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I. INTRODUCTION

Ethanol fermentation 1s probably the oldest chemical
process carried out by mankind., As & solvent of wildespread
application, alcohol is second only to water., Each year,
alcohol by the millions of gallons goes into the making of
scetaldehyde, acetic acld, ethyl ether, ethyl chloride,
ethyl acetate, plastics, lacquers, pollishes, plasticizers
and rubber acceleratore, Particularly in wartime, thie
versatile reagent is used in the production of explosives,
chemical warfare gaseg, antifreeze and butediene for syn-
thetic rubber. In Europe and other foreign countries where
petroleum must be imported, alcohol hes long served as
espential fuel,

Prior to about 1929, the fermentation of sugars and
starches was responsible for virtuslly the entire commerclal
output of ethyl alcohol in the United Etates. Gradually,
however, the manufecture of eynthetic alcohol from ethylene
began to account for & steadily increasing share of the
nation's alcohol production. During World War II, the
demands for industrial ethyl alcohol were multiplied four
or fivelrold above the prewar normsl demande and it is
interesting to note the tremendous increase in the use of

grain for industrial alcohol production during that period.



Following the war the production and use of ethanol dropped
rapldly but new uses for ethanol have again amplified the
demand resulting in an increase in the total production of
300 million proof gallone in 1947 to 485 million proof
gallone in 1953, of which approximately 40 per cent came
from fermentation,

Grains are sgubject to wide fluctuations in price, At
the present time, because of cost alcohol from grain in this
country cannot compete with synthetic alcohol, However, in
timee of suddenly increasged salcohol demand, like during the
war, grain-fermentation does become exceedingly important.

Utilization of surplue grains by fermentation to produce
ethanol has been congidered and discussed for many years.
Recently (25, 36, 53, 71, 107, 108, 109, 110), conslderable
interest has developed in the possibllity of employing
alcohol-water injection as s means of raising the "effective'
octane number of gasoline. Automobiles equipped with high-
compregsion engines should operate very efficlentiy with &
dual fuel system, using conventional motor fuels and slecohol
injectlion to prevent detonation and promote full efficlency
under peak load and open throttle, Should this system be
generally adopted, with sll automotive equipment in the
United States so equipped, the consumption of alecohols would

reach about & billlon gallons per year for this service,



This would be a tremendous outlet for fermentation ethanol
and synthetic alcohols, which might well take care of all
foreeeable grain surpluses.

At present considerable interest has developed in the
peesibllity of using surplus wheat for wheat gluten and
alcohol production. The wheat surplus continues to increase
each year in spite of acreage control by government. Coupled
with this surplus is 2 great demand for increaesed supplies
of wheat gluten from which to meke monosodium glutamate.
Incressed neede for gluten and wheat surplusee, with pos-
8lbility of disposal of stored wheat by the government at
low prices, keep up interest in a possible wheat alcohol
program,

In the production of ethyl alcohol by the fermentatlon
of starchy materials such ae graines, it 1e necessary first
to convert the starch to sugers upon which the yeast can
act. In the United States the producers of alcohol from
grain have been dependent upon barley malt for the conver-
sion of starch to fermentable sugsrs., However, several
replacements for melt have been developed.

Mold bran, the result of a 10 year ploneering research
program conducted in four laboratories, Iowa State College,
University of Idsho, University of Nebraska and Farm Crops

Processing Corporation, was used very successfully as a



melt supplement toward the end of VWorld War II, Large

plant scale usage has proven that it glves slightly better
yielde of alcohol, shortens the time for complete ferﬁenta~
tion, producee more yeast cells, and can be produced cheaply
from abundant raw materials.

Another possible replacement for malt 18 found in the
use of submerged fungal preparatione. A great deal of work
on this problem has been done by investigators at U, 8.
Industrial Chemicals Co., Joseph E. Seagram and Sons, and
the Northern Reglonal Research Laboratory. It has been
found that such submerged culture preparations can be used
ag efficlent and lnexpensive renlacements for malt.

Since the eaccharifying agents are much more expensive
than the starchy materiales, 1t is of great economical value
to find a means for evaluating mold preparations other than
the usual laboratory fermentation method, Reese, Fulmer and
Underkofler (115) have reported the details of a rapid fer-
mentation method for evaluating the abllity of fungal amylase
preparations to saccharify grain meshes, They found that
the graphlical intercepts for their mold brans were propor-
tional to the optimum level of saccharifying agent for
maximum alcohol production., Pool and Underkofler (106) on
further studies on the method of Reesge, Fulmer and Under-

kofler reported that the method may be used for comparstive



evaluation of preparations of the same type from one
mold.

The purposes of this Investigation were to further
check the method of Reese, Fulmer and Underkofler and to
determine the optimum conditions for alcoholic fermenta-

tion of wheat flour,



II. REVIEW OF THE LITERATURE
A. Development and Use of Fungal Amylolytlic Preparations

Although molde have been used for centuries in the
Oriental countries for the saccharification of starchy grains
prior to fermentation, it was not until near the end of the
19th Century that much scientific interest was given to the
inveetigatione of fungal enzyme preparations. Kozal (64)
in his review of the early literature regarding the early
studles of Asperglllue oryzae and its lmportant industrial
applicatione gave credit to Hoffman and Korshelt ae the first
writere on this subject. Korshelt (63), during a study of the
preparation of Japanese sake found that an amylolytic enzyme
wae produced by a mold which he called Eurotium oryzae.

Later this mold was renamed Aspergilllus oryzae by other
investigators.

Gayon and Dubourg (44) investigated Aspergillus oryzae
and several species of Mucor and found that Aspergillus oryzae
had by far the highest saccharifying ability. Calmette (19),
in 1892, made the first sclentific investigation of the
microflors associasted with the Chinese yeest cake., He found

that a certain specles of Mucor wae the predominant mold

which he gave the name Amylomyces rouxii.



Sanguinete (124) comparing the molds studied by Gayon
and Calmette, found that Asperglllus orygae was superior
to Amylomyces rouxii in saccharifying power. However,
Amylomyces rouxil had greater fermentative power and he
concluded that Amylomyoces rouxii was the most suitable for
industrial use since it fermented starchy materisls directly
without the ald of yesst,

A large scale fermentation was carried out in a dls-
tillery by Golletté and Boidin (24) using Amylomyces rouxii,
A patent on the process was lssued to them and this was the
beginning of the Amylo process which has been used rather
extensively in Europe. The detalls of the Amylo procees
were desceribed by Galle (43) and Owen (95). Amylomyces
rouxil later became known as Mucor rouxii. Sakaguchl and
Okasaki (122) reported that the Amylo process 1is still
widely used in Japan at present. The organism is Rhizopus
Javenicus Takeda ieolated by G, Takeda (139).

Jokichi Takaemine (136) wae responsible for the intro-
duction of amylolytic mold enzymes to the distilling
industries of thie country. He designated hlge mold prepa-
ratlon of Aspergillus oryzae on a bran substrate ae "taka-
koJi" to differentiate it from the Japanese Kaji whieh was
the same mold grown on rice. Enzyme concentrates from

extracts of taka~-kojl were labeled "teka-diastase®. Tskamine



developed methods for growing taks-koJl on trays and later
in rotating drums. FHe was a2leo able to acclimatize the
mold to the presence of certain dieinfectants and was able
to reduce contamination during the preparation of the
amylolytic material.

Salto (120) isolated from wheat-flour cake used in the
preparation of a Chinese beverage, two new specles of
Rhizopus, BEhizopus chinensig, and Rhizopus triticl which
not only saccherified starch but fermented it to alcohol.
Saito (121) also studied Aspergillus batatae, Aspergillus

pseudoflavus, and Rhirzopus Japonicus with no ocutstanding
saccharlifylng ability by any of thesge specles.

Kite (59) studled the action of koJji on starch and
reported the presence of some enzyme system which converted
8 tarch directly to glucoese, Desplte hie observetion, it was
generally believed that the saccharifying engyme of koJji
resembled the beta-amylase of melt which converted etarch
into maltose, As wlll be noted later, recent investigatore
have gupported Kita's obeervation,

Seales (125) prepered an enzyme concentrate by growing
Aspergillus terricols on an artificial medium for 4 days,
waghing the mycellum with water, acetone, and ether, drying,

and then grinding in a mill, Thie enzyme preparation was



able to produce over 82 per cent of fermentable sugars from
& starch solution after three days incubation,

Collene (23) was able to produce 8.0 per cent more
alcohol from the use of taks-diastase as saccharifying agent
than from malt in hie experiments dealing with the pogsi-
bility of producing induetrial alcohol from cassava,

The firet indlcation that the amylolytic enzymes of
molds were sdaptive was reported by Euler and Aserno) (35)
in thelr studies with Aspergillus niger.

Kashiwagl (56) obtzined a patent for the production
of dlastsse by Asperglllue orygse. The mold wae grown on a
substrate consisting of a residue following water extraction
of germinated barley or wheat. After growth, the diastase
wes extracted by water and then precipltated to form a
80114 enzyme product. Rice, wheat bran or corn from which
the starch had been removed could also be used to grow the
mold,

Oshima and Church (93) made an intensive investigation
of the molde isolated from koJl in order to determine which
ones produced the largest quantities of amylase. Aspergillue
oryzae and & mold form intermedlate between Asperglllus
fiavues and Aspergllius oryzae were found to be the moet,
potent producers of amylase. This investigation was the

first to show the great variation which may be found in
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different etrelne of the seme mold. They also studled mold
grovth end enzyme production on the following media: wheat
bren, wvheat middlinegs, corn mesl, cocoasnut meal, soybean
meal, crushed soyheans, drled yeaet, ground dried codfish,
an¢ ceseln. They focund whest bran to be the best substrate,
Oshima (92) extended this study and found the activity of
the enzyme to be grestest at pH 4.8 to 5.2, The enzyme was
found to be hest lebile becomling completely inactivated
when heated at 85° €. for one hour.

¥ishimurs (88) found the following enzymes in take-
dlactase:! samylase, invertsee, maltare, proteases, catalase,
lipase, pepsin, lasctase, inulase, sulfetase, and amidaee,
He wss able to separste these enzymee from extracts of the
taka-dlastase by adsorption on fuller's esrth from which
they were eluted with a n»H 8.0 »hoephate solutlon,

Yomagishl (163) studied diaetsse formation by Asper-
glllus oryzae., The mold was grown on an autoclaved starch
culture medium, uvelng 0.2 to 2.0 per cent starch., He
reported that the dieetase production was directly related
to the starch concentrotion in the medium and was inhiblted
by the addition of glucose,

Funke (42) found that the growth of ispergillus niger
and subsequent formatlion of amylase were inhlbited by a

brown substance formed from reducing sugasre on sterilization
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in the presence of slkall (or glass). Amylase production
was apparently stimuleted by the presence of gluccee or
gstarch while fructose, ménnose, lactose, and inulln were
inhibitory.

Alvik (4) studied the etability and action of mold
dlastases at various pH values. Aspergillus oryzae, Asper-
gillus niger, and three specles of Penleillium isolated from
soll were grown on a synthetic medium containing salts,
glycline, and soluble starch., Glycine was found to improve
the production of dliastase. The ratio of dlastase produc-
tion to the mycellal mass of the mold was found to increage
as the final pH of the culture increased., The pH ranges for
dlastaee activity and the range for optimum activity varled
with the source of the enzyme. Cenerally, the diastases
were active over a pH range of 2.0 to 8.0 with optimum
activity at around 5.0,

Harada (52) studlied the preparation and properties of
Aspergillus oryras. The culture of mold wae grown on cooked
wheat bran conteining 50 per cent water. Maximum growth was
attained in two daye, Harada found that the optimum pH for
enzymatic activity increased wlith increasing temperature,

At 30° C, the optimum pH was 5.2; at 65° C., 1t was 6.8.
However, at temperatures below 50° C., the optimum pH

remained practlically constant at a value of 5.2.
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Vel and Chin (157) studied ten species of Aspergillus
and concluded that Aspergillue oryzae (AOLD) had by far the
greatest saccharifying power of all the speclies examined.

Sakaguchl and Okasaki (122) in 1952 reported that an
Amylo-koJi procese was developed in 1934 by S. Miyazaki and
ig the major method of saccharification in Japan at the
present date., This method involveg the saccharification
of starch by the Joint action of Rhizopus and Aspergillus
oryzse. Alcohol ylelds are about 85 per cent of theory.

Pakeda (139, 138) isolated twenty-seven strains of

Rhizopue from raji-kojil and soybean ko)l produced in Java'
and Sumatra. Only Rhizopus semarsngensis and Rhizopus
Javanicue had etrong amylolytic powers. Rhlzopus Jevanlcus

wag tried on a commercial scale in Japan and pronounced
entirely satisfactory, and it is stlll used industrially
in Javan.

Underkofler, Fulmer, and Schoene (149) in 1939 revived
the taksa-koJl process of growing molds on wheat bran for
replacing malt, They estudlied Aspergillus oryzee, Asvergillus
flavue, Mucor rouxii, Rhizopus delemer, Rhizopus zae,
Rhizopue peka 1. Rhizopus triticl, Mucor circinelloides, and

Mucor Javanicus for amylase productione. The mold bran was

prepared in aerated five-gallon rotating pyrex bottles, On

the average, the use of mold bran for the ssaccharification
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of corn mash for the alcoholic fermentatlion gave ylelds of
ethanol asbout 12 per cent higher than those obtained with
good dried barley melt.

The above work was extended by the same group of workers
in 1940 (128) with a view to developing the commercial pos-
elbilities., They compared malt, mold bran and soybean meal
as saccharifying agents and found the mold bran to be superior
and the soybean to be the least efficient. Combinations of
two of the enzymic materlials gave somewhat increased alcohol
Yields over those obtained with a single preparation in some
cages; and in other instsnces there was no change. Lower
alcohol ylelds were obtained from grein masheg saccharified
with dilute acide rather than with amylase, The addition
of active mold bran to such acid-~hydrolyzed corn mash
resulted in normal alcohol yleld.

Banzon (8) found that malt saccharification gave very
poor alcohol ylelds from cassave whereae mold bran ssccharifi-
cation gave rather satisfactory results. The best alcohol
yYields were obtalned when the mold bran was introduced into
the mash to effect saccharification at 30° C., This pro-
cedure eliminstesg the customery malting conducted at
elevated temperatures,

This study of the use of mold bran and acid hydrolysls

was carried further by Goering (45). He worked on corn,
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corn starch, and casesava starch, first hydrolyzing with acide
and then fermenting. Mold bran was used in adcdition to
hydrolysis by sclde in some experiments. He observed that
hydrolysis of corn meal gave a toxlc material due to acid
action on corn bran, Mold bran increzsed the yield of
alcohol from the acid hydrolyzed starch mashes but malt did
not, thus adding evidence to support the superlor converting
action of mold smylase.

