ 
I n plant runs 17 Band 22H, ('Ol'll that was approximately 50 percent 

heat-damaged was mashed to det.ermine whether fungal amylase could 
be used with this type of material. The results were satisfaetory. An 
average alc'ohol ~7ield of (i.04 proof gallons pel' bushel of dry grain was 
obtained from the foul' fermentors of these runs. The average yield 
from this type of (,Ol'l1 ('onvel'ted with malt was 5.8(; in fermentations 
C'ondueted imrnedialely before and after each of the experimental runs. 

;\() difliC'ulties or difrerenees in operation were encountered in the 
distillation of beer from mold-converted mash.F'eed recovery opera
tions al;:;o were normal. Feed yields, although impossible to measure 
H('curalely, appeared to be Lhe :;ame as yields from malt stillage. 

The use of fungal amylase for the ('on version of yeast mashes was 
not investigated. All yeast cultures used in Lhe plant experiments were 
prepared wi th mal t-eon verted mash. 

Samples of the akohol and byproduet feeds recovered during the 
experimental runs were analyzed ehemically for components which are 
used eommonly as a means of evaluation. I n addition, the alcohol. was 
('om pared, organoleptically, with standard samples of high-grade 
spirits made with malt. 'l'he results of these tests are given in table 3. 
Ineluded in this table is a typical analysis of products made with malt 
as the converting agent. There is nO significa'1t difference between 
these fi~lll'es and the un:rage value:; for the products made with fungal 
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TA IIU: 3.--Propertie.'i oj woducts mude ·/I.'ith Jut/{lul am1l1a.'ie as cOIll'ertill{l agent

I ---~--,~-

Alcohol Or~I\lloh'pii(' FCI:·!Is 
('\':ilIlHtioll I a: 

t>J--\
HUll ('hl'l11h'nl :Illttly~i~ . 

Dri\'d gr:lins S .. luhles 
fIllJ n l}i.'r o, 1----- ~ 

I:'I Odor Tn;;t" i Mni<;- .I Est.el's Alde- FIJi'•.'1 , t •.• ~ l I'roh'IIJ l\Ioil' oFat Vil,.!r PrOh:in I Fat Fiber ...,
hJdes oil I I ' lureture __._JI 

"CI~:·--·~---!--·-l---I ~ ! ~ G.! G./ 0.1 I ! I:' 
100 1 100 1 100.1 i f j){'rf't'1I1 : j'afclIl j'frn'lIl, 1'('1"('('111 PNf(',1I P(fCl.'ll/. Pac."" Percent c:: 

C":)!lB.......1 I. 208 O. :ISti J.!l I GoC)d. . • . UoC)d I i.4; 2;1. 1 10. 1 n.2 5.(; :32.6 13.4 4.2 
lOB.... ') .880 .aM 2.:3,' .do .. do 8.0, 2·1.1 10.2 n.2 .1. a 26. 7 12.1 3·8 z 
un , ... \ 1.408 . ai5 2. 1 Hd"l't<,d... do. , (i.8· 22.:i \1.:3 il.O 5. (i :14.2 !-t.3 .j.l o 
12B..... \ .440 .380 2. a Good. • •. '., dll. n. (I 2i. 1 10. G 8. \I 4.8 :30.4 1-t.1 ;").0 :.

t'"laB .. 1.320! .a8H 1.!1 .. do..... i·' do. H.i 24.:~ 10.0 JO.5· 5.4 28.4 12. !J 4.6 C":)
HB 2.4i6 .ai4 I 2.0 ..10. ;.. do S.2 2(i.4 lUi 10.:3 5.2 2!J. (; 12.li -to 7 o 
lim....• 1.;")84 .440,' 2 . .\ Hf'j,,('[,·d •.. ' H"j..rt,·d .. , i.!l. 22.4' 10.0 \.1.4 ii.1 :i:3.8 12.8 4.5 :c 

o.WB.•.. . SSt) . ani 2.2 Good. . . IGrlod. . . ' 8. f.. .24. 1 i 10.2 S.8 4. (i 27.6 !-t.2 4.8 t'"17B. .528 .:J8.'i I' 2.;{ ... do. . do. 'I.i. 7 j 2·1. 5: 10.8 10. a 5.U 3a. i 14.6 4.5 ...,
21B... 2. 2()'1 . a78 2. J .•• do. . do :l. 4! 22. 8 : n. 8 fl. " -t.a :14. (j 14.2 3.n :=22B.....• 1. (i01, • aRt) 2. 1 I' .do. .. . . do. \1. fi 1 2·1. (i i Ill. 1 !l. 8 f,. 4 28. Ii la.7 a. ti o 
2513. 2.48(j I .as.:; 2.2 I··do...... I. ..do. 8.71 2(i.:': 10.1 10.2 5.2 aO.. :i 12.,1 4.1 a: 
2tiB...•.. ·I.U :U.O 14. i) 3.8 o.8H6. ..392 2. 1. ..dO' .. '.' . ·1, ..do. . !). 1 I 2:3.·1 JI 10." !),·I
2713.", .. 1 I..ISSI .a84 2.:3 ...do., ... ·I!. dl). n'''j 2:'.1 !l.li \1.2 ft. 1 28. 7 la.7 4.2 := 
Averagc •• 1. :J81i . ass 2. H .. .. '" . S.O 2·1. 4 Ill. 1 !l.5 i 5. I ao. 7 la.5 4.a -z 
T\,pic:tI 

. \'ulm:5 2 :J2.0 IVi 4.5"~,:;;r~· '''2 2 2(1~ ~ " ·~1·-"·.r:,;:" II. ~·_-'"_!)_._n_I:....-~-_-_6_._0...:...__--.:.___:-__ 
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I EvuluutiollS rdutivc to high-gra(I,"~pirits 1I1l1d., wit h 1I1l1!t. Fn.·qlu',,'·.n,f rdedilJ" of mold lll..ohol,,~) gn.·llt~·r tha" t hat, of spirit;; Illlltle with malt. 
2 Typical \·ahlf.'~ for produds mlUll; with mali. ai' i'llll\·... rtlllg. Itgl'''!. 
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amylase as the saccharifying agent. The organoleptic evaluation of 
the akohol produecd from mold-c0J11.-erted mash showed it to be 
satisfactory. 

