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I. INTRODUCTION

Prior to 1897 it was belleved that vital pro-
cesses of minute living organlisms were sssociated
with fermentatlon, and when these organisms were de-
stroyed the fermentations were brought to a stand-
still. At this time Buchner showed that a non-living
cell-free Julce (extracted from yeast) was capable of
converting glucose into alcohol and carbon dioxide in
Just the ssme way as the living yeast. It 18 ae =
result of this work that the term "enzyme®" (Greek:
en = in; zyme = lesven, or yeast) has come into being
as8 the genersl term for all such substances. Enzymes
then, can be regarded ss blochemical, organic cata-
lysts which are produced by living organisms (Ander-
son, 1938). In general, a catalyst is a substance
which changes the speed of a chemical reaction, or
to use a clever anslogy which someone has suggeeted,
"1t is the traffic cop of s chemical reaction®,

The conversion of starch into ethyl alcohol and
carbon dloxide 1s accomplished by the action of cer-

taln enzyme systems, Amylase converts starch into

maltose, thls process belng called saccharification.
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Www.manarag
\




*5-

Maltose 1s converted to glucose by the enzyme mal-
tage., Zymsse changes the simple sugar into the final
products, ethanol and carbon dioxide. Yeasts produce
the maltase and zymase required, but the amylase must
be furnished from some other source.

Amylase 1s found 1in small amounts in most cere-
ale and in larger quantitlies in soybeans and sprouting
graine, Malt, the name applied to sorouted grains,
has long been used as a saccharifying asgent. At
present malt orepared from barley 1s most commonly
used in the beverage alcohol 1industry.

Anylase is g2lgo produced by many molds and by a
féw bscterla. It has been shown by Tskamine (1514)
and others that higher ylelds of ethanol are obtalned

when Aspergillus oryzse mold preparations sre substi-

tuted for malt in the saccharification of starch for
aléoholic fermentation.

At present most of the industrisl alcohol used
in this country 1is produced from molasses, However,
in the event of en incressed demsnd for ethanel, 1t
would probably be produced from grsin or other starchy
materlials, The role of mold amylases as saccharifying

agenta, therefore, may be increasingly importent in

the future. The ultimate objective of the research

oL fyl_llsl
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in this field conducted in the Chemistry Department
of Iowa State College i1s to contribute to increased
utilization of farm crops by industry.

The object of the work presented in this theslis
w28 to select the most promising strains of molds for
preparation of amylase to be used in the saccharifi-
cation of corn mash for ethanol fermentation. The
lnvestlgstion, however, included certain related
aspects such as, simplifying procedures for estima-
ting degree of sacchariflication and methods of

growing the various molds on wheat bran medium,

www.manarae



II., HISTORICAL

The sclentific literature of the 1last hundred
venrs has included numerous p=2vers devoted to the
study of smylases. Walton (1927) has published the
titles, and in many cases an sbstract, of over twelve
hundred articles dealing with amylaese., In 1939
Schoene gave an excellent historical account of smy-
lase with particular emvhasis on the apvlications of
this enzyme in the fermentation industry. Therefore,
the historical review given below wes not intended to
be comprehenslive and it 1s confined to studles on
mold smylases, more especlally the amylaases of Asper-

gillus oryzse,

In the Orient, the enzymes of fungl have been
utilized as ssccharifying sgents for centurlies. The
use of mold amvlases in the saccharification of starchy
materisls for the alcoholic fermentation was intro-
dnced in the Unilted States by Dr. Jokichil Takamine,

a orominent Japanese scientist.
Dr. Takamlne firet came to this country 1in 1884

as one of the Japanese Commissloners to the New Orleans

Exposition, snd 1t was at that time that he met his

ol Lalu Zyl_ﬂbl
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future wife. On the invitation of his father-in-law
he returned to the United States in 1890 to superin-
tend the manufacture of alcohol by his patented
method (Kawakami, 1929).

From 1891 to the present time numerous patents
have been 1issued to Dr. Taksmine in this country and
elso in Cansada, England, France, Belgium and Austria-
Hungsry. These patents cover the methods of prepara-
tion and various uses of mold amylase products.

Takemine's process for the manufscture of alco-
hol differed from the conventional method in that mold
preparations were used in plsce of malt as the saccha-
rifying sgent. The mold, Aspergillus oryzse, was
grown on steamed rice (1898) and the resulting preps-
ration wes called "Koji". Similerly, "Taka-koji*
was the product obtained by growing this mold on wheat
bran. The chilef advantsages of Teka-~koJjl over malt
were given as follows: (1) Malt was more subject to
price fluctuations and (2) Taka-koJl was prepsred in
48 hours, while the vreparation of mslt required from
gix to eilght days (1914). However, in splte of these
advantages, Taks-koJi has not been used to a very great
extent in the fermentation industry up to the present

time. An objection to the use of this materisl in

www.manharag
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the manufascture of beverasge alcohol 1s that disegree-
eble tustes and odors may be lmparted to the finlished
product. 8Since most of the induetrial slcohol not used
for beverage purposes 1ls at present produced by the
Termentatlon of black strap molasses, no saccharifying
agent 1s required.

Although Taksmine's product did not find signifi-
cant application in our fermentstion industries, ex-
tenelve use has been made of his products in the desiz-
ing of textiles. Also a similar product "Taka-diastase”
has been used mediclinglly as an ald in digestlon.

In 1914 Takamine published an article entitled
"Enzymes of Asperglllus oryzse and the Applicetion of
Its Amyloclastic Enzyme to the Fermentsation Industry®.
In thils publicatlion he gave an hilstorlcal account of
the use of this mold in Japan and other countries.

