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[. 92 2 7Ha

A7 dx3 EHo]l Alcohol TH ol

R Y
S. cerevisiae o Glucoamylase gene &
o

o}
° ©° o % rl

& F ©] GeneSs B&HOE FHANI|=
o ol T AT EA 8] st d v
WHoRE AA FIHA Wge] v
ol o nE E.coli-S. cerevisiae
9] Shuttle vector o] ZH3e FHAAE Cl-
oning 8t E. coliol A} ZZEAZl % o] Hyb-
rid DNAE Yeasto| TransformationAl# &
A7 W, TR o ss UE
A4 aus F3d A4E Huse ndES
Protoplast fusion (A E&3) A7l Holst
LAY agy AA Aol A
Hoa YR, 7% YE,13 vector ol Bacillus
amyloliquefaciens ¢ Amylase gene S Clon-
ing3td Yeastol] Transformation Al#H B Qo
U o 3dE oerta] olfz Qs EA3e
FA 22 Yeast ol Ao dEo] w9 oFsfo
3 dgstde B2 odgol Ann B
A7 AH2E HHE 2P 2 Uy
2 B A7 E F¥sle AN g Ao
2, Alcohol 'FA o] oFatar o} 9 Aol 4]
3l A83lE & g2 Glucoamylase &
Z3tAl H¥lE= Saccharomyces diastaticus
9] Chromosomal DNAE Rodriquez, Miura
59 WYPeg F&do AFAAL Bam HI S
2 REEHG & 7|4 €& DNAVHES
A% Transformation 3}
AmylaseE #H|3l= ColonyE& A¥3la ol g
#F% 1) AlcoholTH Ho] Z3ta 2) KA
AAol 4311 3) Amylase A FHo| 3t

PR
2

S. cerevisiae )

58 HAFHoz Hddsted 21 #5F8 TSD
142 FHsg. o] TSD-UdF= 43t
HECENEH F0%3=9 LTEES vE

Wnoy ole 483t e vEsden
2 1 AL FAE A} Glucoamylase gene
donor?l S. diastaticus 2] Glucoamylase &
AEEAN 2 ¢-1,4 linkage & Fafsie &4
<= vl A Zshd AE 9 Amylopectin chain
of ARl o-1, 6 linkage o] Faj@Agol v
altte AE dAE ol FS H sy
9t
Candida tropicalis$} Cell fusionAlA Loz
SHAE FH we Agsty HEHo=
FSC-14-757F& Ut o] 5% 1) Al-
coholdad 2) RFAIAHA 3) AZLHE 4)
AEE Fol +5ad d&ste] steAol gl
g #gAZH7e o] #FE AHEEA 1) Fla-
skol 9Jgk 28 A  2) Mini-jar fermentor
scale (2.5 liter) @ EAE 3) Pilot plant sc-
ale ¥ HAY S vhzion 2 ARE LR V)

zemA ¥,

o

o

a-1,6 glucosidase activity 7} 73t

[I. Jar-Fermentor= o]-&3
TaAd

o] A¥olA = alcohol TEIVHE HEQ
ZHF ZM potato starch, sweet potato starch,
Tapioca, ®E T 831 HAZn7wvl 5& o
4oz e FFo HE3E st H
A b FRAAMY 2 Folst
A,

@ 71224 HAE potato starchlt swe-
et potato starch& AF&39 S S o5 &
gl f7] NY A3 g2 2 amylase A
go] vjg vgtonz F53] 11719 yeast
extract® 4% H7M8I9 . 218y} Tapioca
Abavuh, Anz 9 dAd 958 AT
7 $-ol = yeast extract®] HA7l= Y 23

o
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E Agol AT FFE SlA 71EF b
9} o] S, cerevisiaedl S. diastaticus®] am-
ylase geneS A3 transformationAl# AL
S. cerevisiae amylase 4|7 TSD - 14%
e 1, 6-amyloglucosidase #1872 C. tropica-
lisE protoplast fusionAlZ] FSC-14-75 ¢
F5 AME3tH

2. Alcohol2| EA

HEFAAo|Y HAFHEY 250mlE FHeto A
Hol @t alcohol & FH3AT, FHE 210ml
~220ml2 3t E& 7l3td 250ml 2 3o al-
coholH|ZA 2 alcohol & ZA3 3 255 3
A8 vivHE BASET

3. dE/E

Jar-fermentor testoll AlE3 A5HAEL&

1) ¥¥ Junsei 3 ALY potato starch, swe-
et potato starch

2) Tapioca? 745 P3AA 43 AL
40mesh2 £33t ALg3tH o™

3) AT vk JA] 40meshz EH T P 3
Arel RE

4) ZHEeE = P3ALA alcohol HEUFER
AL sl A& A4ete ARt

4 . Mini- jar Fermentor

2 dgl Al-E-3 Mini-jar fermentor To-
kyo Rikakikai 3]AFY] 3liter &3ko g LHol
432 2.5]iter ATH

5. pH=ZHA
2EZF pHe z2dol 88 ¥ H e 84
% tA2Z, 10N NaOHE ol &3te F73

2.2 Pt

6. LEuy

FEHNS HES dFFY a-amylaseE
Azt T Pad JFES H/VS jar fer-

LAEt)

mentorol 2,500 ml4 EFate] 121C oA 60
B Aad F 30cE ¥asy 78 2%
st wwrEL 300~500rpm, aeration 0.6v /
v/minf. 2 6417, HHELL 0TE TEIH
=3