quantities of distillers' dried grains and distillers' dried solubles 
produced by the fungal amylase process and by malt ('Qnversion were 
supplied to the I~;xperiment Station of the l'niver'sity of l'\ebraska and 
to the HUI'(.':lu of Animal Industry, I.'. S. l)epartnwnt of Ahrriculture, 
for comparison by animal feeding tests. Preliminary reports ha\'e been 
mack by ('(I('h of the~(\ agt'nci(:s on till' pl'ogr(,'~s of their experiments. 
'" h, ;- At the Xebraskal~;xperiment Station ::.leer ealves which were 
fed grain and prairie hay along with the fungal amylase grains made 
an ~l\'er:lf,((' (fail,)' f,(ain of J.~ pounds for 22:3 days, and required an aver
age of' 2HG pounds of prairie hay, G!,)!) pounds of ground shelled corn, 
and 14G pounds of distillers' product pel' 100 pounds of live-weight 
f,(ai n. The lot of ('akes fed the dried grai ns from malt-converted mash 
made an ~1\'erage daily g:iin ofl.(;H pounds, and required an average 
or ;)02 pounds of prairie hay, (i02 pounds of ground shelled corn, and 
135 pounds or dried f,(rains pel' 100 pounds of li\'e-weight gain. A 
~imilar lot of ('jlitlP was fed prairie hay and ground shelled corn with
out any pro[l'i n su pplernen t. Thesl' animals made an average daily 
g-ain ofl.;l;) pounds and requirl'd 4·11 pounds of hay and 838 pounds 
of ground shelled corn for 100 pounds of gain. 

In anotbl.'l' series of lests b.\' the l'\'ebraska l~xperil11ent Station steel' 
('[lIn's were wintered on a full feed of AUf,(ust-cul prairie hay, 2 pounds 
1)(.'1' head daily of ground shelled ('01'11, and 1.72 pounds pel' head daily 
of the distillers' produ(·ts. The lot feci fungal amylase grains made an 
U\'erage daily gain of 1.21 pounds and C'onsurned an a\'erage of 880 
POlmds of bay, 1()5 pounds of corn, and 144 pounds of distillers' grains 
per 100 pounds of g-ain. The lot of cah'es fed f,rrains from malt-con
\'(:'rted mash made an average daily gain of l.l!) pounds and required 
an a"('r<lf,(e of H7(;pounds or hay, \(;8 pounds of com, and 146 pounds 
of distillers' product pel' 100 pounds of live-weight gain. 

The results of the )Z'ebraska tests indicate that there is no significant 
dill'er(mc-e in feed \'alue between distillers' grains made with fungal 
amylase 01' with malt as the converting agent. 

ltwestigations of the following tnJe have been conducted 01' are in 
progn:;ss hy the HureHu of Animal Industry on the byproduct feeds 
made with malt and with fungal amylase: A complete analytical study, 
inc-Iuding the amino acid and yitamin content of the bYJ}roducts pro
duc-ed b)' l he two processes; toxicity and palatability studies with sheep 
and cattle; poultry- and swine-feeding tests where the solubles are 
Llsed as vitamin earriers; and digestibilit)T 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 chemkal eomposition 01' amino acid content between c-ompar

:; Bak('r, M. L., ('01. of Agr. anti Agr. I~xpt. Sta., C'niv, of Nebr. (Private com
munication • 

.. L S, Dept. Agr., Bur. of Anim. Jlh1us. Prog. R('pL i l'npublished .• 

: Dowe, 'I'. W., and Arthaud, \', 11., ('01. of Agr. and Agr. Expt. Sta., Fnh-. of 
~ebr. Prog, Repts., No. J92 and :-':(J, 193. [,Unpublished.; 
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able material!; prouuceu with malt and fungal amylase. The results to 
date of the palatability and toxicity tests with sheep indicate that the 
fungal amylase dark gmins had no toxic 01' detrimental effect on the 
animals, although they were fed at 4 to 7 times the level ordinarily 
w:.ed in feeding work and for long periods of time. There are some ineJi
cations that sheep have a slight; preference for the conventional malt 
dark grains over the fungal amylase byproducts; however. the dark 
grainsproduc'ed by the fungal amylase process were palatable, as 
they were consumed in large quantities throughout the test periods. 

Practical sheep-feeding tests have shown that distillers' dark grains 
prodw:t.'d by either the malt 01' fungal amylase process can satisfac
torily replac(' linseed oil meal as a protein supplement in a fattening 
ration for lambs. . 
~o significant dilferenees have been obsel'\'ed between solubles 

produced by either process when used in !;wine rations. 
Preliminary chick feeding tC'sts ha\'e been condueled by the Bureau 

of Animal Industry, in whieh the eOllventional malt solubles and also 
the fungal amylase solubles ha\'e been used as riboflavin ('arriers. 
Additional work is heing done in order to obtain ('on('\usiw results. 

1-::-;'1'1 \I\TED COSTS Fon 1\ST\LL \'1'10.\\.\1) OI'I~IUTIU~ 
OFFI LL-SC.\lJ·; "'I. \(;.\ LHI YL\SE I'IA VI' 

'1'0 ealeulatc, for purposes of eornparison, the cost of producing 
ale-ohol from grain mash saeeharified with fungal amylase, an estimate 
has been made of the investment and production costs for a fungal 
amylase plant to operate in conjunetion with the aleohol plant; of the 
Grain Processing Corporation. l.t is emphasized thai: the estimates 
given are spel.'ifie in that they apply to a possible installation at the 
;\iuseatine plant. Certain items of equipment and of operational ex
pense pertain uniquely to this aleohol plant; hence, general application 
of the data should be made eauLiouslv. 