Underkofler, Goering, and Buckaloo (150) attempted to
grow Aspergillus oryzae on a number of different fibrous
materials as substrates such ss rice hulls, wheat bran, corn
bren, ost hulle, cottonseed hulls, corn cobe, sawdust and
peanut hulls. Only wheat bran and dry-milled corn bran
supported adequate growth, They found the Lintner value,
which is useful in the case of malt as an index of sso-
charifying pover, was meaningless with regard to mold-amylase
preparations,

Hao, Fulmer and Underkofler (50) studied the use of
mold bran produced from a large number of amylolytic fungi
by an improved laboratory technic. Batches from 27 strains
of moldes of four different genera were used to saccharify
mashes made from preseure-cooked ground yellow corn, Low
temperature saccharification (30° C,) proved satisfactory.

In this investigatlion no mslt was ueed and rather high
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percentages of mold bran were required to obtain maximum
alcohol ylelds. Ylelds of 95 per cent of theory were ob-
tained from 20 per cent corn meeh szccharified with mold
rrevaratione from twenty-three of the straine tested, The
molds were cultivated on wheat bran medium in aluminum pots
perforated on the bottom and equipped with eserstion., Orowth
of molds in the pots was found to be more rapid and uniform,
and the amylolytic activitles were greater than when grown
in the rotating drum used previously. Preparations from
stralns of fAsperglillus oryzae, Rhizopus delemar and Rhigopus
oryzae gave the best results, However, Aspergillus oryzae
wag considered most sultable because it grve more conelstent
results and can be handled more essily.

Underkofler in 1942 (144) patented a method of preparing
mold bran in closed containers using wheat bran containing
Lo to 70 per cent 0.3 normal hydrochloric acid as substrate.
Severson, Underkofler, and Schoene (129) in the same year
petented a saccharification process in which soybesn mesl
wag used to supplement the action of taka-koji.

Underkofler (145) and Underkofler and Fulmer (148)
noted in thelr reviews of the status of the application of
mlcrobls. enzymes to slccholic fermentation that mold bran
had been proven on a laboratory scale as & satlsfactory

substitute for mslt for industrial alcohol production.
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Their concluslions were later substantiated by Pan and Llu
(99), Roberte, Laufer, Stewart, and Saletan (118), and Heao
and Jump (51).

Hao and Jump {51) undertook & study of the mold and
becterial amylase preparations available on the market or
potentislly avallable, Their object was to settle the
relative merit of these products as compared to malt., They
showed the effsot of ueing the various converting agents
simply ae liquefying msteriale, then of finishing the con-
verslon with a single agent, "Converzyme®. Successful
liquefaction was obtained in sall cases, The various agents
were then tested for converting power and were shown to be
equivalent to malt, They also showed that combinations of
mold and malt gave ylelds above those obtained when prepara-
tions were used singly.

In 1943 and 1944 Christensen (20) was granted a number
of patents on procees and apparatus detaile connected with
mold bdran production.

Beginning in the spring of 1945, full plant ecale tests
were made on the use of mecld bran in grain fermentations at
the alcohol plant of the Farm Crops Procesgsing Corporation
at Omaha, Nebraska. A brief report on the economle and
operating aspects were reported by Boyer and Underkofler

(16) in 1945, A more detailed report was given by
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Underkofler, Severson and Goering (153) in 1946. Theese
tests confirmed the previous laboratory reports and proved
concluelvely that mold bran was entirely satisfactory for
uege on plant scale in that 1t results in slightly higher
ylelds of alcohol then malt. Furthermore, the amount of
mold bran required was conselderably less than the malt
requirement,

Underkofler (147) briefly reviewed, and Underkofler,
Severson, Goering and Christensen (154) gave a detalled
report on the production and use of mold bran from laboratory
scale up to the full scale production of over 10 tons per
day at the Mold Bran Company plant at Eagle Grove, Iowa.
The economice of using mold bran were dlscuceed in these
papers, It has been shown by many investigatore that there
is no difference in the quality of the alcohol obtained
either by malf or by mold bren ssccharificetion. On an
overall basis, somewhat better ylelds are obtalned wlth
mold brans.

Recently, Christensen and Underkofler (22) obtained a
patent for saccharification with mold bran, The mold bran
was prepared by mixing an equel welght of 0.1 normal hydro-

chloric acld, adding a nutrient salt solution and inoculating

with Aspergillue oryzae spores,
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The influence of the carbohydrate gource in the medium
for pspergillus oryzae on amylase formation was lnvestigated
by Rao and Sceenivaeeye (111). They found that etarch, glu-
cose, and maltose stimulated amylase production. Other
carbohydrates which were tested were found to have no effect.
In 1947, the same workers (112) reported work on the influ-
ence of inorganic nitrates, ammonium sslte of inorganie
aclds, ammonium salts of organic aclds and amino acids on
the formsation of amylaee, They found good amylase production
when ammonium salts of organic aclds especlally ammonium
acetate were used as the nitrogen source, Bindal and
Sreenivasaya (11, 12, 13) pald particular attention to amino
acldes and proteins ae nitrogen sourcee. Aspergillus oryzae
wae cultured on scld-washed asbestos plus a nitrogen- and
vitamin-free basal medium to whlch various forms of nitrogen
were added. After growth at 30° C. for 4 days the material
wes extracted and the amylase activity was determined.

They found that inorganic ammonium and nitrate compounds
supported the mold growth and induced formation of amylase,
Asparsgine was better than tyrogine or glycine as a nitrogen
source, A peptic digest of ribrin with complexity of 13
induced the formetion of more amylase than papsain digestis
with a complexity of 7, or hydrogen sulflde-actlivated

papain digests with a complexity of 3.6.
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Montes (78) in 1946 described promising experiments
using mold bran on a lsboratory scale for saccharification,
He found the alcchol yielde from mold bran saccharified
mashee to be greater then were ohtained by other metheds
of saccharification, Blaisten and Sead (15) in 1947 in-
vestigated the use of mold bran. They recommended the use
of 4 per cent mold bran for industrial saccharifications,

Guagnini and Jacovkie (47, 48) in their estudies on the
utilization of enzymes of Aspergillus oryzae obtained 64
gtraeins of iAspergillus, mostly Aspergillus flavus-oryzae,
from natursl sources, Promising organisme were chosen for
further investigation on the basls of their amyloclastlc
pover on 5 per cent potato starch, The mold preparations
were found to contaln a number of enzymes including amylase,
invertase, maltase, lactase, glucoeldase, proteinase and
pertidase, The best culture medium was found to be wheat
bran treated with an equal welight of 0.3 normal hydrochloric
acld, They also described methode of extracting and pre-
serving the engyme activity., The alcohol yleld was 93 per
cent of the theoretlcal yleld when 12 per cent fresh mold
bran was used to saccharify corn mash,

The replacement of malt by Aspergillus oryzae mold

bran in the alcohollc fermentation of corn wae also studied
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by Soriano and Trucco in 1948 (132). They obtained alcohol
yields of 78 to 87 per cent theory.

Reindel, Frey and Lottner (116) in 1950 compared
glcohol ylelde obtsined from acld, mold amylase, and green
malt conversion of potato flour milo meal and corn meal,

In all, but one case, the mold amylase gave the best ylelds
on corn and potato flour, The action of green malt, barley
melt and Aespergillus niger and oombinations of the latter
two on various raw materiales was investigated by Lampe (65)
in 1950. The highest alcohol ylelde were obtained from mold
gsaccharification., Milo msize, low-grade flour, rye, corn
and dried potatoes were used as substrates.

& typlcal commerciesl method for preparing fungal engymes
on wheat bran was briefly described by Shellenberger (130)
in 1947, Jeffreys (55) in 1948 described a tray method for
commercisl mold bren preparstion,

Rao and Sreenivaesaye (113) in 1950 obtained a patent
on a process for growing Aspergillue oryzae on fibrous
material for 3 to 6 daye, then drying the entire mase to
procure material having e high amylase activity.

Roy (119) reported combined barley malt and mold enzyme
increazsed alcohol yleld from corn starch fermentation to the
maximum, Addition of crystalline limit destrinaee to barley

also incressed the yleld to maximum, which proved that limit
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dextrinese is esgential for high alcohol yleld over and
above thosze amylases present in malt,

With the development of submerged-culture methods for
the produsction of antiblotics by molds, gimilar cultural
procedures were successfully developed for making enzymes.
Erb and Hildebrandt (33) in 1946 described a method somewhat
gimilar to the amylo process in which both the fungal amylase
produced in submerged culture and malt were used for saco-
charifleation purnoses, They used a straln of Rhizopue
delemer for saccharification of starch in the aelcoholiec
fermentation of granuler wheat flour mashes, The molds
were grown on a medlium consigting of grain etillage, nutri-
ent salte, a small amount of aluminum powder or charceal,
and granular wheat flour. The wheat flour was pre-melted
(about 2 per cent malt) before addition of the mold culture
and yesst. The voluﬁe of submerged mold culture used for
saccharification amounted to 6 to 12 per cent of the total
volume of the fermenter mash. The mash was aerated for 3
to 4 hours and then allowed to ferment for 40 to 55 houre.
About 12.1 proof gallons of slcohol were obtained per 100
pounds of dry graln, a 91.2 per cent fermentation efficiency,
instead of the usual 11.0 proof gallons obtalned by malt
alone, The eddition of charcosl or sluminum powder to the

gtlllsge was necessgary in order to decrease 1ts toxiclty
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toward mold growth., Essentlally the same process was
patented by Hildebrendt and Erb (54) in 1951. Submerged
cultures of Aspergillus oryzae, Rhizopus boulard, or
Rhizopus delemar were grown on grain stillage from wheat,
corn, or rye msshes with the addition of 0,005 per cent
aluninum powder and were used as saccharifying agents in
alcoholic fermentations.

Van Lanen and LeMense (156) in 1946 reported on studies
which were made in the attempt to develop submerged culture
methode for preparing fungal amylase, suitable for adapta-
tion to large scale production, for use in grsin slcohol
distillery operatlione. Over 350 varlous cultures of fungal
amylages grown in submerged culture on thin stillsge sup-
plemented with 1.0 per cent corn meal and 0.5 per cent
calclium carbonate to adjust the pH were tested, Enzyme
production was determined both by their dextrinizing action
on starch under speciflic conditions and the alpha-amylase
valuee obtained asccording to Sandstedt, Kneen and Blish (123)
method. Only 7 samples gave commercial poesibility with a
straln of Aspergillus niger being superior both in the
production of salpha-amylase and in replacing malt.

This work was further studied by LeMenee, Corman, Van
Lanen and Langlykke (66). They attempted to develop an

optimum medium for the production amylases by submerged
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growth of a number of different molds. The best medium
found coneieted of thin stillage, 2 per cent corn, and 0.5
per cent calclum carbonate., Enzyme production was determined
by alpha-amylase activity, maltese activity, and by actual
fermentation, Meximum enzyme productlon was obtalned when
the initial pH of the mold medium_waa about 5.0, A volume
of submerged culture equal to 10 to 20 per cent of the final
mash was usged for the oonversion and slecohol ylelds up to
5.4 proof gallons per standard bushel was obtained. This
procees was patented by LeMense and Van Lanen (68) in 1948
for the preparation of fungal enzymes by Aspergilius niger
NFRL 337.

Adame, Balankura, Andreasen, and Stark (1) in 1947 used
Aspergillue niger NRRL 337 in a submerged culture growth on
a medlum containing 5,0 g. distillers'! dried solubles and
1.0 g. ground corn meal per 100,0 ml, They obtained an
average of 6.26 proof gallons per standard buehel as compared
with 5.95 proof gallons from the malt controls. They found
no correlations between alcohol ylelds and alpha-amylase
activity or total saccharifying power determined by meagure-
ment of reducing sugars formed from soluble starch.

Corman and Lenglykke (28) in 1948 reported that the
efficiency of alcohol fermentation of grain was more closely

related to the maltase content of the fungal amylase
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preperation employed as conversion asgent than to the alpha-
amylase content, The molde were grown under aeration in a
medium composed of distillers! thin stillage, one per cent
corn, and 0,5 per cent calcium cerbonate, having an initial
PH of approximately 5.0, Laboratory scale fermentatione
were carried out using = volume of mold culture equal to

10 per cent of the final mash volume for saccharification.

Several specles and strains of Aspergllll were tesgted,
Aspergiliue niger 330, Aspergillus phoenicus 363, Aspergillus
niger 326, Aspergillus niger 605, Aspergillus niger 337,

Aspergillus oryzae 464, and Asperglllus wentii 378 gave
greater alcohol yielde than were obtained in the malt

controle.

Le Mense, Sohns, Corman, Blom, Van Lanen and Langlykke
(67) in 1949 described the application of submerged mold
amylase on a pllet plant scale, They found that beet results
were obtained with the uge of 10 and 20 volume per cent of
mold culture or saccharification following pre-ligquefaction
of the mash by emall smountes of malt and mold culture. They
algo found that the volume of mold culture used for sac-
charification wse more important than the amount of dex-
trinizing enzyme (alpha-amylase) and that there wae no
correlation of alcohol ylelde with maltase activity. Their

results showed that saccharification wae satisfactory and
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aloohol ylelds were comparsble to thoee obtained with malt
when mold culture liguor equivalent to 6 to 10 per cent of
the final mash volume was used, The ceslculated sgaving for
the replscement of malt by submerged mold culture was
apuroximately 2.4 to 3.6 cents per gallon of 190 proof
alecohel,

In 1949, plant ecale fermentations using submerged
culture fungel amylase for saccharification of the maeshes
wag carrled out at the Orain Processing Corporation,
Muscatine, Iowa, under the direction of the Northern
Regional Research Laboratory personnel, The results were
reported in 1950 (155). They concluded that satiefactory
fungal smylase may be produced on a large scale and in com-
mercial equipment, in a medium conslesting of distillers!
thin stillage supplemented with 1 per cent ground corn and
0.5 per cent ground limesgtone, The yleld of slcohol from
sound corn saccharified with funssl amyluse was at least
equal to the yleld obtailned when malt was the converting
agent. When fungsl amylase wag employed in the mashing of
heat damaged corn the yleld of alcohol obtained was no less
than that obtailned when malt was used. They also concluded
that on the basie of cost calculatlons, there wge & definite
and significant economic advantage in using fungal amylase

in plece of malt for the conversion of grain mash,
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Stark, Kolachov, Smith, Blankmeyer, and Willkie (134)
in 1949 reviewed the use of amylase from submerged culture
growth of Aspergilius niger. They eetimated a savings of
2 cents per proof gallon would be obtalned in replacing
malt by fungcal amylase, Alcohol ylelds were found to be
0,2 to 0.3 proof gallon per bushel greater than the ylelds
from malt-converted mashes, Other advantages were more
repld fermentation rate and lees bacterial contaminstion.

A very active amylase preparation was reported by
Blaieten (14) in 1948 by incubatlion of Aspergillue oryzae
of Aspergillus niger in a seml-submerged culture on wheat
bran.

