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I. IRTRODUCTIOR

Ethsnel is regarded as one of the most important substences used by
man. Indeed, it has been gsaid that, next to water, ethaneol is the most
useful chemical compound known, becauss of its countless industrial end
medicinal applieatione, The produestion of this alcohol by the fermentation
of carbohydreates was probebly one of the esrliest chemical processes to be
discovered and put to use. Although for centuries the process was used
only for m& production ef beverages, it has now developed into a highly
importaent chemicel industry.

Recently the production of ethanol has assumed still greater signifiosnce,
for ethenol is of tremendous importance in the nation's war effert. Huge
quantities are used in the menufacture of smokeless powder. Of still
greater importence is the faet that the United States government is dependw
ing upon ethenol to & large extent as & raw material for the production
of synthetic rubber. These new demends heve called for an enormous inerease
in production. In 1941, this country produced about 125,000,000 gallons
of industriel alechol. Of this guantity approximetely BS per cent was pro-
duced by fermentation, end the remainder was synthesigzed from ethylene.
less than 10 per cent of the total was obtained by the fermentation of
grains, the chilef rew mmterisl being blackstrap molasszes imported from the
West Indies. The War Production Board hes estimeated the ethanol require=-
ments for 1943 to be 584,500,000 gellons, or wmore than fouwr times the record
1941 figure. Since the supply of ethylens is limited, almost the entire

increase must be met by the fermentation industry.
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In order to meet production goals drastic cobanges have been necessary
in the industry. Several new plants have been bulilt or are in the process
ai‘ construetion. Dietilleries lwve been ordered to stop the produstion
of whiskey and are now producing industrial aleoohel at full capaecity.

The sitvation has been greatly complicated by the fact thet the supply of
raw material normally used, molssses, has been cut off because of the
shortage of shipping faellities. As Is. result, it hes been necessary to
convert the ethanol plants to the use of grain as the starting meterial,
This hes imposed & considerable hardship upon the industry, for most pro=
ducers had neither the nevessary squipment nor experience in the use of
grains . To be sure, the whiskey disgtillers have alweys used grains; howw
ever, their prinecipal aim hes always been to improve the quality of their
product rather than to achieve the higheast possible efficiency in the
plant. Conmequently the production of grain slcohol has remained an art
rather than & science.

Sinee yeast cannot ferment stearches directly, it is neocessery to
saccharify the grain to produce fermentsble sugars. The fermentation
industry in the United States has always used barley z#alt for this purpose.
¥alt contains an ensymic complex known as amylase, which brings about this
canversion. Other biological mabterials sre known to contain similer
engymes, but have never been used comercislly in the fermentation industrye.
It jie, of course, desireble to get the highest possible conversion of
sterch to sugar, sand consequently meximum yields of ethanol. It is this
phase of the process which is least understood. A considerable portion

of the original carbohydrate is usuelly not utilized by the yeast.



T

It was with these problems in mind that the present investigation
sesking improved methods of preparing corn meshes for fermentation was

underteken.
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extract. They were separsted on the basis of their different stebility
toward heat at different pH levels. The first frectiom breaks starch
down into dextrins, end was celled "dextrinogensse®™ ( a-amylese). The
second fraction, "saccherogenase™ ( P~amylase), converts starch end
dextrins to maltoss. More recently Blom, Bak, and Brase (1937) heave also
expressed the view that a~amylese is responsible for the liguefying
asction, whereas the action of P-amyi&&a is purely ssccharogenice.

The end produwet of the action of amylase upon starch is maltose.
The reaction does not zo to completiom, however, as only TO te BO per
ecent of the theoretical guantity of malitose is ordinarlly obtained.
Various explanations for this fact have been offered, the most popular
being thet the reaetion is an equilibrium, and that the sugar already
formed interferes with further saccharifiestion. However, Pringsheim
and Schmalz (1923) heve postulated a different theory. They reported
thet saccharifiecation proceeds only to & certain point, &t which s "limit~
ing dextrin™ rewsins intect. This dexbtrin was shown to be & trihexosan.
It may be hydrelyzed by smylsse when the latter is acted upon by an
sctivator, or so«cslled “oomplement™ of amylase. Under these conditions
amylase is empowsred to eerry out quentitative ssecharificetion beyond
the usual limiting degradetion. Such en activator was found in fresh
yeast that had been liquefied with toluene. Amylases and their activators
are found togsther in neture, but in varying proporticns. Pringsheinm
and Beiser (1924) showed that the complement wes present in m&ih. The
investigations on complement have been confirmed by other workers, include

ing Kuhn (1925}, $3gbarg {(1925), eand Hoop and ven Laer (xsz&}.‘



Fureq J9338 8ya ‘perIndve YLJIeIs B} JO UOTIBIUOULISJ DUR UOTFVOTITLeHIOWS
spoppe ses plow syl Jo sxnyInd aand ®w puw ‘pejooo Tuysfe perroq usyl sEM 3
*pIow J0 ‘prow ‘grew S[331T ¥ £q perjeubyl vuw ‘peyroq sem Twlaeszwnm Lyogels

SU3 ISMOTICJ 5% DPoqTIOS6p vl DPOUeW [BUTITI0 oyp *edodng ULSYINOS
Jo satajunoe eys ur LISATsUEIXe Jelzed pesn uveq svy pus *‘ssecoad ,orlwmy,

ey} peTTwe sem spedvoad XTsyl *uwislUMnie] [oueyre oyy JIoJ usdw Fuy

~AJTXeUoo8e ¥ ®8 TTXnox Joony Furpsn ssecoxd v pedopeaep (L68T) uIpPIog puw
82307100 sJ03%d 380AUT YoUuaXg 9YT ‘e336uywW) JO AJom &Yl J04Jw Fuol 0K

g Tued JO

STY3 03 enp Fua 9yeo 38wed eseury) eyl Jo L3TAp3ow opjArorduwe ey AU

pepnroucs ejnemys) *Atsols [oyoolw 03 Jedas Yl JJeLUCS ©F OS] PuUw

*yoxeys L:rjIeysews o4 MITIqE 943 pwy .w..mxs,@h IOONH Te WMOWY mou “PLow

2TYlL *juesesd swA YOTUM SWSTUBIIOCIDTW JO @JNAXTH O} UT PeleuTuo pe.d

sdumye prow Jo ssyoeds uTelae0 B 38yl puno e *aswel poyyvo~0® ST

Jo Apnys OTJIIUSTOS w eyuk 04 3JLI oy ves {2gL) e3yewyey *pesn Afepim

87 ayed 3s8evel esouly) Sv umow] worjeawdeoad w feury) Ul *siecd Luww 07

quetL) oyy Jo serdoed syy Ag esodand 3wys 02 pesn g&ﬁ vAwy pUe eayosels
Bgplziseyoows Jo Jemod sy oGAvy 0F UMOWY oXw ‘yrww ¥w [[os4 S8 ‘SPIOR

scoyswa urtedd uodn syueldy oTiArorlmw Jo uoiyde

Y3 Jo san3su oyl IJulpueissepun JoJ punos3ioeq B foatd Lesans eacqe

syl e+woTgoad gwys uo fulsesy v eawy yoiim sopdog 03 PeITWIT o4 ITIa

ROTASL STULT ‘UOTIMUSHINT TOURIIS U} JO0J SeUswd WIov Jo woiruledsad ouy

SUIB0Tos BIBBUY SINHY esure *suoTivtedead uoawrs eand wodn worew Iiewn

pus ‘uworyreodmod puew woryvoryrand ateuys utsm Afedawr Jurrivwep "seswyiuw

oug uwodn swop ueeq swy NJom JO junows 1eesd v sxgel nussesx UTULTH

~ge



-l -

hastened by the addition of yeast. It was stated that the process gave
much better yields of ethanol then did the customary method using malt.
The process hes since been improved by the use of steam pressure for
cooking the mash, and of seration during the first 24 hours to speed the
growth of the mold.

owernn {1933) has sugrested thet procesges in which molds are grown
directly in the mash for the ssmccharifiestion of the starch possess the
following advanteges: (1) economy dus to a saving in melt; (2) decreases
in‘loasea due to infasﬁien intrﬁﬁun@é with the mait; (3) inereamsed yields
of alcohol; and {4) higher purity of alcohsl formed in the mash.

¥eubsuer (1933) pointed out that there sre also disadventapes in
the Amylo praeasa.' Special installations and more power are necessary.
In addition, en expert persennel and & complets bactericlogicel labore
atory are required.

Boidin (1933) described some improvements which had been made in

the process. A more vigorous species of mold, Mucor Delemar, wes used

for the s&aeharifiaatiﬁn; A very nctive yeast oculture was added to the
mesh along with the mold inoculum, which was able to earry on fermentation
at a relatively high tempersture. The time of fermentation was reduced

0 2.5 to 3 days.

In Japen, a fungal preparation known as “"koji" is used. It is pre-
pared by growing melds on steamed rice or other sterchy mabterisls. Tha.
koji is ihan used to stecharify grain starches for the preparation of
sake (rice beer) and other fermented products. Korschelt (1878) called

the fungus involved Burotium. It hes since been renamed Aspergillus

DrYZas .
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The use of Asperpgillus oryzee in occidental countries may be traced
back to Telanmine, & ;Ia,panaw inmalstigater* Takemine advocated the use
of the enzymes of this mold in the distilling industry, end obtained
several patents for the menufsetwe of enzymic materials. Tekemine (1914)
has reviewed his work in this field. He found that the mold grew well om
wheat bran in & pneumatic drum, the wass being tumbled by rotation while
being subjected to a eﬁrrw% of moistened air, The material was then
dried, and used in the same manaer as malt. This preparation was Imown
as “Takawkoji.® Hirem Galker and Sons, Inc., made large scale tests with
this meterial in a distillery in Caneda, Ortved {1912) reported that
the tests were entirely suvecessful; that higher ethanol ylelds were ob-
tained, and thet the Takawkoii cmsl;é be prepered much more cheaply than
malte However, distillers of potable aleohol heve never adopted the
process beesuse o the belief that slight off-flevors or odors might result.

