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I. INTRODUCTION

Ethanol has become the most useful 1@&&sﬁrial organic
compound known to our pregsent civilization. The only other
chemical compound that surpasses it in number of uses is
water. Humen history gives it the distinction of being the
product of one of the oldest chemical processes known,
namely, fermentstion., The chemicel investigstion of the
methods of its production sre of extreme importance since
ethanol enters sither directly or indirectly into the prepara-
tion or proecessing of more materisls than sny other oramnic
compound .

buring the past energsncy the produetion of ethanol sure
passed that of any other pure industrial licuid chemicel, The
peace time production of 247,000,000 proof gellons in 1940 was
increased to more than 1,200,000,000 proof gallons in 1945,
Prior to 1941, blackstrap molasses, an iluported by-product
from the sugar industries abroesd, hed been used almost ene
tirely for the fermentative production of ethanol. Its une
availabllity after late 1941 made the use of corn of prime
importance, and for some time corn wes used exclusively.

Increased use of ethanol in the synthetic rubber program
and in the manufacture of explosives made an increased

production imperstive. Such an incresse was only possible
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through a huge expansion program in %ﬁ&.iﬁﬁastriai yveast
fermentation of starchy substrates to ethansl. This expen-
sion necessitated the use of other starchy substrates such as
wheat, barley, rye, oebs, and sorghum grains to supplement
the inadeqguate supply of corn.

Since 8ll starchy substrates pust be converted to fer-
mentable sugars, a process called saocchsrifieation, before
fermentation by veast is posggible, there was an increaged
demand on the barley malt supply whieh is zenerally used for
the saccharification of starchy materisls prior to fermenta-
tions. The despoerate need for barley malt caused » deteriora-
tion in the guality of the malt emylases, since the time-
consuming processes used to meke good barley nallt were speeded
up and also less satisfectory barley had to be used for
malting. Mold bran, the result of a 10 year ploneering re-
search program conducted in four laboratories, Iowa State
College, University of Idzho, University of Hebraska, and
Farm Crops Procegsing Corporation, was used very succesge-
Tully as & malt supplement. ILarze plant scale usage has
proven that it gives slightly better yields of aleochol,
shortens the time for complete Termentation, producss more
yeast cells, and can be produced cheaply from abundant raw
materials.

It has been known for m&n? years ithat anylases from

various sources and prepared differently show marked varistion



in properties, such as extent of liguefaction, dextrinization,
and ssocharification of starch; temperature for optimum
activity; thermal stability; and optimum pH range. These
differences in propertics have occcesioned much interest in
recent years and investigetions heve been nede to determine
more accurately the special properties of ceresal, bacterial,
and Tungal amy&ﬁﬁﬁs in sn effort to be able to select or
adapt the most favorsble for specific industrial usee, Chemw
ical tests have been devised for deternmining the amylsse pone
tent of smylolytic apenits. The methods commonly used to
measure the activity of amylolytie preparetions include
polarimetrie, lodometric, reducing power, and viscosity
measyrenents.

These chemical tests in genersl measure the «-amylase,
p~emylase, or the total o« and g-amylase activity of the
sgent emploved, and, although they efford a very guick meassure
of the potency, there can bhe found no correlation between
any of these test methods and actusl performance in 2 come-
plete fermentation. Such measurements of anylase setivity
are indeed helpful, but they give neither scecurste Informe-
tion as to the suitebility of the amylolytile asgent for fer-
menteation meshes nor sny indicatlion of the regquired levels
for most efficient use, Obviously, factors other than those
measured by chemiocal tests enter into the effectiveness of

enyvlolytie agents for saccherifying fermentation mashes,
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Sinece the saccherifying sgents are much more expensive than
the starchy materials procegsed, for most efficient and
sconomical use it is necessary that a means be afforded for
testing total emylolytic sctivity, snd thus make it possible
to adjust the proportions to be enployed for maxinmum yield
and miniman exponse.

Since most of the chemiecsl tests have been devised for
megguring the amylolytic setivity of malt, the correlation
of these chemical tests Tor total smylase gotivity with the
Termentation results using mold bran wes even less Tavorable
than with malt, The echemical teat method commonly used for
mold bran is the «-amylase evalustion of Sandstedt, Kneen,
and Blish (1939). ¥old brans with high «-amylase values are
guite certain $o be satisfactory for ﬂaeaharifying fermenta-
tion mashes, but no prediction can be made frém these
oa-pmylase values of the optimum level of mold bran to be used
for meximum ethanol production.

It has been steted by many competent observers that the
moet conclusive test for any saccharifying agent to be used
with fermentation mashes is en actusml fermentation on a series
of mashes with several levels of the smylolytic agent. This
requires much labor and three or four days for completion.
There is 8 grest need Tor a test thaet would have all the ad-
vantages of the tedious three to four day fermentation method,

but would reguire & shorter length of time and would zive an



exset Termentation evaluation. It was the major purpose of
this investigation 1o develop such & method for the evalua-
tion of amylolytie agents used for the gaccharificestion of

mashes in the alcoholic Permentation.



II. REVIEW OF LITERATURE
Ae Hethods Tor the Evaluation of Anmylases

The art of using malt and molds as amylolytic agents in
the Termentation of starchy meteriasls is centuries old, but
the seientific study of malt end nold enzymes has & history
of only about one and & bell centurles.

Irvine in 1785 is, aseccording to Pringsheim (1932}, ziven
erodit for discovering anmylase inm mald, but no further de-
tails are available since there is no literature reference
cited, The first recorded observation involving an enzymatie

action upon starches wes that of Guyton (1798), who noted

sugars. He was undoubtedly not eware of the amvlolytie
processes involved.

The first known amylolytiec reaction on starch, converting
it to éug&rs, was recorded by Naesse {1814} who noted that
starch extracted from livinz plants was capable of effeecting
its own conversion into sugars. This treansformation was not
observed when the sterch was taken from plants which had been
killed by boliling in waber. HKirchoff separsted a zlutinous
constituent from wheat meal which was able to liguely potato
starch paste, fermentable susars belng formed. It 1s unicue

also that Kirehoff (1815) should have been the first to re-
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port the conversion of stareh to s different type of sugsr by
s glutinous compopent of malt; the true catalytie effect of
the enzyme wes noted and the new substance, meltose, clearly
characterized.,. He concluded that the starch-suzar transforma-
tion wes o necessary step in the aslecholie fermentation of
anylaceous materials. These fundamental observations con~-
stitute the beginning from whiech all other Iinvestigations on
the subject have developed.

In 1830, Dubranfaut mede an extract of nelt which con-
verted starech into fermentsble sugars, and in 1833, Payen and
Persoz precipitsted from malt extract, by using aleohol, a
substance capable of hydrolyzing starch, They called this
substance, which was drled and preserved, "dlsstase™, the
French term for enzyme. However, to avoid confusion, "amyle
age" appears preferzble inasmuch as "amylase®™ is concerned
with the hydrolysis of the carbohydrate compopents in starch
and is the most setive prineiple in mslt and mold brans. A
new Tield of chemistry was opened by the observations of Payen
and Persoz, and the methodiecal study of amylolytic enzymes
wae %sgagn

In 1847, Dubrunfaut definitely proved that maltose was
one of the produests of the action of malt extract on starch
by a series of studies on the optical rotetion of the resulte
ant solutions. This was aeﬁfir&aﬁ>hy ¥useulus (1860} and
Payen {1865}, who added thet dextrins are smong the hydrolysis



products, and definitely stated that in the alcohol production
from grains practically all of the stereh is converted to fer-
nenteble supars and subsequently to aleohols The wﬁr& of
0t'8ullivan (1872, 1879) end Sehulve {1874} culminsted nearly a
genbury of preliminary examination and Pirmly laid the founds-
tions for our knowledge of the enzynle degradation of starche.

Since thet time, & very extensive litersiture hss devel-
oped concerning the actions of enzyues on stareh based upon
resesrch on the structure of sterch and on enzymic setion.
The survey whieh follows will be limited to the literature
pertinent to the evaluation of the amylolytic agents employed
in the sleoholic fermentation and there is no intention of
making & comprehensive review of the literature devoted to the
study of esmylases, modes of action, and hydrolysis products.
However, in this econneotion the comprehensive survey of Vale
ton (1928) who compiled the titles, and in many cases an
abstract, of 3,485 pertinent articles coverinz the period
from 1811 to 1925, and books by Sameec {1927), Luler (1928},
and Pringsheim {1932) are worthy of mention, The many papers
given over a period from 1939 to date by Karl Myrbach go into
nuech detail on some phases of starch degradetion. 4 review
by Preece {1941} listing meny refersnces 1s also worthy of
note.

The exact nature of the enzymie hydrolysis of sterch was

first postuleted by Msercker (1878), who, from his studies on
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the hydrolytic products, suggested the existence of two
"diastase ferments® in malt. 7This ides seemed almost for-
Totten for the next L0 yvears until experimental evidence of
his own and other workers econvinced Chrzaszez {1913} that the
amylages in malt had at least & threefold effect, namely,
starch«liquefying, starch-dextrinizing, and starch-ssccharify-
ing. One enzyme 4id not seem 0 be sdeguste. In his study
of hydrolytic products from the setion of smylase on starch
¥Friedrichs {1913) canme to the conelusion that malt amylase
was & f-enzyme and assumed that maltose residues were con-
nected by,ﬁﬁliﬁkﬁgeg, gince he obtalned dextrins in the early
gtagzes of the hydrolysis and meltose and glucoss later.

The two “dlasstase ferments® of Haercker were not confirmed
until Ohlsson {1922) was able to show their existence using
iaéin&ﬁaﬂé reduction resctions to follow the progress of starch
hydrolysis by nelt amylase, He separated both of them on the
basis of thelir relative stabllity toward heat at 4ifferent pH
values. He ealled these two fractiions s "dextrinogenase®
{ ac~amylase) whieh hydrolyzes starch into dextrins, and a
"asaoharogennse™ £/6~&my1a$@3 which converis stareh and dex-
trins to maltose. Sj0berz end Frikson (1924) confirmed the
work of Qhlsson by noting the variation in proportion bew
tween dextrinizing power end saccharifying power in dif-
ferent enzyme preparations and the different inhibition of

these two functions by maltose and zlucose, Luler and Helle-



perg (1924} save support to Ohlsson and to Eggbar@ and Erike
son by disecovering from polerimetric studies that the speeifice
rotation of the hydrolyzate from the action of malt sxtract
on stareh was 121%, while thet for «-maltose was 168°, for
B-maltose was 1189, and for sn egual mixbture was 13&“, thus
showing the maltose liberated from sitarch was predominstely
the p-forma

Following up his earlier work Chlsson {(1926) prepared
very pure "dextrinogenase® and “sgocharogenase™ and studied
their coptimel setivity st verious pH values, noting that for
the former the optimal pH is 5,5-6, and for the latter 3.8-
545« Euhn (1924}, Pringsheim and Leibowitz (1925), esnd Polak
and Tychowski {(1929) adopted the view thet «~amylase and
P~amylase split o=-glucosides and f-glucosides respectively.
Blom, Bak, and Braae (1937) believed that o~amylase was
responsible for the licuefying sction, vwhereas the action of
B-amylase was purely seccharozenlie., A decade of intensive
investigetion led Myrbach and Lund&n (1946) to believe that
| the liguefying, dextrinizing, and some saccharifying aetion
was atiributed to o-amylase, while the g-amylase was purely
gsaccharosenics

Kirchoff (1815) clearly demonstrated that the action of
maltose-ree amylase on stareh did not zive a complete con-
version to naltose, but that & porition of the starch was re=-

sistant to amylolytiec action, this portion later belng ziven
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the name dextrin. Huseulus (1860) and later 0'Sulliven {1872,
1879} demonstrated that there are several dextrins formed by
the amylolytic setion of malt extramets They, being unable to
obtain the theoretleal smount of maltose, explained that this
is an eguilibrium reaction, end the sugar slready formed in-
terfered with further saccharification. $§gherg and irlkson
(1924) were mentioned earlier as having discovered that male
tose and glucose inhibited the two functions of dextrinizing
and saccherifving. 4 yvear earlier Pringshein and Schmsls
{1923} stated that at the point of lismiting degradation there
remaing a "limiting dextrin® which has since been proven to
be identicel with the staerch-trihexosan. “They obitained from
a fresh yvesst extract an asctivator or ecoenzyme of protein
orizin that together with meli amylases would hydrolyze starch
to an almost theoretical yield of maltose. Their name of
toomplenent™ remaine in the litersture today. Confirmastion
by Kuhn (1925), Sjoberg (1925), Lliers and wieninger (1925},
and Hoop and ven Laer {1925} of the investipations of Pring-
sheim and Schmalz gave another factor to be considered in the
evaluation of the anylases. Theze studlies alsﬂ brouzht out
the fact thet over 96 per cent of the sterch il converited to
maltose, provided encugh "ecomplement™ 15 present during the
hydrolysis. .

Prinzsbein and Puchs {1923) and Pringsheim and Belser

{192L) were able to show that the amyloses and their asctivee
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tors occur togethsr in nature sines they obisined erude "Qome
plement® from barley mealt extraet by dislysis followed by
purification by an ethanol precipiteation proccdures The varie
ance in proportion of activators to amylsses in nature helps
to explain why the limiting degredation doess not stop at
gxactly the same stage for various mslt spuples using identi-
cal procedures. An addlitional note of interest was supplied
by liyrbich and %rt@ﬂhl&é {1939) end Snider {19L1l) who sug=
gested that part of the feamylase in barley malt wes bound to
an insoluble protein making it insotive until freed by the
action of & proteoliytic enwyme., Thus the elucidation of
Pringsheln's “eomplenent® mpey be acconplished s00n.

4 natural conseguence of the work of Kirchoff {1215),
who demonstrated thet smylasen will convert gtareh to for-
m&ntahlﬁ‘ﬁngars, was the ﬁéV§10§mﬁﬂ% of methods for estinmeaw
tion of the sctivity of any and all enzyvnic preparetions.
Such measyremsnts may be broadly olaseecd under the following
headinge:

1. Polarimetric methods.

2« Viseosity methods,

3« Todometric methods.

Le Hethods involvwing the destermination of reducing nower.

5. Direet determinations,

l. pPolsrimetric methods. The application of anguler

rotation of plans~polarized light to the estimation of the



amylolytic power of melt extract was sugczested by Biot and
Persoz {1833} who @htaiﬁéﬁ, by acid hydrolysis, & gum they
called "dextrine” because it g&?@ g strong rotation to the
right of the plane of polarized liszht. Dubrunfaut (1847)
used this method to show thet e susar, later called maltose,
produced by the action of malt exiract on starch, gave an
angle of optical rotation about three times as grest as that
of glucose. Following these early leads 0'Sulliven {1872} in
the first real conecise investigations used this method to
identify as well as determine the amounts of the hydrolytic
products from the ametlon of mall exitract on starch paste.

Brown and Heron (1879), Wiley (1882), and Brown and
Morris {1895) eonfirmed and %ﬁpyzemaﬁteé the sarlier reports
with the use of this method. The latter authors were able to
correctly determine the percentage of maltose in the end
produets of stareh hydrolysis by malt amylases, their neasure
of amyvlolyvtic activity.

Twenty vears later Wolf? {1915) using a Zeiss inter-
ferometer obtained data on various mizxtures of pure starch
and glucose, plotted the scale divisions axainst the grams of
glucose, and was thus able to determine the amount of glucose
produced by the action of maelt extraet upon starch,. Gore
{1924) obtained an estimation of the amylolytic aoction of
malt extract on starch by noting the decreosse in the angle of

rotetion of thelr solutions over a 25 minute period of tinme,
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ley {1931} examined the validity of Davizon's viscosimetric
method for the determination of amylase comparing it with the
iodine method of Wohlgemuth (1908). Chesley found no com=
paritive basis upon which the two methods could zive the sane
values for ean evaluation number.

Jozss and Gore (1930) usmed = speciasl 5 per cent starch
pagte of very stable and sonsistent viscosity for their
method and expressed the results in terms of the enzyme and
substrate. PFleteher and Westwood {1930) modified the method
of Jozse and CGore asing a higher snylase concentration and
obtained better results. Thompson, Johnson, and Hussey (1931}
revised the originsl Northrop and Hussey method to gzive
results especislly for concentrated amylolytie solutions. 4t
about the ssme time Chrzaszez {1931) wes developing his
method using varying increments of mald extrset on 10 ml. of
10 per cent starch paste, and the Tirst tube in which the
stareh would Just flow was used in his eveluation schene,

His resultis sere expregeed as the cuentity of engyme negessary
to liguely one grem of starch under specified conditions.

4 very eritical review by Chrzaszoz end Janieki (1932)
of fiftesn methods used to determine the liguefying pover of
amylases gave experimental evidence showing many of them to
be very unrsliable snd proposed a total of sighteen modifica-
tiong to improve them. The review covers the principles of

liguefying, dextrinizing, and saccharifying as applied to
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viscosity. An interesting modificetion of the viscosinetrie
principle is the one proposed by Krijgsman {(1934) who used
& Pulfrich photometer and noted the time required by the
C=zmylase of malt to decrease the opacity of a gtandard 3.0
per cent glycogen solution.

Blom and Agnete (1938}, noting the difficulty of pre-
paring a perfecily reproducible starch paste for any viscos-
ity measurement, used & L5.0 per cent suerocose solution as the
standard and then compared the reduction of the viseosity of
a standard 3.0 per cent stsreh paste conbteining 0.1 ml.
amylase and 1.0 nl. acelate buffer to keep the pH et or near
5404 4&n eguation was given to express their results.