Manufacture of ethyl alcohol from sweet potato starch
and taploca starch was studled extensively by Japanese
workers (76, 77, 90, 57) in 1948 and 1949 with ylelds
epproaching those ovtalned with starch from other sources.
The Amylo process in which the substrate wag hydrolyzed
by Bhizopus was used,

Tsuchiya, Corman and Koepsell (143) in 1950 studied
factors affecting the production of alpha-amylase and maltase
by certalin Aspergilll., The alpha-amylase productlon was
found to be very dependent on the dried solublse concentra-

tion. Highest production of both slpha-amylase and maltacse
by Asperglililus niger 337 and Agperglllus niger 330 was
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obtained in a medium containing 5 per cent distillers! dried
golubles and 5 per cent corn, The compoelition of the medlium
had little effect on enzyme production of Aspergillus oryzae
458, They found, contrary to previous resulte, that if the
pH wvas not sllowed to drop below 4.0, calcium carbonate was
not neseded in the medlum, A pH lower than thie figure
markedly curtalled the production of aslpha-amylase, whereas
the effect on maltase production wae not so great, By using
proper amount of corn and distillers' thin stillage, enzyme
yields were substantially incre:zsed,

Pan, Andreasen and Kolachov (98) in 1950 reported that
the fermentation of corn mashes, hydrolyzed by barley malt
or submerged cultures of fungal asmylase, consisted of a
rapld initisl phese and a slow eecondary phasse. In the
secondary phase, dextrin elowly underwent hydrolysis and
fermentation., When fungal amylase were used in combination
with yeast, s rapld fermentation of the dextrins resulted,
and they considered thsat thie rapld fermentetion wae more
closely related to the maltase activity of the culture than
to the alpha-amylase or limit dextrinase contents, They
found that the replacement of 3 per cent distillers' dried
solubles by 2 per cent wheat bran in the mold medium re-
sulted in better conversion, Thelr beet alcohol ylelds

vere about 5.3 to 5.4 proof gallons per standard bushel,
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Teixeira, Andreasen and Kolachov (140) in 1950 studled
the conversion of cassave starch for alcoholic fermentation
by malt, mold bran and submerged fungsl culture. They
ghowed that 1t 1e possible to obtain plant efficlencles of
90 per cent Ifrom cascave mashes converted with submerged
Aspergilliue niger 337 culture,

Dekenbrock (28, 29) in 1950 compared the malt process
with the fungsl amylase process and found that the main
advantages of the fungal amylase process as compared with
the malt process were greaster alcohol ylelde, decreczsed
fermentation time, and decressed foaming,

Goodmen {46) compsred sucrose and soluble starch as

carbon sources for amylase production by Aspergillus terreus

Thom, Aepergillus flavus Link and Penicillium notatum

Yestling, The molde were grown in submerged culture in a
basal medium to which variasble amounte of sucrose and/or
goluble starch were added, The production of alpha-amylase
wae found to be deprendent directly on the starch concentra-
tion.

Fukimberse, Yoshida, and Shibuys (40, 41) screened 54
stralns of Agpergilll and found 5 strains of Aspergiliue
nlger and 3 of Aspergillues oryzae geve high amylase produc-

tion in submerged culture., The mold culture wae used for

the gaoccharification of sweet potato mashes for alcoholic
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Termentatlion. The alcohol yleld wae higher for Aspergillus
niger than for Aspergillus oryzae.

Ono and Dagzal (89) reported the application of the
amylo procesgs to the salcoholic fermentatlion of wheat.

Steam bolling with 0.66 per cent hydrochloric acid under
2.5 kg. per cm, pressure for 45 to 60 minutee was used.
The best yield obtained was about 80 per cent of theory
which agrees well with the yleld obtained when the koJji
method was applied to wheat fermentation.

Ono and Tanaka (91) in their studies on the necessary
concentration of amylase in alcohol mash found that the
moroml mash, for the mother yeact, should be at pH 5.6 for
the koji process with Aspergillus oryzse, pH 4,7 for the
emylo process and pH 4.2 for the black koji process with
Aepergilius awamori. They found the amylase of Agpergillus
oryzae was unstable in comparison with that of Agpergillus
awemorl, therefore the acidification of the moromi mash must
be prevented in the koJl process. According to the abatract‘
of this paper, "the necessary concentration of amylase for
the saccharification of mash wasg found to be 30 for kojJi
procees, 5 for the amylo process and 10 for the black koJi
process,”

Tomikanehara (142) reported on the results from the
industriel scale appliczstion of liquicé koJi in aleoholic
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fermentation., Three stralns of Agpergillius oryzae, 3 of
\Asgerg;;;us awamori, and 5 straine of Aspergillue ussmij
were selected by the alpha-amylase test and maltose activity.
He found the cost of saccharification to be lees, the acldity
of the moroml mash was lower and fewer lees were produced.

Murote, Saruno, and Ano (79, 80, 81, 82, 83, 84)
studlied the production of alcohol by use of submerged cul-
tures of fungi, Several etraine of Aspergllll were selected
on the basgis of thelr sacchsrogenic and dextrinogenioc
activities on 1 per cent gtarch solution. They found &
small smount of nitrogen source in the culture medium gave
weak amylase activity, for industrisl use 2 to 3 per cent
wheat bran was the best nitrogen source, The optimum pH
wae found to be 4 to 5 and optimum temperature 40 to 60° C.
They obtained satisfectory saccharification and fermentation
of black-rotted sweet potato. Brandy was produced from rice
ag raw materisl. Submerged mold culture wae kept from con-
tamination during the preparstion snd storage by the
addition of ammonium bifluoride.

In 1954, the same authors (85) reported the pilot plant
scale uee of submerged mold culture for saccharification in
alcohollce refmentation. Experiments were made in & pllot

plant tank used for penicillin production. Ylelde equivalent
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to 88 per cent of theory were obtained with Aspergillus

awvamori.

Otanl and Takahashi (94) reported that for saccharifi-
cation with liguid kojl, higher pressure in cooking gave
higher saccharification rates, particularly wilth corn and

rice starches,

B, Methods for the Evaluation of Fungal
Amylolytic Materials

Starches are composed of two main componente called
amylose and amylopectin. Amylose molecules are composed of
& large number of repeating glucose units in helicel spirals
connected by alpha-l,b-glucosidic linkages, while amylopsec-
tin is considered to be an irregular network of glucose
units connected largely by alphs-l,4-glucosidic linkages
but with a large number of branched positione at irregular
intervele, The branched positione are points &t which a
giucose unlt in & chein is attached to another chain through
an alpha-l,6-glucosidic link,

The enzymes associated with the breakdown and synthesis
of atarch have been thoroughly studied. There are a number

of reviews on the subject of amylase (10, 17, 75, 87).
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Early workers noted that when starch was treated with
amylasee, there wag first a very rapid decresse in the
viscoelty of the starch solution. Thls 1g followed by a
gradual change in the color of the starch-lodine complex
from blue-purple through red to colorless. There was a
eimultaneous incresse in the reducing power of the solution,
Also it was found that fermentable sugers were produced from
starch through amylase action.

The more important carbohydraees in the saccharification
of starch for alcohollc fermentation are alpha-amylase, beta-
amylese, maltase and 1imit dextrinase.

Alpha-~amylase 1s an enzyme of extremely wide distribu-
tion. There are sgome Alfferences in the slpha-amylases
from varlious sources., These differences are often due to
verying subetrate affinities and result in different reac-
tion rates and degree of hydrolysle of starch., However,
the over-all action is the same,

Alpha-amylase le described as a "dextrinizing" enzyme
due to the production of lower moleocular weight reduecling
dextrins from starch, The sction of alpha-amylase 1is
apparently a random hydrolytic cleavage of alpha-l,li-
glucosidic linkages found in starch. There are three stages
in the action on starches. First, the breaking of a very

small perocentage of the total glucosidlec bonds results in
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the formation of dextrins of considerably smeller molecular
welght, In the next stage continued hydrolyels occurs with
the produotion of smaller dextrins and a loss of the ablllty
to form a colored ilodine complex., In the final stege, limit
dextrins and reducing sugsere are slowvly formed. Amylose 18
converted nearly completely into glucoge, maltotriose, and
maltose, the latter being the principal product., Amylopec-
tin 1s converted into these reducing sugers in addition to
limit dextrine, Limit dextrine are low molecular welight
carbohydrates containing elpha-l,8-glucosidic linkages. A
numbser of cryetalline alpha-amylages have been prepared
recently (2, 3, 18, 137, 73, 74, 86, 128, 131, 137, 152).

Methods of measuring alpha-amylase activity involve
measurement of the change of viscosity, change in the color
of the lodine complex end the production of reducing
materlals,

Beta-amylage 1s found mainly in plants, esvneocially malt,
soybeans and sweet potatoes., There hae been considerable
debate concerning the presence of this enzyme in molds, At
present it iz generally believed that molds do not produce
beta-amylase, FHowever, beta-amylase 1s the principal sac-~
charifying enzyme in mslt.

Beta-amylase, as does alpha-amylase, scts by the
hydrolytic cleavage of alpha-l,ld-glucosidic linkages in
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setarch. Ite action differs, however, in that the attack is
not random, There ig & step-wlge removal of two glucose
units (i,e., maltose) from the non-reducing ends of the
starch molecules, proceeding until the entire molecule is
degraded, as is the casge for amyloee, or until some obstruc-
tion such as branching is encountered, Apparently slpha-l,6-
glucosidic bonds are resistant to both amylases. Amylose 1is
converted quantitatively into maltose and a very small amount
of maltotrlose, Amylopectin 18 converted into maltose and
beta amylase limit dextrin, aleo referred to as alpha~-amylo-
dextrin, The latter 1s a higher molecular welght dextrin
with low reducing power, Alpha-amylase can hydrolyze alpha-
1,4-glucoeidic linkages located bstween the branching
points, thus freeing new non-reducing end groups for further
beta-smylage sction. The combined setion of alpha- and beta-
amylases ylelds the previously mentioned limit-dextrin,
Beta-amylase has very little effect on the viscosity
of starch solutiong., There 1s also little or no change in
the lodine-~complex color since alphs-amylodextrin forms s
deeply colored complex with lodine, Since the principal
action of beta-amylase 1g the production of reducing sugars,
particularly meltose, its activity cen be measured by any
method which involvee the determination of reduclng sugars.

The moet widely used methods are various modifications of
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the Lintner (69, 70) method end coneists of the measurement
of the reducing substances formed by the action of the
enzyme preparation on a soluble starch medium under certain
epeclfied conditions,

Maltase is classified as an alpha-D-glucocldsse since
i1t cleaves the alpha-1l,4-D-glucosidic linkages which Jjoine
the two glucose units in maltose., However, the msltases
which have been found in many mlcroorgenieme seem to be
somewhat less gpecific, They are able to hydrolyze higher
carbohydrates such es starch and dextrine into lower molecu-
lar weilght dextrins and glucose (26, 39, 58, 60, 103, 104,
159), Maltase activity may be measured by the change in
optical rotation resulting from the disappearance of maltose
and the appesrance of glucose, or by measuring the increase
in the redueing power,

Corman and Langlykke (26) found that their meld ril-
tratees prnduced gluecosge from both maltose and higher polymers
of glucose. They preferred the term "glucogenic enzyme® over
"maltase*, They measured the glucogenlic activity by the
extent of hydrolysis of maltoge monohydrate into glucose
in the presence of the enzyme solution.

Kerr, Cleveland, and Katzbeck (58) investigated a
simllar enzyme which they named “"amyloglucosidsse®, This

enzyme wag found to produce glucose from amyloee and amylo
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pectin apparently by attscking the non-reducing terminals
of the molecules,

Phillipe and Caldwell (103, 104) investigated a semi-
purified enzyme preparation from Rhizopus delemar. They
designated this enzyme as "gluc amylase® since it produced
only glucoee from amylose and hydrolyzed maltose quantita-
tively to glucose, Glucose was also produced from amylo-
pectin snd no large dextrins remalned. Gluc amylase was
unable to hydrolyze isomaltose but it can apparently by-pass
1,6 linkages present in dextrines,

Kitghara and Kurushime (60) found evidence of an amylo-
glucoslidase in a flltrate of Aspergillus awamorl which they
referred to ss gamma-amylase, This enzyme produced glucose
and maltose in the ratio of 4/1 from soluble egtarch and
thus should be clasgified as an amyloglucosidase, In their
further work, the same workers (61) obtaeined a purified
enzyme from Aspergllilus awsmori. The enzyme was free of
maltase and alpha-amylace sctivity and produeced glucose and

meltoge in the ratio of 2/1 from soluble starch. They ob-

tained a similar enzyme from Aspergillus cinnsmoneus and

Aspergillus betatse.
Limit dextrinaese ls stlill another enzyme shown %o be

pregent in the fungsal amylase preparations and to & lesgger

extent in mslt. The action of limit dextrinase igs the
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hydroly%ic cleavage of the alphs-l,6-glucogidic linkages in
amylopectin and dextrineg which reelst cleavage by the other
carbohydrsessges. Limit dextrinase activity may be messured

by the method developed by Beck, Stark and Scalf (7). This
method involves treating malt dextrin (prepared by the actlion
of barley malt dlastase on corn starch) with the enzyme
preparation snd then measuring the amount of glucose pro-
duced,

Pigman (105) studled the extent of hydrolysies of starches
by amylases in the presence and absence of yeasts, He found
that malts and mold enzymes (Asvergillus oryzae and Asper-
gillus niger) generally gave 97 to 100 per cent conversion
of corn starch in the preesence of yeast, In the absence of
yeast, malt gave about 90 per cent conversion and mold only
70 to 80 per cent, He suggested that fungal enzymes prepa-
rations were able to syntheslize non-fermentable materlals
from maltose, Removal of maltose by the actlion of yeast
prevented thie synthesis. This observation was later
confirmed by Schwimmer (127).

Pan, Andressen, end Kolachov (96, 97, 98) studied the
role of yeast in the secondary stage of fermentation. They
found thet dextrine are hydrolyzed by fungel enzymes into
fermenfable sugars during the secondary fermentation stsage

which are then utilized by the yeaet, In the absence of
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yeast, this converslon is inhibited by the accumulation of

reducing sugar products. They found that maltose, but not

glucose, was responsible for the inhibition and the role of
the yesst in alding secondary conversion wae the removsl of
maltose,

Pan, Andreasen, and Kolachov (97) and Pan, Nicholeon,
and Kolachov (100) found that & filtrate from submerged
culture of Aspergillue niger 337 converted maltoee into
an unfermentable dextrin., This dextrin was found to be a
trisaccharlde conslsting of only glucose residues., The
dextrin formation wae reversible, as indilcated by the fact
that in the presence of yeast, the mold filtrete was able
to éonvert the dextrin into fermentable sugars. French (38)
suggested and Wolfrom, Thompson, and Galkowski (161) con-
firmed that the tri-sacchsride which was called '"panose®,
wae M-glpha-isomeltopyranocsyl-D-glucose.

Pazur and French (102) described a carbohydrate-
synthesizing enzyme preeent in the filtrate of the mold,
Aspergillus oryzse. The mechanlsm postulated for the syn-
thetic actlon was termed transglucosgidation and involved s
transfer of the terminal glucose residue of maltose to 6«
posltion of a co-substrate saccharide, The synthetic action

resembles closely the reverse of limit dextrinase action.
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Weill, Burch snd Van Dyk (158, 159) reported an amylase
preparation from Aepergillus niger NRRL 599 which ylelded
large smounte of glucose as an end product in the hydrolysis
of starch., Hydrolysle of both starch and maltose by this
enzyne produced solutions which exhibited rieing mutarota-~
tion.