Recently the investigation of the use of mold amylase preparations
to replace melt was taken up by Underkofler, Fulmer, sand Schoene (1939).

Thoy grew two strains of Aspergillus oryzee on wheat bran in a rotating

drume The resulting materisl, mold~bran , was quibte satisfastory for
sacehearifying corn mashes. The sleohol yields were found to be about 12
per cent better than with melt, under the same conditions.

Schoene, Fulmer, snd Underkofler (1940) investigeated verious methods
of preparing grain mashes for Ffermentation. Freliminary liquefaction of
the washes was sccomplished by premalting and by coocking with dilute
acids. The premelting technique m found to be satisfactory feor 20

per cent mashes, but not for heavier omes. Mold«~bran and soybean meal
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were not as satisfactory as malt for this purpose. Iieshes cooked for

30 minutes at 20 pounds per squere inch stesam pressure in the presence

of hydrochloric seid were guite smooth and free of lumps. The Z0 per
cent meshes were adequetely thinned by 0.02 to 0.08 mnormel seid, while

60 per ecent meshes required 5.12 normal seid. A1l meshes were adjusted
to pl 5.0 with exmonium hydroxide befoare the saccharifying agent wes added.
For saccharificetion, mali, wmoldebren, snd soybesn weal were employed,
alone and in combinations. liold«~bran was found to be most effective,
while soybesn meel wes of little vaelue. Combinstions were apperently no
nore effective then mold-brsn nlone. An inﬂ&sﬁigﬁticn was alsc mede of
the effectiveness of hydrochloric acid for ﬁémplete seccharification of
the starch, rather than wmere liguefection. About 80 per cent conversion
af starch to suger was apperently obtalned, but ethanol yilelds from the
fermontation were considerably lower than those from mashes seccharified
by amylese, thus confirming earlier work by Seversom (1937). However,
the addition of mold~bran to éaiﬁ«a&acharifi&& mashes resulied in normal
ethanel yields; walt was insffective for this purpose.

Banzon (1940) investigated the use of mold-bran as o saccharifying
agent for the production of ethanol from casseva. Thoe ethanol yields
were found to be considerably better than wher m&lt wes used. The best
results were obteined when the mold~-bran was introduced into the mash at
30° Co The customery malting period at elevated tomperatures could thus
be elimimated, resulting in e saving of time, equipment, and power.

Goering (1941) iﬁ?@ﬂtig&t@é the use of mineral acids and of mold-

tran as saecharifying sgents for grein meshes and pure starch. He found



that ethanol yislds were best when scid saccharification was supplemented
by mold-bran. Acid hydrolyzed starch fermented much more completely
then did ecid hwirolyzed corn. This seemed to indicate that the acid
hydrolysis of whole corn produced s substance which reduneed sthanol
vields.

Underkofler, Goering, and Buckeloo {19841} prepared mold~bran using
several different species of mold, end compered the sffectiveness of
these preparstions with that of malt. BSeccharifyving power as measured
by the Lintner method indiested that melt wes much richer in smylese;
however, in fermentation tests the use of moldebran elweys resulted in
the higher ethenol vields. Apparently the true seceharifyving power of
mold«bran ecannot be determined by the Lintner method.

Berosford and Chrigtensen {1941} studied improved mashing procedures
for the fermentetion of both potetoes and grains. They yeported that
when cooked mmshes were cooled to smocharification temperature (55% to
80° ¢.), "some hitherto unsuspected irreversible physical~-chemical changes
oecurred in the sterch.” These changes were first discovered through
- measurement of mash viscosities after ssecherificstion, end were confirmed
by fermentation studies. It wes reported thet the irreversible changes
could be prevented by cooling the mash immiiatsly from 100° to 58° Cep
by wmixing 1t rapidly with the sppropriate quentity of cold water. lMashss
treated in this menner fermented with the production of higher vields
of ethancol, and required only sbout one half the usual gquantity of molde-
bran for ssecharification. Another method was 2lso found to be quite

effective, namely, two-stage seecharificetion. The cooked mesh st 1009 ¢.
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weg mixed with sufficient cold water to bring the temperature to 20° c.
One fourth of the total regulrement of saccharifying agent was added at
thig temperature, =1d the mmsh could then be ecoled slowly to 55° ¢.
without the irreversible chenges teking plece. This method was used in
2 pilot plant with good results.

Heo (1942) made comperative tests on the saccharifying sability of
mold~bpan preparations produced by 27 strains of molds. Yields of
athenol of &t least 90 per cent of theory wers obtained from 20 per cent
eorn mash saccharified with mold preparations from 23 of the stralus

tested. Various strains of Aspergillus oryzee appeared to be most sabise—

fectory, althoush certain species of Mucor snd Rhizopus were alsc quite

effertive . The molds were culbiveted on wheet bran in alumivwn pots
equipped for asrstion. Crowth of the molds in the pots was more rapid
and uniforie, end the amylolybic activities were grester than when grown
in & rotating drum. ¥Yeo alsc mede some brief tests on methods of thinning
mashes for seccharification by wold bran. He found thet premaliing or
premolding gave setisfeectory results. Also, the addition of melt or
mold-bren to the wash st 75° ¢. resulted in rood ethencel yields, the mold-
bran being slipghtly the better. The best method was found to be treat-
pent with hydrochloric acid. The mash was cooked with 0.04 normal ecid
for 30 minutesn, at & steam pressuwe of 20 ;géumis per square inche After
cooling, it was eadjusted to & pf of 4.5 to H.0 by the addition of conw
centrated sodium hydroxide. The mesh was guite thin epnd eeally secocharie
fied by mold-bran. Ethanol yields es high as 85 per cent of itheory were

reported.
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Gall&ghaf, Bilford, Sterk, and Xelachov (1942) have reported the
development of & method for rapid saceharifieation of mashes, for use in
a continuous process. Over 70 per cent of the coocked starch wae cone
verted to maltose by malt in one minute at 62.8° ¢. The ethenol vields
obtained by the fermentation of such meshes were approximately 2 per
‘cenﬁ hirher than those obteined from meshes held for 30 to 60 minutes
et 62.8° C. The mashes were sufffisiently thin for pumping in e distillery.

Underkoefler (1942) has reviewsd the topie of microbisl amyleses end
their application to the ethanol fermentation. The various espplicetions
of mold snd bagterianl amylases were discussed. It wes steted thet when
malt and mold-bren are used under optimm conditions for each the aleohol
vields obteined ere essentielly the same, baged on total dry metter
gzoing inteo the process, with eppearently & slight sdventapge for molde
bran. galéagran may be oconsiderably better than malt, or wvice versa,
depending on the conditions used. The possible use of bacterial amylase

in distillery practice was ealso discussed.
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I111. EXPERIZENTAL
A. Haterisls

1. Corn

The corn used in these investigations was the best guality ecorn
obtainable on the loeal merket, Two lots of the grain were used. The
first lot was purchased already grownd. It wes thoroughly mixed, sampled,
and stored in wellestoppered bottles. A test tube e¢ontaining about 1 or
2 ml. of earbon disulfide was pleced in esch bottle to prevent the developw
ment of insects. This corn contaeined P85 per cent stareh, or an equive
alent of 64.8 per cent m;;;@. The method of analysis was the Official
Disstase Method with Subseguent Asid Hydrolysis, of the Assocciation of
Officiel Apricultural Chemists {(1940). The moisture content was 10.7
per eent. Ihis corn will hereinafter be éasig;ms.m as Lot No. 1.

The second quantity of corn, Lot Neo. 2, was purchased in the form of
shelled corn, and wes ground to & fine meal in & burr mill. It was mixe:i,-
sampled, and bottled in the same menner as Lot ¥o. l. Upon analysis it
was found to contain 62.4 per cent starch, or & glucose equivalent of
69+.4 per sent., It conteined 7.65 per cent moisture.

The two lots of corn were also analyzed by direct acid hydrelysis,
also an official method of the Assoecistion of Official Agricultural

Chemists., The glucose equivalents sceording to this method were 7T2.4 per
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cent for Lot No. 1 end 72.2 per cent for Lot Bo. 2. These values were
considerably higher then those determined by the diastase methed. It is
known that direet acid hydrolysis breaks down pentosans as well as starch,
and therefore higher results must be sxpscted by this method. Inasmuch
a8 the corn wes to be saccharified by dlastase for fermentatien by yeast,
the values obtained by the diastase method of enalysis were used ss =&

basis for caloulating theoretical yilelds of ethancl.

Ze Eﬁg}.ﬁg malt

The barley malt was obtained from the FPleischmann M¥alting Company.
It was greound to a meal and stored inm a stoppered bottle. It hasz a Lintner

yalue of 113.l. The meisturs content was 7.58 per cent.

3. Hold-bran

The mold-bren used in this investigation wes prepared by growing e

strain of Aspergillus oryzae on wheat bran according to the method of Heo,

Fulmer, snd Underkofler {1943). It was sir dried and passed through &
Wiley mill, then stored in tightly stoppered bottles. The moisture content

was 8,08 per cent.