- The firm estéhli&hm&nﬁ of «-amylase as the licuefyving
portion of malt amylases geve impetus to fubure work and the
results of 8 new modification by Blom {(1939) were given in
terms of the liguefying power of o~amylase., Blom used a
saccharification method to determine tbe activity of the
A-amylase component. In a review of many of the methods of
determining the liquefying power of & malt Tayliﬂa&iﬁ and
Vodyazina {1939} came to the eonclusion the viscosimetric
methods are pore objective and are nuch faster than nmaost of

the other methods employved.

3+ JIodometric methods. According to Scholz (1814) the

first use of lodine in connection with starch was made by

Btromeyer in 1213 who discovered that icdine in solution



would stain stareh a mixture of oolors deseribed as violet,

blue, and bluisheblack. ©Colin and Claubry {1814} confirmed

Stromeyer's ﬁiﬁﬂﬁ?ﬁ?¥ &ﬂﬁ added that upon boiling the aélar&
would disappear and thén return upon cooling, 4ll starches

ua&d gave this reaction.

Apparently for the next helf century little was done
with regard to using this lodine reaction for the deterpinge
tion of amylolytic action and it was not until 1881 that
Roberts mede use of it in his estimation of the amylolytie
activity of pauncreatic extracts, malt extracis, and human
paliva. JHe expressed the actlvity as the number of mle of
standsrd 1.0 per cent starch paste which is converted, so as
to give no color with & zolution of iodine, by 1.0 ml. of
enzymie solution during 5 minutes at LO%. Junsk {(18854)
repested and confirned Roberts's work but expressed his re-
sulbes as the time required for 10.0 nl. of extract o con-
vert 10,0 g. of sterch paste at 40°C to complete @isappesr=
ance of sny color resctlon with iodine. 4 zood malt should
do this in 10 sinutes.

Hearly a quarter of g century elapsed before any modifle
cation of ihe existing lodine methods or the determination
of amylolytic scbivity appeared. Wohlgemuth {1908} based his
now well known method on the disappearance of the blue color
ag sterch ils hydrolyzed by wvarious incrasments of the enryme

solution. To several test tubes contelining 5 nl. of l.0 per
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cent starch inereasing amounte of ensyme solution arc added,
01 ml. increments for weal solutions end 0.01 ml. inerements
for strong solutions, end all tubes are incubated for 30
minutes at 359C. One drop of 0.1 ¥ iodine solution is then
added to each tube and the tube just showinz the nuance of
blue color is pleked as the eorrect one. For exsmple, 17
0.02 ml. of enzyme solutlon hydrolyzed 5.0 ml. of 1.0 per
cent starch, then 1.0 nml. of enzynme would hydrolyze 250 nl.
of 1,0 per cent stareh to the dextrin stege, and VWohlgemuth's
value 1s expressed as ﬁ§§g§*35§a w 250,

Johnson {1908 used much the same method as Yohlgemuth
but stipulated that the tube Just showing no lodine color in
10 minutes was the correct one to use in compubing the anyle
olytic power. Sherman, Kenﬁailg and Clark {1910} on review-
ing many methods for determination of the emylolytic powsr
decided that the iodine method was nmost objective, bul modie
Tied it 1o suit thelr conditions. The welgzht of the enzyne
which zave no iodine color in 30 minutes under specified con-
ditions was divided into 2.5 g. storch paste, and gave flrures
which were 2,7 times bigher than the figures obtained by an
analogous determinetion using Lintner*s method and scale. 4
division of Sherman, Eendall, and Clark®s secale by 2.7 will
give the same numbers as those obtained by Lintnerts method,

Ellrodt {1914) gove g method using iodine which is guite

direct in its apnliestion to slecholie fermentations, He
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placed 3.0 ml. of 1.0 per cent sterch paste solution into a
atoppered lask, added 1.0 ml. of clear fermenting mash Just
undergoing secondary fermentation, suspended the flask into
the mash, and ﬂ%%&m& the contents of the flask from time to
time with & pale mmwxawaﬁ of lodine in potassium lodide. 4
yellow color with iodine denotes sulfficient amylase; a red-
dish color indicates Just enough mw%w@mmw but the quaniity of
amylase should be incressed somevwhst to be on the safe side;
and s blue or violet color mm%www¢ﬁww demongtrates that more
malt must be added to completely hydrolyze the mash for max-
imum sleohol production.

RBaker and Hulton {1921} found 4ifficulties using a
copper reduction method for determining the reducing power
of the hydrolytic products produced by malt extraet and for-
mulated a new lodometric titration, which, modified by VWinde
iseh and Kolbeoh (1921}, is still used today. However, it
hes been modified by Windiseh, Dietrich, end Kolbach {1922),
Lampe (1922}, Windisch, Dietrich, and Beyer (1923}, Windisch
and Xolbach {1925), and Lampe and Deplanche {1935). It is
generslly called the Vindisch-Kolbaeh method for the estima-
tion of the diastatie power of malt. Briefly, the method
coneiste of adding 5.0 ml. of pale malt extrset to 200.,0 ml.
of 2.0 per cent buffered and specislly prepared starch solue-
tion, let stand 30 minutes at 20°C, edd 10.0 ml. of 0.1 N
HeQH, remove a 30.0 ml. slicuot to which is added 20.0 nl. of
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Kneen, and Blish (1939) evalusted the sotivity in terms of
units representing the number of zrams of soluble siarch
which under the iﬁfi&ﬁﬁ@ﬁi@f eﬁa@ﬁﬁ;ﬁhﬁmylﬁﬁa agre dextrinized
by 1.0 g. of melt in 60 minutes at 3090 under the specified
conditions. This method showed peny advantages and has wide
current usage.

Altman and Nesterenko {1938) modified the test of Lffront
{1322}, based upon the coagulating effect iodine has upon
gbarch paste, to determine the ssecharifying power of sweet
malt. Dorfman {1938) eslso used a modified Eﬁfwént method for
& rapid determinstion of the saeccherifving power of malt.
Pertmen and Kaler {1938) also modified Effront's method,

Hanes and Cattle {(1938) studied the absorption specirs
of the starch-liodine complex in vaeriocus stages of hydrolysis
by means of a spestrophotometer. Rundle and Baldwin (1943}
did further work on stareh involving the starcheicdine come
Dlex.

An iﬁg&aia&& method for determining amylcelytic activity
was the cup assay method of Lulla snd Sresnivasaya (1946)
whiech used & smsll cup of specified dimensions plaged in the
middle of a Petri dish containing 25.0 ml. of U4 per cent
gterch agar medium and filled with the enzyme preparation.
After 12~24 hours incubation at 37°C the dish was flooded
with 0.0l H iodine solution and the ares not stalned messured

the dlastatic activity.
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In general the variocus iodometric methods seem to cover
the three effects of malt smylases outlined by Chrzaszoz

(1913), but no one method gives all three scparately.

Le Methods involving the determination gg‘gﬁﬁucing power.

Trommer (1841} is generslly ziven eredit as being the first
investigator to Observe the reducing action of the stareh
hy&relysia products upon an alkaline copper solution. Eight
years later Fehling (1849), using the accumulated dats on
copper reasents, formulated his well known alkeline copper
golution fré& which most of the reagents used today have had
thelir origin. The determination of the saccharogenic activity
of malt was ecarried out by Kjeldahl (1880} who added a known
amount of malt extract to an excess of starch, heated the
mixture for 20 minutes &t;ﬁ?mgaﬁ; determined the reducing
sugars formed using Fehling's solution, %ﬁé'ﬁﬁﬂtul&ﬁ@ﬁ that
the resultant reduction was proportional to the smount of
dirstage present as long sg not over L0.0 per cent of the
starch was converted.

Lintner {(1886) and Lintner and Wirth {1908) modified
Kjeldahl's method and expressed the amylolytic power of malt
anyliase a8 the number of grams of maltose produced by the
action of 100.0 g« of malt on soluble starch. In the Lint-
ney method 2.0 to 8,0 ml. of elear mslt extract, prepared by
mizxing 25.0 g. of finely ground malt with 5300.0 nml. of water
for 6 hours, is added to 100.0 ml. of 2.0 per cent soluble
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starceh made neutral to rosalic secid, 1n@aba§@ayaa minutes at
20°9C, and 10,0 ml. of 0.1 ¥ HaOH and water is added to make
up to 15%0.0 ml. An aliguot of thies is titrated using Pehe
1ing's copper reagent., Meny modificetions have been made and
only rudiments of the original are still used in present dey
Lintney analyses.

One of the firet modifications upon the Lintner method
wae that of Svkes and Mitchell (1896} who gpeeded up the
method and estimated the copper reduction gravimetrically ine
stead of by titration. Jones {1908) susgested improvements
in the pH of the hydrolysis, prevaration of the stareh used,
gtanderdization of temperstures, and standerd filtering
techniques to avoid wvariation in the malt extract preparation.
Oshima {1920}, using essentially the original Lintner method
in bis modificetion, computed hie results on the {irst tube
conteining 5.0 ml. of Pebling's solution that was completely
reduced by s messured amount of smlt extrsct-starch hydrol-
yzate. Other modifications have been added by Roeder (1921},
Lﬁmyﬁ,fl?ﬁgi, &ilber@&gﬁl,{lgﬁﬁi; and Hareda (1931), the
latter author using ecarefully controlled pil, temperature, and
specially prepared Lintner stareh solution. ,

Sherman, Kendall, and Clark (1910}, and Shermen and Beker
{1916) perfected & zravimetrie copper method which has been
used extennively for the determinstion of the reducing sugsrs

formed by the hydrolysis of stareh.
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Lane and BEynon {1923) modified the orizinal Fehling's
titration by the use of methyvlene blue ag an inside indiecator,
the method beins adopted by the American Society of Brewing
Chemists as their official volumetric method. Nortiz {(1932)
lauded the Lane end Fynon method and stated that it gave a
very good estimate of the transforming powver of any molt exe
traot and wes puch more indicative than any &@i&rminatiaﬁ;fmm
maltose alone. 4n inovation of the titretion method was made
by Ritter {1929) who dissolved the precipitated coprer oxide
with & solution of ferric sulfzte, cobtaining ferrous sulfate
in the oxidation-reduction resction, and titrated the result-
ant ferrous sulfete with potassiom permangasnate.

Blish and S&mﬁs%eé% {1933) adapted the potassium ferri-
eyenide titration method of Hagedorn and Jensen (1523) to the
estimation of the muylolrtic sebion of Flour and related
cerenl produet. The use, modifiestions, interpretations, and
appliestions by Cole {1933), Ohlsson and Rosén {1934}, Horris
and Carter (1935}, Teller (1937}, Gore and Bteele {1935},
snderson and Sallans {1937), Laufer, Schwerz, and Laufer (1938},
Hildebrand (1938), Hildebrand and MeClellsnd (1938}, Rask
(1939}, Burkert and Dickson (1939}, Dickson {1940}, and Popov
{1939) provided rapid and efficient methods for the determina-
tion of the saccharopenie property of nalt.

ﬁﬁ.iﬁ%@?éﬁtiﬁg development was that of Somogyi (1937),
who modified the Shaffer~Hartman (1921} technique for deter-



minstion of reducing sugars into a more useful nicromethod.
For the estimation of amylolytic actlivity, he assa&&& a
linear relationship for the copper reducing power obtained
with the hydrolyzates from the action of malt enzymes on
starch, Underkofler, Cuymon, Rayman, and Pulmer {1943} fure
ther modified the Somozyl procedure to include the determinge-
tion of reducing sugers in fermentation medis.

Hildebrand (1938) reported collaborative studies of the
Blish and Sandstedt nmethod and perfected & ceric sulfate
titration for compariscn, finding very little difference on
most semples, but smsll éeviati@ﬁa‘%itﬁ samples of extremely
high or low activity. These results were confirmed by
Burkert and Dickson (1939).

An electrometric detervination of the reducing power of
the hydrolyzate from the action of malt extract on starch was
proposed by Burkhart {1939}, who, by using & modified guine
hydrone pH meter as & potentiomeler, was able 1o determine
the reducing power ol the various samples more than three
times as rapidly as with the officlal method of the american
Society of Brewing Chemists. The method is fast, sinple, and
gives concordant results.

The deifinite estaeblishment of the o- and g-mmylase com~
ponents in malt inocreased interest in methods for the separate
determination of these components. Following the lead of

Sandstedt {1938}, who studlied the relstion of o= &ﬁﬁuﬁh@myiaaﬂ



t0o the evaluation of malt, Sandstedt, Kneen, and Blish {(1939)
modified the Vobhlpemuth procedure to zive an oxsoeld determina-
tion of A-amylases This d-amylese determinetion involves
adding an excess of f-amylase until there is no further effect
and deternining the nurber of Sroms of soluble starch which
is dextrinized by 1.0 8. of malt in 60 minutes at 30°C, since
a linear relationship bebween dﬁ@ﬁ?&&ﬁ%\aﬁti¥iﬁy and dextrine
izing time was indiceated under the specified conditions. The
PB-enmylase activity may be determined rapidly by the method of
Kneen and Ssndstedt (1941) which epplies when the f-amylase
present has at least twioe the sscecharozenic aetivity of the
K-ginylase, ag is true for most malis. Both d~amylese and
p-amylase may therefore be determined by the following pro-
cedure: +the sum of the dﬁ'ﬁﬁﬁdﬁ@ﬁmglﬁﬁﬂ aotivities is deter-
mined by the potassium ferricyanide titration method and the
K-apylese value, debtermined by the method of Ssndstedt,
EKneen, and Blish (1939), iz subtracted to ascertain the
P-amylase activity. Reports on collaborative studies of
methods for the dsberminetion of amylase activity by Dickson
{1942}, Dickson, Wilecox, Singruen, end Schoenfelt {1944), snd
Dickson (1944} zave statisticsl evidence to confirm the work
of Bandstedt and hls collshorstors, and have recomnrended the
methods for sdoption by the American Society of Brewing
Chemists a8 tentative procedures, Slizsht modificetions have

been recommended by Olson, Xvans, end Dickson (194L) and



Groesser and Dax {(1946).

5 Direct methods. The choles of any method for an

analysis depends upon the cireunstaneces and the alm of the
work. Host commereisl control work reguires a direct method
asecurately and precisely perfected to its speeifications.

The complezx nature of any enzyme reastion makes s determinaw
tion of any one of the fsetorse of only limited importance for
any practical use. Healizing, from & study of the methods
for the determinstion of the amylolytiec power of malt and the
setions thereof, that malt exhibits more than one property,
Chrzaszer (1913} stated that & method for walt evaluation
should at least take into account the powers of liouefying,
dextrinizing, and saccharifying, along with any others not
yet @1@@1&&@@%*

Matthews (1922} discovered that finely ground malt mixed
with water hed s much greater setivity than the water extract
of the same amount of malt when added to & soluble starch
solution. His msjor conclusion was that the agueous extraot
used in most deterninstions did not contein all the sctive
principles whiech contribute to the so called anmylolytice
aetivity. Hany observers such as VYindiseh {(1922), Lffront
(1932}, Pink (1934}, leufer {1937}, kossatkevitech (1937),
Redfern and Johnston {1938}, Sallens and Anderson (1939},

. Heintz {1939}, Tenner and Inglis (1940}, and Raev {1940} have

noted thet varisnce in nelts due Lo type of barley and loca-
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tion where grown, in the water used in the analysis, finensss
of grind of the galt sample, chemical and physieal nature of
gtarch substrate, amount of liguefaction obtained in come
parison to the smount of ssecherification, temperature, pH,
and time sll have a profound effect upon results obtained
with the standard methods uged in malt evalustion. Ketelbant
{1939) eimply concluded that there are too meny variable
factors to jJjustifly any real relisnce on snslyticel results as
& basis for melt evaluation.

- Bxtensive investigetions of the more common methods for
nelt analysis have led such workers as Davison and Maslow
{1926}, Hertel {1934}, Gore (1936}, Drews (1936}, Davis and
Tremain (1938), Menzel {1638), snd Selec (1938} to bhelieve
that analytical results give nueh valusdble information, but
that there is very poor correlation between the various
methods, and that concordant results cannot be obtained un-
less run by the same pethod, by the same operstor, with the
same samples, and seme preciee conditions. Sinee each method
usually smeasures predominetely only one of the many sctions
of an asmylolytic meterial there ean be 1little hope of thus
ﬂhtainiﬁg an overall evaluation for »ractical usames. Petlt
{1935) stated thaet for brewery operations, since the analysis
of the malt was carried out under conditions vastly differing
fropm those of the brewing process, the interpretation of

analyticel results depended upon the experience the anslyst
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had with tﬁe~m&$ha§ and with the brewery conditions and opera-
tions. Blish, Sandstedt, and Kneen {1938), Barreis (1941},
Christensen {1943), ¥neen, Beckord, and Sandstedt {1941),
Preece {1942}, and Kneen {1943, 1945) egreed with this same
general viewpoint in connection with seversl prectical uses

of amylolytic naterials.

