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and meld amylase as ssecharifying agents for the production
of fermentable sugars from gterceh was mede the subjesct of this

investigation.



IT. HISTORICAL

The first recorded observation thet stareh eould be cone-
verted into sugars by treatment with aclds was made by Kirehhoff
{1811) while searching for a substitute for gum. He found that
dilute sulfuric seid converied potatoes or wheat into sugar.

He also reported that 100 pounds of potatoes wonld yield fifty
pounds of syrup having the same sweetness as grape sugar.

The literature for the next decade is orowded with the
work of other investigators repesting and confirming Xirehhoff's
data. Vogel (1812) osrried out experiments proving that the
sugars produced by acid saccharification could be fermented.

He used fermentation tests to determine the amount of reducing
gugars produced. For the next Fifty years investigators became
concerned with the products of acid-hydrolyzed stsroch and
neglected further efforts toward incrsesing the effliciency of
the process. Nusculus (1862) discovered the fact that much
better conversion was obtained If the starch was hydrolyzed
under preguure.

Allihn {1880} completed & very exhaustive investigation
on the effeet of dilute sulfuric aecid on starch. He found that
the rapidity of saccharificetion is proportional to the cone-
centration of the scid and, within certain limits, to the dura-
tion of its setion and to the temperasture. Allihn's results

were based on the amount of reducing sugsrs present as determined
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if the amecid process would allow & substantizl ssaving in cost
of the beer, it would not be ssonomically sound.

Barbet [1912) described a process for saceharifying
eorn with § to 6 per eent hydrochlorie aeid. On fermenting
this pra&uaﬁ with ysast 1% was reported to yield almost as much
aleohol as is obtained from the conventional process. The de-
tails of this work are unavailable, and it is probable that the
mechanical diffioulties encountered would not al}ew economic
competition with malt hydrolysis. MNoreover, the cost of the
acid and alkali required for its neutralization when used at
these high concentrations would nearly equal the cost of the
malt used in the conventional process.

Duryea (1911) made a report on the aeld hydrolysis of
stareh dealing primarily with the products obtained. Since
this work was carried out at 55° C. with 1 per cent hydro-
chlorie seld, the ylelds of sugars were extremely low and of
no practical importance to the fermentation industry.

Defren (1912) studied the fermentabillity of mixtures of
glucose and dextrins resulting from the acid saccharification
of starch. The presence of dextrins was found to retard the
 Termentation of glucose. From these results it is spparent
that a high degree of conversion must be attained before good
aleohol yields oan be expected.

| Wegener and Teller {(1916) determined the fermentability

of commercial gluocose solutions menufactured by the ameid



l0=

hydrolysis of starch. These investigators found that the dex~
trins present, although originally unfermentable, were cone
verted into fermentable sugsrs by the action of Taka~diastase
or malt extract.

In 1921 acid hydrolysis was employed again for the con-
version of starchy materials into fermentable sugars with the
intention of using the process for the produstion of aleohol.
Roxas snd Manio {1921) made a study of the fermentation of
cagsava using asid hydrolysis. Upon the sddition of 200 ml.
of 0+8 normal sulfurie acid to 204 grams of stareh and cooking
at 120° ¢. for 2«5 hours a yield of 7Y9.5 per cent glucose,
based on eassava, was reported. They oclaimed an aleohol yield
of 90 per cent of theoretical when certailn inorganic salis were

used as nutrients. These investigatora sssumed that complete

conversion of stareh to suger was obiained under these conditions.

3ince no official sugar determinations on the cassava were ree
ported, 1t ie not possible to confirm this assumption.
Although the producticn of dexiross from sterch is an
established industry, very little information on the process is
available in the literature. Even the patent literature {Dex~
trin Automat Gesellschaft (1923), Ghevenot {1928), and Dreyfus
(1930)) is smo brief that nothing of any value can be learned
from it. However, Williams (1930) made & rather dstailed re~
port on the seid hydrolysis of staroh studying the influence of
time and pressure on the yield of dexirose c¢btained. The data
show that the maximum yield was obisined by tresting a starch
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suspension (3p. G. 1.120) with a conocentration of hydroohlorie
soid equal to O«4 per cent of the welght of the dry starch for
50 minutes at s steam pressure of either 30 or 40 pounds per
‘square inchs. Although oonsiderable data were tabulated the
choice of & method for analysis wss very unfortunate. The
method used was as follows:

10 co. cooled sample poured into 90 ec. of
aloohol contained in & 100 ecc. graduated glass
eylinder. The maltose and glucose dissolve in the
aleochol, but the dextrin, being insoluble, is pre-
gipitated and will sink rapidly to the bottom when
the percentage may be guickly ascertained. With
practice it 1ls not necessary to wait for the dex-
trin to settle; the percentage can be Jjudged
roughly by the amount of discoloration on adding
the liguer to the aleohol.™ p. 497.

The entire investigation is of little value because of the in-
exact prﬁaaﬁnre followed.

Severson (1987) studied the saecharification of cereals
by hydroshlorie ascid and the alcoholie fermentation of the
hydrolysates. Bach hydrolysis was carried out in a 300 ml.
Erlenmeyer flask containing 15 grams of the grain and 100 ml.
of the aclid solution. The vereals investigated were whest,
corn, oats and barley. The fastors studied were the acid
concentration, time and temperature of hydrolysis. Severson
found that, in genersl, better alcohol yields were obtained
using lower aclid concentrations and higher temperatures over
longer periods of time. The best alochol yields from cornm
were obtained by hydrolysis with 0.10 normal scid for three

nours at a steam pressure of 25 pounds per square inch. Under



1B

these conditions only about 90-95 peor sent ccnversion of staroh
to dextrose was obtained. The maximum aloohol ylelds were not
obtained from mashes which showed the highest titer for reduc-
ing sugarss. In gll casses the ylelds of alcohol from the scid
saocharified mashes were on the avar&ga nearly 12 per cent leass
than the yields from mali-saccharified mashes.

Yabuta and Aso (1939) investigated the ssccharification
of stareh by 24 orgsnic aoids. One part of starch was heated
with 5 parts of 1 per cent orgsnic seid solution at 130° C.
for three hours. They concluded that the amount of hydrolysis
obtained in general paralleled the pH.

Sehoene, Fulmer and Underkofler (1940) investigated the
effect of addition of malt and mold-bran to ecid~hydrolyzed
 corn mashes. It was found in general that the addition of malt
did not inorease the mleohol yield to any sppreciable extent,
and thus it may be concluded that acid hydrolysis 1s Just as
effective as malt hydrolysis. The addition of mold~bran did
ecause & marked inoresse in slechol yield, and this would in-
dicate that it wes more effective. Unfortunately, however, they
did not run a series testing the three methods simumltaneously
under similar labors$ory conditions.

‘Banzen {1940} studied the aeld hydrolysis of very
concentraeted cussavae mashes, in whieh the proportion of the
sample to acld was carried asg high as l:le. The meximum con-

version of stereh to sugara was obtailned when the ratio of



sample to acid was 1:12.3 to 1:3 and when the concentration of
sulfuric scid wss-0.4 normsl. However, yeast fermentation of
the acid hydrolyzates gave poor ylelds of ethanol. The best
yield was only 70.8 per oente

The above review definitely indicates that the litera-
ture on acid hydrolysis of stareh for production of ferment-
eble sugars is meager 1nﬁaeﬁ; And from the results obtsined,
it seems logical to conelude this part of the historieal section
of this thesis with the following quotetion from the report of
the survey for the Reglonal Research Laboratories (1939):

"The use of aelds to convert starches for a ferment-

ation process has never been practicable.” p. 31l.

Since this thesis deals with both mineral seids and
mold amylase as agents for conversion of starch to fermentable
sugars, it is also necessary to review briefly the history of
the use of mold amylase. Although molds have been used for
centuries in the Orient for sasccharification of starchy grains
prior to fermentation, they were introduced into other countries
puly very recently.

In the Orient no attempt is made to use pure cultures
of molds. Instead s mixed culture of microorganisms which are
active in the hydrolysis of stesroh is employed. The culture
is grown on a cooked rice substrate, and the resulting product
is known as "koJi". A considerable number of molds with high

saccharifying power have been lsolated from this source. The
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starehy materials directly without the sddition of yeast.
Amylomyces rouxii is now salled Mucor rouxii, although in some

of the literature it is designated ss Amylomyces Muoor rouxiie.

Collette and Boidin (1897) toock out s patent for the
produetion of aleochol from sterchy subsirates by the use of a
meld whieh they called Mucedinese. It is probable that this

mold was really Mucor rouxii. This wss the origin of the Amylo

process which has been used in Europe.

Host of the literature desling with the 4mylo process
is not secessibles owing to patent restrictions, but Galle (1923)
and Owen (1933} have published articles on the details of the
methods used. A4As the process develeped the original organiasm,

Mucer rouxii, was replaged by other molds. Mucor B., Mucor G.,

and finally Rhizopus delemsr were used in the order named. All

of these organisms were isolated from either "Chinese Yesaat®
or “Japanese Koji". These organisms were more rapid, hed a
greater tolerance for aleochol, and produced less acid than the
original mold. The organism used at the present time, in this
process, is Mucor boulard Humber 6. It 1s a very rapid grow-

ing mold and thus has the ablility t¢ hold 1ts own agsinst cone
taminants. Shorter time for fermentstion is regquired (complete
in 48 hmu&s), snd the yeast and mold may be added at the same
time. Whether or not this prooess ig economically sound is
8till debated.

Takamine (1898) isolated = pure culture of Aspergillus
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oryzuae from koji and uaed it for the production of amylase.
In 8 more recent report Takamine (1914) olaims to have investe
igated ocn & practical seele in 1891 the application of Asper-

gillus oryzase for the saccharification of grain. This project

was carried out at Peoris, Illinocis, and was run on 8 2,000
bushel scale for several months. The experiment wes partially
guegessful but 414 not atiain general recogmition of its merit
"heoause it still lacked means 40 overcome various impediments
due to trade conditions and difficulties in adapting the pro-
cess in the new field of apnlieation®.

Saito (1907) reported the isclation of & new specles of
mold from koJji which he named Aspergiliuve batatas. Although

it was reported to produce amylase, the Information given is
rether meager end would lead one to believe that its sapseity
to produce amylese is probadly gulte limited.

Okazakl {1914) studied three members of the genus

Aspergillus, nemely Aspergillus okezakii, Aspergillus albus,
and Aspergilius candidus. The method used was %o treast starch

with these molds and then determine the amount of sugars prow-

duced. He claimed Aspergillus okazakil and Aspergillus candidus

produced congiderable smounts of amylase, but actual values
ware not gsiven.
Seales (1914) prepared an ensyme powder by zrowing

Aspersillus ferricola for four days on an artifieial medium.

After the myselium was well washed with water, scetone and

ether, it was allowed to dry and then ground in a mill. This
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powder was added to a starch solution, and after an inoubation
period of three days B2 per sent of the starch wrs found to
have been converted into sugar.

Takamine {1914) found Aspergillus oryzae grew very well

on wheat bran. He named this produet "Teke-Koji¥, and carried
out experiments %o determine its efficlency for saccharification
a8 compared with malt. Due $0 a very favorable report from
Takamine, Taka-KoJi was tried on a plant scale by Hirem Walker
and Sons in Canads under the direction of Ortved (1912). The
aloohol ylelds were better than those obtained from malt, and
although Taka-KoJi was considerably less expensive then mslt,
the process was discarded. Why 11 was ie unknown since (Ortved
(1912) made & very favorable report on its use. He elsimed that
althouzh the first distillation produced s produst which had

& masty taste, this was entirely removed by redistillsation and
failed to develeop again on aging. Takamine {1894, 1896, 1910,
1911, 1912, 1918, 1923) obtained numerous patenmts in the United
States for his diastatio product and its use in the fermentation
industry.

Collens {1915) investigated the poasibility of produc-
ing industrial slcoohol from cessava. KExperiments were carried
out uaing both malt and taka~diastase as saccharifying agents.
Taka~disstase produced nearly 8 per cent more aleohol than did
malte

Qshima and Chureh {1923) made an intensive investiga-
tion of the molds iscolated from koJi in order to determine
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which ones produeed the largest quantities of amylase. Asperw
glilus oryzae and & mold form intermediate hetween Aspergilins

flavus and Asperpillus oryzae were found to be the most potent

producers of amylase. This investigation was the first to show
the great variation which may be found in different strains of
the same mold. They also ztudied mold growth and enzyme pro~
duetion on the fellowing media: wheat bran, wheat middlings,
corn meal, vocoanut meal, peanut meal, cottonseed cake, oile
extracted soybean meal, soybsan meal, orushed soybesns, dried
yeast, ground dried codlish, and casein. They found wheat bran
to be the best subsirate. Oshims {(1928) extendsd this study
and found the setivity of the enzyme to he greatest at pH 4.8
to 5.2+ The enzyme was found to be heat lalble becoming com=
pletely inmotivated when heated at 86%° C. for one hour.