4. ¥alt extract

The malt extract used to prepare beer wort for yeast cultures was
Blue Ribbon Melt Extracte. This product is made by the Pabst Brewing

Company, Peoria Heights, Illinois.
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B. HMethods of Procedure

1. Hicrobiologiesl procedures

Be Yagst culturing. The yeast cultures were carried on 10 per cent

beer wort. To prepare the beer wort, 100 grems of malt extract were dis-—
solved in hot water, snd the volume was made up to one liter. The solu=
tion was brought to 2 boil, and the ineoluble materisl wss allowed to
settle. The supernstant liguid wes then placed in Erlenmeyer flasks:
30 ml. of the wort were used in esch 50-ml. flask for cearrying the cultures,
and 360 mle. in esch BQ0-ml. flask for cultures employed for inoculsting
experimental mashes. The flasks were plugged with cotton and sterilized
for 30 minutes under & steam pressure of 15 pounds.

The yeast cultures used in this investigation were streins of

Saccharomyces cerevisise designated in this laboratory &s yeast number 43

and yeast number 51. Bach oculture was transferred to beer wort in e 50~
ml. flask and inocubated at 30° C. for 24 hours. By meens of sterils pipettes
1 to 3 ml. of these eultures were trensferred to other f{lasks, and the
subeultures ineubated for the same length of time and at the same temper=
eture., Transfers were mede deily in this manner throughout the course of
the investigation to kesp the cultures in & vigorous condition.

The inoculum for experimental mashes was prepared by ineculating 350
mls of b@gx‘ wort with 6 to 8 ml. of & vigorous yeast culture and incubat=
ing at 30° ¢. for 24 hours.

b. Proparation of mold-bran. The mold~bran was prepared by the
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S8ince etheanol was ;Sradnm not wmly from the corn but also from thé other
congtituents of the mash, it weas necessary to apply correections for the
latter. ﬁm‘rw‘timﬁ; factors for melt, moldwbran, snd inoculum were determined
separately. The corrections were made as follows:

20 ml. of incculum o 0«58 gram sthenol

1 gram of walt - 0«33 gram sthanol

2 grams of mold brom = 0.24 gram ethanol

Total = 1.186 grams ethanol
17443 -~ 1.16 = 16,27 grems ethanol from corn
From the equeation

180 greams of glucose should yield 92 grems of ethenol. Thus 50 grems of
corn should yield (50)(0.694)(92/180) = 17.74 grems of ethanol. The

ethanol yleld was therefore (16.27/17.74)(100) = 91.7 per cent of theory.

de Viscosity messurements

Visoositiss of mashes were measured following the period of sacw
charification, and preceding the addition of inoculum. All measurements
were mode at 30° ¢,

The apparebus used consisted cf 8 100-ml. pipette, from which the
constricted tip had been removed. The pipette was clamped in & vertical
position on & ring stends. The corn mash under examination was drawn into
the pipette up bo the gradustion mwerk, end the drainage time was measured
with the eid of a stop mfz.eh' The drainage time observed wasg e function

of the wviscosity of the maesh. It wee also & funetion of the density,
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it was necessary to sampare ethanol ylelds from qulekly cooled mashes
withA yields from mashes which hed been sllowed to cool slowlye.

(ne series of mashes was prepared by the wiakwfsling procedure
previously deseribed using malt as t&e saccharifying agent., Another
series was gelatinized and coocked in the same menner, but the betkers of
;aa.sh were cooled to 56° C. by anwmg{, them to coel slowly in the auto-
clave until the temperature was between 60° and 70° C., then placing
them in & melting bath at 55° ¢. TWhen the mashs§ reached this temper-
ature, they were mixed with the regnigita emounts of malt and 100 ml.
of water st G&° Ce, 8nd held at this tammmmra for one hour before
inoeulation. In all aﬁhar respects both series were treated in the same
MENNET o

The yeast culbure used for both series wes Saccharomyces cerevisise

nunber 43. For both seriss melt was used fm; seccharification, and the
saccharification period was one hour 8t 56° €. The results are shown in
Table l. '

The date in Table 1 show that qu.isk eocoling of mashes after cooking
leads to slightly higher sthaneol yields. The differences were amall at
some cancentrations of melt, but were significant when teken as & whole.
The adventageous effect of gquiek es»cmliné; *ﬁaé aspsegi&llj ﬁ&tin&a’bl@ when
t;nly 4 per cent malt was used. This malt concentration was suffioient
to give maximum ylelds when the mashes were emiﬁeé rapidly, wheress 6
per cent malt was required for meximum yields when the messhes wers cooled

slowly.
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Table 1

Bthanol Yields from Slowly-Cooled and Quickly~Cooled Hashes

A A A O I R o0 e Shresony

Bthenol yields, % of timary

m-lt, g+ Pur

100 ge corn®* siwlya-e ooled meshes Quickly~cooled mashes
2 - 7640
4 7948 84.3
6 : 82.8 84.6
8 82.3 84.0
10 81.8 84,7
12 83.5 84.1

[
Corn from Lot ¥No. 1l
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Pable 2

Efthsmel Yielsla fmm Quiakly«ﬁealad ¥eshes Smocharified by Malt

Eﬁamaz yﬁlds, 3" ef’ meary, when

¥elt, g« per saccharified at 55° ¢. for
100 g. corn® “Z minutes T hour 2 hours % hours
2 T8.5 76 40 T5+4 78 &
4 85.8 84.5 84.0 86.4
8 85.5 84.8 B0 83,8
8 8567 8440 83.7 8642
10 87.1 84.7 84.1 84..3
iz 87 o2 84.1 83.0 86.2

E )
Corn from Lot Hos. 1.



26 -

The masghes were prepared by the quickwcooling procedure, snd the
mold-bran was stirred in at 55° C. The concentration of mold-bran reanged
from 1 to 6 per cent of the total weight of corn used. The yeast eulture

used was Seccheramyces cerevisise number 43. The aleohol yields obteined

are presented in Table 3.

It is evident from the date of Teble 3 that long periods of sac-
charification st B55° C. were not beneficial to the sotion of mold-bran.
A period of 2 minutes at 55° Ce, using 3 per cent mold-bran, gave & yvield
of B3.& per cent, whereas i:hs highest yield obtained was only 84.5
per cent, with & 3 hour seccharification period and using € per cent
mold-bren, A pericd of one hour wes definitely poorer than 2 minutes.

& 3 hour ;g.:ériaé wee the best when the highest concentrations of mold-
bran were used, but very poor with low concentrations.

A eomparison of Tables 2 snd 3 reveals the fact that mali wss more
effective than mold bren in the seccharification of guickly-cooled corn
mashes for fermentation by yeest. This is of interest in view of the

fact thet Underkofler {1942) has recently pointed out that mold-bren is
| superior to melt under verious other conditions. It is entirely possidble
that a temperature of 55° Ca., even though for only 2 minutes, may psrtially
inactivate the moldebrean, ss Banzon {1940) and Heo (1942) have showm that
best results are obtained when the wold-bran is mixed into the mash at
30° ¢. However, it would not be practical to coel the mashes in the
present type of experiment to 30° C. before adding the mold-bren, as the
meshes would then be too thieck to handle. M¥ashes containing less then
2.5 per cent mold-bran were extremely thiek even though they were mixed

at 55° G
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Table 3

Ethenol Yields from Quickly-Cooled Mashes Seccharifiled by Mold-Bran

Bthanel yields, % of theory, when
seecharified at 5% C. for

Mold~bran, g. per

100 -g. corn* 2 minutes 1 hour 2 hours s hours
1.0 Tl.6 617 700 63«5
1.5 80.1 T4 3 793 T4.7
2.0 82.0 76+4 8343 78 .8
25 82.7 76 <6 83.1 T79.5
3.0 | 333 T8 .7 B2.T 83.3
3.6 83.3 80.2 84 .4 83 .8
4.0 81.8 80.8 84.2 34 o2
6.0 82.7 8309- 827 84.5

*Gam from 1ot Hoe la
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e. The use of different yeast cultures im the fermentation of

Guickly-cocled meshes. Sinee different strains of yesst vary widely in
their ability to produce alechol from saecharified pgrains, it was thought
advisable to test & yeast eulture other then strsin nunber 43. PFor this

werk & strain of Seccharomyces corevisiae known a&s number 51 in this

laboratory was chosens. The previous experinments using melt end mold-
bran and varying the saceharificetion period were repeated, using oculture
number 5l. YThe resulis are tabuleted in Tables 4 and &

Bthanol ylelds were not greatly altered by changing to yeast number
51« However, certein differences in the two strains are apparente.

Table 4 shows that eulture number 51 produced most ethancl from meshes
which hed been seccherified et 55° C. for one hour, end that the optimum
malt concentration was 6 per cent. It has already been noted that strain
number 43 produced maximum yields f{rom meshes saccharifisd for 2 minutes
or for 3 hours, with an opltimum malt concentration of 4 per cente The
former strain gave slightly higher yields, but required more malt.

The resulits shown in Teble 5 indicate thet yeast number 51 did not
ferment the meshes seccherified by mold-bran very satlisfactorily, ale
though the meximum yields were slightly higher than those obtained with
veest nusmber 43, Unlike the latter culture, number 51 was bensefited by
saccharification of the mashes at 55° ¢., as evidenced by the gradual
inerease of ylelds with saccharificetion time. It may be concluded that
mold~bran is inferior to malt for the saccharificetion of mashes thinned
only by rapid cooling.