Much of the work in regard toc the evaluatlon of amylo-
lytic preparatione has been done on malt. The various
methods used may be clasgified under the following headings:

1., Polarimetric methods.

2. Viscometric metlods.

3. Iodometric methods,

k, Methods Ainvolving the determination of reducing

power,

%5, Direct determinations.

The firet and the last methods are concerned with the com-
binations of enzyme actions, the 2nd and 3rd with the action
of alpha-amylase and the 4th method with saccharifying
action such as action of bets-amylase and amyloglucosidase.

The diastatic power test for malt, which is principally
8 mesgurement of beta-amylase, wae at one time the most
commonly used criterion for measuring the potentisl per-

formance of barley mslts used in the dletilling industry.
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Thorne, Emerson, Oleon and Peterson {141) in 1945
evaluated maltes used for the production of alcohol from
wheat by extensive analytiesal and fermentation teets and
come to the eonclusion that only a fermentetion test can
glve an accurate evaluation, For example, some malts that
& distlller would have discarded on the basle of Lintner
anslyses proved in fermentation teste to be as good as
other malte hsving much higher Lintner valuees.

Four research laboratories (160) collaborated in a
program to study the relatlionshlp between alcohol yleld and
-suoh factors as hbeta-smylaege, alpha-amylaese, wort nitrogen,
KJeldahl nitrogen, and proteolytic activity. Their results
showed that the beta-amylase test was not a reliable index
end thet, of all the factors invegtigated, alpha-am;lase 1is
the most significent criterion for predicting alecohol yleld.

Later in 1948, Kneen and Spoerl (62) published =
method for determining limit dextrinese asctivity in barley
malts, They enalyzed samples of barley malt for slpha-
amylsse, beta-amylase, and limit dextrinese. Alcohol yleld
wag checked on graln starch fermentstion. They pointed out
that their dats were limited, but concluded that 1t is
eignificant that, for the malts used, 1limit dextrinase 1is

the only one of the three carbohydrase activities determined
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that would be of value in predicting potentisl efficlency
in alcohol production.

Whitehouse and Adams (160) in 1954 investigated the
relation of alpha-smylase and limit dextrinase of barley
malt to the production of ethyl alcohol from grains. They
analyzed their dats statisticelly, and concluded that
measurement of alpha-amylase activity provideg a rellable
index of melt performance, and that limit dextrinase, bhe-
cause of 1tg direct proportionality to elpha-amylase, may
also be used as & relisble index of performance, They found
alcohol yleld i1s independent of 1imit dextrinase activity;
the utility of the limit dextrinaese determination ie appar-
ently dependent upon ite relatlionship to alphs-amylase
activity,

With regard to evaluation of fungal enzyme prepsrations,
Underkofler, CGoering and Buckaloo (150) found no correlation
between Lintner value of the mold preparations with the
saccharifying efficlency. Since the Lintner value corre-
eponds to beta-amylase activity, 1t is not surprieing that
they obtained no poesitive correlation. It was wildely
observed that, in general, amylolytic preparations high in
alpha~amylase sctivity became the criterion for the screening
of organisms used in the production of mold bran and sub-

merged culture preparations,
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Adams, Balankurs, Andreasen and Stark (1) reported
that there wag no correlation between the alpha-amylase
activity of submerged culturee of Aspergillus niger 337 and
the alecohol ylelds obtained from the mashesg converted by
the fungal preparation. LeMense, Sohns, Corman, Blom, Van
Lanen, and Langlykke (87) agreed with thie observation and
found that the volume of submerged fungsl culture used for
saccharification was more important than the amount of
dextrinizing enzyme,

LeMense, Corman, Van Lanen, and Langlykke (66) observed
a positive correlation between maltase activity and the
slcohol ylelds, It was important that the mold cultures,
however, had a measurable amount of alpha-amylase,

Corman and Teuchiya (27) in 1951 confirmed their
previous findinge thst the alcohol yleld from graln mashes
converted with fungsl amylace was poeitively correlated
with the maltase content of the latter provided an adequate
amount of alphs-amylsse was present., Pool and Underkofler
(106) in 1953 reported that they could find no direct corre-
latlion between alcohol ylelds from grain mashes saccharified
with fungal amylase preparstions and the absolute amunts
of alpha-amylase, maltase, and limit dextrinase in elther
bran or submerged culture preparations of Aspergillus oryzae
or two strains of Aspergillus niger.
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Erb, Wisthoff, and Jscobe (34) in 1948 investigated
another method for the evaluation of submerged fungal cul-
tures, They determined the eaccharogenic asctivity of fungal
amylases by the ferricyanide tiltration of the reducing
sugars formed by the action of enzyme preparstlons on
soluble starch, The pame method was reported by the U. S,
Production and Marketing Adminietration snd Bureau of
Agricultural and Industrisl Chemistry (155) in 1950 for the
plant scale experiments et the CGraln Processing Corporation
at Muscatine, Iowa, They found a positive correlation
between saccharogenic power and the alcohol yields., However,
their dats elso indicate just as good a correlatlion between
maltase or alpha-amylass activity and alcohol yleld.

Drews, Lampe, and Specht (31)_1n 1950, after comparing
methods for the evaluation of amylolytlec activity, stated
that the most reliable method was the determination of the
alcohol yleld in a fermentation test after saccharifying
the starchy material with the esample to be tested,

Reese (114) and Reese, Fulmer, and Underkofler (115)
described & ghort starch fermentsation test for evaluation
of fungal amylolytlic materiale, The alcohol yleld is
determined following a 24-hour fermentstion of cornstarch
gaccharified by the amylolytic material to be evaluated.
The ratio of mold bran/alcohol yield wae plotted against
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the weight of mold bran, and straight lines were ohbtained.
Parallel lines with different intercents were obtalned with
a2 nunber of Aspergillue oryzae 38 mold brans investlgated.
They found the lower the intercept value, the higher was

the saccharifying efficiency of that partlcular mold bran.
The ratio of the intercepte for two mold brans was equal

to the ratio of the weighte of the same mold brans necessary
to obtain optimum alcohol yields, Thue, by running e
standard mold bran at different levele to find the optimunm
and then comparing 1te intercept with the intercepts of
other mold brene in the ehort fermentation test, the optimum
levels for other mold brans can be calculeted., Excellent
resulte were obtained using this procedure for the evalustion
of Aspergillug oryzee 38 mold brans. This procedure can

be used to determine the levels of different mold brane to
be used to obtain maximum yields but doee not indicate
definitely which mold brsn willl give the highest alcohol
ylelds.

Pool and Underkofler (106) further investigated the
short starch fermentation test and concluded that the method
could not be used for the evaluation of different oprepara-
tione, i.e,, for the comparigon of preparations from two
different organiems or the compsasrison of different types

of preparations from the same organism, They also noted
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that this teet was too rapld for organisme such as Agper-
gillug niger 330, which produce only small amounts of

alpha-amylase,
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III. MATERIALS

A, Materianls for Fermentations and Medla

l. Corn meal

The corn which was used for the early corn fermenta-
tions was obtained as No. 1 whole kernel yellow corn in a
100 pound lot from the CQuaker Oats Company, Cedar Rapids,
Iowa in June of 1949, It wes ground, thoroughly mixed,
and stored in screw-topped bottles until used. The corn
wes fumigated by pushing a teet tube containing about 5 ml.
of carbon digulfide upright into the ground corn and
screwing the cover on tightly. As this supply ran out, a
100 pound lot of fine zround whole yellow corn was ordered
from Gllchrist Feed Co., Ames, Iowa in August, 1953. The
corn was agaln stored and fumigsted in screw-topped bottles
untll used, Folsture and starch determinations were run

on the corn in each lot.

2. ¥heat bran

The history of the bran used for the preparation

of bran cultures and mold brans in this investigation
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is unknown except that it was obtained prior to

1948,

3, Distillers' drled golubles (DDS)

This meterial was obtalned in a 100 pound lot from
Joseph E, Seagram and Sons, Inc,, Loulsville, Kentucky.
It was described as "A dried concentrate of the soluble
portion of stlllage obtalned in the distilling of cereal
grains, prineipally corn, also some barley malt.® The

following analysis accompanied the dried solubles:

Protein not less than 30%
Crude fat not lese than 5%
Fiber not more than 5%
Ash not more than 6%
Moisture content not more than 7%

Thie materiael had a tendency to take up water, forming
hard cakes. Consequently 1t wae divided into smaller

portions and placed in screw-topped bottles until used.
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4, Corn starch

The starch used in the ghort starch fermentation tests
wag Obtained in a 100 pound lot from American Malze-Products
Company in July, 1946, The glucose equivalent wae 92.50
per cent on starch "as received" with moisture content of

11,40 per cent on the starch ag it came from the sack,

S. Barley malt

Barley malt was obtained from Columbia Malting Co.,
Chicago, in February, 1953 as Distillere malt, The

following analysls accompenied 1t:

6.8% Moisture
177-188° Lintner

6. Malt extract

The malt extract used to prepare medla for yeast
cultures was obtalned in & 60 pound drum from the Pabst
Brewing Co., Peoria Heights, Illinois, in October, 1951,

This material was designated as "Bakers Syrup?.
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7. Yeast extract

The yeast extract employed in this inveetigzation was
the dehydrated powder form of Difco Bacto Yeast Extract
manufectured by the Difco Laboratorles, Detroit, Mlchigan.

8. Flour

The "Gold Medal' brand flour used in thig investigatlion
wes obtained in four 50 pound lote from a grocery. The
Tiret two lots were received in June, 1954 and the last
two lots in September, 1954. Btarch and moleture analyses

were carried out in triplicate for each eack.

9. Yheat germ

Two kinds of wheat germ were uged in thie investigation.
a. Hard spring wheat germ obtalned from International
Milling Co., Davenport, Iowa, in 5 pound lot in June, 1954,
The germ was stored in screw-topped bottles and fumigated
by pushing & test tube contalning sbout 5 ml., of carbon
disulfide upright into the germ and screwing the cover on
tightly until used,
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b, Kretschmer wheat germ obtained from a grocery in

June, 1954, The following anslysis was found on the label:

One oz, supplies the following percentsge

of minimum dally adult reguirements:

Thiamine how Iron 22%
Riboflavin 7.5% Phosphorus  36.5%
Niacin 1 mg. Protein 9.35 g.

Natural oil of wheat germ reteained also contains the

following, per ounce:

Choline 114 mg.
Inositol 201 mg.
Pyridoxine .34 mg.
Pantothenic acld «32 mg,
Follc scid .13 mg,
Biotin .003 mg.
Vitamin E 11.5 mg.

10. Ground whole whesat

The wheat used in thie linvestigetion was hard winter
wheat received from Robert £, Ogden of the Chemurgy

Department, University of Nebraskas, Lincoln, Nebraska, in
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sumrmer, 1953, The whole wheat wae stored in screw-topped
bottles until January, 1954, It wae then ground in the
Wiley mill, thoroughly mixed and stored in screw-topped
bottles until used. Molsture and starch determinations

were run on the ground whole wheat,

B. Chemicals

All chemicals used during this investigation were

of the C, P, grade and were obtained through ordinary

commercial sources.
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IV. METHODS

A, Microblological Procedures

1, XYeast cultures

A 15 per cent "beer wort® medium was used for carrying
the yeast culture and also for the preparation of cultures
used for inoculating experimental mashes, This medium wes
prepared by dissolving a welghed amount of malt extract in
epproximately 5.6 timee 1ts welght of tap water, The malt
extract was first dlesolved in a little bolling water and
then diluted to volume. The volume of the medium obtained
was about l.1 timee the volume of the water used., From
this medium, 20 ml., aliquote were dietributed in 50-ml.
Erlenmeyer flaske for use aé carrying medium and 300 ml.
amounts were placed in 500-ml. Erlenmeyer flaske to serve
as medium for the innoculant for the experimentsl fermenta-
tionse. After the distrlbution of the beer wort, the flasks
were plugged with cotton and sterillzed for 15 minutes at
a steam pressure of 15 pounds per square inch.

The stock culture was originally obtelned from the
Northern Regionel Regearch Laboratory, Feoria, Illinois,

a8 yeast No. 567. It 1s listed as No. 51 in the Blophysical
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Chemistry culture collection at Iowa State College. It 1is

a strain of Saccharomyces cerevicslae which is extremely
vigoroue and produces high yields of alcohol. Tranefers
were made dally in order to maintain a vigorous yeast cul-
ture., The inooulated medium wag incubated at 30° C. and 20
to 24 hour yeast culturee were used to inoculate the experi-

mental fermentatlion mashes,

2. Mold cultures

The following molds were used in thie investigation:
Aspergillius niger No. 337 from the Northern Reglional Research
Laboratory, Peoria, Illinols; Aspergiliue niger No. 330 from
the egame source; and Asperglllus oryzee No. 38 from the
Bilophysical Chemistry culture collection at Iowa State
College.

Stock cultures of these molds were maintained on
dextrose~yeast extract-agar slants, It was found more con-
venient to make most of the inoculatione during the course
of this work from intermediate bran cultures. Bran cultures
were prepared by mixing 100 g. of wheat bran and 10 g. of
ground corn., To this dry material there was added 60 ml,
of 0.2 normel hydrochloric acid containing 0.62 p.p.m. of

gzinc sulfate heptahydrate, 0.63 p.p.m. of ferrous sulfate
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heptahydrate, and 0.08 p.p.m. of cupric sulfate pentashydrate,
Ten gram portions of the moistenéd material were placed in
150-ml, wide-mouth Erlenmeyer flaske and the flasks were
plugged with cotton, The flasks were esterilized for 15
minutes at 15 pounds steam pressure, cooled, and inoculated
with mold epores. The flasks were lald horizontally in the
incubator at 30° C. After about a week, during which
mycellial growth, sporulation, and finally drying of the
materisl occurred, the brean cultures were ready for use.

The molsture content 1g very critical and it is sometimes
necessary to very the amount of acid~-ealt solution depending
on the weather conditions so that the material is nelther
too dry to support good growth nor so moliet that drying 1s
delayed. If drying does not occur soon after sporulation,
autolysls ocours and the culture 1is epoiled.