Also he reported success 1n the acclimatization of

Asperglllus oryzae toward formaldehyde, and stated

that the corresponding Taka-koJl vrepared with the
acclimatized mold was 100% higher in amyloclastic
power.

Hls next successful experiment was 1n growing

the acclimatlzed fungus in a rotating drum apparatus,

Regarding this investigsation with an apparstus

Ol LaCN Zyl_ﬂbl
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congisting of a Mason Jar and s clock mechanism for
rotating, he mode the following observestion,

"I noticed e very interesting fact, nzmely,
one side of the bran oparticle is covered with
the fungue. It 18 the inner side of the bran,
This side is coarse 1in structure and rich in
gstarch snd protein matter., If the bren 1s
molstened and steamed, this particular side
shows 2 tendency to curl inward snd assumes
the shape of pericarp previous to its severing
from the kernel., When easch particle of the
bran 1s curled the lnner slde 1s naturally
protected from the friction between particlee
when they sre put in cylinders and motlion is
impsrted to the masgs by revolution.,"

After numerous exgeriments with lerger drume, =a
sultsble eppsratus was devised for commerciel pro-
duction (1.e., in 4800 pound batches) of Tska-koJl
and simllar producte., This drum apvarestus conslsted
of ~ huge, plain iron cylinder provided with en in-
let on one side and an outlet on the other through
which alr could be psssed by means of =2 suction fen
located on the outlet slde. The drum was rotsted at
one revolution per minute. A separate pipe with
branching aprsay nozzles extended through the drum,

Taksmine's procedure for prepsring Tsks-~koJli in
the drum gonarstus was ss follows:

¥hest brsn snd water were Aumped in and the mass

wes stenmed, the drum belns; turned constantly. After

cooling, firet formaldehyde and then the mold spores

Ol Lac Zyl_i.lbl
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suspended 1in water were sonrayed in. The drum was
brought to a stsndstlll snd left for about twelve
hours until the tempersature stsrted to rise, indi-
cating inclolent germination of the mold. Rotation of
the drum was then begun, and the tempersture was con-
trolled by vpassing in sterile, cool, molast air. In
forty-eight hours at 30 © C. the orocess was concluded.
The Take-koJl oroduced in this manner wss more compsact
end glossy th=sn thst oreoasred by other methods. The
labor needed for thils process wss ap roximstely one-
glxth of that required by the older method of cul-
turing 1n trays or on a cement floor and fewer con-
taminsting organisms were 1ntroduced.

Oshime and Church (1923) studled growth and en-
zyme oroduction of four streins of Aspergillus flavus-
oryzae on the followlng medla: whest bran, wheat
mlddlings, corn mesal, cocoanut meal, peasnut mesl,
goybesn mesl, crushed soybeans, dried yesst, ground
dried codflsh, snd cssein. They found wheat bran to
be the best substrate. Also, the presence of starch
in the substrste wss deslrable for maxlmum smylase
production.

The relation between temverature snd amylolytilc

activity of oreparstions simllar to Taks-ko}jl was

Ol LaCN Zyl_ﬂbl
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studied by Taichil Harada (19¢Zl). He concluded that
the amylolytic activity of the preparation underwent
little change when hested ot low temperatures, such
es 30 © anda 37 © C., for five and two and one-half
hours. At relatively high tewperatures (sbove 45 © (C.)
the activity was adversely affected when heated for
only thirty minutes. The optimum pH wae 5.4 within
the temperasture range of 55 © to 6C © C.

since the work of karcker (1878), later verified
by Ohlssun (1922) znd by Kuhn (19<5), mslt amylase
has veen znown to be & mixture of two components, 1,e.,
an amyioclastic or llqulfying fraction and 2 meltoze
foruing or saccharogenic fraction. Oshima (1923
studled the liquifying and ssccharifying properties
in Tska-koJil and found that tne amylase ghowved optil-
mal &ayloclastic and sasccharogenic activities ot
pH 4.8 to 6.2 and was most stable to heat at pH 6.4.
It was completely inactivated by heating to 65 9 C.
for one hour ovut retained 1ts activity at neutrslity
and beloy 40 2 C,

Underkofler, Fulmer and Schoene {(1939) studled

the growth of Aspergillus oryzae on moist whesat bran

and employed the resulting moldy bran as & sscchari-

fying sgent for ethanol fermentation mashes. Substl-

ol Lalu Zyl_ﬂbl
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tution of this bran prepasration for mslt gave ethanol
yields of more than 90 per cent of the theoretical.
Fermentation tests also indicasted that the moldy bdbrans
gave higher ethanol ylields after grinding to a coarse
powder, eilther while moist or after air dryilng.
Schoene (1939) and Schoene, Fulmer and Under-
kofler (1840) studied the effect of using binary combi-
nations of moldy bran (from Aspvergillus oryzse), malt,
and soybean meel., They found that in each cese the
combinations resulted in higher yields than were ob-
tained from the individual substances used alone. The
malt-soybean mesl combinations were not as efficient,
however, as moldy bran, either singly or in combinsa-
tiona. The effect of combinations was less when a
preliminary scid saccharification was employed. A
S50 to 70 per cent saving in moldy bran wes obtained
with the use of aclid-saccharified mashes 1in place of
normal meshes (i.e. corn mesl-water mixtures). This
effect of moldy bran in incressing ethanol ylelds from
acld-saccharified mashes was shown to be due to its
amylolytic activity rather than to yeast growth
stimulants. The substlitutlion of thick mashes for
normel mashes was also found to glve a 20 per cent

saving in the amylolytic materials needed for maximum

www.manharag
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ethanol production,

