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During recent years many new and extended uses have been developed for
fungal enzymes. Prominent among these are applications in the fields of food
manufacturing, textile processing, and in the manufacture of malt beverages and
industrial alcohol.
Although certain microorganisms are capable of elaborating amylases when

grown under submerged conditions either aerobically (Waldmann, 1942) or
anaerobically (Hockenhull and Herbert, 1945), industrial production methods
generally involve cultivation on the surface of unagitated liquid or semisolid
substrates. Exceptions are the "amylo" process (Owen, 1933) and a modified
amylo process (Erb and Hildebrandt, 1946), in which selected strains of Rhizopus
or Mucor are grown under submerged, aerobic conditions to saccharify grain
mashes prior to alcoholic fermentation. More commonly, as in the production
of mold bran (Underkofler, et al., 1939; Boyer and Underkofler, 1945) and bac-
terial amylases (Beckord et al., 1945, 1946), media are incubated in shallow layers
in closed vessels or in open trays. Attempts to adapt these microorganisms to
deep tank conditions to produce comparable yields of amylase have been unsuc-
cessful.
The submerged culture method of producing amylases would have definite ad-

vantages when the product could be employed directly without concentration or
purification as, for example, in the alcoholic fermentation of grain and in the
manufacture of sugars and dextrins from starch. With these applications in
mind a survey was made of a large number of molds to determine their ability
to synthesize starch-hydrolyzing enzymes when cultured under submerged con-
ditions. The present report deals with (1) the results of this survey of fungi,
(2) the factors affecting the elaboration of amylases by promising strains, and
(3) the substitution of mold amylase thus produced for distillers' malt. Pilot
plant studies have been conducted with some of the promising strains disclosed
herein, and the results of these experiments will be reported at a later date.

METHODS

Culture survey. The cultures investigated were selected from the culture col-
lection of the Northern Regional Research Laboratory. The basal medium for
the survey of cultures was thin stillage obtained from the alcoholic fermentation
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2 Present address: Hiram Walker and Sons, Inc., Peoria, Illinois
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of corn and sorghums. It contained 4 to 5 per cent of dry substance, approxi-
mately one-third of which was protein (N X 6.25). To favor the growth of all
the organisms studied, 2 per cent of glucose and 0.5 per cent of calcium carbonate
were added to the stillage. This medium was sterilized with steam at 20 p.s.i.
gauge for 30 minutes.
For evaluation of the selected organisms for amylase production, cultures were

grown first in 50 ml of thin stillage medium contained in 200-ml flasks. After
24 hours' incubation, 10 ml of culture were transferred to 200 ml of the sup-
plemented stillage medium contained in 1-liter flasks. All cultures were incu-
bated at 30 C and were shaken continuously at 90 three-inch strokes per minute
in a Kahn type shaker. Samples were removed periodically for the determina-
tion of amylase activity.

Culture liquors were analyzed for the presence of dextrinizing enzyme by the
method of Sandstedt et al. (1939) as modified by Olson, Evans, and Dickson
(1947). Units of dextrinizing enzyme reported herein are the grams of soluble
starch (Merck, Lintner) which, in the presence of excess beta-amylase, are dex-
trinized in 1 hour at 20 C.4

Variations of cultural conditions. To determine the influence of different car-
bohydrate and protein sources on amylase production, a fungal strain which was
found to possess exceptional amylolytic activity was grown under conditions
identical to those obtaining in the survey except that various protein and car-
bohydrate materials were substituted for thin stillage and glucose.
A study of the effects of different concentrations of calcium carbonate and

calcium chloride was made under the same cultural conditions used in the survey
except that 2 per cent of ground corn was substituted for 2 per cent of glucose.

