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"PA RT I
. by
CHEM. ZNG. LY. COMDR. T. UMEMURA
. Research Period: 1941
SUMMARY

The production of butanol in quanitity from the butanol
fermantation of molasses was studied, and 9.6% acetone
and 21.6% butanol were produced from the total gugar by
- the regulation of PH to 7, and using the proper nitrogen
source such as soya bean cakes, etc. .

INTRODUCTION

In the past, many butanol bacteria were selected by the agricultual
department of Tokyo Imperial University. The bacteria best fitted for
the butanol fermentation of molasses of the above mentioned bacteria was
found to be the No. 314 bacteria. .

Therefore, using, No. 314 bacteria the conditions of butanol fermenta-
tion of molasses- were investigated. e :

B, Key Reasearch Personnel Working on Projeet

Chem, Eng. Lt. Comdr. T. UMEMURA

" DETAILED DESCRIPTION

A, Test  Procedures

1.« Analyticel Methcdas.

Acetone: Acetone is determinod by Messinger's method.

Butanol and Ethanol: Butanol and Ethanol is determined by Johnson's
method. .

Sugar: Directly reduced sugar is determined as glﬁcose by Bertran's
method., After saccharification by acid, total sugar is determined .
.a8 glucose by Bertran's. method.

pH: Measured witb pH test paper. -

2. ~Cultivation Method. This 1s i: accordance with Weizman's.
"method. The molasses mash is edJusted to a sugar conceantration of
7-8%, and is sterilized for 30 minutes a day for 3 successive days.
~.It 1s innoculated from & pure culture of butanol bacteria which may
be maintained in corn mash. After innoculation, it is cultivated
at 37°C in the incubator. - S :

B.  Experimental Results

1. ‘Analysis of Molasses.
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-—Dm@uy"'—‘l’ﬁduoﬁd“ﬂuga;".;.;o-"-t..vo-\oo‘iocucc--oo‘ 43.128111/10000
TOt_ial-Sugalf.-.......-..'.‘.....-....n--uu..n-.. 61&052 gm/lOOcc
Specific Sl‘avj-ty (200/,‘00) t.D-.Olboootlooooloo.to00'0000'0 0.8122
AB *sbevecsvetvrcsnncnse e o.o-nncoooo‘oo-,oou.o'oo'c.ccocou l&n?l%

Nitrogen 037--co.ouolo_-ooén,-ooooo-uou'fo:0f_o_?_c_.c_c_clcg_ooslqob..o.o225% .

2, Selection of Bacteria: In accordance with Welzmen's method
sultable bacteria for molasses are. selected.from the butanol baec~
terias which ‘are kept 1n the Agricultual department of Tokyo Imper-
ias University. Baoteria No. 31, was found to be suitable for mo-
lasses as indicated in Table I(B)s.

3. Effect of pH: Experiments were carried out and the following
results were obtained, :

a. pH cgggge for sterilization. Lolesses masn contalning ca,
. 8%. sugar as tota sugar and Boya bear cakes in total sugar
~ was- sterlilized for 30 minutes a day, continuing for 3 days. The
" - changes of pH were obtained and are recorded in Table II(B)2.

b. Relation between pH-change and fermentations: Molasses
mash contalning 6% sugar as total sugar and 5% soya bean cakes
in total sugar was sterilized for 30 minutes a day, continuing
for 3 days. The molasses mash was adjusted to the desired PH -
by the addition of a measured quantity of alkali, and then
innooculated with bacteria No, 314k, "The results obtained are

- listed in'Table III{B)5 and v(B)5, . __. :
4. . Relation between Sugar Concentration and Fermentation: The
molesses mash 18 aajusfes to the desired sugar oconcentratlon and to .
a8 pH of 7 by the addition of a measured quantity of alkali.

Other treatment is the same as previously described. The results
are tabulated in Tables V(B)5 and VI(B)S5,

5.  Relation between Nitrogen and Fermentation., The data ahbwing
the relation botween the amount of & Togen. end fermentaticn ar
shown- in Tables VII(B)5 and VIII(B)5. The molaesses mash is adjusted
to the desired ratio of soya bsan cakes to total sugar, .
Other treatment is the same as mentioned above,

III. CONCLUSIONS

Butanol"bacteria for molasses fermentation were selected, and the best condi-
tions of fermentation were studied. o )

It was found that No. 314 bacteria is suitable for molasses fermentatipn.

It hes been found that 1% is best to adjust the PH to 7 and to use the proper
nitrogen source ;uoh as 5% concentration of soya bean cakes to total sugar,