Kneen, Beckord, end Sandstedt {(1941) concluded that the
general wethods of analysis glve no complete picture of the
enylolytic potentialities of malts, bdbut that in gensral hich
smyvliolytic sotivity is sssocleted with high velues for both
x-aniylase and g-anylase with no predietion of the lioquefying
and ssccharifying powers in s fermentation. Helson and Dick-
son (1942) confirmed these findings and added thet high smyle
olytic velues do not necessarily mean high retios of X-amylase
to f-amylase. Kneen {1943) stated thet of the two most use-
ful couponents so far studled, «-amylase and feanylase, the
forner ie probebly the most lmportant since it ecan licuely,
dextrinize, and ssocharify, %hii&,ﬁkﬁmgiﬁs& can only saccbar-
iy

When Drews spd Lampe {1940} substituted "meltspirits®
and disstase~grite for wmelt in an sctuel fermentation they
found from 3.0 to 10.0 per cent "maltepirits™ was as good a8
1@.9l§@r_a@nt malt and about 640 per cent disstase-grits was
neaﬁﬁﬁ to ecusl 10.0 per cent malt, but snalyses by the

Lintner and Windiseh~XKolbach methods gave the dlastase-grits



twice the wvalue of the malt end three times that of the
*raltepirits®, The analyticsl mei&m& uged gave no indicstion
of the fermentative possibilities. Kneen (1945) substituted
gorghum amylsse, analyzed es having bigh values for «-anylase
and low values for @-amylase, for malt smylese in a Termenta-
tion, and found no correlation bebtween the snslyses and the
potentinlities for producing fermentsble sugers over the ene
tire period of sasccherificestion. Redfern and Landis (1946}
tried to compare three sources of L-auylasse, namely, malt,
baeteria, and molds, and found the relative strengths were
independent of the dezree of licuefaction, and that all three
sources differed quentitetively in their action on starch.

hdlbacher {1946} in dlscussing the shortcominge of ine
vestipations on isolasted enzymic reaelions stated that all
engymes of an interreleted system aet on the substrate simul-
taneously forming many oomplexes, and the study of isolated
systems can have but limited velue. The "totelity” of the
gysten should not be overloocked.

Eveluation methods using a direct approach, that is,
methods employing specified conditions the gane as those
finally used in practical applicetions, are very limited.
Clibbens and Geake {1931) developed a method for determining
the aectivity of a desizing enzyme on the ¢loth upon whioch it
is subseouently to be used, Xneen and Sandstedt {1942), when

evaluating malts to be used as flour supplements, used actual
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baking tests to determine the value of the melt added. Pige-
man (1944) used yesst along with malt snylase to zet & com=
plete hydrolysis of the starchy substrate. Thorne, Lmerson,
Olson, and Peterson (1945) evaluated melts used for the pro-
duection of alcohol from wheat by extensive analyticsl and
fermentation tests and came to the conclusion that only =
fermentation test can give an accurste evaluation. For ex-
smple, some malts that s éistill@& would heve disearded on
the bssis of Lintner analyses proved in fermentation tests to
be as good as other malts ﬁaviﬁg,%agh higher Lintner values.
In all of the work at Jows State Colliege reluted to the
gaccharification of starchy mashes for the alcohollie fermenw
tation, the sctivities of the smylase sources used have h&an
measured by actual fermentation experiments, This direct
metﬁeﬁ,mﬁﬁ@ubﬁeﬁly furnishes the most a&guraﬁe and conclusive
evaluation of amylolytic materisls for saccharifyinz starchy

fermentation mashes,.
~ Be Development and Use of old Apylsse Preparations

ﬁiﬁﬁe‘ﬁﬂiﬁ theais is meinly concerned with the evalua-
tion of nold anylases employed in the saccharification of
gtarchy substrates for use in the alcocholic fermentation, 1%
is pecegsary 1o briefly review the history of such use of
mold smylases. Althouzh molds have been used Tor cenduries

in the Orientasl countries for the sacchaerificetion of starchy
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alternens, and Chlamydomucor oryzse. According to his results

Aspergillus oryzee had by far the highest saccharifying abil-

ity, Hucor alternans slightly less, and the others were very

inferior but still showed some saccharifying sbility.
Calmette, in 1892, pade the first seientific investica«
tion of the microflora sssocisted with the Chinese yesst cake.
He found that & certain speclies of Hucor was the predominate
mold in the econglomeration of mie?aﬁrgaﬁiama and gave it the

name of Amylomyees rouxii, since it possessed the property of

sagcheyifying starch and slowly converting the resultant
-Bugar into aleohols

Senguinete {1897) continued the investigations and from

the study of the molds Aspergillus oryzae, Gayon's Lucor
alternans, and Amylomyces rouxii found thet in saccherifying

vy Lon

power Aspergillus oryzase was best with rees rouxii

second. However, Amylomyces rouxii had greater fermentative

uémw@rgand Sanguinete coneluded that in all probabllity Amyl-

omyges rouxil was the most sultable for industrial employ-

ment since it fermented starehy materials dlrectly without

the aid of yeast, Amylomyeces rouxil later became known as

Hucor rouxii.

A lprze scale Termentation was carried out in s dlstil-
lery by Collette end Boidin {1897} using the mold Mucor
rouxii for the conversion of the residuary ligquors of a yeast

factory iﬁta ethanol. A patent on the process was issued to
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thesge men and this was the bezinning of the Amylo process
which hes been uged rather extensively in Europe. Galle {1923)
and Owen {(1933) have published srticles pgiving complete de-
tails of the amylo process and reviewing the importent
developments. It was stated by these authors that the orig-
inel orgenism, Mueor rouxil, was replaced by Mucor B., Mucor

Ge, Bhizopus delemar snd finally Kucor Boulard Number 5,

aince this last organism was found to heve o grester tolere
anece for alecohol, produced less acid, shortened the time to
L8 hours, held its own agsinst contaminants, and allowed the
agddition of yeast and mold at the same time, Vhether the
process is econonmically sound is still belinsz debated.
Joklichi Takamine was resvonsible for the introduction of
amylolytic mold enzymes to the distilling industries of the
Qecidental countries. He obtained a number of patents in
Enzgland, the United 8tates, and seveyal other countries for
manufecturing enzynmie preparations using Asperpillus oryzae
and among the better known preparations ﬁiﬁ "rojit (1894},
and"taka~koji diastese" {(1894). A very comprehensive study
oflﬁh@ nature of "koji® amylase hes been made by Ito {(1932).
-~ Jean {1898) reviewed Takamine's process for saccharifie
cation and Termentation by means of Aspersillus orvzae and

eompared it with the utilizetion of Mucor rouxii by Collette

and Boildin; he found that the Asperzillius oryzee appeared to

have a greater ssochasrifying power and could be used with
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stronzer mashes. Boidin {1899} remsrked that the molds were
geficient in stareh licuefying power and recommended, therew
fore, that starchy subsirates used in Amylo digtilleries
should be trested with 1.0 to 2.0 per cent of malt before
gterilizetion to liguefly the gél&tiﬁizeﬁ starch. At the turn
of the century molds were being utilized extensively in
southern ¥urope for the fermentation of amylateous materials.

At Tirst, Euecor rouxii wes used exelusively, but later @near,g,

Euecor ¢, and Rbizopus delemay were employed.

Saito (1904) isolsted from a wheat-flour cake used in
the preparation of a Chinese beversge, two new species of

Rhizopus, Rhizopus chivensis, and Ehizoous tritici which not

only saccherified starch but fermented it to sleohol. Baito

(1907) =also studies Asperszillus batstee, Asperszillus pgeudo-

‘Zlsvus, and Rhizopus Japonicus with no outstanding sacchar-

ifying ebility shown by any of these species.
Okazaki (1914) studied three members of the gzenus Ap-

pergillus, namely Aspergillus okawakii, Aspersillus albus,

and Aspersillus gandidus, and determined the smounts of sugar

they produced from thelr reaction upon s starchy subsirstes

The first two were congidered to have produced sirzeable

amounts of amylase, bubt actual values are not available.
Seales {1%14) prepared an enzyme powder by growling As~

ersillus ferricola on an ertificisl medium for 4 days; washe

inz the nyecelium with water, acetone, and ethery drying wells



and then grinding in & pills. This powder was found o pro-
duce over 22,0 per cent of fermentable sugars from a sterch

solubion after incubation for 3 davs,.

 Takamine (1914} found thet isperzilius oryzse grew very

well on wvheat bran under specified conditions, gmeve the '
product the name of "Paka~Koji" and carried out experimente
to determine its efficieney for ssccharification as compared
with malt. Sueh favoruble resulte were obtained by Takemine
that Ortved (1912) tried out the preparation on o plant scale
at the Hiram Valker and Sons plant in Canada. Alcohol yields
were better then any obisined with malt, "Take-Ko]i™ was much
less expensive than mali, and Ortved gave 8 very favorable
report, but Tear that undesirable flavors or odors would be
imported by the mold csused the project to be discontinued.

Collens {1915} was sble to produce 2.0 per cent more
aleohol from the use of take-~dilmstesse as a saccharifying sgent
than from melt in his experiments dealing with the possibility
of producing indusirisl alcohol from casseva.

An intensive study was nade by Oshime and Chureh {1923)
on the molds isolated from kojl in order to asscertaln those
streins which would produce the largest cuantities of asmylase

and thus have the most value as saccherllying agentis. Agper=

gillus oryzae end mold forms intermediate between Agpersillus

flavus and asperpillus oryzae were the most potent producers

of amylases 4 noteworthy accomplishment of the investigation
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was the discovery of the grest waristion which is found in
different gtraing of the sane pold. Eold srowth and engyme
production was tried on the following media: casein, szround
dried codfish, dried yeast, crushed soybeans, soybean mesl,
oil-extracted soybean meal, cottonseed cake, peanut meal,
pocosnut mesl, corn meal, whest nidélings, and wheat bran
whieh turned out to be the best substrate. Oshima (1928)
followed up this work and found the activiiy of the enzynme

grown on wheat bran using Asperzillius oryzae wes the greatest

at pH L8 to 5.2. The enzyme was also hest lablile and becanme
completely inasetive when heated for one hour at 85°C,

‘In 1931, Harade studied the cultivation of Aspersillus

oryzae on cooked wheat bren for the preparstion of smylolytie
enzynmes, and investisated some of the properties of the latter.
Specific attention was given to the fectors involved in the
production of enzymes on wheel bran by the growth of Adsper-
gillus oryzae sush a8 quality of the bran, water content of
the bran, hydrogen ion concenbtration, sterilizastion, time of
incubation, temperature, and humidity of the chamber. Harada
grew the mold on bran containing 50.0 per cent molisture obe-
teining mexipum growth in 48 hours. The ostimunm pH for
amylolybic activity was determined to be 5.2 from 30°C to
§Q°ﬂ; but et 65°C it was 6.6 thus showing thet optimum pH

increased with incressing tempersture only above §§ﬂ€.
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kuts, Homoto, eand Tanaka (1931}, Hubta and Tanaka (1933),

and Kuta aend Tenske {1936) compered the ssecharifying power

of Rhizopus peka Mﬁw,wwwa us péka II, 4 streins of aspergillus

gwepori, 6 strains of jspergillue oryzue, 8 strains of une

jdentified nolds, end one strain of Rhirzopus

delemar, The

Rhizopus delemsr, Rhizopus péka, end two of the unidentified
species were the best for aleoholic fermentation by the Amvlo
process, and gzeve 87.0 to 91.0 per cent yields on a semiw
industrial scale.

anslytical methods were used by %Wei and Chin (1934) to
determine the amylolytic setivity of 10 species of Aspersillus

including 6 strsine of Asperzillus oryzae, one strain each of

Aspergillus niger, Aspersilius luchuensis, and Aspergilius

laucus, and an unidentirfied species of Aspergillus. The

m&mmw@m@ amylolytic power vas exhibited by Aspersillus

oryzae {(AOLD).

In 1935, Takeds made eomparisons of the amylolytic
activities of 27 strains of RBhizopus isolated from ragi-koji
and soybean-koji produced in Sumatra snd Juva, The only two

showing strong emylolytic powers were given the names of Rhizo-

pus sewarasngensis and Rhimopus Javenicus., The latter was

Tound to do particularly well in the Amylo procvess and was
actually tried on s commercisl scsle with excellent resultsz.
Pwo processes employing fungel amylsses for saccheyifi-

cation of grain fermentation mashes have been evolved over



the years. In the "taka-~koji" process the mold was grown on
wheat bran, and the resultent produet wes used for saccharilfy-
ing the grain m&gh&s,-while'iﬂythﬁ Amylo proeess the nold was
grown directly in the grain mash.

fotusl plant seale usage of the two processes have shown
them to be superior to the use of mall, with the "taka-kojiv
best of all since it takes & shorter time in its operation,
requires no special instellations as are needed in the Amylo
process, and gives higher yields. 8trangely enousgh, though,
the Amylo proecess has been used industrially for nearly 4O
yvears, while the "taka«~ko]i™ process has until the last L or
5 years been slmost completely ignored.

In 1939, Underkofler, Fulmer, and Schoene revived the
Wiaka-koli® process of growing moldes on wheat bran for use in
‘replacing melt in the saccharification of starchy substrates
for the aleoholic fermentation., 4 rotating drum technique
was used to produce the setive amylolytic preparations by
growing nolds on wheat bran. Seventeen straine of molds and
7 strains of bacteria were grown on wheat bran and tested by
actual fermentation tests; the bacterdies geve no useful quanw
tities of amylase, but all the molds gave good yields of

amylase. The molds employed were Aspergillus oryzeme, Asper-

£illus flavus, Mucor rouxii, Rhizopus delemar, Rbizopus

oryzse, Rhizopus p€ks I, Rhizopusg britiei, Mucor circinel-

loides, and Jucor Javenicus. Prellminary results gave egual




ratings to the Aspersillus oryzee and the Rhizopus molds.

Asperpzillus oryzae was plcked for further study because of

its eultural cheracteristics, vigorous growth, and consistant
hizh production of smyleses, higher in most tests than any
other in the group being tested. Over 0.0 per cent cone
version of stareh to aleohol became common for the Asper-

gillus oryzse strsin, with malt yields about 10.0 per cent

lower, It was clearly pointed out thet mold bran wae less
expensive, more culickly prepared, and gave higher yields of
sleohol than malt.

Subsequently Underkofler and his coworkers have pube
lished a number of papers covering verious aspects of the uee
of mold smylase preparations in ﬁaeﬁhﬂrifyiﬁg fermentation
mashes. Schoene, Fulmer, and Underikofler {1940) compared
malt, mold bran, and soybean mesl as saccharifying agents,
and found the mold bran superior. ﬁnﬁ@rkafléx; Goering, end
Buckeloo (1941} investizated emylases Trom 9 strains of molds
grown on bran by the rotating drum technique. Best amylase
oryzae, and
triticl, Attempts were
made by these authors to grow Aspergillus oryzse on rice

production oetcurred with 2 strains of Aspergillus

with Rbizoous oryzae and %hiz@fag

hulls, peanut hulls, sawdust, corn cobs, cotton~seed hulls,
ogt hulls, corn bran, and wheat bran. OF these only wheat
bran and dry-millied ecorn bran supported sdequate growth.

Heo, Fulmer, and Underkofler (1943) employed & new tech-
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nigue for growing molds on wheat bran, which involved incubaw
tion in & pen with sir under sliszht pressure passing throush
the bran mass. These authors prepvared mold brans with 27
different straing of molds selected from the L genera jgper~

Zillus, Mueor, Ehizopus, and Penieilliwm. Although Rhizopus

cultures gave good enylase produection, the best strains of

Aspersillus oryzae were judged to be most suitable because of

their superior cultural charscteristics, ineluding denser
mycelium, better sporulstion, end vigorous growth.

Underkofler {1942) and Underkofler and Fuluwer (1943) re-
viewed the status of miercbizl smylases for the sazecharilica-~
tion of sterch in the alcoholic fermentation and gave meany
valuable gtatistics concerning mold bran and its industrial
applications. IV had been demonstrated on the laborstory
seale that mold bran could be made cheaply from abundant raw
materisle, did not lose its potency upon being stored in a
dry condition, seccharified well at 30°C, eould ba:@rayarﬁé
in sbout one £ifth the tinme reguired for malt, and produced
slightly mores alcohol under optimal conditione for use of
meld bran than did nalt under optimal conditions for malt,
These resulis were later substaniieted by Roberts, lLaufer,
- Gtewart, and Saletan (1944}, Barinove {1944}, Pan and Lin
{19kL}, Hao and Jumyp {1945}, and Schwimmer {(1945).

Beginning in the spring of 1945 teste were bhesun on the

use of mold bren in grein fermentations on the full plant
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scale at the aleohol plant operated by the Parm Crops Proces-
sing Corporation at Omehse, Hebraska., 4 brief report on these
tests was given by Boyer and Underkofler (1945) and a dee
tailed report by Underkofler, Severson, and Goering (1946).
Yhese tests proved conelusively that mold bran was entirely
gsatisfactory for use as & seaccherifving szent in larce scals
production of industrial aleohol, both when used alone and
when uaadiiﬂ combination with malt. The fermentation time
Waa‘r&&uﬁéé from 42 to 36 hours when using mold bran in place
of malt. ??h@ actual number of yﬁast cells produced per ml.
of yeast mash was at lesst double the nurber produced when
malt wan used slone. Vhen z mixture of 2 parits of mold bran
to & partes of malt was used, inproved yields of slcoohol were
noted, probably due to supplemental or synergisiic action,
and the requirements of the two cannot be predicted on the
basgls of & linear relation.

Underkofler {(1946) briefly reviewed and Underkofler, Severw
son, Goering, and Christensen {1947) gave & detailed report
on the production and use of mold bran from the leboratory,
“through %ﬁ@ pilot plant and semi-commercisl nlent scales to
the full seale production of over 10 tons per day at the newgd i
Mold Bren Company plant st Bagle Grove, Iowa. The economiocs
of usinz mold bran were éi&ﬁu&a@ﬁ‘ix these papers. It has
been shown by many investigators ﬁhaﬁiﬁﬁﬁre wes no difference

in the guality of the alcohol obtained by either malt or mold



bran saecharification and somewhst better vields on an over-
all besise are obtained with mold bran. The value of mold
bran in replscing malt, which sold prewar for 3 cents a pound,
ig sbout 9 cents s pound, and mold bran could be produced
commercially well below that figure, hence, the economics are
definitely favorsble.