No sttempt has been made to review the litera=-
ture on the alcoholic fermentation. For this material
.the reader is referred to the books written by the
following authors: Methews (1901), Allen (1926),
Smyth and Obold (1930), Thaysen and Galloway (1930)
and Herden (1932).

ol L ZJI_E.LI
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III. METHODS

A. Microbiologlcal Procedures

1. Production of mold amylasse preparations.

Various molds were grown on wheat brsn molistened
with an equal weight of (C.5 normsl sulfuric acld.
Sterilization of the bran mash was made with live
steam at 20 pounds opressure for 2 hours. Stock mold
cultures were carried on wort-agsr, malt extract-
agar, or glycerol yeast extract-agar slsnts. Trans-
feras were msade from slante to BC grams of the sterille
bran medium (i.e. 25 g. bran and 25 g. dllute sulfuric
acid) in 500 ml. Erlenmeyer flasks. These flasks were
uged both for carrying the cultures and for inoculating
drum batches contalning 1600 grame (i.e. 800 g. bran
and 80C g. dilute acid) of the bran medium.

The apoaratus described and used by Underkofler,
Fulmer gnd Schoene (1939) for growing molds aeroblcally
in a rotating drum was employed throughout this in-

vestigation. A five gallon pyrex bottle was mounted

horizontally on a system of rc¢ lers. The rollers

Ol Ll Zyl_i.lbl
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served ss 2 support as well as a rotatling device. A
current of sterile sir, sstureted with molsture, was
passed into the drum by meens of a glass tube resasching
through the stopper nesrly to the bottom of the bottle.
The air outlet also passed through the stovper. The
alyr wes sterilized by passing 1t through a flask con-
taining concentrated sulfuric acid and glass wool.
The sterille air was satureted with molsture by
passing 1t through a second flssk contalning sterlle
distilled water =nd glass wool.

After linoculating the drum of bran medium with
a well sporulated culture the contents were thoroughly
mixed by shsking or rotating. During the germinsation
period the charge was rotated or mixed only enough to
prevent lumping. After about sixteen hours the mold
was actively growling and the drum was then roteted
continuously for the next twenty to thirty hours.
The seration was regulated to vrevent overhesting
during the sctive growth period. 1In some cases,
especlally with Rhizopus molds, intermittent lnstesd
of continuous rotation seemed preferable. After the
brsn medium wss well covered with vegetative mycelia,

ususlly after about forty hours, the charge was re-

moved from the drum and then drled in s well ventilated

Ol LaCN Zyl_ﬂbl
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incubstor. Some growth took place while drying; how-
ever this method © drying was sufficlently rapid to
prevent excesslve sporulation. The dried moldy bran
was ground to a coarse powder by means of a Wiley mill,
and as such waes used for fermentation tests. The
method of Taksmine (1914), 1.e., the use of the mold
amylolytic substances in the same menner gs mzlt 1is

used, was employed.,

2. The saccharification of corn mash by mesns of mold

samylagse preparations.

Thirty-two grems of corn meal were olaced in each
5CC ml., flask to which 225 ml. of bolling water were
added, thus bringing about a preliminary gelatinizs-
tion of the starch. As soon as the mixture had
cooled to asbout 6C @ C., a weak suspension of mold
amylase, containing 0.16 grams (0.5% of weight of corn)
was added for the purpose of "premalting®. After
premalting for one-~half hour the mash was suffilclently
l1iquid to mix by shaking. The corn mash was then
cooked for one-hsalf hour in the autoclave at 20 pounds
esteam pressure., After coolling somewhat the flasks

of mash were placed in & constant temperature water

bath held at 60 © C. The mold amylsse preparations

R fyl_llsl
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to be tested were welighed out into small beakers con-
taining a 1ittle distilled water. The thick slurry
resulting was then added quantitatively to the ap-
propriste corn mash flask with the a3id of a2 little
water from s wash bottle. Saccharificatlion was

ezrried ocut =2t 80 © ¢, for one hour.

3. Estimatlion of extent of saccharification by fer-

mentation methods.

After cooling the saccharified corn mash to
30 9 C. & 10% inoculation was made with an active
yesst culture (designsted ss Ssccharomyces cerevisise
No. 43 in this laboratory) growing in beer wort, The
fermentstlons were usually comprleted in asbout 70
hours,

When ethanol 1s to bs produced from corn, un-
doubtedly the yield of ethanol is the best criterion
for evaluating various ssccharifying sgents. However,
a brief study, which 1s descrlibed in the experlimental
results below, indicated that the loss in weight of
the corn mash due to evolution of carbon dloxide
during fermentstion ma2y also be used as s criterion.

In the present investigation most of the data were

baeed on the ylelds of ethsnol, snd the method used

Ol Ll Zyl_ﬂbl
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13 specified in each case,

B. Anslytical Procedures

1. Determination of ethanol.

The volume of *he fermented mash, or beer, in each
flask was around 275 ml. Acldity was neutralized by
adding an excess of finely powdered calclum carbonate
end then the beer was dlstilled, the distillate belng
coliected in 120 ml., volumetric flssks. These flasks
were kept stoponered until the specific gravities of
the contents could be determined. The gpecific
gravity (d. 25 0/25 0 C,) determinstions were made
with a Chalnomatic Westphal Bsalance, and the alcohol
concentrations, in grsms per 100 ml., of solution,

were read from an sppropriste table,

2. Determination of carbon dloxide.

During the alcoholic fermentstion carbon dioxide
and ethanol are produced in equimolecular amounts ace
cording to the equation

CgHy1o0g — 2C2HgOH + 2C0; .