Aeration rate studies were conducted on a somewhat larger scale than were
the aforementioned experiments; that is, 4-liter quantities of stillage medium
supplemented with 2 per cent of corn meal and 0.5 per cent of calcium carbonate
were dispensed in 8-liter pyrex cylinders equipped with lids of alumnm plate
and with air spargers of perforated aluminum tubing. These were sterilized with
steam at a pressure of 25 p.s.i. gauge for 1 hour, cooled, and inoculated with 5 per
cent by volume of a 24-hour culture. Air for use in the experiments was filtered
through sterile cotton before introduction into the medium.

It was observed in the course of these experiments that strains which sac-
charified starch rapidly, and consequently were most suitable as replacements
for barley malt, formed appreciable amounts of maltase. Following this ob-
servation, both dextrinizing and maltase activities of culture liquors were de-
termined. Maltase activity was measured by determining the increase in
reducing power by the method of Somogyi (1945) after incubating 10 ml of
culture filtrate with 20 ml of a 1.05 per cent solution of maltose for 2 hours at
30 C. The enzyme-substrate mixture was maintained at a pH of 4.6 by the
addition of acetate buffer to the maltose solution.
4A recent collaborative study of the alpha-amylase values of experimentally produced

barley malts in which this method was used showed a range of activity from 9.8 to 30.5
units per gram. Commercial distillers' malt contains in the neighborhood of 25 units per
gram.
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Conversion and fermentation of grain mashes. Cultures producing appreciable
quantities of amylase were further evaluated by determining their ability to re-
place barley malt in the alcoholic fermentation of corn. Forty-nine and one-
half g of ground corn and 0.5 g of ground barley malt were placed in 500-ml
Erlenmeyer flasks, and 170 ml of tap water heated to 70 C were added. The
flasks were placed in a 70 C water bath and the grain slurries were stirred inter-
mittently for 30 minutes. The mashes thus premalted were then cooked in the
autoclave at a steam pressure of 25 pounds for 30 minutes and cooled to 75 C;
mold culture liquor was added, together with sufficient water to lower the tem-
perature to 55 to 56 C. Conversion was continued at 55 to 56 C for 30 minutes,
during which period the mashes were agitated frequently. The same procedure
was followed with the control mashes saccharified with malt except that 45 g of
corn and 5 g of barley malt were used, 0.5 g of malt again being used for pre-
malting and 4.5 g for conversion. Converted mashes were cooled to 30 C and
inoculated with 2 per cent by volume of a 24-hour culture of distillers' yeast,
strain NRRL Y567. The final volume in each flask was approximately 250 ml.
Fermentation was conducted at 30 C for 72 hours, during which time the flasks
were weighed periodically. The beers were then brought to a volume of 300 ml
and aliquots of 200 ml taken for the determination of alcohol. One hundred ml
of distillate were collected from each aliquot, and the concentration of alcohol in
the distillate was determined by measuring its refractive index.

EXPERIMENTAL RESULTS

The results of the survey of fungi for ability to produce amylase in supple-
mented thin stillage medium are presented in table 1. Of 80 cultures of Penicil-
lium, representing 18 species, only 8 formed detectable quantities of dextrinizing
enzyme. All of these were of relatively low activity, the best being a strain of
P. purpurogenum which gave 0.6 units per ml.
Two hundred seventy-eight of the cultures that were studied belonged to the

genus A8pergillus and represented 41 different species. Only 34 members of this
group elaborated dextrinizing enzyme. The culture liquors from active or-
ganisms varied from 0.1 to 15.3 units per ml. Although there was considerable
variation between strains within a species, a high percentage of strains of A.
oryzae, A. wentii, and A. niger was active. Aspergillus niger NRRL 337 gave
the highest potencies of any organisms tested in the survey. Under the most
favorable conditions, potencies up to 22.5 units per ml were obtained with it. On
a dry basis (culture liquors contained about 2 per cent of solids) such preparations
would have a potency of 1,125 units per gram.

