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Ethenol fermentetion of wood sugar produced by the Bergius method was studied..
Production by Bergius method hes not progressed far, since only 3 samples. were
studied. It wes intended to continue this study,.but,time;ﬂﬂsmnopﬂavailable.

 Three samples were propared in the following mamner: . |

1. . BCl in wood suger meutralized with BaC03. sy, Lot
2. . Ba in above mentioned semple was preoi itated with HzPO0ge
3. POy in above sample Wes precipiteted with Ca{OH)2. — = -~

The suger ooncentration of each sample was 68. 7%

Rice bren (2%) end (NH4)pS04(0.7% based on totel sugar) were used as a nitro-
gen 8ouroe. ] '

The percentege of produced -alcohol in wood suger,mesh was-08s 2,8-3.0%, end
percentage of fermentation for theoretical value was ca. 72-78%.,

The results of sample No.3 were most excellent, and sample No.2 was néxt.
This data hes not been kept because it was intended to repeat the experiment.
No further date are-available. ' : .

No sommeroisl aspplication of the Berglius process for obteining alcoﬁol from

wood has been undertaken.

'é(g?btogrsph-ef.the~pilot~plant,nsed in_fermentgtiqn;tééts is shown in Figure.
1(B)2. abaet S .
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SUMMARY N

Flask~tests were conducted with the objeot of
determining whether or not corn and kaoliang oen -
 be used for raw materials.of:alcohol manufaoture
by -KoJi process without the use of "a nltrogen "
source. The following signifioant results were
obtalned:. . . L o v .

Corn showed good results (a) for the manu-
faoture of Xoji, (b) for sacoharizing power
of Koai and (o) as a raw material of fer-
mentation. .

The sacoharizing power of unrefined gaolian
ig-inferior to that-of corn, and it vas noL - - -
found to be a satisfactory raw material for
rermentation; that is to say, the fermentation
was slow and subject to putreraction, However,
it may be possible that kaoliang can be used

for alcohol manufacture.

I. DJTRODUCTION
A, History of Project

Because of the increasing importance or alcohol as an aviation fuel
in Japan, it was deemed necessary to study whether or not cora and
lkaoliang could be used as the raw materials of alcohol manufacture.
It vas expected that a large amount of cora would be imported from
the continent. The work was begua by investigating the fermentation
by the Koji process. ’

B. Key Research Personnel Working on Project

Chemical Engineering Sub-Lieut, T, FUKUZUKO
. II. DETAILED DESCRIPTION
A. Test Procedures

1. Mold and Yeast Used for Test

e \
“"For Koji: Aspergirus Oryzae (manufactured at TANAKAYA in XYO0TO)}.

Yeast: Toki-yeast.
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-~Acid value: >Réported as ¢c bf 0.1  T mTE—
SRR 61000 of samplen ‘N,N‘GOI? for neutralization
\sz ’pB test?papen,(manu?actured~by Toyo Filter Paper Co. Ltd;)
Succharide: ~Fixed guadtity-detérmined‘by‘Lehn}s mefhdd.: o
A-Alooholﬁ(Ethénol)ﬂ--Thewéldoholwooute - : : late
H nt-of ~the distillate of
) 100cc sample was determined. v of

3. Manufacture of Koji

Koii wag pregared in a large Petri dish in a thermostat main-
ained at 33°C. The Kogi were removed after 48 hours without
any additional treatment. o -

4o Soaking Apportionment:

 Yoast mABH*¢.eesesesccssiseesssesl0000

. Jeeosossosscascsssessssvesccss L0gn
Raw materials..n......'..........2005&1'

Water.........uu.u...........130000

Note: Yeast mash: ~Mash of rice was sascharized previously
by Koji ot bran, 1% lactic acid was added and then
ure culture yeast mash (about 104) was added to
~this masn. -'fhe mixture-was then fermenteds . ......o....

B. .Test of Koji for Saccharizing Power

J. Preparation of Enzyme

Twanty grams of Koji were added to 2000¢ of water (35°C) and
kept for 2 hours in a thermostat at 350C, This enzyme solution
was riltered. Ten cc of above enzyme solution were added to
5000 of 2% starch solution and then saccharized for 2 hours in
& thermostat ab-558C. A portion-of this seccharized liquid . . -
was uged for analysis. The quantity of sacoharide was analized
by Lehn's method and was recorded as glucose.

2. Experimental Results

§

Table I(B)2 shows the results of the saccharizing power test,
and Table II(B)2 shows the results of the analysis of the
products of the fermentation of Tests No. 7 and No. 6.