Immedliately after 1lnocule ion the flasks were

welghed to within C.1 gram by means of a good trip

ol Lal Zyl_i.lbl
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balance. The carbon dioxide produced was estimated

by determining the loss in weight of the flasks during
fermentation, aspprooriate corrections being made for
loss of water by evaporation. A brief study of the
correlastion of ethanol yield and loss in welght due

to evolution of carbon dioxide s given below in the

section on experimental results,

3. Determination of starches and sugars.

A starch determination (or its dextrose equiva-
lent) was made on the yellow corn meal used during
the course of this investigstlion according to the
official direct acid hydrolysis method of the As-
gsocliation of 0fficisl Agricultural Chemists (1935).
The reducing substances formed were estimated by the
method of Shaffer and Hartmann (1921) and cslculsated
as dextrose, The Shsffer-Hartmann reagents were

standardized agsainst a sample of pure dextrose.
4. (Celculation of results.

The experimental results were calculsted as per
cent of the theoreticsl conversion of carbohydrate in
the corn to alcohol {(or carbon dioxide) according

to the equation:

R fyl_llsl
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CeH1206 —=> 2C HgOH ¢+ 209, .

Except when otherwlise specified, gll the data given in
the tables represent the average values for duplicate
fermentations, snd sll ylelds were corrected for the
amount of alcohol derived from the inoculum and amy-
lolytic mmterials. The correction used for the alco-
hol produced from 10% beerwort was 0.03 gram per ml.
The correction used for the mold amylase preparations
wa8 0,032 grsm of alcohol per gram of the preparation
and the correction for malt was 0.334 gram of alcohol
per gram of malt. A sample calculation would be as
follows:

The dextrose equivalent of the corn was found
to be 74.66%. If 32 grams of corn produced 9 grams
of alcohol, the % of theoretical yield 1is

(9) (10C) = 73.8%

(32) (.7466) (2C,Hg0H/CgHy0g)

ol Lalu Zyl_ﬂbl
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IV, EXPERIMENTAL RESULTS

A, Prelinminsry Studles

1. Isolation of amylase-producing fungl from normsal

hablitats.

Practically any msterinl contalning starch may be
the normsl habitat of amylase~producing fungi. 1In
this study four samples were taken from sllage and
corn meal., The material in esch case was mixed with
10 ml, of aterile water to suspend the micro-organisms
present., Three one-to-ten dilutions were made and
these diluted suspensiong together with the original
suspension were used for stresking stsrche-agar medium
in petri dishes., After incubation at 30 © C, for two
days certain colonles were characterlised by a clear
zone in the starch-agar medium, indicating production
of amylase. Transfers were then made to beerwort
agar slants from the amylase-producing colonies. One
of the mold cultures (No. 45), isoleted in this way

from a kernel of corn 1n sllage, was grown in the

rotating drum apparatus and the resulting preparation

Ol Ll Zyl_i.lbl
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used 1n subsequent studles.

Determination of the amount of aslcohol dlgtillate

2.
fo be collected.

m——

The oblect of this study was to determine the
minimum amount of distlllate from fermentation beers
in which the alcohol could be collected quantitatively.
The volume of fermentation mash, or beer, distllled
end the corresponding amount of alcohol collected in
successive 5C ml., of distillate is given in Table 1.
The extreme values (i.e., the higheat and lowest
percentage of ethanol in the distlllates) among 28
fermentatlons are given. It was concluded that 100 ml.
of dlstlllate should be collected for analysis of
alcohol in subsequent studies when the volume of

beer was aground 300 ml,

ol Ll Zyl_i}sl
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TABLE 1.

Ethanol Hecovered in Three 5C ml. Fractions of Distillates

from Fermentation Beers.

Volume Ethanol in Ethanol in Ethanol 1in

of beer, first 50 ml second 50 ml. third 50 ml.
ml., of distillate, of distlllate, of distlllate,

% p #*

200 99.8 0.2 ¢

200 100.0 0 0]

30C 89.4 10.6 0

300 g7.2 2.8 C

Wwww.manarae




3. Correlatlon between ethancl and cerbon Aioxide

yYields as Criteris for comparing variocus ssccharifyve-

Aing agents.

The yleld of ethsnol has been used for the guanti-
tative estimstlon of the degree of ssccharification
of starch in the alcoholic fermentation of corn mash,
Although this may not glve an absolute value for the
per cent of ssccharification it enables one to make
s true compsarison of the effec of verious sscchari-
fying agents on the yields of etlianol.

Since csrbon dioxide and ethanol are produced in
egquimolecular amounts in fermentestlons by yeast it
was thought that the welght of the carbon dioxide
liberated might also be used ss a measure of the
amount of gseccherification., The conversion of starch
to ethanol and carbon dloxide &8 represented by the

followings equetion:

o mz2ltase,
x

(CgHyo0g)x + H20 amylsse ( pHp50,, zymase 4C,HsOH +
starch maltose ethanol
4C0,

carbon dioxide,

There are two genersl methods for measuring the

Ol Ll Zyl_i.lbl
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amount of carbon dioxide: (1) by absorption of the gas
in alkall and (2) by noting the loss in weight of the
medla during fermentation. The latter method wss
studied with the obJect of facllitating the work
involved in compering a large number of saccharifying
preparations,

