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I, INTRODUCTION

For many centuries ethanol has found use in the prepara=-
tion of medleines, perfumes, commeblcs, and in alcoholile
beverages, Within the last 100 years 1t has begun to find
considerable use outside the beverage field and certainly
within the last 40O years it has become one of the most vital
rew materials in the world's chemical industry,

At the present time millions of gallons of ethanol are
used yearly in the produetion of scetaldehyde, acetlie acld,
ethyl acetate, ethyl chlorlde, ethyl ether, and other similaer
compounds, As a solvent its use 1s surpassed by only one
other liquid, water, It is an important starting material in
the mamufacture of many drugs, plasties, lacquers, polishes,
plasticizers, end rubber aceelerators, During wartime, its
uges hecome even more varied and it has been used in the pro=-
duction of explosives (especially smokeless powder), chemical
warfare gases, anti-freeze, and butediene for synthetic
rubber,

A Chemical and Engineering News Staff Report entitled
"Industrial Aleohol” (1952) presents an interesting discussion
including production statistics for recent years. It is of
some Interest to exaemine these aleochol production figures,
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The peace-time production of | ﬁt;haml in 1940 was approximately
250 million proof gallons, inereasing during the war years to
a high production of 1,200 million proof gallons in 1945,
Following the war the production and use of ethanol dropped
rapiﬂly but new mss for ethanol end i;ha recent s.muatrml
mobilization zzmgrma have amw agein stm:*t:ec! the demand on
the upswing. The estimated production in the year ending in
June, 1951,was about 456 million proof gellons, with the demand
for the entirve year of 1951 estimated et 700 million proof
gallons, ( S

Prior to 1929, and even through the next decade, alcohol
from the fermentation of starches and sugars écmhimhad |
nearly the m%im commerciel pw&meiun. ‘Sn 1935, for
axmla, @pwxmka’w‘ 86 per cent of the commercial alcohol
production was by mmanmtian of m@lmaea, 3 per mn’h from
grain fermentations and only sbout 10 paz? cent was syntha sized
from athylam. During World War II tha submarine menace
greatly decreased the wpmy of blackstrap molaasses, obtained
mm;sr from Quba, v%@ swi:h%m aleohol plants, although ex-
panded gmamy:, were unsble to meet the increased alecchol dee
mand, ﬁanmqmnmy the Govermment called on all beverage
W’mmrwa capable of producing 190-proof alcchol to wﬂﬁmh
to 'i;h_a produstion of industrial-grade materiel, Due to the
fact that most of the bwézyaga plants were equipp@ﬁ' to »hmdla
grains only, there was a btremendous lncrease in the use ‘ax’
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grain for alechol production during the war. Initially corn
was used as the substrate, but later demands necessitated the
use of wheat, barley, rye, oats, and sorghum grains, About
43 per cent of the alcohol production at that time was from
the fermentation of graing, ‘

~ The syntheitlec alcohol indusbry has contimued to expand
since its inception in 1929 and in 1951 was responsible for
zgfa,. 5 per cent of the commercial alechol production, Alechol
productlon by molasses fermentation, which must compete with
the use of molasses in feeds, has leveled off at about 100
million proof gallons yearly, about 2l per cent of the 1951
production, mghmmm grain has nearly &Ms.gmwed a8 8
goures of industrial ai#@h@l, dropping to about one per némt:
in 1950, However in 1951 the inereased alcohol demands re-
sulted in e temporary increase in aleohol production from
grains up to about 26 per cent of the total production,

The future outlook indicabtes that the synthetile alechol
industry will contimue its expansion and will dominate the
aloochol production picture, There is little variation in raw
materisl cost so the price of synthetic aleohol should level
off at 25 to 30 cents a wine gellon {190-proof}, Since
blackstrap molasses is an agricultural product it is subject
to same variation in price. The price fluctuat ion is somewhat
dampened by the contiming demand of the fermentation indus-
tries; also the cost is at least partlslly keyed to the
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All starchy substrates, such as grains, nust be aemerta&
to fermentable sugars, a process celled saccharification, be-
fore aleoholic fermentation by yeast is possible. Barley malt,
although 1t has been used for centuries for saccharification,
is relatively expensive and does not give complete conversion
into sugars, Therefore, any replacement for malt éf.‘fers the
hope of inereasing the efficlency and/or decreamsing the cost
of raw materials,

One such replacement is mold bran, the result of a 10
year pioneering research program conducted in four labora-
tories, Iowa State College, University of Idsho, University of
Hebraska, and Farm Crops Processing Corporation, Large plant
scale usage has proven that it glves slightly better ylelds of
sleohol, shortens the time for complete fermenbation, produces
more yeast cells, and can be produced cheaply from abundant
rav materials,

Another possible replacement for malt 1g found in the use
of sutmerged fungal preparabions. 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 especlally at
the Northern Reglonal Research Laboratory. It has been found
that such submerged culture preparations can be used as offi-
¢lent and inexpensive replacements for malt,

A mumber of problems still exist in regard to the use of
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mold pmpwai:i&m for the saccharificatlon of starchy
materials, Of considerable interest 1s the testlng of vm«mm
organiems for use either in sulmerged culture or in the pre~

paration of mold bran, Since Aspergll] Bg oryuee 38-b h&é.been‘
found earlier to be the orgsnism of cholce for the pmpamtiéh
of mold bran at Jowa State @a&lgga the investigation of its
uge in submerged culture seemed promising., Another equally
promising ?Qaﬁi’m&iw was the preparation of mold brans from
L1us niger which m& been found to pro-

two straing of Aspergl.
duce submerged culture preparations of high saccharifying

@f‘fﬁ.ﬁi@mm
In uning these fungal pm;pamtiam it was necessary im
study the effect of varying the composition of the medivm, the

: ing the cultures, time and temperature of

saccharification, and other factors, |

There remained the problenm of how to evaluate the mold
preparations, One obvious ﬁﬁm& involves the determination
of enzyme sctivity in the preparations., Early workers soon
realized that the m@h@& used i‘ the evaluation of malts,
Lintner (1886) and Lintner and Wirth (1908), was of no valus
when applied to fungal prepwaﬁimm. 4 later criterion used
for the evaluation of such preparations was the alpha-amylase
activity, Maltase and limit-dextrinase determinationa were
next tried and the former appeared to have greater rellability.
The problem still remained, however, whether a simple
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determination of enzyme agtivily was adequate or whether some
-~ type of w ;Wwﬁ.mmi;al saccharificatlion and fermentation was
'mmw to evaluate the effieciency of fungal yr&pamt:iqm a8
awvmwﬁmg sgents, | |
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9
animal glende such as the pancreas, and mieroorganisms such as
the bacteris and moldas, Of these materlals barley is utillized
most commonly as & ‘awrsm of enzymes for the industrial sac-
charification of starch, Before barley can be used for sac~
charification its ensymatic actlvity must be enhanced by the
malting operetion, OCarefully selected barley is sbeeped (1.e.,
sosked in water); allowed to germinate; and finally, when the
desired stage of growth has been attained, dried under care-
fully controlled conditlions to fomn barley melt, There are
many eritical factors in all steges of the malting process;
the temperature, moisture, oxygen supply, and time all have
their effeet on the production of amylases and on the color,
flavor, snd arems which are lmparted to the finmal product,
The latter 1s important because malt is used for the most part
by brewers and distillers,

Despite 1ts wide-spread use malt does have a mmber of -
very definite disadvantages. First, 1t 1s relatively expen-
sive and large amounts are necessary for saccharification,

The cost of the malt needed for the preparation of one wine
gallon of alcohol from corn is 8 to 10 cents, or at least 10
per cent of the total production cost, Facilities for malting
are limlited so i}hm in emergencies, as during World War II,
ds must be satisfied by

when increased industrial aleohol deme
the beverage industry, sufficient high quality melt is not
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of cooked rice to the alr was undoubtedly followed by a pro=
1lifiec growth of a mixed culture of molds, bacterias, and yeasts,
Baccharification and the spontaneous fermentation to glcohol
then ocourred. Similar methods are still in use in modern
times in China and Japen for the preparaetion of alecoholis
beverages from rice according to Owen (1933), In Japan a mix-
ture of microorganisms from which many single strains of high
saccharifyling power have been isolated is grown on a stesmed
rice substrate and the resulting product is known as "k8j1%,
K0Ji 18 then used in the preparation of a rice beer "saké",

In Ching e similar process ls followed involving the exposure
of rice flour dough and steemed rice to the ailr, A mixed cul-
ture growth oscurs, and the materisl 1s dried to give "Chinese
yeast" which may then be used for the saccherification of rice
maghes and fementation %o form aeleohol,

It was not until near the end of the 19th Century that
much sclentific interest was given to the investigation of
fungel enzyme yray@ratimna. Korshelt (1878) during a study of
the preparation of Japanese saké found that an amylolytie
engyme was produced by & mold which he called Eurotium oryzae.

Later this mold was rensmed Asperglllius oryzse by other Ine

vestigators,
Gayon and Dubourg (1887) investigated Aspergzillus oryzee
and several species of Mucor and found that Ag




had the highest saccharifying ebility. Calmette, 1in 1892, made
the first sclentific investigation of Chinese yeast, He found
it to consist of a mixbture of wmieroorganisms in vwhich one mold
was predominste, This mold, bto which he gave the name

g i, was cepeble of converting starchea into
‘sugars which 1t was able to ferment slowly to alcchol.
Sanguinete (1897) contimmed the investigations, comparing

the molds studied by Oayon snd Calmetie, He concluded that
Lape: lug oryzae was superior to Amylomyces rouxil
in saccharifylng power the latter orgenism was more suitable
for industrial use sivice it fermented the starchy materials
without the addition of yeast,

. These investigations led Collette and Boldin (1897) %o
-develop a pro¢ess for the mamufacture of alcohol involving

saccharification and fermentation by molds, Their patent in-
dicated that the mold used was Amylomyces rouxi! "

oryzag, or some other specles of mold, and that ysast was
added to hasten the fermentation, They claimed ylelds of
aleohol which were much higher than those obbalned by the
process usually practised (l.e., a process involving malt-
saccharification), The details of thelr process, which became
known as the Amylo process, were described by Galle (1923) and
by Owen (1933).

. In the Amylo process the atarchy materisl was first lique-
i‘ielé by a small amount of malt, aecid, or mold, It was then
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heated under pressure and cooled under aseptic conditions,

‘The mold was then imoculated into the stareh solution end
allowed to grow for 24 hours in submerged culbure with cone-
tinued seratlion by sterile air. At the end of this period
veast was added and the fermentation was contimued for LB
hours. 4 great disadvanbage of this process waﬁ the need for
special aseptle techuligues to prevent conbamination,
Consequently, the original orgenism, Amylomye ron
{Later classified as Mucor rouxii), was replaced by Mugor B.,
Mucor G, Bblzopus delemar, and finally Mucor Boulard Ho. 5.
A1l of these molds were laolated from Chinese yeast op
Japanese k6ji. The last organism, Mucor Boulsr:
found to have a greater tolerance for aleohol, produced less

acid, shortened the time bo i hours, held its own against
contaminants, and allowed the additlion of yeast and mold at
the same bime, It was used in the Boulard {(or Boulard-amylo)
process, which differed from the original Auylo process in that
1t required less drastic condlbions of sterility, end the yeast
and mold were added simulteneously, This process, or other
modifications of the Amylo process, has found use in southern
guchl and Okasaki (1952)

moya,’ South Auwerica, and Asia, BSale
veport that the smylo process is widely used in Japan at
ns Takeda isolated

present, The orgsnism is Rhlgopus
by G, Takeda (1935b}.



i
Jokichi Takemine (191h) attempted as early as 1891 to
introduce the use of amylolytic mold preparations to the disw
tilling industries of this country. He reviewed in this paper
his sttempts to find a substibtute for malt in the saccharifie
cation of starch, His research ylelded a meld preparation of
zillus oryzae on a bran substrate, which he designated as

”takawknji“ to differentiste it from the Japanese k6ji which
was the ssme mold grown on rice, Enzyme concentrates from exe
tracts of take-kBji were lsbeled "take~disstase.," Hls experiw
ments resulted in his patenting about 15 processes prior to
191l for developing or growing enzymes capable of converting
starch into sugar., He considered three genera of molds,
Mugcor, and Penleillium, but most of his work was
with Asperzillus oryzse. Takamine developed methods for
growing taka~k8ji on trays and later in rotating drums, He

was also able to acclimatize the mold to the presence of cer-
tain disinfectants and was able to reduce contamlination during
the preparation of the amylolytlec material,

In discussing present fermentation methods in Japan,
Sakaguchi and Okasski (1952) note that a X8J1 process based on
Takamine's investigations wes introduced into Japan in 1893 and
: 18 at present one of the 5 major methods of industrial
saccharifleation,

Jean (1898) reviewed Takamine's process for saccharification
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shorter fermentation time was required, However, disagreeable
odors wers noted during the saccharification and fermentation,
and the fear that these odors would be imparted to the
beverage product ecsused the investigatlion to be abandoned,

Kita {1913) studied the action of k6ji on starch and re-
ported the presence of some enzyme system which converted
starch direectly to glucose, Despite his observation, it was
generally belleved that the saeccharifying enzyme of kaji
resembled the beta~amylase of malt which converted stareh inte
maltose, As will be noted later, recent investigaetions have
supported the valldity of Kitals observation.

A somewhat dlfferent type of enzyme gotivity was investl-
gated by Aeton (1911) who obbailned a patent on a diastatic
substance which transformed stareh into dextring but not inte
sugar, The organism, which was grown on bran, was a specles

fces obtained from East Indian opium, In 1914,

zillus genus and found

that Aspergillus okazalli and Asperglllus asibug produced con-

siderable amounts of amylase,

Seales {191lL) prepared an enzyme concentrate from Asper-
gillus terricola, & typlesl soll fungus, He found that among
the many enzymes which this organimm produced were diastase
and maltase, The enzyme preparation was eble Lo produce over

82 per cent of fermentable sugars from a starch solution after
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incubation for 3 days. |
-~ The efficiency of various methods for the saccharification

of bolled sweet cassava roobs was studied b}; Collens {191l).

He found thet 81,5 wine gallons of alcchol could be obtained

per ton of dry msterial when saccharification was aceomplished

by taka~diastase, This was sbout 8 por cent higher than the

yield cbtained when malt was used for the gaccharification,

The course of the formation of dimstase by Aspergillus
nlger was am&m& by Went (1919). The organism was grown as a
surface culture on & smt}mum- medium, Went found that the
dlassterse was concentrated mainly in the mold mycelium, Euler
and Asarnoj {1920), also working with Asperszi’
found that the additlon of sterch a

nd peptone tio the medium

resulted in increased amylase and saccharasge yilelds, This was
the first indication that the amylelytic enzymes of molds were
adaptive, and it has been corrcborated by numerous later
investigatlons, R

Kashiwagi (1921) obtained & patent for the production of

dlastase by Aspergilius oryzee, The meold was grown on a sub-

strate consisting of a residue followling water exwmmqn of
gem&m%ﬁ barley or wheat, Rice, wheat bran, or corn from

which the starch had been removed could also be used, After
growth, the dlastase was extracted by water and then precipi-

tated to form a solid engyme product,
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An investigation of the amylase produced by Rhizopus tri-
tlel was carried out by Harter (1921). The mold was grown on
Ozapek's nutrient solution or on sweet potato boulllen at 25°
to 35° ¢, Amylase setivity was determined by the production
of reducing sugars through the action of the powdered mycelium,
its extracts, or the mold flltrate on Irish potato or sweet
potato starch, Harter noted that glucose inhiblited the atarch
hydrolysis and slso that smylase production was evhanced by
the addition of starch to the mold mediuwm, Harter and Weimer
(1925) continued this study and also invesbigated the amylase
produced by Bhigopus nigricans, They believed that amylase
production was closely related to sporulation of the molds,

A review of s number of appllications of mold enzymes in
industry was made by Oshima and Church (1923). They also
carried out an intensive study on molds 1solated from k8ji in
regard to amylase and protease production, Asperzilius oryzae
and certaln other molds intermediate between Aspergillus
flayus and Asperglllus oryzase were the best producers of
amylase, They found great variation in amylase production bee
tween different strains of the same mold specles,

Mold growth and enzyme production were compared on the
following mediat casein, ground dried codfish, dried yeast,
soybean preparations, cottonseed cake, peanut meal, cocoanubt
meal, corn meal, wheat middlings, and wheat bran which turned
out to be the best substrate, Later, in 1928, Oshima reported
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the results of continued study on the protvease and amylase of
spergllilue oryzae, He found that the production of amylase
on en artifieial medium was stimulated by the addition of

cagein or peptone and starch or glucose, The pH range for
opbimum emylase activity was found to be 1.8 to 5.2, The
anylase was found to be heat labile and was inactivated by a
temperature of 65° ¢, for one hour,

 Nishimura (1925) in a study of takadiastase found 1% to
wm:ain the following engymest amylase, invertase, maltase,
proteases, catalase, lipase, pepsin, lactase, inulase, sulfa-
tase, and emidase, He was able to separaste these enzymes
from extracts of the taka-diastase by adsorption on fullerts
sarth from which they were later eluted with a phosphate |
golution at pH 8.0.

