Harris ' 2 3  Sherrard

Bellingham
Callaham ’
nean Agar °
10
1
Percolator 1 ton
100 13.3 H,S0, 2.68 Kl
60 50
30 ki 2
120 60

ki 3

butanol- isopropanol

1

140

4

Ericsson

2

3.9
2.20
20

35

35
40
14
44
46
48
5
6 Thorald
Gatti-
2
0.58 ton
100
2.42 10.4
H,S0, 1.6 ki
5.7 2.50
2.85



Table 1 3 4
32

flash tank flash

Table 2
2
Ca OH , NaCO, CaCO,
Saccharomyces cerevisiae No 2
25cc HNO, 2 100 NHOH 1 1
H,S
HNO, 1 1 HNO;, 2 10000
100cc 60 2N NH,CI 10cc
6N NH,OH HCI
11
1000 1
Fe,0, No 5A
250cc 5cc
80° 90 50gr/1  20cc
NHOH 1 1 60
1 No 5A
1000 1 Ca0
25cc 100cc HNO, 1 1 NH,
NO; 1 gr
1 60 60 2.5N  HNO,
2.5 No.5 B HNO,

2 100



HCI 1 1 NHOH 1
1 1/9 conc NH,OH 1
No 6 HNO, 2
10000 10 50 cc
N/5
3 4 N/5 P,0;
N/SNaOH cc  N/5HNO, cc x 0.06172
P,0;
g x 10/250
Table 3
Fe percolator  pipe
Ca
Ca OH , CaCO, Na,CO,4
Table 4
Table 4 pH
Ca OH ,
Ca OH , CaSO, 2H,0 CaCo, CaS0, 2H,0
CaCo,
30 2
Caso, 2H,0 100 Caso,
30 1/3
Ca OH , CaCo,
Ca OH , 70 C0, gas
Ca HCo;, , CaCo,
Na,CO, CaCo, NaCO,
Ca OH , CO,gas

100



Cac0, NaCO, pH 4.5 Caco, Na,CO,

Na
Ca Na
Ca Scale
Ca HPO, , pH 6
Fe P compound
Fe NH,  compound
Fe OH ,
Table4 No 1 4 5  HPO, 20 NaOH pH 6.0
Table 5
R H Leonard ™ 138 15 30 > 20
Na,S0, furfral
Ca OH ,
Na,CO,
20 30 Ca Na
Ca 0.3 0.359/100cc wet
HCI 1 10
200cc 150cc NH, SO,
4 KH,PO, 2 pH 5.8 wet yeast 1
6 5
Table 6 Na,CO,
Na,CO,

CaCo, Na,CO,

potency open fermentation



Re- use

aldehyde  methanol lignin
Table 7
Ca OH , pH 10
H,S0, pH 5.5 10 NH, ,S0, 8
0.1 48
Reuse method Ca OH ,
pH 6 2 boil H,S0, pH 5.0  adjust urea  0.02
KHPO, 0.006
1 8 2 7 Reuse method test
1 4
5 2 45
Inoculum size 12 2 wet 1 wet
Table 8 2 45 70
Inoculum size 1 acclimatization
stam K, K, K, No 396
Table 9 7 inoculum size 2
2 45 alcohol contamination
Initial pH 6.0 19 5.4 ,
initial reducing sugar 2.65 No 1 Can-
dida Candida acclimatization
No 3  Torula utilis  potency No 2  Saccharomyces
cerevisiae K, 70 contamination No 4 K,
No 5  wine yeast OC, No 6 Candida con -
tamination potency No 7 No 396

Lehman- School alcohol pH



Na,CO, Ca OH
pH 10
70 CaCo,
yeast  acclimatization
7 Reuse method 10
Lehman- school yeast
3,000 r.p.m. 10
yeast Sacch cerevisiae K,
yeast  shaking culture inoculum size 2
8
Table 10 7
Table 11
2 0.5 0.25
31 45
Yeast  suspend
SWL 1ton 8 10 ton
35
70 hexose pentose
BOD
SwWL
BOD
SWL Scholler

2

Ca OH ,

recovery

Bergius



SWL

1 SWL
SWL
Table 12
2
SWL
3 4
SWL
yeast No 6 SWL 3
NH, ,SO, 0.5 KH,PO, 0.2 1 Table
13
Lehmann- School
Table 14
Yeast No 6
Table 13 Table 14 treatment A A B
treatment C (o4

yeast

3
P,0; 18 Ca
CaSo, Reuse yeast
a
Ca OH , pH 6 0.5 KH,

PO, 0.2 Yeast



No 6 Shaking culture

wet 1 300cc
Table 15
4 storage 72
1.6 2
0.1 0.2 0.5 0.7
0.7
47.23 0.5 47.94
b
KH,PQ, 0.2 1
Table 16
0.2 0.5
c
NH, ,S0, 0.5 1
P,0s 18.0
Table 17
4
SWL
300cc 150cc

Table 18 5

1 KHPO, 0.2

50.25 0.2
Table 17
0.20
No 6 Shaking culture
Table 18
2



X N

(1) E. E. Harris and E. Berglinger: Ind. Eng. Chem., 38, 890 (1946).
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(4) E. C. Sherrard and F. W. Kressman: Ind. Eng. Chem., 87, 5 (1945).
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SWL 30 pentose
Pentose SWL
SWL BOD
o194
25,000 ton  dry yeast
2
1
SWL Mycotorula japonica Sakaguchi
et Yamaguchi Ca OH , pH 5.8
1.5 No 4 steam stripping 1
CaCo, Ca OH , Co, pH
5.5 adjust 1.5 dilute
300 cc
Table 1 48
Table 1
0.15 K,HPO, 2
KCI
Table 2 Table 3
pH 6.0
NH, ,SO, 8 6
8

2 Waldhof Fermento
Waldhof fermentor



Waldhof fermentor

fabrik Waldhof

a Fig.1
overflow tube head
orifice
discharge
Discharge
537mm 375mm
tube

air shaft

Aeration wheel 1,000

stainless steel

18 1

b
series No 1 4
6kg/cm?* 30
60 80°
c
Japonica
d Fermentor
78 batch
feed

1944 Mannheim Zellstoff

15,000
continuous fermentor
feed tank
fermentor draft tube charge
charge overflow pipe
0.3 ejector
reserve tank Waldhof fermentor
146m 370mm draft tube
aeration wheel wheel shaft
Wheel 6 spinner
spinner
SWL

Series No 5 9

Series No 10

21.3 NH, 10
2kg/cm® 40
30
SWL Mycotorula
SWL batch
181
18 1 4 wet yeast
3 4 50 60
6 constant



e Lehmann- School
30g 3,000 r.p.m. 10
0.1 N HCI
15,000r.p.m.  Sharpless
f Table 4  seriesNo 1 18
Table 5 18
Table 4 Table 5 series No 1 feed
K,HPO, No 2 No 3
feed No 4  feed
No 5 9
No 10 No 11
KCI No 13 No 14 18
Feed
Waldhof fermentor
SWL
SWL
Saccharomyces cerevisiae Fleischmann
SWL H,S0, pH2 S0,
Ca OH , pH 8.5 pH 5.2
4.8 adjust 50
SWL
4 5 SWL
shaking culture 30 24 centri-
fuge 0.2 HCI

18 1



ot

BRI Rk L % b Meissel RERHEC L D, EHRBEOMIT 1 — 2 M FRBREDOH
BT,

PEDRERIL Somogyi KA &M L1,

PBEBE R OB 100°C TH5BRHABOE R & L,

FTRUC EFROZE LML SWL © 2.5% © K;HPO, & 2% o rice bran (\»
THEAE) #Mmz, Zhic (NHD:SO: OREE B2 THRmL, BEe 5, Riged
DERYHBE L TGRBR L, To#EHit Table 6 0tk vThs, Rz LT K:HPO,,
Ca-supper-phosphate %5 X 0% rice-bran 1o\ TDEERE% Table 7, 8, 9 it

DLEDRBRBOMER L b, BT 16% < BL\, K:HPO. 13345 2.5% < b\,
PR E IR % B 2 HAIE 6% < DLy, OKBRT, SEMOBEIITE LL RVL0OT,
1% <BURfHTsC ek, BRERR, AR L CBEOBEKC BT 52—k
BT VEROBGENTEETH 5, 2L, BRI SEERIE O 8o R ik
IhhE s B,

EOMEL 0.2 HCl o CHETIIEIH B SN ARERMEDR, 0% AR ORR
WP T A BOFENTR,

ARRBICHIG T S OIRS EA], FHEE, NNUSR X OEHROHERCENT 5.

X o

(1) J. F. Saeman et al: Paper Trade J. 123, 38 (1946).
(2) J. M. Holderby et al: Ind. Eng. Chem., 43, 1702 (1951).
(3) SEBREb: 587 (W8 27).
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3 Butanol- 1sopropanol

SWL butanol Peterson ' Scholder ?
90
No 442
butanol- isopropanol
05 1 conc H,SO, 1 steam stripping CaCo,
CaCO, 2.5 3.0 H,S0,
pH 3 4 80 Caso,
Lehman- School butanol ethanol  Johnson ®  aceton
Goodwin Messinger % isopropanol  Bernhauer °
Initial pH 6.8 37
1
glucose 3 corn steep liquor 15 NH, LHPO, 1 CaC0, 0.3
Tablela b
Tablela b c No 442 K7
b No 442 K7
butanol- isopropanol c 5 No 1 aceton-
butanol
No 442
2 SWL
Peterson 2
pH
lignin Table 2 corn steep
liquor 10 KH,PO, 0.05 NH, ,S0, 4

pH



(3) LE2FTEOMT A

Glucose 3%, #MEAHEEEEREE 10%, Speakman #¥His X0* 0.4% © CaCO; %
Ui X % e alRiL Table 3 0 Z: {Th b,

Table 3 wT4H % Z &< corn steep liquor OYEIMIBEYZ L BRIFLAILD S,

T OABEOBRRICHME O BRR L HM LICEE O%hiRicowT Table 4 iR,
W% 3% MR &ML oW RIE DWW TORBRREBIL B DO EIR AR T, REOHR
LB U< 7edoic,

Corn steep liquor LRI HLICERELE L CEFRL LB LADOT, ZOKHE
BaRET AL, fxOROEARICO XABEORBRE T oL Table 5 02 < Th
%o '

Table 5 iz T BADZ L { CSL % 10~5Y%, #i&% 3~4% < BV OHEM»HIFEL
TwpeHEZbRS,

Table 6 (% No. 442 ic X 5 CSL X H# OBt FMCHIF 5 solvent DA% Hizh DT
bbHo ZDHAE, CSL 5%, Wiz 4% DOERI TN, B XNEFCERLOTEHRAL
2o

RROFEIRLTERAKTH 2.

HEo#RL Y, AREZHCT SWL 275 0HAT20E, CSL LuerRlFe+5z
&k b butanol-isopropanol EEEEZIRICHH LW S T & 20T, HARERBKO
No. 442 (2 DHMDI DR S ENIERTH %o

REPE A S R ER LR, EHEREOT RICEHT 5.

x i

(1) A. ]. Wiley, M. J. Johnson, E. McCoy and W. H. Peterson: Ind. Eng. Chem., 33,
606 (1941).

(2) K. Schélder: Wochbl. Papierfabrik, 81, 44 (1953). »

(3) M.]. Johnson: Ind. Eng. Chem., Anal. Ed. 4, 20 (1932).

(4) L.F. Goodwin: J. Am. Chem. Soc., 42, 39 (1920).

(5) K. Bernhauer: ‘‘Girungschemisches Praktikum’’ (1936).
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Table 1 Wood saccharification at Tokyo University

Accumulator

No. of Percolator . Time | HaSO4 | Sugar Sugar Sugar
| conc. | conc. | ‘obtain. Wood
harificat. | temp. | press. | temp. | press. in.
saccharificat oG ‘ kg/cm? oC kg/cm? min 9% % kg %
1 150 | 3.9 140 5.0 20 1.19 2.29 1.145 9.76
2 155 ‘ 4.6 155 6.0 30 3.19 3.03 1.052 9.00
3 160 | 5.3 175 7.5 30 3.72 | 2.48 | 0.992 8.50
Washing 120 1.0 — —_ —_ 0.90 1.27 O.572A 4.87
Total ‘ ’ 1 ‘ 80 | 3.761 | 32.13
Notes Material—Saw dust Sugi
Total hydrolyzate obtained—156.8 1
Table 2 Wood saccharification at Fukuizumi Co
‘ _ _
No. of Accumulator Percolator Time | HaSO: | Sugar Sugar Sugar _
| conc. | conc. obtain. Wood
saccharificat. | temp. | press. | temp. | press. in.
°C | kg/em? °C | kg/emz| T % % kg %
Pre-heating 154 7.5 — | 7.5 30 ;
1 154 7.5 — 7.3 20 0.43 2.47 0.988 4.70
2 154 7.5 - 7.5 20 1.12 2.62 1.729 8.22
3 154 7.5 — | 7.6 20 | 1,12 2.32 0.858 4.08
4 154 7.5 —_ 3.5 30 1.08 1.74 1.514 7.20
Washing ‘ 10 | 0.99 | 0.30 0.108 0.51
Total ' | ‘ 130 1 5.197 | 24.71

Notes Material—Sawdust
H,S0, used—4.9 kg of 54.8 H,S0,
Water added—265 |

Table 3 Fe0; and Ca0 content in wood hydrolyzates
before neutralization

Hydrolyzate of

CaO vol %

Fez03 vol %
Tokyo Univ. 0.3700 trace
Fukuizumi Co. 0.1132 trace




Table 4 Fe0; and Ca content after neutralization

Ex. No i Neutraliz. agent ‘ Fex03 vol % CaO vol % } Notes’
1 ’ Ca(OH)a 0.1340 0.1664 pH 6.4
2 Ca(OH)2 0.0936 — pH 8.4
3 Ca(OH):2 0.0312 — filted at 88°C after boiling
4 CaCO3 0.2680 0.0920 pH 4.5
5 Na»COs; 0.0988 0.0496 | pH 7.0

Wood hydrolyzate of Tokyo Univ was used.