Subsequently, Aspergillus niger strains NRRL 326, 330, and 679 were found
to elaborate an enzyme complex which rapidly saccharified starch, although the
formation of dextrinizing enzyme was not so marked as with A. niger NRRL 337.
When strains of Rhizopus, Mucor, and Monilia were grown under the same

conditions, little or no dextrinizing enzyme was produced, although excellent
growth was obtained. Despite their apparent lack of dextrinizing enzyme, cul-
ture liquors from a strain of Rhizopus NRRL 1891 received under the label
"Rhizopus 'Boulard,"' were capable of considerable saccharification of grain
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TA:BLE 1
The production of amylase by various fungi grown submerged in thin stiUage medium

C.LTURZBNUM3lZR CONCENTRATION 0O
GESNUS CULTURE NUIJNlCRERlE=XlTZSTED ACTI1E ACTIVE CULTURES DEXTRINIZING

spec. NRRL M. unis/mi

Penicillium 80 8 P. urticae 991 0.1
P. roseo-citreum 889 0.1
P. spiculosporum 1027 0.2
P. chlorophaeum 816 0.2
P. citreo-ro8eum 835 0.2
P. aurantio-griaeum 972 0.2
P. brunneo-rubrum 842 0.3
P. purpurogenum 1064 0.6

Aspergilus 278 34 A. versicolor 231 0.1
A. candidus 305 0.6
A. alliaceus 315 1.7
A. foetidus 341 1.3
A. niger 622 0.1
A. niger 624 0.1
A. niger 606 0.1
A. niger 617 0.1
A. niger 607 0.1
A. niger 605 0.1
A. niger 614 0.1
A. niger 354 0.4
A. niger 679 1.1
A. niger 326 2.2
A. niger 330 6.0
A. niger 337 15.3
A. niger 363 1.6
A. wentii 382 0.1
A. wentii 378 0.1
A. wentii 1207 0.2
A. wentii 381 0.3
A. wentii 1778 0.4
A. wentii 377 0.4
A. wentii 1269 0.6
A. oryzae 480 0.1
A. oryzae 474 0.1
A. oryzae 464 1.2
A. oryzae 449 2.9
A. oryzae 694 3.1
A. oryzae 698 3.3
A. oryzae 454 3.0
A. flavus 488 0.1
A. flavus 491 0.2
A. gymnosardae 505 0.2

Rhizopus 5 none
Mucor 3 none
Monilia 1 none

* Cultures were termed active if the a-amylase activity obtained in their filtrates
equaled or exceeded 0.1 unit per ml.
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mashes (table 6). Other species of Rhizopus and Mucor were similar in behavior,
suggesting that these organisms have amylolytic enzyme systems different from
barley malt and the other molds examined in this study. In contrast to this
observation, Leopold and Starbanow (1943) have reported the production of both
a- and a-type amylolytic enzymes by R. japoniu.

TABLE 2
The production of dextrinizing anzyme by Aspergillus niger NRRI, 887 cultivated

in various media

PEOTZIN WoU=c CABRDLTZ C oCOW2 VTRATIOI 0F DEXTINIIN
ENZYME

musis/ral
Corn steep liquor, 3% None 2.2
Corn steep liquor, 3% Glucose, 2%o 8.2
Corn steep liquor, 3% Molasses, 2%o 4.6
Corn steep liquor, 3% Corn meal, 2%o 10.2

Dried tankage, 2% None 2.1
Dried tankage, 2%o Glucose, 2%o 9.3
Dried tankage, 2%/o Molasses, 2%o 11.5
Dried tankage, 2%'o Corn meal, 2% 8.7

Soybean meal, 2%0 None 7.9
Soybean meal, 20% Glucose, 2%o 7.4
Soybean meal, 27% Molasses, 2%o 8.5
Soybean meal, 2% Corn meal, 2% 11.2

Thin stillage None 1.7
Thin stillage Glucose, 2% 11.5
Thin stillage Molasses, 2%o 7.9
Thin stillage Corn meal, 20% 16.5
Thin stillage Xylose, 20o 5.3
Thin stillage Lactose, 20% 6.7
Thin stillage Sucrose, 2% 11.0
Thin stillage Maltose, 2% 14.5

Enzyme determinations were made after cultures were shaken for 5 days.
Composition of medium: Protein and carbohydrate as shown plus 0.5 per cent calcium

carbonate.