The design of the hypothetical pl:lnt and the cost estimates were 
based on the followin~ considerations alld assumptions: 

l. The distillery is to ma8h11,850 bushels (as I'eceivedl of~o. 2 
(,OJ'll pel' day for 27 days pel' month to produce 842,000 wine gallons 
of l~)O-proof 01' 1,600.000 proof gallons of alcohol per month. The yield 
of alcohol is assumed to be 2.63 wine gallons of 1!)0-proof or 5.00 proof 
gallons of alcohol per bushel of grain las received L 

2. The e>;timates are based on the use of 3.1 gallons of fungal 
amylase liquor pel' bushel of eorn. l.t is recognized that as little as 2.7 
gallons of mold liquor pel' bushel of grain might be adequate; however, 
so that the costs might be eonservatively high, the larger figure was 
used. 

:3. In view of considerations 1 and 2, the required averagc daily 
eapacity of the enzyme plant is ;;)(;,800 gallons. 

4. The- maximum rate at which sterile ail' is supplied to the fer
mentors during production of the amylolytie liquor is 0.25 volume 
of air pel' volume of medium pel' 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 fermf'ntors in which the fungal amylase liquor is produced 
are to operate on a cycle based on II (iO-hour ferment<~tion period. 

Corn meal and calcium carbonate are fed quantitatively and con
tinuously to a mixing tank along with fortified thin stillage fr'om the 
(l>ed recovery department of the distillery. The medium is sterilized 
by pumping it through a stearn-jet heater: and a holding pipe which 
constitute the cooker. The jet heater im;tantaneously raises the tem
perature of til(' IlwdiulJ) to ;HlO° I". (i'):3 pounds pel' sqmu'l'-inch gage) 
and the liquor is retained ;ti, this temperature (01' (i to 12 minutes. The 
s::erile liquor is ('ooled to H(i P by passage through a concentric-pipe 
heat exchanger. A portion of the m(;'diurn is delivered to a seed-culture 
tank and till' l'('maind(lr to a ft'rlJ1('ntor whieh has been cleaned and 
sterilized. 

Approximately 2.;> gallons of a culture of Aspergillus niger, .i\RRL 
;{:37, is pn'pan'd in tlw laboratory and used tv ino('lllate 250 gallons 
of sterile medium in a seed tank. Aseptie precautions are observed 
throughout the plant and eflpecially in the preparation of the inoculum. 
The seed culture is grown for 24 hours and then transferTed to a fer
mentor that contains about 24,750 gallons of sterile medium. After a 
fermentation period of (;0 hours at 8(iOor tiiO Ii'., the ('on tents of the fer
mentor are pumped to the distillery as required. 

Sterile ail' is supplied to both the fermenlors and seed tanks at the 
rate of 0.25 \'olume pel' \"olullle of rnedium per minute. The air' is 
eompressed and then sterilized by passing it through a tolumn packed 
lvith acti\'ated ('arbon or through ('otton filters. 

During the period of operation 127 days per month I Jennentors are 
set at the rate of approximately one e\"eryW hours. For one fermentor 
2,m~0 pounds of eorn, 520 to .1,(l40 pounds of calcium carbonate, and 
about 24,500 gallons of fortified thin stillage are required. 

The investment eo!:;!: for the fungal amylase plant and for the neces
sary distillery modifications is estimated to be $305,000. An itemized 
account of this cost is given in table 4. 1\0 steam plant is included in 
the estimate, bee-ause the fungal amylase would be produced in con
junction with the aleohol pl:~nt of the Grain Processing Corporation, 
which has a steam plant of sufilcient capacity to satisfy the require
ments of the enzyme plant. 

The estimated production costs for the mold amylase plant are pre
sented in table 5. All charges are included except administrative 
expense. The e-ost to produee suflicient fungal amylase to convel't 1. 
bushel of b'Tain in the distillery i estimated to be 4.62 cents, which is 
equivalent; to 1.76 cents pel' wine gallon of 1.90-proof alcohol, or 0.92 
cents pel' proof gallon. 
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TABLE 4.-Eslimated cost of fu.ngal am1llase plant, equ.l:pment, and in

stallation for operation in conju,nction -with alcohol plant of Grain 
Processing Corporation, 1949 

l('ftpadt.y (If plant.: ;30,800 ~Illlons of fllnglll 1i11llor per dllY, opcrat.ing 27 dnys 
,lfr' mont.h] 

Esti
IIllltedFlln~:11 IImyiasll plllnt ('ost 
1.01.111 
cost 

!JUr'ld;II/I$ Ilfld ;l/IllfQt'(!/llt'/I(B: D(lll{/r.~ 
OJ\l~. building, till~, $0 X (iO X :.lO, . • . . .. .. . . • • . . . . . . . . . . . . .. . ...•• 7[j,OOO 
Olt(' \l'dl; drilling, !>lIIl1p. motor, PlllllphoIlF(', (·I.e., 1,000 g.p.rll........ . 14,000
Thn'(' trlIllRfOl'lncrs, 500 kyo = a.,·.1 a,200-.J,j(J \·olt•.. , . . . . ... . ... . .•.•. !I,OOO 

Tot/d." ..... . ..... .. ...... , .................. .. .. 08,000
~~ ~ ~.~ ~ 

f,'mliplII!·II/.: 
Six t:Hlks, f,:'rll1cnl.or, working (·apat'it.y·-·2ii,OOO gill., with Hgit.!',l.or, drivc, 

lind mot.or •.•................•.•.....•.......•... nl.$.I11,OOO 00,000 
Six nil' ,'Ornpl'l'ssflr:!, ',OOt) cJ.m. Ilt 20 p.s.i.g............... lit, $3,750 22,aOO
FOllr tllllks, S4.'I'd ft'rlllentor, working ('aplicity 2r.O gal., wit.h ~pllr·gN. IIgi

• 
tlltor, IIlld lIlotOr. .. , .• ,.. . .... " ....••......•••... lIt S\,500 (i,OOO 