Harada (1931) studied the preparation and properties of
Aspergillus ﬁrzﬁa_; The -eulture of mold was grown on coocked

wheat bran containing 50 per cent water. Maximum growth wes
attained in #wa‘émyx. Harada found thst the optimum pH for
enzymatic activity incressed with incereasing temperature. At
30° C. the optimum pH was 5.2; st 68° C., 1% was 6.6. However,
at temperatures below 50° (. the optimum pH remsined practi-
aally constant at a value of 5.2,

Wei and Chin (1934) etudied ten species of Aspergillus.

They coneluded that Aspergillus oryzse Aold had by far the

greatest saccharifying power of all the spacias»examianﬁ.
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Takeda (1935) isolated tweniy-seven stocks of Rhizopus
from ragi-koji and soybean-koji produced in Java and Sumatra.
0f these, only two had strong amylolyile powsrs. They were

named Rhizopus semarangensis and Rhizopus javanicus. The

latter was found to be espeoially wsluable for the Amylo pro-

cess. Rhizopus |
Japan and pronounced entirely satisfactory. Takeda claims

svanious wae itried on & commercial seale iIn

that the smylolytic aetion of Rhizopus Jjavanicus was more rapid

than that of Rhizopus delemar Wehmer et Hanzawa.

Recently Muts and Tanaka (1936) revived investigations
on the possibilities of the Amylo process. They reported that
Rhizopus delemar and Rhizopus §§kﬁ I were the best molds for

use in this process.

Underkofler, Fulmer and Schoene (1939) studied Asper-
gillus oryzae, Aspergillius flavus, Mucor rouxii, Rhizopus
delemar, Rhizopus oryzse, Rhizopus péka I, Rhizopus fritici,
Mucer ciresinelloldes, and Mucor Javeniocus for smylase pro-
ductions. From the preliminary results Aspergillus oryzas, and

the three Rhizopus molds had about the same sctivity. Aspergillus

oryzae was used in further inveastigations on the sultability of
using mold preparations for saceherifying fermentation mashes.

Unfortunately Aspergillus oryzae was not compared directly with

Rhizopus triciti and Rhizopus oryzaee by running a series of

fermentations at the same iime and under exactly the same cone

ditions. However, they found that by the use of Aspergillus
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oryzae cultured on wheat bran & 90 per cent conversion of
stareh into alcohol eould be obtuined. Thie was & 10 per oent
grester yield than could be obiained from malt. The mold-bran
was prepared in aerated five~gallon rotating pyrex bottles. A
detuiled procedure was developed. The moat important contri-
bution was the employment of diluie aeid instead of water; this
prevented growih of contaminating orgenisms. The sdvantages
of using moldw~bran in place of malt were pointed out in the
report of this investigation, namely, mold~bran is less expen~
sive, more quickly prepared, and gives higher aloohol yields.
3ehoene, Fulmer and Underkofler {(1940) compared malt,
mold-bran, snd soybesn mesl ss gsoeharifying agents« Mold-
bran was found to be the most effective. The use of various
combinations of these three sacsharilying agents was proven
to be little, if any, better than the use of mold-bran alone.
However, the addition of mold~bran or combinations of mold~
bran and soybean meal to aseid-ssceharificd mashes gave a cone
gidsprable innrease in aleohol yield.

Banzon {1940) investigated the use of mold-bran as &
sasocharifying agent for the producition of aloohol from cassavs.
By the use of a gquantity of mold~bran equal to 7.5 per cent of
the weight of the casseva, aloochol yields well above 80 per cent
of the theoretical were obtained under laborstory conditions.
The beat results were sttained when the mold-bran was intro-
dueed into the mash at 30° C. This discovery would eliminste

the customary malting procedure carried on at elevated
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temperature and would thus result in s substantial reductien
in the cost of the process.

Underkofler, Goering and Buckaloo (1941) continued the
investigation of Underkofler, Fulmer, snd Schoens (1939). Four
strains of Aspergillus oryzae, two strains of Rhiszopus species,

g Mucor snd two unidentified yellow molds, probably members of
the Aspergillus flavus-oryzae group were investigated. Two
strains of Aspergillus oryezae, Rhizopus oryzee, and Rhizopus

tritgei were especially good producers of amylase. The alecohol
vields obtained were approximately 10 per eent greater than
those oblained from malt. Attempts were made to grow Asper-

gillus oryzae on various fibrous materials including wheat bran,

eorn bran, oat hulls, eottonseed hulls, corn cobs, sawdust,
peanut hulls, and rice hulle. Wheat bran and dry-milled corn
bran were ithe only substrates of those tested which adequately
supported the growth of this strain of mold. At the present
time this investigation of various other molds for amylsse
production and different methods of growing them are being
studied in this lsboratory.

Since this theazis deals only with the production of
fermentable sugars from starch, no attempt has been made to
review the extensive chemieal investigations on starch. How-
ever, the chemical sirueture of this substance is still not
definitely settled. A very comprehensive survey on this field
has been made by Walton (1928), who published in book form, a



review of the literature from 1811 to 1925 on this sublect.



I1Y. MATERIALS

A« Important Materiasls Used In This Investigation
1. Corn stareh

The corn starch used in this investigation was obtained
in two lots from the American Maize~Products Company, Roby,
Indiana. The first 25 pound lot was obtained June 21, 1940.
It was very osrefully mixed, ssmpled, and stored in well
stoppered bottles until used. This sampled materisl yielded
92.5 grams of glucose per 100 grams of starch when hydrolyzed
with seld ascoording to the 0fficial and Tentative Nethodsz of
Analysis of the Assooiation of Official Agrioultural Chemists.
. The second 25 pound lot arrived on March 3, 1941. This mate-
rial was Fa#rl starch and hed to be ground through a burr mill
before it could be mixed and sampled. The glucose equivalent

of this materiasl was 95.0 per cent,

2+« Corn-gluten mesl

Three different lots of corn-gluten meal were used in
this investigation. 7The first lot was designated as gluten A.
It is of unknown origin being obtained prior to February 1959.
Its appearance and odor suggest that it probably contains the
steep water concentrates. It was used because st that time 14

wag the only gluten available in the laboratory. Gluten B was
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obtained from the American Meize-Products Company, Roby, In-
digna on June 21, 1940. It was lighter im color than gluten
A and d4id not have the same odor. Gluten C was obtailned from
the sams source on Harch 3, 1941. It was slightly darker than
gluten B.

S« Stesp water

The ateep water wag obtained from the Americsn Malze-
Produots Company, Reby, Indiana on April 21, 194l. It was
deaignated as heavy steep water and contained between 40 and
50 per cent solids.

n»r » Casszava

The cassava used was obtained by grinding the sliced
and dried unpeeled root. It was obtained from the College of
Agriculiture, University of the Philippines, Fhilippine Islands.
The materiasl used had a glucose equivslent of 85.0 per cent.

5+ Mold~bran

S————

The mold~bran used in this investigation was prepared

by growing Aspergilius oryzaee Humber 40 on wheat bran sccording

to the method of Underkofler, Fulmer, and Schoenes (1939). It
was alr dried and passed through a Wiley mill. This particular

lot had been prepared and stored over one year before use.

Experiments csrried out when the materlal was firsit prepared



squed Xod 2*0L *0*'99 *0*%L 10 jusresinds esoonyd ¥ pey

POUIBIQO B30T eexyy euyy vyuemgpawdeq sIHE uy Lnsweny [eordor

~078A0d JO 89TIOLBIOQST TSWIUE oY} U Sulq sPuJoss eyq wWoay
POUTNLQ0 S8Em UOTLEFI}EOAUT STUJ UWY POBT [HSW WI0D oYY

TEeW TI0H *B

*STOUTTII *sudtey sTa0ed ‘uorgsodaop sequg-IeTwery ouy fq
epsw 8% gonpodd eIYE <10BIIXH 4THN WOQQIY ONTY 8BA SeANgTRO
3880L I07 sI0m Jeeq sawdexd 03 pesn J08I3Xe 4TBW SUY

3OBIL X8 JTOR *L

*pesT TI3un 81330q pexeddogs w uwy pexose puw TIIW
g ¢ Ul Xopaod osxwos 8 04 punoAF sea 3I ~Lusdwol SUIiINK
UUBT OB TOTS O3 WOJIY POUTNLQO sum jrew Loravqg eyl

y1om Le1dog *9

+4807 wesq puy Jemod oy3Lrorfww o133 1T Ldea
3eqs poaoxd aeed U0 X0F Fula0gs J83Je POIONDPUOL VBOYL PUB



BYU3 uy ATTep opvw eXem sILFBUBIY *eJnjvredwsq swes oUL 31®
PUE SWIS JO YTFUST emwwe oYY IO POLBQUOUT eXnjTnogns el puw
'YEBTY IO IOUB Of DPOIILIBUBIF SI8m eanjTno 48vef BYTUY JO *TW

¢ 03 T e3yedrd eTiaeg8 B Jo susew Lg sumyipew IO 8eTfIquend

XOBIVY UT A0XF 04 pomoyTe ueym snoxoF¥ia oxowm Lrjuedsdde sBM

gswed o3 4vYl PUNOI S8M 3T 3ng ‘eangno oy Fuilaaen JoI
POBT S10M BABBYT JeTIews LI03BIOQVT SIYY U Niom snoljaead uy
*8JNOY $Z JOF *) 02 3¥ DEIBYNOUT PUB ASVLT *T[W-QUT B UT gJ0m

I88q 01 polIeFaUBY) erm ‘g9 aequmu qeved me LixogmIoqRY STYLY Ul

PO38UF 189D PBIBIALISD BOOLNOIBYUDORE JO OINLTNO 0018 ¥
sgpuned @1 Jo eanseexd meejs u
JSDUN BIYNUTH (OF J0J PORTLIASLE DUB U000 YA DpeSBurd exea
8yswTy eyl cseysawm rejucwmixedxe SujiiepInooul 0¥ pelordwe
BN TRO X067 ASBTJI °*TH-00G UOEBS UT *[W 00 puw *seanytne ous
Buylaaso I0F YEBVLY *IW-QHT UOBG UY DOEN SEM JI0M 8L JO W
0C (uTpow 304 I99Q 58 PO3BUPTEED DUR SYSEYY Jelewuetay UL
poonTd weyq ewva pInbi1T juwessuredns ©IYL +OT3168 09 POMOTT®
sam gywgtdioead eyy ueys pue ‘Tiog B o3 3ufnoxg sesm uorunros
SYL *JI937T 6uo 09 dn 9PBW SWNTOA Yl PuB ‘IeyBM POTTIISID

U PRATORSID 0J8a 398I3X0 1TBW JO SWnIdF peJspumy aud

eangIno 35%eL *1

28INPEV0II TeOTFOTOTQOXOTH *V

SOOHTAN *AX



-27=-

manneyr throughout the course of the investigetion to maintain
& vigorous yeast oulture.

The inoculum for experimental mashes was prepared by
inoculating 300 ml. of beer wort with 5 %o 8 ml. of a vig~
orous yesst oulture and incubating at 30° C. for 24 hours.

2+ Preparation of meld-bran

The mold~bran used in this investigation was prepared
by the method developed by Underkofler, Fulmer, and Schoene
{1939)» The method was essentially as follows: 800 grams
of wheat bran were placed in s five gallon pyrex bottle and
thoroughly mixed with 1,000 ml. of 0.08 normsl sulfuric acid.
The bottle was plugged with cotion and sterilized with steam
at & pressure of 20 pounds per squere inch for two hours.

Upon cooling to room tempersture, the bran mesh was 1nooulated

with 50 grams of a well sporulated culture of Aspergillus

oryzae designated in this laboratory as Number 40. )
The igéaulum‘wa& previously pre?araﬁ by mixing 25 grams
of wheat bran and 25 grams of 0.5 normal sulfuriec acid in 500~
ml« Erlenmeyer flasks. 7These flaske were sterilized in an
autoclave for 30 minutes at 20 pounds steam pressure. After
cooling down to room temperature, the brenm mixture in the
flasks was inoeulated from s stock culture of Aspergilius
oryzae. The stock cultures are maintained on agar slants in

a refrigerators The bran cultures were now inoubated at 30°
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Ce until well sporulated, usually five to six dayss Suoh a
culture was then used %o inoculate the five gallon drum.