A very recent trend in the use of molds in the fermentaw
tion industry has been outlined by Erb and Hildebrant (1946}
who used g submerged oulture of Ehizopus delemar or Rhizopus
boulard, grown on & nutrient nmedis aénsiatiﬁg of grain stile
i&geg nutrient salts, a small emount of sluminum powder, and
granular wheat flour, for the sscecharifieation of starch in
the sleoholiec fermentation of granulsr wheat flour mashes,
Culturing techniques were described and the volume of m@lﬁ;
medium used varied Trom 6.0 to 12.0 per cent of the total
volume of the fermenter mash. The infusion method was used
in the preparation of the fermentetion mashes and four~fifths
of the nalt usually used in such & process was eliminated
when using the mold mediuwm. Approximately 12.1 proof gallons
of alcohol per 100.0 pounds of dry grain was obtained, a 91.2
per cent Termentation efficiency, instead of the usual 11.0
proof gellons of alecchol per 100.0 pounds of dry grain obe
tained by malt alone. The use of plant stillage was recom=
mended and with very litile processing should be adequate as

the medium for mold growth.



Van Lanen and LeMense (1946) tested 350 various cultures
of fungsl smylases zrown in submerged culture on thin stile
Jage supplemented with 1.0 per cent corn meal and 0.5 per
eent esleium carbonate Lo adjust the plils The amylolytic
preparations were tested by thelr dextrinizing setion on
starch under specified conditions, and the «-amylase values
obtained mccording to Sandstedt, Kneen, and Blish (1939]).
Only 7 samples gave comnercisl possibilities, with & strein
of aAgperzillus niger being superior. The liguid fungsl
amylase preparation wes used al a rate of 10.0 to 15.0 per
cent by volume of the corn mash to be saccharified, completely
replacing the malt formerly used. The yield of ethanol wes
£rom 5«2 10 5.4 proof gallons compsred with 5.0 to 5.2 proof
gallons from malt controls. The funeal amylase was approxs=
imately 12 times as potent as the malt on a comparable basis.
AGems, Balankura, Andreasen, and Stark (1947) used Asper=-

zillus niger, obtained from the Northern Regional Research

laboratories as No. 337, in a submerged culture zrowth on a
mediun conteining 5.0 z. distillers?' dried solubles and 1.0
#a» ground corn mesl per 100.0 mls They obtained an avér&ga
of 6.26 proof ssllons of ethanol from the fungal amylase

preparations as compered with 5.95 proof gallons of ethanol
from the melt controls. This was about a 5.0 per cent ine
ereage in ethanol production, ﬂ@rrﬂgpaﬁﬁiﬁg to an overall

fermentation efficlency of nearly 93.0 per cent.
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ITI. MATIRIALS

The more importent materisls used in this investigstion

were the following:
gorn meal

The ecorn meal uased in the preliminary work in this in-
vestigetion was hammer mill ground No. 1 yellow corn obe
tained in 100 pound lots from the ames Grain and Coal Come
pany. The first 100 pound lot was obtained November 1, 1943.
It was carefully mixed and stored in well stoppered hottles
until used. 4 test tube containing 2 to 3 ml. of carbon 4i-
sulfide was @agned ypright into the ocorn and the 1lid screwed
down tight, the fumes acting es a Tumigesnt. This sample had
a glucose eguivalent of 64.70 z. per 100.0 g. of corn "as re-
ceived” and a mmiﬁtére content of 12.84L per cent, The second
lot of 100 pounds arrived in February, 1946. The gzlucose
eguivalent was 68.50 g. per 100.0 g. of corn “as received”
and the moisture was 11.35 per cent. The starch anslyses
were carried out using the officisl diastsse method with sub-
sequent scid hydrolysis of the Assocliation of OfTicial Ag~
riculturel Chemists {(1940).

Corn starch

" The corn starch used in this investigation was obtained
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in four 100 pound lots. ?h@yfirst lot was received from the
Asmerican Malrze-Products Company, Roby, Indiana st an unknown
date, but probably in early 1944. It had 3 zlucose equiva-
lent of 92.00 z. per 100.0 g. of starch "as recelived™ with &
moisture of 11,82 per egent. The other three lots were ob-
tained from the American Maize~Products Company on February
10, ¥ay 3, and July 11, 1946, The glucose equivalents re-
spectively were 93.20, 92.60, and 92,50 per eent on starch
"as received" with molstures of 11.71, 11.33, and 11.40 per
cent on the starch as it came from the sack. The starch
anslyges were carried ocut by the offiecial direct scid hye
drolysis method of the sssociation of 0fficial Agriculiurel
Chemists {1940).

Malt extract

The malt extract used to prepare medis for yveast cul-
tures was obtained in a 140 pound keg from Anheuser Busch and
Company, Saint Louis, Missouri in 1942. It wes designated by
the menufacturer as "light Budweiser non-disstatic malt

syruph.

Yeast sxtract

The yeast extract employed in this investigation was the
dehydrsted powder form of Difeo Bacto Yeast Extract manu-

faetured by the Difco Laborstories, Detroit, iichigan.



Amylolytie preparations

The 19 smylolytle preparabtions used in this investizaw
tion were obteined from 6 sources over a period of 3 to 4
years with most of the samples being obisined in the last
yvear and a half. Two of the oldest ssmples employing streins of

Aspergillius oryzae were grown in the Biophysical Chemistry

Laboratories at Iows %%aﬁ@ College enploying the method des-
eribed by Hao, ?uim@r, and Underkofler {(1943). Twelve samples
were secoured Irom the commereial plant of the iold Bran Come
pany, kazle Grove, lowa at various intervals from September
1945 to December 1946. These samples were all prepared with

one strain of Aspergillius oryzae. Two preparations using a

strain of Asperzillus oryzee were obtained from the Farm

Crops Processing Corporation, one, & laboratory preparation,
in late 1944 and the other, a seni-commercisl sample, in late

1945« One pilot plant preparetion of

asperzillus oryzae mold
bran was recelved from Dr. Leo M. Christensen at the Univer-
sity of Webraske in HNovember 1943. Two commercial prepara-
tions designeted as "Protozyme" and "Polidsse™ were obtained
respectively from Jacgues Volf Corporetion, Brooklyn, New

York, and Schwarz Laboratories, Wew York City, New York.
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A« Hilerobioclozical Procedures

Yeast eultﬁra

& welighed amount of melt éxtrﬁ@ﬁ was dissolved in five
times its weight of boiling tap water, and, after cooling
somewhat, the licuid was placed in Erlenmeyer flasks and
desiznated as yeast culture medium. For carrying the cul-
tuares and for cultures @m?lﬂyad for inoculating experimentsl
mashes, 300 mli afaﬁﬁﬁm&éiggﬁwﬁs used in each 500 ml. Ere-
lenmayey Tlask, - The flasks wér@ plugzed with cotton and
sterilized for 30 minutes under a steam pressure of 15 pounds.

The stock culture was obtained from the Horthern Re-
gional Research Laborgtories, P&ari&; Illinois, as Ho. 567.
It is listed as No. 51 in the Biophysieal Chemistry collec-

tion at Jowa State College. It is a strain of Sacchearomyces

gerevisise which is extremely vizorous and produces hizh

yields of alcohol. Transfers were made dsily in order to
maintain & vigorous veast culturey s sterile pipette was used
to agseptically transfer 10 to 12 ml. of an sctive yeast cule
ture to another flask each time, The inoculated medium was

iincubated at 309 for 24 hours.
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Preparstion of amylolytic agents

The laboratory preparsations used in this investigation
vere prepared employing the method deseribed by Heo, Fulmer,
and Underkofler (1943). The commereisl preparations were
prepared according to the methods discussed by Underkofler,
Severson, Goering, and Christensen {(1947).
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Bs Saccharification and Fermentation

According to the results obtsined from several years®
work, the following grﬁa&ﬁaréﬁ were Tound to represent the
optimum conditions for ssecharification and fermentation and
were adopted as the standard methods used throuzhout this in~
~ vestigetion for the evaluation studlies on the verious amyl-
olytic preparations.

The starchy substrate wae prepared by mixing with a
glass stirring rod a welghed smount of grain, or starch and
yeast extract, with 250 ml. of hydroehlorice acid {various
normalities were employed depending upon the experiment)
previously heated to 70°C, in s wide-mouthed l-liter Erlen-
mever Tlask. This was repeated for esch flask in the series.
The fiﬁﬁkﬁ were then plsced in & water basth whieh wes heated
by means of Fisher burners until the temperature of the
mashes had risen from shoud 60%C o about 85%C; the temperse
ture of the water bath rose from sbout ?ﬁaﬁ to the boiling
point of the water. The mashes were stirred occasionally
duringz the heating process to facilitate even gelatinization
of the starch. The mashes must be kept sbove 20°C to prevent
irreversible retrograedation of the sbtarch. The glass rods
were removed and the openings of the flasks were then covered

with Petri dishes snd the flasks transferred to the heated



autoclave. The mashes were cooked for various lengths of
tine, dependingz on the series, at a steam proasure of 20
pounds. After campletion of the cooking period, the auto~
clave was blown down imnediately to atmospheric pressure,
and the flasks were steanmed continususly in the auntoclave at
atmospheric pressure until their removel, one st a time, for
saocharification.

To the hot mesh in the flask were quickly added the
requisite smount of a concentrated solution of sodium car~
bonate to adjust the pH Detween 5.0 and 5.3 and & slurry of
the desired guentity of amylolytic agent in 250 ml. of cold
water, and the contents of the flask were mixed far aaa mine-
ute with & specially designed high speed mizer. The original
temperature of the amylolytie slurry was adjusted so that the
tempersture of the mixed mash was sbout 55°C., The flask was
then eooled in a running cold water bath to reduce the mash
temperature quickly to 30°9C; the time required was about 10
0 15 minutes. ¥hen all the mashes for a series had been
gaccharified and cooled, each was inoculated with 20,0 mi. of
an active Zi-hour oulture of yeast. The fermentation mashes
were mized with sn air-driven stirrer and the flasks were
cloged with rubber stoppers having waler traps containing 30
to 32 ml. of water. The Tlesk assembly is shown in Figure l.

All of the fermentations were incubated at 30°9C for var=

ious periods of time dependinz on the speeific series, AL
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12=hour intervals the contents of each flask were gently
swirled by sheking the flask in a roteting motion by hand,

- teking esre that no air was wvhipped into the mash to disrupt
anaerobic conditions. This shaking was done to obtaln a

homogenous distribution of the yeast throughout the nesh,
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igure 1. ¥Wide-mouthed iﬁﬁ——iﬁ.‘%xﬁ# Erlemmeyer Tlask sssembly.
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Cs Anelyvtiesl Procedures

Determinetion of the suger eguivalent of the starch

The glucose eguivalent of the sterch wes determined by
acid hydrolysis in sceordance with the 0ffiecisl and Tentative
Methods of Analysis of the Associstion of Officisl Agriecul-
tural Chemiste. The reducing substances formed in the hyw
drolysis were estimated according to the method of Underkof-
ler, Guymon, Raymen, and Fuluer (1943). The reagents were
standardized by meansz of & sample of pure glucose, All deter-
minations were carried out in duplieate or triplicate. Any

guestionable analyses were repeated.

Dstermination of ethanol

At the end of the Termentation period the water in the
trap was added to the fermentation flask and the final volume
of each beer wes nmeasured. An alicuot of 250.0 ml. was dis~
tilled from a 650 ml. Kjeldahl flask after having added ap-
proximately 0.5 g. of ealeium carbonate to neutralize the
acids present and 200 ml. of wash weter. The distillstes
were collected in 100 ml. volumetric fiﬁaka until about 99
ml. of distillate had been collected in each case, The vol-
umetric flasks containing the distillates were brousht o

259C by immersion in & comstsnt tempersture water bath, the
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volume mede to exsetly 100.0 ml, with distilled water, and
the speeific gravitics determined et 25°/25% with the Chaino-
wmatiec Yeatphal balance. Ethanol contents of the distillate

were then read from an apvropriste table.

Calculation of ethsnol yield

In & typleal experiment the fermentation mash contained
the following: 100.0 g. starch, as received, with a zlucose
eguivalent of 92.60 gey 3.0 . of mold bran, 5.0 2. yeast eXe
tract, and 20,0 ml. of yeast ﬁﬁ@ﬂﬁl&%a After fermentation a
250.0 nl. alicuot was distilled, and the first 99 mim‘af the
distillaete collected in a 100 ml. volumebtrie flask. The
flasks containing the distillate were brought to 25°C by ime
mersion in a eaﬁatanﬁ temperature wabter bath, the volume made
up to exsetly 100.0 ml., and the specific gravity at 259/259
was found to be 0.9771 with the Chainomatic VWestphal balance,
The ethanol content of the distillete as read from the table
was 13,96 . per 100.0 ml. of distillate or per 250,0 ml. of
fermented mash., The total volume of the mash was 579.0 nle.

The caleulations for tobtal ethanol are:

13496 x 57940 = 32.36 g« of ethanol.

! £
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De Hanner of BEmployving ¥aterisls

Yaterisls used in the course of this investigation, such
ag corn meal, corn starch, yesst extraet, and amylolytic
agents, very somewhat in composition as received, especially
ag regards moisture content. It would be possible to conme
pensate Tor these varistions by employving all materials on
the dry welight besis. However, this would complieate pro-
cedures by meking necegsary e molisture determination on sach
material before it was used, Foreover, the industrialist is
interested in the resulls oblainsble with the materisls as
received by him, Hence, during the course of this investiga-
tion ell peaterisles used were messured out s needed in the
form and condition recelived from the manufecturers without
making any corrections for their composition or altering thenm
in any vey. This vaerticular epprosch was msde in an attempt
to devise & method which would be most useful Tor practical
application snd would eliminate or eamp@gﬁate'far &g nany
variables as possible while still retaining accuracy and

speed,
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V. EXPFRIVENTAL RISULTS

As Experiments with Corn Mashes

i. ©Optimum conditions for ligquefvins corn mashes,.

In processing starchy substrates for the ethanol ferpen-
tetion gelatinization of the starceh during cooking with wolter
results in msshes 8o thick that they are exceedingly difficult
to handle., Industrial plants attempt to obviate this 4if-
ficulty by partislly ligquelying the starch prior to or during
the cooking opereation, usually by addition of a l1little malt
{premaiting), or, in & few plants, by addition of small
smounte of mineral scid. For laboratory work the use of acid
is mueh more convenient then premslting. In developing a
fermentation test medium for use in evaluating anmylolytic
agents it wes first necessary to determine optimum conditions
for licuefying the gtarechy mashes 80 that they could be
readily handled and fermented with low levels of the sace
charifving agent. However, in such a btest pedium it is neec-
Tormed during the liguelying operations so that subsequent
fermentation results will be truly representative of the
amylolytic acbvivity of the agent under te&t.

Preliminary studlies were first underiaken to obtain a



suitable test Permentstion medium asing ground whole vellow
corn a8 a substrete. To be sdequately cooked and properly
thinned by using dilote minersl acid to achieve s uniform and
readily fermentable mash, the proper pronoritions were found
to be 100 g. of ground whole yellow corn with 500 ml. of
aéﬁ@& liguid. Eashes of this coneentration when c¢ooked with
plain waber were very thick snd lumpy and did not zive re-
lieble dats upon fermentetion. All series of mashes throughe
ocut this investigetion were prepared by the procedure given
in the "Methods" section of this thesis.

The Tirst series of mashes wae prepared to determine the
opbimun concentration of seid to be employed. To each flask
containing 100.0 z. of ground whole yellow corn wse added 2350
ml. of hydrochloric scid of different normalities. The re-
sultant masbhes were eooked Tor 30 minutes at 20 pounds stean
pressure, and L.0 g. per flask of mold bran sample ¥B#1l were
employed for the ssccharificstion. &fter cooling to 30°C the
pH was first roughly checked with "Accoutint” pH paper and
later adjusted to & pH of 5.0 to 5.3 using a Cameron pH
meter. To adjust the pH the required smounts of standard 1.0
normal hydrochloric aeid were added to the laske using the
lower normslities of acid, while the Tlasks employing the
higher normslities of acid required the sd4dition of small
amounts of & standard concentrated sodium carbonate solution.

The results of using various concentrations of hydro-
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chloric acid in thinning corn mashes on the ethanol vields
after L8 bhours fermentation are given in Table 1. The L8«
hour fermentation time wag chosen for two reasons, namely,
{1) & test method was needed to zive an syact Termentation
evalustion in = shorter periocd of time than the conventional

three %o four day fermentetion, and {2} a shorbter period

Table 1

Lffect of Concentration of Hydrochlorie Acid Used in

Thinning Corn Mashes on the Uthanol Yieslds

Hormality of Kold bran, ge per Ethanol, Ze
acid 100 g« corn per Tlask
0.00 L0 27«1
0.02 LaQ 27«1
004 Lul 277
0.06 L0 | 27«5
0.08 La0 2642
0.10 Lo 27w

These results indicated that 0.04 normel hydroehlorie
s0id was near the optinum concentration of acid to be used
when the mash was cooked for 30 minutes at 20 pounds steam

presgures There was a distinet difference in the consistency
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of the mashes cooked with water end with 0.02 normal and 0.04
normal hydrochlorie acid. The mash containing only water was
very thick and lumpy, the mash containing 0.02 normal seid
wae somewhal thinner but still too thick to hendle well or
ferment rapldly, while the mash cooked with 0.04 normal acid
wéa guite thin and had & lizht tan eolor. The meshes cooked
with acid of higher concentretion appeared light brown in
golor and the color deepened aw ithe aclid concentration ine
creased., This color wag due to the carmelizetion of the
gtarch hydrolytic products, and this degradation accounts for
the fact thet mashes in which higher acid concentrations were
employed gave lower ethanol yields than the mmsb‘aamkaﬁ with
0.04 normal scids In aﬁéiti&n, the toxie effect produced in
cooking eorn meal with acid, as deseribed by Goering (1941},

may become more pronounced at higher concentrations.