Factors affecting enzyme production by AspergiUu8 niger NRRL 337. To de-
termine whether nutrients other than those present in thin stillage were satis-
factory for amylase production, media containing protein from several other
sources were supplemented with various carbohydrates. Calcium carbonate was
added to give a concentration of 0.5 per cent. After sterilization, the media were
inoculated with 2 per cent by volume of a submerged culture of Aspergilus niger
NRRL 337 and incubated, with continuous shaking, for 5 days. The results are
shown in table 2.
Thin stillage, corn steep liquor, and animal tankage when not supplemented

with carbohydrate gave low yields of amylase, but soybean meal appeared to be
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satisfactory without added carbohydrate. When commercial glucose, molasses,
or corn meal was added to the protein basal media, good amylase formation re-
sulted except when corn steep liquor was supplemented with molasses. In this
series of experiments the highest enzyme concentration (16.5 units per ml) was
obtained with thin stillage to which corn meal was added. Sucrose and maltose
gave good enzyme formation, whereas xylose and lactose were less effective when
added to thin stillage. These results indicate that a wide variety of carbohy-
drates in conjunction with proteinaceous substances of animal and plant orgin
can be employed for the production of amylase by this organism.
The influence of calcium carbonate on amylase production is demonstrated in

the following experiment, the results of which are shown in table 3. Calcium
carbonate, in varying amounts to give concentrations ranging from 0 to 1.0 per

TABLE 3
The effect of calcium carbonate and calcium chloride on the production of dextrinizing

enzyme by Aepergillus niger NRRL 337

souCRZ OIF CALCIUM
FINAL pH a-AxY1SZ

Salt added Concentration

Per cent wnits/Ws
None 4.0 1.5
CaCO, 0.10 4.3 7.9
CaCO, 0.25 4.9 8.9
CaCO, 0.50 5.3 9.2
CaCO3 1.00 5.4 8.5
CaCls 1.00 3.7 1.2

Cultures were analyzed after an incubation period of 3 days at 30 C.
Composition of base medium: Distillers' thin stillage plus 2 per cent corn.

cent, was added to thin stillage containing 2 per cent ground corn. A8pergillum
niger NRRL 337 was cultured in these media for 3 days, after which the culture
liquors were analyzed for dextrinizing potency. Whereas the enzyme activity
was low in the absence of calcium carbonate, the addition of 0.1 per cent calcium
carbonate gave more than a 5-fold increase in dextrinizing power, that is, from
1.5 to 7.9 units per ml. The optimum concentration of calcium carbonate ap-
peared to be in the neighborhood of 0.25 to 0.5 per cent, resulting in potencies of
8.9 and 9.2 units per ml, respectively. The pH of the fermented liquors ranged
from 4.0 in media without calcium carbonate to 4.3 to 5.4 in those in which it was
used. When calcium chloride at a concentration of 1 per cent was substituted for
calcium carbonate, the final pH was 3.7, and the enzyme production was lower
than that in the control without added calcium salt. Since it is well known that
at-amylase is readily inactivated at a pH of 4.2 or lower, it appears that the prin-
cipal action of the calcium carbonate in stillage medium is to maintain the pH
above this point during the fermentation. However, a specific stabilizing effect
of the calcium ion upon mold dextrinizing amylase has been demonstrated (Na-
kamura, 1931), and this may have been a contributing factor in those instances
in which the reaction was favorable to amylase stability.
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MOLD LSEB IN SUBMERGED CULTURE I