After inoculation the contents of the drum were mixed
by allowing it to rotate for half an hour. When well mixed
it was sllowed to remsin at rest for 12 hours with econtinuous
aeration. By this time the growith was well started, and the
drum was rotated slowly. After 36 to 48 hours the mold was
removed from the drum snd sir dried. The time allowed in the
drum veries with different preparations, but 1t was found that
removal }nsﬁ prior to sporulatien produced the best product.
The air dried preparation was ground in a Wiley mill and
stored in stoppered botiles until used.
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P18 B@tarminazinnﬂgg gorrections for inocunlum, mold-bran, malt,

wheat bran, and steep water

The inoeulum for the fermentation was made of a solu~
tion of malt extract« When yeast is grown in this medium,
aleohol is gr@&%ﬂﬁﬁi thua it is necessary to apply s cor-
rection for the inceunlum. With roid-hydrolyzed mashes only
& sorrection for the beer wort was neceasary. This wvaried
with the bateh of beer wort prepared; the values obtained
ranging from 2.05 to 2.30 grams ethanol per 100 ml. of beer
wort. PFor this reason ¢ sample of esch beer wort preparation
was inoculated with yesst and this correction value determined.

It was found that in the preseanve of mold~bran or malt
8 8light inereass in the correction value was oblained. By keep~
ing the amount of mold~bran constant and varying thse volume of
besr fermented, it was found that 100 mi. of beer wort yielded
3+00 grams of ethancl. The amount of aleohol produced from
mnold-bran iz independent of the presence of beer wort. Fron
direct fermentation 1 granm of meiéwhr&n produced 0.032 gram
of ethanol. Similerly 1 gram barley malt, 1 gram wheat bran,
and 1 gram of heavy siteep water produced respectively 0.334,
0.02, and 0.02 gram ethanol.

4. Caloulation of ethanol yield

In a typlical experiment the mash contained the follewing:
30 grams of corn stareh with & glucose sguivalent of 95.0 per
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cent glucose; 2.8 grams of mold-bran; and 20 ml. of beer wort.
The entire fermented mssh was distilled, and the first 100 ml.
of distillate were collected. The specific gravity (26°/259)

of the distillate was 0.9780 whieh corresponded to 1l3.34 grams
of ethanol per 100 ml. of distillate. The ethanol correotions

were made as follows:

20 mle. of inoculum < D60 gram ethanol
348 grams mold~bren (3.8 x 0.03) = 0.l11 grsm ethanol

Total = 071 gram ethanol

13.34 = 071 = 1E.623 grams ethsnol from c¢orn starch.
From the egquation

cﬁgigoﬁ - 3&93 +* 3683503, 180 grams of glucose
should yield 92 grams of ethanocl. Thus thirty grams should
yield (30)(0.950)(92/180) = 14.57. The ethanol yield is
therefore 12.63/14.57 = 86.7 per cent theoretical.

In the ocase of acid hydrolyzed mashes the yield is
calculated in the same manner except that there is ne cor-

rection for mold-bran.
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Y. EXPERIMENTAL RESULTS

A+ Loid Ssccharifiestion of Corn Mesl

1. Effect of different goids at verious concentrations on

ethanecl yields obtained from meid~saccharified corn mashes.

Sinee all previous attempts to usa’aaiﬁa for secchari-

~ ficetion of starchy substrates for fermentation had besn re~

ported in the literature as failures, very little information
was available on the conditions necessary for scid hydrolysis.
The first experiment was carried out in the following manner
with the objeet of é&%&rﬁining the effectiveness of different
mineral agide at variocus concentrations.

Thirty grams of corn meal were weighed into B0OO-ml.
Erlenmeyer flasks, snd 200 ml. of acid solutions of various
concentrations as given in Teble I were added to emch flaak.
The starch was gelstinized by heating the mixtures over a
burner wntil thiek, b&iﬁg very csreful not to char any of the
paterial. This preliminary gelatinization was found necesssary,
for 1f the samples were sutoelsved without this treatment they
became lumpy, especially at the lower acid conecentrations; as
a result poor sleohol yields would be obtalned, beocause all the
starch would not be hydrolyzed under these conditions. The
mashes were then sutoclaved the required time. The hydroly-

zates were adjusted to pH 6 by the addition of sodium
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TABLE I

Ethanol Yields From Corn Meal Saccharified With Phaspharie,
Sulfurie and Hydroohlorie Acids of Various Concentrations.

Time of hydrolysis (hrss) 8z

S 33 a3

Steam pressure (1bs./ sq. in.) 10 12 12
normality {yield) (yield) (yiela)

» | _per gent per cent par oent

0405 | 046 9.6 ———
»10 4.6 63«9 80.2
« 20 ~ 1Z.6 7646 80.2

30 28.8 770 7646

+50 42.1 7240 72.8
=60 54.0 71.0 -

«80 64.6 662 64.8
1.00 ' T4.1 64.7 S8
1.50 75.2 8643 B2
&+00 T30 - ——— et
3«00 63548 -——— N

Control sample, 10 per cent malt, 75.3 per cent EtOH.

Theoretical yleld, 10.85 grams ethanol.
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These results were vary encouraging since, under the
most favorable conditions, the yields obtained were better than
thoge from malt by the sonventional process.

¥1th phosphorie acid a gradusl increasse in the ethanol
yield was obgerved with iacressing concentrations of aseid reach-
ing 75.2 per cent of theoretical with 1.50 normal aeid. Up to
this point the color of the hydrolyzates ranged from a water
white to a light yellow with very little evidence of any cher-
ring. A% higher seid concentrations charring became apparent,
the mashes were dark brown, snd the aslcoheol yields decreased
rapidly. This decrease was to be expested since, at this point,
some of the sugar was destroyed by caramelization. From the
ﬂaﬁa of Table I it is svident thet phosphori¢ acid is not suite
able for acid saccharification, even though yields of ethanol
are equal to those obtained from malt, becsuse of the high
aoncentration of acid necessary for the conversion.

Sulfuric acid produced the maximum yield of ethsnol,
77.0 per cent theoretical, at a concentration of 0.30 normal.
The hydrolyszates at this acid concentration were light yellow.
As the acid concentration ineressed above this value the mashes
became darker, and the aloohol ylelds decreased accordingly
a8 more of the sugsar was destroyed by carasmelization. Either
0«20 or +80 normel sulfurie scid, under the conditions of this
gxperiment, produced neasrly Z per cent greater ethanol yields
than 4id malt.
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Hydrochloric acid produced s maximum etharol yield of
80.2 per cent theoretical at a concentration of either 0.10
és =20 naxmalQ Phiz was nearly 8 § per cent greater yield
than was obtained by the use of mslt, and therefore aoid
hydrolysis wss considered to be worthy of further investigstion.
At higher acid concentrations charring began to ooour,
and the ethanol yilelds deocreased in proportion to the amount
of charring observed. Undoubtedly, the seld concentration
negessary for optimum yields was a fastor of jtemperature, time,
thaAaaié used, and probably of the partieular sample of cors

meal used.

£+ Studias on the effect of time and pressure on sthanol

yields from meid-hydrolyzed corn.

From the resulis presented in Table I 1t was quite
aviden?d %h&t hydrochloric acid was effective in the hydrolysis
of the stareh present in corn mesl. However, the acid cone
centrations necessary for good hydrolysis were rather high.

It was thought that it might be possible {0 use more dilute

acids if the temperaturs was incressed by using s higher stesm

pressure. For this reason the following investigation was

" undertsken: Six hundred grams of finely ground corn were

introduced into s 6~1iter round bottom flask with 4,000 ml.

of 0.05 normal hydrochlorie aeid. The flask was fitted with
a glass tube leading nearly to the bottom. This tube was



designed se that it could be atitsched to snother tube, which
projected through the side of the sutoelave. The flask was
placed in sn zuiecleve whieh had a stirrer attsched to the lid
so that the contents of the flask could be eonstantly agitated.
The tube prejecting from the side of the sutoclave was attached
to a Telibig condensoyr by mesns of heavy rubbsr tubing. When
the ¢lamp on the fubing wes relessed the nressure inside the
sutocleve would forece the sample out. A diagram of this ap-
paratus was given by Bryner, Christensen, and Fulmer (1936).
ﬁhé starch was gelatinized by heating with a burner,
placed in the apparatus deseribed sbove and hested at the
desired 2team pressure. AV one hour intervaels about ?0& mla
of mash were drawn off and cooled down to room temperature.
Ten minutes were required to draw off these samvles, 30 the
process was started five minutes before the end of the hour
aaﬁ,aémylaﬁaﬁ,fiv& minates after. After cooling, 200 ml.
aligquots were placed in BHOO-ml. Erienmeyer flasks, the pH
adjusted to 6 with solium carbonste, snd inocoulated width 20 ml.
of aetive yesst culture. The meshes were allowed to ferment
72 hours before distilling off the slcohol. After the run was
complete, the mash r&mainiﬁg in the large flssk was allowed to
aool. The volume remaining was messured. Thus by knowing the
total wvolume of the solution the amount of corn meal in each
fermentation flask was known, and the ethanol yields could be
calculated. Table II presents the results of these experiments.
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TABLE II

Effeot of Time and Pressure on Zthanol Yields From
Corn Hydrolyzed with 0.05 K+ Hydrochlorie Aeid

Per cent LLOH &t ithe 1lndicéted pressures

e 4¥

Time in bours 30 1lbs. 20 1bs. 30 1ibs.
1 —-— 11.0 9.5
2 1847 525 6540
3 2646 663 74«8
4 LT 67 «& 15.2
5 415 6.6 73 .8
6 4842 GEB ——

¥alt control {10 per cent wih. of coru), 75.% per cent of
theoretical.

Theoreticsl yield 10.85 grams ethanol from 30 grasms corn.

At & steam pressure of 10 pounds the ethanol yields
inereaged guite regularly with the time of heating. However,
even at the end of 6 hours only a 48.2 per cent yleld of
athanol was obtained. PFurther study at this pressure was
abandoned as ii would not bs eoonomically sound to use longer
periods of heating for the coaversion.

4% 20 pounds steam pressure the yield of ethanol
incressed with the time of heating, attelning s value of 68.5
per gent at b hours. Slight charring wes apparent at this
pednt, and & longer peried of heating 4id not improve the
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of fermentable sugars prezent before the sddition of mold~
bran would be relatively small. The experiment was carried
cut in the following manner: Thirty zrams of corn meal

were added to each 500-ml. Erlenmever flask containing 200
mls of 0.05 normel hydrochloric zcid. The starech was ge~
letinized over & burner, snd the flasks and econtents auto~
claved for 4 hours at 12 pounds steam pressures. After ecol-
ing, the »H was sdjusted in the ususl msnner, the reguired
arount of mold~-bran added, and 20 ml. of active yemst culture
alded to each flask. Afber ineubation for 72 hours the con-
tents wore distilled, and the distillate analyz#ﬁ for alechol.
These results sre tabulated in Table IIT.
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TABLE IXI

Effect on Ethanol Yield of the Addition of Mold-Bran
to Aeid~Hydrolyzed Corn Mssh.

PFoportion o T EROH yileid, 1 InAdrease in yield,
mold-bran added, : per cent 3 per esnt
~per cent of sorn : :
0 30.2 e
2 79.5 163
4 915 \ 203
8 91.6 203
10 9l.4 203

Theoretical yleld 10.41 grams alcchol.

These data inficated that the ethawol ylelds of mashes
partislly sacoharified by dilute acide are greatly inoreaged
on the sddition of mold~bran. The amount of mold~bran re-
quired 1is guite small, 4 per cent giving an opiimum yleld of
91.5 per cent theoretical. The sddition of larger quantities
of mold-bran 4id not inerease the aleohol yield.
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TABIE IV

Effect on Ethanoel Yield of the Addition of Ammonium
Chloride and Sodium Chloride to Corn
Sagcharified by ¥alt.

WH,CL sdded %6 @  BaCl saded %o ¢  Yield RtOH,
38@ mls of masgh, H 200 mle« of mash, per cent
. grams i , grams 3 |
0 0 73.0
4] 0«15 T2.8
o 030 T33
0.18 0 71.9
0«30 0 71led

Theoretical yield 11.35 grams ethanol.

Table IV indicates that zmall amounts of sodium chloride
do not influence the ethsnol yleld, and therefore are not
toxie to yeast. The addition of small amounts of ammonium
chloride apparently do affeect yesst and result in slightly
1@§er aleohol yields. The ancid hydrolyzates might oontain
even higher soncentrations of salts than those used above if
high concenirations of acid are used, which are known to be
necsssary for ssecharifiesation, at low pressures. For this
regson the following series were run exactly like the one in
Table IV except that 1.5 grams of mold-bran were used for
sagcharification in place of malt. These data are presented
in Table V.«
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TABLE ¥

Effeoct on Ethanol Yield of the Addition of Ammonium
Chloride and Sodium Chloride to Corm Saccharified

by Kold<Bran.
T S adee N s QY. CUT, : oo
293 ml* @f maah* H 200 min af msﬁk. H per cent
grams 3 T :
0 0 8041
0 0.5 78.2
0 1.0 8.2
0 2+0 V77
é‘ 2+85 785
0 340 778
0 Sud 80.1
0eb o 7842
1.0 g THe5
1.8 0 75.8
240 0 7546
B+b 0 786
3.0 0 750
3B 4 T35

Theoretical yield 11l.38 grams ethanol.