Table 5 Precipitation of HPO, by neutralization

Treatment No.*

H3POy wt. % befor filtration

H3;PO4 wt. % after filtration

1 20 1.52
4 20 2.80
5 20 11.65
Just the same as shown in Table 4
Table 6 Fermentation test
Neutral. Yeast Sugar Alcohol
agent wet vol. | cell count initial used % for % for-
% X 108 % % sugar used total sugar
NazCOs 1.2 108 2.21 65 ' 28.5
Ca(OH)a 2.1 — 1.91 62 26.2
Notes Inoculum size 1 wet yeast
Fermentation period 6 hrs
Table 7 Comparison of yeasts batch method
Yeast Initial sugar conc. Sugar not used Percent of
g/100 cc g/100 cc fermentation
Saccharomyces cerevisiae Ka 2,326 0.666 71.36
Fleischmann yeast 2.326 1.154 50.38
No. 6 2.326 1.168 49.78
No. 31 2.326 0.754 67.58
No. 48 2.326 0.767 67.02




Table 8 Selection of yeast by Re-use method 1.
Transfer No. : ! Ist
Strain No. ‘12|3!4\5}6}7t8
Initial reducing sugar % 2.65! 2.65' 2.65| 2.65 | 2.65 4 2.65 1 2.65 1 2.65
reducing sugar % 0.80‘ O.SOi 0.72‘ 0.80 | 0.87 ‘ 0.81 1 0.87 ‘ 0.70
[ ‘ -
sugar used % 69.8 69.8} 71.7\ 69.8|‘ 67.2 ‘ 69.5 | 67.2 ‘ 73.5 1
U — - ~ ;
Aftor vH | 59 50 5.0 5.0' 5.0 ' 5.0| 5.0 l 5.0
: alcohol conc. % 0.86 0.86 0.85 0.80| 0.79 | 0.82 | 0.83 | 0.89
fermentation |
alcohol [ 9% for sugar used 46.5[ 46.5‘ 44.7‘ 43.2‘\ 44.4 \ 44.6 | 46.6 L45.6
{ !
) ‘ i
yield \ % for total red. 35 4 37 4l 32,1 30.2l 29.8 ‘ 31.0 | 31.4 | 33.6
sugar ‘
Transfer No. i 3rd
Strain No. BEENER s | 6| 7] s
Initial reducing sugar % 2.651 2.65} 2.65' 2.651 2.65 i 2.65 } 2.65 ‘ 2.65
reducing sugar % 0.83‘ 0.87 0.87‘ 0.83| 0.83 } 0.85 \ 1.01 } 0.93
sugar used % 68.6| 70.6 70.6E 68.6] 69.9 | 68.6 % 63.6 1 66.8
|
After pH 5.0 5.0 5.01 5.0/ 5.0| 5.0 1 5.0 ’ 5.0
fermentation alcohol conc. % 0.83‘ 0.87 0.871 0.83| 0.85 | 0.83 ‘ 1.01 } 0.93
alcohol | % for sugar used 44.6: 45.5 44.5‘ 43.5] 41.6 | 44.0 | 45.7 [ 44.8
. g, f :
yield % for total red. | 5y 5 3y 5 30.4 30.4|28.8 | 30.8 | 28.8 | 29.6
sugar ‘ .
Transfer No. . 5th
Strain No. 1112‘344{5 6‘7‘8
Initial reducing sugar 9% 2.65 2.65i 2.65 2.65| 2.65 | 2.65 | 2.65 | 2.65
— i _
reducing sugar % 0.92) 0.92| 0.92) 0.90| 0.90 | 0.92 | 1.15 | 0.97
sugar used % 62.1] 62.1) 62.1| 63.4] 65.4 l 62.1 | 58.3 | 65.2
_ ]
After pH 5.0 5.0 5.01 5.0/ 5.0| 5.0| 5.0| 5.0
fermentation ) kol conc. % 0.92 0.92 0.92 0.92| 0.90 | 0.90 | 1.15 | 0.97
alcohol ‘\ 9% for sugar used | 44.0| 43.5) 44.5/ 43.9| 43.2 | 41.6 43.3 | 43.1
N | ‘
yield | 9 for total red. | 59 5 55 8l 29.6 29.6| 29.2 | 27.6 | 25.0 | 29.8
sugar A




Transfer No.

7 th

Strain No. L] o2 3[4]5]6}7‘8
Initial reducing sugar % | 2.65 2.65 2.65) 2.65 | 2.65 | 2.65 | 2.65 | 2.65
T ‘ 7
reducing sugar % 0.84’ 0,84! o.ss} 0.84{ 0.83 ‘ 0.82 115 [ 0.93
sugar used % 70.3| 70.3‘ 69.9] 70.3 | 68.6 | 69.0 ‘ 56.5 l 65.0
! |
‘ ‘ »
After pH 5.0 5.0! 5.0/ 5.0/ 5.0 5.0 5‘01 5.0
|
fermentation alcohol conc. - % | 0.800.820.80 0.80| 0.79 | 0.78 | 0.65 | 0.77
’ alcohol | % for sugar used | 44.0[ 46.3 44.51 44.2] 43.5 ’ 2.6 ‘ 44.3 ’ 44.0
0,
iel % for total red.
yield sugar 30.8 31.5‘ 30.8| 30.8] 30.4 | 30.0 | 24.5 | 29.0
Trausfer No. 13th
Strain No. 112]3‘4‘5 6‘7 8
[
Initial reducing sugar % 2.65' 2.65‘ 2.651 2.65’ 2.65 | 2.65 | 2.65 | 2.65
reducing sugar % 101! 2.01’ 1.78 1.91’ 1.85 { 1.41 I.SSJ 1.89
sugar used % 27.9. 24. 1‘ 32.8 27.9‘ 30.2 | 46.7 ‘ 30.9 l 28.6
0 | i
After. pH s.ol 5.0 5.0 5.0’ 5.0 5.0 | s.o‘ 5.0
|
fermentation alcohol conc. % 0.33[ 0.28 0.39] 0.31 ] 0.33 ] 0.55 J 0.36 ‘ 0.34
[}
alcohol | % for sugar used 45.0, 43.8‘ 44.8[ 42.0' 41.2 | 44.3 ’ 36.6 I 44.7
ield % for total red. ‘
yi sugar 12.4 10.6' 14.7] 11.7112.4 | 23.7 | 11.3 | 12.8
Transfer No. 19th
Strain No. 11‘213 4 5‘6‘7 8
Initial reducing sugar % 2.65| 2,65 2.65 2.65| 2.65 | 2.65 | 2,65 | 2.65
L
reducing sugar % 1.47] 1.52 1.33 1.34| 1.36 | 1.38 | 1.48 | 1.45
sugar used - % 44.5| 42.6 49.8 49.5| 49.0 | 47.9 | 44.1 | 45.3
After pH 5.0/ 5.0l 5.0/ 5.0/ 5.0| 5.0| 5.0| 5.0
entati - N
fermentation alcohol conc. % 0.50 0.49| 0.57| 0.62| 0.60 | 0.60 | 0.52 | 0.53
alcohol ‘ % for sugar used | 42.4 43.3; 43.11'47.3| 46.1 | 47.2 | 44.5 | 44.1
yield % for total red. |
sugar 19.6] 19.2| 22.4| 24.3 | 23.6 23}.k’6 20.4 | 20.8




9th t 11th
EREN ~.5|617‘8‘1213‘4‘5|6‘[7‘8
2.65; 2.65) 2.65‘i 2.65 \ 2.65 ’ 2.65 ‘ 65 | 2.65 | 2.65) 2.654 2.65' 2.65 i 2.65 | 2.65 ’ 2.65 ‘ 2.65
1 !
0.90‘ o.79i 0.85‘ 0.78{ 0.96 i 0.91 \ 1.00 | 0. 80' 0. 78\ 0. 75‘ 0.80 ‘ 0.86 ‘ 0.83 | 1.20 i 1.08
|
66.0% 70.1 64.1} 7o.5| 63.7 ‘ 65.5 ‘ 64.1 | 62.1 69.7‘ 70.5} 71.7[ 69.7 ‘ 69.5 ’ 68.6 } 54.7 ‘ 59.2
5.oi 5.0/ 5.0 5.0{ 5.0| 5.0| 5.0 5.0 5.0‘ 5.o| 5.0‘ 5.0 | 5.0 [ 5.0| 5.0/ 5.0
. | .
0.81\ 0.83 0.81} 0.80| 0.79 | 0.71 | 0.76 | 0.73 | 0.8 o.791 0.84 o.8o~‘ 0.79' 0.80 ‘ 0.63 | 0.69
T [ | {
45.5} 44.6 -47.5‘ 42.7 | 46.6 | 40.7 | 44.6 | 44.0 47.011 42.2) 44.2} 43.2 i 44.1 | 4.0 ‘ 43.5 ] 47.5
‘ \ I | '
30.6| 31.3| 32.5) 30.8| 30.4 | 34.3 | 28.3 | 27.4 | 33.6 30.4‘ 31.7| 30.8 | 30.4 308 ’ 23.7 | 26.0
15 th ‘ 17 th
- T —
1‘2’3|4‘5 6!718‘1}2t3‘4‘5‘6}7‘8
2.65) 2.65] 2.65| 2.65 | 2.65 | 2.65 | 2.65 ’ 2.65 | 2. 65‘ 2.65 2.65] 2.65 ‘ 2.65 | 2.65 | 26.5 | 26.5
1.84 1.95 .68 1.74| 161 | 1.52 | 1.65 | 1 66| 1.67 164 1. 50‘ 1.53 \ 12| 1. 39| 1.57 ~ 159
30.6 26.4‘ 36.5’ 34 3| 39.3 l 12.6 | 37.7 1 37.3 | 38. 9] 38. ﬂ 43. 4] 2.2 ‘ 42.6 | 7.5 ] 40.7 1 40.0
5.150’50‘50150‘50‘50 5.0| 5.0 5.0\50 50‘50'50150‘50
0.36030|o41[o41lo47 054‘045J042 0.50045053’053’048i055‘048‘048
44.5428}423‘450‘451 457‘45.0‘42.5 485!44b‘460’473‘425|436 445‘453
i e
13.5 11.3] 15.5 15.5| 17.7 | 20.4 | 17.0 i 15.8 | 18.8 17.0‘ 20.0| 20.8 | 18.8 21.6! 18.8 | 18.8
_ v | | | |
Mean value
Notes
1 2 3 4 \ 5 i 6 ‘ 7 l 8 1 Initial reducing sugar—2.65
2 Initial pH—-5.2
2.65] 2.65| 2.65| 2.65| 2.65 | 2.65 | 2.65 | 2.65 3 pH after fermentation—all 5.0
4 Incubation time—4 hr Transfer No
0.84| 0.83] 0.85/ 0.83 | 0.87 | 0.85 | 1.02 | 0.91 1 No 4 and2%,hr No 5 No 19
1.71] 1.78| 1.57) 1.63{1.59 | 1.43 | 1.53 | 1.65 5 Inoculun size—2 wet Transfer
No 1 No 12 and1 wet No 13
88.3| 68.6 67.9] 68.6] 67.1 | 67.9 | 61.5 | 65.6 No 19
35.5| 32.8 36.7| 34.6| 36.0 | 41.5 | 34.6 | 34.0
5.0 5.0/ 5.0/ 5.0/ 5.0| 5.0 5.0| 5.0 Strain Nutber o
1 ._Saccharomyces cerevisiae Kokusaku 1
0.82 0.82| 0.81 0.80| 0.79 | 0.78 | 0.72 | 0.77 2 Kokusaku 2
0.45] 0.38 0.48 0.47 | 0.47 | 0.56 | 0.45 | 0.44 3 Kokusaku 3
| 4 Kokusaku 4
45.3| 45.0 45.0] 44.0 | 44.3 | 43.3 | 44.4 | 44.2 5 Molasses yeast No 39 Formosa
47.8 43.7) 4.4 46.0 | 44.3 | 45.8 | 44.0 | 44.0
6 ..No 6 New isolated Candida
31.0 31.0% 30.3| 30.2|29.8 | 29.4 | 27.2 | 29.1 7 ..No 30 Tokyo University
17.0 14.3 18.1) 17.8| 17.8 | 21.2 | 17.0 | 16.6 8 ..0C, Tokyo Universi
[ 2 ty




Table 9 Selection of yeast by Reuse method 2

Transfer No. l 3 5

NEE

i |
Strain No. ‘1’2‘3|415‘6,7}1 21 3
reducing sugar 1.210.931.410.89‘\0.94'0.9410.99 1.28‘0.781.240.810.801.200.99

conc. % . ‘ ‘ |
‘ \

sugar fermented |o, 5oy 946 4l65.6(64.5/64.562.7/51 .870.553.269.5*69.9 54.7/63.4
fermentation % \ ‘

After

pH 5.4] 5.4} 5.4 5.4] 5.4] 5.4 5.4‘ 5.4] 5.4| 5.4| 5.4/ 5.4; 5.4| 5.4

|

alcohol conc. g 4ol 74l0.58/0.790.820.740.800. 640.780.580.81/0.82{0. 60[0. 74

%
Alcohol based ‘ T -
ased ou Sugar |5, 43.0147.2/44.8/47.9/43.2/48.2/46.7[41.7/41.2/44. 1144.3/41.444.0
yield used % |
based on total |5, 557 951 929.831.0[27.9/31.0[24.2[29.5/21.932.8/32. 1122.6[27 .9
sugar % [
Transfer No. l 15 ‘ 19
Strain No. |1’2‘3‘4‘5‘6 7 1‘2 3‘4‘5 6| 7
; —— l i
reducing sugar | 456 g6/1.600.76/0.83|1.27/0.71/0.89(0.78/1.640.87|1.27|1.330.87
conc. %
After P tdr \
sugar fermented |55 567 6139.6/71.4/68.6/52.4/73.2/66.470.5/38.267.252.1/49.8/67 .2
fermentation % |
, = :
pH 5.4] 5.4/ 5.4 5.0/ 5.0/ 5.0 5.0/ 5.0/ 5.0 5.0 5.0/ 5.0 5.0 5.0
; I
alcohol CO“C% 0.67/0.8010.5000.79{0.82/0.62/0.85/0.71(0.85(0.470.84(0.61/0.29/0.23
Alcohol based ‘ \ v
ased on SUAL 45 gl44.6147.641.7/45.2/44.6/43.8/40.3(45.7|45.7|46.244.2|47 .0[41.0
yield used % | | i
based on total g 335 ol15.9/20.6(30.923.432.1/33.6/32.1/17.7:32.823.0[11.027.5
. sugar % ‘

Notes Initial reducing sugar concentration—2.65
Inoculum size—2.0  wet
Initial pH—all 6.0
Incubation time—2%/, bours

Strain number 1—Candida tropicalis
2—Saccharomyces cerevisiae K,
3—Torulopsis utilis
4—Saccharomyces cerevisiae K,
5—Wine yeast 0C,
6—Candida New isolated
7—NMolasses yeast No 396 Formosa



1‘23\4"67' 2}345‘6‘7 2[
v ‘ ‘ |
0. 771.040.731_.370.730.711.32?0.831.110 7311 0.80| 1.77| 1.27 0.96

1.04/0.90/1.27

3. 96‘0 73\1 16 :

l L
60.866.0[52.0/63. 8172 556. 3‘171 0161.372.5/48.372.5/73.3[50.2(68.1|57.772.5{48.3| 69.9| 71.0; 52.1| 63.7

5.6] 5.6| 5.6} 5. 6 5.6| 5.6/ 5.6/ 5.5| 5.5/ 5.5 5.5 5.4 5.4| 5.4| 5.4 5.4/ 5.4| 5.4 5.4 5.4/ 5.4

] \
|

0.69‘0.790.580 77\0 790.630.830.700.840.630.81‘0.88\0.610.840.710.860.63 0.83 0.86] 0.62| 0.80
I

42.845.2142.9|45 . 6l41.242.2|46.0{43 . 4143.5[48.842. 3|45. 3]45.7|46.2/46.044.7|49.2| 44.8 45.7| 44.9 47.8

26.029.821.829. 129.823.7|31.3]26.3/31.5/23.5/30.6]33.2(23.0[31.6{26..8/32.423. 8| 31.3| 32.4) 23.4] 31.0
| .