The influence of aeration upon amylase production is shown in table 4. As-
pergillus niger NRRL 337 was grown in supplemented thin stillage medium in
glass cylinders, as previously described. The aeration rate was varied from 0.25
volumes to 1.0 volume of air per volume of medium per minute. Dextrinizing
enzyme and pH were determined daily from the second through the seventh day.
It was found that enzyme synthesis increased progressively with increased rates
of aeration. With 0.25 volume of air the final potency of the liquor was 2.4 units
per ml; with 0.5 volume of air, 9.0 units per ml; and with 1.0 volume of air, 22.5
units per ml. In larger fermentations in which media were both aerated and
agitated, a lower rate of aeration was found to be adequate for maximum enzyme
production (Le Mense et al., 1947).

Substitution of mold culture liquor8 for malt in alcoholic fementatios. Culture
liquors from the preceding experiment were investigated for their ability to re-
place barley malt in the saccharification of grain mashes for alcoholic fermenta-
tions. The liquors were used at levels of 8, 13, and 20 per cent of the final mash

TABLE 4
The influence of the rate of aeration on the production of dextrinizing enzyme by

AspergiUus niger NRRL 887
DEX toIIZ IZYME ATrM

AERTION RATZ
2 days 3 days 4 days day 6 days 7 days

Lairi u,saUum/

0.25 0.6 1.4 1.8 2.7 2.2 2.4
0.5 4.8 6.9 7.9 8.2 9.0 9.0
1.0 6.2 8.9 12.9 115.8 22.0 22.5

volume. One-tenth of this amount in each instance was added as premalt. Corn
was the only grain used in the mashes saccharified with mold.amylase, whereas
control mashes contained 90 per cent corn and 10 per cent barley malt, one-tenth
of the malt also being employed as premalt. The results of these experiments
are shown in table 5.

Malt-converted control mashes gave an average yield of 5.15 proof gallons of
alcohol per bushel of grain. When used at a level of 13 per cent of the mash
volume, culture liquors produced by aerating at 0.25 volume of air per volume of
medium per minute for a 7-day culture period gave only 4.24 proof gallons of
alcohol per bushel of grain. Culture preparations aerated at 0.5 volume pe-r
volume of medium per minute gave yields equivalent to or better than malt when
used at 13 and 20 per cent levels after 4 days of incubation and when used at 8,
13, and 20 per cent levels after 7 days of incubation. Cultures aerated at 1
volume of air per volume of medium per minute were satisfactory in all cases
except those to which a liquor cultured for 2 days was added at an 8 per cent
level. The highest alcohol yields, amounting to 5.50 and 5.40 proof gallons per
bushel, were obtained with 20 per cent levels of culture liquor aerated at 0.5
volume of air per volume of medium per minute. When the greater quantity of
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carbohydrate in the all-corn mash is taken into account and the fermentation
efficiency is calculated (actual alcohol yield/theoretical alcohol yield), it is found
that the best mold preparations gave more complete saccharification than did

TABLE 5
Use of culture liquors from AspergiUus niger NRRL 887 as a 8accharifying agent

in the alcoholic fermentation of corn

ALCOHOL YIELDS WT VARIOUS LEVELS OF MOLD CULTURE

AENATION RATE AGE OF CULTURE AHYLSE POTNCY LIQUOR (PER CENT 01 MASK)

Proof gallons/bushel

L airIL mediuml days unissIml 8 per cealteed 13 per cet lese 20 per cc led
minute

0.25 3 1.4 3.99
0.25 4 1.8 4.02
0.25 7 2.4 4.24
0.5 2 4.8 4.06 4.52 4.86
0.5 4 7.9 4.62 5.26 5.50
0.5 7 9.0 5.00 5.37 5.40
1.0 2 6.2 4.33 5.02 5.21
1.0 4 12.9 4.97 5.10 5.24
1.0 7 22.5 5.10 5.24 5.25

*Malt control (10 per cent of mash bill) gave 5.15 proof gallons per bushel.