Ollr:' continuous ('ook/'r', eOlllpl/:t/~ wit.h j(-t. Ill.'llt'.'r and l'Qnt.rob .•••...••. 2,000
Ollf~ h~'nt /.'~ehnllgl·r, eOf\CI.'I\tl'i(· pip,· ('oul('r, 2,000 liq. rt.. . . .. . ...... . 8,000
Om.' hill, eorn si.ora~l·, with f('!'t!t·r·.... . .. . ...•......•......•... I 200 
1'\1'0 hin", ch"I11:/:111 st.On1gf.', with f\·..d"r.. . . . • . . . . • . . .. . ....•• 2:400 
Olle hallllller mill, with n·IOI.(lI', (·fJlnpll·I.(.. . .. . ... . 2,500 
qne tll!lk{. rni~ing. 2,000 gallolls.. .. . . . . . . . . . .. . . . . ... .! 750 
/«lIIr fIIr 1It('rs... ...... . .•... ,.. . 2,000
On\' nir r('(:I'i\,\'r ..... , ... . . ... .... . . .I, (100
IllstrUlIll'nl~ 1111/.1 cont.rols. .. , ..... ,.. 5,oon
Lllboml,ory (·qUiPllIt'llt.. . . . . . . . . . . . . . . . . . . 5,0011 

I·~"-. Tot.nl. ...... . ... , ..• ,. , 154,3ilO 

Aiteratiolls /11 d,..~WLay: 
Still:lg/;. Iin(' frOIli ddt'r hou;;,:. . . . . . . . .. .. 500 
Pipe to inel'(,Il${' (,IlPH('it,· of ('on\'{'r;;i!'1l lillt' ... .. ... . ......... j \, 000 
Qne cOIII.rolll,-r (t.o ('ont ri)1 mt.io of flo'" of flln~:11 liltuor' t.o lIlaRh) .. . \, lIOO 

Tot.HI. .••.........•.•••...• 


I fI.~I(jlllltton C(l~ls: 
E1eetric \l'idllg lind supplies. . . . . .. ,... ...... 5000 
Pipe lind PUIlI·Pfi. • . . . . • • • . .. ...... , , Hi: O{)()
Construei.ioll: Labor, l'x(:hrsh't' of huilding •... 30,000 

TotaL •••. 50,000 

TOI(lI ••.... aO.J,85{) 

Totlll ('ost of pin lit., rt'I1(ly for Opl'l'lll.i()lI .... 305,000 
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TABLE 5.-Estimated monthly operating costs fOf the production of fungal 
amylase liquor in a full-scale plant, 1949 

[Capacity of plllllt: a6,8011 gillions of fuuglllliquor pCI' tillY, oplll'llting 27 tllIYS •
PilI' mouthl 

'Estimllicd Coat ,leI' a.1. 
}'ulIglllnlllyllllsc liqulJI' produei,ioll ('ost llIonthly gil. of 

('OHt liquor I 

N(lW l/I.(Itert't,I.s: Dol/aI'S Gel/t.~ 
Corn, 82,\I()O II.•. lit. SI.ZII pc,' bu~h,'I. •........ , •.••.. 1,770 0.555 
C'i,kiulll (,lIr\)Olllll.(·, 41,400 11.1. lit SO.OI pI'"~ It......... . 414 .12!)_._-

...""'''--- 
Tot.al •.••••.....•.•.•....•...••••........ , .•.. 2, .Ino 0.084 


Supplics ..•......•.. , •....•..•..•..•.••..•...••...• 500 .50 

Utilities: 
Elc(·/r·icity, 500,OOn kw. -" hT.Ilt. $0.n05 ............ " 2, .'iOO O. 781 

Sh'lIll1, 1I,OOO,OOO Ih., COllI (·ost. ollly .•...•••........• 2, HiO .1I72 


Tot.III ......•.•.•..•..•..•••..••..••..•.....•.. 4, (i50 1. 45a 

Le'/'or and sliper/'islllll: 
Olle opcmt.or per shift" 720 hOIl/'$ at. $1040 pc/' hOIlI .• ' 1,008 o. alc. 

'1'\\'0 laborers )lcr shift, .I ,440 hours at. $.1.2.". I~r hour .. .1,8110 .5(\a 

Olle dlt'lIlist-h:wteriologist., $400 pc.'r month......... . 400 .125 

Olle i\upcrvisor, $.';00 PCI' mOllt,h ................... . 500 .15U 


'Potal ..•.••..•.....•.•......• , •....•••..••.... a, 708 1. .151) •~"ilint.elllln('e ..•...........•......•............••... 500 0.1.50 


Pi.r:ed c//('I'!lcs: 
Deprcciution

Eq~lil~l\Iell~, \0 pel'cCIlt. pc.'1' yelll' Ol~ $2:30,000 ...•... I, OJ 7 O.5!)n 

IImlllllg. ;J pen·c.·Ilt. pCI' year 011 $70,000...•....... ala .008 


TaxeR find inRIlr:i1H'e, " percent. 1'('1' yeal' 011 $:305,000.. 1,00i · a18 

Total .•. a,24.7 L015 

Slll,'/I//(Iry: 
Hall' matel'iaIR .••.•. " ..•......••••.•..••. , ..••.. 2, 190 O. (\84 
S!lppl.ics. . • . .. . ..•.•.............•.•............ 500 · 15(\ 
I. tlllt.ICS ...••••.•..••••••.•... '" ••••.••...••••.• 4,(\50 1.453 

:Lllbor and slIpcrvisioll ...•.......•..•..••.•...••.. a, 708 I. 150 

l\luintCIIIIIH.:e ....•. ' •...•....••.••..•••.•.•.••..•. 500 · 156 

Fixed dwrgcs ...•.••..••..•........... " .•....... 3,2·17 I. 015 


Tot,1I1 produ(,t.ion cost, ... , ......... , ............ . 14,795 24.623 


I :3.1 gn\1c,lIIs is the qllllllt.it.y of liquor to be uscd for t.he convcrsion of 1 bushel of 
gl'llin.. 

2 Sill.,,:. t,he yicld of idc{Jhbl per bushel is assumed t{) hc 2.(ia wi!!e gu\1ons .of lOO-proof 
('.1' 5.00 proof g:,\10118 of alcohol, t,he (:ost for the fUllgnl r,'ol1vcrtmg ngent IS 1.76 cents 
ller \\'ine gll\101l IHO-proof or OJ)2 cents per proof gll\101l of alcohol. 