Sinece culture number 51 gave slightly better etheanol ylelds from
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Table 4

Etherol Yields from Quickly«Cooled Meshes Seccharified by
b_i&lt and Fermented by Yeast Strain Number 51

e

Bthenol yields, % of theory, when

, , O 4
valt, g. per sawharified st 56Y for

100 g. corn® 2 minutes 1 hour 2 hours 3 hours
2 80.8 81.8 76,7 9.2
4 86.3 87.1 82.6 83.6
6 86.1 87.7 g6.6 84,0
8 8447 86.8 83,5 83.2
10 85.7 8647 83.3 83.4
12 84.5 BT 6 84.1 85.4

*corn from Lot Ho. 1.
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Table B

Ethencl Yields from Quick~Cooled Mashes Saccherified by Mecld-Bran
and Fermented by Yesst Strain Fumber 51

Ethanol yields, % of theory, when
saccherified at 58° ¢. for

Mold=bren, g. per

100 g. corn® 2 minutes 1 hour 2 hours 3 hours
1.0 6547 69,5 T4 .9 T2.8
1‘;5": 65,9 TEW7 81.8 Bl.5
2.0 71.9 82.8 ‘ 82.2 83.8
2.5 T34 80«5 82 .8 84.7
3.0 TT.8 83.2 84,0 85.3
38 793 B3.9 82.9 84.6
4«0 80.1 81.6 84 .43 85.3
€0 83.2 82«4 83.8 8542

*ﬂorn from Lot Boe 1«
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mash for two minutes. The contents of the mixer were then poured into a
500-ml., Erlenmeyer flask. The mixer was rinsed with 25 ml. of water,

end the rinsings were added to the mash. The flask was plugged with
cotton and allowed te stand for ome hour st either 55° ¢. or 30° ¢.,

to permit saccharificstion to procesd. The inoculum was added at 30° ¢.,
and the mash was allowed to ferment at that temperature for about 85 hours.
Tt was then enalyzed for sthanol.

The first stage of two-stage meshing is referred to as “thinning®;
the second stage is true saccharifieetion. 7The purpose of the firast
stage is to thin the mash so that it mey be eeasily hendled and more
aaéily sttacked by amylase during saccharifieation. The enzymes of the
thinning agent may be expected to be very larpgely destroved by the heat,
but must remain sctive long enough to partislly break down the starch
moleoules.,

be The use of mold-bran for thimming. In spite of the fact that

mold-bren is gquite heat-sensitive, there was a possibility thet it wald
retein its sctivity long enough at elevated temperatures to effect thimning
of the mash. Preliminary tests indicated that coneentrations of mold-
bren es high as 2 per cent, when sdded to mashes at 80° C., did not thin
them pereeptibly. A series of mashes was then prepared in whiech 3 per

cent mold~bren wes used for thinning at 75° C., and 3 to 10 per cent
mold-bran was used for saccharifieation, The meshes were mixed with the
initial chearge of mold«bran in the mechanical mixer, snd poured while

hot into Erlenmeyer flasks. The flasks were cocoled directly to 30° ¢.

in eold water. This treatment caused the mashes to s0lidify, indicating

that the moldebran had had little or no effect. The saccherifying charge
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of mold~bran was then added and stirred as thoroughly &s possible into
the gel-like mashes with & heavy stirring rod. The flasks were meine
tained et 30° C. for one hour. The meshes had then thinned considerably,
but wers still so thiek thet viscosity measurements could not be made
with the pipette spparsatus at hend. They were ineculated snd fermented
in the usual menner. 7The ethenol ylields are listed in Table 6.

The ethanol yields were surprisingly goed, in spite of the original
high viscesities of the mmashes. The highest ethanol yield was 50.4
per cent of theory, st & mold-bran comncentration of € per cent. lowever,
the process must be cansidered impracticsal because of the diffieunlties
invelved in handling the viscous mashes.

¢+ The uwse of malt for thinning. In this series of investigations

1, 2, and 3 per cent malt were used for thinning. The thimning tompere
ature employed was 390 C. Following the thinning process, the nmashes
were cooled to 556° C., and mixed with from 2 to 6 per cent mold~bran

for 2 minutes in the mlixer. They were then poured into Erlenmeyer flasks
and cooled to 30° C. After ome hour yeast inceulum was added.

It was found thaet malt added at 80° C. was quite effective in thinning
the mashes. This was plainly evident from the fset that the motor of
the electrie mixer speeded up perceptibly within I5 seconds after the
dry malt had been added to the mash being mixeds The mashes were guite
thin and poured readily, especislly when thinned with 2 or 3 per cent
ma.lt. Ethanol ylelds are presented in Table 7.

The use of one per ceni malt for thianing resulted in fairly good

ethanol yields. Yields were higher than in the previously deseribed
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Table &

Fthenol Yields from Mashes Thinned by 5% Mold=-Bran at 75° ¢.

- S O A BT A A AR T O A it

Hold«bran for ssccharification, Ethenol ylelds,

£+ per 100 go corm® % of theory
3 85.3
4 | 89.1
8 89.7
6 90 o4
8 89.7
10 89.3

‘*&em from Lot No. 2.
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Table 7

Ethanol Yields from Meshes Thirmed by Malt at 80° C.

s

Mold-bran for seccharification » Bthanol yields, % of

4 ésr , using
g+ per 100 g. corn® 17 melt 81t 3% ma 1t
2.0 794 8l.4 83.5
25 85.8 B8.2 87.1
5.0 : 83,7 87.0 85.1
P 83.8 88.3 86.1
4.0 88 .4 89.1 89.8
5.0 87 .2 81.5 2042
640 89.4 91 .4 91.1

%
Corn from Lot No. 1.
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quick=cooling investigations, the highest being 89.4 per sent, at & con-
centration of 6 per cent mold=bran. Two per cent mealt was even more
effective and yields were higher in every case. A yield of 87.0 per
cent was obtained st & mold~bran cancentration of only 3 per cent, while
the yisld was £1.5 per cent et & concentration of 5 per cent mold~bran.
The yield at 3 per eent mold~bran may be consldered satisfactory for such
e small amount of seccharifying meterisnl. However, it must be ?bcrne in
mind that an edditional 2 per eent of malt hed been used for thinning.
The 921.5 per cent yield iz fer superior to any obteined in the previous
quickwcooling experiments, Three per cent melt proved to be no better
for thiming then was 2 per cent, in fact whs apparently not quite ss
good since ethanol yields were slizghtly lower.

The high fluidity of the mashes end the high ethanol yields indicate
that two-stege mashing might be used to good edvantage. Two per cent
malt was used for the first stage in most of the following experiments,
sinee thig had been found to result in maximum yields.

d. Effect of the secondwstege mixing temperature upon mashes

saccharified by mold-bran. It wes considered possible thet the twow

minute wmixing period at £5% C. might be elimineted without 111 effect,
as the mashes were sufficiently thin for handling et 20° ¢« A series
of maghas was prepared and thinned with 2 per eent wmelt as before. Howe
ever, instead of ecooling the meshes to 55° C. in the mixer, they were
poured while hot into the fermentetion flasks, and coolsd to 30° G. in
cold water. The proper amount of mold=bran wes then added to each flask

and mixed with the mash by swirling the flask. The inoculum was added
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after one hour. A4 similar series was prepared in which 3 per cent malt
wag employed for thimning. ¢This was deemed advisable inasmuch &s & mash
mixed at 30° ¢. is likely to have & higher initial viscosity than one
mixed at 55° Ces; & greater smount of thinning agent might therefore be
beneficial. 4 third series waes prespered in which 2 per cent malt wes
uged for thimning, and in which the meld-~bran was mixed into the mashes
at 56° Co This third series repeated ons of those listed in Table 7,
éxeapt tiet the corn was from a different lot, In all three series the
thinning tempersature was 80° ¢c.

The results, presented in Tabls 8, show that mixing at 55° Ce ms
not only unnecessary, but was undesireble, MNixing at 50° Co resulted
in yields about 2 or 3 per cent higher, when &ll other factors remained
the seme. A yield of Sl.1 per cent was obtained, when only 4 per cent
mold-~bran was employed. Increasing the proportion of mglé*bran did not
appreciably increase the alcohel yieldse

Of the two series mixed at 30° Ca, the one thinned with 2 per cent
malt gave about 2 per cent better ethenol yields then that thinned with
5 per ceont melt. This agrees woll with the date on similar series in
Teble 7. Obviously, coeling the mashes to 50° ¢. before adding the mold=
bren did not make necessery the use of wore malt in the thinning stage.

e« The effect of the thinning lempersture upon ethanol yieldse The

temperature 8t which the thinning charge of seccharifying agent is added
is of considerable importance. The rate of engyme action is certein to
be increesed by en increese in temperature; therefore, it is desireble

to edd the malt at 8s high e temperature &s possible. On the other hand,



Table 8

Effect of the Tempereture of Second-Stage
¥ixing upon HEthenol Yields

s o
— esntivi

“Bthenol yiélés 2 % of i:hécr;r

Mold-bren for Mixed at 56°  Wixed st 30°  Mixzed at 30°
saccharification, Thioned by Thinned by Thinned by
ge por 100 g. corn™ 2% welt 24 malt 3% melt
3.0 8740 - 84.5
345 88 44 8742 8647
4.0 8843 91.1 88 .4
445 89.1 8944 89 o4
540 88.6 91.5 89 .4
8.+0 8844 91.1 89.4

*
Corn from Lot Hos Ze
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the rate of enzyme destruetion by heat is also inereased by s increase
in tempersture, snd must eventuslly, at some temperature, become grest
enough to prevent eny thimning sction whatever. Therefore, there must
exist an optimum tempersture for thinning. Beresford end Christensen
(1§&1)‘have reported that the optimum for poteto mashes is between 75°
and 80° €. In order to determine the aﬁiiaam for corn, three series of
fermentations were employed, in whieh the mashes were thimmed at ?Og,
750, end 85° C. respectively, In all ceases mold-bran wes mixed into the
meshes st 3@5 Ca The ethancl yields are listed in Teble 9. The series
thinned at 80° C., 88 presented in Teble 8, is repeated in Table 9 for
purposes of comparison. Al1]l series were thinned by 2 per cent nalt,
Best ethanol yields were obitsalined from meshes thinned at 75° ¢. The
best yvicld was 51.5 per cent of theory, at & per cent nmold=bren. Howe
ever, in this series all yields were S0 per cent or better except those
from meshes conteining only 3 per cent mold<bren. In the ecase of mashes
containing as much as 4 per cent mold-bren, yields were almost identical
with those obtained from similar mashes thinmed at 80° ¢. When 85% C.
wes used as the thinning teuperature, the mashes were not thinned ape
prociebly. They were extremely viscous when coolad te 20° ¢. Also, the
ethancl ylelds were decidedly poorer, the best bsing 88.2 per cent. The
neshes thinned at 70° C. geve rether good yields, but éefinit&ly not asa
spod &s those thinned et 75° C. A yield of 90.5 per cent was obtained at .
e mold«bran conecentration of 6 per cent, but in all other cases yislds

were boetween B8.0 and 89.8 per cent.