Bran cultures were lnoculated by removing & small
portion of the molé growth from the surface of the agar
slantg by means of & sterlle wire and placing it in the
sterllized bran preparation., The flask was then shaken to
distribute the mold spores throughout the moigtened bran
and then incubated at 30° C,

Mold brens were prepared employing the method described
by Hao, Fulmer, and Underkofler (50). Briefly, the method
consisted of mixing about 750 g. of wheat bran with equal
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welght of 0.3N hydrochloric acid and packing 1t into an
sluminum pot equipped with a tight ritting cover and a
perforated bottom. The pot and contents were sterilized
for 30 minutes at 15 pounde steam pressure., The pot was
cooled, the materisl removed, and inoculated with 10 g. of
a bran culture of the proper mold. The inoculated bran was
repacked in the pot and incubated at 30° C. for about 8 hours.
After thie incubation period seration was used to keep the
temperature below 45° C.  The direction of flow of the air
was alternated periodically. After 12 to 24 houre the
contente of the pots were spread on paper to dry. After
drying, the material wes ground end the mold bran wasg ready
for use. PMolasture determinatione were run on each mold bran.
Bubmerged cultures were prepared by shake-flask culture
of the moldes upon medis conteining 5 per cent distillers!
dried solubles and 5 per cent corn meal. The ingredients
were mixed with tap water in the required proportions in
flaska, A volume of 150 ml, of medium in each 500-ml.
Erlenmeyer flask wae em-loyed. The flasks were stoppered
with cotton pluge and sterilized at 15 pounds steam pressgure
for 15 minutes., Arfter cooling, the medium 1in each flask was
adjusted to pH 5.2 with concentrated sodium hydroxide solu-
tion, employing & glese electrode pH meter, The media were

then inoculated with the molde epores and incubated at
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30° C, in a reciprocal ghaker, Inoculations were made from
the bran cultures. About 100 ml. of eterile 0,05 per cent
Tween 80 solution was added to the bran ocultures and the
flask was shaken to suspend the mold spores and & portion
of the solid material. Inoculations were made from this
suspenslion by measne of a sterile pipet. The submerged cul-
ture preparations were incubated for 48 houre, and employed

immedlately after thie incubatlion period,

B, BSaccharification and Fermentation

l. Standard method

The majJor portion of the experimental fermentatlone in
this investigation followed a procedure which has been in
use in this laboratory for a number of years. The fermente-
tions were carried out in l-liter wide-mouth Erlenmeyer
flasks equipped with water traps to decrease the loss of
alcohol., One hundred grame of starchy material wae placed
in each flaek, 250 ml. of 0.06 normal sulfurilc scid added,
and the flasgke were held for 10 minutes in the water bath
at 63° C. The water bath was then heated at such a rate
that the tempsrature of the maches was raised to 90° C. in

about 30 minuteg. The flasks were then transferred to the
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hot autoclave and cooked immedlately for 45 minutes at

20 pounde gteam pressure. The degired amount of sacchari-
fying agent wes mixed with cold tap water to make 250 ml,

of slurry at 15° to 20° C. After completion of the cooking
perliod, the asutoclave was blown down to atmospheric pressure,
and the flasks were steamed continuously in the sutoclave

at atmoepheric pressure until their removsl, one at a time,
for saccharification,

To the hot mash was added 0.4 g. of calcium cerbonate
to bring the pH to approximately 5.0. The co0ld slurry of
the saccharifying agent wes next added and the mash mixed
rapldly with & high speed stirrer resulting in a mash
tenmperature &t this time of about 55° C. The mash was then
quickly cooled to 30° C. by vlecing the flask in a cold
water bath. When all the flasks in the series had been
adjusted to the desired pH, saccharified, and cooled, the
mashes were inoeculated with 20 ml, of an active 20 to 24
hour culture of yeast. The flsaeks were swirled to distribute
the yeast throughout the mash, the stoppers and traps were
added, and the flseks were placed in the 30° C. incubator
for 3 to &4 days untlil completion of fermentation. The
flasks were gwlrled daily to resuspend the yeast which had
settled to the bottom of the flasks,
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2. Modifications of the etandard method

The early experiments were carried out according to
the standerd method described. Due to greater convenience,
the following modifications were adopted in the later experi-
ments. One hundred grame of starchy material was placed in
each l-liter wide-mouth Erlenmeyer flagk, 250 ml., of 0,06
normal sulfurlic acid added, and the flagks were transferred
to the hot autoclave and cooked at atmospheric pressure with
occaslonsl shaking until s8ll the sgtarch had gelatinized,
The flaske were then cooked for 45 minutes at 20 pounds
stesm pressure, blown down to atmospheric pressure, and
steamed continuously until removed one at a time for sac=-
charification, To the hot mash was added 2,0 ml., of
gaturated sodium carbonate egolution to adjust the pH to 5,0
and a slurry containing the desired amount of saccharifying
agent in 250 ml. of c¢old water, and mixed with a high speed
gtirrer for 2 minutes, The mashes were finally cooled and
inoculated with 20 ml., of an active 20 to 24 hour culture
of yeast.

Modirfications of this method due to vsriation of certain
factore were studled in flour and starch slurry fermenta-
tions. These will be noted in connection with the particu-~

lar fermentationse in the experimental sectlion, These
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modifications included such factors as the strength of
the acld used in preparing the mash, end the amounts of

saccherifying agent used.

3. Ihe starch slurry fermentation

Three hundred ml, of starch slurry wae placed in each
l-liter flask and the slurry adjusted with 6 normal sulfuric
acld to 0.06 normal by assuming 300 ml, of slurry contalned
250 ml, of water. The mashes were gelatinized, cooked,
saccharified snd inoculated according to the modified

gtendard method.

k, The short gtarch fermentotion test

The procedure for a short fermentation test for sac-
charifying efficlency was described by Reese, Fulmer and
Underkofler (115). This method 1e outlined briefly here,
To 100 g. of pure food grade starch and 5 g. of Difco yeast
extract in a wide-mouti one-liter Lrlenmeyer flask is added
250 ml. of 0.05 normal hydrochloriec acld previously heated
to 70° C., and the contents are stirred with a glass rod
to feocillitate mixing. This 1s repeated for ezch flask in
the series, The flasks are then heated in a water bath and
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getirred continuously until the starch 1s gelatinized., The
mashes are then cooked for one hour at 20 pounds stean
pressure, blown down to stmospheric pressure, and steamed
continuously until removed one at & time for sacchariflca-
tion. To the hot mash is added the requielte amount (about
1.9 ml.) of saturated sodium carbonate solution to adjust
the pH to 5.0 to 5.3 and s elurry contsining the amylolytic
agent in 250 ml. of cold water, and the entire contents are
mixed wlth a high speed stirrer for 2 minutes., The slurry
should be cooled in an lce bath before using so the finsl
temperature of the mash will be 55° C. The mashes are then
cooled in & cold water bath to 30° C. and each flask 1s
inoculated with 20.0 ml. of an active 24-hour yeast culture.
The series is incubated at 30° C. for the 24 hour test

period.

C. Analytical Procedures

1., Determinstion of moieture

Molsture determinations were carried out on the corn
meal, flour, stzrch, distillers'! dried solubles, ground
whole wheat end starch used during this investigation.

Welghing bottles each contalning 3 to § g. of the material
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were pleced in an oven at 105° C. and heated until conetant
welght was obtalned, The loess of welight was ascsumed to be
due to the losg of water and the per cent molsture was

ealoulsated on that basls,

2. Determinstion of alcohol

At the end of the fermentation perlod the water in
the traps wae added to the fermentatlion flasks. The final
volume of the beer in each flask was measured and a 250 ml,
aliquot from esch flsek along with 100 nl, of waeh water
were traneferred to a Kjeldahl flask, Calcium carbonate
(0.5 to 1.0 g.) was added to neutralize the acids present
and about 99 ml, of distillate was collected in a volumetric
flask. The distillates were brought to 25° C. by lmmersion
of the volumetric flaske in a constant temperasture water
bath, the volumee made to exactly 100,0 ml., with distilled
water, and the spscific gravities detérmined at 25°/25°
with 2 Chalnomatic Weetphsl balance, Ethanol contents of
the dletillates were then read from an appropriate table.
Multiplication of the weight of alcohol thus determined by
the ratio (beer volume/sliquot volume) gave the total ylield
of alcohol in each flask,
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The alcohol yields for the early experimental fermenta-
tlons were calculated in terms of gallons of 100 proof
ethanol per standard bushel., Thise calculation 1s based on
the total smount of dry material involved in the fermenta-
tion. The total alcohol yield multiplied by (100/total dry
welight) gives the pounds of alcohol per 100 pounds of dry
materlal., This figure dlvided by 3.31 glves proof gallons
{1i.e., gallons of 100 proof alcohol) per 100 pounds of dry
material. A standard bushel of corn welghe 56 pounds and
containe 12 per cent moisture, so multiplication of proof
gellone per 100 pounds of dry material by (56)(0,.88)/100
vwill give yields in terme of proof gesllons per standard
bushel, Division by 1.9 will give ylelds in wine gsallons
per standard bushel, (A wine gallon is a gallon of 190
proof alcohol.)

For comparison purpose, the yields of alcohol for
flour, sterch elurry and ground whole wheat fermentations
were calculated in terms of grams of slcohol per 100 grams
of etarch. The total alcohol yleld multiplied by (100/total
starch content per flask) gives groms of alcohol per 100
grems of starch. Thie figure multiplied by (100/theoretical
alcohol from 100 grame of starch) gives per cent theoretical
yield, Theoretical alcohol from 100 grame of sterch was

calculated from the equation:
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(CgHyg0g)x + xH0 — x CgHy05 —> 2x CHLO0H + 2x CO, .

Hence, 100 mltiplied by 92/162 gives the theoretical yileld

of alcohol from 100 grams of etarch.

3. Determinstion of starch content

Starch content was determined by direct acid hydrolysis
in accordance with the Official Method of Analyeis of the
Association of Official Agricultural Chemists (6).

A quantity of 2,5 to 3 g. of dry material was heated
with 200 ml. of water and 20 ml., of hydrochloric sacid
(specific gravity 1.125) for 2.5 hours in a flask provided
with & reflux condenser, cooled and nearly neutralized with
sodium hydroxide., The solution was transferred quantita-
tively to a 500-ml, volumetric flask and diluted to volume,
filtered and glucose determined in an aliquot of flltrate.
Weilght of glucose obtained multiplied by 0,90 gives the
welght of starch., Glucose wag determined according to the
method of Underkefler, Guymon, Rayman, and Fulmer (151).

The reagente were standardized with pure glucose,
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4, Determination of glucoee

For a more complete diecuselon of the method used in
determining reducing sugare the reader may consult the
article by Underkofler, Guymon, Raymen, and Fulmer (151)
describing a modification of the Shaffer~Somogyl method,

a. Reagente
(1) Potassium lodide (125 g.) and potassium

oxalate monohydrate (250 g.) were dissolved in one liter
of water to furnlsh the source of iodine,

(2) Sulfuric ascid, 7.5 normal,

(3) Stendard 0.0500 normal sodium thiosulfate
golution

(4) Starch indicstor solution. This contained

“one per cent soluble stareh in a saturated sodium chloride

solution.
(5) Sugar resgent “G"
Components Welght in grams per liter
Cus0y * 5Hp0 37.5
NeKOL4 Hy0g* bH,0 1258
NapC04 (anhydrous) 53
K1 1.0

Na280y (anhydrous) 50
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K104 2.5685 (exseotly)
NsOH Acrroximately saturated solution

edded to edjust to pH 9,48

The esugar recgent "G" wvas prevered as followe: The
godium carbonate snd Rochelle selt were diseclved in about
500 ml. of dletilled wster efter which the copper sulfete,
dissolved in about 500 ml, of dletilled water, was added
with continuous stirring eo thest no free carbon dioxlde was
evolved, The votasslium lodide and sodium sulfate were then
added and stlrred untll dissolved. The solution wase then
made up to & volume of about 960 ml. with dlstilled wvater.
The strong sodium hydroxide solution was next added slowly,
with stirring, until the pH reached the value of 9.48. The
pH was determined at 25° C. with the glass electrode, the
salt error beinz neglected, The resulting solution wae then
heated to bolling &nd wes bolled gently for 10 minutes in
a covered container. It was then cooled to 20° C. The
potascsium lodate, asecurstely welghed, was added, dissolved
completely, and the volume mede up to exactly one liter in
&8 volumetric flask,

b. Procedure, Five milliliters of the solution to

be snalyzed for reduelng sugsre wes plretted into 2 test
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tube (25 mm. x 145 mm.) and a similsr volume of reagent “G*
was added., The solutlone were mixed by swirling the tube
which wes then stoppered with a one-hole, No. 4 rubber
stopper conteining s short length of 1 mm., capillary tublng
in the hole,

The test tube was next immersed (at least two-thirds
of ite length) in a boiling water bath for 20 minutes.
After cooling the tube and contents %o room temperature in
& cold water bath, 2 ml. of the lodlde-oxalste solution was
added and the solutions were thoroughly mixed. One ml., of
7.5 normel sulfuric acid was carefully added down the side
of the inclined tube, After the effervescence had nearly
subslded the tube wee sheken until no undissolved material
remalined.

The excese lodine wes titrated with standard sodium
thlosulfate ueing the starch indicator., Titration was
continued until the typlcal starch-iodine purple ocolor
changed to a light blue. A blank was run using 5 ml, of
distilled water, The glucose equivelent (mg. glucose/ml.
thlosulfate) wae determined by following the above procedure

uelng various dilutions of & standsrd glucose solution.
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D. Methods for Preparing the Materilals

1. Starech slurry

For the early experiments, the starch slurry was
obtained by the following method:

One thoussnd srame of flour was mixed with 100 ml. of
tep water at 52° C. It was sllowed to stand for 30 minutes
and then mixed carefully with 2000 ml., of tap water at 52° C,
without unduly violent egitetion. The gluten was then
separated by filtering the slurry through muslin cloth and
the starch glurry collected for fermentation, Another
method was adopted during the later experiments due to
greater convenience, Iriefly, the flour was made up to a
dough and allowed to develop for thirty minutee. The dough
was then weshed with geveral vortions of tap weter by hand,
the washings were filtered through a muelin cloth and the

etarch slurry collected for fermentation.

2. Extractec wheat germ

Wheat germ extraction was accomplished in Soxhlet
extraction with both hexane and alcohol ag solvents for

24 houre and then sir dried,
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V. EXPERIMENTAL RESULTS

A. Short Starch Fermentation Test

Reese (114) in 1947 developed & short starch fermenta-
tion tegt for the evaluatlon of mold brane prepared from
Asperglllus oryzae 38-b. He reported parallel straight
lines were obtained when the ratioe of the welght of mold
bran used per weight of alcohol produced were plotted
against welght of mold bran used. The intercept values
from these stralght lines were directly proportional to
the optimum level of mold bran required for maximum alcohol
prroduction.

Further work on the application of this method for
comparstive evalustion of fungal preparations from different
molds cultivated on bran and submerged was reported by Pool
and Underkofler (106)., They studied mold bran and submerged
preparatlions of Aspergillus oryzae 38-b, Aspergillus niger
337 and Asperglllus niger 330, and found that the method
could not be applied to Aspergillius niger 330. They further
concluded that the method could not be used for the evalue-
tion of preparations from two dlfferent organisme or for
the comparison of different types of prepsrations from the

same organism, They felt that the method ought to be tested
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for possible application to mold preperstione other than
thoce of Aspergillus oryzase 38-b mold bran so succesefully
evaluated by Reese.