• 
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COMPARATIVE COSTS Ol<~ PRODUCING A LCOTlOL 

Table 6 shows the comparative costs of alcohol proQuced with malt 
and with fungal amylase. The assumptions used in making the calcula
tions are stated. Op~rating costs to produce alcohol were based on data 
obtained from the Grain Processing Corporation and represent pro
cedures and wage scales which prevailed during the experimental runs 
at Muscatine, Iowa. . 

T AIIL}J 6.-·Comparative costs of alcohol lJi"oci'ltced with fll,fI,f/al n1nlllase 
a(nd 1vith mnlt I 

-------------------_.,  ------~--
Distillery opemtioH with 

Hem 

Fungali\llIlt. 
amylllsf~ 

IJa,~e,~: 
Akohol yield pCI' bushel No.2 COl'll, liS received ...••• 

. . " •...•.....•......•••..••.•... wille gallon~.. 2. G8 2.63 
Drif:d byproduct fe~·d n'l'ov('l'ed pel' bushel No.2 ('01'11, 

111\ recel vlld. . . • . . • • . • . . .. • ••..•.•.•..• pounds. . Hi. 0 W.O 
QUll!ltity of (:o!lvf!rsioll IIge!lt. u81.·d. . •. . . . . . .. . .• •.. . 0 pel'cellt 3.1. glll./bu.
Cost of (.orn, No.2, IWI' .'ili lb. buslll,l, as I'eceiwd .•.. 

• 
..........•...••.•...••......•.....•. . <I(1I1:1l's. . .1.20 I. 20 

Cost of 11111 It., per 84 lb. bu~hcl, II~ reeei ved ..• dollars. .1.70 
Cost of funglll IlIlIylllse liquor, pCI' a.1 gal. .•.•• cellts ..••......•... 4.H2 

COST l't:U WINE GAI,LON 100-1'.1100.' M.COIIOI,; 
Operatin(j costs of (lico/toi1Iiallt; Dol/a/'8 Dol/aI'S 

Labor...••••.••..........•...•...•...•.•••..•• 0.Of,23 0.0.">23 

StC!"llll . • ~ •. , ............ ~ I ~ •••••••••••• ,. ........ ~ • .034!) .0340
• 

Supplies...•.•.•.............•.•....•.••..•• , .. .0148 .0143 
Eledrjl'ij,y.•••.•.... , .. , •..•.••...........•.. , • .0077 .0077 
Ge!lcrnl and administrat.i)'e expl·nsp •....•••...•... .03W .0316 

Total OPCl'llting (,08tH ....... , •..•...••...... 0.1·108 0.1408 

1===== 

Ua!1) III(I/erial COSt8: 
Corn, III.a77 lb. and 21.208 Ih.. . .. . .• , ••...... ,. 0.4152 0.4[,68
MaIL, !.nJ(i lb..•.•.•..••........ " ........... . .OH58 
FUllgal nrnylnsc, 1.17!) gaL ......•............... .01.76 

-~-.-----

Tot,1l1 cost. of 1'Il\\' milterifd~. . . . . . . . . . . . . . . . . . O. ij 1.1 0 O. <,I no 
1====1:==== 

Totnl produC'tion cost ~ ..................... . 0.0518 o. (i1"7 


Suvings by use of fungal lunylasc per win(' gallon of 
JOo-proof nll)ohol ....•......•..•..••....•......... o.o:m 

I Figlll'cs hased on .W·I\) I:O~ts allll on illforlllat.ion ~upplil~d by t.he Grllin Pl'o(,Pl'sing 
Corporation, l\Iuscntin(', ]011':1. 

~ These totals do !lot ilH'lude ('I'edit for I,l)'product fped, I'pnt, 01' profit" all of whkh 
would be !,III! SlIllle for dist.illery operat.ion with either molt 01' fungal alllylnsl~. 

• 
It should be noted that operating costs in the distillery arE' the 

same for both malt and fungal amylase. 'l'his is to be expected be~ause 
the operations and yields of products are the same for both converting 
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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
t.ion 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 to 3.71 cents per wine gallon of 
190-proof alcohol. If a distillery operated at a capacity of 11,850 
bushels of grain per day, it is indicated that a total saving of $1,150 
per day is possible. 

'rhe extent of the savings in production cost when fungal amylase 
is used instead of malt is the difference in price between barley malt 
and corn. This 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 fungal amylase. However, if corn can be obtained 
for $1.00 per uushel 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 H10-proof alcohol. 

8.0 r----,-- '1'--------,----,---,-----, 
8.tses:W 
~"It oonvcrsion, 9 percetJt 

Z....l fonqal I iquor conversion, 3.1 glillon5jo per· bu~hel 
" J: 6.0 Funq'" liquor cO!ot, 3.1 941100s. 

(/)0 ij.62 cent!. 
.... 0 Tield. 2.63 wine 9"llon5 190·proof

z....I :ilcohol pcr bur.hel com as reccl'lcd 

w~ 
o u...40 

- 0 . 
(/)0
C)o: 
~o. 
>1 
~ 02.0 
(/)0\ 
.... 
(/) 

o 
o 

/"(GURE 4.-~ Relationship between difference in costs of malt and corn, and the 
possible savings in production cost of alcohol by the fungal amylase process. 

SUMMAUY AND CONCLUSIONS 

1. The preparation and utilization of fungal amylase by a distillery, 
and in conjunction 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 commercial 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 fel'mentation. 

• 


• 


• 
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3. Fungal amylase liquor can be used to replace malt completely . 
in mashing operations if the liquor 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 alcohol obtained is no less than that obtained 
when malt is used with the same type of corn. 

6. There is no si~nificant difference in el)zyme 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-converted 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 
obtained. 

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 power of the mold 
agent. I t 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 
distilleries 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 
alcohol. 

10. Feeds recovered from fermentations of mold-converted mash 
are, by appearance and chemical 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 

DET.:CTIOS 0.' I"'CT.:HIAI, COSTAmNASTS IS FUSGAI, A~IH,.\SE 
~U:"'U~I ,\NIl IN .'ILT.:HEI' AIH 

A sample of mold liquor is withdrawn aseptically from the ferrnentor 
or seed tank into a sterile flask. One rnl. of this is transferred with a 
sterile pipette to a large test tube that contains 10 rnl. 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. rrhe result should be 
confirmed by examination of the broth under the microscope. 