Table 10 Nutrients composition of mediums

Number of expts. Pre-treatment | Rice-bran. % | Ammonium sulphate | Ca-superphosphate
1 A 2.0 ! 1.0 0.5
2 A 2.0 1.0 : 1.0
3 A 2.0 0.5 0.25
4 A 2.0 1.0 2.0
5 B 2.0 1.0 0.5
6 B 2.0 1.0 1.0
7 B 2.0 0.5 0.25
Notes

Treatment A....pH 6.5 with Ca OH , boiled for 30 minutes and filtered
Adjusted to pH 5.3 with H,S0,

Treatment B....pH 8.5 with Ca OH , and filtered
Adjusted to pH 5.3 with H,S0,



Table 11 The effects of pre- treatments and nutrients

Trausfer No. 1 2
Experiment No. 142 3| 4| 5| 67| 1] 2|3 4 5| 6|7
‘[ , _
Inoculum size wet initial | 4.0| 4.0| 4.0| 4.0 4.0| 4.0| 4.0[3.85] 4.0| 4.0[3.85 4.0[3.85 4.0
/200 ml final  3.85 4.0 4.03.85 4.0[3.85 4.0 4.1| 4.5 4.2 4.2 4.2 4.2 4.5
|
initial 5.3 5.3/ 5.3| 5.3] 5.3 5.3| 5.83| 5.3; 5.3] 5.3 5.3| 5.3 5.3/ 5.3
pH
final 5.0/ 5.0 5.0] 5.0| 4.7| 4.7| 4.7| 4.6| 4.6] 4.6/ 4.6| 4.2| 4.2| 4.2
[
Initial reducing sugar % 2.482.482.482.482.292.292.292.482.482.482.482.29‘2.292.29
) ) \ ) |
3hrs |1.76]1.80(1.80/1.79|1.62/1.61{1.60[16.1{1.59|1.37,1.54/1.161.22|1.13
Residual reducing {
) Shrs |1.27]1.37|1.38/1.30|1. 15(1.14{1.08;1.03|1.12|1.01{11. 1]0.910.90[0.87
sugar % 1
8 hrs 0.840.840.870.910.890.89,0.820.830.830.830.770.82‘0.830.82
, | | |
| | | ‘
3 hrs ‘0.720.680.680.690.670»680.6930.8710.891.110.941.131.071.16
Sugar fermented g S5hrs |1.21[1.11]1.10[1.181. 14|1.15/1.21/1.45/1.36/1.47(1.37|1.38/1.39|1.42
8hrs |1.64|1.64]1.61|1.57|1.40[1.40|1.47(1.65|1.65|1.65|1.71|1.47|1.46|1.47
3 hrs 28.827.227.227.629.229.630.035.236.0{44.836.445.246.850.8
% of sugar fermented 5 hrs 48.744.844.447.649.850.452.858.654.8i59.255.260.460.862.0
8 hrs 66.066‘065.063.563.0i63.064.566.5_66.5‘66.569.064.063.764.3
| | | E | |
|
3 hrs — —0.24 — — —0.24 — —0.38] — -— —0.37
Concentration ’
5 hrs — —0.45 —| —| —0.47| — —0.61] — — —0.59
wt. %
8hrs (0.69/0.73/0.690.72/0.69/0.69|0.73/0.69/0.71(0.73[0.72/0.7310.73/0.71
Yield |
of 3 hrs — — 9.7 —| —| —10.3] —| ~—15.5] - — —’16.2
Based on total | | ‘ .
alcohol 5 hrs — —16.5 —| — —20.4 — -—24.6] — — —25.5
sugar % | |
8 hrs 27.929.427.8;29.030.2‘30.031.930.831.032.531.631.831.430.2
1] | ‘
i | I
| |
Based on sugar 42.244.4‘42.845.844.4‘44.449.742.043.144.2‘42.449.849.048.4
fermented % ; ‘ ‘




Re- use method

3 l 4 : ‘ 5

2 3| 4| 5| 6

1234567‘;1
|

4.1 4.5] 4.2 4.2 4.2, 4.2 4.51 3.8; 4.4/ 4.2 3.9| 4.0 4.0] 4.2 4.3 4.41' 4.7| 4.4) 4.5 4.3 4.4
\

3.8| 4.4/ 4.2 3.9 4.0| 4.0 4.2| 3.8 4.4| 4.2| 3.9 4.0 4.0 4.2/ 4.7 5.3‘ 4.2| 4.8] 4.7| 4.8 4.7

5.3 5.3 5.3 5.3 5.3 5.3| 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.3 5.1/ 5.1 5.1 5.1 5.3 5.3} 5.3

5.0, 5.0/ 5.0| 5.0 5.0 4.8| 4.8 5.0| 4.8) 4.8 4.8| 4.8) 4.6| 5.2/ 4.8| 4.7 4.8| 4.8 4.5 4.6 4.4

| |
2.48|2.4812.48/2.482.29(2.29(2.29(2.482.48/2.48/2.48|2.292.29|2.29|2.48|2.48[2.48| 2.48|'2.29| 2.29| 2.29

1.1211.29(1.29/1.22|1.17]1.22/1.26/1.50{1.35|1.35[1.34{1.26{1.17|1.26/1.15[1.08|1.18, 1.62 1.36/ 1.52| 1.50

0.84/0.84/0.86/0.93(0.87(0.94/0.92/0.81/0.910.900.900.93(0.89/0.90/0.87/0.87[0.88| 0.86] 0.91| 0.95/ 0.97
0.800.790.820.840.870.870.860.75‘

1.36(1.19|1.27{1.2611.12/1.07|1.03/0.98|1.13{1.13{1.14|1.03|1.12|1.03/1.33|1.40}1.30| 1.26| 1.12| 0.96| 0.98

0.750.720.730.78/0.77|0.78/0.82/0.81(0.81] 0.80] 0.83] 0.88] 0.86

1.64/1.64/1.62/1.551.42|1.35|1.37{1.67|1.57/1.58{1.58|1.46/1.46|1.39/1.61|1.61]1.60| 1.62| 1.38 1.34 1.32

1.701.711.721.691.481.481.461.781.731.761.751.511.521.5121.611.671.67 1.67{ 1.46 1;41 1.52

54.848.051.250.848.846.844.839.645.645.446.0‘45.248.24.4853.656.452.5 50.7| 49.0) 42.0) 42.7

66.066.0165.2/62.4/62.0/59.2/60.0/67.2/63.2!63.6/63.663.861.2/61.0/65.0/65.0/64.5 65.5 60.3| 58.5; 57.5

68.569.067.468.264.664.663.869.869.871.070.0:70.066.4‘66.067.067.067.3 67.2} 64.0| 63.0; 62.5

0.52 — — —0.49 — —0.48] — — — 0.54 —

| |
| | |
—0.76 — — —o.67] — »—'o.7zn - —o.es —10.71 — = —l0.64 —
! i
|

0.770.'770.810.79|O.730.730.690.78‘0.780.81‘0.770.70;0.7310.72‘0.740.790.78 0.77} 0.72} 0.72| 0.74

—21.3) — —20.9] — — — 22.6] —

|

N o

{ | ! )

—30.4| — —-«R —I{29.0 — —‘29.0' ——! - —29.6] — —i28.6] — —_— —{ 27.9 —

\ :

31.431.432.531.0!30.832.181.231.4 i ‘
|
|

31.4{32.5129.2(31.831.8{31.029.9(30.4(31.4| 31.4| 32.6] 32.2| 31.4

45.0/44.9/46.8/46.4/49.0/48.2\47 .3/45.2/45.2/45.8/44.0/46.6/48.2/47 . 7/44.6|45.2|46.8] 46.0| 49.4] 49.9; 48.3




Transfer No. 6 7
| |
Experiment No. 1y 2 3| 4| 5| 6| 7 1| 2] 3| 4/ 5| 6| 7
) P ‘ :
Inoculum size wet initial 4.7| 5.3| 4.2 4.8| 4.7| 4.8 4.7| 4.9| 5.6| 5.0| 4.7| 5.2| 4.9 5.2
£/200 ml final 4.9| 5.6/ 5.0, 4.7| 5.2| 4.9 5.2 4.7| 5.3| 5.0| 5.3| 5.4 4.9 5.4
initial 5.2 5.2| 5.21 5.2} 5.3/ 5.3] 5.3| 5.2| 5.2| 5.2| 5.2] 5.2] 5.2/ 5.2
pH
final 5.0/ 5.0 5.0/ 5.0 4.6 4.6] 4.6| 4.8| 4.8| 5.0| 4.8} 4.8] 4.6] 4.8
Iinitial reducing sugar % 2.482.482.482.48}2.392.3912.392.482.482.482.482.392.362.39
3hrs |1:45/1.35/1.42/1.41{1.36/1.31|1.38|1.36[1.17|1.34!1.21{1.31[1.33|1.38
Residual reducing
Shrs (0.930.91/0.94/1.02/1.03|1.00/1:01(0.87/0.82/0.82/0.86/0.91:0.92/0.73
sugar %
8 hrs O.790.820'.820.820.89‘0.880.820.810.750.770.750.810.840.81
|
} 3hrs |1.04{1:13/1.06]1.07|1.93]1.08/1.01{1.12/1.31|1.14/1.21|1.08|1.06/1.01
|
Sugar fermented g | Shrs |[1.55/1.58|1.54(1,45/1.36[1.39(1.38/1.61|1.66|1.62|1.62/1.48|1.47|1.46
‘ 8hrs |1.69|1.66/1.66[1.66{1.50/1.52/1.57|1.67(1.73[1.71{1.73/1.58/1.55!1.58
|
3 hrs 4Z.O45.542.7‘43.243.243.042.442.045.542.743.243.245.042.4
% of sugar fermented S5hrs [62.5/63.7162.259.057.058.2/57.7 62.563.762.259.057.0|58.257.Z
8 hrs 68.067.067.067.063.063.565.568.067.067.067.063.OI63.565.5
- L | |
2 i
3hrs | —0.40 — — »—!O>38 . —0.65 — — —!0.50 —
Concentration | ! ' |
Shrs | —0.70 — — ~—0.63 —| —0.77| — — —0.71 —
wt. % } |
8 hrs 0.770.720.740.7410.720.720.700.850.810.790.790.72!0.730.78
Yield 1 I
| ; |
of 3hrs | —16.2 — — —15.8) — —26.2 b —20.9 —
Based on total ; | ‘ !
alcohol 5 hrs —28.2 — — —26.4 — —31.00 — — —29.7] —
sugar % | I
8hrs [31.029.0,30.4(30.0;30.3/30.1129.1|32.8/32.531.5[31.5!31.930.5|32.5
| |
1 i i
Based on sugar ! | |
fermented % 45.543.444.744.7}48.247.4‘44.4548.946.645.645.645.947.149.2

Notes The experiment numbers are explained in Table 10
Sacch cerevisiae K, was used

Inocullum size...... 2

Fermentation period. .

wet




4.7| 5.8/ 5.0 5.2| 5.4 4.9| 5.4 5.2 5.9| 5.5/ 5.9| 5.9 5.7| 5.8| 5.7| 5.3/ 5.0/ 5.3 5.4 4.9 5.4

5.2/ 5.9/ 5.5 5.9 5.9/ 5.7| 5.8 5.4] 6.2 5.8] 5.9 6.3 6.2{ 5.9 5.7] 6.6| 6.3] 6.2 6.9 7.3 6.5

5.3 5.3/ 5.3/ 5.3 5.3/ 5.3 5.3/ 5.3| 5.3| 5.3/ 5.3/ 5.3 5.3/ 5.3| 5.3 5.3/ 5.3] 5.3} 5.3 5.3 5.3

5.0, 5.0 4.8| 4.8 4.8| 4.8) 4.8 4.6| 4.8 4.5 4.7) 4.6| 4.4] 4.6| 4.6/ 4.6 4.5 4.6 4.4 4.4 4.4

|
2.482.482.48|2.482.39|2.392.39(2. 48{2. 482.482.48(2.39|2.392.3912. 482.48|2.48, 2.48| 2.39| 2.39| 2.39

1.1201.24]1.34/1.25]1.25|1.28|1.17|1.22]1.68|1.18|1.14{1.10/1.09|1.19(1.23]1.21j1.25] 1.13| 1.22] 1.25 1.22

0.830.81/0.83|0.7610.85/0.89/0.86/0.92/0.83|0.87|0.91:0.88/0.880.92/0.90{0.87|0.90| 0.88 0.95| 0.94] 0.92

‘ |
0.780.780.770.810.820.780.810.820.810.780.870.8810.85:0.850.820.810.83 0.84| 0.87| 0.87| 0.87
|

‘1.36|1.24{1.14]1.23/1.14/1.11(1.22/1,26/1.40/1.30|1.34/1.29 1.30{1.20(1.25{1.27/1.23| 1.35 1.17} 1.14 1.17

1.65/1.67|1.65|1.72/1.54/1.50]1.53/1.50/1.55/1.61}1.57|1.51 1.51|1,47|1.58/1.61|1.58 1.60| 1.44] 1.45 1.47

|

1.701.701.711.671.571.601.581.661.671.701.611.51‘1.541.541.661.671.65 1.65] 1.52) 1.52] 1.52

1
34.850.046.049.647.746.551.150.851.552.454.154.0}54.4‘

1
66.5/67.3/66.569.3164.5/62.764.0[62.7166.564.8/63.363.1163.1/61.5/63.7(64.8/63.7| 64.4| 60.5 60.7| 61.3

68.668.669.067.465.767.066.167.067.365.764.863.1364.264.5!67.067.366.5 66.5 63.7| 63.7) 63.7

—0.58 —| — —0.55 — -—0.62| — -— -—0.58 — —0.48) — — — 0.50; —

50.3/50.3[56.3|49.7| 54.5| 49.0| 47.8 49.0

—l0.78] — — —0.73] — —0.74 — — —0.69] — —0.69] — — — 065 —

0.84/0.85/0.85(0.82/0.77(0.79,0.79/0.74 0.820.73] 0.79| 0.74] 0.72{ 0.74

0.77O.850.79IO.750.750.750.78

|
—23.4 —| — —23.0] — -—25.0 ——! — —24.3 — —19.4 — — —20.9 —

—|31.5 — — —30.5 — —~‘29.9 — = —28.9 — —27.8 — — @ —27.9 —
\

33.634.234.232.932.232.832.832.0“31.034.0“32.831.931.521.431.233.030.4 31.8] 31.1| 30.3| 30.1
i | | I

|
49.4]49.8/49.548.849.0/49.0/49.6(47.9 46.1/50.0/48.8|49.6/48.8|48.6/46.7(49.0/44.2| 47.8) 48.8| 47.6| 48.6

| |
| | _




Table 12 Analysis of SWL

Oji Paper Mg. Co.