Tn the first series of this study the fermenta-
tions were cervied out in one liter flasks and an at-
tempt was made to correlate the ethanol and carbon
dloxide vields st verious stages in the fermentation,
The carbon dioxide was determined by the loss in
weight during the fermentation. Two blsnks (i.e.,
sterile saccharified mssh) were run in order to core
rect for eveporation. The dats, given 1in Table 2,
indicate that the carbon dloxlde vield 1s low during
the first part o the fermentation. This may be ac-
counted for, however, by the sclubility of carbon
dloxide in the medium., Gassing was found to be very
vigorous even after considerat e shsaking, hence the

medium was probably supersaturated with carbon dioxide.
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TABLE 2,

Yields of Carbon Dioxide Produced at Various Stages 1n

e

the Yeast Fermentatlion of Saccharified Corn Mash

(1) Determined by Loss in Weig! of Fermenting Medium

gnd (2) Calculated from Ethanol Anslysis.

(N (2)
Time after inoculatlion, Carbon 1loxide Carbon Dioxide

logs, calculated from

hours grams ethanol analysis,
grams
3 0.4 1.0
5 1.8 2.6
4 3.2 4,6
10 6.1 6.1
28 13.1 13.7
56 i7.0 16.9
80 20.2 18.8
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In the next serles of this atudy the fermentations
were csrried out in 500 ml., flssks, In Teble 3 the
values for the amounts of carbon dloxide evolved
{after correction for evaporation), determined by
welghing , and by calculation from ethanol ylelds sre
given for esch fermentation. The method involving
xvelzht losg checked with the ethancl snslysis in
nine fermentatione out of ten. It wss concluded that
this method msy well be used for preliminary comperison
studles and should, of course, be run in 3Juplicate or
in iripiicste. A subsequent ethanol snalysis would be
reconrended 1u cnses of high carbon dioxide yilelds
end alzo 1f there is cunsiderable varletion (i.e.,

over 5%) in the results of duonlicate fermentations.
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TABLE 3.

Yields of Carbon Dioxide Produced in the Yeasst Fer-

mentation of Saccharified Corn Mash (1) Determined by

Loss in Weight of Fermenting Medlum and (2) Calculated

from Ethanol Analysis

(1) (2)

Time after inoculation, Carbon Dioxide Carbon Dioxlde

loss, calculsated from

hours grams ethanol analysils,
grams

23 6.7 6.6

33 8.0 8.1

39 8.3 8.4

69 S.8 9.6

82 8.7 9.7

82 8.8 9.9

82 11.0 9.8

82 9.9 9.¢

82 9.7 9.9

82 1C.0 9.8
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B, Amylase Production by Various Molds

Twenty-one moldy bran prepsrations were made by
growing varioue molds on moistened wheat bran medium in
the rotsting drum apparatus.

The molds studied are listed in Table 4, and hence-
forth reference to the individual molds will be made by
number. The drum preparstion from each mold 1s desig-
nated by the laboratory number of the mold plus an
alphabetic suffix. For example Drum Nos. 2a, 2b, Z2¢c

etc. were prepsared from mold No. 2.

;:JHJLLNE |_i'}>|
Y
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TABLE 4

Molds Tested for Amylase Production.

Lab.

No. Name Source

2 Aspergillus oryzae A. T. C. C.,l No. 4184
38 Aspergillus oryzse Rohm and Hass No. 38
40 Aspergillus oryzae Rohm and Haes No. 40
42 Aspergillus oryzae Robm end Hass No. 42
22 Unidentifled yellow mold Isolated from Oat Hulls
45 Unldentifled yellow mold Isolated from Sllage

14 Rhizopus oryzae Lockwood,2 No. 649
19 Rhizopus triticl Lockwood, No. 664
21 Mucor Javanicus Lockwood, No. 718

(1) American Tyve Culture Collection, Georgetown Unlversity
Medical School, 3900 Reservoilr Road, Washington, D.C.

(2) Lockwood, L. B., U. 3, Department of Agriculture, Bu-
reau of Chemistry and Solls, Washington, D.C.
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C. Comparison of Drum Preparstions from Various Molds

The saccharifying power of preparations from Drum
Nos. 22, 2b, 2¢c and 24 (prepsred from mold No. 2) was
compared using &i1fferent concentrations of the amylo-
lytic meterisls. The corn mash was made up, sacchari-
fied, and the ethsnol fermentation carried out as pre-
viously described under kKethods. The selectlion of the
best drum preparetion in this group, No. 2¢, was
based on the yields of ethanol as given in Table 5.
It was intereating to note that the moldy bran from
Drum No. 2¢ was dried before svorulation took place,
while that from Drum No. 2d was allowed to sporulate
before drying. The inoculum for Drum No. 2b consisted
mainly of vegetetive mycells with relatlively few spores,
and poorer growth wss evident in this preparation.

Since the moldy bran from Drum No. 2c¢ gave highest
yilelds, it was used as the reference amylase prepara-

tion throughout the subsequent investigation.
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TABLE 5

Ethanol Yields from Corn Mash Ssccharified by Mol-
dy Brans of Drum Nos. 22, 2b, Z2¢ and 2d4.