A sugar concentration of 5% in the molasses’rermontation is suitable for the
formetion of butanol.
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Table. T(n\:
‘EFFECT OF DIFFERENT BACTERIA ou YOLASSES FERMENTATION
‘ _— Directly
Bm_:teria N PH . . . Reduced Sugar
No, . Before After Befcre After
.| Fermemtation | Fermentation | Fermentation | Fermentation |
3 L8 L b2 4,968 1.412
7 5.2 48 4,950 1487
138 5.0 bk ha5h2 1,166
173 5.0 4.8 44542 0,933
T Wwe | L2 ko8 | 1254
Table 11(5)5 e
' CHANGES IN pH DURING STERILIZATION
The Initial . The lst The 2nd " The 3rd
pH - . | Sterilization Sterilization Sterilization
e - b7 B 1 6 -
6 5.4 5.2 : 5.0
5.6 - 53 5.3
8 5.8 5.6 5.6
9 5.4 5.6 5.6
Table III(B)5 .
EFFECT OF INITIAL pH ON FERENTATION
(Analysis of mash before fermentation,)
No. of Initial | Nitrogen | Acidity| Total
Experiment pH Source ces. | Sugar (%)
4.6 Soya bean| 2.57 8,569
cakes
2 6.2 " 0,78 | . 7.626
3 6.9 w002 | 7.5%
10 8.3 ] n ) 7.626
5 6.2 none 0.88 7.335
6 | 7.2 " e 7.339
7 8.1 " n 7345
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'Eﬂcmbm;(qig
EFFECT OF SUGAR cg%gﬁT%%)gN oy mﬁx)zmnom
” No. of Exp, pH Total Sugar (gn/100 eo)
1 1 7 LadsS
2 no 5,850
3 " 6.321
. 4 ' n 7.018
5. " 9,568 .
6 n 10,392 '
Table vz(a)s :
ESFECT OF SUGAR CONCENTRATION G FERENTATION
(Analysis of mash after ferwentation)
Bor || hal | penaed. | Tormmed | producod | produced | Praduced
(zg) Based on | mg/iX | mg/100 | mg/100
‘ Total Sugar ce ce ce
1 | e 2.56 4,632 90.7 " | 27
2 | 47 3457 5.428 92,7 352 82 | U3
3 Leb | L6 5,518 86 367 850 152
4 b6 | b2 | 502 L 76,9 392 896 158
5 4.8 4,60 6,392 66,6 - 362 855 159
6 48 480 64594 63.4 358 82 150
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Table VIL. (B)5 o
EFFECT OF AMOUNT OF NITROGEN ON FERMENTATION
3 (Analysis before Fermenthtion)
No. of Amount. of Soya bean Cakes Total sugar
€xXp,..| Soya bean Cakes % based on Total i (pm/100c6)
(gn/100cc) Sugar
1 0.5 8 7| o 6ar2
2 0.25 L5 " 5,591
3 0.05 0.7 " 6.651
Table VIII(B)5 .
EFFECT OF AMOUNT O_E-‘ NITROGEN GN FETENTATION
(Analysis after Fermentation )
Nos of | Final Acidity Ferment ed Ferment:d ‘Produced Produced Produced
Exp, pH ce Sugar Sugar, % Acetone Butanol Ethanol .
) " (gm) Baged on | ' (mg/100cc) (rg/100cc) (rmg/100cc)
Tptal Sugar
1 [ kb 4,75 4,316 69.9 232
2 " " 42,8 75.9 406 917 132
3 " " 4,368 65,6 350 820 136
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L PART IT -
. by
Y. TAKEDA -

Chief Engineer in CBntralkﬁesearch
of Formosan Government General
ey i A

Engineer in Central Research

of Formosan Government General

Research Period: 1942

SUMMARY
Various bacteria for the acetone butanol fermentation
were selected from different soils., Several effective

bacteria were found and the following results were ob-
tained:

1. When dried strips of sweet potatoes were fer-
mented, using 21.4% of rice bran as a'nitrogen
?o?ree, the -results were as tabulated in Table IX
BI5 v B

2. \hen dried strips of sweet potatoes vere fer-
mented, using 1.86% of (NH,)2S0, and l.4% of CaCO3

as a nitrogen source, the results were as shown in
Table X (B)5 ‘ )

I, INTRODUCTION

A. History of Project

Strong bacteria for acetone butanol fermentatlon were selected from
varicus soils in order to ascertain which bacteria were tke most sultable,

B. Xey Research rersomnel Vorking on Project

Engineer S. SHIMADA . i
II. DETAILED DESCRIPTION

A Test Procedure

1. Examination of Bacteria

a. Collecting the Soll, Most of the 80ils were obtained
from cane sugar or sweet potato farms,

b. Selection Method. Samples containing 7% dried strips of

sweet potato mash lwater 5000 dried strips of sweet potatoes
na_placed<in*§“3»x.2.50m teat tube,

and digested for 40 min. under 2kg/om* pressure. The test

soil was added to this mash, heating for 3 min. on a water

s ; : \ !
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vath, “After ccollng, "It was cultivated at 37°C under 15mm-
20mn Hg - pressure for 120 hr, and then a part ‘of the culti-
vating mash was -added to the new mash. This treatment was
repeated 5~10 times, and the product was tested by.the Iodo~
form reaction, Promising samples were then subjected to
plate oulture. . - - . )

Plate Culture, = The components.of thoe artificlsl culture solu-. -

2,
 tions were as follows:

DiBt1lled Watereesesosessssasssasal0000
;;CﬁHPOQ........-.......".........'0.581:1
2Poho.o.l‘hlbtttQ.OO...Q.'Q.q.OOO.ng
Mssohuuoooouoovyobuoooo.boo.ooooooOo
Naclooooooonuouo-o.oago-.‘o. ..0.0’gm

Fesoh‘...........‘.'..'...’...'.v".o.olwl
...Mns0 sesssesrersersrrssssescesessl,0lgm
Pept

- ne......-................’....5.0@
4n- extract of yeast (50ce), glucose (15gm), end agar (6gm). wes added
to this artificiel culture solution. This mash wes sterilized 30
minutes. a day for three successive days. After operating plate cul-
ture as in ordinary methods, the mash wes kept st 3700 under 15mm=-
20mm Hg - pressure for 5 - 7 days. ’

S Sand Culture. Send is boiled in acid and alkali, washed with

_water, end drled. .A small quantity of this send is put in a steri- - -

lized test tube, sealed with cotton in a CaCly - dessicator and then
sealed with glass, .

When using this sand for en experiment, the gless seal is broken, the
sand is added to the unhulled rice mesh, and kept at 3700,

Test of Fermentation -

1. 'Pr'egaretion of Mash und Analytical Methods. A mixture of sweet
yotato (2Igm + Tlco .bren {3gm), end weter [&0Ccc) wars placsd in &
500c0 bottle, mixed well und digested for 40 minutes under 2kg/cme

pressure ln an autocleve. The mesh volume veas gbout 290co, and when
magh was analyzed, the total volume wes put in a mortar end pulver-

"ized sufficiently.

a, %uantitative amu%sis of starch. A 20cc semple of starch
was placed in a ce fles 80co of distilled water and 20ce
HC1l (specific gravity 1.1255 were edded, and the solution heated
for 3 hrs. on a water bath. After cooling, it was neutralized
with elkeli and diluted to a total volume of 500co with water.
The total sugar in the mesh, measured by Bertren's method, was
about 2Qcc of the above-mentiocned sample. The starch velue in
100¢c of mash wes 0.9 times &s much as the quantity of sugar.