• 


• 
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• 

DlRJoXTIONS FORPHJo~PAIUNG TEST MEDIUM I 


1'"lllrie"t l!Toth Suit .~Ollltioll 

Glurose.. . . . . .. .... . ...•.•. 1 gm. Mg SO. ·7H~0 ............... 4 gm.

Yeast extract ............•.... 1 gm. Fe SOI'7H 2 0 ... '" ........ ,0.2 gm.

Peptone•.................•... 1 gm. Mn SO.,·4H~O .•...•..•..... 0.8 gm. 

K2H PO.i ................... 0.5 gm. NaCl. .................... 0.2 gm.

Sodium citrate.•.............. 1 gm. ConI:. HCI ............... " 0.4 ml. 

Sodium al'etate ............ 0.1 gm. Water to make .•.......... 100.U ml. 

Salt solution. " . . . . . . . . . . . .. 2.0 ml. 

Water to make •..•....... 100.0 ml. 


I Dispense 10-ml. quantities into test tuhes; plug with cotton; sterilize 15 minutes 
at 250 0 F.; and cool. 

Sterility of air used in the fermentor and seed tank is tested by the pas
sage of a sample stream of it through 200 ml. of the described nutrient 
broth for 30 minutes. The broth is contained in a 1,OOO-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 be confirmed 
by examination of the broth under the microscope. 

• 

The methods for the determination of alp.ha,.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 which give 
a characteristic color when the enzyme-substrate mixture is added to 
a solution of iodine and potassium iodide. 
I. R ~JA(1 EN'I'S 

(n) Stock iodine solution: 5.5 brrams of iodine crystals 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. 

(b) Dilute iodine solution: 2 ml. of the stock iodine solution (In) 
is added to 20 grams of K[ dissolved in water and made up to 500 ml. 

(c) Buffer solution: 120 ml. of glacial acetic acid and 164 grams of 
anhydrous sodium acetate are dissolved and made up to 1 liter. 

(ell 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. 'rhe beta-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 "(I) 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 starch (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 buffer solution and 
250 mg. of beta-amylase (Jd) dissolved in a smaJl 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, 80° C. for 
not less than 24 nor more than 72 hours before use. 

tfl Standard solution: 100 m!. of 0.01. IV Hel are added to 25 grams 
of CoCl!! . (lH:!O and 3.84 grams of K:!Cr:!07. l(1-m!' portions are 
placed in test tubes which are then sealed. These standard solutions 
may be k('pt indefinit(·ly. 

11. E~znll~ Ih;'\("I'I()~ 
(ll The fungal amylase prepamtion (culture tiltJ·atel, the sub

stmte (Ie) and iodine (JI/) solutions are all attempered to 30° C. Five 
ml. of fungal amylase Iwepamtion (or appropriate dilutions thereof) 
i:; added to 10 m!. of the fiubstrate solution (Ie). The instant that the 
fungal amylaseprepamtion is added to the substmte solution, the 
time is noted. At appropriate time intervals, I-ml. samples of the 
reaction mixture are tr·ansferred to test tubes containing 5 ml. of the 
iodine solution (lbJ. The optical density of the mixture is compared 
with that of the standard (If} in a mpidly acting photometer (type 
similar· to Lumetr-on model No. 400 with a 650iJ. tilter). The instrument 
is set so that the standard llf) gives 50 percent transmission. When 
the reaction has proceeded to tile point where the enzyme-substmte 
solution gives 50 percent tl ansmission when added to the iodine solu
tion (1&) the md point has b('en reached and the time is noted. The 
elapsed time is refen·ed to as the dextrinization time. 

Samples should be taken and read every 15 seconds as the end point 
is approached. Although a photometer is desirabl(> and convenient to 
use in this determination, visual reading may be made when such an 
instmment is nOt available. 

l.n. C;\I.('l'\,A'I'IOX 

'rhe alpha-amylase acti\rity may be calculated fr-om the following 
equation, where 0.'1'. is the dextrinization time. 

O.~ "f!O. X dBn. . "" gr~ll'!ls beta-amylase treated starch dextrinized per ml. of 
:I "0:1'. ml. 1:'111.. sol. ortglllal ellzyme solution per hour. 

Example No.1: 
5 ml. of 1:100 diln. of fungal amylase has a 0:1'. of 10 minutes. 

0.2 ,<tiO ,«1)0 _24 grams beta-amylase treated starch dextrinized per ml. of original 
-C' fO '5- - enzyme i;(>lution per hour. 

Example i\o. 2: 

1 ml. of 1 :20 (liln. of fungal amylase plus 4 ml. of water has a O.T. of 10 minutes. 

0.2 XliO ,,2Q _24 grams beta-amylase treated starch dextrinized per ml. of original 
'1 TO" [-enzyme solution per hour. 

For convenience, table 7 has been compiled from the foregoing 
equation. 

• 


• 


• 
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• 
TABLE 7.--{huml! of IJe/Il-alllylakfl/rcIJlcd starch d,!xtri.1,izlld 'Il'lr mi. of oriyi,II///. /:lI:ymc 