Amylolytic Proportion of Ethanol from
material Amylolytlc material, corn,
g./100 g. corn grams

2.84
11.36
11.90

2a

OO, OO OO OO

o

8.52
11.51
11.64

2b

10.69
11.71
12.00

10.06
11.26
11.47

2¢

-

24

=
QO O OO oo

=
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In order to seslect the most effective amylase-~
producing straln of Aspergillus oryzae, fermentatlion
mashes were saccharified using the following prepa-
rations:

Drum Nos, 2b, 2c, 24 (A. oryzae No. 2)

Drum Nos. 38a, 38b, 38¢ (A. orygse No. 38)

Drum Nos, 40sa, 40b, 40c, 404 (A. oryzae No. 40)

Drum Nos., 42a, 42b (A. oryzase No. 42)

Drum Nos. 22a, 22b (Unidentified yellow mold No.
22, probably belongs to A.

flavug-oryzae group)

In this selection, however, laboratory faclilities
did not allow parasllel fermentatlions employing all
the A. oryzase preparatlons in a single series. There=-
fore, separate fermentations were run for each concen-
tration of the amylolytic material used (i.e. 2.5%,
5.0% and 10.0%). Also the duplicates for each concens
tration were carried out as separate fermentation
series, The ylelds of ethanol for each of the above
concentrations are ziven in Table 6, Table 7 and Table
8, respectively. The ylelds in per cent of theoretical
were calculated as described previously 1n the section
on Methods,

In Table 6 the ylelds of ethanol using 2.5% con-

centrstion of amylolytic materlals are given. With
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this concentration the data indicated that the prepe-
ration from Drum Nos, 40a and 2¢ were the most ef-

fective saccharifying azents of this A. oryzae group.
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TABLE 6

Ethanol Yields from Corn Mash Saccharified

by 2.5% Concentration of Various A.

oryzse Prepsrations

Amylolytie Proportion of Ethanol from Yield, #
material Amylolytic materilsl, corn,
g€./10C g. corn grams
2b 2.5 7.02 67.4
2¢ * 7.63 62.4
24 " 7.11 58.2
22a # 6.52 45,2
22b * 6.88 56.5
38a H 6.60C 54.0
38b " 6.99 57.2
38¢ " 6,95 66.92
408 " 7.75 63.5
40b " 7.40 60.6
40c “ 6.72 66.1
404 " 6.13 50.2
42a " 6.56 53.7
42b " - - - -

yield = 12.20

U |
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Table 7 shows the yields of ethanol using 5.0%
concentration of each amylolytic preparation., At this
concentration moldy bran from Drum Nos. 40a, 40b and 2c¢

gave the highest yields of ethanol.

TABLE 7

Ethanol Yields from Corn Mash Saccherified by 5.0%

Concentration of Various A. oryzse Preparations.

Amylolytic Proportion of Ethanol from Yield,
materisl amylolytic material, corn, %
g./100 g. corn grams
2c 5.0 10,02 82.2
24 " 9,43 77.2
22a " | 7.73 63,3
22b o 8.89 72.9
38a . " 9.20 75.3
38b " 9.59 78.5
38¢ " 9.7 g0.8
40¢ " 10,17 83.3
40b " 10,08 82.5
40¢ " 2.88 80.9
428 " 9.563 78.0
42b # . 9.03 73.9

Theoretical ethanol yileld = 12,20
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Table 8 shows the ylelds of ethanol using 10% con-
centrations of the Aspergillus oryzae prepsratlons.
The differences in ethsnol ylelds were rather small
in this series. The following preparstions gave
yields between 78 and 78 per cent of theoretlcal:
Drum Nos. 40b, 2¢, 40c, 38b, 22b, 38c, 40a, 404 and 24.
The fact that the ylelds were lo» in this particular
series cannot be satisfactorlly explalned. All of
the fermentations, the ethanol ylelds for which are
given in Teble 8, were incubated a2t the same time.
It is believed that overheating in the incubator
toward the end of the fermentation msy have caused

the low velues, due to evaporstion of the sglcohol,

oLl Zyl_i}sl
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Table 8

Ethanol Yields from Corn Mash Saccharified by 10%

Concentration of Various A. oryzae Preparatlions.

Amylolytic Proportion of Ethanol from Yield &
materisl amylolytic material, corn,
g./100 g. corn grams
2b 10.0 9.22 75.5
2c " 9.44 77.4
24 " 9.32 76.93
22a " 8.86 72.5
22b " | 9.38 76.8
38a " 9,086 74.1
38b " 9.42 77.1
38c¢ " 9,38 76.8
40a " 9,36 76.6
40b " 9.52 ?77.9
40C¢ " 9.42 7.1
404 " 9.32 7645
423 " 8.62 70.6
42b " 8,90 72.8

Theoretical ethahol yleld = 12,20
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In the comparisons to this point the preparations
of Drum Nos. 2c¢ and 402 were found to be definitely su-
pverior as saccharifying agents in the alcoholic fer-
mentation of corn mashes,

The results glven in Table @ serve to compare the
following drum preparations:

Drum No. 2¢ (A. oryzse No. 2)
Drum No. 14a (Rhizopus oryzae No. 14)
Drum No. 18a (Rhizopus tritici No. 19)

Drum No. 2la (Mucor Javanicus No. 21)

Drum No. 45a (unidentifled silage mold No. 45).
The carbon dioxide loss method was used instead of
the ethanol yleld for this series of fermentastions,
Preparations from Drum Nos. l14s and 19a compared quite

favorable with that of Drum No. 2c.

ol Lalu Zyl_ﬂbl
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TABLE 9

Carbon Diloxide Yields from Yesst Fermentstion of Corn iash

Sacchsrified by 5% Concentrstion of Vsrious ijold Preparations.