Kokusaku Pulp Mg.

Toyo Spinning

’ Fuji Co. Asahigawa Co. Inuyama
Specific gravity | 1.054 1.128 1.153
Total solid g/l 111.92 134.95 166.97
Ash g/l 16.526 24.97 21.06
Total SO: g/l \ 2.380 5.414 3.413
Free SO: g/l ‘ 0.240 0.716 0.263
Reducing sugar g/100 cc 2.31 2.36 3.23
Lignin 65.80 73.45 82.65
Table 13 Effect of pre- treatments—1
Fermentation N Treatment
hrs A ‘ B ' c
0 Initial sugar 2.316 l 2.445 I 3.332
5 Resid. sugar % 1.482 1.727 2.366
Sugar used % 36.10 29.30 29.91
0 Resid. sugar % 1.262 1.372 2.289
Sugar used % 45.20 43.90 39.40
: - _ [

15 Resid. sugar % 1.063 0.972 1.908
Sugar used % 54.40 60.30 42.80
20 Resid. sugar % 1.007 0.948 1.836
’ Sugar used % ) 56.60 61.20 45.10

Notes Treatment A....2 wt

of conc H,S0,added steam stripped for one hour

neutralized with CaC0; and filtered

Treatment B....A was added with Ca OH , to pH 10 and after filtration

was adjusted to pH 5.6 by H,S0,
Treatment C....pH was adjusted to 5.6 with CaCO; and filtered

Yeast No 6 was used

it



Table 14 Effect of treatments—2

Sugar

Alcohol | Alc. for

Alc. for

Fer- Resid. Sugar
iesae?it ggﬁ:’ ment. sugar used used produc. total sugar pH
. hrs. wt. % wt. % % wt. % | sugar % | used %
0 2.833 0 0 0 } 0 0 5.2
A’ 10 1.836 0.777 35.20
20 1.364 1.469 51.90 0.65 22.95 44.20 - 4.2
0 3.216 0 0 0 ‘ 0 0 5.2
No. 6 c’ 10 1.880 1.336 41.60 ‘
20 1.684 1.532 47.70 0.635 19.75 41.30 4.4
0 1.622 0 0 0 0 0 5.4
D’ 10 0.970 0.652 39.60
20 | 0.850 0.772 47.60 0.33 20.35 42.75 4.6
I
0 2.833 0 0 0 0 0 5.2
A 10 1.630 1.203 42.60
20 1.395 1.438 50.80 0.619 21.83 39.40 4.2
0 3.216 0 0 0 0 0 5.2
Taiwan| ¢’ 10 1.836 1.380 42.80
20 1.684 1.532 47.70 0.603 18.75 39.40 4.4
0 1.622 0 0 0 0 0 5.4
D’ 10 0.955 0.667 41.10
20 0.910 0.712 43.80 0.265 18.30 39.23 4.6
Notes Treatment A Instead of CaC0; in treatment A Ca OH , was used
Treatment C Ca OH ,was used for neutralizing agent
Treatment DY Same volume of water was added to C'
Table 15 Rice- bran Test
Yeast No. 6
Fer- Yeast No. 6 (50 hrs storage) (72 hrs storage)
rrtlgnta- Rice-bran added, % Rice-bran added %
0on B 0
period 0.5 | 1.0 , 1.2 ‘ 1.4 ] 1.6 ‘ 2.5 ‘ 5.0 ‘ 7.5 1.0 ‘ 2.5 ’ 5.0 7.5
(hrs.) Initial sugar % 3.0683.130;2.999‘2.969‘8.064'8.0813.2193.187 3.1781 3.176} 3.174| 3.174
5 Residual sugar % 2.5912.5912.464’2.3452.5062.4392.50012.377 2.724| 2.595| 2.560) 2.490
Sugar used % 115.50[17.23 17.71l17.81 18.2020.8322.19?25.38 14.32] 18.27| 19.34| 22.80
10 Residual sugar % (2. 191{2.229[2.140[2. 160[2. 177|2.057|2. 132|2.108| 2.205| 2.135| 2.106| 2.016
Sugar used % 28.5528.6228.65J28.7629.5033.2935.5138.87 27.06| 32.83| 33.64| 36.53
|
20 Residual sugar % [1.564|1.571|1.479/1.479|1.382/1.499(1.526|1.496] 1.818| 1.649| 1.635| 1.712
Sugar used % [50.15/50.20/50.20(50.40/54.60/52.90/52.90/53. 10| 42.83| 48.15 48.49| 46.15

Notes SWL of Oji Paper Mg Co was used 0.5 of NH, S0, and 0.2 of KH,PO,

were used



Table

16 Urea test

Urea added, %

Fermenta-
tion period 0.1 { 0.2 0.5 1.0
(hrs) Initial sugar % 3.155 1 3.19 | 3.170 3.170
i
Residual sugar % 2.580 2.660 2.468 2.418
5
Sugar used % 18.21 16.77 22.13 22.20
Residual sugar % 1.982 2.071 1.765 1.848
10
Sugar used % 37 27 34.55 44,30 41.80
Residual sugar % 1.486 1.592 1.366 1.428
20
Sugar used % 52.88 51 83 56.84 55.18
Table 17 Super- phosphate test
. » o *
Fermenta- Ca-super P}?géphate %
tion period 0.01 0.05 ‘ 0.10 0.20
(hrs) Initial sugar % 3.107 3.107 ‘ 3.106 3 009
Residual sugar % 2.516 2.581 2.484 2.417
5
Sugar used % 18.99 16.68 20.00 22.00
Residual sugar % 2.067 1.072 1.981 1.976
10
) Sugar used % 33.53 33.43 36.23 36.29
Residual sugar % 1.588 1.686 | 1.628 1.540
20
Sugar used % 48.85 45.76 47 .60 50.30
5

Calculated as KH,PO,



Table 18 The effect of inoculum size

|
Yeast |Inoculum Fte;:argf:- Residual | Sugar Alcohol | Alcohol Alcohol
size time pH sugar used produced | Total sugar | Sugar used
used % hrs. % % % % %
5.6 2.594 | 0 0 ] 0
’ 5 2.001 22.87
1 10 1.561 38.70
15 1.392 46.40 0.52 20.01 43.25
20 4.4 1.348 48.02 0.58 22.35 46.30
0 2.594 0 ¢} 0 0
5 1.683 35.15
No.6 10 1.245 52.01
15 1.187 54.25 0.60 23 10 42.60
20- 1.102 57.65 0.62 23.90 41.60
¢} 2.594 0 0 0 6}
5 1.350 48,05 |
5 10 1.016 60.81
15 0.998 62.28 0.74 28.50 45.75
20 0.882 65.95 0.79 30.40 46.20
0] 5.6 2.782 0 0 0 0
5 2.172 21.92
1 10 1.720 38.20
15 1.470 47.10 0.63 22,60 47.9Q4
20 4.4 1.407 49,47 0.58 20.90 42.00
5.6 | 2.783 0 0 0 0
] 1.822 34.50
Taiwan 2 10 1.487 46.50
15 1.404 49.50 0.68 24.41 49.30
20 ‘ 4.4 1.349 51.60 0.60 21.60 41.90
5.6 2.783 0 0 0 0
1.498 46.15
5 10 1.497 52.00
15 1.330 52.15 0.76 27.30 52.25
20 4.4 1.305 53.10 0.63 22.70 42.60




Table 1 Selection of nutrients

Experiment Initial sugar Residual sugar Consumed sugar Wet yeast*
No. g/100 cc g/100 cc % /100 cc
2.27 1.800 20.43
! 2.27 1.990 12.20 0.955
2.27 0.341 62.17
2 2.27 1.045 53.47 2.290
*
2.38 0.608 75.00
3 2.38 0.654 75.70 2.290
2.68 0.657 75.74
*¥,
4 2.68 0.646 75.12 2.180
2.335 0.629 73.06
5 2.335 0.729 68.80 2.045
2.335 0.531 77.24
6 2.335. 0.516 | 77.90 2.280
2.335 0.516 72.90
7 2.335 0.523 77.42 2.385
2.335 0.420 81.41
8 2.335 0.448 80.81 2.410
...-Moisture content....75.8
....Perfect pre- treatment
Note Nutrients  for sugar
. Ca-super-phosphate
Exp. (NH)2SO4 Urea Rice-bran | KsHPO4 (as K2HPO) KC1
No. 1 0 7 0.15 0 0 0
No. 2 0 7 0 0 3 0
No. 3 0 7 0.15 0 3 0
No. 4 0 7 0.15 0 0 0
No. 5 0 7 0.15 2 0 0
No. 6 7 j 0 0.15 2 0 0
No. 7 7 i 0 0.15 0 .2 0
No. 8 7 ? 0.15 2 1




Table 2 Ammonium sulphate test

Fermentation period D
ry
i- D
Experi 6 hrs 24 hrs 30 hrs 48 hrs Wet v zr:east
ment S S —| yeast | yeast su‘x)irlléd
No. Residual] Sugar |Residual| Sugar [Residual| Sugar |Residuall Sugar sugar
sugar | used | sugar | used | sugar | used | sugar | used /100cc | g/100cc
g/100cc| % | g/l00cc| % | g/100cc| % g/lOOcc“ 9% |8 g %
1 2.595 9.33 1.053 63.3 0.659 |» 77.0 0.607 | 79.0 4,900 ' 1.171 51.9 |
2 2.626 8.25 1.076 62.5 0.652 77.3 0.607 | 79.0 4,735 1.132 50.1
3 2636 7.90 1.113 61.2 0.695 75.6 0.591 | 79.5 4.446 1.062 46.7.
4 2.657 7.72 1.438 49.5 1.067 62.7 0.634 | 77.8 3.970 | 0.949 41.5
i
5 2.681 6.32 1.896 33.7 1.666 41.8 1.190 | 58.25 3.051 ; 0.699 40.5
Notes Initial sugar....2.8629/100cc
0.065 of rice- bran was used
Experiment NH, ,S0, Ca- Super- phosphate
No for sugar for sugar
1 12 10
2 10 10
3 8 10
4 6 10
5 4 10
Table 3 Super- phosphate test
Experiment Fermentation period.
No. 19 hrs 27 hrs 46 hrs
Residual Residual Residual
sugar Sugar used sugar Sugar used sugar Sugar used
g/100 cc % g/100 cc % g/100 cc %
1 1.775 40.3 0.904 69.8 0.626 78.9
2 1.560 47.5 0.896 70.0 0.635 78.5
3 1.837 38.3 1.366 54.2 0.646 76.5
4 2.170. 27.1 1.676 43.7 0.648 76.0
5 2.409 19.0 2.176 26.9 1.031 65.5
Notes Initial sugar....2.974g/100cc
0.065 of rice- bran was used
Experiment NH, ,S0, Ca- super- phosphate
No for sugar for sugar
8 10
2 8 8
3 8 6
4 8 4
5 8 2



Table 4

Results of Every Series

Series No 1
S ‘ ‘ - — -
1 Feed tank ! Aerobic fermentor Reserve tank
1 T T Air Emulsion g | g
i ) @ . . o | O
Tme 4| g &) & T ‘ mEREREE
. £ . ; = Q
g 8 8 8 8 = g & é Q 8 Sb g 88 Sgl) R
= [pPH| 8| o : g (S| 8 38| 8 Sp. |8 =2 =]
g= £ 3 o o S| 8 Il 83X 18518 =
e 8 o = I b | e = -~ by oo o B0 el [=]
R > — 8| 2| Gr. | © 5 1) x| >
h °C 147} o %Obﬂ 8 El : 2 '8 wn ™
T Ifhr| I | °C |” |°C R 8 Ifhr 1
-0 | 28°0| 5.6] 2.61 0 ol 27 18 | 30 4.7, 0.96] 4.55| 0.43| 2.33/(0.911)|(4 71) 0 0
1 — — —I 3.24| 3.24] — 18 | 30 — — — — — — — |2.82| 2.82
2 — - — 3.18] 6.42) 28.3] 18 | 30 4.7 —_ — — — —_ — 13.25| 6.07
3 —_— — — 3.18] 9.60 30.5/ 18 | 30 — — — — — — — [3.39] 9.46
4 — —] — 3.16/12.76| 31 19 | 29 4.7 — — — —_ — [2.90(12.36
5 128.0 5.6 2.61] 3.17/15.93| 31.5| 18 | 30 | —| 0.73| 4.66] 0.46| 2.18|(0.825)|(4.97)(3.34[15.70
6 — — —| 3.18/19.11] 32 18 | — 4.7 — —_ —_ — —_ — 13.28/18.98
7 —_— — -— 3.15(22.26] 36 18 | 28.5| — —_ —] — — — — 13.00|21.98
8 — — —| 3.12|25.38| 33.5/ 18 | 30 —] — — 0.45| 2.22 —_ — |3.09125.08
9 — — —| 3.15[28.53] — 18 | 31 4.7 —_ — —| — —_ — 12.95/28.03
10 | 31.0] 5.6] 2.61| 3.1531.68] 33.0} 18 | 30 4.7 0.71] 5.05| 0.46] 2.18| 0.815 | 4.84 |3.34(31.37
Ave- 28~ | o ol 5 61l 3.17131.6812772.| 13 | 30 | 4.7/0.815 4.75| 0.45] 2.22| 0.815 | 4.84 |3.1431.37
rage 30 36
Results
Yeast yield Average
? 1 ;
. noculum | Residual
Wet Dry yeast Air size sugar
Total Total ‘ Based on Based on Per kil of | m3 for kg
yeast yeast | total sugar | sugar used S.W.L. dry yeast
J
1.440 kg 0.346 kg ‘ 41.9% 60.6% 1 18 kg ‘ 31.2 m3 4.75% 0.815%
Sugar balance ‘ Analysis of yeast
Total Rate of ! )
Tota}; sggar‘ residual Sug:lilrs ed sz:;e 1?sfe d residual | Moisture Crl:gfein C;:}(lie
ee sugar g sugar ‘ p
0.825kg | 0.255kg | 0.570kg } 69.0% 31.0% i 75.96% ! 52.3% ‘ 4.59%