Fable ©

Influence of the Temperature of the First Stege Mixing

in Two-Stage Mashing

Hold =bran for
sacckarification,

Bthanol yield, % of theory,

when thimmed &t

g. per 100 g. corn™ 70° 759 80° 85°
5.0 88 .0 88 4 — S,
3.5 89.5 90 .0 87.2 84.8
4.0 89.9 90 .5 91.1 B7 .2
4.5 " go.8 91.1 89.4 88.2
5.0 89.8 91.5 91.5 873
8.0 90.5 81.1 91.1 86 4

'Carn from Lot Hoe 2»
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The above date point to the conclusion that the optimum temperature
for thinning corn mashes with malt is between 75° and 80° ¢.; these two
temperatures are about equally satisfactory. The effectiveneas of the
thinning action does decrease sharply at 85° C., however. At thinming
temperatures lower then the optimum, ethanol yields decrease rather
gradually. |

f. The use of malt for saccharification. In this investigation

mRlt was used in both stages of the two-stspe mashing, Two per cent
malt was used for thimming at 80° Cey 8Bnd 2 to 12 per eent for the sscond
stege, at 55° C. In one series the flasks of mash were malted at 55° ¢.
for cne hour. In the second series they were cooled te 30% ¢. immedistew
ly after the two-minube mixing period at 55°. The ethenol yields are
presented in Table 10.

The ethanol yields did not compare favorably with those obteined
when mold-bren was used. An examination of Tables 9 and 10 reveals that
the use of malt resulted in yields about 2 to 10 per cent lower than
whon mold-bran was used. The meximum yield, using melt, was 88.2 per cent
of theory, at a malt causentration of 8 per cent for the second-stage
saccharification. It has already been pointed out that the use of molde
bran resulted in meximum yields when the mold-bran comcentration was 4
to § per cents Thus the use of melt not only resulted in poorer ethsnol
yields, but necessiteted the use of much lerger proportions of the
ssocherifying agent.

A period of 2 minutes seccharificeticn at 55% C. was found to be

preferable to a period of one howr at that temperature. Ethanol ylelds
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Teble 10

Ethanol Yields from Meshes Thinned by Malt et 80° C.,
and Ssochearified by Malt

— - " . ‘ SO
¥elt for Ethenol yield, % of theory,
seccherification, when saccharified at 55° for
g+ per 100 g. eorn® tne hour Two minutes
2 - T8.0 7548
4 B8.3 7548
6 B86.1 87.2
8 B6.2 88 .2
10 85.9 87.7
12 84.8 86.4

*Curn Prom lot Hoe 24
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were about Z per cent higher in the former series. However, it should
be pointed out that melting for & full hour decreased by one half the
guantity of malt required to give maximum yields; only 4 per cent malt

gave the best yilslds.

3. MNineral mcids as thinning agents for corn mashes

8. Generel procedure. Schosne, Fulmer, and Underkofler (1940) have

shown thet the preliminary liguefaction of & 20 per cent corn mash may
be sccomplished by cooking it with 0.02 to 0.03 normal hydrochloriec

scid. Neshes treated in this manmer were smooth and liguid upon saec~
sharification and highest yields of ethancol were obtained when the cocked
meashes were adjusted to pH 5.0 before saccharification. Hao (1942) used
0.04 normal hydroechloric acid to liquefy 20 per cent corn mashes.

In the present investigation two modifications of the acid-thinning
procedure were used, The first method was similar to that used by the
above-mentioned investigators. Fifty grams of ground corn were placed
in a 500-ml. Erlemmeyer flask end 225 ml. of 0.04 normel mecid were added
at about 90° C. The mixture was stirred vigorously and the oorn gel-
stinized promptly. The flesk wes covered, and heated in an autoclave
for onme hour at 15 pounds steam pressure. It was then allowed to conl
to the desired saccharification tempersture, either 58° ¢. or 30° c.

The mash was sadjusted to pH 5.0 by the addition of sodium carbonste soluw
tion or solid ealeium cearbonate. When a series of mashes was to be
adjusted to this pH at 55° C., ome flesk was cooled to 30° ¢. end the

smount of neutralising agent necessary to make the adjustment was ceree
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both hydfwhloric: and sulfuric acids were used. Mold-bren was employed
for saccherification, All pH adjustments were made with & concentrated
solution of sodium ecarbomete. There was no saccherification period at
55° C., the mold-bran being added &t 30° C. The mashes proved to be
guite thin and free of lumps, The ethanol ylelds ere given in Table 1ll.

The ethanol yislds were qulte good, &s compared with those obtained
using other thinning methods. Hydrochlorie ecid was the better of the
two selds, resulting in e yield of 92.8 per cent et & mold~bran cone-
eentration of 4 per cent. In the case of sulfuric seid, the maximum
yield was 90.8 per cent at & 4 per cent mold-bran concentration. In
general, yields were about 2 per cent higher when hydrochloric acid was
used. These findings are in amccord with those of Goering (1941), who re-
ported that hydrochloric acid is more effectlive than sulfurle acid in
the complete hydrolysis of corn starch.

o« +he effect of rapid cooling of ecid~thinned mashes. It was

considered possible that repid cooling of scidethinned mashes would re-
sult in improved saccharifieation, snd henece higher yields. Since quiek
cocling must be accomplished by the eddition of cold water to the hot
mash, it was necessary te cook the corn in helf the usuel volums of acid,
as previously deseribed. Thus the mash during cooking consisted of 50
grems of corn in 100 ml. of acid, instead of 50 grems of corn in 225 ml,
of meid, as in the previous experiments. It was therefore necessery to
use stronger acid to thin this thicker mash. & concentration of 0,08
normel acid was used, snd was found to thin the mashes satisfactorily.

Both hydrochloric and sulfuriec scids were used es thinning agents



G

Table 11

Ethanol Yields from Mashes Thinned with 0.04 Yormel Aecids
and Allowed to Cool Slowly

e

Ethenol yieiés? % of' theorym

Mold-bran, ge. per Thinned with Thinned with
100 g. corn® 0.04 N HC1 0.04 N Hp80,4

1.5 7349 T4.3

2.0 77«6 7848

2.5 84..5 82.3

3.0 8843 86.8

4.0 92 .8 90,8

6.0 92.7 90 .0

*
Cormn from Lot Ho. 2.
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for testing the effect of quick cooling. Sodium sarbonate solution was
used to adjust the pH of the mashes to 5.0, Mold-bren was used as the
saccharifying agent, and was mixed into the mashes at 30° ¢.

The dsata in Table 12 show that ethenol yields were definitely in~
creased by eooking the meshes with 0.08 normel acid and cooling them
repldly, as outlined sbove. The msximuﬁ.yield, §3.8 per cent of theow
reticel, was obtained from mashes thinned with hydrochlorie acid and
saccharifisd by 3.5 per cent mold~bran. Although this yield was only
one per cent higher then the saximum obtained from the mashes cooked
with 0.04 normel acid and cooled slowly, the incressed ylelds are parw
ticularly evident from those meshes containing lower proportions of molde
brene. Mashes conteining only 2 per cent mold-bren gave a yield of 90.3
per cent of theoretieal, when thinned with 0.0B normal hydrochlorie scid
and cooled rapidly. The corresponding yield from mashes thinned with
0.04 normel aeid and cooled slowly wes only 77.6 per cent. The improve=
ment was also quite marked in mashes thinned with sulfurie acid. 'This
acid was as good as hydrochloric mcid for the "quieckw-ceooling process,®
whereas it was shown to be inferior for the "slow~ecooling method."

It was necessary to ascertain whether the advantageous effects of
the "quickecooling procedure™ were due to the guick cooling itself or
to the different ocooking method. A series of mashes was therefore pre-
pared using 0.08 normal hydrochloric acid end al lowing the mashes to coel
slowly to 30%° C. They were then mixed with water at 30° ¢., and with
sufficient sodium carhbonste solution to reise the pH to 5.0. Woldwbren
was added, and after one hour the mashes were inoeulated. The results

of this series are shouwn in Teble 13,
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Table 12

Ethanol Yields from Mashes Thinned with 0.08 Normsl
Acids and Cooled Raepidly

Ethenol yileld, % of theory

Mold-bren, g. per Thinned with Thinned with
100 g« corn® 0.08 ¥ mCl 0.08 W Hp80,

2.0 90.3 | 88.7

2.5 | 92 .5 51.8

3.0 9247 83 <2

345 93 48 93.5

4.0 93 .8 93.1

_ 6.0 §3.6 93«4

*Gorn from Lot Neo. 2,
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Teble 13

Fthanel Yields FProm Mashes Cooked with 0.08 Bormal
Hydroochlorie Acid and Allowed to Cool Slewly

w——————
e

i

Hold-bren, g. per Bthanol yields,

100 g. corn* % of theory
2.0 886.9
2.5 , 3l.2
30 9143
S5 o 9343
40 92.9
8.0 92.4

*ﬂ‘arn from Lok Woa 2.
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The date presented in Table 13 indicate that ethanol yields were
not signifieantly lowered by allowing the meshes cooked with 0408 normsal
acid to cool slowly. A comparison of the deta in Tebles 11, 12, and 13
shows thst, 2lthough the "gquickw~ecooling procedure" using 0.08 normel
acid for thimning resulted in much better ylelds then did the "slow=
cooling procedwre"employing 0.04 normal ecid for thimning, the better
yvields were due to the method of cooking used, rather than to the rate
of coalingraf the mashes.

de The use of calcium ecarbonate for neutralizing acid-thinned

mashes. Caleium carbonate is & cheaper sand more convenlent neutralizing

agent than is sodium carbonate. It has 2 particular adventege in that
it is insoluble in neutral solution, and therefore & slight excess ecan
be sdded without 111 effects. In arder to test the effects of celcium
carbonate wupon etilwnol yilelds, two series of mashes were prepared, using
the “quickw-cooling procedure”™ end smploying 0.08 normal hydrochlorie
and sulfuric acids respectively for thinning. Ezxactly Q.45 gream of
oaleium carbonate was added to the water used for the rapid cooling of
each mashe This emount of caleium carbonate raised the pH to only 4.5
instead of the 6.0 desired, but it was found by experimenting with test
flasks thet the addition of larger amounts would not inerease the pi
fuarther. The com app&?antly acted as s buffer, since s mixture of 100
ml. of 0.08 mormal hydrochloric acid end 045 g. of ealcium cerbonate hed
a2 pH of 5.7. The fermentetion results for this series are presented in
Table 14.