The formation of dlastase by Aspexr

iilus niger was ine
veatlgated by Punke (1926). He found that the growth of the
mold and subsequent fomation of amylase were inhiblted by a
brown substance formed from reducing sugars on sterilization
in the presence of alkali (or gless). Amylase production was
apparently stimulated by the presence of glucose or siarch
while fructose, mannose, lactose, and imulin were inhibitory.
Punke (1928) also carried out & similer investigation of

On a medium

buffered by the addition of {3.5 per cent dibasic potassium
' zae formed large amounts of diastase
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and secreted 1t into the medium, The following substances
were examined as possible substratess glucoss, galactose,
mannose, fructose, suerose, maltose, lactose, atarch, inulin,
lichenin, glycerol, and csleium lactate, The amount of diae-
stase produced apparently was not related to the substrate or
its concentration (0,5 to 5.0 per cent), There was less
growth and also lower enszyme production when the medium was
not buffered,

Yamagishi (1928) also studied diastase formation by

gilius oryzae., The mold was grown on an autoclaved

starch eulture mediuwm, using 0,2 to 2.0 per cent starch,
Diastase production was directly related to the starch con-
centration in the medium and was inhibited by the addition of

glucose, |
Alvik (1931) studied the stability and action of mold
dlastases at various pH values., Aspergillus oryrzae, Asper-

gillus niger, and 3 species of Penieillium isolated from soil
ware grown on a synthetic medium containing salts, glyuin@,
and soluble starch, Glyeine was found tec improve the produe-
tion of diastase, The ratio of dinstase production to the
mycelial mass of the mold was found to increase as the final
pH @£~tha‘eu1ﬁuru increased, The pH ranges for diasstase
activity and the range for optimum activity varied with the

source of the enxyma; Generslly, the diastases were active
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and Okasaki (1952) reported éhat an Amylo-Kojl process was

developed in 1934 by 8, Miyazaki and is the major method of
saccharification in Japan at the present date, This method
involves the saccharification of atarch by the joint action
of Rhizopus and Aspergillus oryzae smylase systems, Alcohol

ylelds are about 85 per cent of theory.
Takeda (1935a, b) compared the amylolytic powers of 27
strains of Rhizopus which had been isolated from regl-koji and

soybean~kdJi produced in Jave and Sumatra, Two speciles,

amylolytie properties. The latter organism was considered
partiaularlykprumiaing because of 1its faster action on various
types of starch, Satiasfsctory results in the Amylo procesa
for alcoholle fermentatlion using javanicus were ob-
tained on beth laboratory and industrial scales, and it 1is

Hh

iRy

Zopus

8t1l) used industrially in Japan,

Shih (1937) compared the diastatic power of L5 strains of
‘Aggerggggug grown on wheat bran, Extracts of the mold brans |
were allowed to act upon starch and then the reducing sugars
were determined, Aspergillus oryzae and Aspergillius flavus were
found to have the highest dlastatic power,

An Amylo process for the alcoholie fermentation of pota-
toes was investigated by Dol and Takehasi (1938). Rhizopus
javanicus was used for the conversion of the potato mashes,
Plevako end Cheban (1939) found that a new specles of fungus,
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Mucor D, in the presence of added organle nitrogen compounds
saccharified, in the course of 6 hours, the starch of corn,
rye, millet, and potatoes, Mucor D slowly forms ethanol by
the decompositlon of hexosesg but the ylelds are less than 2
per cent of the theoretical., OConsequently, yeast must be
added for efficlent production of aleohol,

Summarizing briefly at thils stage, bm finds that two
methods for the production of amylolytic enzymes have been
inveatigated: <first, production by the growth of certain

us strains on wheat bran; and

second, by the growth of these organisms on a liquid medium,
Both methods were shown te¢ result in enzyme preparations of
high smylolytle activity which could efficlently replace malt
in saccharifylng starchy materials for alcoholic fermentations.
Actually, only one of the two methods has found extensive
industrial application, This method was the Amylo proceas,

or a modification, in which saccharification was brought about
by actually growing the mold in the starch mash which was to
be fermented. The use of this process, although extensive,
was largely confined to the Orient,

Underkofler, Pulmer, and Schoene (1939) revived the taka~
k8J1 process of growing molds on wheat bran for use in re=-
placing malt for the saccharification of starchy substrates,

A rotating drum technique, similar to that of Takemine (1914),
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Goering (1941) also found that the additlion of mold bran
increased the yields of alcohol from geid-cooked éam. He
suggested that some toxle factor was formed by the action of
acld on corn bran, and that mold bran counteracted this
factor.

Underkofler, Goering, and Bueckaloo (1941) prepared mold
brans from 9 stralns of molds, using the robtating drum
technique, They found that best smylase production occurred
with 2 strains of Asperzillus oryzae, and with Ruizopus oryzae
hizopus tritieci. They attempted to grow Asperziilus
oryzas on a number of different substrates such as rice hulls,

peanut hulls, sawdust, corn cobs, cotion-seed hulls, oab
hulls, corn bran and wheat bran, Only the latter two suppor=
ted adequate growth, These suthors found no correlation bew
tween the Lintner values and the saccharification efficlency
{from test fermentations) of the mold brans,

Hao, Fulmer, and Underkofler (1943) employed a new
technique for the preparation of mold brans, which involved .
{ncubation in a pan with ailr under slight pressure passing
through the bran mass, Mold brans were prepared frmmya? '
Bhizopus culbtures gave good amylase produc-

strains of molds from li generas

gillug oryzae were considered

most suitable because of their better growth characteristics,
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Alcohol yilelds of 95 per cent of theory were obtailned, A&
method of preparing mold bran in closed containers was
patented by Underkofler (1942a)., Wheat bran containing 4O %o
70 per cent (.3 normal hydrochlorice asid was used as the sube
strate, Severson, Underkefler, and Schoene (1942) patented a
saccharification process in which soybean meal was used to
supplement the actlon of taka-k8jl.

Underkofler {(19442b) and Underkofler and Pulmer (1943)
reviewed the status of mieroblal amylases for the ssccharifi-
cation of starch in the alecheolic fermentation with particu~
lar attention to the use of mold bran., They noted that it
had been demonstrated on a laboratory scale that mold bran was
an inexpensive and efficlent substlitute for malt,

Beginning in the spring of 1945 tests werse made on the
use of mold bran in graln fermentations on g full plant scale
at the aleohol plant of the Farm Crops Processing Corporation
at Omaha, Nebraska, Reports on these tests were glven by
Boyer and Underkofler (1945) and Underkofler, Severson, and
Goering (1946}, These tests proved that mold bran was
entirely satisfactory for use as & saccharifying agent in
large scale production of industrial alcohol, Mold bran was
found to be superior to malt for conversion in yeast culture
mashes, resulting in excellent yeast growth, Conversion by L
per cent mold bran resulted in higher ylelds than were
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obtained when the mashes were converbted by 9.0 to 9.3 per
cent malt, The alcchol yilelds were alighily over 5,3 proof
gallons per standard bushel for mold bran converted mashes
and slightly over 5,1 for the malt converted mashes, A mix~
ture of mold bran and malt was also found to give higher
yields than malt alomne,

TUnderkofler {1946) briefly reviewed and Underkofler,
Severson, Goering, end Christensen (1947) gave a detalled
report on the production and use of mold bran from the labora-
tory scale up to the full scale production of over 10 tons
per day at the Mold Bran Compeny plant at Eagle Grove, Iowa,
They discussed the economics of mold bran use, There was no
difference in the quality of the aleohol produced by mold
bran or malt saccharification and betber yields were obbtained
with mold bran, The walue of mold bran in replacing malt,
yhich sold prewar for 3 cents & pound, was about 9 cents a
pound, and mold bran pould be produced commercially well below
that figure., The cost of malt has nearly doubled at the
;ammm time bubt 1t is doubtful if the cost of mold bran pro-
duetion has increased as much percentagewise, Therefore, the
use of mold bren is now even more favorable aeﬁnmimnm

Banzon, Pulmer, snd Underkofler (1949) found that Asper-

zae mold bren was superior to malt for the sacchari-

fication of cessava mashes, They also considered the use of a

bacterial enzyme preparation, but found it less efficlent,
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were used with saccharification by 8 per cent malt or 2,5 to
li per coent mold bran, Malt appavently gave better conversion
in pressure cooked mashes, but for the mashes cocked at the
lower temperature 2.5 to 3.0 per cent mold bran was most
efficlent, The alcohol yields from mold bran saccharified
naghes were 90 to 98 per ecent of the theoretical yleld, These
suthors also found that saccharification by mold bran at
30° C. was equal to or betber than the conversion at 52.5° 0.
A mamber of microbiel amylases were tested for their
ef'ficlency as conversion agents by Heo and Jump (1945). The
conversion temperature was 130° P, and the efficlency was |
megsured by the alcohol yields in laborabory fermentations,
They found the mold amylases to be efficlent saccharifyling

Asperzilius gryzae mold bran was studied by Pan and
Liu (194}), They found that mashes of 12 to 1l per cent
starch were completely saccharified in li to 6 hours, The

optimum pH for saccharification was determined to be 5,0,
Bindal and Sreenivasays (1545a, b) investigated the
formation of amylase by fungi, They varied the soluble
starch/nitrogen ratic in the medium for Aspergillus oryzee
and found that the economie optimum ratio for enzyme production
was 7/1. They also found that melt residues with the addition
of 10 per cent peanut cake formed g good substrate for the
production of amylases, They list a mumber of advantages for

this process, including more efficient conversion,



30

The influence of the carbohydrate source in the medium

pergilius oryzae on smylase formation was Investigated
by Rao and Sreenivasays (1946). They found that starch, glu-
cose, and maltose stimulated smylase production, Other
carbohydrates which were tested were found %o have no effect,
Rao and Sreenivasaye (1947) reported work on the influence of
the form of nitrogen on the formation of amylase., Fouwr
groups of nitrogen compounds were observed: inorganic
nitrates, emmonium salts of Inorganic acids, smmonium salts
of organic acids, and smino acida, They found good smylase
production when smmonium salts of orgenlc acids especially
amoniun acetate were used as the nitrogen source, Bindal and
Sreenivasaya (1945¢) paid partieculer atbention to amino acids

and protelns as nitrogen sources,

lug oryzae was
cultured on acid-washed ssbestos plus a nitrogen= and
vitamin-free besal medium to which various forms of nitrogen
were added, After growth at 30° €, for i days the material
vas extracted and the amylase activity was determined, They
found that inorganic smmonium and nitrate compounds supported
the mold growth and induced formation of amylase, Asparagine
was bebtter than tyrosine or glycine as a nltrogen source, A4
pepbic dlgest of fibrin with a complexity of 13 induced the
formation of more amylase than papain digests with a com-
plexity of 7 or hydrogen sulfide activated mpa:.n digests with
a complexity of 3.6.
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other frult juices in addition to saccharification of corn
mashes, The alcohol yleld was 93 per cent of the theoretical
yield when 12 per cent fresh meld bran was the saccharlifying
agent,

The replacement of malt by Asperzillius oryzss mold bran

was also considered by Sorianc and Trucco (1948)., They were
able to obtain aloohol yields of 78 to 87 per cent of theory.
Reindel, Frey and Lotiner (1950) compared the slcohol
. Jields obtained following aeid, mold amylase, and green malt
conversion of potato flour, corn meal, sud milo meal, In all
but one case, the mold amylase gave best ylelds on corn and
potato flour, They noted thab aawbmifim%mn by mold 18
fundamentally diffevent from that by green malt, probably due
to ’tha presence of different enzyme systems, Lampe (195{3;)_
investigated the action of a number of saccharifying agents on
variousg ‘m;mwwi&la. The saccharifying agents were green
mali;, barley malt, Aspergillus niger mold, and combinations of

the latter two. Rye, ecorn, milo malze, dried potatoes, and
low~-grade flour were used as subsbtrates, The highest alcochol
yields were obtained from mold saccharifiecation,

Yamazakl and Ueda (1951) studied the amylase m@ivit*f of
:%mlﬁ, yellow kSji, m@ black k6ji on cocked and uncooked
stayeh from a number of natural scurces, Yellow and black
/ lus oryzae and Aspersg

k831 probably consisted of As er ;
niger, respectively, on a steamed rice substrate, On cooked
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starch the amylase sctivity decreased in the order malt,
yellow kéj&;,* end black k8ji, This order was reversed for
amylase activity on uncooked starches, The authors alse
listed a number of starchy meterisls in the order of their
saccharification velocities, Uncooked corn and wheat starches
were saccharified most yapidly and potato starch, the slowest,
This order was slso reversed for cooked sbarches,

K84 was prepared by Suglyema, Tansbe, and Pukuzako
(1946) end Tenabe and Pukuzako (1948) by growing Aspercillus
oryzee on dried sglices of sweet potatoes, The sweet pobato
substrate wes found to be deflelent in nitrogen and phosphorus
compounds. It was necessary to supplement the basie substrate
by the addition of wheat or rice bran, peptone, end minerals,
The addition of brans considerably increased the liquelfying
power of the preparation,

- Somewhat of a depsrture from the Auylo~type process was
made by Erb and Hildebrandt (1946) in thelr use of sulmerged

cultures of Rhizopus delemer or Rhizopus bowlard for the sac-
charification of starch in the aleocholle Termentation of
granular wheat flour mashes, The molds were grown on & medium
consisting of grain stillage, nutrient salts, a small smount

of alwminum powder or charvcoal, and gramular wheat flour, They
deseribed the culbturing techniques used in the preparation of
large volumes of the saccharifying material, The volume of
submerged mold culture used for saccharification amounted to 6



to 12 per cent of the total volume of the fermenter mash, The
vheat flour was pre-malted (about 2 per cent malt) before
addition of the mold culture and yeast. The mash was serated
for 3 to I houra and then allowed to ferment for L0 to 55
hours, About 12,1 proof gallons of aleohol were obtalned per
100.,0 pounds of dry grein, a& 91.2 per cent fermentation
effieciency, instead of the usual 11.0 proof gallons obtalned
by malt alone, The addition of charcosl or slumimm powder to
the stillage was necessary in order to decrease its toxielty.
Egsentially the same process was patented by Hildebrandt and |
Erb in 1951, Submerged culbtures of Aspergzillus oryzae,
Rhlzopus boulsrd, or Ehiszopus delemar were grown on grain
stillage from wheat, corn, or rye mashes with the addition of

0,008 per cent aluminum powder and were used as saccherifying
agents in alecholic fermentations,
Following the discovery at the FNorthern Reglonal Ressarch

Laboratory that a strain of Aspergillus niger, nmumbered NRRL

337, was a superior producer of alpha-amylase Erb, Wisthoff,
and Jacobs (1948} turned their attention te further work with
that organism, They measured amylase production by the ferri-
cyanide titration of redueing sugars formed on the addition of
the mold filtrate to a solution of soluble starch and attempted,
unsuceessfully, to correlate the enzyme activity to the alcohol
yield in test fermentstions, The mold was grown on an acld-

cooked 10 per cent corn mash conbtalning 0.25 per cent ures,
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0,001 to 0,01 per cent sodium chloride, and sufficlent caleium
carbonate to adjust the final pH to 5.3. A saccharification
volume of 20 per cent resulted in aloohol ylelds of 6.03
proof gallons per {dry) bushel, The best results were
obtained when the mash was pre-malted, Alechol ylelds on a
pilot plant scale were 5,61 proof gallons per dry bushel,
about 3 to 5 per cent greater than the corresponding ylelds
from malt~saccharified mashes, These authors atbempted to
inhibit baecterial growth by the addition of ammonium fluoride
or Dowicide G, Somewhat favorable results were obtained with
the use of the latter substance, 4

o *m majw portion of recent investigations on the use of
submerged fungal cultures as saccharifying sgents has been
carried out at the Northern Regional Research Laboratory,
Peoria, Illinois. Van Lanen and LeMense (1916) reported on
studies which were made in the astbtempt to develop submerged
culbure methods for preparing fungal emylases, sulteble for
adaptation to large-acale production, for use in grain alcohol
distillery operations, Over 350 organisms werse cultivated
under aerabion in a medlum composed of thin stillage, one per
cent corn meal,; and 0.5 per cent calelum carbonate., Enzyme
production was determined both by the dextrinisation of
starch, using the Sandstedt, Eneen, and Blish (1939) methed
for alpha-smylase determination, and by the ability of the
culture liquors to replace barley malt as the saccharifylng
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agent in the alecholic fermentation of grains, Of the cul~
tures tested omly 7 produced practical concentrations of

alpha~gnylase 'amiez* the conditions used, : ;
was aummw both in the production of alpha-smylasse and in

replacing malt, In the alcoholic fermentation of corn, use of
culbure liquor at the :Saisa of 10 to 15 per cent of the mesh
volume resulted in alcohol ylelds of 5,2 to 5.l proof gallons
per standard bushel as compared to 5.0 to 5.2 proof g«aliana
per standard bushel obbained with commercisl barley malt,
Leﬂmm, Corman, VanLanen, mé, Langlykke (1947), in

further work on this problem, attempted to develop an optimm
mnedium for the produetion of amylases by submerged growth of

a number of different molds, Enzyme production was determined
by alpha-amylase activity, maltase activity (by hydrolysis of
maltose monohydrate to glucose), and by sctual famam;ahmm
of corn mashes, The best medium consisted of thin stillage,

2 per cent corn, and 0.5 per cent caloium carbonate, Maximt:m
enzyme production was obhaim&wh@n the initial pH of the mold
medium was about 5.0. An inerease in aeration of the sub-
nerged ﬁﬂlﬁ}r& glso mm&‘baﬂ in inecreased enzyme production,

A volume of submerged culture equel to 10 to 20 per cent of
the final mash volume was used f‘w the conversion and alecohol
yields up to 5.l proof gallons per standard bushel (5,15 per
malt controls) were obtained, 4 positive correlation was

found between maltase sctivity and alcohol ylelds provided a
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certain minimum emount of alpha-smylase was present, Le Mense
and Van Lenen {(1948) patented essentielly the same process
for the preparation of fungal enzymes by Aspergilius niger
NRRL 337. | -

The observation that the alcochol ylelds from the fermentae
tion of corn mashes saccharified with mold culbure filtrates

gorrelated with the potency of a glucogenic enzyme system, as
measured by maltose hydrolysis, led to a delalled atu&y by
Gorman and Langlykke (1948) of starch sascherification by
fungal diastatic preperations, The molds wers grown under
seration in a medium composed of distillers' thin stillage
{about 5 per cent smolids), one per cent mm,; and 0.5 per
cent calcium carbonabe, having an initisl pH of approximately
5.0, Laboratory scale fermentations were carried out using a
volume of mold culture equal to 10 per cent of the £inal mash
volume for saccharification. Several species anﬁ strains of

Aspergilli were tested end found to produce variable amounts
of alpha-amylase and glucogenle enzyme, The alcchol ylelds
fram the test fermentations correlated with the g:&mogmiﬁ
gctivity for those molds which had move than & Lrace of alphav
smylase, The following molds gave alcchol ylelds greater than
obtained in the melt controlss L ‘ ‘
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Aspergillus niger 337, The first and last of the molds listed
were especlally high in glucogenic activity and alpha~amylase
activity, respectively.