b.. Acidity. A volume of 20co of mesh were diluted with 100co
of distIITed water in a 300cc flesk, end titreted with N/10
NaOH, using phenolphthalein es en indicator. The acldity is
expgeesed as co of N/10 NaOH required to neutralize 1000¢ of
mash. -
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Cs. ' pHe The pH was determlned with pH uésn ﬁapérr“"‘—"-"-?*~
. 5.  Analysis Vethod After Fermentation. The mixture wes snelyzed
- as follows 96 brs. after innooulatiod. . . :
a.  Rested.sterch. -After stirring the fermentation bottle, .
20ce of mash 1n & 150cc flesk were diluted with 80ce distilled
- water. and.10cc HCL {apeeific gravity 1.185), saocharified.for
3 hrs. on & water bath, cooled, neutralized, end then diluted
to 200cc with water. The totel suger in the mash was measured
by Bertran's method on & 20cc portion of above-mentioned. sam=
ple. The sterch value in 100co of mash -is 0.9 times &s much
as the quantity of suger. ’ ’
b. Acidity. After filtering the fermented mash, 10cc of
ri1trefe 18 %1trated with N/10 NeOh, using phenolphthelein as
indicator. . . e e e .

Acidity is expressed .as cc of N/lb NaOH to neutrelize 100cc of
fermented meshe : e . .

. ¢, pHe Some as previously.

d. Acetone, Acetone wes determined by Goodwiﬁ—Messinger'e
method, end ie expressed as grams in 100cc of mashe.

6.  Bitonol end Ethenol. Determined by christensen's method.

5. Results. The results are es tabulated in Table XI(B)S.

C. Test of Fermentation-Using (NH,),80, end CaC0; as Nutriments

The following results were obtained.

1. Dried strips of sweet potatoes (2lgm), 0.39gm of (NH, )5S0,
0.3gm of CaC0z, .and 300cc water in a 500cc bottle were digestea for
40 hre. under 20kg/om® pressure.. The moler ratio of (NHgq)pS04 tO
CaC03 was determined by experiment tobel : 1. . o

2. Result. The initiel mash analysis wes as follows:
AcAdityeeseseee0.0
PHesescsoosocoesdutd
. Starchesscessee 5.0 -
The results of the experiment are tebuleted in Teble XII(B)5.
IIT. CONCLUSIONS

Baoteria for acetone-butanol fermentetion were selected from various soils end
the effectiveness of each was excmined. : .

Ten excellent bucteria for the acptone-butanbl'te}hentation were found.

Using rice bren or (NHg),S04+CaC0z as the nitrogen source, the following
results were obtained. . . .

Butenol £or starch..........about 20%
Acetone for Starch.seeesss..about 10%
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RESULTS OF NEW SPECIES OF BACTERIA :
T ’ : IN -BUTANOL FERMENTATION

{NITROGEN SOURCE:, RICE BRAN)
Ndme of Bacteria - Yield of Yield of Time of Fermentation

‘ Butanol Acetone N o hr .

«-KN- -1 - --'~~-'~i”19.96' 10}51 120 7
KN 12 19.46 10.24 120
KN 16 20.01 - 10.98 120
KN 20 20,89 11,26 120
KN 21 20.46 11.75 120
KN 26 ) 18,71 974 96
Weizmann 19.26 9.72 120

~ Table X(B)

‘RESULTS OF NEW SPECIES OF BUTANOL BACTERIA
IN BUTANOL PERMENTATION*

Name of Baoteria Yield or Yield of Time of Fermentation
Butanol Acstone hr
KN 1 20,29 110.86 - 72
KN 19 21,00 10,78 48
Ky 46 20,40 - - 10,55 72~
Weizmann 20,29 10,52 96
*Nitrogen source: (NB)250,+CaC04

Table XI(B)5
-ANALYSIS OF FERMENTED MASH USING RICE-BRAN

AS NITROGEN SOURCE .

Analysis of Fermented Mash

Bacteria | pH Acldity Rested Acetone Ethanol Butanol
(o) Starch {gm) | mg/10000 | mg/100co mg/100cc
KN 1 Lol 46 0.5 0,55137 .| 0.,0972 1,0779
KN 12 b4 - 56 0.5 0.5532 | 0.1050 1.0509
KN 14 | hob 46 0.8 0.5538 0.0754 0.9916
KN 16 4.6 38 0.6 0.5930 0.0384 1.0808
KN 19 4.2 75 0.7 0.5476 0.0480 0.9698
KN 20 L6 L0 0.6 0,6081 0.0469 1.1274
KN 21 L.6 L0 0.6 0.6346 0.0352 21,1600
KN 23 by 51.5 0.3300 0.04,09 0.5863
KN 27 (A 58.0 0.8 0.54,76 - | 0.0384 0.9933
KN 46 ho3- 59.0 0.8 0.5259 0.0570 1.0101
Original mash analysls
Starch R T LT T T Y T Y TP 5.48n
Acldity S eesaseetietrencearrnssannrsncssnsransess lOCE
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Table XII{B)5

ANALYSIS OF FERMENTED MASH USING (NHI.),BSO,+ AND Ca003
AS SOURCE OF NITROGEN

Baoteria | Acidity | pH - Rested Ethanol |-Acstone - | ‘Butanol
<+ | {e0) Starch (gm)- | mg/100cc | mg/100ce | mg/100cc
KN 1 39.5 boby 0.38 0.0649 |--0,54R8-——1z0X%T <}~

CEN-12 o] 38,0 | hade |t 0433 ol 04057k | ~0.5239 [ - 0.9436 |-
XN 14 ) 43.5 Le3 0.81 0.0639 0,446l 0.8517

KN 16 39.0 Lol 0.38 v 0.0654 0.3366- 0,5732
KN 19 32.5 L6 0.40 0,0876 0.5390 1.0502
KN 20 [ 50.0 L2 0.43" 0.0978 0.4728 0.9572
KN 21 37.0 Loy 042 0,0538 0.1646 0,2387
KN 23 43.0 4.3 0.33
KN 27 35.0 Lol 0.41 0.0796 0,3192 0.5073
KN 46 41.0 4.3 0.45 0.0632 0.5277 1,0199
Welzmann 34,5 hob 0.41 0.1223 0.5258 1.0145
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CHEM, ENG, LT, COMDR. T, UMEMURA.
' GHEM. ENG. LIEUT. M. TAKAHASHI

Research Period:' 194k,

A means of inoreasing or strengthening the fermenting
power of olostridium acetobutyricum.was conducted by the
use of physical stimulations such as an electric lemp,
x-rays and super sonics,

The significant results were as follows:

1. Super sonios slightly improved the fermenting power of
organisms with short time exposure of the stimulant.

2, Incandescent lemps decreased the fermenting power of the
organisms, . .