It 18 significant that the addition of sodlum chloride
did not sprrecisbly alter the ethanel yleld obtained even when
present in concentrations as high as 16.5 grams per liter.
The addition of ammonium chloride caused a decided lowering
in the ethanol yield approsching € per cent when present in
concentrations in excess of § grams per liter« This experiment
indicates that lower yields of ethanol would be obtsinsd if
aoid hydrolyzates were neutraligzed with smmonium hydroxide,
and for this resson sodium carbonzte was used for neutral-

ization in all subaequent work.

Be. Studies on the Ssecharifieation of Corn Starch
» by the Use of Pilute Minersl Aolds

The preliminary work on corn meal was 8¢ encouraging
that it was decided $o atbempt the hydrolysis of pure stareh
by the use of dilute mineral scids. Starch was chosen for the
substrate to continue this investigation for two reasons: (1)
it is a more uniform product than corm meal, snd (2) it would
be possible to use corn starch industrially since 1t would
cost very little more per pound of fermentable sugars pro-

dueed than corn mesl.

1. Preliminery studies on nutrient reguirements of aeid-~bydro-
dyzed starch.

Since stareh does not contain sufficient nutrients for
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yeast growth even after it ls hydrolyzed, an attempt was made
to discover Jjust what is neecessary for good alechol ylelds.
Various materisls which were known te¢ be necessary for yeast
growth were added to the hydrolyzates. The hydrolyzates were
prepared in the following manner: Thirty grama of corn starch
were mixed with 200 mle of 0.15 normsl sulfuric scid in 500~
mls Erlenmeyer flasks, and sutoglaved at a steam pressure of
12 pounds per square inch for 3 1/2 hours. The materials ine
dicated in Table VI were then added, the pH adjusted to 5,
and each flask incculated with 20 ml. of active yeast culture.
The data are tabulated in Table VI.
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TABLE VI

Effeot of AQdition of Various Materials for Nutrients
on Ethanol Yields Obtained from Acld-~
Sagcharified Starch.

k; Brams of vhe following materials I % )
Hash added to 200 ml. of mash : yleld,
Ho. @ NH4NO, KHpPO, MgSO, Ca{HOz)p ocorn-gluten : per

; ; meal : sent
1 0«24 - R 3340
B +24 «S0 «08 «01 - 18.4
6 »24 +»30 +08 <01 2.00 56.3
4 e - S lad e 5+00 87.3
Control sample (0.70 gram yeast extraot) 84.0

Theoretical yield of ethanol 14.20 grams for 30 grams starche.
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Un the basis of the results of Table VI 1t was evident
that corn-gluten meal slone not only supplied all the nescessary
nutrienta, but asctually gave better yields than any other
combination tried. Caleium nitrate apparenily had a dstrimental
inflnence on yeast growth. Since corn-gluten meal 1s & by~
rroducet of the starch industry and is svallable in any desired
guantities at an extremely low price, no further investigation

wes teken in this direction st this point.

2+ Affect on ethanol yield of the addition of wvarious amounts

of sorn-gluten o acid-hydrolyzed starch mashes.

Although the preceding work proved corn-gluten mesl to
be a very effective nutrient, the problem still remained to
ascertain the amount of corn-gluten meal neceasary to obtain
maximom yields from the starch hydrolyzates. Moreover, it
was desirable to know if eny apprecisble difference would
reault if the gluten was added before or afiter autoclasving the
magshes. Mashes were prepared by adding 15 grams of starch to
200 mi+ of 0.15 normal hydrochloric soeid in 500-ml. Erlenmeyer
flasks. To one half of the mashes the regquired amount of
gluten meal was sdded at this point. The mashes were then
gelatinized, autoclasved for 4 hours at 12 pounds steam pressure
and eaélaﬁ. The required amount of gluten meal wes then added
to those not having had it added before autoeclaving. The pH
of each mash was asdjusted to 5, and they were inoculated with

20 ml. of setive yeast culture. The data from this sxperiment
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are tabulated in Teble VII.

TABLE VII

Effect on BEthanol Yield of the Addition of Various
Amounts of Corn Gluten to Acid-Hydrolyzed
Starch Yashes.

TGiuten added to

:  Gluten added to ¢  BLOR yielid,
200 ml. of mash : 200 ml. of mash 3 per cent

before auntoclaving, : after autoelaving, :
grams 3 grams s

o 0 36.4

1 0 74.1

8 0 89,3

K 0 90.5

0 1 82.7

o 2 905

0 3 9045

Theoretical yield 7.10 grams ethanol.
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The results from Table VII indicate that 2 grams of
zluten meal provided sufficlent nutrients 1f it was added
after autoclaving the stareh, and between 2 and 2 grams of
giuten meal were neocessary if it was added before autoclaving.
The final yield of ethanol was the same in either case, in-
dependent of whether or not the gluten meal was autoclaved,
if sufficient gluten mesl was addsd.

It was thought that the amount of gluten measl necessary
might be dependent on the total concentration of fermentable
sugars present. In order to test this fact the following
experiment was undertakent Thirty-two grams of starch were
weighed into 500-ml. Erlenmeyer flasks contalning 200 ml. of
0.10 narmﬁl sulfuric scid. To one series the gluten meal was
added at this point before the stareh was gelatinized. To the
other the gluten mesl was added after autoelsving. After being
gelatiniaaa, both series were sutoclsved at the same time for
% haura'ét 20 pounds stesm pressure. This would eliminate any
differences whieh might result if the steam pressure varied
slightly on two different runs. After asdjusting the pH to 5,
the lssks were inoculated with 20 ml. of asotive yesst, sallowed
to ferment 90 hours, and then distilled. fThe ethanol was
determined in the usuasl manner. These data are collected in

Table VIII.
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TABLE VIIX

Effeet on Bthanol Yield of the Addition of Various
Amounts of Corn-Gluten to Concentrated Stareh
Hashes Hydrolyzed by Acld.

Blauten added ©o
200 mle of mash
before sutoclaving,

Giuten added L0 0
200 mls of mash H Et0H yield,
after sutoclaving, : pexr cent

LY S

aPams arams ’ : ;
1 o 6143
2 0 9.4
3 0 79.4
4 0 80.7
5 ) 80.3
6 0 8146
O 1 71.3
0 2 810
0 3 81.0
0 4 81.0
0 5 8145
0 6 81.0

Theoretical yield 15.54 grams ethanol.
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The fact that the addition of gluten mesl before or
after sutoclaving the mashes makes 1little difference in the
final ethanol yield was definitely confirmed in Table VIII.
Moreover, the concentration of the mash used had no effect on
the amount of gluten mesl necessary since Z grams of gluten
meal preved to be sufficient even when the mash concentration
was doubled over that used in Table VII. The slight differences
in yield of ethanol obtained from mashes in which the gluten
meal was not autoclaved over those in which the gluten meal
was autoclaved were not significant, and were offset by the
more rapid rate of fermentation of the latter. The above facts
excluded the possibility thsat the low ylelds from acid-hydro-
lyzed graine reported by Severson (1937) were due to toxie
decomposition praénéts Ifrom the gluten present in the grain.

ammonium

B+ Effect on ethanol yield of the sddition of
ghloride to acid-hydrolyzed starch mashes.

Ammonium chloride caused s declded decrease in ethanol
vield when added to corn mashes. Thus, it was desirable to
study the effect of the asddition of this salt to scid-hydro-
lyzed starch mashes. The following experiment was carried out
to test this point: Fifteen grams of starch were welghed into
500-ml. Hrlenmeyer flasks containing 200 mles of 0.15 normsl
hydrochloric seide« The mashes were autoclaved for 4 hours at

12 pounds steam pressures The pH was then adjusted with sodium
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carbonate after the addition of 2.5 grams corn-gluten meal and
the required amount of ammonium chloride. The msshes were
inoculated, and the mlecohol determined in the usual manner
after 72 hours incubation. These dats are collected in Table
IX.

TABLE IX

Effect on Ethanol Yield of the Addition of Ammonium
Chloride to Acid-Hydrolyzed
Staroh Mashese

T RHCT added to 200 ml. ' ~ EtOH yleld,
of mash, , per cent
-~ Zrans
0 83.8
1.0 83«5
145  83.5
3;5 772
50 7T ed
4.0 774

Theoretiocal yield 7.10 grams sthanol.
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The pesults in Table IX indicated that sven in the pres-
ence of eodiun chloride, smmonium chloride had a slight de~
pressing effeot on ethanol ylelds obtained from asid~hydrolyzed
starchs In a@maaﬁwxmwmemm up t0 7.5 grams per liter no ap-
preciable lowering in the ethanecl yield was observed, but at
higher concentrations nearly an 8 per cent lower yleld was
obteined. The fact that & much la:iger concentration of am-
monium salts was necessary to reduce ethanol ylelds obteined
from starch than was observed in the case of corn meal might
be explained in the following manner. The amount of nitrogen
in the starch mashes even after the addition of the gluten
mesl was probably & great deal less than the concentration
found in corn meal, and therefore, more ammonium salts nust be
added before the oritical nitrogen content of the medium is

reached.

4. Effect on the ethanol yield of the neutralization of =meid-

hydrolyzed starch mashes with sodium garbonate and ammonium

B

wadroxlides

Since the above experiment was not quite comparable to
experimental conditions, it was desirable to continue the in-
vestigation of the effect of ammonium salts. Althoungh sul-
 furic seid is not used industrislly in the hydrolysis of starch
for the production of dextrose, an attempt was to be made
using it in this resesareh problem, because it is considerably

less expensive than hydrochlorie asceid of the same normality.



It was for the above reasons that the following experiment
was undertaken studying the effeet of ammonium sulfate on the
athaﬁai yields: Thirty-two grams of starch were welghed into
500~mls Erlenmeyer flasks containing 200 ml. of sulfuric aseid
of various concentrations. The mashes were sutoslaved at 20
pounds steam pressure for 4 hourss, Then after the addition
of 2.5 grams of corn-gluten meal to esch, the pH of one series
was adjusted with concentrated smmonium hydroxide, and the
other with sodium carbonate. After incubating for 96 hours
the mashes were distilled, and the alcohol determined in the

ususl way. These data are tabulated in Table X.
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TABLE X

LZffect on Ethanol Yield of the Use of Sodium Carbonate
and Ammonium Hydroxide for Neutralization of
Acld~Hydrolyzed Starch Mashes.

Oonce of ¢  Beutralized with :  Neutrallzed wiih
sulfurie -: Ha,C0,, , : H,0H,
acld,  : Bt0f y¥ela, : EtoR%y1e14,
normality : per cent : per cent
0.02 44 ed 368
« 05 85.4 4642
«10 85.2 553
.15 7845 6343

Theoretical yield 15.54 grams ethanol.

The dats of Table X illusirate very effectively the
detrimental influence of the use of ammonium hydroxide for
ad justing the pH of aecid hydrolyzed mashes. When ammonium
hydroxide was used instead of sodium earbonate for adjusting
the pH of the hydrolymate obtained by using 0.05 normal
sulfurie acid on starch maeshes, the decrease in ethasnol yield
was nearly 46 per cent. These extremely low ylelds were
guestioned at first on the bssis of results reported in Table
IX. However, similar values were obtalned on repeating this
experiment. The yields obtsined on different days by the use
- of ammonium hydroxide were of the same magnitude but could

not be considered good checks even though good checks were
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obtained on the series using sodlium carbonate run at the same
time. It was found accidently that the pH of the mashes
neutralized with ammonium hydroxide changed on standing. It
might be posaible thelt these mashes became 100 acld after a
day or two for good yeast growth. Since thig effect would

be eliminated by the use of sodium carbonate, further in-
vestigation of this phenomenon was omitted beeauée of lack

of sufficient time.

5. Effect on the ethanol yield of the concentration of the

acid used to bydrolyze starch maghes.

The acid concentration employed for hydrolysis was found
to have 8 deeided influence on the ethanol ylelds obtained from
corn meal. It was suspected fhat the same factor would plsy
an imporsant part in the hydrolysis of stareh. To test this
point the following experiment was undertaken: Fifteen grams
of starch were welghed into 500-ml. Erlenmeyer flssks con=-
taining 200 ml. of the hydrochloric acid of the concentrations
given in Table XI. The mashes were sutovclsved st & steam
pressure of 12 pounds for 4 hours, I3 grams of corn-gluten
mesl added, and the pH adjusted with sodium carbonate. Then
they were fermented, and the aleohol determined in the usual

manner. These data are collected in Table XI.
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TABLE XI

Effect on Ethanol Yield of the Concentration of
the icid Used to Hydrolyze
S%arch ¥ashes.

Tone. of ALL,
normality

0.05
0«10
0.15
020
030
040
0.50

Theoretical yield 7.10 grams ethancl.