The application of submerged mold smylase as a sacchari-
fyinz agent on a pilot plant scale was described by Le Mense,
Sohns, Corman, Blom, Van Lanen, and Langlykie (1949). They
found that the volume of mold ewlture used for saccharification
was more important than the amount of dextrinizing enzyme
{alpha-amylase) and also that there was no correlation of
aloohol yields and maltase (glucogenie) activity, Best
results were obtained with the use of 10 to 20 volume per cent
mold culbure for saccharification following pre-liquefaction
of the mash by small amounts of malt or mold culture, The
saving calculated for the replacement of malt by submerged
mold culture was approximately 2.5 to 3.6 cents per gallon
of 190 proof alcohol.

Plant scale fermentations using submerged culture fungal
amylase for saecherification of the mashes were carried out
during 1949 at the Grain Processing Corporation, Muscatine,
Iowa, under the direction of personnel from the Northern
Regional Research Laboratory. The results were reported by
the U, 8. Production and Marketing Administration and the
Bureau of Agricultural snd Industrial Chemistry (1950) in the
U, S. Department of Agriculturs Techniecal Bulletin No, 1024.
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The procedures used were those previously developed on the
mbnmtwy and yiisﬂprlanis ‘scale at the Northern Reglonal
Research Laboratory with only minor modifications, The |
addition of a small amount of emmonium bifluoride (0,018 per
cent) to the mold medium decressed the smount of bacterial
mmmmzmn. Some difficulty was encountered due ‘tm the
slow 3.1@;&9::’:‘&@#1;::1 of mashes by | the fungal smylases, ﬁ:hia was
overcome by the addition of small amounts of melt and/or
increasing the conversion temperature to 67° C, and inereasing
the holding time, A fermentation time of 48 to 60 hours was
allowed, The aleohol ylelds obtained from m&ah&é mwh#ﬁﬁad
by fungal amylase were 5,98 proof gallons per dry bushel come-
pared to 5.87 for malt-saccharified mashes, In the fermenta-
tion of heat-dsmaged corn the yiams were 6.02; for méldm |
saccharified mashes and 5.86 for malt-saccharified mashes,

It was found that stillage from m@lﬂwm:ﬁ%x‘#aﬁ mashes was ag
effective as that from malt-converted mashes for the prepara«
tion of fungel smylase, The quality of the alechol and feeds
(d1stillers! dried grains and solubles used for animal
fesding) produced by the fungal amylase process was found to
be squal to that from the usual fermentations using malt,

%ah caleculations aém;:wing the ‘pro&umian of alcohol with
fungal amylese and with malt indicate that the replacement of
malt by fungal emylase would result in savings or appmximaﬁaﬁ.y
3,7 cents per gallan of 190 proof aleohol,
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Tsuchiya, Corman, and Koepsell (1950) investigated cer-
%ain f’am:éam affecting the production of alpha-amylase and

maltase by Asperszill They found that the presence of

caleiun carbonate in the mold medium in smounts exceeding 0,05
m@l&r {m:’ spproximately 0,05 per cent) inhibited maltase and
alpha-amylase @m&ﬁemﬁ;&. Alpha~amylase was found to ba -
stable Mfm a pH of about l.7. &ﬁmaqumtly some k
needed to keep the pH of the mold medium above li,7 without

mammd was

the addition of caleium carbonate, This was accomplished by
varying the concentration of corn and distillers'! dried |
solubles in the medium, The initisl pH was &ﬁju&md to 5,2
using sodium hydroxide and the final pH was found to vary
directly with the dried solubles concentration and inversely
with the concentration of cormn. The alpha-amylase production
was ‘generally found to be very dependent on the dried solubles
concentration, Highest production of both alpha-amylase and

: ispersilius niger 337 and Aspersillus niger 330 was
obtained in & medium conbaining 5 per cent corn 5 per cent
@1@111%’“ dried solubles, The composition of the mediwm

spperently hed llttle effect on enzyme production by 4sper-
' 8 oryzae LE8, $1lus nigzer 330 produced slightly
more maltase than Aspergilius niger 337 bubt was the poorest
glphe-amylase producer of the three organisms studlied, Asper-

gillus oryzae 458 produced nearly as much alpha-amylase as
lus piger 337 but was last in the production of
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mal bege.

Corman and Tsuchiya {1951) confimed earlier observations
that the glcohol yleld was proportional to the maltase acti-
vity if an adequate amount of alpha~smylase was present, In
the preceding investigations at the H@*&hwn Regionel Research
Leboratory it had been found that Ag

gililus niger 330 produced nearly equal smounts of maltase

but the latter organiem produced only very small emounts of
alpha-smylase, Therefore, the effect of supplementing the
actlon of these molds in submerged cultures by the addition of
malt, a good alpha-smylase source, was investigeted, The
alcchol yielda from mashes saccharified by amylase from
wzillus niger 337 were mot improved by the addition of
malt, 4 significant improvement was noted when malt was added
to Aspergillus niszer 330 amylase, Apparently this lmprovement

was due to the increase of the alpha-amylase activity to or
above & necessary minimum level, These authors also reported
that satisfactory results were obtained in the conversion of
corn, moldy corn, wheab, milo sorglhum, end dried potatoes by
submerged culbures of Aspergilius niger 337. ,
During the period of these investigations at the Northern
Regilonsl Research Laboratory, similar work was being carried
out at Joseph E, Seagram and Sons, Ine, Balanchura, Stewart,
Scalf, and Smith (1946) screened 23 strains of the genera
nici fhizopus which were known
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to produce amylases. | The best preperations as debtermined by
the alpha-amylase activity of the submerged cultures were
further evaluated by yeast fermenbabtlon of grain mashes using
these preparations as converting agents. The best of the

cultures was a strain of Asp A
hours on a medium of 3 per cent distillers! dried solubles
with an initial pH of 6,0,

Adems, Balankura, Andressen, and Stark (1947) found that
niger in plant
stillage were poor and were not lmproved by treatment with

growth and smylase production by

gpergillu

charcoal or aluminum powder., Further investigations were
: lus niger 337, from the
Northern Reglonal Research Laboratory. The medium consisted

carried out using a culbure of Asperszi

of § per cent dlstillers?' dried solubles, 1 per cent corn, and
sufficlent calelum carbonate Lo adjust the initial pH to
approximately 5.0, Slightly better conversion was obtained at
145° P. than at 130° P, Alechol ylelds of 6,16 to 6,27 proof
gallons per dry bushel were obbalned from mashes saccharified
by 20 volume per cent of submerged culbure, The yield for the
malt controls was 5,95 proof gallons per dry bushel. They
found no correlation between aleohol ylelds and slpha-amylase
activity or total seccharifying power (determined by the
neasurement of reducing sugars formed from soluble starch).
Stark, Kolachov, Smith, Blankmeyer, and Willkie (1949)
reviewed the usge of emylase from submerged culbure growth of
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Agpergill nlzer, Alcchol yields were 0.2 to 0.3 proof
gallons per bushel greater than the ylelds from mali-converted
meshes, - Other advantages wers the more rapid fermentation

and the reduction of bacterial contamination, They estimated

a savings of 2 cents a proof gallon would be obtained in re-
placing malt by fungal smylase, Kolachov, Smith, and Willkie
(1950) issued a later progress report concerning the production

and wse of fungal amylsse,

Pan, Andreasen, and Kolachov (1950b) investigated the
formentation rate in corn mashes converted by Asperzill
plger smylase, They found
distillers® dried solubles by 2 per cent wheal bran in the

that the replacement of 3 per cent

mold mediwm resulted in better conversion, Thelr beat alcohol
yvields were sbout 5.3 to B.li proof gallons per standard
bushel,

Various preparabions were tested by Teixelra, Andreasen,
and Kelachov ﬁ?ﬁm for use in the conversion of cassava
mashes for alecholic fermentations In the order of increasing
efficiency the preparations (and theilr efficlencies) werer
acid hydrolysis (43 teo i), barley melt {Th), mold bran (80 to

rzillug nlzer 337 in submerged culture (90 per
eent of theoretical yleld).

Blaisten (1948) reported that the incubation of Aspergilius
gillue niger in semi-sulmerged culbture on wheat

ae or Asper

bran gave a very active amylase preparation,
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in submerged culture. The mold culbure liquor was used for
the saccharlification of sweet potato maghes for alccholie
fermentation, The aleohol yield was higher for black Asper-

; A9 1lus ploer) than for yellow (Aspersi
The Termentation effieclency was found to parallel the maltase

activity of the mold cultures,

An atbempt ha;s been made in this section to review the
1literature on the development and use of nmeold amylase prepara-
tiong. Much additional work has been carried out on the probe
lem of the aﬁparaﬁam and purification of the several enzymes
found in fungel amylases. This work has been noted only in-
cidentally, either when the enzyme concenbrstes were used for
the purpose of saccharification or when some other phase of -
the work was of interest, In genersl, it may be sbated that
typleal enzyme btechniques have been spplied to the problem,

In the seperation and purification of a particular enzyme the .
préparations were often subjected to certain temperatures,
pHts, and selt concentwrations which were intended to inacti-
vate the other enzymes prosent, " Proparations containing high
enzyme actbivity were obtained by precipitation by the addition
of salbs, such as &
as acetone or aleohols, CUonsiderable progress has been made;

monium sulfate, or orgenic solvents, such

mmerous investigators have reported the preparation of enzyme
concéntrates relatively free from other enzyme activity. Roy
{1950) and Underkofler and Roy (1951) have reported the
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crystallization of alpha-smylase and limit-dextrinase from
spergillus oryzae preparations, Roy and Underkofler (1951)

have also prepared highly active maltase concentrates from
the mold filtrate of a culbure of Aspergillius niger 330. The
preparation of erystalline alpha-amylase from Aspergillus

oryzae has been recently repeated successfully by Fischer and
de Montmollin (1951).

B, Methods for the Evaluation of Anylases

Since fungel amylase iz 1n reality a mixture of a number
of different enzymes it is necessary to consider briefly those
enzynes and their action before discussing methods for the
evaluation of amylases, In connection with amylases and
their sctions it is also necessary to examine their principal
substrate, l.e., starch. |

Despite an enormous volume of work on the problem 1t 1s
not yet possible to state exactly the structure of starch.
Host investigators ave agreed that starch 1s heterogeneous,
having two mein components: amylose, and amylopectin, Amylose
is a linear polymer of glucose, consisting of 300 or more
gzlucome units joined in the same mamner as in maltose, l.e.,
through 1,li'=alpha-Dwglucosidiec linkages. Amylopectin is &
highly Wu.g%am glucose polymer of a much higher molecular
weight, perhaps over 200,000, or over 1300 glucose units, The
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majority of linkeges in amylopectin are the gsme as those in
emylose, but it is believed that 1,6'Y-alpha-D-glucosidic
linkages are found at the polnts of %rm&h&ng. The two come
ponents vary considerably in thelr ratioc depending upon the
source of the starch. The molecular weights and structure,
such as the degree of bxﬂanehing of the amylopectin k:f‘rmhion.
are sinilarly dependent upon the source, ‘
There are a muber of peviews on the subjeet of amylsses,
Two recent ones are by Bernfeld {1951) and Myrbiek and
Neumiller (1950). Unfortunately only brief mention of fungal
emylases is mma by these authors, with their maln gﬁﬁmﬁm
being ﬁi;?acma to anmw. and plant mnyimw, particularly |
those of malt, Miller (1951) has recently reviewed the
literature on fungal amylases, o
Early observers moted that a cerbtain sequence of action
took xﬁmé miw‘n‘ starch %ma treated with smylasea, Theres was
firest a very rapid decrease m the vlscosity of the starch
aaﬁ.%iém This was followed %%y a gradual &mnge in the ::é:!.cm
of the starch-lodine complex from bluse-purple through brown-
red to colorless. There was & sﬁmmifbmmua increase in the
reducing power of the solution. Also it was found that fere
memabla sugars were produced from starch through the amylﬁw
action, 'haawamnm of the optimum bempersbtures and aei&ifs’iw
for these dlfferent actlons and the change 1n reactlon rates
awmpmying purification or partial inasctivation m:tggaat&é
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the presgence of two or more enzymes in amylases, Two of the
enzymes receiving early attention were alpha-amylase and betaw
smylage,

Alpha-amylase 1s an enzyme of extremely wide ﬁmwaﬁgﬁaﬁ»
being found in representatives of nearly all formsas of life.

In animels there have baen found sallvaery, pancreabic, and
blood slpha~amylases, Cereals are good sources of alpha-
amylase, the activity increasing during germination, Bacterias
and molds have also been found te be producers of this enzyme.
ﬁw@g are some differences in the slpha~amylases from various
sources. These differences are often due to varying substrate
affinitles and result in different reaction rates and degree
of hydrolysis of starch, However, the over-all action is the
same end sny striking differences between alpha-amylases from
different sources are probably due to the presence of addie
tional enzymes in the warious preparations,

Alphawemylase is responsible for the rapid decresse in
viscosity of starch solutions and is often referred to as the
"1iquefying" enzyme, It is also deseribed as a "dextrinizing"
enzyme due to the production of lower molescular weight
reduecing dextrins from starch.

The actlion of slpha-smylase is apparently a random
hydrolytic cleavage of 1,lj'walpha-glucosidic linkages found in
starch, There are three stages in the action on starches,.

First, the breaking of a very small percentage of the total
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glucosidic bonds results in the formatiom of dextrins of

~ congiderably smaller molecular welght and greater solubility.
This is the liquelfaction stage, In the next stage continued
hpsﬁmmﬁiawmaws with the production of smaller dextrins and
a loss of the abiiity to form a colored iodine complex. In
the final stage limit dextrins and redueing sugars are slowly
formed, Amylose is converted nearly completely inbto glucose,
m*mﬁw&, and maltose, the latber being the principal
product. Amylopectin is converted into thess reducing suvgzars
in addition to 1limit dextrins, Limit dextrins are low mole=
cular welght carbohydrates containing 1*6*,-.&3.@%»@1:1@%1@1@
linkages and are guite resisgtant toward Mﬁha& hydrolysis,
The simplest 1limit dextrin would be lsomaltose, and the
average limit dextrin following extended alpha-mmylase
hydrolysis contains about Ly to 6 glucose unita,

Methods of measuring alpha-smylase activiby are suggested
by tht%, congidevation of ity action, The methods involve
measurement of the change of viscosity or of the change in
the color of the lodine complex. Hethods invelving measure-
ment of the production of reducing materials have found
&mﬁ?w use,

The second enzyme, botaw-amylase, ls found mainly in
plants, especially the cereals, Malt, soybeans, and sweel
potatoes are partlcularly good sources of this enzyme, There
hag been considerable debabe concerning the pressence of thias
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engyme in molds, Ab present 1t is generelly believed thab
molds do not produce beba-anylase and that mold saccharifica-
tion is accomplished mainly by the action of alpha-amylase,
maltase, and perhaps other enzymes, However, beta-amylase
is the principal saccharifying enzyme in malt,

Betawamylase, as does alpha-amylase, acts by the hydro-
lytic cleavage of 1,&*:»&1;:&@-»@1%@1&1& linkages in starch,
Itas action differs, however, in that the attack is seemingly
not random, There is & step~wise removal of two glucose
wnits (L.e., nalbtose) from the non-reducing ends of the
starch molecules, proceeding untll the entire molecule 1s dew~
graded, as 1s the case for amylose, or until some obstruction
such as branching is encountered, Apperently 1,6'-alpha-
glucosidic bonds are resistant to both amylases and in addi-
tion inhibit the hydrolysis by beba-smylase of normall,ljt-
bonds in their vieinity, Amylose i3 converted qmnﬁimhiwly
mﬁa mgltose and a very small smount of malbotriose, Amylo-
pectin is converted into maltose and beba-amylase 1imit dex-
trin, also referred to as alpha-amylodextrin, The latter is a
hizh molecular welght dextrin of low reducing power. Alpha-
amylase can hydrolyze l,li'sbonds located between the branching
points, thus freeing new non-reducing end groups for further
beta-amylagse action, The combined action of elpha- and beta=-
smylases yielde the previously mentioned limit-dextrin, It is
quite possible thabt alpha-smylass, and perhaps sven beba-amylase
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workers and also Hestrin (1940) fmmd that impure maltase
14 hyﬁrelymﬁ glmmamea

preparations from ﬁy@ﬁ&&ﬁ of Asperg! 13
| ~only if the aglmﬁma were of the complexity of the wdax* of
g_:mmm,, aﬁhw carbohydrates, or tmix* dwimmms. Maltase
| &Wiﬂhy is very readily maéawa& w obgerving the pradmi;ian
of giuﬁam by the aection of kkha enzyme preparation on a
mawam substrate, |

S$6111 another vawbyﬁm;a@ has been shown to be present
m funga)l smylase preparations am} m a lesser extent in malt,
The enzyme 1s limit-dextrinase and its action is the hydroly-
tic cleavage of the alpha-l,6'-glucosidie linkages in amylo-
pawixxm& dextrins which resist cleavage by the other carbo-
‘hyﬂmma, Back, Stark, end Sealf {1948) have develeped a
vmémé for the measurement of limit-dextrinsse activity. This |
method, which will be described in debail in a later section,
involves treating 1&&% dextyrin ({pmgxmé by the action of
barley malt dlastase on cormstarch) with the enzyme preparation
‘and then measuring the amount of glucose which was produced,
These authors suggested that the higher limit-dextrinase
activity of fungal amylase preparations compared to malt may
be responsible for the higher sleohol yields obbained from
fungal~saccharified meshes, Tsuchiys, Montgomery, and Coxrman
(1949} reported that isomaltose was hydrvolyzed to the extent
of 90 per cent in 5 hours by the filtrate from an Asperzilius
niger 330 culture. This suggests that: the tedious method of
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Back, et a2l {19h8) could be replaced by a method using iso-
maltose ﬁ::ﬁ much the sarme manner as in the use of maltose rono-
hydrete in the determinstion of maltase activity,