2. Iffect on ethanol ylelds of time snd variasble mold bran

levels.

It was of interest to determine the vnossible yvields of
ethanol at various levels of mold bran after fermentation for
different periocds of time, using the same procedure as with
the previous series, but employing the 0.04 normal hydro-
chlorie aclds 7The effects of fermentetion time and varying
levels of mold braen MB{1l on the ethanol yields are shown in
Table 2.
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Table 2

Effect on hBthanol Yields of Fermentation Time and

Various Levels of EB#L

fiold bran, Ethanol,
£« per 100 g. corsn Ze per Tlask
2L hrs. 36 hrs. L8 hrs., 60 hrs. 72 hre.

1.0 15.4 1847 18.8 20.8 21.8
20 19,2 Z1le3 23.7 28,3 258
340 20.7 2he7 273 28.6 28,1
A 223 25.4 277 2945 2848
5-&& 23&& ‘2?:6 29;& Q{'}wé 2?&6

The dats showed thaet the grestest spread of ethanol
vields occurred with the 36 hour fermentation period. As the
fermentation time inercased frow 36 to 72 hours the lower
levels of mold bren geave yvields of ethanol showing highér in-
eyements than those of the higher levels of mold bran; bthat
is, the ethanol yields from lower levels of mold bran tend to
approach the ethgnol yields of the hisher levels of mold bran
it long enouzh fermentation times are allowed. In the same
way ethanol yields obtained with a mold bran of poor amylase

sobivity would tend to approech the ethanol vields produced
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by & mold bran of bigher amylolyitic setivily with long fer-
mentation periods. Thaet is, & 2old bran of poor amylase
activity would show less difference than & bekter peld bran
if compered on & long Termentation period rather than on a

gshorter one. From & praciicsl viewpoint it would be advan-

bain significant dats upon which an evaluastion scheme could

be based, For corn mash, using the speecified conditions,

3bw-hour Termentation tines gave the desired datea.

3, Effect on sthanol yields of cooking tiwe and concentra-

tion of hydrochloric acide

The corn mashes of the series shown in Table 2 wero obe
served 10 have a thiek portion of improperly cooked mach in
the center of each Tlask upon its removal from the autoelave
prior to gulek e¢ooling and ssccharifications %This led to
sa&&wﬁaﬁ Jumpy meshes which, unable to be completely sac-
charified, gave somevwhat erretic gthanol yleldse A4 series
- using & longer cooking time and verious normalisies of
hydroehloriec aecid was jJudged necsssary. The effecls on
the ethanol vields of 45 minutes cooling tisze at 20 pounds
stesm pressure with various normalities of hydroehloric acid,
using mold bran HBF1l as the Sﬂ@ﬁh&?if?ing‘&gﬁﬁt, are shown in

Table 3 -



Table 3

Effects on the Ethanol Yields of L5 Kinutes Cooking
Time With Various Concentrations of Hydrochloric Acid
Used in Thinning Corn Mashea

Hormelity of ¥old bran, Ethanol,
acid Zs per 100 g. corn Ze per flask
0.00 La® 2746
G.01 L0 2842
0.02 440 28.3
0.03 L0 | 28.8
0.0k L0 27.8
0405 LG 278

The mashes were adsquately cooked in the 45 minutes
cooking t;m% at 20 pounds steem pressure and the dats indi-
cated that the 0.03 normsl hydrochloric seid rather than 0,04
normal acid, was the proper concentration to give maximum
ethanol yields under these conditions of cooking. The faet
thet a longer cooking period required less scld for maeximum
ethanol yvields was noted meny times throughout this investi-
gation, and spparently the toxic effect produced in cooking
corn meal with aeid, as previously mentioned, increassed with

& longer cooking period using the same acid concentration.
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L« Test pediun using ground whole vellow COYnhe
o .

Two 36-hour fermentation series employing wider ranges
of mold bren levels using samples MB#L and ¥COPC#1 were care-
ried out to obtain & complete range of ethanol yields., The
cooking time was L5 minutes at 20 pounde steam pregsure with
003 normsl hydrochloric secid. The dats sre presented in
Table L.

Table L

Ethanol Yields from ¥old Brans ¥BF1l and FCPCHL

¥mploying a 3b-hour Fermentation Period

¥Mold bran ¥BF1l,  Ethenol,  Uold bran FCPCHL, ¥thanol,

19%'@§$§$r3 per %ﬁ&a& ' 1§§,§§ﬂ§arn per %iask
0.2 5.10 Oel #.90
Ou5 13.95 0.2 15,31
1.0 19.34 0.5 20475
240 22,70 1.0 2ha55
3.0 24452 1.5 26450
L0 2615 2.0 28,25
5.0 28,00 2.5 29.05
640 29.00 340 30405

8.0 29.25 L0 30.75




The results of Table L showed n wide range of ethanol
yields for both mold bren samples, and no maxinum yields were
reached since the fermentations were not allowed to zo to
conpletion.

From mesger dats, obtained previous to this investiga-
tion, covering only lismited levels of mold dbran and with the
conventional 72-hour fermentation period uslng corn mashes,
mathenatical and graphiesl %ﬂ&l?ﬁiﬁ‘inﬁiﬁﬁ%@& g streizht line
funetion. This lmportent discovery geve promise of furnishe-
ing a method for an scourste evalustion of the requirement
of a given sanmple of mold bran for ssccharifying fermentation
mashes, This stralght line funetion was oblained by plote
ting the welght of mold bran used divided by the weipght of
total ethanol produced, sgainst the weight of mold bren used.
This method wes applied to the dats from Table 4 whieh were

¥ ; PO tues fop ¥elght of mold bran
uged to compute the numerical values for WolFhT OF 6tbenol

tabulated in Table 5,
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. Table &
Caloulation of the Humericsel Values for

selght of Kold Bran
Wieizht of Lthanol

old bran, Fthanol,

Welizght of mold bran
£+ per 100 g. corn g« per flask :

YWelght of ethanol

lold bran, MB#l

0.5 13495 0,0358
1.0 19434 0.0518
2.0 2270 0.0882
L0 26415 0.1528
5.0 28,00 0.1786
6.0 29,00 0,2072
840 29425 0.2732

lold bran, FCPC#1

01 8490 0.,0112
Q2 15.31 0.0131
0.5 20.75 0.0241
1.0 2L455 0.0407
1.5 26450 0.0567
240 28425 0.0708
Nw W Mm.wﬂmww . O QQW mw
3.0 30.05 0.0977
La0 30475 01300

The data from Table 5, when plotied in the manner oute
1ined above, gave the curves shown in Figure 2. It wes very
evident that, thus plotted, the streisht lines obtained were
almost parallel. The data at very low levelsz of mold bran

did not fit the curves very well, which was not surprising,
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gince under the specifie conditions employed saccharification
was guite poor, and smell’experimental veriations probably
bad more infiuence on the resulis than 4id the amylolytic
aotivity of the mold bran.

The graphical analysis of the deta of Table 5 with ¥B#1
and ¥CPC#1l, the former & mediumeguality mold bran and the
latter & high-guality mold bren, indicated that the more
efficient the mold bren was in saccharifying fermentation
washes the lower was the intercept value obtained by extra-
polating o the Y-axis. It becmme the purpose of this ine
vestigetion, therefore, to attempt to devise a method, based
upon this methematicel and zrephieal @&inﬁi@i&, which would
have all the adventsses of the previous tedious fermentation
method hut would require the use of a ninimun nunber of
levels of the saccharifying agent, end would give exact fer-

mentation evelustion in s much shorter period.

B. Esteblishment of a Btandard Test Bedium and Procedure

It was Judzed that corn, a8 & test mediuwm, was unsatis-
factory for future work becasuse its lack of unifornity would
render any consistent standardization almost impossible, and
hence it would be useless for repid snd dependable evaluation
measurenentis. The tine regulired to obtain repyroducible test
dete from corn msshes, namely 36 hours, was also considered

undesirably long. In order to overcome these two main obe
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jections to the use of corn mashes, asnother substrate of more
uniform composition was sought which could be prepared cone
sistently and &15@ egould be handled with ease and fermented
wells. Corn starch of & pure food grade guelity was selected
becanse of its homogeneity and wide availability. It will
henceforth be designated simple ap Ystareh®, Difco yeast
extract, & uniform produet of hizh quality which can be oObe
tained readily, was used to supply the necessary nutrients

for yeast growth end seiivity.

1. Ratio of scid, starch, and yeast extract.

Preliminary studies were undertaken to deternmine the op-
timum concentration of stareh, yeast extract, and hydrochlorie
acidé which would provide a mash not to9 thick to handle and
Perment at the lower levels of mold bran, but still contain-
ing inepprecisble smounts of fermentable sugsrs., Since the
corn mashes employved in the preliminery work contained about
60 to 65 g. of starch per flask, it was decided that mashes
conbaining 50.0 gy 750 24, 0or 100.0 g. of starch would be
investizated as possible test media. The amount of yeaat
extract commonly employed in many Termentation media is 0.5
per cent of the tobtel medium. Since it was necessary Lo keep
the number of varisbles st a nininmun, after prelinminary ex-
periments, some of which will be deseribed later, hed shown

thet 1.0 per cent of yesst extraet gave as good or perhaps



81lightly better results than the 0.5 per cent level, it was
finelly decided Lo enploy 5.0 gm. of yvesst extrascet per {lask
containing 500 to 600 ml. total volume of mesh to eliminate
any effects of possible variation in the veast extract and
any possibility that insufiicient nutrients were supplied for
maximun yveast growbth end activilye. The limiting faector then
would depend solely on how efficiently the amylolytic acent
could ssecharify the subsirate,

in & preliminaryy experiment it was found that for masghes
containing 5040 e, 7540 g, 8nd 100.0 ge. of starch with 250 ml.
of licuid, the most sabtislsctory perilods Tor cooking at 20
pounds steam pressure were 30, kﬁ;&ﬁﬁ:éﬁ~ﬁinaﬁﬁﬁ, regpect~
ively. Using these cooking periods three series of mashes
were prepared, employing varilous concentrations of hydro-
chloric acid, one conteaining 50.0 g« of stareh and 2.5 g« of
yeast extract @ar Tlask, one employing 75.0 g. of starch asnd
540 g of yveast extrscet per flesk, and one containing 100.0
2e of starch and 5.0 g. of vesst extrsct per flesk. The
regular procedure for prevaring mashes described under the
section on "Methods® in this thesis wap saploveds UObservae
tions and enalyses vwere made on the meshes after cooling to
30°C. In Table 6 are summarized the data on the visual ape
pearance of the individual meshes and the reducing substances,
determined by the method of Underkofler, Guymon, Rayman, end

Fulmer {1943) and computed ss glucose, produced during the
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eooking periods.
Table 6

Effects of Concentrations of Hydrochloric Acid Used in
Thinning Sterch Meshes and the Reducing Substances Produced

by the Resultant Hydrolysis

e

F1}

Hormality of ¥Yisusl observation Heducing substances,
acid of nmsh ze« per flask

500 @ starch per flask

G.02 Just thin Z2e52
0.03 too thinj yellow color 5«88
00k too thinj brown color -
0«05 too thin; dark brown e

750 g» stareh per flask

003 gbtiff gel - ——
004 too thick; thin zel —————
0.05 . Just thin : 208
.06 too thing brown color 5«06

100.0 z. starch per flask

TN stife gel | —
005 just thin 2263
0.06 too thin: yellow color La59
0.07 too thin; brown color 12442

It was jJudged from the date of Table 6 that the hydrow
ehlorie acid concentration of 0.02, 0.05, and 0.05 normel ad-
equately thinned the starch mashes containing 50.0 2., 75.0

Ewy 804 100.0 g of stareh per flask, respectively, so that
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these mashes sould be hendled readily with the lowest levels
of enylolytic agents employed. These acid concentrations
were adopted for fubure work and were considered optinmum for
thiﬁﬁiﬂg thelir respective starelh meshes, It should be pointed
out that the reducing substances were not evalusted in the
mashes which were too thick, becasuse of the difficuldy of obe-
taining % messureable mash sample, and likewise the reducing
substaences were noi determined in the mashes whieh.wére
judged too Sthin and whose color indileabted osrmelization of
some of the hydrolytic produets derived from the starch. The
actual amounts of reducing substancea formed in the rashes
judged to be Jjust adequately thinned were less than 3.0 2.
per flasks.

In en sttempt to asecrtein what voriion of the reducing
ﬁ&%&t&ﬂ@&g, ag indicated in Teble & for the adeguately thinned
mashes, was contributed by the stareh and yeast extract, it
was necessery to determine the gmount of reducing substances
- in not only ﬁhﬁ venst extract before end after autoelaving,
but also in the starch sesmple itmelf. Three related in-
vestigetions were gondusted in an attenpt to elucidate this
point. To 500.0 ml. of water was added 5.0 g. of yeast exe
tract, the golution was stirred with e glass rod until ﬂém -
genoug, and the reducing substances were anelyned by the
method of Underkofler, Cuymon, Rayman, and Fulmer (1943). To

25040 ml, of (.05 nornsl hydrochloric acid was added 5.0 g.
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of yeapt extract and the gensral procedure for preparing
mashes was followed. After eﬂaking?at 20 pounds steam DPres-
sure for 60 minutes, a 250.0 nl, @ﬁgﬁinﬁ of cold water was
added and the pH adjusted to 5.3 with the recuisite amount
of a concentrated solubtion of sodium ecarbonste. Upon coole
ing to 30% analysis waes nmade to determine the reducing sube
gtances. To 500.0 ml. of water was sddsd 100.0 z. of stareh,
the mixture was stirred to effect even distribution of the
starch, nnd the stsorch was allowed to settle. The supere
natant licuid waes then used for the analyslis of the reduscing
substences, The results of these studies are sunmarized in

Table 7.
Tahle 7

Reducing Substances Obtained from Yeest Extract, Before and

After Autoclaving, snd from Starch

Material « Troatment Redueing substances,
2« per flask

Yeast extract, water solution 0420
Be0 e pEY flask

Yeast extract, 0,05 normal acid, Owl8
5.0 e per flask sutoclaved

Corn starch, water solution 0.01

100.0 g per flask
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The results of Table 7 indicated that the reducing sub-
stences obtained in cooking starch nmashes, as shown in Table
6, ere in a larze measure due Lo the lydrolysis of the stareh
by the hydroehloric acid used to thin the fermentation mashes,
gince less than 740 per cent of the total reduciug subsitances
could have come from the yeast extract and the starche.

With the small amounts of reducing substances produced
in the meshes judged just adequately thinned, for sll prace
tical ferventetive purposes the spylol¥tic agent nmust saee
charify the meshes rather extensively to obtein any siznifi-
cant ethanol vields. Thet is,; the spount of lesgs than 340 2.
of reducing substences per flesk was jJudged insppreciable
under the conditions employed.

To deternine whether 5.0 p. of yeast extract per flask
supplied adeguate nutrients for the yesst fermentation of
starch, two 36-hour fermenbetion series on media containing
5040 g+ of starch per flask with 2.5 g« of yeast extract per
fiaﬁk in one series and 5.0 g. per flask in the other were
conducted. The regular procedure for preparing nmeshes was
used, end the nmashes wers cooked for 30 sinutes at & steam
pregsure of 20 pounds, using 0,02 normal hydrochloric acid.
The mold bran FCPCHl was used in seecherifying the mashes of
both seriess The effecte of varying amounts of yeast ex-
tract on the production of ethanol from starch are shown in

Table 2.
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Table 8

Effect of Two Levels of Yeast dobtract on Tthanol

Yields from Starch imploying ¥old Bran Sample FCPC#1

Kold bran FCPC#1, Bthanol, g. per flask
e per 50 g. stareh

Yesst extract
2+5 g« per Tlask 540 2. per flask

0.2 12433 13.40
{3,«&: § ié&?ﬁ‘ 16 e 3 39
1.0 18.17 18450
20 20,16 20433
L0 21.07 20,60

The data of Teble # indicated that within linits of ex-
perimental ervor there was little if any effect on ethanol
yields upon the sddition of more yeast extract. Thus, the
1.0 per cent concentration Tinally echosen more than sdequately
supplied the essentisl nutrients.

It was observed that the gddition of more yesast sxtract
to the pashes caused the pH to become slightly more basie,
and the resultent mashes were somewhat more viscous, indicate
ing possibly that a higher concentrstion of meid should be
used when adding nore yeast exirset in ¢ procedure stendarde

ized Tor s lesy amount.



2o Test medium employing 50.0 g. of starech.

The previous work using ground whole yellow corn ine-
diceted that the tine needed %a give a consistent wide spread
in ethanol yields for various levels of mold bran was 36
hours. Since this was longer than desireble for a repid
method, the next few series were designed to determine if
there would not be & wide range of ethenol yvields zt a
shorter fermentetion period using essentially the same levels
of samples UBFl end FCPCHLl asg previously used, The optimum
concentration of 0.02 normal hydrochloric acid, es deternined
from the data in Table 6, was ueed to thin the msshes conw
sisting of 50.0 g. 0f corn sberch and 2.5 g. of yeast extract
per flask, the meshes belng cooked for 30 minutes at 20
pounds steam pressure.  The sthanol yields for various
periods and levels of #old bran FBF1 and FOPCHL are sume

marized in Table 9.
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Table 9

EfTect of Fermentation Tise snd Levsels of kold Brsn

§B#1 and FOPCHL1 on Ithaenol Yields from Starch

¥old bran, Ethanol, g« per flask
g« per 50 g. starch

12 hrs. 2h %rﬁﬁ 36 hrse &3 hre.