From Table XI it is apparent that acid concentrations
above 0«20 normal are not desirable as the yield decreased
with inoressing aoid concentration. That this was due to the
caramelization of the sugsr was evident since the mashes be~-
game 1naraagingly dark as the acid concentration incressed.
The meximum yield of 83.85 per cent at seid concentration of
either 0.05 or 0.10 normal was very encouraging as it was
egual to that obtained by Underkofler, Goering and Bucksloo
(1941) with some of their best mold preparation.
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6+« Effect of time of hydrolysis on the amount of reducing

sugars produced, snd ethanol yields obtained on subsequent

fermentation of these hydrolyzates.

Severson {1937) reported that the maximum alechol
yields were not obtained from scid hydrolyzates of cereals
which showed the maximum amount of reducing sugars. It was
thought desirable to test this fact with regard to aecid
hydrolyzates from starch. It was slso necessary to find the
optimum time of hydrolysis. To determine this information
the following experiment was set up: Three hundred grams of
starch wers added to a &-~liter round bottom flask containing
4,000 mls of 9+10 normal hydrochloric¢ aecid. This material was
gelatinized and placed in the sutoclave deseribed previously,
from which samples could be taken at the required time. The
steam pressure was run up to 20 pounds, and 700 ml. samples
were taken out at 1 hownr intervels. After eooling to room
temperature three 200 ml. aligquots were fermented in the usual
manner after the addition of Z.b grams of ecorn~-gluten mesl,
and a sugsr analysis wes run on the remaining msterial sc-
cording to the modified method of Shaffer and Somogyi described
by Guymon {19%9}. The theoretical amount of ethanol was
calculated on the baslis of all the reduecing suger being
dextrose. From this value and the actual amount of ethanol
obtained by fermentation, the per cent converaion of reducing

suzers present to slechel, and the per cent conversion of



stareh to sugar could be caleulated.

tabulated in Table XII.
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TABLE XII

These results are

Effect of Time of Hydrolysis on the Amount of Reducing

Sugars Produced, snd Ethanol Ylields Obtained
On Subsequent Fermentation of
These Hydrolyzates.

Rt0H ~ Theoretical Thecretical Conversion Conversion
Time, produced yield Et0H cale. of of stareh
hours by of from redueing to sugar,
ferment- BYO0H, sugsy sugar to per cent
ation, per cent analysis, Et0H,
grams , grams per eent
1 H442 764 7+05 770 99.4
2 566 797 7«08 803 99.4
3 5 ;34 32 '2 5 09? 83 13 98 ‘3
4 5+69 801 6«87 82.8 96.7
5 5445 T646 587 79«4 967

Theoretieal yield of ethanol 14.10 grems.

Two interesting observations were indicated in thias

work. The first wes that although the maxisum concentration

of reducing sugars, 99.4 per cent, waz produced after suto-

elaving for only 1 hour, the maxisum yleld of ethanol was obe

tained from the hydrolyzate which had been sutoslaved for &

hours. This observation eonfirms the findings of Severson

{1937)« The sscond observation was that the maximum period
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of hesting was around ithree hours. The difficulty of obtain-
ing representative samples from the sutoclave by this method
was recognized, and the wvalues of ethanol obtained at the
different time intervals were not too significant. However,
this is not true with regard to the comparison of the ethanol
obtained by fermentation and that caleulated from sugar analy-
sis, sinee the solution used for sugar analysis was removed

from the same material that was fermented.

7. BEffect of time of fermentation on ethsnol yield.

sefore an esxtensive ilnvestigation sould be undertsken
studying the acid-hydrolysis of starch mashes, an experiment
had to be made to determine how long the mash must be sllowed
to ma&@m@w before distilling in order to obitain the maximum
%w@ﬂ@; From ususl observations it was thought that a Q,m_
per cent starcoh mash would be vompletely fermented in 72 hours.
A 16 per cent mash seemed to require around 90 hours. A
gseries of mashes containing 16 per cent stareh snd one con-
taining 7.6 per cent starch were made up in order to determine
this value.

They were hydrolyzed at the same time by heating for
4 hours at a steam pressure of 20 pounds with 0.056 normal
sulfuriec seid. The mashes were prepared in the usual way
neing 8.5 grams of cormegluiten meal for nutrient. ZEvery 24

hours after inoculaticn two duplicate samples of each series
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wore distilled, and the ethanol determined. The results of
thess experiments are tabulated in Table XIII and XIV.

TABLE XIIX

Effect of Time of Fermentation on Ethanol Yields
Obtained From 7.5 Per Cent Acid~Hydrolyzed
Starch Mashes.

Time of fermentation, ETOH yTeld,
- _bours per cent
24 60.5
48 868.4
72 89.8
96 8643
120 85.5

Theoretical yield 7.27 grams ethancl.




TABLE XIV

Effect of Time of Fermentation on Ethanol Yields
Obtained From 16 Per Cent Acid-Hydrolyszed
Stareh Mashes.

He 0F Termentation, TEOH yield,
, hours . , _per cent
24 B2 4
48 709
72 76.3
96 802
120 80.2

Theoretieal yield 15.54 grams ethanol.

The data from Tables XIII and XIV indlcsated that 7.5
per cent mashes should be allowed 3 days for fermentation,
and 16 per eent mashes should be fermented 4 days before
distilling. Theme periods were used for all the following

fermantations»

8» Effect of acid conscentration and siesm preasure on the

ethanol yields obtained from seid-hydrolyzed starch.

As & result of the dats tabulated in Table XII 4
hours was selecied as the time interval %to be used for all
subsequent work. The object of this investigation was to

lower the meid concentration as much asg possible, and select
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the steam pressure which would give maximum yields of ethanol.
Periods of heating longer than 4 hours were nol desirable since
this would result in tying up the cooking equipment too long
t0 be used wﬁ@ﬁwwwaWMw‘

In this series of experimentis the required amount of
starch was welghed intc 500e-ml. Erlenmeyer flesks asontain-
ing 200 mle. of the acid indicated at the spesified concentrs-
ticns. The flasks were placed in the autoelsve, and 10 min-
utes were sllowed for the flasks to some up to the temperature
pt the aunteclave before beginning the timing. After suto-
elaving 4 hours at the required steam pressure, the samples
wore cocled immediately by passing compressed air rapidly
through the gutoclave. As soon as the mashes had coocled to
room temperature B.0 grams of corn-gluten meal were added,
and the mesh prepared in the ususl way. The time of ferment~
atlon used for the different mash concentrations was that
found to be optimum preceding experiment. In fermentation work
there are usually slight variations in results obtained one
day as compared with duplicste experiments ¢srried out st some
other time. These variations are probably due to differences
in yeast w%@aﬁwﬂ&* and even though every preceution is taken
to keep a vigorous and uniform yeast culture, such slight
variastions ocoeur. Since this next experiment reguired a tims
of several weeks, the data from a series of fermentations con-
ducted at the same time using the same inooulum will be given
in each separate table. The dats are collected in Tables XV,
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XVI, %VII, XVIIY, and XIX.

TABLE XV

Effeet of Various Concentrations ef Hydroehlorie and
Sulfuric Acid on the Ethanol Yields {btained From

Starch Mashes Hydrolyzed for 4 Hours
a2t a8 Steam Pregsurs of 5 Pounds.

Toneé. of acid, Cone. of mash, g Tu) i
Aeid used normallity par cent yield,
- per cent
nydrochloric 008 7.5 79.7
" «10 78 85.0
" «18 T8 84.4
" +80 75 84.7
sulfuric »08 75 B2.2
" «10 75 74.9
" «15 75 82.8
u 20 745 84 .4

Theoretical yield 7.10 grams ethanol.
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TABLE XVI

Effect of Various Concenirations of Hydrochloric and
Sulfuric Acid on the Ethanol Yields Obtained From
Dilute and Concentrated Starch Mashes
Hydrolyzed for 4 Hours at a Steam
Pregssure of 10 Pounds.

~TUones 0 8cid, Conce of mash,  BLOH yieid,

Agid used  normality ___per cent per cent
nydrochloric 0.02 7.5 73.5
" .05 745 78.6
" 10 75 8343
ﬂ .15 745 7846
" .02 1640 67.0
" +05 16.0 74 .8
n .10 16.0 80+4
n 15 1640 734
sulfurie «02 7.8 4649
o 0B 7.8 7242
" .10 7.5 82.0
" «16 7.5 82.0
" »02 1640 2946
" +05 160 712
" T 16,0 730
" 18 1640 775

Theorstical yield 7.10 grams ethanol from 7.5 per cent mesh,
and 15+.14 grams ethanol from 16 per cent mash.




TABLE XVII

Effect of Various Concentrabtions of Hydroehlorie and
Sulfarie Acid on ther Ethanol Yields Obtained
From Dilute and Concentrated Starch Maghes
Hydrolyzed for 4 Hours at a Steam
Pressure of 15 Poundse.

‘ Cénc. of solid, OConcs of mash,
Acid used normality per cent

hydrochlorie 002 7+5
" ~05 745
" «10 748
¥ «15 T8
" 02 16.0
" +0B 16.0
" ' «10 16.0
" «15 1640
sulfuric 08 7B
" «05 7.6
" +10 748
" 15 78
" 08 160
n «35 1640
" <10 16.0
" «15 156.0

Theoretical yield 7.10 grams ethanol from 7.5 per cent mash,

and 15.14 grams from 16 pexr cent mash.
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TABLE XVIII

Effeot of Various Councenbtrations of Hydrochlorie and
Sulfuric Acid on the Ethanol Ylelds Obtained
From Pilute and Congentrated Starch Meshes
Hydrolyzed for 4 Hours at a Steam
Prezsure of 20 Pounds.

Uonc. oF 614, — Udné. of mash, — EEON yIeld,

4Acid used normality per cent per cent
hydrochlorie 002 76 85.0
" 0B 705 9645
" .10 7.5 91.8
" .15 7.5 90.4
" .02 1640 8547
. 05 16 .0 86.2
" .10 1640 82.5
" .15 16.0 75,7
sulfuric .02 745 9546
n .05 7.5 975
" .10 7.5 95,3
" | .15 7. 93a
" .02 16.0  76.2
n .05 1640 8642
" .10 16.0 862
" w15 1640 8442

Theoretical yield 7.10 grams ethenol from 7.5 per cent mash,
end 15.14 grams from 16 per cent mash.
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TABLE XIX

Effect of Various Concentrations of Hydrochlorie and
Sulfurie Acid on the Ethanol Yields Obtained
From Dilute and Concentrated Stsrch Mashes
Hydrolyzed for 4 HOUrs at a Steam
Pressure of 28 Pounds.

— Uonc. of 86id,  Gond. of mash,  BEOH yisld
Asid used normality ~ per cent _per cent

hydrochlorie 002 7«5 98.2
w .05 745 96.5

" .10 7.6 90.5

" .15 745 85.2

n .02 1640 82.7

n .05 16.0 79.7

" .10 16.0 63.8

n 15 1640 5946
sulfurie «08 T«d 100.0
" .08 7.5 9744

" .10 7+5 97.4

" B 1 7.5 932

" .02 16.0 76.9

" 05 16.0 86.3

n 10 1640 664

" 15 1640 49.9

theoretical yield 7.10 grams ethanol from 7.5 per cent mash,
and 15.14 grems from 16 per cent mash.
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The above data illustrate the fact that the alcohol
yields from concentrated meshes are gulite inferior to those
obtained from more dilute mashes. This may be due to the
fact that wﬁaa the sugsr concentration reaches a certain point,
the aoid scts more readily on the sugar than it does on the
gtareh. Hydrochloric aeid is more effective than sulfurie seid
at the same conecentration for the hydrolysis of starch, but
at the same time it oazuses charring at lower acid concentra-
tions than does sulfuric aoide. This aes&unﬁsvfer the fact
that at 8 certain steam pregsure and seid concentration sul-
furie acid wag found more effeotive than hydrochloriec aecid.

In genersl the ethanol yields were found to ineresse with in-
ereasing steam pressure if the ascid concentrations were not
over 0+.00 normael. A%t higher scid ceﬁaentraﬁiens 2 maximum wes
¢btained, and then the alochol yields began to fall off ms the
suger was destroyed by aaé%&lizataen.

| The aleohol yileld atiained 100 ver cent of theoretical
when a 7.5 per cent mash was trested with 0.02 normsl sule
furie seid at 25 pounds steam pressure for 4 hours. The best
yield obiained from a 16 per cent mash was 86.3 per cent
treated at & steam pressure of 25 pounds for 4 hours with 0.08
normal sulfuric scid.

3inee in industry 1t is desirable to use more concen-
trated mashes, because it takes less equipment to yield the
same gmount of ethenol, the possibility of obtalining a higher
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ethanol yield from thick meshes was investigated. It was
thought that the use of higher temperatures for shorter in-
tervals with more dilute acid might yield the desired results.
For that reason the following investigation was undertaken in
the same manner &8 the preceding experiments on 16 per ocent
mashes except that the high pressure sutoclave was used.