0 Athough Kita (1913) suggested the presence of an mme
in Wil dlastase mﬁ.@h ﬁﬁzﬁ&ﬁ:"ﬁﬁﬁ starch direectly to glucose,
most ﬁerk&m continued to belleve ﬁhaﬁm%m was the
primary produst in the action of fun
and that glucose, If present, was fommed by the further |
hydrolysis of maltose by maltase, Corman and Langlykke (1948),
realizing that thelir mold cul.ture filtrates produced glucose

gal amylases on starch

from both maltose and the higher polymers of glucose, pree

forred the term ziucogenic enzyme® over "maltase,® They

neasured the glucogenis activity by the extent of hydm}.yais
of meltose mopohydrate into glucose in the presence of the
enzyme preparation, Kerr, (leveland, and Katzbeck (1951)
invegtigated a2 similar enzy
glucosidase,® Thls enzyme produced glucose from smylose and

which they named "amylow

myiapwtm apparently by attacking the non~redueing terminals
of the molecules, They did not report whether amyle-
glucosidase had any action on maltose, A semi-purified
sapy was investigated by
iyme, first desig-
nated as “é&&ta«mﬁmﬁ“ and later as "gluc smylase", pro-

duced only glucose from smylose and hydrolyzed malbose

‘gquantitabively to glugose, Glucose was alsoc produced from
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amylopectin and no large dextring remained, Glue amylase was
unable to hydm&xm 13‘@&&1%@5& but 1% can apparently by-pass

2.,. 6'=linkages present in dextrins, Although the enzyme cone
centrate vas subjected to numerous purification steps and

also to partial inasctivation the ratio of malbtase activity to
glue amylase sckivity remeined constant, However, the rate

of hydrolysis of maltose was considerably less than that for
the hydrolysis of sbtarch. |

Kitsharsa and Eurushima (3_92{.93 investigated an enzyme from

a strain of gip MRE
beta~amylase, They found that it produced glucose snd
maltose in the ratioc of l/1 from starch and had practically

Aspergilius awamord which they considered to be a

‘no actlion on maltose, They suggested that the enzyme be
naned "gamma~amylese,” In further work, Kitshara and
Rurushime (1951) consentratbed
ispergillus awamori, The purified enzyme product,
free of malbase and alphe-amylase activity, produced glucose
and maltose from starch in the ratio of 2/1, They obtained a

an snzyme obtatned in a saline

Pigmaen (19l};) studied the extent of hydrolysis of |
starches by amylsses in the presence and absence of yeasts,
He found that malts and mold enszymes (Asperzillus orygzse and
iger) generally gave 97 to 100 per cent conver-

sion of eorn sbarch in the presence of yeast. In the
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abwmm of yeast, malt gave about 90 gw Mm; eomax*amn am‘
mma only 70 to 86 per cent, He augggamad that fma;g&l

ammm pr@yax-aﬁmm were abz.ﬁ to ﬁmmmiw mnwfamenmbls
xaawriala fron malimw‘ R@mwam ﬁﬁf’ malbose by the actmn af

ymst pmwxﬂwﬁ this aymhmia«
mmfimad by Schwimmer (1945},
%@ role of yeast in the secondary stage of fammtamm
was studied by Pan, MMaam, and Kolachov (1951). During
the secondary i‘ammmmm stage dextrins are hy&h@l‘:m&d by

his obgervation was later

fungal enzymes into rammmhm sugars which are thm
wbs.liawﬁ, b:sr the yeast. Zin the absence of yeast, thm con-
Wmﬂ.(m is irhiblted by the awwulatmn of reducing sugar
pmcimt;m They found that malmﬁa, buﬁ mt glucone, was
responsible for the inhibition and f:lmt; the role of the yeast
in aiﬁ&mg awemﬁw conversion was the removal of maltose,
m other reports on ish:ta @mmm, Pan, &m:wasm, and
Kﬁlmhw (1950a) and Pan, %&a&wl%m, amﬁ Kolachov (1951)
ramd that a filtrate fx*m a submerged culture of M lius
niger 337 converted maltose into an unmmrmanmme dax&rﬁ.nu
This é@xwixx was rmmé. to be & w&,mswm&ma@ consisting

:mly of glucose residues, The dextrin formation was rever-
sible, as indicated by the fach thab in the presence of

yoast, the mold filtrate was able to convert the dextrin into
fermentable sugers, French (1951) suggested, and Wolfrom,
Thomsson, and Galkowski (1951) confirmed bthat the tri-saccharide,
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which was called "panocse", was lj-alpha-isomaltopyrenosyl-D-

g;mmsa. IR, | | |
Pazur and French (1951) described a awbahyﬁmww

yxkamzing engyme present in the filtrate of the mam,
xillus oryzse. The mechanism pwmﬂ,aﬁ@ﬁ for the m«»

thetic action was termed transglucosidation and involved a
transfor of the teminal glucose resldue of maltose to the 6=
position of a co~substrate ‘saccharide, From pure iaa:l.ﬁoéé’ the
| am;yms synthesized isomaltose, 6=(alpha~Deglucosyl) maltose,
and 6-(alpha~D-glucosyl) isomaltose, and a tetrasaccharide of
unknown mﬁﬁtﬁ.*&mmm&.f This synthetie action very closely
?éamhiaa the veverse of limit-dextrinase action, It seems
am;mw possible that eml’y one enzyme is involved, in an
aquﬂibrﬁ.m reaction, and that the direction of action is
aa.aiiy eam;mme& by varying the concentrations of reactant
and @rbﬁuaﬁa. |

In ﬁmaw, it apwww that fungal amylase preparations
zmmmm 3 or more enzymes, Alpha-amylase acte by & random
hmaawm eleavage of iglﬂmiphawglmeamia bonda, %wm is
first a rapid decrease in %ismamm ’iem,# is f@mm&d by the
loss of color of the i@amaﬁsm:mx as smaller dextrins are
f@mm; and 1n the final stage limit dextrins, glucose, |

naltotriose, and maltose are slowly formed, The major

amaharﬁ,fyﬁ.ng action is s;%ue w one oF wore enzymes capable of
hydrolyzing 1,lit'-alpha-D-glucosidiec bonds, & small amount of



57

maltase may be pregsent, but the m‘j@@ saccharifying

enzyne -
' has libttle or no action on maltose, This saccharifying
engyme ;mzzzﬁuwé glucose from sterch and also in combination
with aiyhahmymaa forms some limlt dextrins, These dextrins

ave then hydrolyzed by limibe-dextrinase bo form reducing
sugars. If maltose 1s not removed from the solution (by the
action of yeast, dlalysis, or by supplementing the maltase
activity) limit-dextrinasse may synthesize non-fermentable
BUZET Se e |

Much of the work in regard to the evaluation of smylo~
1lytic preparations hea been done on malt, Reese (19:7) has
raviewed the various methods ussd. They may be classified
under the following headings: viscosity methods; lodomebtric
methods; polarimetric methods; methods invelving the deter-
minetion of reducing powerj divect determinations, The £irst
2 methods are. concerned mainly with the action of alpha-
amylage; the lth method, with beta-smylase; the 3rd and the
Bth mmriﬁar the combinations of the enzyme-actions,

It is of little value bo discuss heve the methods used
for the evaluation of malts, especlally since the saccharifying
actions of malt snd molds are due to different enzymes, It 1s
sufficlent to state that the most popular methods for evaluating
melts are based on the debermination of b&%ﬁmm}a&e a@tmﬁ,by,.
amﬁ involve the m@é.mz*manﬁ of maltose pwéumél from starch by
the malt. Reese (1947) nmobted that in recent years it has
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become the general opinlon that the measurement of some
lzolated enzyme system, such as beba-aomylase, 1z not an
entirely satisfactory method of evaluabting malts, The need
for s method measuring the integrated enzymatic action was
definitely indlcated, and sxperimentsl laboratory fermenta-
tions appesred the only satisfactory mamner of meeting that
need. Thorne, Emerson, Olson, and Peterson (1945) evaluated
malts used for the production of slcohol from wheat by exten-
sive analytical and fermentation tests and came to the conclu-
sion that only a fermentabtion test can give an accurate
evaluation, PFor exemple, some malts that a distiller would
have discarded on the basis of Lintner snalyses proved in
fermentation tests to be as good as other malts having much
higher Lintner values.

Very nearly the same situation has existed in regard to
the evaluation of fungsl enzyme preparatlons. In the early
stages of the investigation of mold brens et Iowa State College
Underkoefler, Goering, and Buckaloo (1941) attempted to corre-
late the Lintner wvalue of the mold preparations with the
saccharifying efficlency as measured by the alcochol yield in a
laboratory fermentation. Since the Lintner value corresponds
to beba-amylase scbivity, which is nil in fungel enzyme pre-
parations, it is not surprising that they obtalned no positive
correlation, It was widely cobserved that, in general, amylo=-
1lytic preparations high in alpha-amylase sctivity were qulbe
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apt to be satlsfactory for the saccharification of grain
mashes, Therefore, alpha-smylase activity became the criterion
for the screening of organisms used in the production of mold
brang end, later on, for use in sulmerged culture prepsrations.
Practically ell investigabors in this fleld afber a preliminary
selection on the basis of alpha-amylase activity studied the
pronising organiams by the use of laboratory fermentations,

Adams, Belankurs, Andreasen, and Stark (1947) reported
that there was no correlation between the alpha-amylase
activity of submerged cultures of Asvergill

the alcohol ylelds cbtained from mshses converted by the.

fungal preparation, LeMense, Sohns, Corman, Blom, Van Lanen,
and Langlykke {1949) agreed with this observation in stating
that the volume of submerged fungal culture used for sacchari-
fication was spparently more importent then the smount of
dextrinizing enzyme (i.e., elpha-muylase),

LeMense, Corman, Ven Lemen, end Langlykke (1947) observed
& positive correlatlion between maltase activity and the
alcohol ylelda. It was important that the mold cultures,
however, had a measurable amount of alphaw-amylase, In the
following yosr Corman and Langlykke (1948) Indicated their
preference for the term "glucogenie activity™ instead of

maltase activity. Glucogenic activity was measured by the
same procedure as for maltase (i,e,, by the hydrolysis of
maltose monohydrate) and also correlated with the alecohol
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yields., They further stated that the Lintner determination
‘wag too rapid for the ~.53,§mr ‘acting mold amylase, or gluco-
- genlc enzyme, Cormsn and Tsuchliya (1951) cbserved that the
alpha-amylase sctivity should be greater than ome unit per
milliliter if the alechol yleld is to depend on the meltase
Mﬁ&mfsm In t&sﬁr investigation of the use of mold culture
liquors of certain Aspew; Tor conversion of sweet potato
nashes Pukimbara, Yeahmm and Shibuya {1?53&} observed that
the fermentatlon effleiency parslleled the meltase activity,

Another anlyytical method for the evaluation of submerged
fungal eultures was investignted by Erb, Wisthoff, and Jacobs
(1948). They determined the saccharogenic activity of fungal
mﬁmas by the ferrieyanide titratlon of the reduelng sugers

Tormed by the asction of enzyme preperations on soluble starch,
The same method was reported by the U, S, Production and
Harketing Administration and Bureau of Agriculbtural end
f{xzfiw%ﬂa;l Chemistry (1950) for the plant scale axmm@nﬁ;a at
the Grain Processing Corporation at Muscatine, Iowa, A

~ positive correlation was found to exist between the sascharo-
genic power and the alechol yleldss It must be pointed out
that Wir data also indleate just as good a correlation be-
mam naltase or alpha-amylase activity and ma ai»gem:i yield.
%&n@ essentlally the same method Adams, Balankura, Andreasen,
~and Stark (1947) coampared the total saccharifying power with
the slcchol ylelds but found no dependence,
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In swmary, only two analytical methods for the evalua-
tlon of fungal emzyme preperations have been shown to bave any
promise, In one, maltase or glucogenic sctivity is determined
by measuring the production of gluccse by enzymatic hydrolysis
of meltose monchydrate, In the obher method, the seccharo-
genie power 1s measured by eb@wing the production of
redueling sugars by enyymatic sction on soluble starch, Both
methods leave much to be desired, especislly in regard to the
level of muylolytic preperabion to be used, which must be
determined by actual fermentatlon tests, The wethod of Hrb,
et gl (1948) preswnably measures the integrated action of
alpha-amylase, malbtase, and other saccharifying ensymes,

Since the enzyme preparation i1s allowed to act upon the sbarch
for a comparatively short time, the method may possibly
penalige those preparations having low slphaw-smylase activi-
ties. The early stage of saccharification for such prepare-
tiong is slow and the smount of sugsrs produced would not
accurately indicate the degres of saccharificatlon which
could be attained over a lomger periocd of time,

Drews, Lampe, and Specht (1950), after camparing methods
for the evalustion of emylolytle activity, stated that the
most reliable method was the determination of the alcohol
yield in s fermentation test after saccharifylng the starche
e sample to be bested,

containing material with th
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Reese (194.7) end Reese, Pulmer, and Underkofler (1948)
deseribed a short fermentation test lor eveluating fungal
amylolytic materlals., The alcchol yileld is determined
following a Zi~hour fermentation of cornstarch saccharified
by the amylolybtlec materiel to be evaluated, The ratio of
mold bran/alechol yield was plotted against the welght of
mold bran and straight lines were obbalined, For a number of
different mold brans (all prepared from Asperzilius oryzae 38)
the lines thusg obtained were parsllel but had different
intercepts. The lower the intercept value, the higher was
the saccharifying officlency of that particular mold bran,
It wes also noted that the yatio of the intercepts for two

mold brans was equal to the ratio of the welghts of the same
mold brans necesgsary to obtaln optimum alechol yields, Thus,
by runndng a standerd mold bran at different levels to find
the opbtimum and then comparing its intercept with the inbere
cepts of other mold brans in the short fermentation *&#ﬁfi, the
opbiman levels for obther mold brans ¢an be caloulated, BExcele
lent results were obtailned using this procedure for the

evaluation of Aspergilius oryzae mold brans.

This procedure can be used to determine the levels of
different mold brans to be used to obtain maximm ylelds bub
it does not indlcate ﬁai‘inﬁmly which mold bran will give the
highest alcohol ylelds, Generally, bub not without exception,
the mold bran with the lowest inbtercept will give the highest
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aleohol yleld, It may be seen then, that the enzymatic
method of walmmmﬁﬁ dlacuased previously will indicabe to
some extent the aleohol ylelds which can be obbained and the
short fermentation method indlcabtes the level of saccharifying
agent which should be used,



(IIT, MATERIALS

A, Materials for Fermentations and Media

1. Corn meal

The corn whiech was used for the major portion of this
investigation was obtained as No. 1 whole kermel yellow corn
in a 100 gmzm lot from 'blw“ Quaker Oabs émnps.m, Cedar Rapids,
Iowa in June of 1949, It was ground, thoroughly mixed, and
stored in serew~topped h#::%}.w until used, wm corn was
fumigated by pushing a test tube contalning about 5 ml. of
carbon disulfide upright inte the corn and serewing the cover
on tightly, Moisbure determinations were run on the corn in

each bottle as used,

2, Corn mill fractions

The :E'elldwimg mill fractions from yellow corn were also
obtained from the Quaker Oats Company in June of 1949, The
weights received are equivalent to thelr corresponding per-
centages in whole corn. Moisture determinations were run on
each fraction prior to its use,

et 110 Boa] mora araes 70,0 20,

Heminy feed 15,01bsa.
Corn germ (dried) 15,@ 1lbs,

100.0 1bs,
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lers! dried solubles (DDS)

This mai’mriai ‘%miai @wmmﬁ in & 100 pound lot from
Joseph E, Seagram and Sons, Inc., Loulsville, Kenbucky, It
was deseribed as, "A dried concentrate of the soluble portion
of stnlaga obtained in the distilling of cereal grains, prin-
aipall'y corn, also some barley malt,”

The following analysis accompanied the dried solubles,

Protein not less than 30 %
Crude fat not less than 5 %
Fiber not more than &5
Agh not more than 63

Moisture content not more than 7 %
 This material had a tendency to take up water, forming
hard cakes. Oonsequently 1t was divided into smeller portions,
placed in screw-topped bottles, and moisture determinations

were made on each portion before use,

4o Whest bran

The histary of the bran used for the preparation of bran
cultures and mold brans in this investigation is unknown exe
cept that it was obtained prior to 1946,

5a

t}.’ﬁ L]

The starch used in the short fermentstlon tests was Argo
Corn Starch, a commercial pure food grade starch produced by
the (orn Products Refining Co., Arge, Illinois, The contents
of a pumber of small packages of this product were ﬁhwmxghly
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‘mixed and stored in & swall drum with a tight-fitting cover,
A moisture determination was carried out before use of the

- produet,

Barley malt obtained from the Kurth Malting Company,
Milwaukee, Wisconsin, was used as & conbtrol during a portion
of the fermentations carried out during the course of this
- investigation., A small amount of the malt wes freshly ground
and its molsture determined prior to its use,

Ts

The malt exbract used to prepare medias for yeast culbtures
was obtained in a 140 pound keg from Anheuser Busch and
Company, Saint Louls, Misscuri in 1942. It was designated by
the manufacturer as "light Budwelser non-diastatic melt
syrup." Midway in this investigation it was found that the
beer wort medium prepared from this material was resulbting in
very sluggish yeast oultures. This was attribubted to the
production of toxiec materials in the malt extract by a very
"~ coplous mold growth éxz its surface, A new supply of none
diastatic malt extract was obtalned in g 60 pound drum from
the Pabst Brewing C., Peoria Heights, Illinois, in October of