"3, X-rays had varying Influences in accordance with the wave
length of the ray: viz, long waves increased the fermenting
power of the organisms, - .-

INTRODUCTION

A. History of Project !

A device for increasing or strengthening the fermenting power of butanol
bacterie was VWeizmenn's method, but the effect of physical stimulation
was Dot Btudied,  In this report various physical effects on fermenting
power were.investigated. ’

B. Xey Research Personnel Working on ProJeot‘
- Chem. Eng. Lieut., M. TAKAHASHI.
DETAILED DESCRIPTION

A. Description of Test Appardatus

1., . Send Culture. A test tube, half filled with dry pure sand,
was sterllized by dry heating, and was then innoculated with
olostridum Acetobutyricum, "
2, The test tube containing the nourishing medium contained
sucrose (%) and soya bean oakes (0,3%).

3. . A-vacuum flask was evacuated to about 20 or 30mm pressure.

L, A flask conteining 500cc of the culturs medium consisting of
20gm suorose and 2gm soya bean cakes, ’
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—B——Detaiis-of-Test-Procedures—and-gonditions—
As mentioned ebove, three physicel stimulating egencles were used and
Ehe times of exposure of the sand culture of bacteria were 10, 30, and

0 seconds, c i o ‘ oo o )

These oultures were subjected to” the physical stimulation along with the

control culture, and were cultured in en evacuated apparatus,- at-20mm to .

" 30mm pressure ‘and at & temperaturs of 37°C for 24 hours, . After 24 hours,
these cultures were poured in a new medium containing sucrose (4%) and
soyae bean cekes (0.4%) at 37°C. After 48 hours, the butanol and acetone
contents were determined. Other ocultures.in the medium containing
sucrose (6%) and soya bean cakes (0.6%) were held at 37°C for 48 hours,
and the effect was determined as above. .

C. Experimental Results

l. .Ylelds., 1In the case of the super sonics or W-anticathode

X-ray, products were formed in the ratio of -6 parts of n-butanol,
3-parts of acetone, and one'part -of ethanol, -just -as in the normal = -
butanol-acetone fermentation. However, the incandescent lemp and
Cu-anticathode X-ray influence ylelded an abnormal ratio of acetone
butanol. In the former case, 120 grams of mixed solvent vas

obtained from 342 grams of sucrose. Detailed data are presented
below, - - :

‘2. Details of Tests. = .

wi:ﬁiﬁfi‘ect of(super sonics,

Super sonics; 480 K.C., 300 viatts

Exposure of the sand cultures to super sonics was conducted as
above mentioned, for 10, 30, and 60 seconds. In the case of

L% sugar mash, 10 seconds' exposure showed yields of butanol
comparable to those obtained with the control, but 30 or 60
Becond exposures resulted in inferior yilelds, It vas almost
the same in the case ol & sugar mash, except that the effect
-of 10 seconds!' exposure was to give a considerable increase in -
in the yield of butanol, .

The influence of super sonics in increasing the fermenting
activity of orgenisms was not too promising., The results are-
" tabulated in Table XITI(B)5.

b, The effect of incandescent lamp. A 320 Vatts mercury lamp
was Used, Whe time of exposure of the sand culture to the
incandescent lemp was 10, 30, and 60 seconds, The activity of
fermentation was decreased in eccordance with the duration of
exposure., The results. are tabulated in Table XIV(B)5.

6, The effect of X-rays.

(1) Cu-anticathode (3000 Volts 10 ma). All exposures to
Cu~-anticathode x-rays decreased the Iermenting ability of -
the orgenism., This was especially true of the exposure to
the rays for 60 seconds which gave extremely poor fermen-
tation yields. The results are tabulated in Table XV(B)5.
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(2) W-anticathode (65000 V, 3 ma). 'In exposing the send
oultures to W-antlcathode Tor 30 seconds or 60 seconds, -

~ the aotivity of the organism increesed and gave a better
yield then.the control-in the culture of. 4% sugar mash, -
The same was true of the effect of exposure on the 6%
suger mash, The yield of butenol after an exposure of 60
seconds was much superior to thet obtained after 30 seconds!

~-exposure - or-to -that-of -the control. - (See Table XVI(B)5:) ~

d. - Summary of date, The percentege yields of butanol under
the various stimulations studied are tabulated in Table ,

XVII(B)5.
III. CONCLUSIONS

The effects of three types of physical stimulation, super sonies, inoandescent -
~lamps-and x-rays, upon the sand culture of ‘clostridum acetobutyricum were
studied. Super sonics inoreased the fermenting activity of the organism
slightly after 10 seoonds exposure, but deoreased the aotivity after longer
exposures,

Incandescent leamps showed an extremely bad influence on the fermentation
aotivity, This influence increased with increasing time of exposure,

In the case of x-rays the results sre different for Cu-anticathode and
W-anticathode, . :
The Cu-anticathode rays decreased the fermenting ability, while V~anticathode
was effeotive in inoreasing the aotivity of bacteria, viz; exposures of 30
seconds and 60 seconds gave an increased fermenting ability over the control.
The 60 seconds' exposure was extremely effeotive in inoreasing baoterial
action,