III. CONCLUSIONS

A. A8 shown in Tables-I{B)2 and 1I{B)2, corn has a rapid fermeate~

tion of about 80%. This indicates that cora is a good source of

B, In the case of kaoliag%, the rate of fermentation is slow, acid

value is high, and putrefaction ocours. Kaoliang does not appear

to be a good source of Kbi . This may be due to the effect of tannin
which is included in keolieng bran. If this is the case, it will be

necessary to test refIned kaoliang. ;

1
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dust.:ia.l-ap linat.m 086 or kaolia as a raw materialvw -
will neoessitate ‘the rollowing studies- :

Y. ' The steaming method. - Lo
2. Developmeat of.a sutisfaotory orusher. -
3,- The effect of ‘steamlng and. orushing on’ ‘gsoaking time, . .
4. ~ The kaoliagg mash-is very viscous and the sugar coatent
cannot be concentrated by high pressure steaming. . Some
’other method- must -be - davised for: concentrating the sugar. .
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.- The:oconditions of ethanol fermentation when corn is .
~ digested at low pressures were investigated. The
- following significant results were obtalned:

l. Corn was crushed to a Bmm—mesthowder, and
digested for 7 hr under 1.75 kg/cm* pressure.
¥hen HF was added to this corn:mash {ratio of HF
to corn is 1/20000)}, the fermentation was 81% of
the theoreticel value.

2. Fine powder was not suitable for fermentation,
since the plpes were clogged by the formation of
‘dumplings whioch interfered with the fermentation.

3. The results shown in Table III(B)2 were
obtained. :

I, - INTRODUCTION
A. History of Projlect : ' o

In Japen, oultures of ésiérgiliué‘6r}iaé:supply>the dlastase £Or the sac-
charification of graln starch in the menufacture of the drink knovn as
koji made from rice, or teke koji made from wheat bran.

Before sacchariflicationr, it is digested for sterilization and conversion
of the starch in the grain by heating under pressure. \hen the corn 1is

digested under low pressure, the conditlons of ethanol fermentatlon are

unsatisfactory. The purpose of this experiment was to investigate these
conditions. In the original process, the procedure for the fermentation
of grain was carried out in the followlng stages:

1. Conversion of the starch by heating under pressurs. .
2. Saocharifiocation of the staroh by dlastatic actlion of the mould,
3. Fermentation of the sugar by yeast. )

Bigure 2(B)2 is a simplified flow sheet of the ethanol ferwentation of
corn. . '

o \
B. Key Research Personnel Working on Project

‘Chem. Eng. Lt., Y. NODA

29
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“II, DETAILED DESCRIPTION .
Ao The First uxperimen
1. Mgte;igl of Mggh and ;ts Analysis,
: Corn............................;......quartered

Staroh Valua..............................61 21619
Dimctly reducﬁd Bugar.....-..-..........-.h.ﬂ”ﬁ'~--~

2. Condition of Digestion,

Time......................b......n........ll hrg
PrOSBUTG.ssseseasenresssesassansansseele?5kg/om

3, Condition of 8 ocharification. ‘Saccharification was performed
with take koJT (esperglilus oryzae), the temperature of sacchari-
- Floation was 559C; and-the tima of saccharirICation was 2.5 hr.o

4 hgterial of Ygagg. Dried strips of sweet potatoes were used
and the conditlons wers as follows:

'Aloohol.........................3. e/
L B0LAI Y vt reacerencrerrensansaeba 45° 10cc mash

pHn--no-.I-u.u.non-l--nn-oncc---l}.

Volatile acideeeeseceveancnnsass0al
Balling.....................q...6.5

5. Material of qui The materlel oomposition was as follous.

Dried strips of sweet potatoes...............40#
Pupa 011 CakeSeeesearrsnresaresnssconseannsssllpo
Wheat DIofeeesssscesssesssrsanssnsossoseoasss 20/
Rice hulls...,.......,.......................30%
TOtaLleesoasecosotneiosnnaprosnoanaensssl00p

:This koid meterisl wes cultivatsd ﬁitkréspargi"“ Oryzas,

6. ‘The yleld of algohol wus 45.8% of the theoretiscal and the
results are tabulated in Table IV(B)2,

B. The Seocond Experiment ) .
1. JMaterial of Mash. The same oorn as in previous eiperiment.
2. Conditions of Digestion.

T Y |
B35 T1:1: 110 - Y DL 4. kg/cgﬁ

3 Condition of Digestion,

Temperature..a......................:......5500

Beseesevssonsscasasecsssensssnsssnsceseesd NP

L. - Materisl of Yeast. The yeast was the seme as in the previous
experfﬁent and was used under the following oconditions.