1951, This material was designated as "Bekers Syrup.™



@
8. Yeast extract

The yeast extract 'awlﬁy‘aa in this investization was the
dehydrated powder form of Difco Bacto Yeast Extract manuface
tured by the Difeo Laboratories, Detroit, Michigan,

B, Chemiocals

A1l chemicals used during this ‘imm*ai.gatim were af the
C. P. grade snd were obtalned through ordinsry commercial

apurceg,

¢ SBpeclal Materials

Herck soluble starch, for use in the alphawmylaaé |
determinations, was obtained in 1950 from Merck and Company,
Rehway, New Jersey. | | |

The maltose used in the malbase determination was of C,
P, grade, specific rotationm of +130.4°%, and was purchased from
Pfanstiehl Chemical Co,., Waukegen, Illinois in 1950,



This enzyme preparation, especlally prepared for alpha-
amylase determination, was obtained from Wallerstein
Laboratories, New York, Wew York in 1950,

lye Limit dextrin

This dextrin was purchased from the Wahl-Henius Institute,
Chicago, Illinois in 1950, It is prepared according to the
method of Kneen, Beckord, Spoerl, and Foster (1948) by the
action of bacterial alpha-amylase and beta-amylase on
potato starch,
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IV, METHODS

As Microbiologleal Procedures

1, Yeast cul

4 15 per gent "beer wort" medium was used for carrying
the yeast culbure and also for the preparation of cultures
used for inooculating experimental mashes, This medium was
prepared by dlssolving a welghed amount of malt extract in
approximstely 5.6 times its welght of boiling tap water, The
volume of the medium obtained is about 1.1 times the volume
of the water used, Frem this medium, 20 ml, aliquots were
distributed in 50 ml. Erlemmeyer flasks for use as carrying
medimn and 150 ml, smounts were placed in 300 ml., Erlermeyer
flasks to serve as the inoculant for the experimental fer-
mentations. For some of the early fermentations which re-
quired larger volumes of yeast oculbure for inoculation, 250
ml. of beer wort medium was placed in 500 ml. Erlenmeyer
flasks, After the éi#tribuﬁi&n of the beer wort, bthe flasks
were plugged with cotton and sterilized for 15 minutes at a
steam pressure of 15 pounds,

The stock culture was originally cobtalned from the
Northern Regional Research Laboratory, Peoria, Illinols, as
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No, 567, It is listed as No, 51 in the Blophysical Chemistry
culture colleotlon at Iowa State College. It i1s a strain of

Sagcharg ge‘gw; slae ‘whiah is wamaz,y vigorous and pro=
duces h;igh yiélés of aleohol, Transfers were made at frequent

intervals in order to maintain a vigorous yeast culture, The
inoculated medium wes incubeted at 30° C. and 20 to 24 hour
eultures were used Lo incoulate the experimental fermentation

mashes,

The following molds were used in this kim&stmmimav
Aspergilius W No, 337 from the Northern I?iagmml Research

Ewphyaim Ghmimwy culture Mnaeﬁiem at Iowa State @ellaga.

Stock cultures of thess molds were maintained on
dextrose-agar slants, It was found more convenient to ?mka
most of the inocwlations during the course of this work frem
inﬁazmeﬁmw bran cultures, Bran en}.i;nwm were prepared by
mixing 100 gu, wheat bran and 10 @m, of corn, To this dry
naterial there was added 60 ml. of 0,2 momasl hydrochloric
acld containing 0,62 p.p.m. of zine m:zlféta hepbahydrate, 0.63
PeD.me of ferrous sulfate heptahydrate, and 0,08 p.p.m. of
euprie sulfate pentahydrate, Ten gram portions of the
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moistened material were placed in 150 ml, wide=-mouth Erlen-
:myw flasks and the mgka were pluggfe:ﬁ‘with c;e%ém; %& .
flasks were sterilized for 15 minutes at 15 pounds steam
pressure, cooled, and inoculated with mold spores. The
flasks were laid horizentally in the incubator at 30° ¢,
After about a week, during which mycellal growth, spem@im,
and finelly drying of the materisl occurred, the bran cultures
were ready for use, The molsture content is very critlecal
axz& :3:& is sometimes necessary to vary the smount of scld-salt
solution depending on the weather conditions so that the
material is neither too dry to support good growth nor so
moist that dryl v )

g 1ia delayed, If drying does not ococur scon
after sporulation, proteolysis oceurs and the culture 1ls
spoiled, “
awwal procedures were used in the preparation of mold
gspore inocula. For the inoculation of mmall volume sulmerged
cultures a spore suspension was prepared by the addition of
sterile one per cent saline solubion to a slant culture of
the mold. The spores were scraped from the swrface growth and
mapﬁmiaﬁ by the use of a sterile wire, BEran cultures were
inocculsted by removing a portion of the mold growth from the
surface of the agar slants by means of a sterile wire and
placing it in the sterilized bran preparstion., The flask wes
then ghaken to distribute the mold spores throughout the
moistened bran and then incubated at 30° G, Delayed dryirg
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occcasionally cecurred when this method was used so san alternate
procedure was dekw;opﬁ&; A small amount of inert material,
such as £1lteraid (Plealite Pilterald, Dicalite Co., ﬁxi#a@@,'
Illinols), was strongly heated in a test tube to sterilize 1t,
ﬁf‘tw amling, & smell mgm% of this material was added to a
slant culture of the mold., With the aid of & s’tw:lla wire
nold spores were distributed throughout the inert materiasl,
Ma spore suspension was transferred by means of flamed
spatulas into flasks containing the sterilized bran culbure
medium, The flasks were shaken and incubsted as previously
deseribed, This method had the advantage of not introducing
any moisture~retaining materlal which would delay drying of
the bran culbures, After an initlal bran culture of a mold
had been prepared it was most convenient to use a small por-
tion of 1%t bo inoculate succeeding bran cultures,

Two methods were used to make inoculations from the bran
mlwma. First, about 100 ml. of sterile one per cent
saline solution was added to the bran cultures and the flask
was shaken to suspend the mold spores and a portion of the
solid materisl., Inoculations were made from thls suspension
by means of a pipette., A simpler method conslsted of merely
ghaking the bran culbure and then pouring the spores and a
smell emount of the solid meterial inte the flasks to be
inoculated,
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The exact detalls of the sulmerged fungal culbtures will
be discussed in more debtall in the experimental section of
this thesis, Briefly, the required amounts of corn, distil-
lers! dried solubles, and calcium carbonate were placed in
Erlemmeyer flasks and the proper volume of tap waber was
added, The flasks were stoppered with cotton plugs and
sterilized at 15 pounds of steam pressure for 15 minutes,
After cooling, the medium in each flask was adjusted to the
desired pH by means of concenbrated sodium hydroxide or sul-
furie acid solutions, The pH was checked by means of a
Macbeth contimous indicating line operated pH meter, manu-
factured by the Macbeth Corporvation, New York, New York,
Finally the medium was inocculated by one of the methods de-
soribed previously and the flasks were placed in a reciprocal
ghaker in the 30° ¢. incubator,

Mold brans were prepared employing the method described
by Hao, Fulmer, and Underkofler (1943). Briefly, the method
conslisted of mixing about 750 gm. of wheat bran with an equal
welght of 0.3 N HCL and packing it into an alumimum pot
equipped with a tight fitting cover and a perforated bobbom.
The pot and contents were sterilized for 30 minutes at 15
pounds steam pressure, The materisl was removed, cooled, and
inoculated with 5 to 10 gms, of a bran eulture of the proper
mold, The inoculated bran was repacked in the pot and incu-
bated at 30° O, for about § hours, After this incubation
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period aeration was used to keep the temperature below }45@ C.
The d:twgman of flow of the alr was alternated yemé&iﬁmm
After 12 to 2 hours the contents of the pots were s;aix*ég& on
paper to dry. After drying, ‘the material was ground an& the
mold bran was ready for use., MNoisture determinations wers

run on each mold bran,

B, Saccharificetion and Fermentation

The major portion of the experimental fermemtations in
this investigation followed a procedure whioh has been in use
in this laboratory for & mmiber of years. The fermentations
were cerried out in 500-ml., Erlemmeyer flasks equipped with
water traps to decrease the loss of slcchol, Pifty grams of
corn was pleced in each flask, 125 ml, of 0.06 normal sulfurie
acid added, and the flasks were cooked for one hour at 20
pounds steam pressure, The desired smount of saccharifying
agent was mixzed with tap water to make 125 ml. of slurry at
20° to 26° ¢, After completion of the cooking perlod, the
autoclave was blown down immediately to atmospheric pressure,
and the flasks were steamed continuously in the autoclave at
atmospheric pressure until their removal, one at & time, for

saccharification,
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To the hot mash was added 0.l gm.’ﬂfuﬁalaiu% earbonate
to bring the pH to approximately 5,0, The slurry of the
aaﬁaharifying agent was next added with vigorous ativrimg§ :
resulting in a mash bemperature at this time of about 55° C,
'Q%a mash was then quickly cooled to 30° €. by plscing the
flask in a cold waber bath, When all the flasks in the
series had been adjusted to the desired pH, saccharified, and
¢ooled,; the mashes were imﬂenl&%ad,wiﬁh 8 to 10 ml. of an
active 20 to 2l hour culture of yeast. The flasks were
swirled to distribute the yeast throughout the mash, the
#ﬁappera and traps were added, and the flssks were placed in
the 30° C. incubator for 3 to li days. The flasks were swirled
daily to resuspend the yeast which had settled to the bottom
of the flasks,

2. Modifications of the ste

The initlal fermentations were carried out in a larger
volume than those desoribed in the standard method, The early
experiments used 100 gms, of corn or corn fraction in a one-
1liter flask, 250 ml, of 0,06 normal sulfurie meid, 250 ml, of
siurry of the saccharifying agent, and finally 20 ml, of yeast
cwlture as the inceulum, Although there is a greater btendency

toward errabic results in the smaller scale fermentations,
they were adopted becsuse of greater convenience and saving of

materials,
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,caﬁbamm solution to adjust the pH to 5,0 to 5.3 and a |
slurry containing the amylelytic agent in 250 ml, cold water,
and the entire contents are mixed with a high speed stirrer,
The slurry should m eooled in an ice bath before using so
the final bemperature of the mash will be 55° ¢, The mashes
are then cooled in a cold water bath to 30° ¢, and each flask
is inoculated with 20,0 ml, of an active 2li-hour yeast |
oulture, The series is incubated at 30° ¢, for the 2i~hour
test period.

¢ Amalytical Procedures

Molsture detemminations were carried out on the corn
meal, corn fractions, distillers' dried solubles, mold brans,
and starch used during this investigabtion., Aluminum pans
containing 3 to 5 gms, of the materisl were placed in an oven
at 108° ¢, for 16 to 18 hours. The loss of weight during that
treatment was assumed to be due to the loss of water and the

per cent molsture was calculated on that basis,

At the end of the fermentation period the water in the
traps was added to the fermentation flasks. In the amall
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volume fermentations (in 500 ml, flasks) the entire contents
of each flask were added to 650-ml. Kjeldshl flasks along with
100 ml, of wash water, In the larger fermentation volumes,
the final volume of the beer in each flask was measured and a
250-m1, aliquot from each flask along with 100 ml, of wash water
was transferred to the Kjeldahl flasks, Csleium carbonate
(0.5 to 1.0 gm.) was added to neutralige the acids present and
about 99 ml. of distillate was collected from each flask, The
volumetric flasks contalining the distillates were brought to
25° ¢, by immerslon in a constant ﬁamgeva%ﬁre water bath, the
volumes made to exactly 100,0 ml, with distilled water, and
the specific gravities detemmined at 25°/25° with a Chainomatie
Westphal balance, Ethanol contents of the &1stillaﬁaa were
then read from an appropriste table., Multiplication of the
weight of alecohol thus determined by the ratlo (beer volune/
aliquot volume) gives the total yleld of alecchol in each flask.
The slcohol ylelds for the experimental fermentatlons
were caleulated in terms of gallons of 100 grner ethanol per
standard bushel. This caleulation is based on the total
amount of axy'maﬁarial involved in the fermentation; 1.e.,
the dry welght of the corn, distillers! dried solubles, malt,
bran, ebtc, The btotal alcohol yield multiplied by (100/total
dry welight) gives the 9¢ﬁnﬁskmf aleohol per 100 pounds of dry
material, This figure divided by 3.31 gives proof gallons
{1.04, gailana of 100 proof alecchol) per 100 pounds of dry
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meterdal, A standsrd bushel of corn welghs 56 pounds and
contelns 12 per cent molsture so multiplication of proof
gellons per 100 pounds of dry material by (56)(0.88)/100 will
gma;r procf gallons :@a#_ ﬁthd bughel, Mvﬂ;sim by 1,9 will
give ylelds in %ma of wine gallons per standard bushel. (A
wine gallon is a gallon of 190 proof alechol,)

The mmm bran samples were extracted with 0.5 per cent saé&m
chloride solution by adding 125 ml, of the saline solution to
12,5 guse of the mold bran in a laborabtory blender, Mﬁw 5
minutes of vigorous s*biwin& the slurries were allowed to
stand at 30° ¢, for one hour and then filtered by means of
suetion, The extracts were kept in the refrigerator until
time for analysis. It was necessary to further dilute the

mold bran extracts for the alpha-amyluase &@tm&mman;

The submerged fungel cultures were prepared and gmmf in
the ususl manner, Al the end of the incubation perlod the
mold cultures were poured into a laboratory b’lm&am atirred
vmwm&lﬁ' for 5 minutes, and then suction i.‘:{lmréé to give
an extract for analysis,
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{a) Buffer solubion Wo, 1. Avhydrous sodium
acetate (16l gus.) vas dissolved in water, 120 ml. of glacisl

acetic acld added, and the solubion diluted to one liter with
dlstilled water,

| {b) Color standard., The hexahydrate of co=-
balbous chloride {25.0 gus.) and 3;&1; gms, of potassium di-
chromate were dissolved in 100 ml, of 0.0l normal hydrochloric
aecid, according to the directions of Olsom, Evans, and Dickson
(aohh). |

(¢) Beta-amylase.
'wpeuia&ly prepared for alxshammymrzs determination was obe
tained from the Wallersteln mmmﬁm@% New York, New York,

(a) loddne solubion,
resublimed lodine and 22 gms, of potassium iodide were made
up to 500 cce with dlstilled waber,

{e) Diiw
potassium iodide m 2 ml, of the stoeck ifodine solution were
dilubed with distilled water to 500 ml., in & volumetric flask,

{2) A standardized Wohlgemuth procedure

for alpha-amylase determination az developed by Sandstedt,
Eneen, and Hlish (1939) with & modification by Olson e gl.
{194)) was used in this iuvestigstion, This method measures

This enzyme preparatlon,

dextrinizing activity as compared to other methods which
evaluate the liguefying or saccharifying powers.
The enzyme substrate, referred to as alpba-mmylodextrin
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solution, was prepared in the following mamner. A slurry of
540 gms, of Merok soluble starch in about 20 ml, of water was
prepared and added to approximately 120 ml, of boiling dis-
tilled water, The starch solution was transferred quantita-
tively to a 250.ml, volumetric flask, cooled to room tempera-
ture, end to it was then added 12,5 ml. of buffer solution
No. 1. To the buffered sbarch solution was next added 125 mg,
of beta-amylase which had been dissolved in a smmall amount of
water, After dilution to volume a few milliliters of toluene
was added to inhibit microblal contemination, The prepsration
was shaken and allowed to sbtand for 20 hours before using.

To start the analysis 20 ml, of the alpha-amylodextrin
solution was pipetted into a 50-ml. Erlemmeyer flask, followed
by 5 ml, of distilled water., The flask was placed in & water
bath at 30° ¢, and allowed to reach equilibrium, A volume of
5 ml, of the enzyme solution to be analyzed was added to the
substrate and the solutions were thoroughly mixed by swirling
the flask. In certain instances 1t was necessary to use more
than 5 ml, of distilled waber and less than 5 ml, of the
enzyme solubtion, The total volume must be kept equal to 30
nl.

After 10 minutes one ml, of the reactlion nixture was
pipetted into a 12-ml,, plain, Pyrex centrifuge tube con-
taining 5 ml. of the dilute lodine sclubtion and the tube in-
verted twice to mix the solutions,
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‘The tube was then pleced in the coloxr scomp arator between
two similar tubes each wm;ainimg 6 ml. c&:f;’ the color a'ban&wﬁ
If the color of the sample was too dark, one mlﬁ alﬁ.qumm of
the reaction mixture were *Ba&mzz periodically until the e.elcm
matehed that of the standar |

ds. If the color was too mgm.
after 10 mizmﬁw, the entire grwa&um was ramawd uaing a
smaller volume of the enzymne solution, The mmber of alphau
amylase wnits per milliliter of enzyme snluhim was aalaulataé
from this equatiam

= units per ml.

where "V" equals the volume of enzyme solution in ml, and "I"
is the total %ime in minutes from the addition of the enzyme
solution to the aimwmymwxwm golution to that time at
which the colors were matched, Knowing the dilutiom, extrac-
tion ratio, wéight of dry material per ml,, eltc., one can
rmdﬂy convert this figure to uniis of alpha-amylase per
gram of dry materiel. One unit of alpha-amylase 1s the
amount of lamgm required to dextrinize cne gm. of beta-emylase
treated aiﬁamh in 1 hour at 30° C. This differs from the
mii: of Sendstedt el al (.1939) which was based on the enzyme
amwi:by at 20° o,

{1) E{a%anﬁg
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hydrous sodium acetate (183 gms.) was dissolved in about 500
ml, of distilled wa’é@@ 217 m‘l, of glacisl acetic acld was
added, m the mﬁ.x‘mm dilukad %@ one lihw wit;h ammnm
water, %I:m final pﬁ ah@nlﬁ be l@.l@.