In no case were yields as good when calcium carbonate was used as

when sodium cerbonate wes employed. This is spperent from a comparison
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Table 14

Fthenol Yields from Mashes Thinned by Acids snd
Heutralized by Csleium Carbonate

Ethanol yields, % of theory

Moldebran, g per Thinned by Thinned by
100 g. corn 0.08 ¥ ECl 0.08 N Ho80,

240 B9 2 88 .5

2.5 9143 8949

30 92 o3 90 .6

3 B 92.7 901

4.0 92.5 90 .8

€.0 925 023

*torn Prom Lot Noas 2.



of the date in Tables 14 and 12. The differences were not appreciable
in the case of mashes thinned Yy hydrochlorie acid. However, in the
cage of those thimned by sulfuriec acid, the ";mse of ealeium carbonsate
decresased the yields by 1 to 3 per ecent. Although such & decresse may
be considered significant, the advantages of ecalecium carbonats &8 a
neutralizing egent might well oubtweipgh this disadvantage.

¢+ The use of malt for saccharifying aseid~thinned meshes. For

this series of experiments the mashes were prepered exsctly as for sse-
charificetion by mold~bran, as previously deseribed. However, the malt
wes added st 55° ¢ », 8nd the mashes were iept at that temperature for
one hour. They were then cooled to 30° C. and inceulated. Both hydro=
chlorie and sulfurie acids were used, and both the "slow-cooling method™
using 0.04 normal ecide for thiming and the "guickecooling procedure®
using 0.08 normal acids for thimning were investigated, All mashes
were adjusted to pH 5.0 with socdium carbonate solution. The ethanel
yields are listed in Table 15.

None of the yields were satisfectory, the highest being only 83,3
per cent of theoreticel. Hydrochlorie acid weas much better then sulfuric
acid as a thiuning agent. Thinning the mashes with 0.08 normal secids
end quick ecoling was quite edvantegecus, All the mashes were quite
fluid before inoculation, but apparently they were not completely fermente
able. Thinning with the aid of mineral scids proved to be undesirable

when malt was used as the seccherifying agent.

f« The effect of the mixing temperature upon ethenol yields from

ecld-thinned mashes. The temperature at which the saccharifying egent
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Table 15

Ethenol Yields from Acid-Thinned Meshes Seeccherified by Welt

e p .
e

~ Ethanol yields, % of theory
M¥alt, g. per Slow cooling ' Quick cooling
100 ge corn® Thimmed by Thinned by Thinned by Thinned by

2 89.8 833 R ——
4 7340 65.6 BO.6 T4.7
& T6 48 67.2 833 78 .8
B T6 40 69 .2 BE .0 7841
10 759 68 .2 81.7 778

*Corn from Lot Foe 2.
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is mixed into the mash was shown To be of importence in the experiments

on twowstage meshing. Similer experiments were therefore csrried out

to test this effect in the case of seld~thinned mashes, To test the

effeet upon seccharification by mold=braen, mashes were prepared by thimming
with 0,08 normsl hydrochloric scid and cooling the mashes rapidly. The

pi was adjusted with sodium carbonate solutions, The mold bren was mixed

with the mwashes at 55° Ce for 2 minutes, which were then cooled immedistely to
30° ¢. | The ethanol yieldes from mashes prepared in exactly the same

manner but mixed at 30% ¢. have already been listed in Teble 12. The

yields from both series sare presented in Table 16.

The meshes mixed at 55° C. all gave lower yields then did the cor-
respond ing meshes mixed st 30° C. The differences were about one o
three per cent. Ihis in&ieates that in the case of acid-thinned meshes,
as well as those thinned by malt et #0° C., mold-bran should be added
at 30° C. rather then et & higher teumperature.

In testing the effect of the mixing tempesreature upon the sction of
malt, mashes thinned by 0.04 normal hydrochloric acid were smployed.
These mashes were not cooled rapidly. The pH wes adjusted to 5.0 with
sodium carbonate solution. The mashes were allowed to ocool to 30° C.
before the malt was added. The ethanol yields ere shown in Table 17,
together with those of & series prepared in exectly the seme manner but
mixed at 55° C. » 8nd maintained 8t that tempersture faf ons hours The
latter dete are repeated from Fable 15.

A saccharification perisnd at 55° ¢. was ééi‘inimisr beneficial to
the acotion of malt upon scid~thinmed mashes. Omission of this melting

period resulted in a decresse in ylelds of from 4 to 10 per cent.
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Table 16

Influence of the Mixing Teumperature upon Ethanol Yielde
from Aeid-Thinned Mashes Saccharified by Mold~Bran

. - -

Ki@lﬁ»"i}m. g: per . Ethanag yislza, ﬁ éf theory
100 ge corn™® Mixed at 30° C. Mixed at 55° C.
2.0 90 .3 89.4
246 2.5 91.3
3.0 D2 .7 80,8
3456 938 90 »4
440 5 8 91.3
6.0 856 91.8

*Gorn from Lot Noe 2.
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Table 17

'Influence of the Mixing Tempereature upen Ethenol Yields
from dcid-Thinned Mashes Saccharified by Melt

‘Ethanol vields, % of theory

¥alt, g per “HEixed 6% FEXCT0 TV i KT M 1 1O
100 g+ eorn® , 50° C. for 1 hour

2 | €3 .3 698

4 67.2 13,0

6 | 86,7 - 78.8

8 T2 76 .0

10 T0 «6 759

*Cmm From lot Ho. 2.
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4. Viscosities of meshes thimmed by verious methods

A good thinning method must not only attack the stareh so that it
is readily saccharified, but must also produce & fluid mash that is
easily handled and pumped in the distillery plant equipments, In order
to obtain an indiesation of the liqa@fying'pawar of tﬁa different
thinning methods, viscosity measurements were made om the ﬁaahes of
ecertain representative series before inoculation. Only enough measure-
ments were made te give a general idea of the efficiency of the liguew-
faction process.

Viscosity mesasurements were made by the proeess previously deseribed.
Although the apparatus wes somewhat orude, it wes found that the vis-
cosity of & given mash could be checked guite closely, whereas there wes
often considerable difference betwsen the viscosities of duplicate flesks.
Thereforse the method was more than sufficiently soccurate for this type
of work. Velues which appeer to be out of line are due to variability
of the mashes reather than to lack of precision of the measurements. The
method had the limitetion that viscosities of very thick meshes could
not be measured.

The viscositles of meshes thinned by guiek cooling are presented in
Table 18. It ean be seen thet viseosities decreased with sn inorease in
saccharification time. This was to be expected, as disgtesis is e
relatively slow process. It should be noted thet mold-bran produced
thinner meshes after one hour at 30% C. than after one hour at 55° Ces
e fact which once more demonstrated that mold~-bran should be used at

Sﬁa Ce H¥alt produced much thinner mashes than did mold«~bran. The
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thinnest meshes were those containing the most malt. In the esse of
mold-bran, the thinnest meshes were frequently those containing the leest
mold-bran. Viscositles inecreased, then deereased, and finelly inecreassed
again as the emount of mold«bran was increased. This effect was probe
ably due in pert to the absorption of water by the bran. Quick cooling
alone, without the addition of a sa#eharifying agent, did not thin the
mashes sufficiently so that the viscosities could be measured.

A series of msshes prepared exsctly es the preceding ones, but

allowed to cool slowly, had the viscosities shown in Table 19,

Table 19

S8pecific Viseosities of Mashes Allowed
to ool Slowly™

Percent
malt - Viscosity
4 8.6
6 7«8
8 8.6
10 8.6
iz 9.9

*sagcharified by malt for one hour
The mashes were saccharifisd by malt for one hour at 65° C. When these
viscosities are compered with those of the rapidly cooled mashes which

were malted for one hour (deta in Table 18), it is demonstrated that
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the slowly cooled meashes were not as & whole more viscous than the quick=
ly cooled mmes. At 4 and 6 per cent melt, the former were considerably
the thimner, while at 8, 10, and 12 per cent malt the reverse wes true.
Obviously, the rapid cooling of a corn mash thins it little, if at all.

Meshes prepared by twoestapge meshing were generally guite fluid.
The only mashes of this type which were too thick to be handled in
plant equipment in & distillery wers those thinmed by mold-bren at 76° C.,
and those thimmed by melt et 85° ¢, Data on three series of mashes ere
listed in Table 20. The mashes saccharified by mold-bran were mixed at
30° Cs+, and viscosity weasurements were mede one hour later. The melt
series was ssccherified for one hour at 55° (., then scoled to 30° C.
before the viscosities were measured. All three were thinned with 2
per eent malt in the first stage.