30
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ALOONOLeseensncsassasaneevansnnsneeli®

P ssPessOIOGOIOEEBOEBTSORERVOEEOD

- /1006 bl
-pH},.{..................,..;..,,,.A.6,,li T
"Volatile aoid.........V._,.-...‘......O.B '
. Ba;lmgo"vo-ooa.ov-o--;00‘,{.-0.0\.--,04.6 )
5, ‘Material of koll. Same as in previous experiment.
6. The yield of alcphol‘wa9~k§.h%‘of the theoretical value and the
© —~ results are tabulated Table V{B)2 - wimsr s
C. The Third Experiment, N
1. HMaterigl of mash, The seme corn as in previous Experiment.

2. Condition of Digestion

Thne-.o:tnooI--|-|y-,c,c~99'QQOO‘-"-.OO_'O0900‘990_‘6 4
PrOSBUTG.ssseecesssorsnsesssssessssnssle?s kg/ogﬁ

3. Condition of Saccharification.

Temperature......n.............-....'..--...5500
Time............-...............-..........2.5 hr

F

L. Materisl of Yeast. It is tho same as in previous experimest
and was used under the following pqnditions:

ALCONOL s sneseasenanssnasssacssnsseeReb@ T

ACIALEY e eeeevsasncoeseansenssanssala700/1000 mash

pHoco.n-'--tnooo-ol..oo--oc".ooao .

Volatile acldvssvivessosensasncsseelels
Balling...........................8.57

5. Materigl of koji. It is the same as mentioned above.

6. The yield of alcohol was 63.4% of the theoreticel and the
__results are tabulated in Table VI(B)2 = o

D. The Fourth Experiment.

1. Material of mash and condition of digestion were the semd as
mentioned above. ’

2. Condition of saccharifiostion.

Temperature.......................4J,JJ.11.J,559Q,WMM

TiIMO e aseeonsvonscassancresnsoscssanssscsessdeld NI

3, Materlsl of Yegst. It is the same as nentioned above and was
used under the following conditions: :

A100D0LesareponccosccoasossraressereseRe8P
A01A0EY .t rereennerenisorosssnsasasseslnd 00/2000

PHicioeroasonens Y A .

Volatile acid.s.ss... veeirersaaress0il
BAllinBesoeeesesessncesessasnnnsssnssesls??

3|
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Corn...................-...........-........807‘7

Rice hulls..................................2070 ‘
"5, The Result. In thig experiment, HF(&O% aq.-soln.) was added
to the mash, and the ratio of HF/mash was about 1/20000, The yleld
of .alcohol was 81. 3‘7’9 of thaoretioal and the reaults are tabulated
- in"Pable: VII(B)2 - - /
1. GONGLUSIONS S

+ing HF in the fermentation, good ylelds of alcohol vere obtained by the low
ssure. fermentation process. .

Table ITI{B}2
SIGNIFICANT RESULTS OF CORN FERMENTATION AT 10W PRESSURES

- (Pressute:: - 1.75kg/cn?)

., of | Degree Digested | Added | Total | Rested % of % of
Xp. of orush | time, hr. | ratio | sugar | sugar aleohol | fermen~
SRR T S SHRTEREE S0 s > ) S0 R I I ,tatien'
J1 Quartered 11 0 11.69 L.59 3.5 45,8

2 Powder 7 V] 12038 3055 306 I&S-IG
-3 Powder 7 0 10.05 2.13 4.1 63.4

L Powder 7 1/2000| 10.33 1l.42 5.4 81.3

32
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(cornWas Q\xar'terad)'(‘

33

CpH -~ Acldity Sugar: - Tem%erature Alcohol |
ol tee) o (gm) 190) g

5.0 “ 40 . | 11,685 28 . 0
L6 g gl 325 BRIt || EURERRE P 0.8
Lol 8.5 8.626 32 2.5
4.0 10.5 - 7.135 345 3.0
3.8 11.7 64235 e d 3.3
3.8 12.6 5,827 35 3.3
3-7 13-7 5-625 31005 30[&
3.7 - 15.0 5.472 33 3.5
3-5 : 1505 1}0852 - 3’+ 305
3.4 .} 15.6 __”ln657 3 3¢5
3ok 16.0 4,640 33 3.5
3 - 17.2 L.590 33 3.5

. Table V(B)2
CORN (POWDER) FERMENTATION AT 1OW PRESSURE .