Y 4
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BVCLOSURE (Bl5
18‘51’6 XIT - »
INFLUENCE orF SUPER SONICS
(480 ke, ,300 watts)
' Ratio of RS :
Time of | pH | Aoidity| Sugar Consumed Acetone 1. Butanol Time.of. |..
“|Exposure [ "I “(ce) | .Content| Sugar to | (mg/100c¢) ]| (mg/lOOoo) Fermen-
(sec) ‘ : %) Total Sugar tation
L %) (hr)
0 b2 | 2.7 b 95.4 | 420 820 48
0 [h| 2.8 L 95.4 432 825 "
o il e T 0 T o e o -
60 b3 3.1 L 94.1 IAN 756 "
0 by 5.7 6 Ths? “1ho 926 48
10 2| 2.7 6 85 520 1209 "
30 | 40| 5.9 6 18.2 109 - n
60 40 5,0 6 51.6 . 3k 882 "
Table XIV(B)5
INFLUENCE OF INCANDESCENT IAMP
Ratio of
Time of | pH |Acidity| Sugar Consumed Acetone Butanol Time of
Exposure {ce) | content| Sugar to {mg/100ce) | (mg/1000c) | Fermen-
(sec) Total Sugar ) . ’ tation
. (%) {br)
0 bob 2.5 4 92.5 427 779 48
10 4.6 2.4 b 90 5,04 715 "
30 heb | 3.9 L 92.4 227 405 "
60 4,6 2,2 4 Q2.4 248 4,55 "
0 L6 2.4 6 64,5 412 959 L8
10 4.2 3.1 6 - 58 387 893 "
30 | k2] 3.2 6 32,9 208 593 "
60 L6 3.2 6 32,7 228 . 673 "
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. T&ble XV(B i
INFLUENCE OF CU-ANTICA’I’HODE

T (BQOOA vV, 10 ma} "

; o Ratio of
A7ime of ;| pH.. |Acidity | Sugar | Consumed . - Acetone Butanol Time of]
Exposure | - {oo) | Content | Sugar to {mg/1000c) | (mg/100cc)| Permen-
(seo) (%) Total Sugar tation
: SR (%) - i . (hr)

o || w7 Lo s 86 | 48
10 Lo | 2.2 4 60 36l 427 "
30~ (Lo | 48 I 30 287 | 427 "
60 3.6 7.6 A 26 - . : : -on
0 Loy | 2.3 6 65.5 NN 872 48
16 Loy 2.9 ‘ 6 70 562 L
30 Lo | 3.2 6 25 202 1015% "

60 |ho| 74 | 6 £ N N N

*Probably in error by infection.

— Table XVI(B)5 . ,
INFLUENCE -OF-W-ANTICATHODE oo -

(65000 v, 3 ma)

Ratio of
Time of | pH JAoldity | Suger Consumed Acetone Butanol Time of
Exposure {co) | Content | Sugar to (mg/1000c) | {mg/100¢cc)| Fermen-
{sec) . (%) Total Sugar tation
(%) {hr),
0 hob | 244 L 7 340 667 48
30 bob 2.9 L '87.5 385 703 "
60 " |4 | 3.0 4 95 400 856 "
0 |hu | 3.k 6 76.6 177 w6 | 48
30 b2 | 3.8 6 76.6 . 476 961 "
60 h,’é 2.9 6 96.5 586 1355 "
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Table XVII(B)5
 YIELD OF BUTANOL =
(Fermentetion  Time 48 Hours)
Gone, of L% Sugar -Mash 6% Sugar Mash
Mash .
Exposure

Time 0 sec |10 sec {30 sec |60 sec| 0 seo {10 seo |30 pec|60 seo

super | 20.5 | 20.6 | 18.1 | 18.9 | 15.0 | 20,0 | - | 13.3
. Sonies , i

Percentage | Incan~ e B .
Yield descent |19.5 | 17.0 | 10,0 | 11,0 | 16.0 | 14.0 9.8 | il.3

“of Lamp ! -
Butanol : i
Cu-Anti- - .}110.0 | 10.0 - 14,0 - 16.0% -
cathode '
W-Anti=~

cathode | 16,0 | - [27.0 | 21.0 [15.1 | - | 16.0 | 22.0

* Probably in error by infection.
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by SRR
Y. TAKEDA . . .
_Chief Engineer in Central Research
of Formcsan Government General

.. S, SHIMADA ' . . . .- _
Engineer in Central Research .
of Formosan Government General '

Research Period: 1941-1942

SUMMARY

A promoter for the acetone-butenol fermentation of dried
strips of sweet potatoes was desirede

It wes found that rice bren, peanut bean cakes, soya been
cakes, banko beans, and the powdered Formosen brewer's grains
on which Ryzopus Delemer has been bred, and (NH)25044CaC03
gave excellent results as promoters of butanol %ermentation
from dried Formosen sweet potatoes.

INTRODUCTION

A. History of Project ) N

In the ecetone-butanol fermentation from dried strips-of sweet potatoes,
a good result can not be obteined beceuse of the lack of nitrogen and
other nutriments for the becteria.

In regard to this, the question arose as to what kind of materiels should
ts sadded tc the prineirpel ravw meterials., . At present, rice bren is consi-
dered to be the best fitted for the purpose, but it has disadvanteges in -
the following respeots: - s

1. It must be used in large quentities (20% besed on rew materiel).

2. .. The rice bran is a good fodder, end is diffioult to obtein in
large quantity.

3 According to the literatuie, fermentation is retardéd when rice
bran is added.

4., Rice bren is comparatively expensive end is difficult to pre-
serve since it contains oil. Hence, 1t is considered to be desira-
ble to £ind the materiel having as few of the above disedvantages as
possible in considering the fermentation efficiency on en industrial
scale, ’ : .

B. Koy Ressorch Personnel Working on Project

Eng. of Formosen Centrsl Resesrch S. SHIMADA
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II. DETATLED DESCRIPTION OF FERMENTATIONS.TEGTS

A. The Testing of Rice Bran

"The fermentation wes carried out in the usual manper by edding rice bran
to a mash containing 7% dried strips of sweet ‘potatoes. . :
The percentege of rice bran is the peroentege based on the total emount
-.of mosh, . The results ere us-tebulated in Teble XVIII(B)5. "In the follow=-
ing experiments, rice bremn is used as a control.

B. The Testing of Peanut Been Cakes

The fermentation wes cerried out by adding different. peroc_.eg... of bea-
nut bean cakes., The addition of 0.5% cake wag sufficient for normal
fermentation. The results are as tebulated in Table XIX(B)S5,

C. - The Testing of the Soya Been Cakes

= The fermentation was, in general, unsétisfectory. The. optimum results
were obteined with 0.5% soya bean cakes. This quantity is 7% of the
sweet potato content. The results are tabulated in Taose XX(B)S..