Mold bram, MBAL

Owd 173 Be75 lﬁgég 11450
liﬁ Ba17 1379 1ha70 17.19
240 8.98 16.583 1726 19.77
340 10.05 12,13 18.33 20.80
3#@ l&mgﬁ 1@#&1 19*&2 Elw?&
580 10.48 19.98 2103 22«85

Kold bran, FCPCAI

Qe 6408 12,32 12.33 13.59
9.2 8402 15.53 16.25 15,88
1e5 1&;9& 19411 1928 19462
240 11.79 19.60 20,16 20490
kﬁa . 12%?5 Elwﬁ} 31@@? 21&%3

The ethanol yields shown in Tsble 9 hed leveled off by
24 hours and apparently had pearly resched thelr maximun with

the bhigher levels of both mold bran ¥

#1 and PCPC#l. The
fermentations were much Taster then with gzround whole yvellow
corn and bthe desired wide spread of ethanol vields was Ob-
tained in the 2i~hour Termentation period. The datas of Table
g for mold brans ¥B#1l and FOPCHL were used to compute the

lues ror Weight of wmold bran which are tebulated in Teble 10
velues for Wolght Of ethanol ‘ y
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Table 10

Hold bran, Welight of mold bran

rs DEF 50 z. starch Weicht of ethanol
12 hrs. 2k ﬁrﬁﬂ 36 hras. L3 hrs.

Qﬁr ‘E’ ﬁ %{}&ﬁ&? . i} ;;i? 5? g G af}&?ﬁ Gi ﬂh}ﬁ

1.0 0.1228 0.0726 0.0630  0.0582
2.0 0.2125 0.1187 0.1159 041013
340 0.2980 0,165k 0.1637  0.1440
AP 0.3890 02060 02060 0,1839
640 G5703 043010 042855 02624
Mold bran, FCPCH#L
Cad 0.0623 - 0.0321 0.0307 0.0316
1.0  0.0950 0.0571 0.0550  0.0543
1.5 - 041378 - 0.0786 0.,0778 0,076
240 ' D.1735 0«1020 0.0992 00957
- La0 ' 0.3080 0«1854 041903 0.1870

The date in Table 10 were plotted in Figure 3, with

weizht of mold bran ageinst weight of mold bran, and relisble
veight of ethanol . ? ¢

atraizht lines wgr&y@h@aia&&‘%iﬁh the data for fermentation

periods of 24 hours or longer, while the 12-hour dats gZeve &
eurve that was errstic and of only limited value. It was ine
teresting to note that on extrapolation of the curves in
Pigure 3 to the Y-axls they tended to intersect at that point,

and that the slopes of the curves becapse sonewhat less as the
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Pigure 3. Curves for samples FCPOF1 and MBFL1 from
~ fermentations of 50,0 g of starch for
various time periods,
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Table 11

Eff@@% of Fermentatlion Time and Levels of #old Bran

¥B#1 on Ethanol Yields Trom Sterch

per flas Ethanol, g. per flask
g« per flask

12 hrs. 18 brs. 24 hys. 36 hrs. L2 hrs.

$tﬁgﬂﬁ, 7540 24

Geb Lel3 §133 8,85 11ﬁé9 13&5&
1.0 5«81 12409 17.77 19.26 23.62
2.0 754 16,59 22.30 2hed5 25.58
3.0 .19 18.78 25400 25499 28.25
o Q.04 2099 2LLT5 26,79 29422
6.0 10450 24,00 26,85 28.85 31.93

Sterch, 100,

05 3.93 T34 11.48 11.62  12.13
1.0 5452 1542 20,95 21.73 22415
2 » f,} ’?» 3@ 2%3 *% 2& ;27 2? - 83 2? k3 it»{}
340 761 23,00 29.70 31.26 31.55
L0 8460 26446 30430 32455 35420
'émﬁ 9&5@ 2%@?3 33*69 35&8@ 3?@?3

The regsults of Teble 11 indiested that the higher stsrch
concentration of 100.0 ze per flask gave a more satislactory
mash than either the concentration of 50,0 g« or 75.0 gz. per
flask. The 100.0 g« of starch per Tlask, when used as a sube
strate, not only appeared to give the desired excess of sterch,
but also supplied mashes fyém which the ethanol yvields for
the highest levels of mold bran had not begun to level off or

reach a maximunm in the Zh-hour fermentation test period.
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However, this was not true of the ethanol yields Trom the
mashes containing 7%.0 g+ of sterch per flask, since there
was & levelingwoff with the highest levels of nold bran after
the l8-hour fermentation period., Hence, the amount of 100.0
&+ of staerch per flask was chosen for all future studies, and
only the data for this starch eoncentration frﬁm Table 11

were used to compute the values for ¥elzht of mold bran ypien
welight of ethenol

are tabulsted in Table 12.
Table 12

Jompubed Values for Kelght of Mold Bran
Computed ?alaas for ToiftE oF Tihanol

old bran FBFL, | Weleht of mold bran
&« poer 100 g. sbarch %@ggh% of ethanol

12 hre. 18 hre. 2b hrs. 36 hrs, L8 hre.

05 041275 040682  0.0436  0.0473 040413
1.0 0.1815 0.0649  0.0479 00461  0.0453
240 0.2750  0.0999  0.0761 0.0721  0.068)
340 0.3940 0.1300 0.1010 0.0959  0.0941
LaO 0.4650  0.1570 0.1317 0.1222 0.1135
640 0.6320 0.2090 0.1809 0.1675  0.1590

The data of Teble 12 were plotted in Pigure L as

welcht of pold bran ,oninat the weisht of mo alle Bl
wegght Fethne azainst the welght of mold bran. Er
ratic resulis were oObiained for the 12<hour and the l8~hour
fermentation periods, snd the dets Tor the lower levels of
mold bran d4id not it the curves very well, which was not

surprising since saccharification wes very poor under the
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Figure L. Ourves for sample ¥BFl from fermentations éi'
100.0 #z. of starch for various
time periods.




conditions employed. Sizpificent thinning and saccharifica-
tion nust be produced by the enzynic action of the lower
levels of the amylolytic agents before relisble fermentations
¢an be obtained.

ﬁﬁ»a%%&mﬁt was npade to ghow that there was an excess af}
stareh in the mashes containing 100.0 gz. of stereh per flask
at the end of the 2h-hour Terpmentation period by determining
the reducing substences and the ethanol yields at various
time intervels. The mold bren PCPC#L1 was employed bhecause of
its bigh anmylolytic activity, assuming, of sourse, that this
sample ﬁauiﬁ saccharify agrmaah or more starch than any other
amylolytic agent testeds Two grame per flask of the sample
Fﬁ?ﬁ§$ were employed since previous conventional 72-hour corn
fermentations indicated thaelt 2.0 g. per Ilask would bhe aboutb

optimun. The dats are given in Table 13.
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Table 13

Reducing Substences and Rthanol Yields at Various Permentation

Periods Imnloving Kold Bren FPCPCHL

Tione, Reduclng substances, - Ethanol,
hours g« per {lask 2+ per flask
12 17.06 Bok3

R 7469 23480
36 332 2980

L8 3408 33440

60 2633 34a78
72 2s52 36475

The results from Table 13 indiceted that even at the end
of 72 hours the starch mash contained unused starech or its
fractions since legs than BO per cent of the total staroeh had
been converted Lo ethanol. The spent mash when tested wi%h
dilute lodine solution gave a bluishepurple color, indicating
thﬁt some starech and dextrins still remained. The results
also indicated thet with this mpold bran ssmnle there were more
than enocugh reducing subsitances produced by the amylolytie
action in the Zh-hour lermentation period, with the limiting
factor on ethanol production appsrently being the ability of

the yeast to utilize the available sugers. Since this was
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enly a preliminary exploration, s more thorough investige-
tion ghould be made belore many consrete conclusions should
be drevi.

Since the ZL-hour fermentation test period gave enough
time to smooth out unsvoidable fluctustions in procedures and
rescents and produee a vigorously Termenting mash, it was
adopted as the most suiteble tinme for s test period to zive
reliable and consistent data under the specific conditions
employed. With this time period an exsct fermentation eval-
uyation of an snylolytie sgent can be secured the next day
after starting the test instesd of three to four days later

&% when enploying orthodox fermentation yrocedures,

L. The gtandard evaluetion test medium and procedure.

The finel test medium and %ﬁthﬂd?&@%@tﬁ&, therefore, was
to use 100,00 g. of starch and 5.0 g« of Difco yeast extraot
per flask, cook with 25040 mi. of 0.05 normal hydrochlorice
acid for 60 minutes at 20 pounds gt@&mfyy&asar@, and then
follow the general procedure outlinoed in the "Hethods™ sec-
tion of this thesis. The incubation time was 24 hours. This
test method will henceforth be desizsnated as the "Standard
Bvagluation Test".

This Standerd Eveluation Test wes devised to evaluate
the total enzymic aetivity exhibited by an smylolytic agent

in the ssccharification of fermentation mashes for the »ro-
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duction of ethanol., A48 was pointed out in a previous secw
tion of this thesis, there are nany known and unknown reac-
tions which are not evaluated or determined by the several
methods currently used for the determination of enzynmie age
tivity. Hany of the present methods nerely evaluate one or
gt best two isolated reactions, and no correlation can be
found between the values obtained snd the actusl activity obe
served in the complex saccharification and subsegquent fermene
tation resctions. The Standsrd Pvalustion Test attempted to
eliminate these major shorteomings common to conventionsl

methods currently enployed.

C« Btandard Tvalustion Test on Amylolytic Preparstions

Having developed a satlisfactory test medium and pro-
cedure, it wes next necessery to deternine whether the method
¢ould be used to eveluate amylolytie preperstions having 4ife
ferent engymic activities for the saccharifisation of fermenw
tetion meshes. Semples of 19 different amylolytiec preparag-
tions were obtained from the warious sources indiecsted in the
"Materiels® a&&tisa,af this thesis. Fach is listed in Table
14 alonz with the type or name designation and the number

used in the leborstory work.
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Table 14

Amylolytie Preparations Tegted by the Standard

Evaluntion Test

Bouree Pesiznation 1ab

Le &e Underkofler Lab preparation

Form Crope Processing Corp. Semi-commercisl

L+ e Christensen Pilot plant

ITowa State College ialb preparation

Iowa State Colleze 1ab preparation

Jaoques Wolf Corpe. Commerceial "Protozvne®

Schwars leboratories, Inec, Commercial "Polidase”

Hold Bran Co., Inc. Commercisl "Eaglezyme®

Jiold Bran Co., Ince. Ivoelium conocentrate

Mold Bran Cow., Inc. Plant experimental

Hold Bran Co., Inc. Plant Ixperineatal

¥old Bran Co., Inc. ) Plant experinentsl

¥old Bran 0., Inc. j Plant experinental

Hold Bren 0., Inc. Copmereianl "Baglezyme®,

, ¥ead Cuality

Mold Bran Coe., Inc. Plant experimental,
contaminated

j0old Bran Co., Inc, Commercial “"Haglezyme®,  KB4O
Blue Label »

Bold Bran Co«, Inc. Commercial "Haglezyme™,  MBJ10
Blue Label

¥old Bran Co., Inc. Commercial "Baglezyme®, KBF11
Red Label }

E0ld Bran $0., Inc. Commercial "Faglezyme", KB#12
Green Iabel

All of the samples of amylolytic preparations in Table
14 except those from the Jaccoues Wolf Corporation and the
Schwarz Leboratories were prepared from a culture of Asper=

gillus oryzse. This strain is designeted as No. 38 in the



Iowe State College Biophysieal Chemistry culbure collestion.
Ho information was available regarding the cultures employed
in the preparation of the samples from the Jacques Wolf Corw
poration and gahwarz &abara@ayias; but it is believed these

also were manufsctured with straine of Aspergillus oryzae.

1. JIntercepts obtained by graphical methods.

8ince laboratory fameilities 4id not allow parsllel fere
mentations employing ell of the 19 amylolytic agents listed
in Table 14 in a single series, it was necessary to choose a
reference agent for comparison. The preparastion FUPCH2 wase
chogen, becsuse 1t not only gave excellent ethanol yields but
also geve very consistent results the %@#@Tﬁl times 1t vas
used as a comparison standard. The resulis obtained with the
Standerd Evsluation Tests on the 19 amylolytic agents tested
bave been arranged so that the grﬁphiﬁal plotting of the dats
gave enoush space hetween the eurves for lezibility and ine
terprebation. Thus, the dats from no more than four amyls
olytic agents are plotited on any one graphe

gince the preliminery studies seemed to indilcate that
rour levels of amyvlolytie agent gave concordsnt results in
the Rib-hour test pericd, the levels OF 1.0 Ze, 2.0 2.4 3.0
Zey 2nd L0 gz, of smylolytic agent were adopled as standard
for each agent tested. Triplicate Termentations and deterw
minations were carried out with each 1@?&1;»aaé any quege

tionable series were repeated.
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The ethanol yields ap well as the compubed valuss of

weleht of mold bran gre given in Table 15 for smylolvtic
weignt of ethanol N > ylolyt

samples FCPCH2, UN, WB#1l, and ISC#1 when employing the Stanw

dard Evaluation Tert.
Table 15

Resulis of Standard kvaluetion Tests with Samples

FCBC#2, UN, MB#1, and ISCHL

"

oo
ks

¥old bran, FKold bran, Ethanol,
lab Hoe . per 100 2o per flask
Ze starch

FCPCH2 1.0 2L.95 0.0402
2.0 28.65 | 0.0698

3@@ 31&@? 9#3?65

LaO 32,50 0.1230

UN 1.0 23,00 00435
240 28,47 00703
3.0 30ub1 0.0088
i}«;ﬁ 323& 1.8 g * 1‘213*&

uBjL 1.0 20495 0.0479
2.0 26427 0.0761
3.0 29,70 0.1010
L0 30434 041317

1 1.0 18,15 6.0550
2.0 21,455 e

3.0 27,28 0.1095

F ¢ 29,89 Ox1338

The corresponding ethanol yields for sample YOPCHF2 were

sowewhat higher than for any of the other samples in Table 15,
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indicating 1t to have & higher amylolytic activity. This
difrerence was still nore apperent when the results of Table
15 were plotted in Figure 5. Parsllel lines were obtained
within the limits of experimental error, and the low numeri-
cal value of the Y~axis intercept for sample PCPCHZ2 was ine
dicative of its high amylolytic potency as compared with the
other sanples. The representative date for the reference
mold bren, FCPGJ2, given in Table 15 and plotted in Figure 5
are not repeabud In subsequent tables and figures, but are
r@fﬁrraﬁ(%a'far comparison in discussing the results with the
other amylolytic agents %ég%@&g

The samples FOPC#l, SLI, JWC, end ISCH2, when tested by

the Standerd Tvaluation Test, gave the ethanol yields and the

computed values of BEigh

welon
in Teble lb.
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» Flgure 5, Curves for Standard Evaluation Tests with samples
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Table 16

Results of Standard Evalustion Tests with Samples

FCPC#1, SLI, JWC, and ISCH2

¥old bran, Hold bran, Ethenol, Weicht of mold brs
Jab How ze per 100 &+ per fTlask weizght of ethanol
g« 8tarch

1.0 2630 0.0380
ﬁwﬁ‘ Bﬁgﬁ? 9;3653
3.0 32135 0.0927
Lo 33.33 0.1200

SLI 1.0 25.87 0.0387
‘ 240 29.08 0.0688
340 30.69 0.0977

Lu0 32.50 01230

JuC 1.0 2548 0.0392
240 28,15 0.0704
3.0 30,83 0.0972
4.0 31.72 0.1260

IscHz2 1.0 19.0d 0.0513
2.0 25458 0,0780
3.0 27.79 0.1096
L0 | 30430 0.1320

The dats of Table 16 showed thet sample PCPC#L1 mave
slightly higher yields of ethanol than the reference FCPC#Z2,
while the two commercial samples BLI and NVC gave somevhat
lower yields, and the older ISCF2 sample the lowest, These
small differences in enzynic potency as noted by ethanol
yields in Table 16 were more noticeable when the date were

‘plotted in Figure 6, Within the limite of experimental error
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parallel lines were again @h%aineﬁ; and the swaller the nume
erical value of the Yeaxis intercest, the higher was the
soviolytic sctivity.

The Stenderd Eveluation Tests on the four levels of UB§Y9,
NB#2, MBFS, and MB3 save the date which are compiled in Table

17+« Since ¥BF2 vas a concentrate, smaller increments and

levels of this senple were employed.
Table 17

Results of Stendard Evelustion Tests with Samples
MB{9, WB#2, MB#S, and MB{3

¥old bran, Ethanol,
Z» Der 100 2« per Tlask
g« stareh

¥old bran,
lab Ho.

1.0 2he51 0,0408
2.0 | 29.26 0.0673
340 31,73 040944
4a0 33.03 0.1210

uB#2 045 17445 0.0286
1.0 23.08 040433
1.5 25,65 040583
2,0 27.51 0.0726

WB#5 1.0 21.03 040476
2.0 25,30 0.0789
3.0 27285 0«1076
540 30420 0.1325

1.0 19.90 040502
2.0 23.92 0.0836
3.0 26431 0.1139
L0 28,26 041412




It was noted from the ethanol vields in Table 17 that
the ¥B#2, a concentrate of unknown potency, gave slizhily
lower yields than MBF9 and the reference FUPCH#2Z; thus the
standard levels of the Standsrd Bveluation Test could bave
been employed with ¥Bf2. However, when the data were plotted
in Pigure 7, & fairly good straizht line was obtalned for
uBg#2 wWQaw»awww% parallel to the other curves. The lower
levels of HB#5 and ¥B#3 were erratic and the data did not it
the curves in Pigure 7 very well, which is typlcal for samples
having poor amylolytie @n&wﬁwwwm since saccharification is
guite poor with resultant unrelisble fermentetions.