{concentration of Mash: 12,.38¢%)
pH Acldity Sugar Temperature Aloohol

| (co) (gn) t6e) (#)
5.2 2.8 12,38 29,5 [
L.8 45 10.21 31 0
L6 545 7.3k 35 2.9
4.6 6.9 7.08 . 36 3.0
Lo 8.6 6.73 36 3.5
Loy 10.4 5.46 36 3.5
Lok 12,0 5,23 36 3.5

_b.2 13.0 L.97 35 3.5
402#“ L3¢0 ‘16-03_‘- 35 306

- 3.8 14.0 4,02 35 3.6
3-7 : lhoa 3.97 310 306
3.6 15.4 3,94 3 3.6
3.6 15.4 3.92 o3 3.6
3.2 15.6 3,62 . 34 3.6
34 16.4 3.55 34 3.6
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(Concentration of Mash: 104} T

‘| Time pH Acidity Sugar | Tem erature 1 Alcohol
() I I T R 1 ) ] @)

Y 5e6 . 3.2 - [:10,00° .} - 27.5 .. 00
6T s Lol 9.55 28,0 . 0.4
12 4.8 5.9 - 6,83 31,0 2,6

18 . | 4.0 6.0 T 515 35 2.9
24 3.8 6.5 3.73 - 35 3.6
30 3.6 7.3 2,87 34.8 3.7
36 3.6 8.6 2.51 34,8 3.9
42 3ok £.9 2.26 34.8 hel
48 ey 9.3 2,17 heb bl
Sk 1. 3.2 945 . 2.15. . - 3b5 <l
60 ~ 3.2 10.7 2,14 34.2 Lol
66 3.2 11.2 2.13 34,2 L.

Table VII(B)2
EFFECT OF HF ON CORN FERMENTATION AT LOW PRESSURE

Time pH Acidity Sugar Temperature Alcohol
(hr) ~ {oo) (am) (°c) (%)
0 5.4 3.4 110,33 27.3 0
-0 5,2 bad..- 29,97 28. 0.2
12 5.0 Lol 4,95 31 2.6
18 © L6 4.5 L.26 35 3.5
2L Lo " 4.6 3.11 36 L.6
30 4.3 4.3 2,13 36 5l
36 4.2 - 4,2 1,68 36 - 5.4
42 3.8 3.8 1.55 36 5.4
48 3.8 3.8 1.49 36 5oy
5k 3.6 6.3 144 35.5 5¢b
60 3ok - 6.5 1.43 35 54
66 ok 6.9 1.42 4.5 5.

‘34
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SRMMARY

. .The most. sultable raw mgterials fur th- " -ji in the alcohol

. fermentation of sweet p-i.toes was stualed. Tha eorn=ko il
ghowed a good result, znd 't's sadcharifying power was
nearly 93% that of the wheat-koli.. . . . .

I," INTRODUCTION

In alcoholic fermentation, the sweet potato must be saccharified before being
subjected to the aotion of the yeast. There are three saccharifying proocesses
used: - .

71, 'The imyromyces method
2. The mineral acid method
3~ The koji method '

In this project the koji method was used.

There are two materials used in the Aspergillus groixp for sacoharafying sweéc
potaotes; namely, aspergillus oryzae, the so-called "white KoJji", and Asper-
glllus awemori, the so-called "Black KoJji" ¢ :

However, the raw materials in the culture of moulds have a great influende om -
_the saccharifying power of the mould. The most suitable raw material for

these moulds,- from an economical point of view, has previously been rice braan.
In this research, raw materials other than rice bran were used. In the casc

of Aspergillus oryzae or "White Koji", kaoling with rice ‘bren, corn with rice
bran, were selected as suiteble raw materials for growth of the moulds.

The oultures of the mould of with these raw materials was not perfectrsince
the power of saccharification was only 93% of the yield using rice bran.
kspergillus awamori (Black Koji) showed comparable results.

It is assumed thet the culture superior in saccharifying power will glve
equally good results in fermentation experiments. Therefore, the authors
studlea che sacoharifying power of various raw materials. i

11, DETAILED DESCRIPTION
A, Details of Test Prdcedures and Conditions

'

1. The rew materials mentloned above were steebed for 14 hr, and
then boiled for 50" min. After this treatment the spores of the .
mould were mixed with these materials, and they were kept a't 280G,

37
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were stirred‘frequently to,maintalnvan equal temperature,

2, . Ixperimental method‘br determining the saccharifying power of
a. Enzyme solution:-Twenty grams of kojl were added to 2000c
water, kept for 2.hr in a thermostat at 35°C, and filtered. .

b, Starch solutlon:-A 2% soluble starch solution was pre-
pared. ' :

The enzyme solution (50cc) and starch solution 910cc) were
mixed in a flask, and kept for 2 hr at 550C, .
The quantity of reducing sugar after saccharification was
d?termined and it was expressed as the degree of saccharifica-
Ctdop. o SERREsSed. a8 BRe ceed

~

3. Method of Analysis

Sugar was determined by Hanes' method and caloulated as glucoss.