D. The Testing of Bleck Sesame Ssed Cakes

The fermentation was'oarried out by adding 0.1, 0.3, 0.5, 0;8, and 1.0%
black seseme seed cakes to the rash. :

In this ceee thévfefmentation wWes poor, and the cake wes not effective as
a promoting meterial.

E. The Testing of Banko Beans

Banko beens were tested in the seme menner and the adequate quantity of
banko beans was found to be 0.5 or 0.8%. (This is 7 or 10% based on the
sweet potatoes.)

_The results ere tebuleted in Teble XXT{B)5. ~~ = -

P. The Testing of the Rice Bran with Fungi Powder

l. The fermentation was carried out using rice bren end Asp.
Oryzae or Rhyzopus. Delemer. .

The fermentation was normel, when 0.5% rice bren end 0.5% Asp.

Oryzae, or 0.5% of rice bran and 0,5% Rhyz. Delemer wae asdded. The
results ere tebuleted in Table XXII(B)5.

2. The Testing of Rice Bran With the Extrect of Fungi. When the .
extract of the %ung{ WaB used, LNe rermentatlon Was poor. The
Tesults are tebulated in Table XXIII(B)5. :

The extraots were made as follows: 45 gr. of the fungi we£; boiled
in 250c¢ of water for 2 hrs., filtered, and concentrated to 100co.

G. The Testing of Formosan Brewer's Grains

1. The filtrate of Formosan brewer's grains was used instead of
water, both with and without rice bran., -

\
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In every case, acidity wes very h;gh,‘and the fermentation falled.

- 84 Formosén brewer's grains were ineffeotive &s the promoting mete-
rial, The results are tabulated in Table XXIV(B)S. .

3. - Formosen-Brewer's Grains on whioh Rhyz. Delemer had been bred
were used. The results are tsbulated in Teble XXV(B)S. Using 1%
of the grain, the formentation was normally ¢erried out and-the ...
yield of the solvent was satisfactory. .

H. The Testing of the Green Tea Waste

The results using grsen tea waste were unsatisfactory, since the fermen-
tation, wes very poor+

I. The Testing of (NH4)804+CaC05; or (NH4)s80, 4 Rice Bran

1. Using only (NHy) S04 as & nitrogen source, the fermentation wes
not normel, while using both (NH4)pS0, end 0eC05, the Tedllt was
comparatively good and wes superfor to the control Iin respeot to the
rested starch,

The results are tabulated in Table XXVI(B)5. .

2. Varying amounts of (NH4);804- CaCOs were used, and 1t wes found
that the yleld of solvent decreased witg increasing amounts of

- (NH,),80,~ CaC0y:  Inall cases, the acidity wes low end the rested

starcll wds small. Since Celcium was used, it seppears that Ca-salts

are formed by the acid produced during the fermentation process.

If this is the case, an exocess of CaC0z should be advantegeous in -
lowering the acidity. The results are tebulated in Teble XXVII(B)S.

3. Varying ratios of CaC0z to (NH4)2SO4 were used. - It was found
that the optimum ratio was f HI

The results aTe tabulated in Tabie XEVIII{B}5. -

4. Consideration of Experiments on use of CaC0z~ (NH4)2804.

a. In the case of the 7% mash of dried strips of sweet pota-

_toes, the addition of 0.08 or 0,1% of (NH )2304 (1.14 or 1.43%

based on the sweet potato content) and 0.68 or°0,12% CaCo0

(1.14 or 1.71% based on the sweet potato content) is considered
to be adeguate. -

b. Adding (NH4)ESO4 and €aC0,, if the (NH4),S04 wes in exocess,
the yiela of acetone was inoreased and the bufenol yleld was
decreesed, . .

If CaCOz was in excess, the yield of ethanol wes incressed.

5. The‘Teating of Fertilizer in Place of Pure (ﬁH4)aso4,
(NH,)>804 used as fertilizer can be used 88 effectively as chemically
pure (NH4)5804. The results are tebulated in Table XXIX(B)S.
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5 ‘ 5 To5t1iE 57 6 HoW 5pecIon ol Bacteria w. 30 ' :
Using The new specles of 80 aoteria developed in 8 laboratory
and reported herewith, the superiorlity of the new .species was recog-

nized and the oharacteristic effect of (NHy);804 and Cal0z; was ob=
tained. e o

. The results are tabulafgd in Table XXX(B)5.

The best material as a nitrogen source in thé fermentation of dried strips of
sweet potatoes was found to be rice bran. : )

Satisfectory materials for use as nitrogen source, in order of effectiveness,
are listed below. - :

The following meteriels were found to be unsatisfactory:

) Black sesame bean

Extruct of Asp. Oryzae
Extrect of Rhyzopus Delemer
Formosan brewer's greins
Green tea waste

When (NH,)pS0, and CaC0z were used, the yleld of scetone was inoreased end the
yield of butenol was decreased when the (NH4)2so4 wes in excess.

When 'CaC03 was in excess, the yield of ethenol was increased. .
: y + -

Using the new species bacterie, adding 0.13% (NH )5S0, end 0.1% CaCOz, the
superiority of the new species was recognized ané the characteristic effect of

{NH, },504- and CaC0z was obtained.
412504 3

Table XVIII(B)S
EFFRCT OF RICE BRAN IN SWEET POTATO FERMENTATION

After fermentation®
Percent of
Rice bran e01dity** | pH | Rested | Ethenmol | Acetons | Butsnol
{cc) sterch | gn/100® | gm/100cc | gm/100c
_ . am/100cc!
05 - 33.0 ha2) 2,95 0.265 | 0.375 0,744
1.0 | 0.0 b2 2,05 | 0342 | 0401 | 0,825
1.5 32.0 L6 | 0.67- 1 0,391 0.570 1,082
20 | 30,5 et | 070 | 0434 | 0,582 | .1.099