The data in Table Z0 show that the mashes in the malt gseries were
wnusually thiek, while those seaccharified by mold-bran weres guite thin.
Appsrently the thinning treatment with malt at 70-80° C. affects the
starch in such & way that it is readily abttacked by mold-brsn. In the
series thinned at 70° ¢., one mash hed a specific viscosity of 13.8
sfter it was cooled to 30° G. and bsfore sny mold~bren was added; such
& mash could be readily handled in distillery plant equipment, When
3.5 per cent mold-bran was added, the viscosity immediately increased
to 19.8+ One hour later, it was 5.8,

The acid-~thinned meshes were by fer the thinmest of all those pre=-
vered, They ware guite fluid in all ceses. Table 21 shows the vise

eosities of zome mashes saccharified by mold~bren. All three of these



-l Lo

Table 20

Specific Viscosities of Mashes Prepered by Two-Stage Mashing®

Per cent | , :
saccharifying Specific viscosities when seccharified by

agent, T Melt ¥old-bran Mold-bran
second stage Thimmed at 80° C. Thinned at ?0? C. Thinned at 76° C.

0.0 ———— 13.8 | —
3.6 R 5.8 ' 6.8
4.0 18.3 12.8 9.2
4.5 - T2 21.5
6.0 —— Tel P—
640 17 .3 | —— ——
8.0 18.1 o —
10.0 10.5 S— [
12.0 9.5 F— - ———

. A
2% welt used in the first stege.
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Table 21

Specifie Vigeosities of Acid-Thinned Meshes
Seccharified by Mold~-Bran

Per cent Thinned by 0.08 ¥ .Hgsﬁé 008 N ﬁs:{ 0«08 ¥ HC1
mold-bran Cooleds rapidly repidly slowly
0.0 2.6 2.1 2.1
2.0 25 - et
2.5 _ 2.3 ———— 240
3.0 2.4 2.1 1.9
3.8 24 2.2 1.9
4.0 2.2 2.1 2.2

8.0 2.1 2.2 2.0
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geries were thinned with 0.08 normal acid, neutralized, cooled to 30° Cea,
end mixed with mold-bren., Viscosities were determined after ons hour.
The meshes cooked with hydrochloric seid were & little thinner then
those cooked with sulfuric acid. The mashes which were allowed to cool
slowly were slightly thinner then those which were cooled rapidly,
indicating that quick cooling did not have any thimning action. In

most cases the mashes were almost as thin before eny mold-bran was added
as they were afterwards.

In Table 22 are listed the viscosities of the scid-thinned mashes
saccharified by malt. Deta are given on both hydrochlorie and sulfurie
acids, and slow and rapid cooling. All mashes were saccharified at
55° ¢. for ome howr before the viscosities were measured , except those
to which no melt was added at el1l. The meshes which cooled slowly ere
shown to be less viscous then those cooled rapidly. The differences
eannot be aseribed to the method of cooling, however, &s the gquicke
cooling method mede it necessary to cook the mesh at twice the desired
soncentration of corn, end in twice the normel concentration of aeid, se¢
that cold water could be added for cooling. Hydreechloric scid gave
slightly thinner meshes than did sulfurie secid in the slowwceoling process,
but slightly thicker ones in the guick=-cooling process. Unlike mold-
bren, the malt caused the acid-vooked mashes to become thinner in most
CH80E.

It has not been possible te find sny correlation between the vig-
cosities, as msasured, and the fermentebility of the mashes, either within
& series or in the compsrison of different series. In some instances

the least viscous meshes gave the highest ethanol yields, but frequently
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Ttable 22

Bpecifie Visecosities of Acid-~Thinned Meshes
Saocharified by Malt

e nan o ko

For cent Thinned bys 0404 ¥ HC1 0.04 ¥ Hp30, 0.08 K EC1

- i " A AR

von
e

0.08 N HpS04

malt Cooled: slowly slowly rapidly repidly
4] 22 1.9 2.1 2.6
2 1.3 1.4 e -
4 1.3 l.4 —-— -
8 1.3 1.4 1.9 1.7
8 1.3 1.3 240 l.8
10 1.3 1.4 2.0 1.8
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the most viscous ones gave the best ylelds. The thinnest meshes observed
were those thinned by 0.04 normal hydrochloric acid, and saccharified by
malt. The highest yield of ethanol i‘rem this series was 76.8 per cent.
The thickest meshes dealt with were those referred to in the discussion
of two~stage saccharilfication, in which mold~bran was used for both
stages. Although these mashes were heavy pestes snd entirely too thiek
to be handled in distillery plant equipment, they fermented rsadily and
gave ethanol yields of from 86.3 to 90.4 psyr cent of theoretical.

From the standpoint of the producticn of & fluid mash, thinning by
means of acid was the best method investigated. Mashes thimmed by 2
per cent malt at 70-80% C. were satisfactorily thinm. Quick cocoling of
the mashes did not thin them pereceiptibly; however, msshes prepered by

this methed were sufficiently thin after & period of saccharification.
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IV, DIBCUS3ION

In the present investigation all ethanol yields have been expressed
a8 per cent of the theoretical yleld, the latter figure being based on
the starch content of the corn es determined by the 0ffieisl Diastase
Hethod followed by Acid Hydrolysis previously referred to. It is
believed that this method of expressing yields fwnishes the best besis
for a comparison of experimental results, especislly if there is to be
8 comparison of ylelds from meshes prepared from different grains, or
greins from different sourcea. It is common practice for commercial
producers of alcohol to express their yields in the form of gallons (or
proof gallons) of etheanol per bushel of grein, or &as gallons per 100
pounds of dry grain. The latter figure is preferred, and is & convenient
unit for ﬁamraia; usege, when the snalysie of the grain is not known.
However, this figure will obviously vary with the starch ocontent of ths
grain. Ancther method of expressing yields thet is sometimes used is as
' per cent of theory, based on the starch content as determined by acid
hydrolysis of the grain. Anslysis by @aeid hydrolysis is much more rapid
and convenient than by disstese hydrolysis. However, fcid treatment of
whole grain hydrelyzes pentosans, and the apparent starch content is too
high. MNoreover, grains from differsnt scources very in their comtent
of pentosan, sc that the error is by no means a constant one.

Two different lots of corn were used in the present investigation,
the anslyses of which veried apprecisbly. In Tebles 7 eand 8 are ree

corded the results of two experiments performed in exactly the same
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manneyr, but using different corn. Hech series of meshes wes prepered
by the two-stage meshing procedwre, using 2 per cent melt for thinning
and 3 to 6 per cent mold~bran for saccharifieation. The data for yields
from these two experiments are repested in Table 23, expresssed in the
three ways discussed above.

The date in Table 23 illustrate eclearly the faet that the method
of expressing experimental results mey affect considerably the cone
elusions reached., When yields were recorded as per cent of theory on
the basis of dilastase am lysis, results were prectically the same from
the two lots of corn, except at mold-bran concentrations of & and 6
per cent. However, yields as per cent of theory on the basis of aeid
hydrolysis of the corn were widely different for the two series. This
was probably due te the faet that the corn of Lot Number 1 eontained
more pentosen than that of Lot Number 2, thus introducing a larger error
into the ealoulatlion of the theoreticesl yield. Yields calculated as
proof galloms of ethanol per 100 pounds of dry corn &gree somewhat more
closely, but are consistently higher for corn from Lot Number 2, except
at mold~bran eoncentrations of & &n& € per cent., OUne would expset this
to be the ocase, 8s this corn cantained the higher percentage of starche
On the basis of the above comparisoms, it iz believed thet the ethenol
yields a8s ealculated throughout this thesis provide a true measws of
the effectiveness of the mashing procedwre used, regardless of whether
the carn was from Lot 1 or Lot 2.

The experiments on the rapid cooling of memshes have shown thet the

process was sonmewhat beneficial when used with malt. However, it was



Table

23

Ethanel Yields from Meshes Prepared from Different Lots
of Corn, and Celeulated by Different Methods

oot et et i b e e i e

Mold«~bran, g. per

e

s
o -

P ot Az

Ethsnol yields

’ % of theory,

% of theory,

Proof gallons per

100 g. corn diastese anelysis acid snelysis 100 pounds corn®
ot 1 Lot 3 LQ*E 1 L&t 2 Lot 1 | Lot 2

3.0 87 .0 B7.0 T7.9 8345 9.75 10.07

345 88.3 88.4 7940 84.9 9.88 10.22

4.0 89,1 88,3 79.8 84.8 9.98 10.21

5.0 91.5 88.6 B1.8  B5.0 10.23 10423
6.0 91.4 88e44 B8la7 84,8 10 .22 10.22

’ﬁry weight basis.
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entirely ineffective when used with mold~bran, ng evidenced by thick
mashes and low ethanol ylelds. It may be that & portiom of the amylese
of the mold~bran was destroyed at 55° C., the temperature at which the
mold~bran wes mixed into the meash. Only & portion of the smylase could
have been destroyed, as continued heating at 55° ¢. for 1 to 3 hours

did mot result in appreciably lower yields, indiesting that seaccharifica=
tion hed eontinued to take place. Yhe reason for poor ethanol yields
appeared to be incomplete liguefmction; the nultimete cause may only be
surmiseﬁv;

It did net sppear to be necessary to hold the quickly-cooled mashes
at 55° ¢. for long periods of time in order to obtain the maximum metion
of the malt enzymes. Seccharification for only 2 minutes et 65° C.
appeared to be suffieient in most ceses though not always optimume. The
optimum saccharifieation period varied with the 'ysast culture used for
fermentation.