The pH value was determined by test paper specially uade for the
purpose by the Toyo Filter Paper Co, Ltd.

Experimental Results: ' ‘ S

l. The results ofjéxperiments on the saccharifying power of A4sp.
Oryzae prepared from different raw materials are shown in Table
v11I(B)2.

2. The results of the experiment on the saccharifying powér of
Asp. awamorl prepered from different raw materisls are shown in .
Table IX{(B)2. e

3.  ixperiment on the fermentation of sweet potato mash by kofi.

Asp. oryzae vias found to be more powerful than the Asp. awemori in

saccharifying power as determined above. Hence, in this experiment,
Asp. oryzae vas ured in the cultivation of rice or a mixture of corn
and rice bran. ’ .

a. Anglyis of Sweet Potato. Name of the varlety ia Genji.

2. R [ IR 1

i Urude £iber..vesvesecsessnsenveanssl,0P

Total Nu vevevnniiriiiiiiinninnn.s.0,1%
Starch valueeeeeessevsconsaosaress s

- b. Prepgration of M )

A 385 gm sample of sweet potatoes was Placed in a flésk, and a
smell amount of water added. The mixture was ground slightly
and was sterilized fn the usugl memner,

\

o, Yegst ‘ _ ,
A 10cc sample of kol extract (balling-10) was placed in & test
tube, and sterilized by the usual method.

i
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- Yoast.Was.lanooulated_to this medftm end inoubsted for 24 hr .
at 309C. AP . —

\
\

4. Ssocharifying end, Innoculation S o
3Ten‘jeroeﬁt by welght of koil was added to the sweet potato in
the Flask srd the mixture was inoubated at 55°C with frequent
shaking. . After this treatment, the mash was cooled to 30°C, -

~-and ‘the yeast ‘was innooulated. .-

e. Meothod of Analysis

The pH and acldity were datermiﬂed as usugl. Total sugar was
determined by Hanes' method. The alcohol in the distillate of
the fermented mash was determined by specifioc gravity.

III, CONGLUSIONS
1. It was .recognized that the saccharifylng power of Asp. Oryzse was
".greater than thet of Asp. awamori. ' '

2, The corn koji was shown to have a good saccharifying power, and it
was nearly 93> that of the rice bran koji. '

. ) '
‘3.  Other materials such as, kaollang (1) plus corn (5), and a mixture
of castor seed ‘cekes, corn, end rice-hulls, are ale0-ugeful raw materials

for the koji.

4e Experiment proved that other types of koji besides rice koii ére
capable of application in industry.
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' Tabls X(B)2 - .
EXPERIMENT ON THE FERMENPATIONS OF* SWEET PUTANES
Test Mo | . After | Ratto of
ermentation Ratio of | the Consumed |
. N F oy - |- Formombaw |- Sugar-Based on| -
“PpH | Aeddity “Rested " Mcohol
» ; e Sugar gu/100cc g tion . Total Sugar
1 401 b 1.0 7.9 K74 .93
2 4.0 5.3 2,0 Tbs .84 86
3 43 ] 32 4.0 6.0 Th R
v wz| we | 16 | 7 | = =
Note: K_j_ mterial iu rico
Bofore fermontation pH is 4.1, ncidity is 3,2co, and total sugar
is 1.3 gin/100ce.
Table n(a)z
EXPERIMENT ON THE FERMENTATION OF SWEET" POTATOBS
After Ratio of
Fermentation the Consumed
Teat No. Ratio of | Sugar Based
pH | Acidity . .Rested | Alecohol Peg;gt B. on&}'l‘giti; 3
o cc’ Sugar 2 4 2
; &n/100cc
1 41§ 4.1 0,65.. 7.7 £7.5 95
2. 140 4.3 0,64 8.5 96 98
3 2| 45 0.5 8.0 91 7
b 4.1 4,0 0.5 7.9 %0 7

Nof:o: 04% material:
sugar is 15,5

Corn 5: Rice hulls 1
Before Fermentetion, pH is 5, 0, acidity is 1,

e/ 100ce
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