(») Maltose @ ,
(&35 &m.) waa ‘&mmmwe& to & 100-ml, volumetric mmk,
50 to 60 ml, of dm:ium water was added, 5 ml, of stock
- acetate vuffer {No, 2) was added, and fimmy dflution was

nade to 3«.@4 }Sﬁiu

Mta se mmhydr&te

, furle seld snd sodium h-ax:!.d ,
L.G mma:i.; phma&yhthamm indiceator.

(d) Reagen nte £ :
{aw “&ammimﬁim of reduecing ngwé‘). |

{2) gedure, The method used here for the

determination of maltase aotivity was m@ one described by
Tsuchiya et al {1950). The unit of meltase 1s that amount
~of enzyme hydrolyzing one mg, of malbtose monohydrate in one
nour at 30° G,
Ten ml., of the buffered maltose gubsbtrate was plpetted

into & test tube and placed im the water bath at 30° ¢, Afber
about 5 minutes, 5 ml., of the enzyme solutlon, attempered to
'30° ¢, was added to the tube and the contents were thoroughly
Mﬁ&; After 15 mimites, a 3I-ml, aliquob was withdrewn from
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(2,25 pms,) was dissolved in water in a 250-ml. volumetrie
flask, 50 ml, of buffer solutlon {(No. 3) was added, and the
solution was dilubed to the mark,

(b) Sulfurle sold and sodiwn hydroxide, each
1.5 normal; methyl red indicator.
phosphate (35.32 gus «) and 9,73 gms. of citric acid were dis-
solved in dlatilled water and diluted to one liter, If the

fon Mo, 3. Dibasic sodlum

resulting pH was not 118, one or the cther of the components
was added to adjust 1t to that value,

@)
was washed with water and centrifuged unkil 'I;hé supernatant

aghed yeast, Flelschmann's yeast cake

bocame clear, This was accomplished by placing 1.5 cakes in
each of li glass centrifuge tubes (250-ml,) and £illing with
distlilled water, Afber thorough mixing, the tubes were
centrifuged at 1500 r,p.m. for about 10 minutes. The super-
natant liquid was poured z:ff:i‘ and the yeast mixed with a new
volume of water, Afber 5 washings the supernatant liquid was
clear, The washed yeast was gpread on absorbent paper to
remove the excess molasture, About L5 to 50 gms. of washed
yeast was the yleld from 6 cakes,

ase acbivity was that of Back, 5%&?14:, and Scalf (1948). A
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limit-dextrinase unit was defined s the amount of enzyme in
one gm, of engzyme preparation necessary to produce ons mg. of
fermentable sugar from limit dextrin in ome hour at 30° C. In
commection with the submerged culture preparations this defi~
nition was modified to read ", ., . oune ml., of enzyme prepara-
tion + « » " instead of ¥ . , ., one m, PO § |

The enalysis for limit dextrinase mss;vmy was started by
pipetting 20 ml, of the buffersd limit dextrin solution into a
50-ml, volumetriec flask, - The flask was placed in a 30° G,
water bath and after equilibrium was attalned, 5 ml. of the
d and the

enzyme solution, atbempered to 30° €,, was adde
solutions were mixed. After 60 minutes 5 ml, of 1.5 normal
soddum hydroxlde was added bo sbop the enzyme action, |

Thirty minutes later the solution was adjusted to pH L0
by the addition of 1.5 N sulfuric acid with methyl red as the
indicator. The solution was diluted to 50 ml, and shaken, A4
20-ml. aliquot was transferred to & plastic centrifuge tube
containing 3 gms. of moist washed yeast., After mixing by
means of 8 glass rod the tube was placed in g water bath ab
30° €. for 2.5 hours with frequent stirring.

After fermenktation the ;mm%;-/ was men’w&fwa& out and a
10-ml, aliquot was removed from the clear supernatant liquid
and transferred to a best tube conbaining 10 ml, of 1.l mormal
hydrochloric scid. These solutions were mixed and the tube
was placed in a bolling water bath for 2.5 hours, At the end
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of thia_hy&miyais period the contente were quantitatively
transferred to a 100-ml, volumetric flask, neutralized to a

phenolphthelelin end-point with 1,5 normal sodium hydroxide,

end made to volume, Duplicate S-ml, aliguots were taken for
Wduaﬁ.xag sugar datamimm;anﬁﬁ | ,

A blank was run in g somewhat aim&lar manne
different order, Five ml, of the enzyme a@luti@n was pipetted
iﬁtu 8 Bwvmi, volumetrie flask containing 5 ml, of 1.5
mx@all aoﬁiwn hydroxides After 30 minmutes for inactivation

ar but in a

of the enzyme,. aa ml, of the limit dextrin solution was
added, The pH was ’mxs adjusted to L8 using 1,5 ¥ sulfuric
éaid. MM;* belng mede to volume and mixed, this solution
kwas mwwa in a menver similer to the previous solution;
- i.64p yeast fermentation, acld hydrolysis, end finally the
determination of redueing sugers, In edditlon, 10 ml, of
this blenk was removed before the yeast treatment and placed
in a test tube conteining 10 ml, of 1,4 normal hydrochlorie
; mm. *mim awa@m blmk m&a it possible to correct for the
alight mm;am dw to the mﬁeﬁ waah in the gample and
treated blank.

ta&wlatmm were made from the :‘mlwisag M;aammm, V
Both per cent conversion and the units per ml, were determined,

‘ (BZ” &3}. .. % 100 = per cent conversion
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(B = 30200 g, e sl | |
B2 e . & ,“‘Wi’??,’@} 2L = untts of L.D,/ml.

where “Bl*' is the nmg. | of gluégma&n 5 mle e:f:k the blank ba.f:&ra
yeast treatment, “Ba“ is the mg, of glucose in S ml, of the
yeast~treated blank, “@E“ is the mg, of glucose in 5 ml, of
the ammwﬁma%ﬁ, yeast-treated sample, snd "E" is the
volume of enzyme saiuﬁi&n used (5 ml.). KEnowing the weight
of dry material represented by 5 mi. of the enzyme solutions
it was a simple matter to calculate the units of limit dex-
trinase per gﬁam of ﬁw materisl, _

X : dueing gugars. For a more com=
platw macumim of the ma'tshm umﬁ in dﬁ%&mim.ng mmaing
sugers the reader may consulb %Im article by ﬁn@eﬁk&f&w;
&mun, Rayman, and Pulmer (1943) éawﬂb‘m a modification
of the Shaffer-Somogyl method, |

, iide (125 gms.) and potassium
ma&aﬁe monchydrate (255? @s.) were dissolved in one liter of
waw:e Yo furnish the source of m&im.

(b) Sulfuric seld, 7.5 normal.

(a) Starel This contained

one per cent soluble starch in & sabursted sodium chloride
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solution,

(e) Suger reagent "3". One liter of this
solution was composed of the following chomicelss 37.5 gus,
of copper sulfate pentahydrate, 125.0 gms., of Rochelle salts,
53.0 gme. of anhydvous sodium carbonate, 1.0 gm, of potassium
iodlde, 50,0 gms, of amh?ﬁrmg sodium suwlfate, and 3,5665
gng, of pobasasium Jodate., Saturated sodium hy&roxma was
used, if necessary, te adjust the final pH to 9.18,

(2) Procedure. Mive milliliters of the solution to
be mal;ym& for reducing sugars was plpebted into a tesb tube

(25 mm, x 145 mm,) snd a similar volume of reagent "G" was
sdded, The solutions were mixed by swirling the tube which
was then stoppered with a one-hole, No. li stopper containing
a short length of l-mm, capillary tubing in the hole,

The test tube was next half-submerged in a boiling waber
bath for 20 minutes, After cooling the tube and contents to
room temperature in a cold waber bath, 2 ml, of the ifodide/
oxalate solublon was added and the solutions were thoroughly
mixed, One ml, of 7.5 noymal sulfuriec acid was carefully
added down the side of the inclined tube., After the effer=
vescence had nearly subsided the tube was shaken until no
undissolved material remalned,

The excess fodine was titrated with sodium thicsulfate
using the starch indicabtor, ‘mwmim was continued untlil the



typleal staweh-iodine purple color changed to a light blue, 4
blank was run using 5 ml. of distilled water., The glucose
equivalent (mg. glucose/ml. thiosulfate) was determined by -
following the above procedure using various dilutions of a
standard glucose solution, |
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V. EXPERIMENTAL

As ,ggﬁmﬁﬁsﬁ of a Toxic Factor

When starchy substrates for alecholic fermentation are
cooked with water, gelatinization of the starch results in |
highly viscous mashes which are extremely difficult to handle,
This is particularly true in the case of corn, In addition
to belng viscous, wabter-gooked corn mashes also conbaln lumps
of material which remain despite vigorous stirring and which
are resistant to saccharification, Industrial plants attempt
to eliminate this difficulty by partlelly liquefying the
starch prior to or during the cooking operstion, This is
often accomplished by the addlition of a small amount of malt
{usually about one per cent) and is known as "premalting.”
Other methods involve the addition of smell smounts of mineral
acld or fungal amylase preparations, For laboratory scals
fermentations the use of acld is the moat convenlent procedure,

It has been demonstrated a nmumber of times that acid-
saccharification of starech in grain mashes results in a lower
alcohol yleld than i obtained by the conventional malb=
saccharified mashes, This may be due to any of & mmber of
reasonsj for example, the starch maey be incompletely converted
to fementable sugars. Kerr and Schink (1941) have pointed
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out that 1imit dextrins are resistant to moderate acid sac~
charifiecation, Also, colored products are formed by the
sction of selds on starch oy suzars, These products may .
resist fermentabion or may even be toxie to yeast., Goering
(1941) suggested that toxic material may be formed by the
actlon of acld on the bran or germ portion of corn during
cooking, It was therefore of some interest to observe the
effect of acid concentrations which might be used in the
liquefaction of corn mashes for laboratory fermentations,

The aleohol yields from mashes composed of the different
fractions of corm cooked with varied acid concentrations were
determined., These ylelds were compared with those obtained
from whole corn mashes or mashes contalning the appropriate
proportions of the different fractlons cooked under the same
conditions, It seemed possible that any inhibitory material
produced by the action of acid on a particulsr fractlon
~ should also have an inhibitory effect on the fermentation of
a:ithm* whole corn or composite maghes, This would result in
yields lower than theoretical ylelds which could be caleulated
on the basls éﬁ' sxperimentally detemmined alcohol ylelds from
oach fraction and the per cent of each fraction in whole corn
or in the composite corn sample.

In the first series of fermentations the three milll
fractions {1.6., grits, hominy feed, and corn germ) and a
mixture of the fractions (referred to as the "composite®) were
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normal sulfuric acid should be equal tos

(0,7)(0.23) + (0.15){2.50) + (0.15){0.30) = 0,58
It may be seen that the yields actually obtained from the
composite cooked at various acid normalities were equal to or
greater than the caleulated ylelds, Extremely varied results
were obtained in ﬁemmmﬁmna of the composites, The thick-
ness and degres of lumping of the maahéa seened to vary irre-
gularly with the seid concentration, giving rise to variasble
alcchol ylelds, The few successful fermentations were those
having the least amount of lwaping 4in the cooked mash,

The grits and germ fmm&mé gave quite low ylelds of
alcohol which inereased as the congenbtration of acid increased,
undoubtedly due to higher acideconversion of starch during
cooking, The higher slcohol yields associabed with the

miny feed (or bran) fraction, remaining constant at differ-

ent acld concentrations, suggest the presence of fermentable
sugars and a relabive lack of starch in this fraction,

When cooked with conecentrations of sulfuric acld below

0.06 normel all of the maberials gave mashes too thick for

proper fermentation, In general, thinning of the mashes
occurred with inecreased acid concentration, The dark color
of the mashes cooked with 0,10 normal sulfuric acid indlcated
some carsmelization had oceurred, To avold the possible loss
of fermentable mabterial in that mamner the minimum acid con-
centration (0.06 normal) giving a thin mash was chosen for all
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succeeding fermentations,

In the next phase of the work various concentrations of
Asperzilius oryzae mold bran were added to the mashes which
had been cooked with 0,06 normal sulfuric acid. The fermenta-
timm were run on the three mill fractions and the composite.

The data are found in Table No, II.

Table I‘l’l

Aleohol Yields From Corn Mill Fractions
8t Pifferent Mold Bran Levels

Per Cent Al¢ ldg, 3
Mold Bran Heminy G Lte
F’raetiam Pood ﬁ&*aai:inn ‘meld Yiam

0.0 0.42 2.48 0.27 1.66 0.71
2,1 5.90 3.57 2,56 h.82 5.05
2.6 5.95 3.43 2.59 11.89 5.06
3.2 5.95 3.56 2.60 h.99 5.06
3.7 5.87 3.63 2,62 5.06 5.0l

he2 5.75 3.55 2459 5.00 li. 95

A1l meries showed increasing ylelds up to a certain mold
bran concentration after which the ylelds decreased., IExtremely
high yilelds were cbtained in the fermentation of the grits
fraction indicating that the starch 18 concentrated in this
fraction, The yields of alcohol from corn germ were signifi-
cantly inecreased by the addition of mold bran, This indicates
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the presence of some saccharifiable material in this fraction
along with & considereble amount of non-fermenteble material,
There was only a small inerease in alecohol yields from hominy
feed following the addition of mold bran, This suggests that
this fraction consists of approximately 50 per cent none
saccharifiable materisl, 35 per ecoent fermentable sugars, and
15 per cent starch,

The actual ylelds from the fermentation of the composite
sacchariflied with different levels of mold bran were equal to
or slightly less than the calculated yields, the differences
probably being no more than the experimental error. The lack
of any geners) inhibition would indicate that no toxie factor
was produced by cooking with 0.06 normal sulfuric ascid,

A similar series of fermentabtlons was carried out using
malt instead of mold bran for saccharification., The results
are presented in Table IXII, , , V

- The alechol ylelde in Table I, as lin, the previous tables,
are in proof gellons per standard bushel and are caloulated on
the basls of the total fermentable material. That is, the
welght of the saccharifying a@m’:, either mold bran or malt,
is included in the grain bill, Somewhat lower ylelds from
corn grits were obi’;aﬂ@wa using malt than had been previously
obbained from the use of meld bran and slightly higher ylelds
were found for taim germ fraction, The results of this series

of fermentations lead one to the seme conclusions regarding



97
Table IIX

. Aleohol Yields Prom Corn Mill Fractions
at ﬁﬁnﬁ%ag Malt Levels

Malt “Gpits  Hominy Germ = Composite ( sl eniated
Fraction Feed  Fraction Yield Yield

0.0 o.h2 2,48 0.27 1.6  0.71
6,0 197 3.4 3.22 5. 27 bolt3
8.0 S.hli 3.8 3.27 5.26 h.79
10,0 5.52  3.50 3.25 5.25 4.87
12,0 5.69  3.57  3.27 5.19 5,00
1.0 5.76  3.68 3,22 5.15  5.06

Per Cent _Aleohol Ylelds, Proof Gallons per Standavd Bushe .

the fermentable materials in the diff'erent fractions as were
stated followinz the mold bran gga? The yields actually
obtalned from fermmentations of the composites were conslderably
higher than the aﬁaﬁﬁg@.ﬁewg. This difference may be
largely due to experimental errors which differ from time to
time, In any case, just as in the serles saccharified with
mold bran, there was no indication of the production of any
toxic fastor. . ‘
In an atbempt bo reduce the experimentel errcrs two more
series were run with each converting sgent in which fermen-
tations of the three mill fractions, the composibe, and a whole
corn mash were carried out simultansously. All mashes wers
cooked with 0.06 normal sulfuric acid snd saccharification
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Table IV

Algohol Yields From Corn Mill Fractions
Saccharified by Mold Bran or Malt

ﬁf?’fgi‘ana,par Standard Bushel

Substrate b

| | | _ Hait
Grits fraction 5.85 570
Hominy feed 3¢39 3.7
Corn Germ o 2,50 2,95
Composite 5.08 Be22
Cale, yleld b 97 196

Whole corn he9l 5.0l

was effected with 3,6l per cent mold bran or 12,5 per cent
malt, The average ylelds are given in Table IV,

The ylelds from the whgiﬁ corn mashes are somewhat lower
than those of the composites, The composites perhaps have
8lightly more of the high alcohol~produeing grits fraction
than is actually present in W%ﬂlﬁ corn, Ths actusl slechol
yields from the composites were sglightly hizgher than the
caloulated ylelds, These results agein indicate the absence
of any toxie factor due to the action of secld on some material
in corn during the cooking process,

A Pinal series of fermentations was run in whieh whols
corn and composibe mashes were cooked with esither water or

with 0,06 normel sulfuric aeid and then saccharified with 3.6
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culture of the mold was inoeulated into 50 ml. of mold medium
in a 150-ml, Erlenmeyer flask, The flask was then placed in
& shaker and incubated at 30° €. After 2l hours 5 ml. of the
mold culture was transferved te 50 ml, of medium in 8 150-ml.
flask, At the snd of a second 2h~hour growth period, a 15
w1, inoculstion was mads Into 150 ml, of medium in a 500-mi,
flask, After §f hours of growth the mold culture was ready
for use.