Note NH,0H used for neutralization



Series No 2

R . S ——
Feed tank Aerobic fermentor i Reserve Tank
o o Air Emulsion = e
. . 9 Q 3] [3]
Time| g g |8 [ & i 7 . 5 g g g
E S ol w Yy . =] . 3 | S i -B ] ol & u
© o o & | & QS o4 4y
e |pH| S o | o | E £ 5 $8 §E‘u'5p- §o108128 ° e
g2 813 & T & |em 2852 72858 85 s <
m?ﬂ 21 > L2 82 ‘ <] o0 | © 3] =
=) . g 8! Gr. 09| 3 > 24
hr. | °C n 3 Hoil O ob R
: l/hr | 1 °C | = | °C @a I J&“ l/hr | 1
0 28 | 5.6 | 2.68 0 0! 30 18 28 | 4.7 | 0.98 4.78} 0.46| 2.17 — —| — 0
1 28 | 5.6 — 3.12] 3.12/ 30 18 28 1 4.7 — — 0.44| 2.27 — — 2.80| 2.80
2 29 1 5.6 — 3.05| 6.17] 31 18 29 | 4.7 | 2.91| 4.57 — — — — — —
3 29| 5.6 —1 3.09| 9.26| 32 18 30 | 4.7 — — 0.43} 2.33 — —| 5.78| 8.58
4 30 | 5.6 — 3.12/12.38| 33 18 29 | 4.7 — — 0.43| 2.33 —_— — —i11.46
5 30 | 5.6 — 3.12|15.50] 33.5{ 18 29 | 4.7 —_ — 0.46] 2.17 — — 3.15/14.61
6 30 | 5.6 — 3.12/18.62| 34 18 29 | 4.7 — —| 0.46| 2.17 —_ — 2.80[17.41
7 30 | 5.6 —| 3.2421.86| 34 18 31| 4.7 —_— — 0.45] 2.22 — — 3.6521.06
8 30 | 5.6 | 2.68] 3.1625.02| 33 18 29 | 4.8 | 1.10] 4.00| 0.46{ 2.17| 0.96] 4.09| 3.3024.36
Ave 128~ 5.6 | 2.68 3.1325.02°07 | 18 8~ | 4.5 | 0.97] 4.3 0.45 2.22] 0.96) 4.00 2.7124.36
rage 30 34‘ | 81 i
Results
Yeast yield Average
. Inoculum | Residual
Wet Dry yeast Air size sugar
Total Total Based on Based on | Per ki of | m3 for kg
yeast yeast | total.sugar | sugar used S.W.L. dry yeast (0.96)
0.88 kg 0.173 kg J 29.0% 40.19% 11.5% 49.8 m3 4.39% 0.97%,
Sugar balance ‘ Analysis of yeast
Total Rate of
Total sugar . Sugar Rate of N . Crude Crude
residual residual Moisture .
feed sugar used | sugar used sugar ” protein ash
| R [
0.670 kg O,238kg 0.432kg J 64.8%, 35.2%; ‘ 80.34%; } 47.2% ’ 9.05%,




Series No 3

Feed tank

Aerobic fermentor | Reserve Tank
‘ o | Air Emulsion g | g
. 1) ] | ) 3}
Time g ¢ & & i R ENEEEEE-
& Solew | w : = 5 J '3 Sal 8
5y S8 ? o | & ‘ [ & | 2 8 Sl 8 Jo - 4y
o8l o B OETE B8 Bmise 5,050 % |8
=l s |0 & & |pH | 3 .8 w82 8% 8 | ©
S K| e . s | 2% Gr. Oo[soo IS
hr. | °C & 3.l B g®eriae §7 5
: / l/hr| [ °C | » | °C | ‘w b § | ; l/hr. | ]
| |
0 28 1 5.2 | 4.69 O‘ 0] 27 18 30 | 5.1 ! 1.54| 5.64] 0.47| 2.13 — — 0 0
1 28 | 5.2 —| 3.12| 3.12| 27 18 30 4?\5’ — — — — — — 3.10 3.10
2| 28 /5.2 —3.006.1227.5 18| 302 - — — — — —3.907.00
‘ .
3 29 1 5.2 —| 3.06{ 9.18| 28 17 31 ng — — 0.48 2.08 — — 2.80| 9.80
40 — 5.2 —fs06iz.24 — |i7.5 31 Pl o - ]
5 29 | 5.2 | 4.69| 3.15/15.39| 29 18 30 Sé’; 15.3| 7.08| 0.45| 2.22 —| — 5.44[15.24
6 291 5.2 — 3.06|18.45| 30 18 31 Sé«-; -— —| 0.47| 2.13 — — 3.38/18.62
-7 30 | 5.2 —| 3.0021.45| 30 18 31 Séfg — —| 0.46| 2.18 — —| 2.95121.57
8 30| 5.2 — — — 30 18 31 Sé’\g — — 0.43| 2.33 — —| 3.78|25.35
9 30 | 5.2 —| 6.1427.59| 30 18 30 sé’\; —_ — 0.45| 2.22 —_ — 3.22128.57°
10 30 | 5.2 | 4.69| 3.2130.80, 30 18 29 4?\5} 1.31| 7.51} 0.43| 2.33| 1.29| 7.16| 3.00131.57
Ave- |28~ 27 ~ 3l~ |4.7~
rage, 30 5.2 | 4.69] 3.08/30.80 30\18 29 5_5; 1.46) 6.74] 0.46| 2.18| 1.29] 7.16| 3.16|31.57
Results
Yeast yield Average
. Inoculum | Residual
Wet Dry yeast Air size sugar
Total Total Based on Based on | Per ki of | m3 for kg
yeast yeast | total sugar ‘ sugar used S.W.L. dry yeast (1.29)
2.323kg | 0.581kg [ 39.59%, ’ 58.9% | 20.3kg I 18.6 m3 6.74% 1.46%
Sugar balance ‘ Analysis of Yeast
Total ‘ | Rate of
Total sugar : Sugar Rate of s r . Crude Crude
i residual residual Moisture ) o
feed sugar used |sugar used ‘ sugar | protein ash
1.445kg | 0.393kg 1.052kg | 73.0% 27.0%. 75.03% 45.59, | 11.299
| !




Series No 4

\ Feed tank Aerobic fermentor Reserve tank
o | Air Emulsion g | 4
. . v L _ 3 O
Time| g g | & & , s g 2
5 . =} . 5 s = 2o
5 §8/s % 4|58 g, 5 B8 8% % =
& |PH | ySl g | 5§ g 88188 S, (85| S| LS| g
Swls |2 & & |[PH | w28 9= Sl gwm | 5| °
3 [ ‘ s S § a| Gr. | ¢ 8 2 = &>
° o +
hr. | %€ yhr| 1 [ec B ec | |d | 5 jbr| 1
0 30 | 5.2 | 4.21] 6.00 0| z6 |17.5 29 5.5 | 1.88 7.26] 0.51| ..96|(1.87)|(8.06) 0 0
1 30 | 5.2 —| 6.00] 6.00{ 26 [18.0] 30.5 4.8 — — 0.49] 2.04 _ — 15.70| 5.70
2 30 | 5.2 —| 6.00/12 00| 27 {17.5] 29.5| 4.8 - — — —_ _— — 16.18]11.88
3 30 | 5.2 | 3.91| 5.15/17.15] 27 {18.0| 28 4.8 — — 0 48) 2 08 — — 15.00/16.88
4 30 | 5.0 | 3.83] 6.0023.15| 28 [17.5 31 4.7 —_ — —] — — —-  15.60]22.48
5 31| 4.8 | 3.80| 5.40[28 55 29 {18.0] 30 4.7 | 1.98 6.56| 0.47| 2.13 —_ —  15.50{27.98
6 31| 4.8 | 3.80| 4.10[32.65 30 |18.0] 30 4.7 | 2.00; 5.86 — —| 1.606| 7.48 |4.90/32.88
7 = = - = A= A== = — = A = = - —
g | —| =] o o =] A= = A = — —~ =] = — 1
Ave- |30~ (5.2~ | |26~ 29~ (4.8~
rage 31 4.8 3.91| 5.4432.65 3017 8 31 4.7‘ 1.93| 6.06| 0.49, 2.04| 1.606, 7 48 |5.48|32.88
Results
Yeast yield Average
4 I
{ . Inoculum | Residual
Wet Dry yeast ‘ Air size stgar
Total Total l Based on Based on | Per kI of | m3 for kg
yeast yeast ‘ total sugar | sugar used S.W.L. dry yeast
1.575kg | 0.354kg | 28.9% | 49.2% 12.5kg ’ 20.0m? | 6.06% | 1.93%
Sugar balance ‘ Analysis of yeast
Total sugar rergiocﬁzlal Sugar Rate of rIe{:;cgu(;jlf Moisture Crude Crude
feed sugar used | sugar used sugar iy protein ash
1.278kg | 0.528kg | 0.750kg | 58.7% | 41.3% ‘ 76.55% ) 44.6% ] —




Series No 5

Feed tank Aerobic fermentor Reserve tank
_ : ‘ _
kel 3 Air ‘ Emulsion | < K=
. @ | B [5)
Time g, . & S T ; N g S 2 2
g FIEHE NN N 2 8882 %
& pH | 8|e - (£ |E E 18888 sp 55| .8 285 S
=8 |3 & |~ |& |pH| 8 .2 w5 5 8wy |3
YW & | > . 8= 8% Gr. oo | 2% 8 | & | >
hr. | °C n 3 ‘ Wl G 88 g (™
. lhr! 1 °C | = | °C ‘ e } & Ihr| 1
i
\
0 28.8| 5.2 | 3.70] 3.3 —‘ 23 18.5| 29.0| 4.6| 1.09| 4.57| 0.39; 2.56 —-J — 0 0
1 — = = — S [ - 4 A - B
2 29.0| 5.2 | 3.73) — — 26 17.8| 29.0| 4.4| 1.22| 4.36] 0.39| 2.56 — - | 2.47| 4.94
3. — — — S JEES U U U (OO NN BN [ S - =
4 29.2] 5.2 | 3.70| 3.8 — 27 18.0} 29.0| 4.1{ 1.35] 3.86] 0.39] 2.56 —-] ~ | 3.20]11.34
5 — — | — e N I U U N (U [ [ R | =
6 z9.0| 5.2 —| 4.0 — 29 18.0, 30.0{ 4.4 2.13} 3.50; 0.37| 2.70 —t — | 3.30|17.94
7 —_ — | — | — U N U I N N (N I R P
8 29.9 5.2 | 3.71| 4.3 | 27.4] 28.5] 18.2| 29.5| 4.4| 1.52| 3.17| 0.39] 2.56| 1.30| -— | 4.38|26.54
Ave- 28.8 23~
rage| ~80 5.2 | 3.71| 3.43| 27.4 29 18.1 29.0| 4.4| 1.48| 3.87| 0.39; 2.56] 1.30] — | 3.32|26.54
Results
Yeast yield Average
. Inoculum | Residual
Wet Dry yeast Air size sugar
Total Total Based on Based on ‘ Per kI of | m3 for kg
yeast yeast | total sugar | sugar used ‘ S.W.L. dry yeast
1.200kg | 0.333kg | 32.9% . 54.49 ‘ 15.9 kg 23.1m3 3.87% | 3.871%
Sugar balance Analysis of yeast
Total Rate of
Total sugar . Sugar Rate of . . Crude Crude
residual residual Moisture p
feed engar used | sugar used‘ sugar ‘ protein ash
1.018kg | 0.406kg | 0.612kg | 60.1% | 39.9% { 72.42% ‘ 44,4995 | 25.949




Series No 6

i Feed tank ‘ Aerobic fermentor Reserve tank
‘ ,
. \ ' § g Air Emulsion ’ § _§
ime g, 5 g 18 e - S g a2 | @
5 S5% v s £ s gl T 838y % 5
: 3]
& |pH g% 8 | g £ g 88 S&Sp. | § g *&8 ug Q ©
9% 8 |° & |~ & |PH .S .2 w2 e d%l s | B
= Mo > . ‘m\‘w\%Gn °© 5 o) 0 ® | >
hr. | °C Z 3 wen| g o L2 1a M
r. tar| 1 cc |2 | ec lw > ki Ihr| 1
¢} 25.7) 5.4 | 3.81 0 0| 23.0] 18.0| 30.0 4.6! 1.35} 5.07{ 0.36| 0.78 — —_ 0| 0
]
1 —54 - —| = — - — = — — — — — —{4.034.03
|
2 25.2| 5.4 | 3.80 4.0 | 8.05 22.6/ 18.5] 29.2 4.6: 1.36] 5.00| 0.40, 2.50 — — —| 8.06
3 — = - = = = - = = = = = = —]3.87|11.94
4 25.00 5.2 | 3.81| 4.0 [15.85| 23.2| 18.5] 29.8| 4.6/ 1.39| 4.48 0.41| 2.44 — —4 3.85/15.79
. |
5 —) = = 4 - - - = =~ — — — —3.7119.50
6 25.6| 5.2 | 3.81| 4.0 [23.90| 23.5| 18.0] 30.0| 4.6] 1.43| 4.38| 0.41| 2.44 — — 3.95|23.45
7 — — 1359 — | o = = = = 4 =
8 25.8/ 5.1 | 3.67| 4.0 |31.95| 24.2| 18.0] 29.2) 4.6 1.51| 4.37| 0.41| 2.44| 1.41| 4.97| 3.86(31.17
Ave- 25~ 5.4~ 23~ 29~
rage 26/ 5.1 3.79| 3.98{31.95 24 18.2 80 4.6/ 1.41| 4.72f 0.40] 2.50| 1.41] 4.97| 3.90[31.17
Results
Yeast yield Average
Inoculum | Residual
- Wet Dry yeast Ar size | sugar
Total Total Based on Based on ‘ Per kI of | m3 for kg -
yeast yeast | total sugar | sugar used | S.W.L. dry yeast (1.41)
1.755kg | 0.500kg | 41.5% 65.4% ‘ 197kg | 18.3mP | 4.72% | 1.41%
Sugar balance ‘ Analysis of Yeast
Total Rate of
Total sugar : Sugar Rate of ] . Crude Crude
residual | residual Moisture p
feed sugar used | sugar used J‘ augar protein ash
1.205 kg i 0.440 kg ‘ 0.765kg | 63.5% 36.5% [ 71.539 | 37.319% | 21.18%
Notes
Inoculum size 6
Batch <{ Initial 2.35
Sugar Rate of sugar used 61.6
Final 0.88