/101111 ilJn 1,eT /I/m r 

~in::~' 0 .",.-~;. ...,~+ .:~+-·;;-+-·~:,·;,~,tc.--l·'·~.'·;-- . ~~ 
----. --·~I-, '--- -----.--. ~-- ...:-.-....-
10.. ...... O. 240 O. 2:14 O. 2~~1 O. 22:1 ~ I ", ... O. I J.I O. I I a 0. I 12 O. I H) 
II ..• ,.". t!!IS .2J:i .~UH .20-' ~::!'." .. d tlOn ,108 .101 • If);; 
12 «... .2(~) .1[111 .1112 • 188 2:1 .. "... • 104 .10:.1 .102 .101 
1;1... " IS" ,181 .1.8 • 175 ~).t... .. • I(W) • DOli .01.18 .O!!7 
14 , • I i I • I Uil • 1(\(1 , ttl;! 2" .•• " • OIJ{1 • OIl,; • OlH ,(W:I 
1[1.< i 4ltj,Q .I;'j ,If,;"; .1:i2 ~O" ... *OH2 ,HUI .001 .0"10 
lfl. .. • IW .1.18 • I-li. • 101:1 !!i .•... 1 • OS!! .OSR • OS. .fl8 • .l 
17.. ".. .1·11 ,1:1\1 .1:17 .1:15 2S I ,OSH ,OS':;,' .OR·I .08:.1 
IS .... • t:I:I • 1:.12 . 1:10 .1!!8 2U .. · .. '!'" . (lltl .01'2 .081 .081 
Hi... ... .126 .125 • I!!!! I"":CO ....... .OSO I 
20. .... .120 ,11l1 ,117 .11(1 

.•.. " .....-..- ' ,.. .- .. 

The use of the table is demonstrated in the following examples: 
5 ml. of 1 :100 diln. of fungal amylase has u 'D.T. of 10 minutes. 

10 min. =0.24; (liln. i~ 1: 100. 

·0.241 1100 i =24 grums of betll-amylllse treuted sturch dext.rinized per ml. of 


original enzyme solution per hour. 
I ml. of 1 :20 (liln. of fungalamyluse plus 4 ml. of \\'uter hilS a D:r. of 10 minutes. 
10 min. =0.24; (liln. is 1:20 unci 1:5. 
10.24., 120, (5J =24 grAms of ht'tu-umylllse trellted starch dextrinizecl per ml. of 

original enzyme soluHon per hour. 

• 
IV. Pnt-;CAU~I'IONS 

ill The type of starch used is very important. Soluble starch pre
pared according to Lintner, "Special 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, acco('(ling to Lintner, "Special 
for Diastatic Power Determination." 

\2.1 In the preparation of butfered beta-amylase limit dextrin de), 
the starch must be in complete solution after boiling for 1 to 2 minutes. 
"'ormation of starch film must be avoided by pouring while hot into 
the volumetric flask and cooling quickly prior to the addition of the 
buffer r,Ic) and water to make up to volume. 

1)":T":Il"IS.\Tlft~ (.P ".\I~T,\:';:"; ,'4~Tr'VI1'l' li'i "~I.·:"H:,\I ...\", I*\~": l·fC ..: .. ·\It_,\·III.:t~:; 

1~he method, developed at the Northern Laboratory for the de
termination of maltase activity in fungal amyla::;(' preparations, i;.; 
based on the observation that an increase of 78 percent in reducing 
power is obtained when maltose monohydrate is hydrolyzed to glucose 
under the conditions given below. There is a stoichiometric relation
ship between the amount of enzyme and the hydrolysis rate, when the 
rate is calculated from the difference in maltose hydrolyzed at 15 and 
120 minutes. 

1. Rt::A(H~N'rS 
(a) pH 4.4. acetate buffer (6.0M), 217 ml. of glacial acetic acid, and 

183 grams of anhydrous sodium acetate are dissolved and diluted to 
1 liter with water. 

(b) Acetate butfel' (0.3M), malto::;c substrate (O.06M) solution. 

• 
2.35 grams of maltose monohydrate r92 percent pure as calculated on 
reducing value, for example, of Eastman Kodak Co. product) and 
5 ml. of acetate butfer are diluted to 100 ml. with water. 
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(C) LV sulfuric acid, ltV sodium hydroxide, ph('nolphthalein indi

cator. 


(d) Reagents for sugar estimation by method of Somogyi (7), • 
11. ENZY.\II~ RI~A("I'I(}N 

Pive ml. of fungal amylase pr'eparation (culture filtrate) and 10 ml. 

of buffered subst.rate solution, both attempered to aoo C., m'e placed 

in a test lube and the tube is incubated in a water bath at :300 C. 

After 15 minute!;, a :3-rnl. aliquot of the reaetion mixture is traIH;ferred 

to a 100-ml. volurnetrie flask eontaining ;~ rnl. of lS H;!SO I to in

activate lhe enzyme. ,After J20 minutes, a s('eond :~-ml. aliquot of 

the reaetion mixture is treated in similar manner. 

111. AoS':\LY:-;':-; 

,After 10 minutes, the aeidified reaction mixtures are adjusted to the 
phl'nolphthal('in end point; with LV :>odium hydroxid(' solution and 
made up to 100 ml. with water. Five rn!. aliquots are taken for analyses 
for I'edueing \":tlue fR.V.1 by the method of Somogyi t71, using the 
20-minute heating period. 

In this proeedure, theR. V.'s of the reaction mixturoes, obtained 
after 15 and 120 minuteR

O 

hydrolysis, are measures of glutose produced, 
residual maltose, and reducing sugars in the enzyme preparation. 
I\T. (,,\ l.l'l'I"\',,,o>: 

a"" R.\'. of reaction mixture ineubated for 15 minute:.;. 

b=R.\'. of r('action mixture inc-ubated for 120 minutes. 

i b-a) , / I' . I t f" S () "'1.- 0 "')0" ()O

0 '-8' /"q:~u('oseequ'vaeno ..,a;l";! :1;-;, ,.ll"'X~ ,'-]()t'==- mg . .(, , ,) 

111 a I tOS(1 hydrol.vzed ml. of ('nz)'n1(' pn.·paralion in 1 hr. 
\'. p,(Io:('.\ (.... 'os:; • 

Hydroly:.;is rate \'alues Rhould be between 2 and 10 mg. maltose 
hydrolYZl'd ml. l'nzy"w 1)r('IXlralion in 1 hr. to b(' aeceptabll'. V'alll('s 
in higher range are preferred. 

A pH of 4.4 must pre\'ail in reaetion mixture. Fungal amylase 
preparations highly bufrered at pH \'alues other than 4.4 must be 
adjusted to approximately this point before testing. 