* Before fermentation; acidity 8,0cc, pH 5.0, Starch 4494 gm/100cc,
¥ ag of 0.1 N NaOH required to neutralize 10cc of product.
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: Tablg XTX(B)S :
EFFECT oF PEANUT EEAN CAKES IN SWEET POTATO FERMENTATION

o : After formentation®
Exp.No. .| Percent or m— - - =
. Poanuts! .| Acidity. | pH .| Rested | Ethanol | Acetone |Butanol
Bean oakes | (cc) sterch | (gm) (gm) (em)
: “(em) ' o
0.5 26,5 | L6 | 0.47 0,276 0.506 1.012
1.0 27.5 | 4.6 0,46 | 0,419 | 0,509 | 1.047
1 1.5 25.5 Le7 | O.45 0.361 0.588 1.077
' Ricg bran | 27.0 |46 | 0.65 | 0,285 | 0,59 | 1.131
v - 0.1 39.0 Le3 | 431 0,052 0,036 0,074
271 0.3 19.5 4.7 0,52 | 0,392 | 0,486 | 1,033 .
0.5 "26.5 4.3 1 1.17 0,294 0,429 0.853
Rici g;an 25.0 [4.8] 0,23 0.371 0.552 | 1.047

. % Before Fermentation, gcidity 9.0co, PH-5.0, Starch 4,94 for Exp:

Before Fermentation; aoidi;y 8.5¢ce, pH 5.0, Starch value 5,06 for
Exp, No, 2

o Table XX(B)5
BFFEOT OF S80YA BEAN CAKES IN SWEET POTATO FERMENTATION

After fermentetion*

‘ gsroagt of Asidt Rested Einanol | Avets Fus 1
EXDe Sya Be&n 5484y %8 Eln Asstons tanol
ExpeHo. Cakos (s0) starch (em) (em) (gm)

{em)-
0.1 24,5 3,38 | 0,078 0,208 0.396
0.3 .| 22,0 1,50 0.189 0.429 0,820
1l
0.5 27.0 1,01 0,200 0,502 0,918
Rioce bran
, 1.5 . 33,0 ©1.86 0,185 0.492 0.875
0.5 19.0 | 0.2 0.376 | 0.515 | 1.017
2 0.8 24,0 0.4k 0.429 | 0,495 1,008
25,0 0.50 0.457 0.479 1,002
Rice bran . -
1.5 27.0 0.59 0.432" 0.547 1,125
% Hefore Fermentation; Acidity 9.5cc, StarcﬁJ5.06 for Exp, No. 1

Before Fermentation; .oTT, 5379 TOX EXp. RO, 2
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" Table xx1(3)5 ‘ ‘
EFFEGT OF BANKO BEAN CAKES IN swmm Pom'ro FERMENTATION

‘pefcen£ of o Arter'fermentation?
Banko T ctaity | Rested. Ethenol | Acetone | Butenol |
{gm)

0.1 24,0 2.86. | 0,206 0.212 0,409
0.3 23,0 1,08 0,282 .. 0.416 ~ | o0.885
0.5 20,0 0,65 0.360 0,458 1.023
0.8 20,5 0.58 0.322 | 0.483 1,056
1,0 21,0 054, 0.355 | " 0,496 | ‘1,055

Rice bran . K
1.5 - 27.0 6,55 04344 0.480 1,049

* Before Fermentation:

Table XXII({B)5
EFFECT OF RICE BRAN AND FUNGI IN SWEET POTATO FERMENTATION

acidity 9,5ce, starch 5.09

. After fermentstion*

Percent of -

rice bran Acldity Rested Ethanol Acetone Butenol

& Fungi {cc) starch (egm) {(em) (gm}

(em) ‘ N .

Rice 1.5 32.0 0.48 0. 364 0,58 0.999

Rice 0.5 | 26.5 0,52 0,278 0.546 1.104

A 0.5 -

Rice 1,0 | 1a.5 0,51 0,343 0,550 1,029

Rice  0,5| 26.0 0.43 0.315 0.575 1.062

R 0.5

Rice 1,0 21,0 0.4t | 0,287 0.538 1.094
AR ‘ 0.5 ‘

A:  Agv, Oryzaoe

* Before Fermentation:-- acidit

R:

Rhyzopus Nelemer

80
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- Ta}\'ln XLI-T rln\z:

E‘FFEGT OF RICE BRAN AND.THR EKTRAGT OF FUNGI o SWEET FOTATO, Fz.RMENTATION

. Aftor formentation* -
Porcent of - -
Rice Bran Acidity Reated Ethanol Acetone RButenol
& Fungi {eo) ataroh (gn) {em) .| (em)
extraoct . Aem) - |» : :
Rico bran 1.5 | 35.0 - | 0.57 | To.506 | 0.533 | 1,002
Rico bren 1.5 :
AR 10co 27.0 0.52 0461 - 0.615 1.037
AE  10co 25.0 2.21 0.300 0.311 0,615
Rice bran 1.5 )
RE 1000 38.0 0.86 0.466 0,492 0,929
RE 10co . 26,0 2,72, 0,315 0,258 C.467

~ . AR: Extract of Asp, Orz, RE: Extract of Rhyz. Delermer
%-Bofore Formentation: acidity 9.500, Starch 5.0)

Table XXIV(B)5
BFFECT OF FORMOSAN BREWER'S GRAINS IN SWEET POTATO FERMENTATION

After fermentstion*
Percent of -
Formosan Aciadity Rested FEthanol Acetone Butsnol
I brewer's ... | .. (ec). .. | starch. (gm). .. | {gm) | _{em)
grain , {em) -
0.3 18,5 2.95 0.087 | 0.258 | 0.523
0.5 19.5 2.35 0.102 0.331 0.669
1,0 | 20.5 2.67 0.111 0,317 0.637
ce bran.
‘1.5 29.5 0.48 0.242 0.587 1.175

* Bero’re" Fermentation: ecidity 10.25cc, starch 5.15

’ Table XXV(B)5

EFFECT OF FORMOSAN BREWER'S GRAINS ON vHICH RHYZOPUS DELEMER
HAS BEEN BRED IN SWEET POTATO FFRRMENTATION

Percent of ‘ After fermentation*
Formosan : ..
brewer's grains Aoidity Rested Ethanol Acetone Butanol
with Rhyz. - (00) gtarch {gm) (gm) {em)
Delemer : (en) '
Rice bran 1.5 3heS 0.59 0.095 - 0.514 1.049
RoE-b-g" 1'0 2‘000 oohg ! 001316 00555 1.01&0 !
" A 17.0 0.42 o, | o0.465 | 0.885 .
o 0.3 | 170 | 141 | 0.106 0.346° 0,703 .