Series No 7

Feed tank Aerobic fermentor Reserve tank
T o Air Emulsion < =
Timel s |8 |8 sl 18 |8
o + = . . Q ] !
g Bulw |w a B g 3 3 3 59| 8 N
o Sg1 o | e E| & Eol g £E.|o8| o8 | 8
= pH | & o . g = g 8 Q 8 g‘) Sp. 9 g SR s} .
RS = () -~ [} I o 3 = gi =1 8 —_
| 8 & & p e B2 | ool Sw| 8 o
= @ e _ S| 2% Gr. g8 o &>
hr. | °C @ S ‘ R gE e [P
. lUbr| I | °C | > | °C | G| > s lnr| 1
0 24.2] 5.1 | 3.83 0 0| 21.0| 18 29.2| 4.7 | 1.90 3.93| 0.42| 2.38| —-‘ — 0 0
1 — — — 3.50| 3.50 —| — — - - - —| — — 3.68] 3.68
2 25.1 5.0 — 3.60| 7.30| 23.2| 18 | 30.0 4.7 | 2.00| 3.73| 0.43| 2.33 — — 3.47| 7.15
3 — — —| 3.69|10.99 — — —_ — —l = — — — —| 3.50{10.65
4 | 26.0] 5.1 | 3.83| 3.22|14.21| 26.0{ 18 | 29.3! 4.8 | 1.90| 3.62| 0.4g| 2.22 — —| 3.42|14.07
5 —_— — —| 3.40|17.61 o — — — — — ——‘ — — — 3.30|17.37
6 27.0| 5.1 —| 3.44|21.15 23.0| 18 | 29.8| 5.4 | — —| O.49§ 2.04 — — 3.80121.17
7 27.0] 5.1 | 3.84] 3.54{24.69| 28.0| 13 | 29.0| 5.4 | 2.03| 3.52| 0.47| 2.13| 1.91| 4.59| 3.50124.67
8 — = =~ =] = A = =~ 4 =
Ave- 24~ 21~ 29~ 4.7~
rage 27 5.1 | 3.83] 3.54(24.69 28 18 30 5.4 1.96| 3.72] 0.45| 2.22| 1.91| 4.59 3.5324.67
Results
Yeast yield Average
Inoculum | Residual
Wet Dry yeast Ar size sugar
Total Total Based on Based on | Per kI of | m3 for kg
yeast yeast | total sugar | sugar used S.W.L. dry yeast (1.91)
< " ..,‘, .
1.490 kg 0.408 kg 43.29, } 86.5% | 20.9kg 16.1m3 -| 3.72% 1.76%
Sugar balance ' Analysis of yeast
Total Rate of
Total sugar : Sugar Rate of . . Crude Crude
residual residual Moisture ;
feed sugar used |sugar used sugar protein ash
0.945kg | 0.472kg | 0.473kg 50% 50%, ‘ 72.579% ‘ 32.66% | 36.28%




Series No 8

Feed tank Aerobic fermentor Reserve tank
1 N . C
. R Bmusion 44
Time, & .05 = : [ R - I -
5 §8/v v la |E]8 g |8 588/ 8x % %
& |PH | 8l | S B EE §8 §z|sp. |82 48(n8 o |2
8% 5 |2 | & = PH | 8 .2 w | BT 8% B S
= [+4 > . S| 2| Gr. o | B | O 7 B>
= =Y} O >
b lcc| @ S %) 8 28|
. lhr| 1 | °C | » | °C N b é Ihr| 1
0 24 4.7| 4.07 0 0 18 18 28 1.51) 4.01] 0.37| 2.72 — — 0 0
1 24 4.7 — 3.40| 3.40 19 18 29 —_ — 0.41) 2.45 — —| 3.37| 3.37
2 24 4.5 4.07 3.42 6.82| 20 18 30 1.56| 4.04| 0.41} 2.44 — — 3.22| 6.59
3 24.8 5.0 —| 3.54/10.36| 22 18 29 — — 0.41]| 2.44 — — 3.25| 9.84
4 25 4.7\ 4.06| 3.51|13.87] 22.5 18 28 1.61| 4.09| 0.41} 2.44 — — 3.26/13.10
5 25 4.7 —| 3.51{17.38| 24 18 31 — o 0.41 2.44 — — 3.23(16.33
6 25 5.0 3.99 3.49]20.87| 23 18 30 1.63] 4.08 0.43| 2.32 — — 3.24|19.57
7 25 4.7 —| 3.53[24.40| 24 13 30 — — 0.41} 2.44 — —{ 3.18|22.75
8 25 4,71 3.96| 3.6028.00] 22.5| 18 29 1.64] 4.19| 0.41; 2.44] 1.64] 4.19] 3.36/26.01
Ave- |24~ 5.5~ 18~ 28~
rage 25 4.7 4.03| 3.50128.00 24 18 31 1.59| 4.10 0.41} 2.44| 1.64} 4.19| 3.25(26.01
Results
Yeast yield ‘ Average
Inoculum | Residual
Wet Dry yeast | Alr size sugar
Total Total Based on Based on | Per kil of | m? for kg
yeast yeast | total sugar | sugar used S.W.L dry yeast
1.490kg = 0.382kg 33.8% 58.7% 12.6 kg 22.6m? | 4.10% 1.59%
Sugar balance \ Analysis' of yeast
Total ‘ Rate of
Total sugar . Sugar Rate of | . . Crude Crude
residual residual Moisture :
feed sugar used |sugar used . sugar protein ash
1.130 kg \ 0.445 kg ’ 0.684 kg ! 60.5% | 39.5% \ 74.37% i 41.209% | 29.229%

Notes

Batch {

Sugar <{

Inoculum size 5

Initial

Final

2.22

Sugar used 47.5

1.20



Series No 9

Feed tank } Aerobic fermentor " Reserve tank
| . . E . .
- ‘ % —% Air Emulsion ) § §
ime 4 o ' N Q 5 o o
e | TS S TS Tl | B Bslfel®|E
5] 38|18 18 | & RS g, 8 g oS | 3M 8 |%
= |pH | . S| o | . & E|8 33/ 82 Sp. |35 | 1S o3 .
HE| 8 | 3 |8 = |9 H SIS 2182 w2 8 =
R CE & | P S| o= B Wyl w8 o
5 > . 8= | % Gr. ol 3 o) o >
hr. | °C 17 3 0 o g [R=RN >
: Ihr| 1| °C | =] °C G| > g lhr 1
0 24.0/ 5.8 | 3.85 0 Ol 18.0| 18 | 28.8 5.5 | 1.69 4.14“ 0.42| 2.38 — — 3.10 0
1 24.0/ 5.8 —4 3.5 | 3.50 19.2] 18 | 29.2| 5.5 —_ — o — — — —
2 24.2) 5.8 —| 5.5 7.08 21.2} 18 | 29.0| 5.6 | 1.71] 3.68 0.43; 23.2 — — 3.10 6.20
3 JEN S U U U U S U Y U I I (S e e
4 25.0| 5.7 | 3.84] 3.6 {14.20! 24.5| 18 | 30.0, 5.6 | 1.45| 4.14| 0.43| 2.32 — — 3.36/12.93
5 — — — — ] = I [ U O R R BRI B,
6 25.2| 5.6 —| 3.4 |20.90| 27.2| 18 | 29.5| 5.6 | 1.63| 3.57| 0.41| 2.44 — —{ 3.20(19.33
7 . e — [ U T N N I O
8 26.0| 5.6 | 3.84| 3.5 |27.98| 26.4| 18 | 30.0| 5.6 | 1.62| 3.56| 0.42: 2.38| 1.58| 3.86| 3.42/26.13
Ave- 24~ (5.8~ 18~ 29~
ragel 26 5.6 3.84| 3.5 [27.98 26 18‘ 30 5.6 | 1.62| 3.85] 0.42| 2.38 ?.58 3.86| 3.27126.13
Results
Yeast yield Average
. Inoculum | Residual
Wet Dry yeast Air size sugar
Total Total Based on Based on | Per kl of | m3 for kg
yeast yeast | total sugar | sugar used S.W.L. dry yeast
1.330kg | 0.307kg | 28.6% 1 16.6% | 14.6kg | 28.1ms | 3.86% | 1.58%
Sugar balance l Analysis of yeast
. Total Rate of :
Total sugar ; Sugar Rate of ; : Crude Crude
residual iy residual Moisture N
feed sugar used |sugar used sugar protein ash
1.073kg | 0.412kg | 0.661 kg ’ 62.0% 8% | 76.88% 1 39.65%' 11.03%




Series No 10

Feed tank l Aerobic fermentor Reserve tank
o o Air Emulsion = <
Time g4 s | & 8 s g |2 |82
[=% Y Lol . . p] o
=] :g 31w o 3 g a, ) 3] 3 8 3 g o0 I >
g sgi° e | & g Eglg g .1 %8|ca]|% | B
& pH|. 8 o | § E|E& 88|8&ISP- 165 53| uSlg |
5% 5 |2 | & & |pH | _ 8,2 25 Sl 8w B |3
% @ | > . S| @ Gr. ol d3 PO @ | >
hr °C w . 3 %ﬂ o0 g s 3 £ |n > .
: l/jhr| 1 °C | » | °C 7 > D‘g I/hr| 1
0 20.8] 5.6| 3.86 3.37 0| 19.2] 18 28 | 4.9 | 1.46| 6.18 0.391 2.56 — —_— 0 0
1 —_ — = ] = = = N o
2 23.0 5.6 — 3.38| 6.75] 22.0] 18 28 | 4.8 | 1.45| 5.74| 0.38] 2.63 — —| 3.40| 6.8
4 26.5| *5.7 —1 3.50 14.0| 24.7| 18 29 |1 4.9 | 1+54] 5.25/ 0.38] 2.63 — — 3.71] 14.2
5 _ —‘ —_ o = = =] A A A = =~ - =
6 27.8] 5.7 — 3.50| 20.6| 27.2| 18 30 | 4.7 | 1.55] 5.84] 0.38] 2.63 — — 3.25| 20.7
7 RN S U O U U U I e [
8 28.0| 5.7| 3.80| 3.50| 27.6| 27.5| 18 30 | 4.6 | 16.8] 5.87 0.40] 2.50| 1.53] 6.02| 3.40| 27.5
Ave- 20~ 19~ 4.9~ ;
rage 28 5.7 3.?3 3.44| 27.6 27 18 29 1.6 1.54} 5.88 0.35] 2.56| 1.53| 6.02| 3.44} 27.5
pH adjust with NHOH
Results
Yeast yield . Average
s Inoculum | Residual
Wet Dry yeast Air size sugar
Total Total Based on Based on | Per kI of | m3 for kg
yeast yeast | total sugar | sugar used S.W.L. dry yeast
1.80 kg 0.383kg 37.29% 60.5%, 13.8kg J‘ 22.5 m3 5.88% 1.549
Sugar balance ’ Analysis of yeast
Total Rate of
Total sugar : Sugar Rate of . . Crude Crude
: residual residual Moisture h
feed sugar used | sugar used sugar protein ash
1.058 kg i 0.420kg | 0.645kg | 60.6% 39.49 } 78.679% | 51.66% ’ 6.49%




Series No 11

Feed tank .. Aerobic fermentor Reserve tank
v |y | Ar | Emulsion 4 |4
Time g g S | & B ‘ ] . g $ |2 |2
80 4 e a s 4 Q 1Y =, 80| O ol oy -
] Q| © s} g, g OO ©
& pH %S|, S |E E E §8 8xsp. |55 .2 .85 |8
5= 5 |3 | & & |pH| 2,2 wZ | 82 832 3
gl & | > . ‘ B 8 6r. |9,  Buw|o¥ @ |5
o | ee g & 5% §w e8|3 |~
T Ifbr| 1 | °C | & | °C | & |~ 8 Ihr| I
0 26.0| 5.7 | 3.33 0 O 22.5| 18 | 28.0| 4.6 | 1.00 6.04] 0.43| 2.35 —-! »-—1 0 0
1 26.0, 5.7 ~‘ —{ -— 23.0| 18 | 28.5| 4.6 — — —_ — —: ——! 2,30 2.30
2 26.0] 5.7 —ﬂ‘ 2.63| 5.25| 23.0| 18 | 29.0] 4.6 | 1.02| 6.12| 0.43| 2.35 ——1 «: 2.80 5.10
: i
3 26.0! 5.7 — — —| 23.5| 18 | 29.0] 4.6 — — — — — —‘ 2.70{ 7.80
4 26.0| 5.7 — 3.00|11.25| 23.5| 18 | 28.5| 4.6 | 1.00| 6.45 0.43| 2.35 —| ——‘ 3.14]/10.94
5 25.8] 5.7 -— — —i 23.5{ 18 | 28.5| 4.6 — — 0.43 — — -—} 3.05|13.99
6 25.51 5 7 — 2.99|17.15| 23.0; 18 | 29.0| 4.6 | 1.05] 6.12| 0.43| 2.35 —_ — 2.9216.91
7 25.5| 5.7 —_ — —| 23.0| 18 | 30.0| 4.6 — — — — _ —j 2.95/19.88
8 25.0] 5.7 | 3.34] 2.90[23.30] 22.0| 18 | 30.0| 4.6 l.OOj 6.10] 0.43] 2.35| 0.93! 6.55 3.33123.19
Ave- 26~ 5.7 | 3.33] 2.91|23.30 23.0; 18 | 29.0| 4.6 1.011 6.07| 0.43] 2.35 0.93| 6.55| 2.90.23.19
rage 25 |
Results
Yeast yield Average
Wet Dry yeast Air Inogulum Residual
size sugar
i \
Total Total Based on Based on | Per kI of | m3 for kg
yeast yeast | total sugar | sugar used ‘ S.W.L. dry yeast (0.93)
1.570kg | 0.338kg 43.6% | 60.5% ‘ 17.4%g 25.7ms | 6.07% 1.019%
Sugar balance ; Analysis of yeast
Total Rate of
Total sugar . Sugar Rate of N . Crude Crude
feed residual used |sugar used residual Moisture protein ash
sugar sugar
0.775kg | 0.215kg | 0.559 kg 72.205 | 27.895 | 78.439% i 45.0% | 6.38%