Two=stage mashing was found to be gquite satisfectory, using malt
for thimming and mold-bran for saceharificeation. Mold-bran was entirely
without effect as a thinning agent at 75° C. Apperently the heat ine
hibited 21l enzyme ection. Mold~bran was much better than malt for
saccharification, once the mashes had been thinned. The best temperature
for thinning with malt appesred to be between 75° mnd 80° ¢. Below this
renge the action was less complete, while at 86° C. thers was very little
thinning actien at all. At 85° C. the rate of enzyme destruction by heat
was s0 much greater than the rate of enzyme sction that the starch paste

did not appeer to be attacked at all. The btemperature at which the mold-



bren for sacchari fication was mixed into the mashes was found to have an
influence upon ethanol yields, 4 temperature of 30° ¢. was better than
55° ¢. This demonstrates once again that mold-bran should not be used
gt high temperatures.

Tn the ocase of meshes thimmed by malt at 80° €. end saccharified
by malt, & saccharification period of 2 minutes at 552 0. was found to
give somewlet higher ethanol yields then did & period of one hour at 586% ¢.
However, when the longer saccharifisation period wes employed, much less
melt was necessary to obtein maximum yields. Right per cent melt g;aﬁé“
the highest yilelds from meshes saccharified for 2 minutes, while ¢ per
cent proved to be optimum in ths cése of meshes saccherified for one hour,
Vihereas malting for only twe minutes would save considerable time and
heet in & distillery, and would result in higher yields, malting for a
frll hour would effeet & very eansiﬁarabla‘ saving in malt. Whieh process
would be preferable in distillery plsnt practice would d@p@n&up@n
sconomic considerationse.

¥ashes thinned with dilute mineral aocids were quite fluid, and pro=
duced high ethsncl ylelds when saccharified by mold-bren and fermented
by yeast, However, meshes thinned in this meoner gave poor yields when
malt was used as the saecharifying sgent. The acid apparently affects
sterch in such a mamner that the malt engsymes cennot convert it completely
to fermentable sugers, whereas the emeymes of mold-bran are able to do
so. The same situation 1s encountered when starch is completely hydro=-
lyzed by seid end the hydrolyzete is fermented, as has been shown by

the work of Schoense, Fulmer, snd Underkofler {(1940)end of Goering (1941).
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effective when added to the meshes at 556° C. and allowed to stend for one
hour at thet temperature, then when added at 30° ¢. This illustrates the
difference in the menner in which heat affects the action of the two
moterials, mold-brean and melt. Malt smylase is more active at 559 C.,
while wold amylese is sufficiently active at 30° .

Since ethanol yields are not ordinarily calculated &s psr cent of
theory in commereial practice, some of the best ylelds obtained in this
investigation have been caleulated on other bases. In Tebles 24, 25, end
26 are listed the best yields obtained from mashes thlinned by sacid, two=
stage mashing, and quiock cooling, respectively, osalculated ss per cent
ef theory, as preof gallons of ethanol per 100 pounds of dry corn, end
as per cent of the total dry metter in the original mash. The latter
two methods of computing ylelds take into sccount the molstwre content
of the substrate, but not the starch or suger commtent. Yields besed on
the total weight of dry metter present include the aleohol derived from
the malt, mold~bren, and incculum, while these @gﬁﬂwwWQm are deducted
in the other two methods of caleculstion.

The ethencl ylelds shown in Table 24 were the highest ocbtained from
eny series in this entire luvesiigeltion. The weshes were prepared by
eovoking the ecorn, &t & 50 per cent mesh concentration, with 0.08 normal
hydrochloric acid, and then dilubting to a 22 per cent mash concentraw-
tion and adjusting the pH to 540 with sodium ecarbonate solution. Mold=-
bran was added at 30° C. Wot only did this proecess result in the highest
ethenol ylelds obtained, but on & commereisal seale it wuld also have

the adventege previously mentioned, that it would require only half the



Teable 24

Bthanel Yields from Mashes Thinned with 0.08 Normal Hydrochlorie
Aeid end Ssaccharified by MHold-Bran, Calculsted
by Different Wethods

. | Ethanol alds
Mold-bran, g. per % of theory Proof gmllons per % of total

100 g corn™ 100 pounds dry corn  dry matter
2.0 B0 .3 106 34 .8
245 , D26 10.7 354
S0 G2 #7 10.7 3543
Seb D38 10.9 35 6
4.0 9& 8 10.9 5586
640 9356 10 .8 352

*Corn From Lot 0. 2.



Teble 25

Ethanol Yields from Yeshes Thinned with 2% Malt at 75° C.
snd Saccharified by Mold~Bran, Celeunlated
by Different Methods

Ao gt

P -

o1 SO

BEthanol ylelds

Hold=bran, g. per % of theory Proof gellons per % of totel
100 g. corn® 100 pounds dry corn dry matter

340 88.4 1043 L 3.4

3.8 90 -0 10.5 S4.4

4.0 »5 10.5 34.6

45 91.1 1048 34 46

50 91.56 1.6 34,6

ﬁoé 8l.1 10.8 34 o3

*eorn from Lot Woe. 2.



Tahle 26

Ethenol Yislds from QuicklyeCooled Mashes Saocharified
by Malt, Caleculsted ty Different Methods

Ethanol yields

¥elt, g. per % of theory Proof gellons per % of totel
100 g» corn® 100 pounds dry corn dry matter

2 81,8 S.16 31.0

4 87.1 877 328

é 87«7 3 .83 33.2

8 88 .8 72 32.9

10 86.6 9.70 32.9

iz 8746 5.81 33.2

*Corn from Lot Noe 1.
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cooker volume and would bring about a2 large saving in cooking snd cooling
costs. However, it would have the dissdvantage that acid-resistant
equipment would be required.

Table 25 shows the best yields obtained from mashes prepared by
two-stege mashing. Two per cent malt was used for thimning, at 75° ¢.
The mold-bran was added =t 30° ¢. These vields were guite satisfactory,
though a littls lower than those in Table 24. All yields in this series
were well over 10 proof gallons per 100 pounds of dry corn. 1the twow
stage mashing procedure should offer no particular difficulties on a
commercial seale. It would make possible & very large saving in maldt,
if mold=bran were made evalleble in large encugh guantities for commerecial
use .

Where melt alone was used for saccharification, gquiek eooling was
found to be superior to gcid thinning, but not to twow-stage meshing.

The best vields obtained by this process are given in Teble 26. This

series of mashes was smocharified at 58% C. for one hour. The ylelds

were considerably lower then those shown in Tebles 24 and 25. Yields
expressed as proof gellons per 100 pounds of dry ceorn snd as per cent

of total dry metter sre particulerly lower, &s the corn from Lot Number 1
contained more unfermenteble matter than did thet from Lot Humber 2.

The gquick=cooling process, though the poorest of the processes investigated,
might possibly be of value so long as mold-bran is unavailable to the

distilling Industry.
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V. SUBMARY AND CONCLUSIONS

le An investigation has been mede of thres methods of preparing
corn mashes for fermentation by yeast: (1) rapid cooling of the méshes,
(2) two~stmge mashing, and (3) thinning by means of mineral acids.

2e Rapié ecoling of corn meshes from 100% C. to 65° C. resulted
in en increase in sthanol yields of from 0.6 to 4.5 per cent when the
mashes were saccharified by malt, and reduced the guantity of malt
required by about one third.

3« The optimum length of time for the saccharifieetion of rapidlye
cooled mashes by malt at 55° C. veried with the yeast culture used for

fermentation. Saccharomyces cerevisiee number 43 produced most ethenol

from those mashes sécoharified for either 2 minutes or 3 hours, while

Saccheramyces cerevisiae number 61 produced highe;st'yialds from masghes

saccherified for 1 howr. Differences were small, and a two-minute
saccharifisation period was satisfactory for either yeast culture.

4., Nalt was superior to mold-bran for the saccharification of
quickly=cooled mashes.

8. The guiek=cooling process wes the poorest of the three mashing
procedures investigated. 7The mashes were not well thimmed by the cooling,
and fermented to give comperatively low ethanol yields. The highest
yie%ﬁ was B7.,7 per cent of theory, from meshes saecharified for onme hour
at 56° c. by & malt concentration of 6 per cent of the weight of the

COT e
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6+ In the two=stage mashing procedure, the corn mashes were ade-
gquetely thinned by sdding & smell smount of melt to the mashes at 70°
to 806 Ce. Two grams of malt per 100 grems of ea:fn were found to be
better then one or 3 grams of malt. Mold~branm had no thinning effect
when used in this menner.

7« Best results using the two-stage mashing procedure were obtained
when thinning took place at 759 or 80° €. Mashes thimned at 70° C. gave
slightly lower ethanol yields upon fermentation, while those treated at
85° ¢. were guite viscous emd fermented poorly.

8. Mold~bren was better than melt for the saccharification stage
of two~stage mashing, end resulted in about 3 per ecent higher yields of
ethanol. A& gquantity of mold-bren equal to 5.0 per cent of the weight of
corn resulted in an ethenol yileld of 91l.6 per cent of theoreticel. The
best yield using melt was 88.2 pesr cent of theoretical, &t a malt cone
centration of 8.0 per cent. |

S+ The two-stege mashing process would probably be setisfactory
in commercial practice, as the mashes are guite fluid and ethenol ylelds
are high. This process was found to be the best of the three investipgated
for use with malt, but not for mold«brane.

10. Both hydrochloric acid and sulfuric acid, at a concentration of
0+04 normal, thinned 22 per cenmt corn mashes readily upon cocking for
one hour &t 15 pounds per squere ineh steam pressure. The resulting
mashes were adjusted to pH of 5.0 with sodium carbonste solution
before saccharification. Mold<bran was far superior to malt for the

saccherification of these meshes,
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