The Stendard Evelustion Teste with ¥B#8, MB#7, ¥BFG, and
EBFL geve the data presented in Table 18,
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Table 18

Results of Btanderd Evaluation Tests with Samples
¥B#S, MBf7, MBF6, and BfL

Mold bran, ¥old bdran, Ethanol, Heizht of mold bra
lab Hos g« per 100 g« per Tlask Velsht of ethanol
g« 8btarch

§B#8 1.0 65421 01610
, 240 13.85 O 1LES
3.0 O 19.79 0.1519

@&@ MWWMW QtWQﬁM

g%%m 1.0 753 0.1328
240 15,83 L4 wamv
3.0 22427 0.1350
L0 2590 041603

HBE6 1.0 21.17 0.0472
- 240 2l 21 0.0827
340 27.83 0.1079

[ 29.82 0.1340

1.0 22490 040436
240 27.00 0.0740
3s 28,89 041039
LsO 31.38 0.1278

Hone of the ethanol ylelds from the corresponding levels
of mold bran semples given in Table 18 were g8 bhigh as for
the wgwgwmﬁam POPCH2, in faet, the WBI#7 ond ¥B/E samples gave
very low ethanol ylelds, indicating poor fermentations and
very low smylolytie activities. The low activities of MB#7
and MB#E were even more noticeaeble when the data were plotted

in Pigure 8, and straisht lines were not obteined., Had highe
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er levels of these mold brans been emploved, it might be pre-
dicted that the dotted lines would have been obitained by
awmrayﬁlatiaa@ However, samples of such low setivity would
be umeless in commercisl prsotice in saccharifyving fermenta-
tion mashes for ethanol production.

The weights of sanples @mﬁiay@ﬁ: ethanol yields, and the
computed values of ¥eicht of mold bran sre tsbulated in Table

welizht of ethanol
19 for the Standard Evaluation Tests with KBF10, MB#1ll, and

MB#12,

- Fable 19

Results of Standard Evaluation Tests with Semples
MBF10, ¥BE1l, and MBF12

Koid bran,  Kold bran, Ethanol,

1ab Ho. &« per 100 #» per Tlask
2« 8tareh
1.0 2148 ‘ 040466
2.0 ' 2649 0.0757
3.0 29.46 0.1019
MB#11 1.0 - 20.92 040477
340 2@;&8 0.1048
4.0 30.60 0,1308
% L 12 }u&ﬁ’ }-5 Q%}. G#’QéBg
3.0 2Lal7 , 04,1226

L0 27.03 0.1478
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#he data in Teble 19 showed low wields of ethanol for
the UB#12 and higher ethencl yields for the MB#L0 and ¥

B,
but none gave a8 good ethanol vields as the reference FUPCH2.
The differences in amylaiytiﬁ activity were clearly illuse
trated in Tigure 9 when the Gate were plotted for the three
samples, BBF10, MB#1l, and MBA12.

The ¥-axis inbtercepts for all sauples except VBT and
uB#8, for which straight lines were pot obtained, were read
from the grephs of Pigures 5, 6, 7, 8, and 9. These intere
cepts in the order of their increasing numerical vslue, bdbut

decreasing amylolytie setivity, are tsbulated in %&hi@ 204
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ing the curves to the Y-axis. fThese intercepts thus obtained
give numbers, the relative value of whieh indicate the rela-~
tive efficiencies of the emylolytic agents for saccharifying
fermentetion mashes, the lower the imﬁaré&@t the greater the
efficiency. The equation for a straight line is ¥ = mx £ b,
and, applied to the curves given in Pigures 5; 6, 7, 8, and
9, y is the ¥eiaht of mold bran » jg the weisht of mold

weight of ethanol
bran, m is the slope, and b is the intercept. The slopes for

the curves are yra&%ie&lly identical, having a value of aboub
0.0274, but the iﬁtﬁ?ﬁ&?ﬁﬁ;‘g; are inversely proportional to
the amylolytic aetivities of the different sanples, and,
therefore, these intercepts serve to evaluate the total en-
gymic aetivity of the amylolytic agents for sesecharifying

fermentastion mashes.

2+ Intercepts obteined by mathemstical methods.

Since the slopes for sll the 5tandard Ivaluastion Test
curves were practically the same, namely, 0.027L, a sinplifi-
gation in the procedure sugzested iteelf. The Standard
Evaluation Test could be modified by using a single level of
mold bran, say 3.0 g. per flask, insteed of four levels, and
then computing the intercept from the streizght line equation,
¥ = 0x £ b» The mold bran level of 3.0 2. per flask was
chosen to avoid the erratic results obtained with many of the

lower levels of some of the samples investigated. Three
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semples of wold bran, ¥BF10, EBFll, and ¥B#l2, were sclected
for testing this procedure, sinee they were the last samples
obtained from the pold Bran Co., and were judzed to be rep-
regentative. The fermentations were carried out in guade
ruplicate using 3.0 z. of each sample snd the regular test
procedure. The ethanol ylelds obtained from the 2i-hour fer~

mentations ag well ag the computed valucs of weisht of mold bran
weizght of ethsnol

are given in Table 21.
Table 21

kodified Standard Evelustion Test with Samples

e
i

{

3¥0l4 bran, Mold bran, Lthanol, Yelght of mold bran
lab Ho. Ze DEY 12& 2« pEY Tlask veizht of ethanol
g« starek

28.71 041045
KB#12 3 25.09 0+1199

The dats of Table 21 showed ethanol yields within limits
of experimental error, comparable to those given in Teble 19
for the same samples at the 3.0 g« per Tlask level. Using
the straight line equation, ¥ = mx # b, and slope 0.0274 ob=

tained from the curve for the reference sample FOPC#2, the
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intercepts were ealeculated from the date glven in Table 21.
These values are compared in Table 22 with the graphieal ine-

tercepts which had previously been obtained {(Table 20).
Table 22

Intercepts Determined Graphieally from Four Hold Bran Levels
and Caleculated from s Single Level for the Samples MBF10,
MB#11, and MB#12

¥old bran, Intercept

lab Ho. ; ; e ,
Grephicel : Caloulated
¥B#10 0.0210 0.0206

MB#12 0.0378 0.0377

The resulis presented in Table 22 indicate that the
grentest variance between graphleal and computed intercept
values for the three represcntative samples was for MBFll,
and this difference is within the limits of experimental
errors. This mathematical method, althoush apparently not
guite as amccurate as the graphical method employing four
levels of mold bran, seens prospising for use in commercial
control laboratory provedures for the rapid eveluation of the
enzymic metivity of amylolytic sgents employed in the sace

charification of Ternentestion mashes.
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gach sgent is evaluated on the “as received™ besis Just ms it
iz to be used in the actusl conventional fermentations. In
other words, the moisture conbtent and composition are come
pensated for in the intercent obiasined by the Standard Fvale
uation Test. TFor exwunle, if two zgents have the sanme anyle
olytic potency on & dry basis but one has 2 hisher wmoisture
content, the numerical intercept value will be larger for the

one with the more molsture, other varisbles belnsz constant.

e  Optimun Requirements of Anylolytic Agents for
Maximunm Fthanol Produectlon

Preliminary 1ﬁfarmazia§; obtained fron the Standard
Evaluation Tests in the previous section, indicated that,
since the anmylolytic setivities were inversely proportional
to the intercept velues, the opbimum recuirements of two
different amylolytic agents for mﬁXiwﬁm‘ﬁ%hﬁﬁﬁl sroduction
should be proportionsl to the two interespt values. This
correlation of the intercept veluss with optlnum reculirements
of the anmylolytic sgents wes necessary for a complets evalw
uwation scheme that would give an exact fﬁyﬁﬁntgtiam evalugw
tion. Acecording to this postulste, if any zood semple were
selected as a standard and the conventional 72-hour corn fepr-
mentation ¢srried out employing verious levels of this stane-

dard sample to determine the minipum optimal level for maxi-
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mum ethanol production, the mipimum optimal level of a second
agent could be ﬂﬂm@aﬁﬁé by direct proportion from the interw
cent values obtained by the Standard Fvalusiion Test Method.
The proportion used in this ealeulation would be:

intercept §$ﬁaﬁéar& arent)

3 « Opbimum level (standerd agentj
intercept [unknown azent)

optimum level (unknown agen

The conventional 72-hour corn fermentation @racﬁéarﬁ

adopted for determining the mininum optimal level for maximum
ethanol production for the standard sanmple, as well as for
the other sanples, followed the regular procedure used in the
Btanderd Evalustion Test as closely as convenlently possible.
Thig close adherence of snalogous procedures for both the 2h4-
hour Standard Eveluation Test and the 72~hour conventional
gorn fermentation was one of the princinles upon which this
investigetion wes based, and thus the correlation between the
enzymic activity as shown by the Stenderd Ivelustion Test and
the sctual performence in the conventional 72-hour ¢orn fere
mentation was more sasily m&ﬁﬁ;

In general, any method which ie used for a test has
greater importance when the procedures of the method are very
gimilar to the practical conditions under which the matorisl
tegsted is to be used, and the more closely the two coinclide
the more valuable becomes the test sethod., This principle
has been stressed wherever possible in this investigeation.

Utmost considerstion should be given to the selection of

the substrate to be used in the final 72~hour Termentation.



- 110 -

Corn was selected in this investization because corn is the
most widely used grain employed ss & subsirate for ethanol
produetion by the yeest fermentation. If any other substrate,
such as wheat, oats, rye, sorshum grains, berley, sweet pota-
toes, white potatoes, cassave stereh, banesnas, or any other
suitable starchy materisl were to be used in the final fere
mentation, then it should be emploved as the substrate in the
so-called conventional 72«hour fermentation. Only in this
way can & truly exect evaluation be nade as to the tobal
effectiveness of the amylolytic agent employved in the sacw
charification of fermentation meshes, Since this investizaw
tion used only the one substrste ﬁarﬁ; future work might well
include the use of various other starchy materisls used to
prepare fermentation mashes for the complete evalustion of an
amylolytic agzent.

The minor changes in the Standsrd Evaluation Test pro-
cedure neccssary for the 7Z«hour corn ferpentations were:
10040 g» of ground whole vellow oorn was substituted for the
1000 ge of starch per Tlask; the Difco yeast exiract was
elininated; 0.02 normel instesd of 0.05 normal hydrochlorie
acid produced adeguate thinning and geve B final pH of 5.0 to
543, thus elimineting the neceasity of neutralizing with cone
centrated sodlum esrbonate solution; the fermentation tine
was inereased from 24 to Y2 hours; and six ﬁiff&ﬁ@ﬁ% levels

of each amylolytic agent were employed over a range which ine-



- 111 ~

eluded the optimum of each agsnt as computed by proportion

from the intercept data compiled in Table 20, using FCPCH2 as
the standserd sample. The other detalils of the procedure wers
followed precisely as given for the Stendard Ivalustion Test

method,

l. Hinimum optimel level of sample FOPCHZ2 for meximunm

ethenol yvields Trom sorn.

4 series of preliminsry 72-hour conventional corn fere-
mentations using several levels of the reference sample
POPCH 2 indiceated thet a meximum yvield of sthanol was obtained
with & welght of between 2.5 z. and 3.0 g. per 100.0 z. of
eorn. Series using 0.1 g. increments between those two
linits were repeated until concordant results gave the aver-
apge ethenol vields for each level of sample sunnarized in

Table 23 *



Table 23

Results of ﬁamvauﬁianal 72«hour Corn Fermentstions

with the Reference Sample FCPCH2

Bold bran FOPCH2, Ethanol,

g« per 100 g. corn g» per flask
1.5 28453
240 30.50
2.5 32.11
246 32427
2»7 32.25
2.8 32.25
249 32.21
3.0 | 32.23
3.5 32.09

ka0 32.17

The results from Table 23 indieated that the minimum op-
timel level of reference ssmple FCPCH2 was between 2.6 g+ and
2.7 2+« per flask. These dats were plotted in Figure 10 to
aid in determining the exset minimum level of sample FCPCER
which gave the maximum yield of ethanol ia the 72«hour corn
fermentation. The arrow above the curve in Figure 10 indi-
cates the minimum optimel level chosen for the reference

sample FCPCEZ2, namely, 2.606 z. per lask.
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2. Laleculsted minivw optimal Jevels of 19 amylolviie grents

for saccharifyine corn nashes,.

The minimun opbimal levels for the ssuples listed in
Table 14 to glve maxinum ethanol production enmploving the
conventional 7Z-hour corn Termentation were compubed from the

proportion

using the intercept data of Pable 20, with the intercept of
0,0133 and the minivum opbimel level oF 2.66 g. per 100.0 gz.
of corn for the reference sanple PUPCH2 ss determined from
Figures 5 and 10, respectively. These computed minimum oOpe
tinsl levels for maximunm ethanol production from corn are

tabulated Tor esch senmple in Yable 24.
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Table 2L

Computed KMinimum Optimal Levels of ismylolytic Agents

for kaximum Ethanol Production fropm Corn

Kold bran, Optinuwn level mold bran,
“lab Ho. Z« per 100 z. corn
FOPCHL 2.00
uB#9 : 2,62
8SLI 26l
FCPC#2 | | (2.66)*
JHC ' 2488

3.12

3426

354

400

4«20

Le26

hal2

4480

5400

; 5428
ﬁ%ﬁ# 12 ’ 75 6

¥hetermined 6Xper Lnentally.

3+ kinimum opbimel levels of 12 smylolytic agents from

conventional 72-hour corn fermentaetions.

For the conventional 72-hour corn fermentations, ine
crements of 0.5 Ze« of sauple were judsged sufficiently acouw
rete to secure a good curve when the ethansl yields were

plotted sgzainst the weight of amylolytic agent, particularly
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when the computed minimum optimal level was included nearly
midway in the series of six levels employed.

The mold bran levels employed and the ethanol yields for
the conventional 72-hour corn fermentations sre given in

Table 25 for the semples FCPCH2, JWC, and SLI.
Table 25

Results of Conventional 72-hour corn Fernmentations with

Semples FCPCE2, JWC, and SLI

Hold bran, ¥old bran, ge Ethanol,
lab Ho. per 100 g. eorn g« per flask

7

FCPCy2

JHC

SLI

1«16
1.66
2.16
2.66%
3416
3.66

1.38
1.88
2.38
2.88%
3.38
31,88

1.14
1.64
2.1k
2.64%
31k
3.64

27.17
29,22
30.81
32.29
32.16
32.17

2778
29.37
30.92
31.74
31.84
32.60

28,11
29436
30.16
31.89
31.90
31.90

“*Compubed minivum optimal level.

The results of Yable 25 indicated that the minimunm oOp=



timal level foyr standard sample PCPCF2, ms resd from Figure
iﬁ, did oive the &&ximnmAatéaaal vield as s further increase
in mold bran gave no further increase in ethanol. Sample JWC
448 not pive the marximum ethanol production for the computed
minimum optimal level of the sample, indicating either exe
perimental error or a discerepancy in the Standard Evaluation
Test data, although, & 1@Vﬁ&i§§wﬂ£§ of ethanol vields was ine
dicated in the viclnity of the levels emploved. Sample SLI
gave m&xiﬁum yvields of etﬁ&a@iifar the computed level of mold
bran thus sddinzg substantial support to this evaluation
method.

The data from Teble 25 for samples FOPC§2, JWC, and SLI
were aﬁaé in Figure 11 with,thé;sta&kal yields plotted
againgt the weleght of mold bran. The arrow above each curve
in ¥igure 11 indicates gha computed minimum optimal level for
that particular sample.

The mold bran levels employed with samples ISCHE2, ISC#L,
and §§ gﬁv@ the ethanol yields shown in Table 26 in the conw

ventionagl 72«hour corn fermentations.
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Table 26

Results of Conventional 72~hour Corn Permentations with

Samples ISCG#2, ISC#l, and UN

Hold bran, ¥old bran, £ Ethanol,
lab Ho. per 100 g. corn gz« per flask

iow e A - o
o e zr S - -

15C#2 3430 28,75
530 30,79
Lo BO¥ 31.70
5.80 31.62

3041 3.78 32,01
LofL Le28 32k
Le78 - 32.88

54 28% 33.84

5,78 33.65

6428 33.74

= 2.12 28420
3.12% 30.88
3462 31.19
Ll 31465

¥Computed minimus ODLImSL 1evels

The results of Table 26 indicated that the computed min-
imum optimal levels for the samples ISCHZ2 snd ISC#1 gave the
naximum ethenol yields, but the sample UN gave small ineresses
in ethanol production for sll increments éf sample, although
there was & genersl leveling-off of vields indicating & maxe
imun was being attained. These conclusions were more notice-

able when the ethanol yields were plotied against the weight
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of mold bran in Figure 1Z2. The asrrow above esth curve in-
dicates the computed minimum optinal level for that particu-
lar sanmple,

Using the conventional 72-hour corn fermentations,
samples FCPCHFL, EBFLl, and ¥BH#9 geave ethanol yields for the
various levels as tabulated in Table 27.