This autoclave did nbt have any provision for rapid
sooling by the introduetion of compressed air so it was neo~
gssary to set an arbitrary time value during which the suto~
clave was allowed to come down slowly to etmospheric pressure
in order to prevent the samples from boiling over. The values
used were 1/2 hour for 30 pounds, 3/4 hour for 40 pounds and
1 hour for B0 pounds steem pressure. The samples were introduced
into the autoclave, the steam pressure reised as rapldly as
possible, usually regquiring about 5 minutes, up to the desired
pressure. #®hen this pressure was reached, they were allowed
%0 remain the indiosted time, and then the sutoclave waes turned
off, and allowed to cool down in the manner specified above.
The autosclave would only hold 8 samples at one time so each
run contained all the mashes that were to be autoclaved at one
preasgure for one tlme interval. The data are tabulated in

Tables XX and XXl
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TABLE XX

Effect of Steam Pressure and Time of Heasting on Ethanol
Yields Obtained From Starch Mashes Saccharifiled
by Dilute Sulfurie Aeid.

““Cone. of seid, Time of Steam  ZLOH yleld,
normality heating, pressure, per cent
hours _ 1bs./eg. in.

0«01 i 20 6.7
«01 2 30 49.0
.01 3 30 6646
»01 | 1 40 57.6
=01 g 40 670
«01 3 40 74.5
.01 1 50 51.8
«0l1 2 50 69+0
.01 3 50 79.8
02 1l 30 24.4
«02 2 30 75.0
02 3 30 760
«02 1 40 720
02 a2 40 T4.4
=023 3 40 8l.3
08 i 50 8l.3
02 b4 50 80.3
«02 & 50 75.0

Theoretical yleld 15.04 grams ethancl.
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TABLE XXX

Effeet of Steam Pressure and Time of Heating on Ethanol
Yields Obtained From Starch Mashes Saccharified
by Dilute Hydrochlorie Aecid.

Tone. of aeid, wime of Steam “BI0H yleld,

normality heating, pressure, per cent
, hours 1b8e/8ge 1n.

0.01 1 30 19.2
»01 & 80 742
.01 3 30 76.1
01 1 40 7046
01 2 40 7249
+01 o 40 798
+01 1 50 7648
«01 2 bo 80.9
+01 ] 80 80.1
08 1 30 4846
02 2 30 78.0
02 3 30 81.6
02 1 40 79.8
«028 2 40 79.8
«02 3 40 8l.1
02 1 80 B3 .2
02 2 50 76.8
«02 S 50 57.1

Thooretical yield 15.54 grems eihanoi.
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Although the data from Table XX and XXI show that the
yields obtained were less than thoge reporied in previous
tables, there was still one very interesting observation. An
examination of the data will show that &s the steam pressure
is incresised the time of heating must be decreased to obtain
the maximum yield. The maximum yield was 83.2 per cent of
theoretical when the mesh wss sutoclaved with 0.02 normal
hydrochlorie aeid st 50 pounds pressure for 1 hour. At higher
pressures and shorter time intervals even better yields might
be cbtained. This waayngt tested experimentally, bécause 1t
was impossible to raise the pressure in this autoclave above
50 pounds Steam pressures On the basis of these data a flash
process might be developsd for the saccharification of starch
before fermentation. This would result in considerable saving
in time and would be of great wvalue should this method be used
indastrially.

8. Effect of varying the mash concentration on the ethanol

Jields ebtg;aa& from seid-hydrolyzed starch mushes.

From the data presented above, it was apparent that the
mash concentration wes & very important factor in the acid~
sagccharification of starch mashes. The objeet of the following
experiment was to examine this factor. For commercisl reasons
it would be desirsble to increasse the mash concentration as

far above 7.5 per cent as possivle without casusing too great
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a8 decresse in the ethanol yield. The maahég were nmade up as
usual except that varying amounts of stareh were used. They
were hydrolyzed by 0.02 normel sulfuriec acid at a steam pres-
gure of 20 pounds for 4 hours. The fermentation was sarried
out in the usual manner. These data are presented in Tsble
XXIX.

TABLE XXII

Effect of Varying the Mash Coneeniration om the Ethenol
Yields Obtained From Acid-Hydrolyzed
Starch Mashes.

Concs O mast, " mé of EEON F1eld,
per cent fermentation, per cent
hours _ '
10 B0 J kit 854
15 7.5 o2 91.0
20 10.0 72 849
26 1248 96 ' 82.5
30 15.0 96 768
&8 17 .6 96 75.9
40 20.0 96 721
46 22D 96 68.5

Theoretical yield 4.85 grams ethanol for each 10 grams starch.
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The above results indicate that under the aonditions of
this experiment a 7.5 per ¢ent mash concentration is optimum
for the &a»a%wwwsaw%m»w of stareh. Undoubtedly the optimum
mash concentration depends on several factors such as time of
heating, concentration of acid, and temperature at which the
hydrelysis takes plsce. However, the applieation of dilute
scids is negessary if this process is to be used commercially.
Since w»mwau acid concentrations were shown experimentally to
cause a decreass in the yields in most cases under similar
conditions, their effect on the ethanol yield obtainsd from
various mash concentrations was not investigated. The low
yield observed in the case of 5 per eent mashes was thought teo
be due to loss of sleohol by evaporation before distilling.
This particuler series fermented very rapidly and probably

gould have been disiilled 24 hours earlier than ususl.

10. Effect on ihe ethanol yields obtained from scid-hydrolyzed

starch in the presence of esors bran.

Throughout this investigation wa has wwmu quite evident
that starch msshes hydrolyzed more completely with acid; at
least, they produced nore ethancl on the subsequent ferment-
ation of the hydrolywetes than 4id corn mashes of equal stsrch
content. From the ouservations reported previously in this
thesie, it was apparenlt that the corn gluten was not csusing
the deoreased ylelds. ﬁww next logieal step was to inveastigate
the affeet of corn bran on the ethanol yields obtained from
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TABLE XXIIX

Effect of the Presence of Cornm Bran on the Ethanol Yield
Obtalined From Aeid-~Sgocherification of Coran and
Starch ¥Hashes Using Various Consentrations
of Ae0id st 20 Pounds Steam
Pressure for 4 Hours.

Haterials aaded orcs oFf 861ld, TEEON yield,

normality per cent
0028 G509
36 grams corn meal 05 1842
«10 68.6
02 835

32 grams eorn starch
+ 2 grams corn bren +05 8345
- added after sutooclaving

+10 88.3

«02 19.2
32 grams stareh 4 2 ,
grams ocorn bran added «0B 815
before autoelaving

«10 84.7

Theoretical yleld of ethanol from starch 15.54 grams.
Theorstical yleld of ethanol from corn meal 13.02 grams.
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From the above data it is qgita obvious that starch
mashes, even with gluten present, hydrolyze more readily than
do corn mashes under identicsl conditions. A noticeable de~
erease in ethanol yield was observed when the corn bran was
added to starch mashes before auntoelavings The sxtremely low
yield obtained with 0.02 normal sulfurie acid when corn bran
was pregsent during sulocleving was in &ll probability due to
the fact that some of the avid was absorbed in the corn bran
and thus effectively removed from the reaction mixture. At
higher geid coneentrations the decrease in ethspnol yleld ob~
served when oorn bran was present during &utﬁeiaving was be=
lieved to be due to the production of some material toxic to
yeast« This theory wes atvenced because the yield observed
with 0.10 normal acid, when the bran was added before sutoe
claving, was 3.6 per cent lower than that obtained when the
bréﬁ was sdded afterwards, while with 0.05 nermal the yleld
was only 2.0 per cent lower. If the deoreased yields were
due to absorpition of seid, 1t would be expected to be greater
with 0.05 normal acid then with 0.10 normal acid, since the
¢orn bran counld only absorb a definite smount of acid.

Beceuse such & small amount of corn bran csused notice-
able deoreases ln the ethanol yield when it was hydrolyzed
with stareh, a further investigation was thought desirsble
testing the influence of the concentration of corn bran on
the ethanol yields ah@a;a&& from acid-sacoharified starch.

Two series of starch meshes were made up and run in the same
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menner as in the previcus experiment except that varying amounts
of corn bran were added. These resulis are ccllected in Table
XXIv.

TABLE XXIV

Effest on Bthanol Yield of Varying Concentrstions of Corn
Bran When Added Before and After Autoolaving Starch
Mashes with 0.05 Yormal Sulfurie Acid at 20
Pounds Preasure for 4 Hours.

“Corn bren sdded ~Torn bren added “LE0H yieid,
before sutoelaving, after sutoclaving, per cent
Zrams. , grams

O 2 84.7

0 4 847

0 6 B4.9

0 8 85.2

a2 - 0 82.2

4 g 7842

& 0 6543

8 0 57.0
38 g« corn meal hydrolyzed under identlesl ﬁﬁnﬁitiggﬁo
36 g« corn meal hydrolyzed with 0.10 Na. Hgse4 69.0

Theoretionl yleld of ethanol from starch 15.54 grams.
Theoretical yield of ethanol from corn meal 13.02 grams.
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The results presented above very aelearly indiecated why
the sold-hydrolysis of corn meal was not as suoceasful as the
acld-hydrolysis of starch. ¥The exsct percentage of corn bran
in corn meal varies with the corn used, but the largest amount
of sorn bren used in thies experiment was not egual to that
present in corn meal ocontaining an amount of stareh egulivalent
to that used in this experiment. 4 thorovgh investigation of
this problem will undoubtedly show that corn mesl and starch
contaluing the same amount of corn bran per gram of starch as
is graaaﬁt in the corn meal will yield nearly identiesl smounts
of ethanol per gram of starch present when hydrolyzed under
identical conditions. ‘Laek of sufficient time d4id not permit
further investigation in this direction.

It is believed that these low yields may be due to the
formation of toxle materials from the hydrolysis of the corn
bran. This might explain why Melson {1940) was unable to fer-
ment suceessfully the acid-~hydrolyzates obtained from oorn bran
even though they contained considerable amounis of redueing

sugars. -

U+ Studies on the Saccharificstion of Stareh by
the Use of Mold-Brane

Since agid~hydrolysis gave much beiter yields of ethancl
from starch than it d4id from corn meal, a comparison of the

ethanol yields from mold~saccharification of the two substrates
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temperatures, in sll the experiments esrrled out in this in-

vestigation requiring the use of mold for saccharification,

the mold was iatroduced into the mesh with the yeast and in-
cubated at 30° C. The mashes were then inoculated with 20

ml. of active yeast culture.

the aloohol was delermined In the usual manner.

are collected in Table XXV.

TABLE XXV

After fermenting for 72 hours

These data

Effect on Ethanol Yield of the Addition of Various
Amounts of Mold~Bran to Asld-Hydrolyzed Starch.

Inyiolytic material Amount of amyiolytio TE0H yield
added agent per cent wi. per cent
.of mash
none g 8.4
mold-bran 2 940
N 4 9640
" 6 960
" i0 97 .3
" 20 96.7
malt 10 89.4

Theoretioal yield 7.27 grams ethanol.
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From the duta presented in Table XXV, it is spparent
that the addition of mold~bran %o scid~hydrolyzed starch causes
& oonsiderable inerease 1un the ethanol yield obtained by
Termentaiion of these mushese This observation was in complete
agreement with the results reporied on corn meal by Schoene,
Fulmer, and Undorkofler (1940). Four per cent mold-bren ap=-
peared %o be ﬁuffiaiant a8 the ethanol yield was 96 per cent
of theoretical. The slight inerease observed with 10 per cent
mold-~bran over thai cobitained with 4 per cent was not signif-
iesnt, and 11t would not be economically sound to mo.e than
double the amount of saccharifying agent used 10 obtain this
small inerease in alceohol yield. It is slso gapparent, from
the data, that the sddition of malt Yo seid-hydrolyzed siarch
was a waste of material as the vield was not iﬁareased.' This
asgain agrees with the previous work of Schoene, Fulmer and
Underkefler {1940) on the saceharifiestion of corn meal. They
reported no ineoreased ethanol yielid on the sddition of melt
to soid~hydrolyzed corn. However, a comparison of the data
of Table AXV with the data of Table XIX indicates that 1f acid
& to be used for the hydrolysls of stavreh, it would not be
economically sound to use i1t in conjunetion with mold-bran.

Previcus work in this investigation indicated that
concenirated starch mashes failed to glve ethanol yields comw
parable with those obtained by the use of more dilute mashesa.

In industry 1t iz deslirable to use the highest possible mash
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coneentrations in order to conserve eguipment. For this reason
it was deemed necessary to examine the possibility of acid and
wold~bran saccharification of thick mashess The following ex~
periment was undertaken $¢ test this point: The mashes eon-
gisted of 32 grame stsreh and 2.5 grams of gluien mesl made up
in the usual way. They were hydrolyzed with 200 ml. of 0.05
normal sulfurie aglid at & steam pregsure of 18 pounds for 4
hours. After adjusting the pH, the required amount of malt

or mold-bran was added. After fermenting for 96 hours the
mashes were distilled, and the ethanol determined in the usual
manner. The dats from thle investigation are given in Tabls
ZXVI.
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TABLE XXVI

Effect on Ethanol Yield of the Addition of Various Amounts
of Mold~Bran To Concentrated Starch Mashes Partislly
Hydrolyzed by 0.05 Normsl Sulfuric Acid.