|
J

I



Series No 12

Feed tank Aerobic. fermentor Reserve tank
o] k] Air Emulsion o o
. 53 @ 3] 3
Time & lg |88 ~ REAERERE:
g 88w | w s | B4 g |9 = 8818
b5 S| 8 3 2 |31 & g g o 1wy |y
& pH | .S|s . |E |E|E 888w sp. 5ol o808l | °
88 3 & TI& e (8.8 |«f g5 8% ¢ 3
Foig > - RS 2% Gr. 19 o SRR I
hr °C w [ :C:D w9 &+ ;n >
: lhr| 1 °C | » | °C n | > & Ihr| 1
I - | .
0 26 1,5.7 | 3.59| 3.08 O 20.5| 18 | 28.5 4.7 | 1.28] 5.34| 0.39 2.56 —_ — 0 0
1 — —_ —| 2.66] 3.08 —] —_— — — — — = — 3.10] 3.10
2 27 | 5.7 — 2.98| 5.68| 21.0| 18 | 28.0| 4.7 | 1.25| 4.92| 0.36] 2.78 — — 2.70| 5.80
3 — — —1 3.05| 8.76 —_— —_ — — — — — — — 3.00| 8 80
4 26 | 5.7 | 3.64| 3.83|11.36} 23.5 18 | 30.0| 5.0 | 1.29| 4.00| 0.35| 2.86 — —| 2.45|11.25
5 | —| —| —3.0814.19 — —| — —| — — — — — —3.23014.45
" ‘ .
‘6 26 1 5.7 —| 3.08|17.27| 24.0] 18 28'032156 1.39 3.95| €.38 2.63 — -~ 3.08]17.56
7 —_ — —| 3.3220.35 — — | —{*4.4 — — — — -— —{ 2.23{19 79
8 26 | 5.7 — 3.00|23.67| 23.5| 18 | 27.8| 5.0 | 1.59] 3.37| 0.35| 2.86| 1.26 5.00| 3.29{23.08
Ave- 20~ 27~ 4.4~
rage 26 { 5.7 3‘.61 2.9623.67 24 18 30 5.5 1.30| 4.35/ 0.36| 2.78/ 1.26| 5.00| 2.89123.08
adjust with HCI
Results
Yeast yield Average
. Inoculum | Residual
Wet Dry yeast Air size sugar
Total Total Based on Based on | Per kil of | m3 for kg
yeast yeast | total sugar | sugar used S.W.L. dry yeast
0.876, | 0.189 21.3 32.9, | 9.2 3 o o
1.250%8 | olazakg | 391 % 60.27% 17 ke 26 m 4.35% | 1.30%
Sugar balance Analysis of yeast
S Total ‘ Rate of ‘
Total sugar A Sugar Rate of | p . Crude Crude
residual | residual Moisture N
feed sugar used | sugar used ‘ sugar protein ash
[ — !
0.855kg | 0.300 kg 0.555 kg 65.0% |  35% 79.33% & 52.20% | 4.35%




Series No 13

Feed tank Aerobic fermentor Reserve tank
. g g Air Emulsion g g
Time| g, g g 1 & . T ; g 1 |85 |5
g 38w ey s | B 3 3] 31 = g0l B
b5 o8 ] a, 2 & | gol g SO| B 4
& lpm |28 5 S EE B 188]8&sp. (85 .8 .85 |3
S| & = g = g‘) pH | 318 a8 g%ﬂ < 3
AT A = 8% 8% 6r |og %"b‘)g.m =
o wn [ 3] +lwn
hr. | °C Uhr| 1 °C | 5 |e°c Bk s Inr| 1
o] 23.0; 5.8 | 3.13 0 0 18.0] 9| 26.0 4.7 | 1 12 2.62| 0.41| 2.44 —_ 0 0
1 — — — 2.81} 2.81 —_] — — — — — — — — — | 2.63| 2.63
2 23.5 5.8 — 2.74] 5.55] 20.0, 9 29.0‘ 4.6 0.98: 6.82| 0.45] 2.22 — — | 2.61| 5.24
3 e —1 3.07| 8.62 — — e — —| — — — — | 3.00| 8.24
4 24.0; 5.8 | 3.12) 3.07/11.69} 21.5] 9 | 29.5| 4.6 | 0.94] 9.55| 0.47] 2.14 — — ] 2.9511.19
5 —_ — -— 3.07/14.76 —_— — — — — — —_— — — | 2.91|14.10
6 24.5 5.8 — 2.13]16.89| 24.5] 9 | 30.0| 4.7 | 0.94] 6.50] 0.46| 2.20 — — 1 1.93|16 03
7 — — ] —2.9619.85 — —| — —| — — - I ] —}2.7918.82
8 25.01 5.8 | 3.13| 2.83]22.68| 25.0, 9 | 30.0] 4.7 | 1.08| 6.51| 0.43| 2.30| 0°95 — | 2.9221.74
Ave- 23~ 18~ 29~
rage 25 5.8 3.13] 2.84‘22.68 25 9 30 4.7 | 1.01] 6.60] 0.44 2.25/ 0.95| — | 2.7221.24
Results
Yeast yield Average
. Inoculum | Residual
Wet Dry yeast Air size sugar
Total Total Based on | Based on | Per kI of | ms3 for kg
yeast yeast | total sugar | sugar used| S.W.L. | dry yeast (0.95)
1.370kg | 0.282kg 39.89% 57.3% 17.2kg | 15.4m3 | 6.60% 1.01%
Sugar balance t Analysis of yeast
r Total Rate of
Totaflezggar residual Sugzlllg ed su};i‘e t;)sfe d residual Moisture y(i:;‘t-:lgii C;leﬁe
sugar sugar
0.709kg | 0.216kg | 0.493%kg 69.5% 319 ‘ 79.479%, ' 60.25% 7.5%




Series No 14

Feed tank Aerobic fermentor Reserve tank
) 2 g Air Emulsion '8 ﬁ
Time & g,0 = | BERENE R
g S Q| % 4y 3 = s ‘ ) J El 88 8w
) 39| © ° =1 =B =" | a 5] 80| 8 ey o
comLSle o B EE B8 BHse 5s 2 8 0
=g o 'pH | S 2 w= | 8= 3 N 3
gw & 5 |F ] " B %%/ 6r. [Sg | 20 8% & 2
hr °C n G %0“ o 8+ 1;n >
: ljhr| 1 °C > | °C | 197 > & I/hr| 1
i
0 22.8| 5.4 | 4.01 0 0| 18.8[ 18 | 28.0 4.7 | 1.58 6.30| 0.42| 2.38 — — 0 0
1| — 5.4| —2.60260 ——| — 46| — — — — 1 —|2.002.00
% |
2 | 22.8 54| —|3.30 5.90 20.0 18 | 28.2 ;% | 1.56 6.34 0.41 2.44 — — 2.84 4.84
*4.2
3 —| 5.2 —| 3.23 9.13 — — 4.7 — — — —_ — — 2.46| 7.30
%
4 23.0| 5.2 — 2.60/11.73] 22.5| 18 27.0:}%22 1.53] 6.23] 0.41 2.44 — —| 3.04[10.34
5 — 5.2 — 3.06[14.79 — — 4.7 —_ — — — — — 3.00/13.34
i
6 24.0| 5.2 —| 2.83|17.62| 25.0| 18 | 29.0| 4.7 | 1.43, 5.83| 0.38| 2.63 — ! 2.85(16.19
7 — 5.2 —l2.8320.450 — —| — 47 — — — — — - 2.6018.79
8 25.0| 5.2 | 4.01} 3.06[23.51 26.0| 18 | 27.0| 4.7 | 1.47| 5.80| 0.42] 2.38| 1.41| 6.68/ 2.5 21.64
Ave- |22~ 5.4~ 18~ 28~
rage 25l 5.2 4.01 2.94123.51 26 18 29 1.51‘ 6.03] 0.41l| 2.44| 1.41| 6.68| 2.7121.64
pH adjust with Na,CO,
Results
Yeast yield Average
. Inoculum | Residual
_ Wet Dry yeast Air size sugar
Total Total Based on ‘ Based on | Per kI of | m3 for kg
yeast yeast | total sugar | sugar used S.W.L. dry yeast. (1.41)
|
1.780kg | 0.367kg 39.6% ‘ 61.2% 17.4kg | 23.5mF | 6.08% 1.519%
Sugar balance ‘ _-Analysis of yeast
Total Rate of
Total sugar : Sugar Rate of . . Crude Crude
residual residual Moisture :
feed sugar used |sugar used sugar protein ash
]
0.926kg | 0.326kg | 0.600kg 64.99% 35.19 ‘ 79.43% ‘ 51.87%1 7.27%




Series No 15

Feed tank Aerobic fermentor Reserve tank
! o el Air Emulsion = =
. 8] [ L 9]
Time| g, g &8 . % 8 %’ ﬁ
g 884 | % | B g | ¢ 5 88| Bw
5 3 5 ° & & & g o8| 0 5 %
& pH|[ S o |- |E & E §8 Bmsp. (§g 08108 S °
AT = . PRCEETRC o el § 00| 8§ =
= - 8% 2w Gr g8 | 3 | S|~
hr. | °C 7] . . S |, %’Jb@ B ] n
: I/hr| 1 Cc »  °C R & l/hr| 1
0 22.5 5.8 | 4.11 0 O 20 | 18 | 27.2{ 4.6 | 1.54] 7 52| 0.45 2.22 — - 0 0
1 23.0| 5.8 —1| 3.45] 3.45] 20 | 18 | 27.8] 4.6 - — 0.44 2.27 — —| 3.42| 3.42
2 22.0, 5.8 — 3.20| 6.65] 20 | 18 | 28.0| 4.6 | 1.56| 8.08| 0.45 2.22 — — 3.20| 6.62
3 22.0 5.8 —| 3.55[10.20; 20 | 18 | 27.5| 4.6 — — 0.45! 2.22 -—] -—| 3.77(10.39
4 22.0| 5.8 —| 3.42/13.62] 20 | 18 | 28.0| 4.6 | 1.62| 8.20| 0 46/ 2 18 — — 3.60/13.99
5 22.0| 5.8 —| 3.45|17.07| 20 | 18 | 28.2| 4.6 — — 0.45| 2.22 — —t 3.5817.57
6 21.5’5.8 —| 3.65120.72| 20 | 18 | 28.5 4.6 | 1.41] 8.10| 0.45 2.22 — -— 3.60|21.17
7 21.0] 5.8 — 3.90124.42| 20 | 18 | 29.0| 4.6 —| —| 0.44] 2.27 — —| 3.30124.47
8 21.0/ 5.8 | 4.12| 3.2027.62 20 | 18 | 29.0| 4.6 | 1.41| 8.23| 0.44| 2.27/ 1.35 7.92| 3.10127.57
Ave- 23~ | 5 5| 4.12) 3.4527.62 20 | 18 P775.| 4.6 | 1.51] 8.03| 0.45 2.22 1.35 7.92| 3.45127.57
rage| 21 | 29
Results
Yeast yield Average
. Inoculum | Residual
Wet Dry yeast Air size sugar
Total Total Based on 5‘ Based on | Per ki of | m3 for kg
yeast yeast | total sugar | sugar used| S.W.L. | dry yeast (1.35)
2.14kg | 0.445kg 39.0% l 61.3% ’ 18.0kg 19.6m3 | 8.03% 1.519
Sugar balance ‘ Analysis of Yeast
|
Total * Rate of
Total sugar . Sugar Rate of ‘ N . Crude Crude
residual i residual Moisture N
feed sugar used | sugar used! sugar protein ash
1.142kg | 0.373kg | 0.76kg | 67.3% ‘ 32.7% 1 79.40% ’ 53.39% | 7.149




Series No 16

Feed tank Aerobic fermentor Reserve tank
9 | Air Emulsion g |
. Q 5} 0 Q
Time % g g 18 E : g |g 2 2
: QO . . 3 . —
838/ |8 | & |F| & € |9 5 | 88| St a |
g pH 28 ) O- g E & 8 8 S Wi Sp. & o © 8 08 o s}
29 — [3) = | o 3108 CE RSB | 8 =
fw g |2 |# & |PH | s/ .2 85 8% 8wl 5§ |
. g |~ 5 Sw §w O g8 75| & |7
br. | °C Ihr| I | °C |5 | °C a8 8 Inr| 1
|
0 21.0] 5.8 | 3.94 0 0| 19.0] 18 | 27.5 4.06| 1.32] 7.36, 0.42 2.38 — —] 0 0
1 22.0| 5.8 — 3.95| 3.95| 19.0| 18 | 28.0 4.06“ — — — — — — 3.90, 3.90
2 21.5) 5.8 —| 3.78| 7.73] 19.5 18 | 29.5| 4.06| 1.34| 7.50 0.40| 2.50 — — 3.74] 7.64
3 21.5| 5.8 —| 4.02[11.75] 19.5| 18 | 29.5| 4.06 — —- — — e — 3.98/11.62
4 22.0/ 5.8 — 4.02|15.79, 20.0 18 | 29.5| 4.06| 1.34 — 0.40] 2.50 —| — 4.00/15.62
S 22.0/ 5.8 — 4.02[19.79| 21.0| 18 | 29.0| 4.06 — — — — — -— 3.97/19.59
6 22.5] 5.8 —| 4.02{23.81} 21.5| 18 | 28.5| 4.06| 1.38| 7.52] 0.39| 2.56 — —| 3.94)23.53
Z 22.5/ 5.8 —| 4.25(28.06| 22.0| 18 | 28.0; 4.06 — —_— — — — — 4.19127.72
8 23.0] 5.8 | 3.93| 4.16{32.22 22.0| 18 | 28.0| 4.06| 1.36| 7.49| 0.40| 2.50| 1.32 7.50| 4.14(31.86
Ave- 21~ | 5 513,93 4.0332.22' 77| 18 |27 4.06| 1.35] 7.47, 0.40| 2.50 1.32 7.50| 3.9931.86
rage, 23 22 29
Results
Yeast yield Average
: Inoculum | Residual
Wet Dry yeast ‘ Air size sugar
Total Total Based on Based on | Per ki of ! m3 for kg
yeast yeast | total sugar | sugar used S.W.L. “ dry yeast (1.32)
2.310kg | 0.487 kg 38.5% 57.7% [ 17.5kg 17.8md | 7.47% 1.35%
Sugar balance Analysis of yeast
Total ! Rate of ~
Total sugar . | Sugar Rate of . . Crude Crude
residual residual Moisture .
feed sugar ‘ used |sugar used sugar protein ash
1.266kg | 0.420 kg ’ 0.846 kg 66.8% 33.29 78.9% I 44,589 | 5.39%