Amylolytic Provortion of Carbon dicxide
material semylolytic materisals, from corn,
g./10C g. corn grams
2c 5.0 10.2
l4a 5.C 10.0C
19a 5.0 1C.1
2la 5.0 8.6
458 5.0 9.7
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D. Comparison of Mold Amylases Produced in Three
Different Kinds of Apparstus

The mein sdvantsge of growing the molds in com-
paratively large batches in the rotsting drum appa=-
ratus 1s to obtaln consistent amylase preparations.
Matting of the medls and uneven growth was chara-
cteristic of the mold amylsse preparations produced
in ordinsry flasks. To overcome this difficulty each
flask was equiped with a stirrer, 1,e. & heavy glass
rod inserted through the cotton plug to the bottom
of the flssk., Also it was observed that much better
growth cccurred if the flassks were placed on thelr
side 1instesd of in the regnlar upright position.

The obJect of the first part of this study was
to compare amylolytic materisl produced in the ro-
tating drum with the saccharifylng materisl oroduced
by the technigue usling the special flasks, If con-
sistent results could be obtained with preparstions
grown in these flasks, investigations to determline
the effect of pH, temperature, salts, inhibitors etc,
would be grestly facllitated.

The cearbon dloxide loss method was used as the

criterion for comparing drum and flask preparations

ERT fyl_llsl
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from one straln of Asperglllus oryzae and from one

strain of Rhizoous oryzae. The date 1n Table 10 indi-

cate that the flask orevarations and drum preovarstilons

checked 1n thelr saccharifying ability.

Wwww.maharas

5




- 44 -

TABLE 10

Carbon Diloxide Yields from Yeast Fermentation of Corn
Mash Saccharified by 5% Concentration of Mold Prepara-

tions Produced in Speclal Flasks and in Rotating Drum

Apparatus.
Amylolytic Proportion of Carbon dloxide
materiasl amylolytlc material, from corn,
g./100 g. corn grams
Drum 40f 6.0 10.4
Flask 40f 6.0 10.3
Drum l4a 5.0 10.0
Flask l4a 5.0 10.1
Drum 40e 5.0 8.6
Flask 40e 5.0 s.8
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Two semples of mold smylaese preparations, which
hzd been grown in sn sereted aluminum pot, were ob-
tsined through the courtesy of Dr. Leo M. Christiesnson
of the University of Idsho. These preparstions were
produced 1n 750 gram batches by growing A. oryzae
No. 2 on wheet bran medium. The sbove two samples
were designated ss LKC #3 and LMC #7 snd a compsrison
was mede with moldy brsn of Drum No. 2¢. The data,
given in Table 11, indicste thet the meterial from
Drum No., 2c wag the most effective; however the 4dif-

ferences between the three ssccharifying preparstions

were smsll,
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TABLE 11

Ethanol Yields from Corn Mash Saccharified by Mold FPrepa-

ratione Produced in an Aerated Aluminum Pot and in the

Rotating Drum Apparatus.

Amylolytic Proportion of Ethanol Yield,

msterial emylolytic materisl, from corn, %

g./100 g. corn grams
LMC #3 2.6 9.41 77,0
5.0 9.45 77.3
10,0 g.68 79.2
LMC #7 2.5 9.28 75,9
5.0 9.46 77.4
10,0 9.58 78.3
Drum No. 2¢ 5.0 8.52 7.7
10,0 9,77 80.0
Theoretical ethanol yleld =< 12,20
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E. Comparison of Drum Preparstions with Two Commercisl

Disnsatase Products and Malt

Two commercial mold-dlastase products wvere com-—
pared with two moid preparations made during the present
investigation and with two melts. One of the commerclal
preparations was "Taka~koJji" obtained from Takamine
Laboratory, Inc., and the other was "Dlastase DC" cb-
tained from Rohm end Haas Compeny, Inc. The reference
mold preparations employed were those previously
designated g8 from Drum Nos. 2¢ and 4Ca. One ssmple
of melt wss obtslned in 1938, the other in 1939. The
data for the two fermentatlon series are given in
Teble 12 and in Table 13. The commerclsl mold-dlasstase
products are designsted ss Prepsration *A" and Preps-
ration "B*. Comparison of amylsse activity is based
on ethanol ylelds from the fermentstion of the saccha=
rified corn mash,

Moldy bran of Drum No. 2¢, Preparstion "AY and
1938 malt were comosred in one serieg of fermentatlions
and the results are given in Table 12. Preparation "AM
was superior in concentrations of 2.5%, while at the

higher concentrstions, the materisl from Drum No. Z2c¢

was the most effective sszccharifying agent in this group.
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TABLE 12

Yields of Ethanol from Corn Mash Saccharified by Moldy
Bran from Drum No. 2c¢, Malt and g Commercial Disstase
Preparation.
Amylolytic Proportion of Ethanol
material amylolytlc material, from corn,
g./100 g. corn grams
Preparation "AY 2.6 10.83
5.0 11.37
10.0 11.82
1938 Malt 2.5 9.42
5.0 10.51
10,0 11.21
Drum No. 2¢ 2.5 10.69
5.0 11.71
10.0C 12,00
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Hold prepsrastions from Drum Nos. 2c and 40a,
Preparation "B", 1938 Malt and 1939 Malt were com-
pered as saccharlfying agents in a second fermentation
serles, the data for which are given in Table 13.
Preparations from Drum Nos. Z2c¢ and 40a gave the highest
vields of ethanol. The lowest yield of ethanol was

obtained using 1938 Malt,
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TABLE 13

Yields of Ethanol from Corn Mash Saccharified by Moldy Bran
from Drum Nos. 2¢ and 40a, 1938 Malt, 1939 Malt d a

Commercial Diastase Preparstion.