Amylolyt1i¢ material ~Emount 6% amylolytio TEOH yielqd,

added agent per ovent wi. per cent
of mash
nona 0 789
mold~bran 2 87.2
" 4 87.8
n 6 88.5
" 10 88.5
" 15 8B.4
malt 10 78.2

Theoretical yield 15.64 grams ethanol.

The results in Table XIVI confirm the findings of the
previous work using more dilute mashes. These results are:
{1) the addition of malt to scid~hydrolyzed starch does not
inerease the ethanol ylelds; (3) the addition of mold-bran to
agid~hydrolyzed stareh results in considerable inerease in
the ethanol ylelds obtained; snd {3) the sddition of 4 per
¢ent mold-bran is sufficient to obtain good ylelds from scid-
hydrolyzed sturch. The maximum ylelds obtained were 88.5 per
cent of theoretical. These are a little better than the best
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obtained undey seid-hydrolysis alone with 16 per cent starch
mash. Referring to Table XVIII 1t was observed that 86.2 per
cent ethanol yield was obtained by treating a 16 per cent

mash 4 hours st 20 pounds steam pressure.

&+« Bifect on ethanol yield of varying the concentration of

mold-bran used for sacoharifigation.

For economic reasons 1f mold~bran is t0 be used
aammaf@ially for saccharification, 1t is almost aaaentialythat
it be used alone and not in ¢onnection with aoid hydrolysis.
The most logleal attack on this problem was to first de~
termine the swmount of mold~bran necessary to obitaln msximum
yields from starch meshes. This problem was investigated in
the following manner: Thirty-two grams of starch were weighed
into 500-ml. EZrlenmeyer flaske ocontaining 200 ml. of distilled
water. Then 0.18 gram mold~bran was sdded to eachy and the
mash was heated up %o about 85% 0. This prooess is cslled
"premalting™. It was used to liquefy the starch and thus
prevent the lumping which would otherwise ocour while auto~-
elaving the mashess The malt control was treated in a similar
manner except that melt was gubstituted for mold~-bran. The
mashes were $h&n‘auheamave& &t 20 pounds stesm pressure for
1 hour, aaﬂiaﬁ,‘ﬁhe pH adjusted, and the indiosted amounts of
mold~-bran and melt sdded. They were saccharified in the same
manner a¢ deseribed in the preceding experiments, inoculated,

and after fermenting for 96 hours the aleohel was determined
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in the usval menner. These data are collested in Table XAVII.

TABLE XXVII

Effect on Ethanol Yield of Varying ths Coneentration of
¥old«Bran Used for Saecharification of Starch.

Wold-bF¥an added, TE0R yield,
ng ggggﬁgf. per cent

2 ' 74«6

4 825

6 8647

8 : 87.2

10 89.8

18 92.28

20 91.8

¥Malt contrel {10 per cent wi. atarch) 7648

Thecretical yield 15.54 grams ethanvl.

From the above data 1t is apparent that good ethanol
yields can be obtsined by using mold-~bran for the sacchar-
ification of starech meshes. A maximum yleld of 92.2 per cent
theoretical was obtained when 15 per cent mold-bran waes used.
This coneentration was too high to be used industrially. How=~
ever, 10 per cent mold~bran produced a 90 per cent of
theoreticsl yield. This same mold preparstion was reported
by Underkofler, Goering and Buckaloo (1941) to produce a
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maximum yield of B4.3 per cent of theoretical from corn meal.
This indicated thst the pure starch was more readlly attacked
by amylase than wee the stareh present in serﬁ.. Melt was
apparently quite iluferier to mold~bran for ssccharification

of atarch as it produced only 76.8 per ceni of theoretical
yield of sthsnols. By comparing the above data with that pre-
sented in Table XVIII, it is slso apparent that acid hydrolysis

is superior to malt saccharification.

2~ Effect of mesh concentrstion on the yields of ethanol

obtained from starch meashes saccherified with mold amylase.

The mash concentration has been shown to have a pro-~
found infiuence on the yields of ethanol obtsined by forment-
ing wneild-hydrolyzed sitarch mashes. This effect should not
show up if mold amylase were used for conversion unless the
aleohol eontent in the concenirsted mashes became great enough
to be toxie to yemst. The following experiment was under-
teken in order to test the above mentioned assumpiion: The
mashes were preparef and snalyzed in the same manner ss those
in the preceding section except that various concentrations
of starch were used, and in every case the amount of mold-dbran
added was 10 per cent by weight of the staroh used. A sample
of ocorn meal was run at ths same time to check the activity
of thg mold preparation. The data are collsoted in Tabdle
IXVIII.



TABLE XXVIIX

Effest of Mash Concentration on the Yields of Ethanol
Ghtainaé fram Starch Mashes Saccharified with
ey ~o¢ Hold Anylese.

Stareh sdded,  Mash CONCGs, ' Eiﬁﬁ?yief&,

grams 4 per cent per sent
39 10 87.2

30 16 86.8

35  17.5 88.5

40 20+0 84.8

48 2845 84.8

36 {corn meal) 18.0 79.8

Theoretical yield 16.99 grems ethanol from 35 grams starch.
Theoretical yleld 13.10 grams ethanol from 36 grams corn.

The resulte fyrom Table XAVIII indicate that the mash
soncentration had little influence on the amount of ethanel
produced when mold~bran was used. This was rather importent
- since 1t would mean that industriglly the capacity of the
plant could be incressed without changing the size of the
equipment. Probably the most significsnt observation result-
ing from this experiment was the 79.8 per cent yield ob~-
tain&& from corn meal sa compared with the 88.5 per cent
yield for starch. This wss another observation proving that

giareh was a better subsirste for ethanol fermentation than
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gorn meal. It was also evident that the concentration effect
observed in the case of acid hydrolysis was not due to the
toxioity to yeast of the sleohol in the mashes. However, at
mash concentrations ¢of 20 per cent or more this fact msy be

the remson for the lower yilelds obtained.

D« Studies on the Ethanol Yields Obtained by the

Aeid Sascharification of Cassavas

A detailed investigation of the possibility of using
cnssava for the prgﬁnatian of ethanol wss made by Banzon (1940).
He investigeted the use of both mold~bran and dilute minersal
acids for the saccharification of cassava mashes. The best
yields ¢laimed for acid saccharification were slightly above
70 per cent of theoreticml. A combination of acid hydrolysis
with mold saccharifiocation employing the use of 10 per cent
mold~bran geve ethanol ylelds of 86 per cent of theoreticsl.
Ethanol yields of this same magnitude were produced by using

mneld~bran alone under the most favorable conditionse.

1. Effect on ethanol yilelds of varying the concentration of

acid used for saccharification of cassave mashes.

In view of the work presented on corm starch, it was
thought desirable to investigate the acid hydrolysis of
cassava using the conditions found optimum for corn starch.

The following experiment was set up to obtain this data:
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TABLE XXIX

Bffect on Ethanol Yields of Varying the Concentration
of Acid Used For Ssecherifications

Cone» of acld,  OonGs Of mash, EYOR yleld,
normality , per cent per cent
0«08 16 1.8
10 is 19.8
15 16 66.7
0B 7B 9.2
«10 76 776
«18 7.8 798

Theoretiosl yield 13.92 grams ethanol.

The data in Table XXIX indicate that cassava stareh
is much more 4ifficult to sacoharify than is corn starch. At
first glsnce one might be led %o believe that something in
the root when hydrolyzed produced materials toxic to yeast.
However, on second thought this possibility was ruled out
beesuse the ethanol ylelds keep increasing as the zmeid con-
centrations became grsater. The yleld of 79.8 per cent is
sueh highsr than sny obtained by Banzon {1940) with straight
aoid-saccharification. Sinee he used a heating perlod of
only 2 1/2 hours this indicates that longer hesting periods

were more desirable. The ssme concentration effect was



observed with the acid hydrolysis of cassava as already re~

ported for corn starch.

2+ Bffeet of varying mash concenirations on the sthanol ylelds
obtalned from acld-hydrolyzed cassavs.

The mash conceniration waa shown to exert a grest desal
of influence on the yield of ethanol cbtained from acid~
hydrolysed corn starch. It was thought desirable to test
this point in regard to cassava starch, and for this reason
the following experiment was undertaken: The amounts of
ground ocasssve root indicated in Table XXX were added to 200
mls of 0420 normal sulfuric seid. The rest ¢of the procedure
was carried out in exactly the same manner ss in the preced-

ing experiment. The dats are collected in Table XXX.
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TABLE XXX

Bffect of Varying Mesh Concentration on the Ethanol
Yieldes Obtained from Cassava Hydrolyzed with 0.20
Hormal Sulfurie Acid for 4 Hours at 20
Pounds Steasm Pressure.

Tassave sadded, Waah GOonc., BE0H yield,
grans psr flask per ecent per cent

10 50 8l.4

15 7B 8243

20 1040 82.1

25 125 81.8

S0 18540 79.8

38 175 79.1

40 200 757

45 22.5 69.8

Theoretical yield 0.434 gram ethanol per gram gassava root.

The mash concentration did not inflﬁenee the ethanol
yield obtainable from acid-hydrolyzed cassava starch &s much
as 1% did in the case of c¢corn starch. The declded decrease
in yield observed with 22.5 per cent mash was probably due to
the alcohol content of the mash resching the point where
it beosme toxle to the yeast. It was i#tere&ting to note
from Table XXIXI thst this point was reached wiith corn stareh
at & mash conventration of 80.0 per cent. The faet that

these two mashes have nearly the same staroh content was
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reasonably good proof of this theory. The yields of ethanol
obtained were gulite good snd rathsr encoursging. The fact
thet the supply of ocassave roct was exhausted prevented further

investigation of this problem.

E. Investigation of Commercial Nutrient Sources for

Yesast Growth in Acid Hyd&rolyzates of stareche.

1« Studiexz on various gluten mesls as nutrients for yeast

gasx QW thie

In all the experiments previously presented in this
thesis the aorn-gluten meal used for nutrient was that
designated in the section on materials as gluten A. The
supply of this materiasl was becoming low 80 it was necessary
to test & new supply of gluten. Preliminary investigation
on the use of one aample of new gluten meal designated as
gluten B yielded rather discouraging results. The following
geries was run in order to determine the relative effective-
neas of the three samples of gluten mesls aveilsble. The
source of these materials has been given in the section on
materisle. Thirty-two grams of corn starch were hydrolyzed
by heating with 200 ml. of 0.10 normal sulfurie scid at &
steam pressure of 15 pounds for 4 hours. After cooling the
various smounts of cora~-gluten mesl indicated in Table XXXI

were sdded, snd the pH adjusted to 5. The mashes were then
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inoculated with 20 ml. of active yeast, allowed to ferment
96 hours, and the ethanol then determined in the usuel manner.

These data sre collsoted in Table XXXT.

TABLE XXAT

Ethanol Yields OUbtained ?rém Stareh Hydrolyzetes Containing
- Varying Amounts of Different Corn-Gluten Meals
as Hutrients.

Tluten used, Tield of alcohol 1n per cent 1rom use
gram& Fluten 4 Gluggn B luten
1 6143 49.0 46.3

2 9.4 49 .3 49.2
3 794 46.3 497
4 80«7 -G8#b . 672
& 803 £5.3 70.6
8 Blab TE20 746

Theoretical yield 15.84 grams ethanol.
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The results of Table XAXI indicated that the old
Zluten moal used was far superior to either of the two new
samplen obtained. This fact waﬁ\aisaaﬁaerting since 1t wae
now necessary %o reinvestigate the problem of obtalning a
cheap source of nubrients. Because of the color and odor of
gluten A, and also because of the fact that a few years ago
the steep water concentrates were added in preparing corn-
zluten meal, it was suspected that better ylelds mighi be
duae to the fact that 1t contained ateep water. ISlince zteep
water was not immedistely obtainable & further investigastion

of sorn~gluten meal was undertaken.

2« BEffect on the sthanol yield of the addition to acid

hydrolyzates of wheat bran and corn-gluten meal for nutrients.

Wheat bran waes known to be a very effective nutrient
for the growth of molda. IV was thought that comblnations of
‘wheat bren and corn-gluten meal might prove to be good nutri-
ents. The following &xgeriﬁant was undertaken to test thig
theory: Thirty-two grames of starch were hydrolyzed with 200
mls of Q.00 normal sulfuric seld by heating at a sieam pressure
of 20 pounds for 4 hours. After cooling tﬁe various amounts
of corn~gluten meal and wheat bran which are indlested in
Table XXXIY were added, and the pH adjusted to 5. The mashes
were then inooculated with 20 ml. of active yeast, allowed to

- ferment 96 hours, and the ethenol then determined in the



~99-

usual manner. The results of this experiment are collected

in Table AXXIIX.