TABLE 6
Dextrinizing amylase, maltase, and total saccharifying power of

various mold culture liquors*

CULTURE NRRL NO. DEXTRINIZING HALTASE ACTIVITY ALCOHOL YISLDACTIVITY

uxitslml peruel hydrolysis piroof galslosu$nis/mi per of maltoss busisl
Aspergillus niger.................. 330 3.9 64.5 5.11
Aspergillus niger.................. 679 2.7 57.4 5.25
Aspergillus niger.................. 326 5.6 57.3 5.17
Aspergillu8 niger.................. 337 11.2 39.5 5.12
Aspergillus niger.................. 363 1.8 18.9 4.70
Aspergillus oryzas................. 694 13.9 17.6 4.96
Rhizopu boulard................. 1891 0.1 17.4 4.45
Aspergillus wentii ................. 377 0.9 8.3 3.58
Aspergillus oryzae ................. 449 7.7 6.2 4.37
Aspergillusfoetidus............... 341 3.2 4.7 4.45

* Mold culture liquors were employed in all cases at a 10 per cent level for the saccharifi-
cation of grain mashes.

the barley malt. Mold preparations yielding 5.4 proof gallons per bushel of
grain gave a fermentation efficiency of 86 per cent in contrast to 84 per cent for
malt.

Maltase production and its effect upon saccharifwation. It may be noted from
the preceding experiment that the highest yields of alcohol were obtained not
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with liquors most potent in dextrinizing enzyme but rather with those of inter-
mediate dextrinizing activity. This indicated that other enzymes capable of
functioning in the hydrolysis of starch were being produced. Confirmation of
this view was established by evaluating a large number of culture liquors of known
dextrinizing enzyme potency for their saccharifying ability as determined by
fermentation tests. The results clearly showed that saccharification of grain
mashes was not well correlated with dextnizing potency of the enzyme prepara-
tions. In view of the important role of maltase in the hydrolysis of starch
(Schwimmer, 1945) the various preparations were then examined for their activ-
ity in respect to this enzyme. A summary of data on the dextrinizing potency,
maltase activity, and total saccharifying power (fermentable sugar) produced by
some of the cultures investigated is shown in table 6.

It is apparent that whereas dextrinizing amylase is necessary, good saccharifica-
tion results with liquors relatively low in dextrinizing power if their maltase
activity is high. For example, the strains AspergiUus niger NRRL 330, 679, and
326 gave more fermentable sugar than did A. oryzae NRRL 694 and A. oryzae
NRRL 449, whereas the liquors of the last two were characterized by a much
higher ratio of dextrinizing amylase to maltase. These experiments indicate,
also, that the aspergilli can be evaluated as substitutes for malt by the determina-
tion of their ability to elaborate maltase and dextrinizing enzymes. However,
Rhizopus culture liquors from NRRL 1891 contain an effective amylase complex,
despite the lack of a-amylase such as is found in malt and the aspergilli, and thus
may contain another type of enzyme to complement the maltase present. None
of the molds studied synthesized an amylase with properties comparable to the
8-amylase of cereals.

DISCUSSION

That molds when cultured under submerged, aerobic conditions vary consid-
erably in ability to produce starch-hydrolyzing enzymes has been shown in the
present study. Of more than 350 cultures examined, only a limited number were
capable of elaborating a dextrinizing or a-amylase type enzyme, whereas a few
of these produced an enzyme complex which both dextrinized and saccharified
starch at a rapid rate. This occurrence among the molds of both dextrinizing
and saccharifying enzymes has been reported similarly for certain amylolytic
bacteria (Kneen and Beckord, 1946).
Although the dextrinizing enzyme formed by the aspergilli has properties in

common with the a-amylase of malt, no evidence was found to indicate that
actively saccharifying mold filtrates contained enzymes comparable to the j0-
amylase of malt. Data (to be published) from a study of several organisms con-
firm this conclusion. In place of 8-type amylase, the dextnrnizing enzyme of
saccharifying types of mold filtrates is complemented by maltase.
The efficiency of conversion of grain mashes for alcoholic fermentation, like-