Anylolytic Proportion of Ethanol from Yield,
material amylolytic material, corn, %
g./100 g. corn grams
Preparation “B* 2.5 6.26 51.2
5.0 9.09 74.4
Drum No. 2¢ 2.5 7.63 62.4
5.0 10.02 82,2
Drum Neo., 40a 2.5 7.75 63.5
5.0 10.17 83.3
1938 Malt 5.C 8,61 69.7
1939 Malt 5,0 8,94 73.2

Theoretlical ethanol yield = 12.20
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F. Comparison of Yesset Strains in the Fermentation of
Corn Mashes Saccharified by Various Mold

Amylase Preparations,

In this study five high alcohol-producing strains
of yessts were used in the fermentatlion of corn mashes
which had been sacchariflied by various high amylase
preparations., The strains of yeasts employed in the
fermentation are designated in this laboratory as

follows: Saccharomyces cerevisige No., 4%, Saccha-

romyces cerevislae No. 16, Saccharomyces gcerevisiae

No. 21, Saccharomyces gnamensis No, 2, and Schizo-

saccharomyces pombe No., 35, The moldy bran prepa-
rations used 1n this serles were prepared from the

following molds: A. oryzee No. 2, A. oryzae No. 40,

Rhizopus oryzse No. 14, Rhizopus tritici No. 19, and the

unidentified silage mold No. 45.

The amylase preparation from Rhlzopus tritici
No. 19 gave conslstently high ylelds with all of the
strains of yeasts employed, Also, the strain of yeast

Saccharomyces cerevislae No. 43 gave high ylelds with

all of the saccharifying agents employed. The data are

given 1n Table 14.

www.manarag

;




TABLE 14

Cerbon Dioxide Produced by Five Yeast Strains Grown

on Corn Mash Sscchorified by Five Mold Amylase Preparations.

A0 8 Saccharomyces
gerevisiae revi
No. 43 No. 186

Saccharomyces Seccharomyces Schizosa-
ereviasla
No. 21

Carbon Dioxide Carbon Dioxide Carbon Dioxide Carbon Dioxide ~No.

anamensis ccﬁarom%-
No. 2 ces pombe

Amylolytic Produced, Produced, Produced, Produced, Carbon Di-
material grams Yleld, grams Yleld, grams Ylield, grams Yleld, oxide Pro-
% ) % % duced,
grams Yield
% '
(4]
4]
No. 2¢, 1
(A.oryzae No.2) 10.3 86 9.2 83 10.1 84 9.7 81 10.0 83
No,l4se
(Roryzse No.14) 10.5 87 9.9 83 10.0 83 10.0C 83 9.6 80
No,.19e
(Rtriticl Nal9) 10.3 86 10.1 84 10,0 83 10,2 856 10,2 856
No,40?f
(Aoryzse No.40) 10.2 85 10.1 84 10.0 83 9.2 83 9,2 83
No. 46a
(sllsge mmld#45) 9.9 83 9.2 77 9.6 8C 8.3 89 9.9 83

Theoretical Carbon Dioxide Yield = 12.0
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V  SUMBARY AND CONCLUSIGNS

1. A high amylase producing mold wass lsolsted from corn
silage by the method employing starch sgar medlum,

2. A prelimlinery study on distillsastlon indicated that
100 ml. of distillaste chould be collected in order to
obtain the ethanol, quantitatively, from 300 ml. of
fermented corn mash, or beer, of such concentration as
employed during this investl gtlon.

3. Twenty-—one moldy bran preparaticns were msde by
growing various molds on mcistened wheat bran medium in
& rotating drum sovaratus. These molds included four
streins of A. oryzae, two strains of Rhlzoous specles,

a ﬁucor; and two unidentified molds.

4, Xoldy brsn preparations from Drum No. 40a and Drum
No. 2c¢ gave the best ylelds of ethsnol in the comparative
studies of fifteen drum preparaticne produced by growing
A. oryzse strains on the wheat bran medium.

5. Two stralns of Rhilzopus species were found to be
high amylese producers, being about equal to the
reference mold A. oryzse No. 2.

6. The maln sdventage of growing molds 1in comparatively

large batches in the rotating drum apparstus is to ob-

ERT fyl_llsl
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products could be obtained by growing molds in flasks
it would facilitste studies on the many varisple fac-
tors. A simple technique for growlng molds on molstened
wheat bran medium 1n Erlenmeyer flasks was devised., It
was found that corresoonding flask and drum prepsarations
(1.e. preparations made by growing the szme mold in
speclal flasks and in the rotating drum apparatus)
checked in their esccharifving abllity.

7. Two szmples of smylese preparations produced by
groving A. oryzse No. 2 on whest brsn medlum in en
serzted aluminum pot were compared with the reference
product from Drum No. Zc¢. The latter, however, gave
slightly higher yields uvon fermentation of the saccha-
rified corn mash,

8. Amylese preparations from Drum No. 40a and Drum

No. 2¢ and two commercisl mold dlasetsse products
(Preparstion "A" end Preparstion "B") were found to

be superior to malt as eaccharifying agents for the
elcoholic fermentation of corn mash.

9. Saccharification =nd fermentation studlies were made
using the various combinations of five high amylase
preparations and flve different yeast strains, The

amylase preparstion from the mold Rhizopusg tritici

No. 19 gave high ylelds (83 to 86% of theory) with all

Ol LaCN Zyl_ﬂbl
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of the strains of yessts employed. The best strain cf

yeast wss Saccharomyces cerevisige No. 43, the ylelde

beling from 83 to 87% of theory.
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