TABLE AXXII

Effect on Hihanol Yield of the Addition to Acid Hydrolyzates
of Combinations of Corn Gluten and Wheat Bran
for Butrients.

Amount oF Trount oF Tmount o7 0N FTe1a,
gluten A gluten C wheat bran per cent
added, added, added,
Sramg _grams _grams
Sub 040 00 79.6
0.0 245 0.0 63 o5
0 B Qa8 7¢ .8
Ge0 1.5 1.0 82.3
00 120 1.8 8l.9
2.0 00 Oe5 85.0
040 040 245 81.6
00 A% 20.0 B4.5

Theoretical yleld of ethanol 15.54 grams.

This experiment illustrated the remarkable stimulating
aeffect of & small amount of whest bran even cn the good
gluten used in previous worke. It is significant that the
vields obtained from a mixture of gluten and wheat bran were
better than those obtained with elther material when used

alone.
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2« Effect on ethanol yields of the rddition of various

AR~ NS

nutrienis %o acid-hydrolyzed starch.

The stimuleting influence of wheai bran might be due
toe the presence of inorganiec salts or due %o the presence of
certain growth facters. For this reason 1% was desirable %o
repeat some of the previous work reported in thig thesis, but
this time eliminating the unse of nitrstes beczuse they 4id not
sesm to be good nitrogen sourees for yeast growth. The con~
ditions used in this experiment were the same ss those for
the data in Tsble VI; namely, 30 grame of starch were ireated
for % 1/2 hours at 12 pounds steam pressure with 0.15 normal
sulfurie aeid. 7The data are collected in Table XIXIII.
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TABLE XXXIII

Effect on Ethanol Yields of the Addition of Various
Futrients to Acid~Hydrolyzed Starch.

Grams of the follcwingkadded To 200 ml. of mash, LUOH
¥ash (NHg)pS04 CaClp MgSO; XpHPO, ocorn wheat yield,

Ko gluten Dbran pe:

« ; gent
1 0.24 ~ — , - mmmn 2746
2 ————— 0.01 - m—— 2745
3 —— msew 0008 —— - : 22.5
4 — - - 0430 —— — 35.7
b Ue24 0401 0«08 D20 e 45.8
6 O«24 0:01 0«08  0.80 2280 mems 796
7 o e - Bebl  wmwe T3
8 — —— 2400 0+80  8l.)

Theoretical yield 14.57 grams of ethanol.
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The results from Table XXXIIY confirm the data reported
in the preceding experiment; namely, that earn~gluteh plus a
1ittle wheat bran were most effeetive as nutrienta. The
stimulating influence of wheat bran was spparently due in some
regpeet to inorgenic salts present, becsuse ln mash Number 6
the total yleld was nearly 9 per cent higher than in Bumber
7 where only corn-gluten was present. Mash Nuamber 8 gave
nearly & per cent better yilelds than did Number 6; thus in-
dicating that something other than inorgenic salis was re~-
sponsible for the higher ethanel yields obtained by the use

of wheat bran with corn-gluten as a nutrient.

4+ Effeat on ethanol yields of the addition of verious amounts

of steep water %o acid-hydrolyzed starch.

Steep water has been reported by Wells, Loskwood, S3tubbs,
Roe, Porges, snd Gastrock {19%9) to be & useful nutrient for

the growth of Agsiobacter suboxydens. Thus it wes suspected
to be a good nutrient for yeast grﬁﬁth, and g8 this would be
& very cheap souree of nutrient, it was desirable to investi-
gate the possibilities of using this material. The following
experiment was carried out to examine the use of steep water
for yeast mutrient: Thirty-two grams of starch were weighed
into B00~mls Brlenmeyer flaske containing a total volume of
200 mls 0.08 normsl sulfuric acid solution containing heavy
steep water of the concentrations specified in Table XXXIV.



Hydrolysis was sarried out at 20 pounds gteam pressure for 4
hourss After cooling, the pH was adjusted to 5, and the
flasks were inoculsted with 20 ml. of an sctive yeast cultures
They were allowed to ferment for 96 hours. The ethanol con- |
~tent was then defermined in the usual menner. The dats are
collected in Table XXXIV.
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TABLE XXXIV

Effect on Ethanol Yields of the Addition of Heavy Steep
Water of Various Concentratione Toe Starch
Mashes Before Autoclaving.

Tongs of steep water T Rt0H yieid,
g fie | per cent
146 700
2.0 T3«6
2ol 77«4
S0 76.9
2B T6.6
440 78.2
45 78.8

Theoretical yield 15.54 grams ethanol.

These data 1llustrste that concentrations of steep
water greater than 2.5 grams per liter have relatively little
effect on the ethanol yield obtained. The yields of ethanol
were somewhat lower than those obtained by the use of gluten
A as s nutrient. Higher yields might be obtained if the steep
water concentrates were added after asutoclaving, becsuse some
of the walusble substances might be desiroyed as a result of
sutoclaving. This point was tested in the following experiment:
It was carried out exactly like the preceding one except that
the steep water was added after hydrolysis. The results are
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eolleacted in Table XIXVe

TABLE XXXV

Effect on BEthanol Yield of the Addition of Steep Water
Concentrates of Various Concentrations to Starch
Haghes After Bsing Hydrolyzed.

Toncs 0F sbeep water ¥E0H yleld,
g /1~ ___per cent
1.8 78.0
BB 80.6
S5 8l+4
4 85.2
50 85«5
60 B8G«D
7+0 83.6

Theoretical yield 15.54 grams sthanol.

The resulis of Table XXXV indicate rather olearly that
gteep water could be used as a nutrient for yeast growth if
it ie sdded after the hydrolysis of the sisrech mashes. A
concentration of 4.8 grams per liter sppeared sufficient to
abéaiﬁ meximis ylelds of ethancl. If the steep water was
added before sutoelaving, 1t apparently lost aome of ite
ackivity. This is 1llustrated by a comparison of Tables XIXIV
and X3IXV.

Steep water alone was proven very effective in the
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above aexperiments, but combinations of steep water and other
matrients had not been trled. The following experiment was
designed to test thess effects: mfortunately not snough
starch r@m&inaﬁ to permit using the concentrations which
were used above 80 15 grams of starch were added to 200 ml.
of 0085 normal sulfurle ncldé. The mashes were intended to
be hydrolyzed for 4 hours st 20 pounds siteam pressure, but
due to & change in line pressure this went up to 23 poundss
The fermentation and subseguent analysis of ethanol were
carried out in the wsual menner. The dala are collected in

Table XXXVI.



TABLE XXXVI

Bffect on Ethanol Yield of the Addition of Combinations
of Steep Water, Wheai Bran and Corn~(luten to Aeid~
Hydrolyzad Starch Vashese.

“WIUTen A adaed . Wheat Dran added, Steep watar BE0H
te 200 ml. mash, to 200 ml. mesh, econcenirations, yleld,
 grams | } grams grang/ L. per cent
B OeD 0.0 905
0.0 25 0«0 87.1
D0 0.0 4.0 91 ed
1.0 08 4.0 91l.4
0.0 1.0 4.0 30.8
1.0 1«0 4.0 900
146 1.0 0«0 902

Theoretical yield of ethanol 7.27 grams.
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VI. SUMMARY AND CONCLUSICES

1. 4 stady of the use of mineral acids and of mold
amylase as saccharifying sgents for the production of ferment-
able sugers from astarch was undertaken. The use of phosphoriec,
hydrocechlorie snd sulfuric aeid was investigated.

2+ Fermentation of corn mashes saccharified with 0.10
normal hydrochloric acid and a steam pressure of 30 pounds for
3 hours produced amounts of ethanol equal %o those obtained in
the conventional process using 10 per cent malt. |

3. Either hydrochlorie or sulfuric seid could be used
for acid saccharificstion. The goncentration of hydrochlorio
ecid necessary for good conversion of starch to fermentable
sugars isg somewhat less then the amount of sulfurie secld
necessary. However, hydrochloric aeid st lower concenirations
esused greater caramellzation of the sugars produced than did
sulfurie acid. For this reason, under certain conditions,
sulfurie acid produced more fermentable sugars than did hydro-
chloric. Phosphoric acid was found effective only st extremely
high concentrationse.

4« In geoneral higher steam pressures and shorter
periods of heating produced the highest ethanol yields from
eorn meal which had been ssccharified with dilute mineral
acids.

5. When mold-bran was added to corn mashes partislly
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aaaaharifisﬁlﬁy hydroechloric acid very high ethanol ylelds
were obtained. The addition of 4 per cent mold~brsn to these
mashes produced sn ethanol yield of 91.5 per cent of theoreti-
cal.

6« A search was made for an economical source of the
sntrianta necegsary for yeast growth on asid-sageharified
starch mashes. Steep water, corn-gluten meal, and a mixture
of ecorn~gluten meal with wheat bran were very effective. If
the steep water was added before the hydrolysis of the starch,
it became somewhat less effective. A concentration of 4.5
grams of heavy steep water per liter of mash when added after
hydrolysis was found most effective. The effectiveness of
corn~gzluten meal was not appreclably altered whather added to
the mashes before or after hydrolysis. The slight losz in
sctivity when it was added before hyidrolysis waz more than
compenanted for by the incressed rate of fermentation of the
mashes. Varistions were found when different gluten meal
preparations were used. MNore uniform results could probably
be expected if heavy steep waler was used instead of corn-
Zluten meal for nutrient.

7« Corn starch wasg found to be more readily sacchare
ified by dilute mineral scids than corn meale The yleld of
ethanol resched 100 per cent of theoretical when 7.5 per ocent
starch mashes were hydrolyzed with 0.02 normal sulfuric acid

at a steam pressure of E5 pounds for 4 hours.
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8. Neutralization of acid-sacoharified starch mashes
with smmonium hydroxide instead of sodium earbonate resulted
in 2 40 per cent decrease in the ethanol yleld. The addition
of ammonium salis to either corn or starch mashes saccharified
by mold-bran also resulted in lower ethanol yields.

9. The ethanol yield obtained from acid-ssccharified
aorn stargh was a function of mash eoncentration, acid con-
sentration, Xind of acid smployed, stesm pressure and time
of hydrolysis.

10+ The meximum ethsnol ylelds were not obtained from
acid~sascharified sterech masbes whieh showed the greatest cone
centration of redueing sugars, but Instead mashes in whieh
99+4 per sent of the staureh had been converted into reducing
sugars produced sn ebhanol yield of only 79.7 per cent of
theoretical while those hested for a longer period showing
98.2 per cent conversion of starch teo redueing suzsrs proe-
duced an ethanol yield of 82.2 per cent theoretical.

1l. The lower ethanol yields obtained from corn meal
than from corn starch when both were gubjected to acid
hy&ralysia under the same eonditiouns w%r@ found to be due to
the presence of corn bran. Apparently the hydrolysis of
the corn bran produces something toxio to yeast.

12+ The sddition of small amounts of mold~bran greatly
inereased the yield of ethanol obtained from starch mashes

partially saccharified by dilute mineral sncids. The addition
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of 4 per cent mold~bran to ?ﬁﬁlg&r gent starch mashes sacchar-
ified with 0405 normsl sulfuriec aoid et & steam pressure of
15 pounds for 4 hours increased the ethenol yield from B%.4
to 96.0 per cent of theoretical. Whan 16 per cent mashes
were nydrolyzed under similisr conditions the addition of 4
per cent mold-bran increased the ethanol yield from 7849 to
87+8 per cent of itheoretical. The sddition of larger amounts
of mold~-bran to either 7.5 or 16 per cent mashesz did not
ineresse the ethancl yleld obtained to any appreciable
extent. The addition of malt to seid~saccherified mashes
Gid wot increase the ethancl yield obiained. |
13+ Hold~bran produced higher yields of ethanol from
corn gtareh than 1t did from corn meals A% the opitimum
conceniration of 16 per cent mold-~bran an ethanol yield of
82+2 per cent theoretical was ahtéiﬁa& from 16 per cent starch
masnes. The use @f)& per cent mold-bran produced an ethanol
yield of 86.7 of theoretical.
14+ Cassava sisrch was much more €iffieuly to hydrolyze
than corn starch. When a 10 per cent ground cassave mash was
hydrolyzed for 4 hours a8t 20 pounds stesm pressure with 0.20
normal sulfurie seld the ethenol yield obtained was 8Z.1 per
cent of theoretienl. This was nearly equal to that obtained
by Bangzon {1940) with the use of mold~bran. The mash con-
cendration 414 noet influence the yields of ethanol obtained

from cegsavs a8 mpeh a3 it 4id in the gzse of cornm starch.
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