To check further the anplicabllity of Reese's short
starch fermentation test, 5 preparations of Aspergillus
niger 337 mold bran were prepared according to the method
of Hao, Fulmer and Underkofler (50), It wae hoped that the
5 preparatione of mold bran might have significant differences
in their saccharifying efficlency for good checking of
Reese's ghort starch fermentation test, The saccharifying
efficlencles of these preparations were studlied by measuring
the a2lcohol production from corn maghes sacchariflied by dif-
ferent levels of the mold brans., The levels tested were from
3 to 7 per cent (wet basis) of the corn used., Alcohol yields
were calculated in proof gallons per standard bushel (i.e.,
56 pounds and 12 per ocent molsture), The results are sum-
marized in Teble 1 and plotted in Figure 1,

Another geries of fermentations was run with corn sterch
gsaccharified by different levels of the 5 mold brans fol-
lowing the procedure for Reege's short starch fermentation
test method., The results are indicated in Table 2 and
plotted in Figure 2,

According to the method of Reese {114) the ratio of

the graphical intercepts for two mold brans wees directly



70

Table 1. Alcohol ylelds from corn meal saccharified by 4if-
Terent levels of Aspergilius niger 337 mold brans

Dry wt, mold Total dry Mold bran, Alcohol ylelds,
bran, g. matter, g. per cent proof gallons per
standard bushel

Mold Bran I
2.69 90.49 2.93 4,98
2.38 91.38 2.92 5.30
48 92,28 .88 5.45
5.38 93,18 5.77 5.40
6.27 94,07 6.67 5.29
Mold Bran II
2.69 90.49 2.93 5.03
2.59 91.39 2.93 5.33
49 92,29 .87 5.46
5038 9 018 5‘?? 5'52
6.28 94,08 6.68 5.50
¥old Bran III
2.71 91.31 2,97 5.47
62 92422 3.93 5.56
.32 93,12 L,.8% 5.66
5.43 94,03 5.78 5.59
6.33 94,93 6.67 5.58
Mold Bren IV
bkl 92.21 4,78 5.22
4,94 92,74 5.32 533
5.29 93.09 5.68 5.32
5.6k 93, 4k 6.04 5.28
5.99 93.79 6,24 5.23
M¥old Bran V
h,558 92.35 4,93 5.05
4,91 92.71 5. 30 5.16
5.28 93.08 5.65 5.25
5.61 93,41 6.01 5.24
5.96 93.76 6.36 5.22
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Table 2. Alcohol yields from corn starch saccharified by
different levels of Asperglillus niger 337 mold

brans
(1) Dry weight (2) Aloohol yield, g. (1)/(2)
mold bran, g.
Mold Bran I
1.79 23.87 .0750
2.69 25,02 .1075
3.58 26.55 .1349
L,ug 27.52 .1628
Mold Bran IX
1.79 21,04 .0851
2.69 24,02 1120
.59 25.90 .1386
49 26.93 .1667
¥old Bran III
.91 16.87 0539
1,81 22,40 . 0808
2.71 25,26 .1083
3.62 26.6M4 .1358
Mold Bran IV
.88 17.07 .0516
1.76 22.47 .0785
2.64 25.09 «1052
3.53 26.45 «1335
¥old Bran V
1.75 20,83 . 0844
2.63 23.81 .1105
3. 50 25.63 1369
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related to the ratio of the levels of the two mold brans
reguired for optimum alcohol production. A comparieon of
the optimum levels obtalned from Figure 1 with the inter-
cepts obtained from Figure 2 1s made in Table 3. The opti-
mum level for esch preparation listed is the per cent of
the total dry material in the fermentation mash, The slopes
of the lines obtalned in Figure 2 are also given in Table 3.
Unfortunately, the differences in the saccharification
effliciencies of the 5 mold bran preparations are not very
great, Examination of the values in Table 3 leade to the

conclusgion that there 1s no over-all relation between the

Table 3, Comparison of optimal levels, maximum aleohol ylelds,
intercept values and slopes for Aspergillus niger
337 mold brans

Preparations Max, alec. Opt. level Intercept Slope
yield, proof per cent value
gal. per bu.
1 5.45 5.0 .0153 . 0335
II 5.52 5.8 02958 +0306
ITI 5.66 4.8 0265 +0301
v 5.33 5.5 .0236 .0312

v 5.25 5.7 .0316 .0301
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intercept values from the short starch fermentation test
and the optimal levels for sctual fermentastione. Although
stralght lines were obtalned in Figure 2, they are not all
parellel to each other. Thie may be due to the fact that
the enzyme system in Aspergillus niger 337 1e different.
from the enzyme system in Agpergillups oryzse 38-b., It must
be pointed out that the dats are very limited, Several
attempts to prepere mold brans of higher potency than those
already tested were unsuccessful. Since the dats obtsined
were not very encouraging, no special effort was exerted to

prepare more mold bran.
B, Alcoholic Fermentation of Wheat Flour

Utilization of surplue grains by f=zrmentation to produce
ethanol has been congldered and discuesed for many years.
Research to obtaln maximum ylelds of alcohol from different
raw materials has been carried out in s number of labora-
tories. At precent conslderable interest has developed in
the possibility of using surplus wheat for alcohol produc-
tion., The surplus continues to increase each year 1n splte
of acreage control by gQVerﬁment. Coupled with thie surplus
is a greagt demand for increased supplies of wheat gluten
from which to meke monosodium glutamate. For recovery of

wheat gluten the wheat must be milled to flour, the gluten
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separated, and the gtarch slurry remeining 1s a suitable

substrate for fermentation.

l. Optimum acld concentrastion for initisl cook

In processing etarchy substrates for ethanol fermenta-
tion gelatinization of the starch during cooking with water
regults in highly viscous mashes which are extremely 4diffi-
cult to handle, Industrial plants attempt to eliminate this
difficulty by pertislly liqusfying the starch prilor to or
during the cooking operstion. This le usually sccomplished
by the addition of & small amount of melt (premalting),
minersl acid, or fungel or bacterial amylase preparstions,
For laboratory scale fermentations the use of acld ig the
most convenient procedure. In a fermentztion process it
is necessary firet to detzrmine the optimum conditlons for
liquefying the starchy mashes so that they can be readlly
handled,

To determine the optimum scid coneentration for initial
cook, fermentation mashes vprepared from wheat flour and
starch slurry were cooked with various concentrations of
sulfuric acid and fermented with the addition of sufflecient

amount of saccharifying agent (6 g. of Aspergillus niger 337
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mold bran per flssk). The results are shown in Table
b,

Since the starch contents of flour from different sacks
are not the pame, the slcohol ylelde are reported in grams
of slcohol per 100 g. of starch for comparison purposes,

In genersl, thinning of the maghes occurred with incressed
acld concentration, Alcohol yields from wheat flour cooked

wilith 0,02 and 0.03 normel scld could not be determined

Teble 4, Effect of sulfuric acld concentration on alcohol
ylelds from wheat flour and etarch slurry

Normality Alcohol ylelds, g. of alcohol per 100 g. starch

of acid Starch slurry Wheat flour
.02 L7.21 overflowed
.03 Ly 48 overflowed
. Ok 48,08 47.90
.05 48.18 48,11
.06 Lg.01 48,12
.07 48,16 48.18
.08 Le. 24 he.s52

.10 Ly, 56 LhL,68
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because the meshes overflowed during the initisl cook due

to excessive foaming., The derk color of the mashes cooked
with 0.08 and 0,10 normal ecid indicated that some carameli-
zation had occurred. The minimum acid concentration giving
& thin mash (0.05 normal) wae chosen ae the optimum acld
concentration for initilal cook for all succeeding fermenta-

tions.

2, Optimum level of saccharifying agent

a., Malt., Various concentratlions of malt were added
to the mashes whiech had been cooked with 0,05 normal sul-
furic acid, The dats are presented in Tables 5 and 6.

Both serles showed increasing ylelds up to a certain melt
concentration, Due to differences in starch content of
wheat flour and starch slurry, malt concentrations are re-
ported ae grams of malt per 100 grams of starch. Extrenely
low ylelds were obtained from starch slurry fermentations.
The lower alcohol yield from wheat flour at malt concentra-
tion of 16.32 grams per 100 grams of gtarch was probably
due to some experimental error,

b. Mold bren. The mold cultures employed in this
investigation were Aspergillus oryzse 38b, an organism that

has been employed in commerclal production of mold bran
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Table 5. Aleohol ylelde from wheat flour at different
malt levels

Malt, g. per Alcohol yield, g. Theoretical yleld,
100 g. starch per 100 g. starch per cent

8.16 46,31 81.6

10.88 47.85 84.3

13.61 47,58 83.8

16.32 47.11 83.1

19,05 b7 .74 84.1

21.77 h7.80 84,2

Table 6. Alcohol ylelds from starch slurry at different

nalt levels

Malt, g. per Aleohol yleld, g. Theoretical yleld,
100 g. starch per 100 ., starch per cent

10.12 35.83 63.1

13.50 35.94 63.3

16.88 35.93 63.3

20, 26 36.16 63.7

23.63 38, 20 67.3

27.01 38.00 67.0
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(153), Aspergillus niger 337, the organism employed in com-
merclzl scale tests of the submerged culture saccharification
procedure (66, 155), and Aspergillus niger 330, reported to
produce high maltase activity (27, 143), Mold brans were
prepared according to the method of Hao, Fulmer, and Under-
kofler (50). The optimum levels of the mold brane for
saccharification were determined by messuring the alcohol
production from mashes saccharifled by different levels of
mold brans., The results are spummarized in Tables 7 and 8.

All series showed increasing yleldes up to s certain
mold bran concentration after which the ylelds decreased,
All the mold brans proved to be better than melt. However,
comparison of the sbove experiments were of little velue
because they were run during summer when the temperature
inside the incubator could not be controlled most of the
time (inetead of 30° C. it went ae high as 40° C.). Another
geries of fermentations wae run using the optimum levels
found in the sbove experimente to determine which sacchari-
fying agent gave the best yleldes, The dates are presented
in Tables 9 and 10.

The resulte of this serles of fermentations again indi-
cate that malt wac the pooreet saccharifying agent tested,
although somewhat higher ylelde were obtalned from this

geries of fermentation than had been previously obtalned.
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Table 7. L4lcohol ylelde from wheat flour at different
mold bran levels

Mold bran, g. Alcohol yleld, g. Theoretical yleld,
per 100 g. starch per 100 g. starch per cent
As niger 330

4,08 Lg.79 82.4
5,44 L4e,87 82.6
6.80 Lg,29 85.0
8.16 49,29 86,9
9.52 48,65 85.7
A, piger 337
4,08 L4841 85.2
5, bk 49,87 87.5
6,80 49,95 87.9
8.16 L9,48 87.1
9052 49085 708

A, oryzse 38b

k.08 b4.16 77.8
5o bl b7.17 83.1
6.80 48, 56 85.5
8.18 49,21 86.7

9.52 h9,02 86.3
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Table 8. Alcohol ylelde from starch slurry at different
mold bran levels

Mold bran, g. Alcohol yleld, g. Theoretical yleld,
per 100 g. starch per 100 g. starch per cent
A, niger 330

4,18 4h, 22 77.9
5.58 Ly,12 77.5
8.37 45,96 81.0
9.76 45,68 80.4
4. niger 337
5.82 45,43 80,0
7 .49 46,31 81.8
9.37 49,72 87.8
11.24 50.17 88.4
13,11 50.17 88.4
A, oryzse 38D
4,51 Lo, 54 71l.4
6.02 L2,43 4.7
7.52 L3, 27 76.2
9.03 43.79 774

10.53 43,48 76.6
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Teble 9. Alcohol ylelds from wheat flour at optlimum levels
of different mold brans and malt

faccharifyling sgent, Alcohol yleld, per
g. per 100 g. starch cent of theoretical
A. piger 330

8.16 86.5

9.52 86.8

Ao niger 337

6080 87‘5
8.16 87.4
A, oryzse 38b
8.16 85.6
9.52 86.0
Malt
10088 85‘7
13.61 85.6

It 18 evident from the data that mold bran from Aspergillus
niger 337 1s the beet saccharifylng agent for both etarch
glurry and wheat flour fermentations., Extremely low ylelds
were obtailned from stsrch sglurry using melt, Except when
gaccharified by mold bran from Agperglllue niger 337, the

yilelds from starch slurry were alweye lowsr than the ylelds
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Table 10, Alcohol ylelde from starch slurry at optimum
levels of different mold brane and melt

Saccharifying agent, Alcohol yleld, per
g. per 100 g, starch cent of theoretical

A, niger 330

10.48 81.5
12,24 81.3
&. nliger 337
8.72 87.1
10,48 87,5

A, oryzse 38b

10.48 77.0

12,24 76.9
Malt

2k L7 70.0

27'97 ?Ool

from wheat flour. Theee results suggest some growth factor
must be present in the gluten., Even though mold bren from
Aspergllius niger 337 gave the best ylelds, the ylelds were
et1ll unsatlsfactory compared to those obtalned from corn

fTermentations.
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SBubmerged mold cultures were prepared according to the
conditions used by Pool and Underkofler (108). The mold
was grown on & medium consisting of 5 per cent distillers!
dried solubles and 5 per cent corn meal, The ingredients
were mixed with tap water., A volume of 150 ml. of medium
in each 500 ml. Erlenmeyer flask wae used. The medium in
each flask wee adjusted to pH 5.2 with concentrated sodium
hydroxide solutlon after autoclaving, inoculated with mold
spores and incubated in a reciprocsl shaker for 48 hours,
The mold cultures in different flaske were put together in
e blg flask and thoroughly mixed before belns used. 4An
accidental observation indicated that enzyme solutions mixed
by e high epeed mechanical stirrer gave better ylelde than
when mixed by hand eheking, Therefore in all the experiments
with submerged culture, the enzyme solution wae thoroughly
mixed with a high speed stirrer for 2 minutes before being
ueed.

The volume of submerged culture of Aspergilius niger
337 necessary for optimum saccharificstion, as measured by
the alcohol production, wae then investigated. The volume
per cent of enzyme solution used in sterch slurry fermenta-
tlon was computed by assuming 300 ml, of starch slurry

contained 250 ml, of water. Therefore 25 ml. of mold
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culture was considered ss 10 volume per cent. Mold bran
from Aspergillus niger 337 at a level of 6 g. per flaek was
used ss control. The resultes are lieted in Teblees 11 and 1l2.
From the data, 1t appeared thst submerged culture ig
8 better saccharifying agent then mold bren since it gave
better optimum yields for both sgterch slurry aend wheat
flour., 8Significant increase in optimum yleld wae observed
with the use of gubmerged Agpergillus niger 337 culture
especlally in eterch slurry fermentstion,
It was obeerved that enzyme solution prepered from

medium that wse prepared several days prior to inoculation

Table 11, 4Alcohol ylelds from starch slurry st different
levels of Aspergillug niger 337 submerged culture

Mold culture, Alcohol yleld, g. Theoretical yleld,
volume per cent per 100 g. starch per cent
5 41,79 71.8
10 i .85 79.0
15 50.60 89.1
20 52. 50 92.5
25 52.52 92.5

control 50.93 89.7
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Table 12, Alcohol yields from wheat flour at different
Asperglllug nlger 337 submerged culture levels

Mold culture, Alcohol yield, g. Theoretical yleld,
volume per cent per 100 g. starch per cent

5 ho,21 70.8

10 46.88 82.5

15 51,20 90.2

20 51.83 91.3

25 51.61 90.9
control 49,69 87.5

with the mold culture gave lower alcohol yleld than enzyme
golutlon prepared from freshly prepared medium, This ie
probably due to retrogradation of starch &e observed by
other workers, ©OSuch retrogreded starch 18 not saccharified
by amylases, and hence cannot be fermented.