Series No 17

Feed tank Aerobic fermentor Reserve tank
- g '§ Air Emulsion ,§ §
ime g 31 I e N J Q L R R 7]
g 280w | w a | €1 4 5] S =l Bol By E >
[3) o3| © S g ‘ Sol g g 08194 B ‘|
& pH | S| ¢ . E '8 8 | 83| 8w Sp. |5a|.8]1 .92
= 8 —_— 5] -~ o OS| 0O R - R ] _
S| B 3 | @ = | pH 8 S wh | 82 Bl 8 3
Gu| 8 |2 , \ E< BT Gr. S| F® o & | >
hr °C 99} 3 g‘)b‘] S o ’ L+ 1n >
- l/hri 1 °c | » ’ °C » P ‘g Ihr| 1
!
0 20.5] 5.8 | 4.07 0 O 18 | 18 | 28.5/ 4.6 | 1,50, 7.77| 0.40| 2.50 —_— — 0 0
1 21.0] 5.8 — 4.491 4.49) 19 ‘ 18 1 28.5 4.6 -— — — | —| ~— | 4.38] 4.38
2 21.0{ 5.8 — 4.521 9.01} 19 | 18 | 29.0| 4.6 | 1.46| 7.63| 0.42 2.'38 — — | 4.37| 8.75
3 21.5 5.8 —i 4.60/13.61] 21 | 18 | 29.0| 4.6 — —_ — —_ —|. — | 4.47/13.22
4 22.0 5.8 —4 4.72/18.33] 22| 18 | 28.5] 4.6 | 1.48] 7.20] 0.40| 2.50 — — | 4.48/17.70
5 22.0 5.8 —{ 4.72/123.05| 23 | 18 | 29.0 4.6 — — — — —  — | 4.64(22.34
6 23.0/ 5.8 ~-y 4.4927.54) 24 | 18 | 30.0, 4.6 | 1.50 — 0.41] 2.45 — — | 4.46/26.80
1
7 23.0 5.8 —| 4.51[32.05| 24 | 18 | 29.0| 4.6 — — —_— — —| — | 4.49|31.29
8 23.0/ 5.8 | 4.07| 4.50136.55| 24 | 18 | 28.0| 4.6 | 1.56 6.01% 0.41| 2.45] 1.44| — | 4.64]35.93
|
Ave- 120~ | 5 g | 4 07| 4.5736.55 '8 | 18 |28 4.6 | 1.50, 7.14] 0.41| 2.45| 1.44 — | 4.50[35.93
rage 23 24 29
I
Results
Yeast yield Average
. Inoculum | Residual
Wet Dry yeast Air size sugar
Total Total Based on Based on | Per ki of | m3 for kg
yeast yeast | total sugar | sugar used S.W.L. dry yeast (1 )
2.620kg | 0.528kg 1 35.6% 54.50% | 1.635kg 16.3m3 | 7.149% 1.50%
Sugar balance Analysis of yeast
Total ‘ Rate of
Tota}_l sggar residual Sugzl\lrse d SuR:IEeu(;i d | residual Moisture C;gl;gfn C;;;ie
ee sugar g | sugar 12
1.488 kg 0.516 kg 0.970 kg 65.29%, ’ 34.89% 79.849, ‘ 54,94% l 5.6%




Series No 18

Feed tank Aerobic fermentor Reserve tank
o | Air Emulsion = N<
. @ @ : ) 3]
Time| & g | & 8 _ = g g |2 | @
5 188wy & £ & gl E 188822 |5
& pH ;-‘5 8 —_ g g qu 8§ égo Sp. “’,é‘ hg u§ g f;
bu g 2 |F s PH el S 18T Sw gw 5 |3
8 - | E% 8w Gr (g |8 S8 &
hr. °C w ° ° |, 5 1) 2 n
I/hr| 1 C | P | C o > s I/hr| 1
0 22.0 5.8 | 4.02 0 0] 16.0/ 18 | 26.0| 4.4 | 1.89] 6.97| 0.46! 2.18 —| —J 0 0
1 22.0 5.8 —| 5.04| 5.04| 17.0| 18 | 27.0| 4.6 —_ — — — —- ——- 4.35| 4.35
2 22.0 5.8 —| 4.70 9.74] 18.5| 18 | 28.5| 4.6 | 1.90] 6.32 0.46| 2.18 — —| 4.70| 9.05
3 22.5] 5.8 | — 5.20(14.94] 19.5] 18 | 28.0| 4.6 —_ — — — — —- 5.31|14.36
4 22.5'5.8 —{ 5.1720.11 21.0i 18 | 28.5| 4.6 1.89‘ 6.69] 0.45 2.22 — —- 5.15[19.51
S 23.2] 5.8 — 5.0825.19] 22,0/ 18 | 29.0| 4.6 H‘ — —“ — - -— 5.25|24.76
6 23.0] 5.8 — 4.95(30.14] 24.5| 18 | 27.0| 4.6 | 1.84' 6.20; 0.45 22.2 — —| 4.75/29.51
7 24.0| 5.8 —| 5.11{35.25] 24.0 18 | 28.0] 4.6 ———‘ — — — — ~—| 5.17(34.68
8 24.0/ 5.8 | 3.99] 5.02140.27| 44.0| 18 | 28.0 4.6 | 1.89| 5.79| 0.46| 2.18! 1.76| 6.31] 4.92(39.60
Ave- 22~ 16~ 26~
rage 24 5.8 | 4.01] 5.03[40.27 24 18 28 4.6 | 1.88 6.55{ 0.46) 2.18| 1.76] 6.31 4.95|39.60
Results
Yeast yield Average
: Inoculum | Residual
Wet. Dry yeast Air size sugar
Total Total Based on Based on | Per ki of | m? for kg
yeast yeast | total sugar | sugar used| S.W.L. dry yeast (1.76)
2.411kg | 0.492kg | 30.1% ] 53.6% ‘ 12.2kg ’ 17.6m3 | 6.55% | 1.88%
Sugar balance ’ Analysis of yeast
Total Rate of
Total sugar : Sugar Rate of p : Crude Crude
: residual | residual Moisture p
feed sugar l used |sugar used | sugar protein ash
o | .
1.615kg 0.697 kg | 0.918kg 56.8% 43.29%, l 79.67% J 51.35% l 6.819%
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Table 7

NH, ,S0, test for bread yeast making

Experiment. No.
1 ’ 2 3 { 4
(NH4)2SO4 used % 12 J 14 16 I 18
pH initial 5.2 5.2 5.2 5.2,
final 4.6 4.6 4.6 4.6
initial 2.76 2.77 2.76 2.78
Sugar residual g/100cc 1.35 1.35 1.31 1.34
used, % 51.1 51.2 51.5 51.8
wet g/100cc 0.80 0.92 0.89 0.94
Yeast yield dry g/100cc 0.18 0.22 0.21 0.23
yeast for sugar used % 13.0 15.8 14.8 14.9
in liquor 670 660 680 670
Activity dough I 290 340 345 340
dough IT 255 310 340 330
Notes S W L of Toyo Spinning Co was used
KHPO, 2.5  rice- bran 2 were used as nutrients
Cultured in shaking flask in 24 hours at 30
Table 8 KHPO, test for bread yeast making
Experiment, No.
o . 3 ’ a | s 1 6
KzHPO used % 1 1|2 25 | 25| s | 75
pH initial 5.0 5.0 5.0 4.8 4.8 4.8
final 4.4 4.4 4.4 4.2 4.4 4.2
initial 2.96 2.95 2.95 3.09 3.07 3.07
Sugar residual g/100cc 1.45 1.49 1.35 1.46 1.51 1.55
used % 51.0 50.8 53.5 52.9 50.6 49.2
wet g/100cc 1.05 1.12 1.16 1.07 0.94 ' 0.97
Yeast yield dry g/100cc 0.24 0.26 0.26 0.25 0.22 0.22
yeast for sugar used % 16.0 16.8 16.1 15.1 13.8 14.7
in liquor 680 700 730 720 700 650
Activity dough I 435 445 440 410 395 380
dough 1T 465 455 455 410 385 360
Note NH, 80,16  rice- bran 2  for sugar were used



Table 9 Ca- Super- phosphate test for bread yeast making

Experimental No.

1 2 3 1 4
Ca-super-phosphate used % 1 2 6 5 8
initial 5.2 5.2 5.2 5.2
pH
final 4.6 4.6 4.6 4.8
initial 3.13 3.10 3.13 3.04
Sugar residual g/100cc 1.63 1.60 1.54 1.55
used % 48.0 48.5 51.0 48.5
wet /100cc 1.15 1.21 1.23 1.18
Yeast yield dry g/100cc 0.27 0.28 0.28 0.27
yeast for sugar used % 17.7 18.6 17.8 18.4
in liquor 680 660 670 650
Activity dough I 365 395 385 360
dough 1 360 410 390 360
Note  NH, 80,16  rice- bran 1 were used
Table 10 Rice- bran test for bread yeast making
Experimental No.
1 ‘ 2 ‘ 3
Rice-bran used % 1 ‘ 3 $ 5
pH initial 4.8 4.8 4.8
final 4.4 4.4 © 4.2
initial 2.77 ; 2.72 2.65
Sugar residual  g/100cc 1.22 1.20 1.20
used % 54.1 \ 55.9 54.6
wet g/100cc 1.02 1.07 0.90
Yeast yield dry g/100cc 0.23 0.25 0.20
yeast for sugar used % 15.1 16.3 14.0
in liquor 720 700 670
Activity dough I 440 390 380
dough II 465 390 380
Note NH, S0, 16  KHPO, 2.5 were used
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Table 1 Selection of strains

a
Sugar fermeunted %
Strain No.*
30 hrs l 45 hrs 75 hrs
32 0 0 0 .
179 32.4 33.7 34.5
151 0 0 0
442 65.5 80.1 81.2
166 24.6 25.0 25.4
314 31.0 48.7 54.8
172 32.4 37.2 38.0
177 0 0 0
401 28.8 35.2 36.6
K7 53.1 63.2 77.5
Collection of Tokyo University
b
Solvent produced mg/100cc
Strain No. i
Butanol Aceton ’ Isopropanol { Ethanol Total %
442 180.2 10.5 103.2 1.1 30.5
K7 175.8 8.3 87.5 3.2 28.3
c.
. Sugar fermented % ’ Solvent mg/100cc
Strain i I
No. | Iso- Total
19 hrs 35 hrs 66 hrs 106 hrs | Aceton | Butanol | Ethanol propanol | solvent %
442 49.0 79.0 81.5 82.0 ‘ 21 205 6 102 27.6
|
K7 21.9 58.1 75.6 78.5 | 14 175 8 84 26.0
72 — 29.4 —_— 80.0 61 130 82 27.0
429 19.0 47.3 63.5 66.4 25 102 8 15.0
Mil-5 21.0 52.6 81.5 — 65 180 15 23.7
1 24.6 — — 73.7 75 163 8 24.9




Table 2 Pre- treatment by CaCO,

E Treatment | Filtrate Taitial Residual sugar % after Sugar
XD. by CaCO3z | obtain. sugar used
No. pH | % % 24 hrs [ 48 hrs \ 72 hrs \ 96 hrs 9%
1 12.6 55 1.30 0.41 ‘ 0.34 | 0.35 i — 74
2 11.8 60 1.69 1.52 | 1.45 | 1.40 1.34 21
w o
3 10.8 65 1.98 } l ‘
4 9.8 70 2.14 no ferment. | |
5 8.5 95 2.47 \ \
Note  Strain used No 442
Table 3 Selection of nitrogen source
Fermentation period hrs
Initial
Exp. N. .
sugar 21 hrs 75 hrr
No. source % Residual Sugar used Residual Sugar used
sugar % % sugar % %
1 Soya bean . 3.04 3.04 6.5 2.99 8.0
2 Pepton 2.47 2.47 24.2 1.94 40.0
3 Rice bran 3.00 3.00 8.0 2.62 19.6
4 CSL 1.54 1.54 53.0 0.14 95.7
5 Malt sprout 2.66 2.66 18.5 2.35 27.1
6 Corn meal 1.76 1.76 46.1 1.76 55.0
Note  Every nitrogen source was added 10 for sugar
Table 4 Effect of NH, ,S0, as N source
Fermentation period
(NH4)2zSO. | Urea | Initial
Exp. Protein 60 hrs 96 hrs
added added | sugar
No. source Residual | Sugar | Residual | Sugar.
% % % sugar | used sugar used
Y% % % %
1 Rice-bran 3 0 1.46 0.76 48.0 0.61 58.0
2 Soya bean 0 0 1.43 —_ — 1.22 15.0
3 Soya bean 3 0 1.45 1.14 21.3 0.88 40.0
4 Malt sprout 3 0 1.47 0.52 64.5 0.51 65.0
5 CSL 0 0 1.48 1.24 16.4 1.14 22.8
6 CSL 3 0 1.47 0.74 49.5 0.54 63.1
7 CSL 0 3 1.46 — — 1.28 12.4
Notes  All protein sources were used 10  for sugar

Strain used No 442



Table 5 Corn steep liquor and NH, ,S0, as N sources

Ex ) CSL (NH)2S04 | Initial Consumed sugar % Final
Np . % for add. sugar
©- sugar % % 25 hrs 1 53 hrs [ 77 hrs 100 hrs pH
1 25 0 1.150 41.1 42.2 ’ 44 .4 46.0 5.2
2 20 0 1.178 — — 43.8 45.7 5.4
3 15 0 1.178 27.8 29.6 31.5 37.8 5.8
4 15 1.9 1.158 51.2 55.0 58.5 63.4 5.0
5 10 0 1.158 — 23.0 23.6 23.8 5.8
6 10 2.9 1.166 —_ 43.0 69.5 73.2 4.8
7 5 0 1.163 19.0 19.2 23.0 23.6 5.6
8 5 3.8 1.155 24.8 62.8 66.0 70.0 5.2
9 2.5 4.3 1.162 23.8 57.0 60.8 61.6 5.6
Table 6 Solvent analysis when CSL and NH, ,S0, used
Sugar [ Solvents for sugar used, %
Exp. CSL | (NH)2SOy | i
No. % % Initial used Iso-
% 9 ‘ Aceton propancl Butanol | Ethanol | Total
20 1| 1.a7s | 708 | 0.es | 37 12.1 — 15.91
10 3 | 1.392 68.5 2.82 5.20 20.2 — 28.22
10 4 Ji 1.368 73.6 1.95 ‘ 4.70 19.8 0.25 26.70

Note  Fermentation period 3 days
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