In the firet fermentatlon serles using a submerged cule

- zillus niger 337 for saccharificatlon, the

effect of saccharification time on alecohol yleld was studied,
The flasks contalning the ascld~cooked mash and the mold cule
ture were held for various lengths of time (0 to 30 minutes)
at 55° . before being cooled to 30° O, A volume of mold
culture equal to 20 per cent of the final total mash volume
was used for sascharificetion., Conitrols using about 3,7 per

gent mold bran for saccharification were quickecooled fmme-
diately after mixing while others using iagﬁﬂpar cent malt
were held at 55° G, for 5 minutes before cooling, The
results are summarized in Table V. |

The value of 5.20 proof gallons per standard bushel for
malt is an average of 5 fermentatlions at different tlmes
during the course of this inveatigation., The 1nﬁiv1ﬂua1
velues veried only from 5,17 to 5.23., This value represents
the upper limit in commercial production of aleohel using
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Table V
Aleohol Yields From Corn Mashes Saccharified for Varied Times
by Submerged Cultures of WM niger 337

e imtos et G20 0 ber Soantard bushah
30 | B30
20 5.3
10 5.29
0 (quick cool) 5.25
Mold Bran Control 5425

Malt Control 5.20

malt saccharifi eaﬁﬁ.bn and as such should be used as a basia
for comparison of other ylelds gilven in this thesis, |

Since the alcochol yleld varied so little with saccharie
fication time, the quick cool method was used during the
succeeding fermentations, The volume of aumawgm culbture of

srgdllus niger 337 necessary for opbimm amahwif‘iuémm,

ss measured by aleohol produetion, was next investigated,

The total yleld of alecohol was nearly constant for sacchari-
fication by 10 volume per cent or greaber, Since the ylelds
sre reported on the basls of the total emount of dry material
there was & slight decrease for the higher volume per cents,
Conseguently, 25 ml, of mold culture (equal to 10 volume per
cent) was chosen as the optimum and was used for the remainder

of fermentations in which ssecharification wss accomplished by
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Table VI

Alcohol Yields From Different Saccharification Levels of
Submerged Cultures of Aspergillus niger 337

Volume per cerk Alcohol Yleld, Proof Gallons
sub, oult, ~ per Standapd Bushel
[ k.78
10 | 5.29
15 Se2ly
20 5.26

25 5015

Submerged fungsl cultures require aeration, elther by
bubbling air through the medium or by simply shaking the

flasks. It is of some intevest to observe the effect of dif-
ferent mm of seration upon the production of amylases,
Obviously, by decreasing the volume of medium in the mold
culture flasks one can increase the degree of seration,
Therefore, the mold medium volume (in the final, liB~hour
eulture phase) was varied from 75 to 450 ml. in 500 ml.
Erlemmeyer flasks and the effect on the amylase productlon was
determined by measuring the sleohel ylelds following sacchari-
fieation with the fungal ecultures, A4 volume ratlo exceeding
150 ml, 4in & 500 ml, flask was found to be unsatisfactory.
This ratlo was chosen in prefervence to the 75 ml./500 ul,

ratio begsuse of grsater comwenience,
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Table VII

Effect of Aerabtion mn.ﬁmylaaa Production by
SBubmerged Culbures of Asperzillus m@ag 337

Volume of Mold Medium, Ammz Yield, Proof Gallons
m&/ﬁ@s«ml Flask _per ﬁtanﬁarﬁ Bushel

?5 ml,/500 mi. flask Sl
150 m1,/ " 5.2l
250 mi,/ " 3.48
350 ml,/ * 3.31
450 mi,/ " 3437

During later work with submerged cultures of Aspergilius
oryzse 38~b there was some indlecation that the composition of
the carrying medium had some effect on the production of anmy~
lase by the mold in gubmerged eulture, Therefore the effect

aiger 337 on dextrose, glycerol, and

of carrying Asperzillus
dextrose-glycereol slante was investigated. The prior history
was found to have no effect on amylase production by Asper-
gillus niger 337 in submerged cudture.

After finding that caleium carbonate decreased the pro-

{1950) developed a cslelum carbonate~fres medium, They re-

ported that a medium consisting of 5 per cent corn and 5 per
cont @istillers' dried solubles gave the optimum production of

maltase and alpha~-smylase by both strains of Agp reilly
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For comparison with previous results a fermentation series was
run using different volumes of submerged culbture of Aspergilius
niger 337 on the improved medium of Tauchiya, et al (1950) for
sascharification, The complete data ere given in Table VIII,

Table VIII

Alcohol Yields From Different Saccharification Levels of
Caleium Carbonate-Free ﬁnbmgg od Cultures of Aspergillus niger

Volume  Dry Mat. im Total Dry Alechol Alecohol Yield,
Por cenb Sacch, Vol.,, Matter, Prod,, Proof Gallons
Mold Qult. - Gma, | Gms, ~ Gms, per Std, Bu,

5 1.07 1), 68 13.20 L1 140
10 2,15 45,76 15.75 5.12
15 3.22 416.83 16,58 5.26
20 . 30 §7.91 16,65 5.17
25 5437 148,98 16,99 5.19

The final mash volume was 250 ml, and the volume of mold
culture used for saccharification varied from 12,5 ml, to
62.5 ml, 'The aleohol yleld is in proof gallons per standard
bushel based on the btotal grain bill, The total alcohol pro-
duced was somewhat higher than had been obbained in previous
fermentations. The higher concentration of corn and dried
solubles in the mold medium incressed the total grain bill
and thus tended to decrease the caloulated aleohel yleld., The
results of this fermentation may also be found in Figures 2
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and li in the Appendix,
A similar fermentation series was carried out using

rgillus niger 330 in submerged culture for saccharification,

This mold was grown, as in the preceding experiment, on a
medium consisting of 5 per cent corn and 5 per cent distile
lers' dried solubles with the initial pH adjusted to 5,2 with
sodium hydroxide and/or sulfuric acid., The mold culture
medium was inoculated directly from a bran culture of the mold
and was ready for use after 48 hours in a shaker at 30° €,
The results are given in Table IX and in Pigures 3 and l.
Excellent results were obtained in saccharification with
submerged culbures of Asperpgillus niger 330. Ten volume per

cent of mold culture was adequate for saccharification and

Table IX

Alcohol Yields From Different Saccharification lLevels of
Caloiun Carbonate~Free Submerged Cultures of Aspergilius niger

330

Volume Dry Nat, in Total nm‘ Alcohol  Alcchol Yield,
Psr cent Sacch, Vol,, HMatter, Prod,, Proof Gallons
Mold Cult, Gms, ~ Gmas, Gms, per Std., Bu,

5 1.07 his. 38 18.36 5.16

10 2,14 L5485 16,61 Salyle

15 .21 16,52 16,86 5.140

20 4.28 17.59 16,96 S.31

25 5.35 148,66 17,02 5.21
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high slcohol ylelds were obbained, Although the total aleohol
production increased with increased volume of mold culture for
conversion, the dry materisl in the mold culbure inereased the
grain bill to the extent that the aslcohol yleld calculabted on
the total grains basis actuelly decreased,.

:’In the 'irst series of fermentations using submerged

Gﬁlgwaﬁ Qr . :’-”a.,:ﬁ ‘;‘k

llus oryzae B<b for conversion, the sae-
charification time was varied. The mold was grown as during
the initial investigations with Asperzilius niger 337; i.e.,
1t was carried through two Zli~hour stages and a third 8~hour
stage in a wedium consisting of 5 per cent distillers! dried

solubles and one per gent corn, adjusted to pH 5.0 with

| galaﬁ.m ecarbonate, The data for the effect on alecohol yleld
of varying the saccharification time are found in Table X,

The volume of mold culture used for saccharification was 20

volume per cent,

Table X

Alcchol Yields From Corn Mashes 3&%11&1@3.1‘1&& Loy Vavied
™mes by Submerged Cultures of Asp . or

Saceharificablion T:&.mu; T Aleohol Yia:.&, Proof Gallons
H&mﬂ;w aiz 5$ e.. ~ per %amiam Bushel |

30 h«hﬂ
0
| 0 (Quick cool)
Halt Control

*F

arE
RE
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The quick-epol procedure was found to be adequate and was
used in the remainder of the experimental fermentatlons, The
effect of different velumes of mold culture on conversion was

next studled and the results are given in Teble XI, The data

Table XI

Aleohol Yields From Different Saecharification Levels
of Submerged Culbures of Aspergzilius oryzae 38-b

Volume per cent Aoohol Yield, Proof Gallons
Sub, Cult, | per Standard Bushel
5 k.18
io e 51
15 11459
20 11,80

25 L.78

indicated that 20 volume per cent of mold culture for saccharis
fication gave the meximum yields, and this volume was used
throughout the remaining fermentatione, The aeration effect
was next studied by varying the volwne rabio of the mold
medium from 75 ml. to 300 ml, in 500 ml., Erlemmeyer {lasks,
As 18 ghown in Table XII, the 150/500 volume ratio proved most
satisfactory.

An accidental observation suggested that the composition
of the carrying mediwm might have some effect upon the later
amylase production by the mold submerged culture. Thls was
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\ Table XIX |
Effect of Aeration on ﬁmyi&a i’t’mﬁ&at&mx by

Submerged Oultures of Asperg oryzae 38~b
Volune of Mold Medlwm, a:wmz Yield, Froof
500-ml Flask _Gallons per Standard Bushel
75 le 66
150 L 68
200 L.u8
250 ha10

300 3.78

inveatigated in more debtall and 1t was found that dextrose-
agar wag much superlor to glycerol- or (daxi;maamglywmlmgw

for carrying Aspergilius oryzae 38~b, \}gaa mentionsd previously

value in the ;amﬁuwmn of wayﬁ.mm in submerged culture.

Since this particuler strain pm&umﬁ an extremely efficlent
mold bran, it was hoped that if a proper medium could be
iewla’paﬁ the smmerga& aemlmm would prove to be equally au
effective, In an aﬁﬁmpt to lmprove the medium, bran was |
added to the corn and dried solubles. The growth of the mold
seemed to be impmwﬂ but there was no increase in the sleohol
yields, Another attempt invelved the variation of the amounts
of corn | and distillers' dried solubles in the mediwm, With en
inerease in the corn/dried solubles ratio there was obtalned a
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significant increase in alcchol yleld, the yleld exceeding
5.0 proof gellons per standard bushel for the firet time, It
was then declded that a systematic investigation of the
variation of the corn and distillers! dried solubles levels
in the mold medium would be of velue, Tsuchiya, Corman, and
Koepsell (1950) published about this time the observation that
caleiun carbonate inhibited the production of alpha-amylase
and maltase by molds, As a result, the previously outlined
project was modified by the elimim tion of calelum carbonate
frem the mold medium,

Sulmerged cultures of Asperzillus oryzae 38-b were grown
in 75 ml. of medium in 250 ml, Erlemmeysr flasks, The two

2i«hour preliminary phases were eliminated and large spore
inceulstions were made directly inte the finsl medium which
was shaken for L8 hours at 30° ¢, and was then ready for use,
The levels of corn and dried solubles were veried independently
fram 1 to 6 per cent and both the initial and final pH values
of the mold medium were observed, Amylase produection waas
measured by detemining the production of alecchol in corn
maghesg ga.mharwiad by the various fungel gultures at a level
of 20 volume per ceni,

Using the method of least-gquares, the following equatlons
were found, expressing the initial pH (pH;) and the finsl pH
{pHp) as functions of the welghts of corn (C) and dried
solubles (DDS) H:‘Ln the mold mediuvms



110

(1) pHy = 4,297 - 0,203 DDS + 0,057 ¢

(2) pHp = 1,953 + 0,051 DDS - 0,188 ¢
Thus 1t 1s seen that the initial pH increases slightly with an
increase in the amount of corn and definitely decreases with
an inecresse in dried solubles, Tae opposite effects are noted
for the final pH, This is In accord with the usual rule that
inereasing the carbohydrate source (in this cese, corn) dew
srenses the final pE of the medium, while an inerease in proe
“teln source (i.e., dried solubles) increases the finel pH,

The alcohol ylelds from mashes saccharified by the
various fungal culbures are presented in Table XIII. The

Table XIII

Aleohol Yields« E’Wm Gﬁm Mamm Saccherified by Submerged
Cultures of Asperzillus oryzae 38-b on Varied Medla

}Bry ‘i‘&‘&ig}m

_ 2 , 3.23 3.87
0.62 LT 187  he90 4e92 488 1188
1,25 .69 be93 La9B heoh  heBT  L.89
1.87 he69 180 he9l 96 hBh B2
2,50 e Th 5406 5406 495 S.04 5,03
3.07 o6l 4B9 188 495 h91 L9k
3,67 e 76 he95 . L.98 ha96  La9h  Ba97

T ¥Ulelds are in proof gallons per standard DuUshels
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welghts of corn and dried solubles are given in grams, while
the alcohol yields are in proof gallons per standard bushel,
The results were somewhat varlable and no attempt was made to
obtaln an equation relating corm and dried soluble levels to
aleochol production. It was sufficient to note that intere
mediate levels of both corn and dried solubles seemed to
result in the maximum alechol ylelds, A medium composed of
1,29 gms, dried solubles and 2,50 g
further work, Such a medium had been found to have an initial
pH of .33 and a final pH of L.59,.

Tsushlys, Corman, and Koepsell (1950) had reported that

ma, of corn was chosen for

alpha~amylase was sensitive to aclidities below a pH of L.T75.
It was thought that 1f the initial pH of the medium described
asbove was adjusted to a higher level smylase production might
be Iimproved., Therefore, using the optimum medium, experiments
were conducted in which the initlal pH wes adlusted to differw
ent values (.3 %o 5,5) using concentrated sodium hydroxide
and sulfuric scid as required., At the same time it was de-
cided to also grow the mold in a larger volume so all factors
wore doubled, When the final pH values of the cultures were
measured 1t was found that the larger volume cultures were
inveriably more acid than the identical smaller volume cul-
tures, Also the final pH values of all eulbures depended on
the pH to which they had been initially asdjusted. 4As a
result, s mmber of mold cultures were avallable which were
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identical except that the finsl pH values varied from about
he3 to 5,4 When these were used to saccharify corn mashes

it was found that the alcchol yield was a linesr function of
the final pH of the mold culture over the pH range of h.3 to &
5.2, Therefore, it was expected that a change in the mediwm
producing a higher final pH would result in greater alcochold
production, This, as found earlisr, could be accomplished by
decreasing the amount of cormn end incressing the driled
golubles in the medium,

The mediwm ss finally chosen consisted of 3,93 gms. corn
and l.23 gms, distillers' dried solubles in 150 ml, of
solubion in a 500 ml. Evi&meyar ﬁask. The initlal pH was
edjusted to 5,2 using sodium hydroxide or sulfuric acid., The
saccharification efficlency st different levels was finally
18 OTYZAe 3Bb
on the optimum medivm, The complete results are given in
Teble XIV and also in Figures 1 and L. |

Intensive investigabtion of the problem vesulted in the

determined for sulmerged cultures of Asperzill

development of a mediwm for submerged culture growth of
Aspergilius crysza
charification as indicated by a 10 per cent ineresse in
alcohol ylelds. However, it appears that both Aspergilius
niger 337 and Aspergillus niger 330 are superior to Aspergill
oryzee 38-b when used in submerged culture for the saccharifi-

s 38-b which gave considerably greater sac-

ecation of corn mashes,.
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Table XIV
Alcohol Yields From mx*mmm Saccharificatlion Levels of Sub~
merged Culbtures of Aspe _ g(ggz§g§533~b on ﬂpﬁﬁmﬂm Hedlum
Volume — Dry Mat, in Totel Dry Alochel Aloohol Yield,
- Per cent &awh* Vols, HMatter, Prod, Proof Gallons
- Mold (ult, 2 ~ Gms,  Gms, per Std, Bu,
5 0,68 Wiy, Ol 13,17 i 116
10 1,36 hho72 1. 52 1,83
15 2,03 45,39 15,22 he 99
20 2.7 46.07 15,49 5.01

25 3.39 16,75 16,10 513

¢, Saccharification by Mold Brans

Following the disappointing results found for the use of

gillug oryzee 38-b in submerged culture as a sacchari-
rying agent,; attention was next turned to the preperation and
ig niger 337 and
Aspergilius niger 330 had been shown tm pm&xw submerged ocule
tures of high saccharifying efflcliency, 1t was of oconsiderable

use of mold brans, Since both Aspergd 11

interest to investigate their use in mold bran preparations,
11lus orygae 38-b and the
two streins of Aspergilius niger according to the method of
Hao, Fulmer, and Underkofler (1943). The saccharifying effi-

Mold brans were prepared from Asperg

glencies of the mold bran preparations were atudied by

measuring the alcchol production from corn mashes saccharified
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Table XV
Alcohol Yields From Mold Braneg at Different Levels

Fer cent Dry Wb, @mmi. Dry Alechol Alcohol Yield,
Hold Bran Mold Bran, Hatier, Prod,, Proof Gallons
Gms, (s, | Oms, per Std, Bu,
1.2 e 20 35., 3 5.21
1.59 i 55 g | 5.30
g gg'&& ig'%; §* 3
2,95 45,91 16,34 5.29
3.:3.6 1e 32 15.50 >e
2,09 Ii5.25 16,20 533
2.55 «T1 16,31 .
3,02 146,18 16,27 Be2h
. O a 30b
4 2 % %@ 3 1.0 hlie 10 15.01 5. 08
ﬁ‘ 3- +59 I 15,62 B.22
.52 o AT TRt 212
g 2,96 45,92 16,20 g, 25
Malt Control

10,90 5.25 148.28 16,86 5420

by rdm:‘;‘amm levels of mold brans, The levels tested were
from 2.6 to 6.5 per cent of the total dry material, Malt, at
a level of 10.9 per cent, weas used as a control for all
series of fermentations. The complete resulis are listed in
Table AV,

These data may alsc be found plotted in Plgures 1, 2, 3,
and 5 in the Appendix, 41l of the mold brans were shown to be
3 to L times as effective as malt on a weight basis and also
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gave higher optimum ylelds, It has been reported a mmber of
times, viz,, Boyer and Underkofler (1945) or Coxrman and
Tsuchiya (1951), that malt can supplement the action of mold
bran in conversion, resulting in inereased alcohol yilelds,
The question of whether a simllar supplementary effect would
be found for mixbures of mold brans then arcse, Six fermen
tation series were carried out using mixturss of mold brans
at different levels for conversion of corn mashes, Within the
limlt of experimental error, the slcchol ylelds were the same
as would be expected on the basis of & linear combination of
the conversion activities of the individual mold brans,

D Short Starch Permentation Test

In analyzing the date for the fermentation method of
evaluating the varlous fungel ym;pnmtmm, the following
mathematicel treatment was used, The dry weight of the sac-
charifying agent (either as mold bran or sulmerged culture)
was divided by the welight of elechol produced from the fer-
mentation of & corn mash seecharified by that level of sace
charifying agent, This was plotted agsinst the dry welght of
saccharifying sgent. It was found that the dats gave straight
lines of essentially the same slope for all fungel converting
agents tested, as shown in Pigures Iy and 5,