One hundred ml, or 20 volume per cent of submerged
mold culture was chosen ss the optimum volume per cent for

both etarch elurry end wheat flour fermentation,
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3. Effect of sdding emmonium selt

Lo e )

In alcoholic fermentation of molasses, addition of
emall quantities of ammonlum salte iz usuaslly desirasble to
incresse the rate end efficlency of the fermentation. The
smount of ammonium salt, such as ammonium sulfete, varlies
from 0.5 to 3 1b, per 1000 gel. of mesh dependling on the
optimum amount =8 determined by laboratory fermentation
tests. It was theréfcre of some interest to observe the
effect of adding ammonlum salte to both stareh slurry and
wheat flour mashes,

A firet serlieg of fermentations was run uelng the opti-
mum amounte of saccharifying agents as determined in the
previous experimente and varying the amount of ammonium
gulfate added. The resulte are summarized in Tables 13
and 14,

Six grame of Aepergillus niger 330 mold bran wae used
per flask which 1s equivalent to 8.16 g. per 100 g, of
gtarch in wheat flour mesh or 10,47 g. per 100 g. of starch
in starch slurry mash., Five grams Aspergillue niger 337 was
used per flesk which is equivalent to 7.14 g, per 100 g. of
starch in wheat flour mesh or 9.63 g. per 100 g. of starch
in sterch slurry maches, B1lx grams Agpergillus oryzae 380
per flask was used which 1s equivslent to 8.16 g. per 100
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Table 13, Effect of ammonium sulfate on alcohol ylelds
from wheat flour at optimum level of different
saccharifying agents

Ammonium sulfate, Theoretical yleld,
g. per flask per cent

Aspergillus niger 330 mold bran

0 86.5
. Ok 86,0
.08 86.3
12 85.7
.16 8L4.9
Asperglllius niger 337 mold bran
0 90,2
. 0k 90.3
.08 88.1
12 86.2
.16 85.0
Aspergillus oryzee 38b mold bran
0 88.0
. Ok 88.1
.08 87.8
12 88.0
.16 88.0
Malt
0 82.3
. O 83.1
.08 81.9
12 80,1
+ 16 80,0
Submerged Asperglllus niger 337
0 92.6
. Ol 91.9
.08 91.5
.12 90.2

«16 88.6
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Teble 14, Effect of smmonium sulfate on alcohol ylelds
from starch slurry at optimum levels of 4if-
ferent saccharifying agents

Ammonium sulfate, Theoretical yleld,
g. per flask per cent

dspergllilue niger 330 mold bran

0 84,9
. Ob 84,5
.08 84, b
.12 8h, s
.16 8“.1

4spergillius niger 337 mold bran

0 90.4
. Ok 89.7
.08 89.5
12 88.6
.16 87.9
Aspergillus oryzee 38b mold bran
0 82.1
. 0k 82.3
.08 82.2
12 8l1.8
16 82.2
¥alt
0 72.0
. Ol 72.8
.08 71.4
12 70.6
16 70.2

Submerged Aspergillue niger 337

0 93.2
Ok 93.8
.08 92.7
$12 91.7
«16 90.8
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g. of starch in wheat flour mash or 10,52 g. per 100 g.

of starch in starch elurry mesh. Eight grame of mslt or
10.88 g. of malt per 100 g. of etarch wae used 1ln each flask
of wheat flour meeh. Fifteen grams of malt or 25.49 g. of
malt per 100 g. of starch wss used in each flask of starch
slurry mash., Twenty volume per cent or 100 ml. of sub-
merged culture per flesk was used for both wheat flour and
starch slurry,.

No significant effect was observed when ammonium
sulfate was added to mashes cohtaining optimum levels of
gaccharifying agents except lowering of ylelds at higher
concentrations of smmonium sulfate, Other ammonium salts
such ae nltrate and phosphate also were investigated with
gimllar results.

Since Agpsrgillue niger 330, Aspergillue oryzse 38D
and malt had falled to glve high ylelde in the production
of alcohol from starch elurry, attention wae centered on
Asperglllus niger 337. Since saccharifying agents are
always more expensive than ammonium galt, 1t was of some
interest to investlgate if 1t 18 possible to ohtain maxi-
mum yielde with lees than optimum smounts of sgaccharifying
sgent by the addlition of ammonium sslt. The results are
summarized in Table 15. Five gramse of mold bran per flask

of whert Tlour was run &s control for the fermentation
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Table 15. Effect of ammonium gulfste on alcohol yleld
from starch slurry saccharified with lege than
the optimum amount of gaccherifying egent

Ammonium sulfate, Theoretical yleld,
g, per flask per cent

2 g. A. niger 337 mold bran/flssk or 3.6l g./100 g. starch

0 83.1
.04 83.1
.08 8l.6
.12 80.4
.16 76.8
control 90,2
3 g. A, niger 337 mold bran/flask or 5.33 g./100 g. starch
0 84.6
.04 85.7
.08 82.1
12 8l1.3
control 90,1

L g, A, niger 337 mold bran/flask or 7.92 g./100 2, starch

0 88.3
.01 88,0
.02 89.0
.03 89,5
. 04 89,0
.05 87.6
« 06 87.1

control 90,2

15 volume per cent submerged A, niger 337 culture

0 89.9
.01 90,3
02 9l1l.1
.03 91.7
.0b 90.7
.05 90.5

control 93.5
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saccherified by mold bren and 20 volume per cent submerged
culture wae run as control for maehes saccharified with
submerged culture,

Examination of the data obtalned with ammonium sulfate
addition leads to the conclusion that ammonium sulfate is
not useful in the alcoholic fermentation of starch slurry.
Although & elight incresse in ylelds was observed with the
addition of 0,03 to 0.04 g. of ammonium eulfate when the
saccharifying egent wes slightly less than the optimum
amount, the ylelds were still lower than the controls con-
taining the optimum amount of ssccharifying agent, A
lowvering of ylelds at higher ammonium sulfate concentration

wae agaln obeerved.

k, Effect of adding wheat germ, both extracted and
unextracted

Christensen (21) in 1953 patented a process for ob-
taining high ylelds of slcohol from corn. In hils process
the o1l from the germ fraction of the degerminated corn
was extracted. Fifty per cent of the extracted germ frac-
tion was added to the degerminated starchy fraction, cooked
at pk 1.6 to 2.5, pH adjusted to 5.5, saccharified, cooled

and fermented ag usual, He statsd that the extraction of
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the o0ll from the germ appears to remove one or more sub-
stances acting as amylase inhibitors, The next step in
this investigation was to find out 1f & simllar procedure
could be used for wheat,

In the first series of fermentationse with germ, the
effect of extracted and unextracted germ wae studied. A
two gram portion of germ was added to each flask of wheat
flour mash saccharified with optimum amount of Aspergilluse
niger 337 mold bran. Two grams of germ was chosen because
wheat contains about 2 per cent germ. Alcohol ylelde are

listed in Table 16,

Table 16, Effect of germ on alcohol ylelds from wheat
flour saccharified with optimum amount of

Aspergillue niger 337 mold bran

Jerm added*® Theoretlcal yleld,
per cent
None (control) 88.6
Germ from Int, Milling Co. 90.2
Extracted germ from Int. Milling Co. 88.0
Kretschmer wheat germ 90,3
Extracted Kretschmer wheat germ 88.3

*Two grame germ added per flask.
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Contrary to what was expected, extracted germ had no
slgnificant effect on the alcohol yleld whlle unextracted
gern gave an increaee in yleld, There was no difference
between the two germ samples obtalned from different sources
although Kretschmer wheat germ must had been roasted.

Better ylelds were obtained when the germ was added to
the mash before the initial acid hydrolysie than when 1t
wee sdded after the acld hydrolysis together with the sac-
charifying agent, Therefore in all the subsequent experl-
ments with germ, the germ was added to the maesh before the
Initisl acld hydrolyeis.

A series of fermentatlions wes run to study the effect
of germ on alcohol ylelds from mashes saccharified by
optimum amount {20 volume per cent) of submerged Asperglllus
niger 337 culture., Unextracted germ from International
Milling Company was used in all the succeedlng experiments
with germ. The results are presented in Table 17,

Addition of germ to both starch slurry and wheat flour
caused increzeing ylelds up to 1 g, of germ added, after
which the ylelde leveled off with addition of more germ.
Excellent ylelds were obtained with the additlon of germ.
The next step was to study the effect of germ on the alcohol
yields from mashes saccharified with less than the optimum

amount of saccharifying asgent. The resultes are listed in

Table 18, Twenty volume per cent was run ag control.
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Table 17. ELEffect of germ on alcohol ylelds from mash
saccharified by optimum level of submerged

Aspergillus niger 337 culture

Germ added, g. Theoretlical yleld,
per cent

Starch slurry

0 93.6
‘5 93-8
1.0 95.1
1.5 94.9
2.0 93-3
2.5 94,9
Yheat flour
0 92,2
05 92-5
1.0 93.8
1.5 93.8
2.0 93.6

The slcohol ylelds from gterch slurry saccharified by
leee than the optimum amount of submerged culture were
glgnificantly increased by the sddition of germ, However,
& yield higher than the control was obtained only in the
case when starch slurry wag saccharifled with 15 volume
per cent of submerged culture, ¥With mash saccharified wlth
15 volume per cent of submerged culture, & 5 per cent

incresse in yleld wag observed. With maeh saccharified by
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Table 18, Effect of germ on slcohol ylelds from starch
slurry saccharified by less than the optimum
level of submerged Aspergillus niger 337

culture
Germ added, g. Theoretlcal yleld,
per cent

15 volume per cent gaccharifying agent
0 88.9
.5 9101
1.0 92.4
105 93.8
2.0 93.6
control 93.1

10 volume per cent ssccharifying agent
0 83.9
.5 86.2
1.0 86,9
1.5 88.5
2,0 90,2
2.5 90.7
control 93.9

13 volume per cent saccharifying agent
0 84.8
1.0 86.6
1.5 90.7
2.0 87'7
control 93.1
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lege than 15 per cent submerged culture an increase of
around six per cent in ylield was obtalned. The incresase

in yleld indicates the presence of some growth factor rather
than inhibitor. For better comparison purposes, another
geries of fermentatlons was run with optimum amount of germ
and leseg than optimum amount of psubmerged Aspergillus niger
337 culture. Twenty volume per cent of submerged culture

was run &8 control. The results are gilven in Table 19.

Table 19. Alcohol ylelds from starch glurry sacchsrified
by lees than the optimum volume of submerged
Aspergillius niger 337 culture with the addition
of optimum smount of germ

Mold culture, Germ «dded, g. Theoretiocal yield,
volume per cent per cent

20 (control) 0 92.7

15 0 89.1

15 1.5 93.2

13 0 87.1

13 1.5 91.8

10 0 84,8

10 2.0 96.5
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The resultes again showed that & yleld higher than from
the control was obtained when starch slurry mash with germ
added was saccharified with 15 volume per cent of submerged
culture, Following the excellent results obtalned with the
addition of germ, it wes then decided to run a serlies of
fermentations substituting ground whole wheat for flour
instead of studylng the effect of adiing germ to wheat flour
mash, Whole wheat was ground in the Wiley mill and thor-
oughly mixed before belng used, Twenty volume per cent of
submerged Aspergillus niger 337 culture was used as sac-
charifying sgent. The results are listed in Table 20,

Table 20, Effect of substituting ground whole wheat for
wheat flour on the alcohol ylelds from sacchar-
ification with 20 volume per cent of submerged

Aspergillus niger 337

Wheat flour, Ground whole whesat, Theoreticsl yleld,

g. per flask g. per flask per cent
0 100 82.7
20 80 85.9
Lo 60 86.3
€0 Lo 87.8
80 20 89.7

100 0 90,1




100

Instead of the expected increase in yleld, a steady
decreasse in yleld wae obtalned with increaeing amount of
substituted ground whole wheat., Furthermore, there was
exceesive foaming, especlally at around 50 per cent substi-
tution., The decrease 1in ylelds obtalned may he due to
inhibitor es found by other worker (21) in corn germ. Sub-
gstitution of whole whest is definitely not a deslrable step

in alcoholic fermentation.

5. LEffect of adding vitamins

Attention was next turned to ascertain the growth
factors present in the germ. Anderson (5) reported for
wheat germ a range of 19 to 44 mecg. of thiamine, 5 to 12
meg, of riboflavin and 34 to 69 meg. of niacin per gram,
Solutions of the above vitamine were prepared. An smount
equivalent to the upper limit of vitamin in 2 g. of germ
was added to each flask of slurry and saccharified with 15
volume per cent of submerged Agpergillus niger 337 culture.
Twenty volume per cent wae run as control. Alcohol yields
are given in Table 21,

0f the three vitamlne investigsted, only thilamine
showed a slight increase in yield., The effect of thiauine

cannot alone account for the increase 1n yleld due to the
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Teble 21, Effect of thiamine, niacin and riboflsvin on
alcohol ylelde from starch slurry saccharified
by ispergillus niger 337 submerged culture

Enzyme, Substance Theoretical yleld,
volume per cent added per flask per cent
20 0 93.7
15 0 90.2
15 2 g. germ 93.7
15 24 meg. riboflavin 90.2
15 88 mcg. thiamine 91.3
15 138 mecg. niacin 90.5
15 24 meg. riboflavin,
88 mcg. thiamine and 91.0

138 meg. niscin

addition of germ, nor can the combination of thilamine,
niscin and riboflavin.