wise, was dependent upon the maltase concentration provided the converting
agent contained at least 2 to 3 dextrinizing units per ml (A. niger strains NRRL
326, 679, 337, and 330). Much higher concentrations of dextrinizing enzyme
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with limited malta.se failed to increase either the rate or the degree of saccharifica-
tion of grain mashes (A. oryzae NRRL 694). This is of special interest in view
of the indicated correlation between a-amylase potency and yield of alcohol with
distillers' malts (Thorne et al., 1945). It must be assumed, therefore, either that
malt a-amylase is capable of more complete breakdown of starch than is the
corresponding enzyme from mold, or that other enzyme components of malt are
more active in saccharification than generally believed. Mold amylases might
also comprise other enzymes than the two demonstrated to be present, as mani-
fested by the amylolytic activity of preparations from a strain of Rhizopus NRRL
1891 (labeled Rhizopus "Boulard" as received), which display limited dextriniz-
ing potency.

It may be of interest to compare dry weights and dextrinizing units obtained
in mashes wherein good alcohol yields resulted with fungal amylases with cor-
responding figures for the barley malt control mash. Thus in the best alcoholic
fermentation obtained with fungal amylases as presented in table 5 a culture
liquor containing about 2.5 per cent of dry solids and supplied at the level of 20
per cent of the mash volume contributed about 1.25 g of solids and 395 dextriniz-
ing units of a-amylase and resulted in a yield of 5.50 proof gallons of alcohol per
bushel of grain. In the barley malt control fermentation 5.0 g of malt with an
a-amylase activity of 24 units per g (dry basis) and a mixture content of 8.05 per
cent contributed 4.6 g of dry solids and 110 dextrinizing units of a-amylase and
gave a yield of 5.15 proof gallons of alcohol per bushel of grain. These figures
demonstrate that good preparations of fungal amylase offer higher a-amylase
activity per unit of dry weight than does barley malt and that the higher yields of
alcohol were associated with greater dextrinizing activity of the mold preparation
employed.
The media and techniques employed in the present study might well be utilized

industrially for the production of fungal amylases. By selection of the proper
culture, products rich in dextriizing or both dextrini;zing and saccharifying en-
zymes could be obtained. A large number of substrates, now by-products or
waste products of industrial grain processing, could be employed satisfactorily.
Culture liquors, when feasible, could be utilized without prior treatment or the
enzymes could be concentrated and recovered as dry preparations as is now done
with enzymes produced by Aspergillus oryzae cultivated on cereal bran (mold
bran). Drying of the culture liquor after the removal of mold mycelium and
suspended solids would result in products having amylase potency 40- to 50-fold
greater than that in the untreated culture.
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SUMMARY

The ability of more than 350 fungi to produce amylase when grown under
submerged, aerobic conditions has been determined. Cultures of Rhizopu8
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MOLD AMYLASES IN SUBMERGED CULTURE

Mucor, Penicillium, Aspergillus, and Monilia were represented. With the ex-
ception of a few species of Aspergillus, all of the organisms investigated elaborated
only limited quantities of amylase or were incapable of its formation. Among
the aspergilli, substantial amounts of dextrinizing enzyme were produced by A.
wentii, A. oryzae, and A. alliaceus, whereas both dextrinizing and saccharifying
enzymes were formed by a few strains of A. niger. The presence of maltase in
appreciable quantities was noted among the strains which actively saccharified
starch.
High amylase-producing strains of Aspergillus niger such as NRRL 337 were

readily grown on a medium composed of thin stillage supplemented with 2 per
cent of corn meal and 0.5 per cent of calcium carbonate. After incubation under
continuous aeration 3 to 5 days, culture liquors were satisfactory replacements
for distillers' malt in the alcoholic fermentation of corn.
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