It was on this bssis that Reese (1947) developed the
short starch fermenbation test for the evsluatlion of meold



116

1lus oryzse 3B-b, It sppeared
that this methoed might prove effective as & method of

brans prepared from As

ovaluating not only other mold brans but also submerged cule
ture preparations as well,

Consequently, mold brans and sulmerged culture prepara-
tions of the three molds under investigation were tested
usging this procedure, The results are indicated in Tables
XVI and XVIXI,

., Table XVI
Alcohol From Starch at Different Mold Bran Levels

S,w wa ﬁ&%ﬂ& " {2) Alcohol Produced, m)7(2)

& ﬁ;ww T 20,18 awww

1.82 26,26
8 = i
S 30,50 0.1150

& E 5. » 25,58 0.0356

2% o.obes

7425 0,1282
20 wm i3 ww
28,60 0.1L50
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Table XVIX
~Aleohol From Starch at Different Submerged Culture Levels

Vol, Por gent (1) Dry We. in  (2) Aleshol  (1)/(2)
Hold Culbture Baceh, Vola., Produced, @i/t
S gﬂt o ,ﬁwﬂﬁt

2,15 27.25 0:0790
Ma 0 31.00 0.,1388
belys 32,1f 0,2005
8.60 33,55 0.2563

1.09 25,23 0.0l 32
2.18 29.31 0.07Lly
2,72 . 30,93 0.0880

426 1,67 0.1030

2,15 B2 Pm.ww

w.wm 10.03 0428
@” ) u., _&, mm EH FWW

The deta presented in Tables XVI and XVII are plotted in
Pigure 6 in the Appendix. It should be pointed out that the
upper 1ine for Aspergilius niger 330 in submerged culiture was
off the range of the graph and has been transposed dowrsard,
This was dons to illustrate that the data for the submerged
eulbure preparation resulted in a 1ine parallel to that from
the mold bran preparation, The fact that the data for Asper-
gilius niger 330 prepsrations gave lines of a different slope
g those for the other molds suggests that starch saccharl-
fication by Asperzilius niger 330 may be due to the actlon of
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different ensymes or abt lesst to a different ratio of the sme
enzymes, However, actusl fermentations wsing fungal prepars-
tions of this strain had 13@1%‘&% that high elfficlency could
be expected. This leads to the coneclusion that the enzymes of

glilus niger 330 pmmmhs.am ‘aot very slowly upen
starch in the initial sbtages of saccharification,

According to the method of Reese (1947) the ratio of the
graphical intercepts for two mold brans was directly related
to the ratlo of the levels of the two mold brans required for
mptimm aleohol production. It is of interest then to compare
the intercepts obtained in this Investigation to ses whether
this relationship applies to mold brans prepared from different
molds or to submerged culbure preparations, This comparison
is made 1in Table XVIIXI. 7The preparabions are listed in the

Table XVIII

Comparison of Maximum Alcohol Yields, Uptimal Levels,
and Intercept Values for Varieus Mold Preparations

ngamtim& ﬁax. %a@h&l m@m, - Level, Intercept
?mmf Gal. pw Bu, Per cent Valm

330 sub. Selih he72 0.289

330 mb, 5. 38 - 3.62 0.110

337 wb, 5.30 3,57 0,0202
337 sub, 5.28 6.89 0,0202
38-b mb, 5.28 b, 55 0.0108

38 “b au}a,. 5*33 ?weﬁ ﬁd)lgﬂ ‘
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order of decrsasing meximum alcchol yield and are identified
by the straln number with "sub," or "mb," for submerged
eulture or mold bran, m welght of dry material in %the
saccharifying preparation at the optimum level for each
preparation 1z listed under "Level as the per cent of the
total dry materdial in the fermentation mesh,

Exemination of the values in Table XVIII leads to the
conclusion that there is no over-all relation between the
Intercept values from the short starch fermentatien test and
the optimal levels for ametual fermentations, Neither does
this relatlion apply to submerged culbtures or meld brans as
classes, There ig only a slight indication that this relation
spplies to different types of preparatlions from the pane
mold, It is possible that this method may be used for the
eveluation of preparations of the same type from one mold in
the ssme menner as Reese (1947) has used it for the evaluation

of & muber of Agpergilius oryzae 30~b mold brens, However,

for the evaluatlion of fungal preparations of different types
and from dlfferent mld@ the l&?wmﬁmy fermentation method

appears preferable to the short sbtarch femmentation test,

B. BEnyyme Activity Determinetlions

In sontinuing the lnvestigablon of fungal amylolytic
preparations atbenbtlon wes next directed toward the determira~

tion of enzyme mctivities, The first problem was the cholce
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1a&mra%aww‘bianﬁar,‘atirma&'vigewﬂualy for approximately §
mimibes, and finally filtered. These enzyme solubions were
also stored in the refrigerator until used,

- The activitles of alphe~amyluse, maltase, and limit~
dextrinase were determined in the ensyme solubions using
methods previously deseribed, The enzyme activities are
summarized in Table XIX, The preparations are grouped as mold

| Table XIX
| Enmyme Activities of ﬁwmgal ?raparatian&

?raparatian‘ ﬁlﬁh&w&ﬁ&&&ﬂ@ Meltase Lim&kwnaxtrinaaa
- Units per %m,, Unlts per Gm, Units per Gm,

Mold Brans

E D TR
33@ 230 81.8 86.1

e T 2.9 (1.8 o (6,05 605 (5.2)
337 193f % Qﬁg . ! 'ﬁg 123: (16‘6;
3B=b 259 (1h.1) a-l.l (2 ..m 58.6 ( 3.2
“#Vaiues LN parentheses are 1n Units per mi, |

brans and submerged culbures (sub., cult.). The orgenisms arve
identified by their strain mumber and are listed in the order
of decreasing maltase activity. Enzyme activities are indl-
cated in enzyme units per gram of dry welght of the
preparation,

Bach organism was found to be particularly efficlent in

the production of a certaln enzyme, 1llus niger 330

ASpers
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produced the highest maltase activity and the lowest alphiie

oryzae 38~b produced the highest amounts
of alpha-~amylase and the lowest amouuts of the other enzymes,
Aspergilius niger 337 produced high concentrations of all
enzynes .
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VI, DISCUSSION
1ius niger 337 was ,gmm in submerged culbture on a
medium consisting of 5 per cent corn and 5 per cent dlstil-
lers! dried solubles. The pH was adjusted to 5.2 using
sodium hydroxide and/or sulfuric seid, The optimum level of

F34% Qr 1

this preparation for the saccharilficatlion of corn mashes for
alecholic fermentation was found to be 15 volume per cent or
6,89 W gent on a dry materials basis, The maximum yleld
of alecohol obtained was 5.28 proof gallons per atandsrd
bushel, This is slightly higher than the normel yleld of
5.20 from melt-saccharified mashes, The ylelds reported in
the literatwre range from 5,09 by Corman and Langlylkke (1948)
to S.i6 by Adems, Balamkurs, Andreasen, and Stark (197).
The U, 8. Production and Marketing Administration and the
Bureau of Agricultural and Industrial Chemistry (1950) report
that yields of 5.28 proof gallons per standard bushel were
obtained on a plant scale basis using submerged cultures of
Aspergillus niger 337 for saccharification, However an
additional smount of malt (one to 2 per cent of the total
grain bill) was added to ald in thimming the mashes,
Bubmerged cultures of Aspergilius niger 330 were grown

on the same mediwn and were found to be more efficient as
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to approximately 3 per cent each of corn and distillerst
dried solubles the sleohol ylelds were improved to 5,13

proof gallons per standard _vgﬁw* Deapite the fact that

malt ylelds are mwwwgww %@3 the use of gubmerged culbures
£ Aspergilius oryzse 38-b for saccharification is more

“economical.

During the attempt to develop an improved medium for
subtmerged culture growth of Asperzillus oryzae 38-b, a
mmber of oultures differing only in their final pH became
avallable. The alcohol yields obtained from mashes |
saccharified by these preparations indicated that the pro-
‘duotion of saccharifying enzymes in aﬁggmw& fungal cultures
depended on the acidity of the mediws during growbth., Tsuchiya,
Corman, and Hoepsell (1950) alsc made this ssme observation,
The fact that increasing the corn from one per cent to 3 per
cent brought aboui en ineressed alceohol yleld seems quite
reasonable since nmumerous observations have indicated that
the anxylases are adaptive enzymes, This 1z counter-balanced
by the fact thet increesed corn concentrations also result in
a more acidle mediwm, The acldity can be decreased by the
addition of dried solubles bub thls increases the total grain
billi. The opbimmm medium must have a proper balance of
factors which reasult in high enzyme production at a pH en~
suring stabllity and must make only a smaell addition to the
total grain bill,



27

8ince the optimm medium for submerged culbture growth of
'“ra@a‘38~b aﬁly'garbially'mat thege conditions,

attenﬁimn was tﬁrnﬁﬁ to the use of mold brans. Mold brans

gillus oryzae 38-b were prepared and maximum alechol yields of
5430, 5.38, and 5,2 proof gallens per standard bushel were

obtained, respectively. There have been no reports in the

‘1iterature regarding mold brans prepared from these particular
strains of zger, Optimum yields for gggﬂwg;;;gg
crysee mold brans vary from 4,98 obbtained by Hao (1942) to

5.3 as reported by Underkofler, Severson, and Goering (1946).

A swmary of the data for the various fungal preparetions
investigated is presented in Teble XX, The preparations are
grouped as mold brans and submerged cultures {sub, cult.).
The organisme ave identified by thelr strain number and are
1isted in the order of decreasing alecchol yield, The levels
of saccharifying agents for meximum alcohol yield are
indicated as per cent of the total dry weight, The intercept
velues werec obtained by graphicel enalysis of the data from
the short starch fermentation tests, The enzyme astivities
are expressed in terms of the appropriaste units per grem of
dry weight of saccharifying agent.

The amylase activities for submerged culbures as listed
in Table XX sgree guite well with the many determinations
reported in the ;iﬁaraﬁuwaﬁ Bgually satisfactory results are



presumed for the activitles of the mold bran preparstions
based on the very meager reports fﬁm in the literature,

It appears that gpergilius ni *@ 330 produces the highwt
naltase yields both in suimerged culbure and as meld bran,

It has also been found bo produce eml:r vory small amounts of
alpha-amylese. The reverse slituatlion is true for Asperzilius

activities in submerged culture and as mold bran while pro-
dueing the lowest meltase activity, Both types of prepara~

spergilivs niger 337 produced intermediate amounts
of alph&«mﬁme and maltase and the highest limit-dextrinase

activities., In comparing the two methods of enzyme produc-

tion,; neither seemed clearly superior with the excepbion
that mold bran preparations had considerably higher maltase
activity for all molds, If the mold preparations are classi-
fied into types based on the approximate ratlos of enzyme

amylase class, Aspergilive niger 330
would be in a low alpha-suylsse class, I there 1a any sig-
nificance to such a classificatlion then the action of the

L1lug alger 330 preparations on starch should differ

from the action of the other preparations,
In this regard, it is of interest to examine the results
of the short stareh fermentatlons as shown in Pigure 6, The
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-~ slope ami imwmpts of the msmigm lines for the twe
2gillus niger 330 pmpawmmm are quite different fmm
%ﬁmw for the other fwnga& pm;aamtmna, The a&am of t;m

m'apwatwm was mam; ﬂmww to the wma, 0.@27!4.,
vammimd by Reese (1947). &E:m intercepts were in the same
mmga a8 the better mold bran preparations investigated by

~ Reese !&9&7} and secording to his method of wammﬁ.em the
optimal levels should be from about 2,2 to 4.0 per cent.
M‘k‘-&aﬁm the ﬁgﬁm&i levels were sowewhat higher, 3&: to

_ about 7,3 per @m’h A& further examination of the data of
Table XX Ma% one o the conclusion that there is no carrem
Mﬁim baimmm the intercept value and the optimsl level,
This applies to all comparisonst L.e., over-allj within &
 group, such as all submerged cultures; or between the two

' rom the same mold, Tais does
not deny that this method of evaluation can be applied bo

different types of preparatlons I

different preparations of the same type from the same organism,
M’mﬁl}m the fact that straight lines are obtained 1&&8’ one
to feel t}mi: the method may be a@piﬁ;mv to nm;p mold pmpwm
‘hians wim the same degree of a‘wmm as Heege attalned in

the eva&mﬁi&n of Asperzilius @ggﬁﬁa 38~b mold bmm.

There remains m pmblm of why the almpa of f;}:m lines

for Aspergilius iiger 330 was different and why the intercepts
were so high, A m@n intercept value should indicate that the
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zizru,u Elos g x .%
where X 1a the weight of ﬁaaeharify&ng aganxg Alc. ia'ﬁha
waighz 0£ ala@&ﬁx produced, K and K' ave ean#%antﬁi A 1s the
alﬁhamamyaaaa aativ&tw, ana 8 1s ﬁh& actlvity of the sae&h&riu
'fying enzyme 3&5& as maltase, , ,

| The data in Table XX indicate that there 1s no correla=
tion baﬁwean alpha-anylase activity and elther the alcohol
yield or the optimal level, The product of the optimal
level and the alpha~amylase asctivity is proportional to the
total amount of alpha-smylase added to the mesh, There is no
correlation between the total amylase and slcechol ylelds,
There is a similar lack of correlation between 1limit-
d&#ﬁr&n&sa activity or total limit-dextrinasse and alecohol
ylelds,

| When the classes of prepsrations are considered separately
(1.e., either all submerged cultures, or all mold brans) a
positive correlation is found between maltase activity or
total maltase and the alechol yields,
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VII, SUMMARY AND CONCLUSIONS

1,“ tﬂw afi‘aeh 0!'1‘ ﬂiffex*am mmmi;mmem mf aam ;{‘w
f:ha cooking M’ whole mm mashes and mashes composed of the
vwiaﬂa }mﬁ.&i fractions of corn has been studied. The minimum
mnwa%#amm of acld necessary for proper thimming of the |
mashes was found to be 0.06 normal amﬁwia scid, No evidence
ma: found indicating the ;amﬁmski@ of & toxie factor ’by the
msﬁm of such ‘a wmmﬂtﬁmﬁiﬁn of acid on whole corn or my

mill fraction during cooking.

2, Hold hram and auﬁmw@ea wwm px«apwamwm wam

m;; 33@ wers found to be mt:msmly efficlent maahwmng
agents and resulted in alcohol ywlﬁa of mvmmwm 5,11,@
ym&f gallons per a@m&wﬁ buahal; ug oryzae 38-»1::
preparations were i;he least mm@iam;, giving ylelds from
5,13 to 5,28 proof gallons per stmﬂm bushel, With the
11lus oryzae 38«b all of the fungal
preparations resulted in a:i.wmi yiemﬁ considerably bigher
than the malt controls and it sppears certain that all could

exception of Agperzill]

surpass malt on an egonomic basls,
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3. An optimum medlum for the production of Asperzilius
oryzee 38-b in submerged eui*bw:?e was developed and the aleohol
yields were s.mmaw& from the initlel velue of aboub lL.h to
the final value of 5,13 proof galloms per standard bushel,

h. ‘The short amx*a}a f 'mmxm test of Reese, Pulmer,
and Underkofler {1918 ) was considered for the ' Walmmm of
%ha various fungal pmywaﬁiamﬁ It was found ﬁhnis the mmnﬁ

could not be used for | the evaluation of different preparations,
1s045 for the ‘comparison of pmpwamam’ from two different
organisus or the comparison of different type prapwa&mm
from the same organims. Purther work should bé carried oub
confining the atbention to & h&?ﬁie%@ type of preparation
from one mold as ‘Reege (1947) did in evaluating mmerous mold
brans all prepared from Aspersilius oryzae 38-b. |

5. It further eppears that the short starch fermentation
, 1lus niger 330,
which produce only small ‘m&ma of &mﬂmlme‘ It aéem
quite possible that the inbercept :m&ua nay be relabed m;;
versely to m glpha~gmylase mati%i:j and that the slope may
depend on the activity of the saccharifying mgyma (maltase,
g’mwgenia activity, ete.) or the é&ﬁi@ of such metivity to
alpha-amylase,

6. B&hemimti&m of alpha-amylase, maltase, and limit-

test 1s too rapid for organisms such as Aspergi:

dextrinase asctivities in the verious fungal preparations were

made and it was found that the enzyme production in mold brans



paralleled the production by the same mold in sulmerged
culture, It is possible to divide the fungsl preparations
into im& em.mﬁ on the basis of enzyme activity ratiocs, In
a class having a low rabtio of alpha-smylase activity to other
enzyme activity nay be placed both the mold bran and submerged
culture of Aspe aiding W 330, The remalning g:mgamm.@m
belong in a class having high ratios of a:tzﬁa«ml&m .
activity, The same classes could also be obtained on the -
bgsg.a of intercept value and slope obbained in the short
starch fermentation test,

7. No correlation was found between alpha-amylase
activity or limibt-dextrinase sctivity and the optimal level
of saccharifylng agent or the final aleohol yileld, Con-
sidering only one type of preparation at & time (i.e., all
the mold brans or all the sutmerged cultures) & correlation
was found between maltase and the slcchol yleld, However,
no over-all correlation for all preparations was found,

8., It appears that the short starch fermentation test
may find some application for the choice of the optimal level

of certein saccharifying agents, The determination of meltase
or sascharogenic wkiﬁw of the preperatlion would allow the
p?aﬁigtﬁ.an of tha expected alcohol yield. Such a method of
evaluation would probably be of value in a control laboratory
vhere it would be used on only ome type of saccharifying agent,

For the comparison and evaluation of a mmber of different



138
preparations the mosh reliable results will come from
laboratory fementations using different levels of the
preparations for saccharificablon,
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