In continuing the investigation on the growth factor(s)
present in the germ, the effect of adding the other vitamins
listed on the commerclal Kretaschmer wheat germ lsabel wae
studied. No eignificant increase in alcohol yleld was ob-
served when choline, inosltol, pyridoxine, vantothenic acid,
niscin, thismine, riboflavin or folic acid in the concentra-

tions ae listed on the Kretschmer wheat germ label was
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added elther alone or as a mixture to the fermentation
meshes, The resultes are given in Table 22,
The favorable effect of germ addition on fermentation

could very well be due to the combined effect of proteln

Table 22, Effect of vitaming on alcohol ylelds from starch

slurry saccharified by Asgpergillue niger 337
submerged culture

Engyme, Substance Theoreticel yield,
volume per cent added per flask ner cent

20 0 92.3
15 0 89.8
1ls 2 g. germ 93.2
15 8.0 mg. choline 90,2
15 14 mg. inositol ) 89.9
15 24 meg. pyridoxine 90.0
15 22 meg. pantotheniec acld 89.7
15 8.9 mog. follc acid 90.0
15 ¥ (Mixture of choline,

inositol, pyridoxine, panto-

thenic acld and follic acid 90.5

in concentrations similar to

above)
15 M plue thiemine, niacin and

ribvoflavin in concentrstione 91.2
similar to Table 21
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and vitamine present In the germ., No evldence of lnhibitor
present 1n the wheat germ was found. The inhlbltor present
in the whole wheat must have been removed or destroyed

during the milling or storage of the germ,

6. ZLZvaluation of date by Reege's lntercept method

Reese {114) developed his short etarch fermentation
test on the basie thz=t when dry welght of saccharifying
agent divided by the welight of salcohol produced from the
fermentation of corn mash saccharified by that level of
saccharifying agent was plotted against the dry welight of
saccharifying sgent, straight lines of esgentislly the
same slope were obtained., He found the ratio of the inter-
cepts for two mold brans were directly related to the ratio
of the levele of the two mold brans required for optimum
alcohol production, It is of interest then to compsre the
data obtained in the wheet fermentstions with the intercepts.
The comparison 1e made in Table 23. The alcohol yieldes for
different saccharifying agents at different levels and the
ratio of dry welght of eaccharifying agent over the alcohol
produced from which the values of Table 23 were obtained are

summarized in Tables 24 and 25.
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Table 23. Comparieson of maximum alcohol ylelds, optimum levels,
intercept valueeg, and slopes from different starchy
subgtrates saccharified by different mold

preparations
Preparation Optimum level, Hex. aloc, Inter- £lope
g2./100 g. sterch yleld, % of cept
theoretical

Elurry
A, niger 330 mb. 8.37 81.0 . 0066 . 0294
3. niger 337 mb. 11,2k 88.4 0151  .0350
A, oryzee 38b mb, 9.03 774 .0036  .0340
A, niger 337 eub, 12.53 93.6 .0382 .0262

Wheat flour

A, niger 330 mg. 8.16 86.9 L0104  ,0257
%. oryzae 38b mb. 8.16 86.7 .0198  .0237
A, niger 337 mb. 6.80 87.9 0043 ,0265
A, niger 337 sub. 12,45 90.1 0196  ,0240

Ground whole wheat

As nlger 337 sub. 10.80 83.2 .0152 .0283

The preparstions listed in Table 23 sre identifled by the
strain number with “eub" or "mb" for submerged culture or mold
bran, reespectively. Faximum alcohol ylelds are given in per
cent of theoretlicsl yleld baged on the gterch analyeis. OUpti-
mum levels of saccharifying agents are gilven in grams of

saccharifying agent per 100 g. of starch,
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Table 24, Alcohol ylelds from starch elurry and wheat flour
et different mold bran levels

(1) Dry wt. Wheat flour Slurry
mold bran, & o)y icohol (1)/(2) (2) Aleohol (1)/(2)
produced, g. produced, g.

As niger 330
2,64 34,39 .0788 31.70 .0833
3.52 34,45 «1022 31.56 .1116
L, 4o 35,49 .1240 32.53 .1353
5.28 36.23 L1487 32.95 . 1602
6.18 35.76 .1723 32.75 .1881

A. niger 337
2.59 35.62 .0729 24,25 1068
3.46 36.51 .0948 2,72 .1399
4,32 36.71 .1178 26. 54 .1628
5.19 36.37 1427 26.89 .1931
6,05 36.64 .1652 26.89 . 2304

4s oryzee 38b
2.68 32.46 .0816 26,95 .0986
3. 54 34,87 1022 28.20 .1257
4,43 35.89 «1233 28.76 .1539
5.31 36.17 .1469 29.11 .1825

6.19 36.03 .1720 28,90 « 2144
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Table 25, Alcohol yleldes from different starchy subetratee

at different Asperglllus niger 337 submerged
culture levels

Culture, (1) Dry weight (2) Alcohol (1)/(2)
vol. per cent culture, g. produced, g.

Ground whole whesat

5 1.88 27.02 0694
10 3.75 30,09 1246
15 5.63 31.98 «1759
20 7.50 32.74 . 2292
25 9.38 33,01 . 2840
Wheat riour
5 1.88 29.95 .0626
10 3.75 34.80 .1077
15 5.83 36.85 ,1526
20 7.50 37.57 .1998
25 9.38 38.51 2434
Slurry
5 1.89 22.49 L0841
10 3.78 27.37 1381
15 5.68 30.16 .1882
20 7.57 32.12 « 2356
25 9.46 33.22 . 2848
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From examination of the vslues in Table 23 it appears
that there 1s no over-sll relation between the intercepts
and the optimum levels of saccharifying agent for actual
fermentations., Streight lines were obtained when dry weight
of the saccharifying agent divided by the weight of alcohol
produced wae plotted agalnst the dry welght of the sae-
charifying agent for all prepaerztions. However, no corre-
lation whatsoever could be found between intercept values
and the optimum levels or optimum alcohol ylelde in any

comparison.
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VI. DISCUSSION AND CONCLUSIONS

The short starch fermentation teet of Reese, Fulmer,
and Underkofler (115) wae considered for the evaluation of
5 mold brans prepared from Aspergillus niger 337. A summary
of the data for the 5 mold brans was presented 1n Table 3,
page 25. The levels of mold brans for meximum alcohol
yieldes were indiceted as per cent of the total dry weight,
The intercept values were obtalned by graphical snalysis
of the data from short starch fermentation teste, Although
gstraight linee rere abtaihed, they were not all parallel
to each other. Examination of the data leads to the conclu-
slon that there 1s no correlation between the intercept
velue and optimum level of mold brans from Aspergillus niger
337. However, it must be pointed out that graphicel anslysesis
of mesger fermentation data covering only a limlted rasnge
of saccharification efficlency cannot very well Jjustify the
concluslon that absolutely no statistical correlation exlste
between the intercept and optimum level. For more proper
checking of the method, more mold brans of greater differences
in saccharification erficienclee should be etudled.

Next phsee of thie investigation was to determine
whether starch slurry could be fermented efficlently after

geparation of gluten for the production of monosodium
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glutamate., Comparative studlies were made on wheat flour
end starch slurry (wheat flour after removal of gluten),

In the studles of the optimum conditlions for alcoholic
Termentsation of whest flour and starch slurry, the optimum
acld concentration for initlal cooking wae conslidered flret.
Sulfuric acid concentration of 0.05 normsl wee chosen as
the optimum for initiasl cook., Next to be coneldered was
the saccharifying agent, The different saccharifying agents
investigatcd were mold brans prepared from Asperglllus

niger 330, Aspergillus oryzae 38b, and Aerergillus niger
337, malt, and submerged culture from Agpergillus niger 337.
Extremely low ylelds were obtalned from starch slurry sac-
charified by malt. Maximum alcohol ylelds from optimum
levels of mold brans and mslt were given in Tables 9 and 10,
pages 83 and 84, sepergillus niger 337 was found to be the
best,

When saccharified by Aspergillus niger 337 mold bran,
both wheat flour and stsrch glurry gave about 88 per cent
of theoretical yleld. OUptimum alcohol ylelde from wheat as
reported by Stark, Kolachov and Willkie (135) vary from 82
to 90 per cent of theoretical yleld depending on the kind
of wheat, Thege ylelds are lower than thoee obtained from
corn. Lower alcohol yleld from wheat was also reported by

Stark, Adams, Scalf, and Xolachov (133). In the present
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investigstion whest flour slways gave better ylelde than
starch slurry when saccharified by malt, Asperglllus niger
330 or Aspergillusg oryzae 38b. In all caeeg, higher optli-
mum levels of saccharifying agent w:s required for starch
slurry than for wheat flour for maximum alcohol production.
This may be due to the preeence of gluten or its degrsdation
producte which may serve as growth factore,

Saccherification by submerged culture of Aspergillius
niger 337 gave higher ylelde than saccharification by mold
bran. Approximately 92 per cent of theoretical yleld was
obtained from both starch slurry and wheat flour seccharified
by submerged Aspergillus niger 337. Thle may be due to the
fact that Agperglllus niger 337 produced higher alpha-amylase

in submerged culture than surface culture as reported by
Dingle and Solomons (30) and Pool and Underkofler (106).
Furthermore submerged culture was grown in 5 per cent
distillers! drled solubles which contains various vitamine
and protelns &8 reported by Underkofler (146), These vita-
mins and proteins could very well serve as activators or
growth factors. The favorable effecte of various vitamine,
especially thismine, and protein degradation producte on
fermentation have been reported by several groupse of workers
(32, 72, 162, 164, 165). Addition of distillere' dried

solubles resulting in more guperior and conslestent performance
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in the production of smylase was reported by Adame,
Balankura, Andreasen and Stark (1),

Addition of ammonium salts did not prove to be of any
value in the alcoholic fermentation of wheet flour or starch
glurry. A decreczse in yleld was observed at higher con-
centretions of ammonium salts,

Reeearch by Christeneen (21) has shown an inhibitor
to be present in corn germ which can be elimlnated by ex-
trection of the germ prior to fermentation. The effect of
addling both extracted and unextracted germ was therefore
investigated for wheat flour and etarch slurry fermentations.
No evidence of tle presence of inhibitor was found in elther
extracted -, unextracted germ, Additlon of unextracted germ
resulted in increase in elcohol yleld. Alcohel yield of 95
per cent of theoretical wae obtained from starch slurry
saccharified by 20 volume per cent of Aspergilius niger
337 submerged culture with the addition of 1.5 g. of germ
per flask. In general, addition of germ to both starch
slurry and wheat flour fermentsations showed increasing ylelds
up to a certain concentration of germ, after which the ylelds
leveled off with the addition of more germ.

The effect of addition of germ to mashes saccharified
by less than the optimum amount of submerged culture was

next investigated. The regults have been given in Table
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19, page 98. The reeulte indicate thet 1t 1le poseible to
obtain maximum alcohol yields with 15 volume per cent (5§

per cent lese than the optimum) of submerged Aspergillus
niger 337 oculture with the addition of 1.5 g. of unextracted
germ per flassk, Whether this step will be economicelly
feasible or not will depend on the relstive cost of alcohol,
germ and enzyme solution,

Since excellent resulte were obtalned with the addition
of germ, 1t wag of some interest to study the effect of
partly substituting ground whole wheat for wheat flour,

The results were listed in Table 20, page 99. A steady
decrease in yleld wae observed with incressing amount of
ground whole wheat added., It seems the inhibitor observed
by other worker (21) is still present in the whole wheat.
It must have somehow been removed or destroyed during the
milling or storage of the germ,

Attention was next turned to attempts to ascertain what
ingredients in the germ were responsible for the stimulation
of slcohol production. All the vitamine listed on the
Kretschmer wheat germ label were investigeted, Only addition
of thlamine showed a slight incressge in yleld., The effect
of thiamine alone cannot account for the increase in yield
due to the addition of germ., Addition of choline, inositol,

pyridoxine, pantothenic acid, nisacin, thiamine, riboflavin,
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and folic acld either elone or ae a mixture did not result
in apprecisble increese in alcohol yleld.

The increase in alcohol yleld due to addition of germ
may be due to the combined effect of the vitamins and pro-
teins present in the germ. Whatever the growth factor(s)
may be, it 1ls stable under the experimental conditions,
that 18, cooking for 45 minuteg at 20 lbe. eteam pressure
in 0.05 normal sulfurlic acid solution,

It wae consldered of some interest to evaluate the
mold brans and submerged cultures by Reese's intercept method
from the wheat fermentation data., Reege developed his short
starch fermentatlion test on the baels thet when dry welght
of saccharifying agent divided by the welght of alcohol pro-
duced was plotted against the dry welght of the saccharifying
egent, stralght lines of essentlally the same elope were
obtained. He found the ratio of the optimum levels of two
mold brane to be directly related to the ratio of the inter-
cepte for the two mold brans., The intercept values and
optimum levels of the saccharifying agents employed in the
present study have been given in Table 23, page 104, Opti-
mum levels of saccharifying agente were expressed in grams
(dry welght) of saccharifying agent per 100 g. of starch,
Although graphical anslysie gave stralght lines for all

mold prepsarstions on all the three different substrates,
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no correlstion between the intercept values and the optimum
levels was found. Thie applies to all comparisone: 1,e.,
over all, between 2 different typee of prepsration from the
same mold, or the same type of preparation from the same
mold on different kind of substrateg, or within a group
such a8 all mold bren preparations from different molds.
This confirms and extends the observation of no correlastion

previously reported by Pool and Underkofler (108).
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VII. BSUMMARY

The short starch fermentation test of Reese, Fulmer,
and Underkofler (115) wae coneldered for the evalu-
atlon of five Aspergilllue niger 337 mold bran
preparatione, Optimum level of each mold bran for
maximum alcohol yleld was determined experimentally
on corn fermentations. No correlation between the
intercept value and optimum level of mold bran

was found.

Comparetive studies were made on wheat flour and
starch slurry to determine whether the starch
slurry remalning after separation of gluten for

the production of monosodium glutamete could be
fermented efficiently. The concentration of acild
necegsary for proper thinning of the mashes was
found to be 0.05 normal sulfuric acid.
Saccharification of fermentetlon mashes by malt,
mold bran and submerged culture was investigated.
Extremely low ylelds were obtalned from starch
selurry saccharified by malt. All the three mold
brens investigeted proved to be better than malt,
Mold bran from Aspergillue niger 337 was shown to
be better than mold brans from Aepergilius niger
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330 and Aspergilliue oryzee 38b. Approximately 88

per cent of theoretical ylelds were obtained from
both wheat flour and starch slurry saccharified

by Aspergilius niger 337 mold bran,

Wheat flour always gave better aleohol yilelds than
etarch slurry when eaccharifled by malt, or mold
brane from Aspergillue niger 330 or Aspergillus
oryzae. In all cases, higher optimum levele of
aaccharifying agent were required for starch slurry
than for wheat flour for maximum salcohol ylelds.
Saccharificetion by submerged culture of Aspergillus
niger 337 gave higher yields than saccherificaetion
by mold bran, Approximately 92 per cent of theoret-
ical ylelds were obtained from both starch slurry
and wheat flour saccharified by submerged Asper-
gillus niger 337 culture.

Addition of ammonium selts did not prove to be of
any value in the alcohol fermentstion of wheat
flour or etarch slurry saccharified by either malt
or mold bran., Decresses in yleld were observed

at higher concentrations of ammonium salts,
Addition of unextracted wheat germ resulted in
increases in alcohol yields from wheat flour or

starch slurry saccharified by either mglt, mold
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bran or submerged culture, Highest alcohol yield
(95 per cent of theoreticel yileld) was obtained
from gtarch slurry saccharified by optimum volume
(20 volume per cent) of submerged Agpergillus
niger 337 culture with the addition of 1.5 g. of
germ per 300 ml, of starch slurry. No evidence

of the presence of an inhibitor was found in elther
extracted or unextracted germ,

9. Alcohol yield higher than control was obtained
from sterch slurry saccharified by lees than
optimum level (15 volume per cent) of submerged
culture with the additlion of unextrscted germ,

10, The effect of partly eubstituting ground whole
wheat for wheat flour was investigated., A steady
decrease in alcohol ylelde wse observed with
increasing amounts of ground whole wheat added.
The very low alcohol yleld from ground whole wheat
indicated the presence of inhibitor.

11, Addition of vitamins preeent in germ (thiamine,
inositol, pyridoxine, pantothenic aecid, niascin,
riboflavin and folic acid) elither alone or as a
mixture did not increase the alcohol ylelds

appreciably.
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Evaluatlon of mold brane and submerged cultures by
Reesge's Intercept method from the wheat fermenta-
tion dats did not ehow any correlastion between the
intercept values and the optimum levels of sao-
cherifying agente required for maximum alcohol
ylelds. Oraphical anslysis gave straight lines
for sll mold preparations on all the three

different substrates,
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