The method of analysis was adapted by I:;rb, Wisthofr, and Jacobs 
! .11 from a ('Olll bi nation of two analytical procedures methods 20.61, 
p. 257, and 20.28, pp. 244-24G given in the Journal of the Association 
of Agricultural Chemists, sixth edition (1!)451. 
R'';A\;'':.\'''':-; 

((I,) Starch solution I:~ pereentl.:\ilake a p~lste of agrams of Lintner 
;:;oluble stareh with told water. Pour slowly into about 70 Ill!. of boiling 
water. Cool and add water to 100 Illl. 

tbJ Huffer solution. Make 6 ml. of glaeial acetic acid and 8.2 ~'ram~ 
of anhydrous sodium aeetate to 1 liter with water. The pH of thi!:' 
solution should be 4.f; to 4.S. 

iCI Sulfuric aeid solution. t:t58 Xl. 50 Illl. <:on(·. H:!SO" diluted tc 
500 ml. with wMer. 

{dl Sodium tungstate solution. 12 gramR diluted to 100 ml. with 
water. 

1('IF'erri.::yanide ~ollltion. to.1 XL:3:3.0 grams of pun' dry KaF'e- • 
tC\J III and 44.0 grams of anhydrous 1\a2(,Oa per liter. " 
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(j) Acetic acid-salt solution. Make up 200 ml. of glacial acetic 
acid, 70 grams of KCl, and 40 grams of ZnSO., . 7H20 to .1 liter with 
water. 

(g) Starch and Kl 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 resultin~ 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). 

(h) ThioiSulfate solution. 24.82 grams of Na2820a . 51-1 20 and :3.8 
grams of Na2B.,O, . .10H 20 per liter. 
PROCtJDURf; 

The following are placed in a 100-ml.Erlenmeyer flask: 
20 ml. starch solution (;J-perl~ent Lintner soluble starch solution"!. 

25 ml. buffer solution. 

1 ml. fungal amylase (fiItrlltll from mol(1 culturel. 


Hold for .1 hour at 30° C. in a water bath. Add 2 ml. of :3.58 IV 
H2S0 4 and 2 ml. of sodium tungstate solution ..Filter at once; discard 
first 8 to 10 drops. Pipette a 5-ml. 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 room temperature and empty the 
tube into a 100-mt. 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 bufrer in each test. 
C.\LCULA'('IONS 

• 
Use table on page 245, A.O.A.C., sixth edition (p. 2l6, A.O.A.C., 

5th edition), to find the amount of maltos.; 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 (,0 gives the percentage of conv('rsion 
in .1 hour at 30° C. 
Example: 


Blank 9.68 ml. 

Test 1.52 ml. 


'8Jirml. ...475 mg. maltose 
475 X 1 '19 -8 .2() (iO <=>', ••0 percent conversIOn 

If the results show over 40 percent comrersion, a smaller aliquot 
than 5 ml. may be taken fol' the ferricyanide test and the results 
calculated accordingly. 

.APPI~NJ)IX B 

AI'I'.\I'~\TeS ,\:'in Tf<:C;IINIf:'U!F.S 1-:)11'1.0\'.:" 1~ TII"~ "llonC't:'I'IUS ,'\~ .. 
TIt~\SS.·":1I 0.1 ISc·.(!t'I.'T~1 

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 whi<:h is incubated to propagate 
the fungus, and a small portion of the vegetative growth is then trans
ferred to 200 ml. of broth in a I-liter El'lenmeyer flask. No special 
techniques or equipment are required for these operations; standard 

• 
bacteriological procedures are quite satisfactory. 

After the flask-culture is intubated on a shaker for 24. hours part 
of the culture-liquor is used to inoculate a second flask identical 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 pluggeJ with • 
cotton, as shown in figure 5-A. 

•@ 
J<'IGl'IUJ 5.· .·1, Shaker-tlask and, B, apparatus for transferring culture. 

After incubation, the total contents of the second flask are used 
to inoculate a carboy of sterile medium. The carboy with special 
fittings is shown in figure 6-A. 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 (c). The length of tubing tc) is packed with cotton or 
glass-wool. Air that is passed into the culture during fermentation 
is sterilized by means of this filter. 

To prepare the carboy culture the bottle 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 (1) and (g) are closed. The en
tire unit is then sterilized in an autoclave for 60 minutes at 2670 F. 
(25 p.s.i.g.). 

Inoculum is transferred from the second shaker flask into the carboy. 
~"or this purpose the apparatus shown in figure 5-8 is used. The glass 
tube (p) is protected by means of the test tube em) which fits snugly 
onto the rubber tubing. The filter tube (n) is packed with cotton. The • 
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assembly, including the stopper, is placed in an empty I·liter flask and 
the stopper and top of the flask are wrapped in cotton. The whole unit 
is then sterilized in an autoclave. To transfer inoculum from a shaker 
flask to a carboy the assembly is shifted from the empty flask to the 

, 
Condensate 

@ 

• 
FlCt:RE O. ~. Details of: .4. Carb0y [n which culture is grown; and 

R. ino('u!um yalve on .se€d tank. 

shaker flask: the test-tube is remo\'ed from the glass delivery tube; 
the cotlon 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 aseptically. The flask is then inverted 
and the culture flows into the carboy. If clumps of mycelium plug the 
delivery line, air is pumped into the flask by means of an aspirator 
bulb attached to the end of the filter, 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 lei, pinch
clamp !II is opened, and the flow of air into the carboy is begun. 

Inoculum is transferred from the carboy into a seed tank through 
fitting Hi), I fig. 6-A.! into the inoculum valve on the seed tank. A 
sketch of the valve a'lsembly is given in figure 6-8. 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 !'he time of inOCUlation, the cap is remo\'ed, the cotton 
covering and plug removed from fitting ld, of the carboy, and the 
adaptor inserted into the opening of the inoculum valve assembly. The 
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inoculum valve is opened, the steam and drip valves are closed, and 
pinch clamp (g) is opened. Air is passed into the carboy through the 
filter (e), the vent (a) is closed by covering it with a finger, and the • 
pressure which develops forces the culture liquor into the seed tank . 

..':u. 5. GOV£INIIEIIT '1INnNG OfFICE, IISO-It• ., 
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