~R.EJD.R:Formosan-brewer's grains on which Rhyzopus Delémer hag -
been. bred.
* Before Fermentation: acidity 10,5ce, starch 4.89.
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Table xxv1(3)5
EFFECT OF (NH)280, CaGu3 O (NHj,)250; + RICE ERAN '
v  IN SWEET POTATO FERMENTATION .
: : “After fermentation’ : .
Fﬁﬁ%gﬁfaft‘ ; Acidity §’g§° " Ethanol | Acetoms | Putanol
Rice bran 1.5 Lle5 0,70 0,138 0.580 - [ 1,185
(NH, ) 550, 0.1 70,0 | 417 0,027
(xH,, 280, 0.3 77,0 | Lebs 0.011 .
(NE, )50, 0.1- 30.5 0,31 0,167 | 0.456 | 1,095
CaC03 ~ 0.2 ‘
(NE,)280, 0.3 | 38,5 10,26 0,132 0.432 0.954
caCo3 0.5 '
Rice bran 0,5 55.5 3.69 0.161
(¥H,,)280, 0,07 s

- Eefafé Fermentation:

Table XXVII(B)5
EFFECT OF (NHh)stb AND CaC03 IN SWEET POTATO FERMENTATION

acidity 11,3ce, Starch 5.02 gm,

After fermentation*
Pﬁﬁiﬁﬁfaff Acidity §gg§gg' Ethanol | Acetone | Butanol
{00) (gn) (en) (gm) (em)
Rice bran 1.5 33.0 0,504 0,161 - 0.597 1,264
)250,, o o5 ~ )
Cac6 26.5 0.509 | 0.203 |- 0.479. | 1.036
(NH )250;, 0,1 : ' ,
3 2k 0.2 23,5 0.333 0.259 0.463 1,003
1280;, 0.2 " - :
Cac3 T 0l 22.0 0.223 0.20Y 0,444 0,965
8)280h 0.3 " ' )
cac 0.6 23,5 0.311 |  0.105 0.412 0.927
3)2s04 0.5 : )
cac 1.0 38.0 - 0.24,5 0.064 0.312 0.722

* Before Fermentetion:
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" Table XXV1Ii(B)5
EFFECT OF (NI )550;, AND CaC03" IN SWEET POTATO FERMENTATION -

©. After fermentation* o

Parcent of- Acidity " Rosted '| Bthanol | Acetone |  Butanol
naterial (cc) sta'rcm" {gm)- - (enm) (gm) - -
Rice bren 1.5 | 35.0 |- 0.502 | 0.267- | 0.608 [ 1.153
(NHy, ) 2504, 0.2 I S

02533 . 0.05 5640 54187 - 0,029

(NHy, ) 2604, 0.1 ' R

cactss "t oio1 | s6.0 b3 | ]| o0.020

(NH, ) 2S04 0.1 , .
€aC03 ~ 0.05 | 25.0 04578 § 0,203 0.525 | 1.028
(NHy )280), 0.1 : ‘ : ,
_c§g33 b 0.1 20.0 0.372 0,297 0.571 1.088

2804 0.1 | - ;
éﬁgéi o 0.15 24,0 0.430 0.324 0.530 1,102

"% Boforo Formentation: aoidity‘ 9.0000,; Staroh 4.98 gn." -

Table XXIX(B)5
EFFECT of (Nﬂb)zsoh FOR FERTILIZER IN SWEET POTATO FERMENTATION

t

After fermentation®

Percent of Aoidaity| pH |-Rested | Ethanol | Acetone | Butanol
material {cc) Starch {gnm) (gm) {em)
- (&m)
Rioce bran 1.5 | 33.0 L5 0.81 0,214 0.5487 1,006
)250,, o 08 "
cacﬁ 225 | 4.6 | 0039 | ouass | o.5325 | 1.061

) 250, o 1 _
Gty 25.5 | 4.5 | ows | 0259 | owser9 | 1.012
(NH,, ) 250, 0.13
GaCB; b 0.1

29.5 | 4 | o0 | o.080 | o0.6054 | -1.038

* Before Formentation: aoldity 9.500, Staroh 5.18 gn.
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" BNCLUSURE (B

P o

RESTRICTED

J.ao.l.§ AXX(B
THE EFFECT OF . (NHJ,)ZSOI, AND. GaCO; USING NEW. SPECIES OF BAGTERIA#

. , - After rermentation
Test | Species Aé'idit'y' pH | Starch | Ethanol | Acetone | Butanol
No. No. | f{ecc) : (em) | (em) (gm) {em).
L KN 1395 | k| 0438 | 0,065 | 0.543 | 1.015
2 KN12 | 38,0 | 4o | 0.33 | 0.057 | o0.52% | 0.944
3 KNLL | 43.5 | b5 | 0.81 | 0.064 | 0.446 | o0.852
Lo | moné | 39.0 | 4| 0.38 | 0.065 | 0.337 | 0.573
5. KN19 . | 32,0 | b.6-| 0.40 -|-0.088- |-0.539 | 1.050
6 KN20 | 50.0 | 42 [ O3 | 0,098 [ 0.73 | 0.557
7 KW2l | 37.0 | 4ok | 042 | 0.054 | 0,265 | 0.239
8 CkW23 | 43,0 | 43 | 0033 .
9 kW27 | 35.0. | 4 | ouk | 0.080 | 0.310 | 0.507
10 _ Kwué 41,0 | 43 | .05 |..0.063 .| 0.528 |- 1.020
11 Velzmann| 34.5 Ly 0.41 0.122 | 0.526 1.015
R e

Aoidity scesscccce

ooo-.lo.ooo

Table XXXI(B)5
NITROGEN SOURCE MATZRIALS

Order Matorial Optimum Concentration

(based on Mash)

1 Rice bran 0.5

P GdmEe o

3 Peanut bean cakes 0.1 =~ 1.5

b " Rico bran* 0.5 ‘

5 }!anko beun 0.5 - 0,8

6 Soya bean cakes 0.5

® Plus Aspergillus Oryzae or hayzopus Delemer - v —
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