Table 27

Resulis of Conventional 72-hour Corn Permentations with

Semples PCPCFL, LBFl, and ¥B#FO

¥old bran, Fold bran, g. Ethanol,
lab Noa per 100 g« corn g« per flask

1.50 31,50
2,00 32.50
2450 ~ 331k
3+00 33.10
3250  33.26
400 33.11

E@%X 2+50 26490
‘ 3400 28,65
3.50 30.15

LA 00* 30.98

lre50 30067

500 ; 33*65

1.12 26,62
l.62 2798
2412 30.42
3.12 31.15
3@82 32.01

*ﬁhmput@a minimam'agtimal ievel.
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?igﬁrﬁ\lﬁ; ¥inimum optimal levels of samples POPCHL, MBFL,
 end MB#9 tor meximum ethanol production.
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Table 28. The arrdw above each curve indlcates the computed
mininum optimel level of emch particular sample,

The l%ﬁk of sufficlent sample prevented conducting the
conventional 72-hour corn fermentations with semples MB§Z2,

Table 29 in whieh are summarized the minimum optilmal levels,

S

#6s They are therefore omitted from

computed and experimental, of each sample for maximum ethanol
vields from 100.0 g« of this speeific sample of ground whole

yellow coTn.
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the mininum a@tiﬁai level of each ssmple, series could be
conducted using very small inerements, such as 0.1 ®., but
for all practiecal purposes the inerements of 0.5 gZ. were
judged sufficiently accurste for this evaluation method.
Thus, the data compiled in Table 29 gave evidence that
the y&l&%ivﬁ total enzypnic setivities of amylolytie agents
for the saccharification of Permentation mashes could not
only be evalﬁateg by using the intercepts obtained from the
 8tanderd Eveluation Test, but also the minimum optimel levels
to obtein maximum ethanol production from corn mashes could
be caleculated from these intercepts. The feasibility of the
eaﬁm@raial«aﬁay%ian of this evalustlion scheme wag suggested
immediately. The ethanol manufacturer will no longer have
to wait the usual three to four days for the completion of
the tedisug and timenaaﬁﬁﬁmiﬁg néavan%iaﬁal fermentations to
evaluate any new shipment of amyliolytic ag@at; and he will no
longer have to employ a considersble excess of the amylolytice
agent in plant mashes to inﬁuré enough egent being present to
saccharify the fernmentation nmashes Tor maximum ethanol yields.
Just 24 hours from the time he receives his sample, either
from the carload lot as it comes t0 his railroad éiﬁing or
sent ahesd by the manufmeturer of the asmylolytic material, he
will not only kaaﬁ’th@ amylolytic potency in compesrison with
a standard reference sample, but will also know just the

ninimun optimal level to employ to produce the maximum ethanol
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yield from the chosen substrate.

The alpha-amylase ﬁa@s&&im&%i@ﬁ of Sandstedt, Kneen, and
Blish {(1939) bas been the most suecessful chemieal test for
measuring the enzymie ectivity of mold bran preparvations. It
has been pointed out previously that in general if the alpha-
smylase value of & materisl is high there is reamson to be-
lieve that the preparation will give g00d ethanol yvields when
it is used in saccharifying fermentation mashes. The alpha~
amylase values for the senples listed in Teble 29 are com-
pared in Table 30 with the minimus optimal levels for eorn

mash fTermentations as determined experimentally.
Table 30

Comparison of the Alpha-amylase Values with
Experinentally Determined Minimum Optimal Mold Bran Levels

Kold bran, Optimum level mold bren, Alphe-zmylase,
lab Ko 2« per 100 g« cora dextrinizing time,
(experimental) minutes

POPCH2 | 2.66 5425
FCPCFL 245 6425
EB#9 2.6 5475
SLI 2.6 3,00
UN 3.5 12.25
uBf1 La© 16425
1B#10 Le? 8,00
KB#1l L3 9425
ISC#2 | L8 21.25
ISCH1 5.3 17,00
¥Bf12 746 15400
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It was appavent from the comparstive data in Table 30

thet there is no corrsletion whatsoever between minimum op-
timal requirements of a mold bran for saccharifying fermenta~
tion mashes and the alpha-enylase values, expressed in terms
of dextrinizing time. Although the alphe-amylase determinaw
tion hes been devised as g falrly repid chemiocsl test for
just the one component in the amylolytie agent, it gives
neither the total evalustion needed to prediect the overall
amylolytic action produced in the conventional 72-hour ferw
&@ﬁt&tian nor the resuired minimum optimal level for mayimum
ethanol production from the specified substrate.

It should be pointed out that, in genersl, the convenw
tional 72~hour ethanol ylelds indicated thet any amylolytie
azent which bhaed s greater numerical ?ﬁlﬁé for an intercept in
the Standard Eveluastion Test compared to the stenderd refer-
ence semple should be jJjudged gz poors. Ethenol yields for
such samples did not guite approach the maximum given by the
reference sample or any of the better samples, even though
enough mold bran was gdded to produce the maximum yields for
that particular ssmple. Apparently, when the Standard Fvale
uation Test indiceted s sube-normal amylolybtic agent, some
part of the enzyme system or other unknown Tactors were ine
adeguately supplied or developed 80 that the maxlimum possi-
bility of ethanol yield from the corn was never quite attained

even with an excess of the agent. There was no sharp 4if-
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ferentiation between a good, medium, or poor amylolytie
agent. Generslly a good sgent required less than 3.0 g« per
100.0 g. of the specified corn sample for maximum ethanol
yields, and any asgent requiring over 5.0 g. per 100.0 ge of
corn was judged e ga@r‘matariai; more because of the inecrease
in cost per unit of ethanol produced which would result due
to the necesgsity of employing higher levels of agent than be-
cause of the three to seven per cent decresse in ethanol
yields. The letter point is slso quite significant.

The data of Tables 25, 26, 2?; and 28 indicated a pos-
8ibiiity that in copmereial practiee it might prove more
profitable to use 15 to 25 per cent less amylolytie agent
than the computed minimusm optimsl level with an aversge sec-
rifice of only three to four per cent in ethanol yields. The
economics of such & prectice would bhave to be carefully
studied with suech items as cost of ﬁabatra%é, cost of amyle
olytic sgent, priee of ethanol, price of recovered feeds,
etc., being given special statistical analysis to substan~
tiate such an underteking. }ore extensive studies should be
conducted in this respeet before many concluslions can de
drswn, but the feasibllity of such 2 proeedure is quite pos-
8ible.

The amylolytic sgents employed in this investigation
were, as previously mentioned, prepared from & sirain or

strains of Aspergillus oryzae. This preliminary work sugw
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gested that further studies should be conducted applying the
same methods end technigques employed in this investigation to
other fungal amylase preperations includinz those produced by
strains of the genera Rﬁig@;g@,«ﬁﬁ@g»; and other promising
strains of Aspergilius, both on =olid medis and in submerged
culture. Bacterial amylase preparations should also be
testeds There is & likely possibllity that dats from the
Standard Evaluation Test for each particular strain misght

oryzae
preparations. However, several preparstions from a single

give a slope different from that for the Aspergillus

strain or species might give parallel curves with intercepts
that would afford a mesns of evaluetion. However, if this
method d4id not give concordant results, then another mathw
ematical approach might be forthooning.

Binece barley malt is the most generally employed amylw
olytic sgent in the fermentation iaﬁﬁgtry; & Tew preliminary
investigmﬁians of an exploratory nature were tried on barley
malt samples. The Standard Eveluation Test data gave straight
line curves when plotted, but instead of being parellel and
having the same slope as was noted with the fungel amylese
preparations, the gtraizght lines for different malt samples
all naﬁ:slightiy different slopes but appeared to have the
same intercept. Since time did not permit results to be ob-
tained from conventional 72-bhour corn fermentations with

these malt senples, the relative potencles of the samples
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were not ascertained. It might be that they all possessad
nearly the sespe scotivity for saccharifying fermentation
mashes, although the Lintner wvalues differed considerablye

It iz now well known that Liﬁﬁﬁ&?‘?&laﬁa have almost no mesn-
ing in predicting the ﬁﬁagmi¢~a§€ian of an amylolytice agﬁnﬁ
for saccharifying fermentetion mashes. Hore extensive stud-
ies will bave to be made using barley malt samples of good,
mediun, and poor amylolytie potency as determined by convenw
tional 72~hour fermentation tests before any definite cone
clusions can be drswn 28 to the suitability of the Standard

Evaluation Test method for eveluating melise
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Vi. OUMHARY AND CONCILUSIONS

1., The evaluation of amylolvtic szents employed in the
saccharification of ferpentation meshes Tor the production of
ethanol was undertaken. %The amylolytic activities of ths

products of the growth of siraiuns of Agperpillus

Oryzee on
wheat bran, eelled mold brans, were studied in particulsr,
not only becsugse of the commercisl importance of funsgal anyl-
ase preperations as amylolytic szondte in the ethanol fTermen-
tation but also because of the need for an exact and rapid
$¥Eiuﬁti$ﬁ,m&thﬂﬂ for this new commoditya.

2. The 19 enmylolyiic szents investigated were divided
into groups according to thelr souree:; one pilot plant
sample, one semi-commercial semple, 3 laboratory samples, L
experimeptal plant semples, and 10 commercial preparations.
Evaluation was made for all but two samples which were of
such low engymic activity that they were considered useless
as anylolytlc agents.

3. Urephical and mathemsticel analysis of meaper fere
mentation dats covering only limited levels of mold bran and
ethanol yields from the conventional 72«hour corn mash fere
mentations indicated a streizht line function. The straight
line function was obtained by plotting the weight of mold

bran used divided by the welzht of ethanol produced against
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the welght of mold bran. On this basis & possible fermenta-
tive eveluation was postulsted, which would heve all the
merits of the tedious and time consuning 3 to 4 day convene
tionael Termentation, bubt would require less work and a shorte
er bime period.

L. Although satisfactory in nmany respects, the conven-
tional corn mash substrate was abasndoned for two major
reazons: the necessary wide range of ethanol yields for the
straizht line Tunction was not obiained for the varicus levels
of amylolytic agent until the 36-hour fermentation, period,
which was Judged too lomy for a rapid evelustion method,
and, more lmportant, the lack of uniformity in composition
of corn rendered standardizetion almost ilmposgible.

5« 8tarech of the pure food grade cuslity was selected
for the subgtrate not only becguse of its consistent homow
genelty but also for its wide availablility. Difco yeast ex=-
tract, & wildely svailable produet of highly wuniform guality,
was emplaoyed to Turnish sufficient nublrients and growith face

tors for yeasst growth. The starch was thinned by cooking
with dilute mineral acid 1o produce & mash that could be
handled with ecase and would ferment well.

6« Three starch mashes were developed with opbtimun cone
centration of miﬁ%ral geld to thin the starch with no ap-
preciable production of reducing substances, optinmur cooking

time, and an excess of Difvo ysast extract to supply a source
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of nutrients and growth factors for yeast growth. Only the
substrate with 100.0 2. mf;@ﬁa&ﬂh, 5«0 2+ 0f Difco yveast ox-
tract, ﬁﬁﬁﬁ normal hgéfe&ﬁlﬁ%i@ acid for thinning, and cook-
ing time of 60 minutes atb zﬁlpﬂunﬁa stesm pressure was judged
a&ﬁi&fﬁéh&rg on the basis of having inapprecisble smounts of
r@ﬁueing substances formed in the acid thimning process and
mﬁf@~tﬁ&ﬁ.@n@ug§ substrate fér & rapid 2h-hour yeast fernen-
tetion when employing the most eetlive anylolvtic agents

| 7+« 4 standard procedure was developed that zave the
necegsary wide range of ethanol yiéi&ﬁ from various levels of
amylolytiec ament for the sirsight line funection., This method
is outlined briefly: 0 100.0 g« of starch and 5,0 g« of
Difco yeast extreet in & wide-mouthed l-liter Erlenmeyer
flask is added 250.,0 ml. of 0.05 normal hydrochlorie scid
previously heated to 70°C, and the contents stirred with a
glass rod to facilitate mixing. This is repeated for each
flask in the series, The Tlasks are then heated in g water
bath and stirred continuously till the starch is gelatinized.
The mashes are then cooked at 20 pounds steam pressure for 60
minutes, blown down to stmospheriec pressure, and steamed oone
tinuously uniil removed one at a time Tor ssoechariflicstion.
To the hot mash is added the reguisite amount of standard
concentrated sodiuwn carbonste solution to adjust the pH be-
tween 5.0 and 5.3 and a slurry combaining the amylolytio

agent in 250 ml. cold water, and the entire contents mized
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with 2 high speed stirrer for one minule. The tempersture of
the cold water slurry is adjusted so that the resultant wssh
haes a Tinel temperature no higher than 553ﬂ after being
ptirred. A series vonsists of triplieate flasks for sach
level of amylolytic agent, namely, 1 Ze, 2 Sey 3 24, and L 2.
per flasks Xach flesk is cooled immediately in a co0ld, rune
ning water bath till the temperature reaches 30°C, and after
the moshes for the entire series heve been seccharified and
gooled, each flask is inoculeted with 20.0 ml. per flask of
an aetive Zi-hour yeast culiture grown in & malt extract nede-
ium. The geries is incubated at 30°C for the 24-hour test
periocd. The final wolume of sach mash is then measured and
25040 ml. distilled, the distillates being collected in 100.0
ml. volumetric flasks. The distillates are brought to 25°C
by immersion in & ﬂ@&%ﬁaﬁ% temperature water bath, and the
specific gravities determined at 25°/25° with the Chainomatic
Westphal belance. Ethanol contents of the distillates are
read from an eapprovriste table and the totel welght of ethanol
from esch test fermentation is caloulsted. This procedure
along with the gzraphieal snd nathematical analysis vwas Jdesige
nated the "Stenderd Fvaluation Test®,

8. The Standard Fvaluation Test gave curves with the

: ; ot o Weizht of mold bran .. otted acpingt
game slopes when the wﬁight 57 ggﬁﬁﬁ&i“iwas plotted against

the weight of mold bran for all the samples tested, and upon

extrapolating these curves o the Yeaxis different numerical
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intercepts were obbtalned that were inversely proportiomal to
the relstive amylolytic sotivity of the warious agents em-~
ployed. In other words, the higher the setivity demonstrated
by an amylolytie agent the lower was the numerical value of
its intercept. An exmot Termentastion evaluastion wes thus
possible, since, as the value of the intercepts varied be-
tween two agents, the minimunm optimal level for maximunm ethe
anol production would vary in the same proportion.

-9+ SBince the slopea from all test curves obtained in
the Standard Evaluation Test were practically the same, be-
cause the curves were esgentially psrallel, & further simpli-
Tication in the procedurs suggested itself. The starch-yeast
extract medluw was employed but only & single level of anyl~
elytic agent, namely, 3.0 . per flask was used, because the
lower levels 4o not fit the curves well due to the poor Sacw
charification under the specified copditions, and the inter-
cept was calculated from %hﬁ'ﬁtw&iﬁht line equation, ¥ = mx,;
b. The value for y was the ”,W _?m of ﬁ;@l& bran. m wes the

eht of ethanol
slope of 0.0274 from the reference sample FCPC#2 curve, X was

the weight of mold bran, and b was the numerical wvalue of the
unknown intercept. Althousgh, probably not guite as accurate
a8 the Standard Ivalustion Test using four levels of agent,
this one~level method was sufficliently accurate for commere
clal lsboratory control work.

10. Correlstion of the intercept values from the 8tane
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dard Evalustlon Test with the minimum optimal requirement of
amylolytie agent for meximum ethanol produetion was made by
Tirst carrying out a conventlonel 72-hour corn fermentation
with various levels of stendard sample FCPO#2 to ascertain
the miniman level for maximus ethanol production. Thea the

sinple proportion

, cept {standard sgent) , optimum level {stendard acent]
intercept (unknown sgent) — opbimum level (unxnown agent

was employed to compube the minimum optimsl level for maximum
etﬁanﬂl,gra&ae%iaﬁ for the 17 smylolytic sments evaluated,

1l. PFinally to confirm the computed minimun optimal
level of each agenit, metusl maximum ethanol production data
were obtained for nmost samples from the conventional 72«hour
corn fermentation emploving 6 different levels of each amyle
olytic agents The renge included the computed nminimum op-
timal obtained by proportion from the L-level intercept data
from the Stendard Evalustion ?&s%* The computed minimum Op-
timal levels and %h%‘@x§@rim@ﬁt&§1y determined minimun op-
timal levels for most of the samples gave excellent agres-
ment, Thus the evalustion of the suylolytice activity of the
samples investigaied by & 2i-hour fermentation method was
confirmed by checking with the conventional 72«hour grain
fermentations.

12« Tor best correletion of results, the conventional

72~hour Termentation test to determine the minimum optinmeld
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level of the chosen standsrd smylolviic agent for smaxinun
gthanol production should use the spane type of substrate that
is emploved in the final commercisl 72-bhouyr fermentation.

Por example, 1if corn is to be the final substrate for ethanol
protuction, them 1% should be ewployvyed in the conventional
72-hour fermentation test, but if wheat, rye, cassava starch,
oats, sorghun grains, potetoes, bananas, or eny other suite
able sterch nmeterial is the final subsirete, then it should
be substituted Tor the corn in the conventional Vi-hour fore-
mentation best.

13. No correlation wes Tound between the minisum op-

4

timal reouirements of smylolytile sgente for saecharifying
fermentation meshes for the production of eibenosl and the rew-
sults of the slphe-smylese deternination by the method of
Sandstedt, Kneen, apd Blish {1939}, expressed in terms of the
dextrinizing time. The meager Information supplied by the
alpha-anylase deternination is that if the dexirinizing tine
is low i% is gulte certesin that the sgent will exhidbit zood
auyiolytic activity.

1lhe In genersl the good smylolytic agents tested re-
gulred less than 2.0 . per 100.0 z. of corn for maximum sthe
anol production, and tbhe poor ones reculred over 5.0 g« for

maximun ebhanol yvields, However, & poor agent never apneared

to zive guite the nmaximum ethanol yields obtained with the

better samples even when more then enough of the former was
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reletive metivity in ssccherifying Termentation mashes, and,
more importantly, their minisum optimal reguirement for mexi-
mum ethanol production from grain maghes. This evaluation
reqguires 24 hours instead of the tedious and time consuming
three to four day conventional fermentation method previously

employved as the only dependable and eonelusive method.
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