7. s
Jarfermentorol /& alcohol™@d A&

Mo FAHEFL 1 %= AT

8. o-Amylase

B Ao AL 3 a-amylase= Novo Co.
Thermamyl 2 starch& 3}3t & =A g 3
HAEYL TS glucoseE 43t 0.6%9 =3
o] Ak,

g AFENLE WA LFAE HCI
A7b= 8352 Somogyi - Nelson HOZ

WHS AT

10. Al oF

593 PAA @ AFe 1FFE A
&3t

)& o

1. Potato starchE& 0|23} alcohol 2F
1.1 Alcohol & Ho| v X pHY H 3
E A7 AR FSC-14-752F9 o 1,

4-glucosidase gene < S. diastaticus F 9
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pH &

enzyme 2] &

Ao =w o] ¢1,4-glucosidased FHA
5.0-5.50122 #F A9 pHE
pHS 552 2439t & 4NH 22 yea-
stoll 213k alcoholWd pHE 4 U2 co
nirol24 pH4 .2& ¥sto] < pH7te 284
& AT, o] dFdME EEMN 20%

potato HE& A3}stn Qs JUEAES
A7tete] sl 30ToA HEAAY. =
A3} Table 10A B+ w9} 2Zo] pH5. 5 o
Hls| A pH4.27F 2 2 AHE Jeldde
H ol amylase Al Aelxe] pHE Aol
Z st

Table 1. The effect of pH on alcohol productivity of fusant FSC-14-75
Ferment. Net % of Nitrogen Alcohol productivity (v/v%)
pH starch* source Aday 6day 8day  10day
(NH, O 9
4.2 Potato 20% )50 0.3% 9.6 10.6 1.3 113
yeast extract
55 Potato 20% (NH.J.50. 0.3% 94 100 10.8 10.9
yeast extract
* Starch was preliquefied with 0.05% of a-amylase
1.2 %3&] A= yeast extract? G sl o 98 starchd AAHB], seeding &

S.cerevisiae = vitamine & 7}l 93} alco-
hol BAAEA o] Z713t}i= AlAo] o]m 2
AEE Az gQonzg B AL o] A
S 73t yeast extract? AN} E F
AL EE. Yeast extract?] AMR &S 0 2% %

2 Aeg Wl F39 pHE 4.2 2=
T Z g9t Table 204 R vie} ol
FSC-14-755 yeast extractq d8kg %ol
W= o= ey sy

7} enzyme AAd #Hoste Aow

ol yeast extract
F8n

Table 2. Effect of yeast extract on alcohol production
Nitrogen Net % of Alcohol productivity (v/v%)
Source Starch* 4day 6day 8day 10day
FSC-14-75 (NH,),S0, 0.3% Potato 20% 4.8 7.1 9.8 10.3
| Yeast ext.0.2%
-14- =+ t 209 7.3 9.6 9.9 10.1
‘L FSC-14-75 (NH.),S0. 0.3% Potato Y |

* Starch was preliquefied with 0.8% of a-amylase.
The pH was adjusted to 4.2

1.3 15% Potato starch®& 7122 &
alcohol 1R
AT 31%‘%751"] TPdHo =z o]ge] 7}
alcohol A F 9] /g oz 2
—g—z

ol Agan Qe &

Cl
3

ki3
A Me A

Al 15%9] potato starch®& 71 A& 3} al-
cohol & A& At 4P e
wlo] wat Ao amylaseZ A3t 7]H
HQ 3 nutrients & ¥7}, A B seeding vo-
lume 1%9 £ FSC-14-758 HFslx,
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30C, pH 4.22 HAANHTh

Table 3. Alcohol productivity on 15% of potato starch

Strai Net % of Nitrogen Alcohol productivity (v/v%)
ramn Starch* Source 4day 6day 8day 10day
FSC-14-75 Potato 15% (NH,).SO, 0.3% 5.8 7.5 8.1 8.3
Yeast ext.0.2%
-14- ” : 8.2 8.2 8.2 -
FSC-14-75 (NH,),SO, 0.3%

% The starch was preliquefied with 0.8% of a-amylase.

The pH was adjusted to 4.2.

1.4 20% Potato starch® 7]d =2 g

alcohol & &

YutA 0 2 alcohol T HoNA AEAS 714
2 & Aoe 159U V1&g Ho
o B A3 A amylase Y] yeastd] A
golgts EA ) 7|AFEE HEFA 23
# Bt 283 yeastd NP9o=Z (NH,),

SOE 9Y N¥2oz g 359 yeast extra-
ctE FUIE A9, ¥F pHE 4.29 552 v}
ol A¥s wgirh

28 HAEL potato starch® E$ 0.8%Y
a-amylase 2 N3t F 1% seeding, 30T <
27102 HANZAY (Table 4).

Table 4. Alcohol productivity on 20%* of potato starch

; Nitrogen Alcoohl productivity (v/v%)
[7)

Strain a-amylase % Source 4day 6day 8day 10day
FSC-14-75 0.05 Yeast ext.0.2% 96 106 1.3 113
(NH,).SO, 0.3%

FSC-14-75** 0.05 ” 9.4 10.0 10. 8 10. 9
FSC-14-75 0.8 (NH,).S0O, 0.3% 4.8 7.1 9.8 10. 3

% The percentage (%) was net concentration of starch.

* *In this case, the fermentation pH was adjusted to 5.5.

The other case, the fermentation pH was adjusted to 4.2.

1.5 25% potato starchE 712 =2 3

alcohol T &

71&9] alcoholFBZF Pl AYoiXE 7t5d
1EE 71FAE AHEste Fo] BARLR &/
g3tk 1 olfe A, wiE, FTFHA "s
3t energyd &HIE ALY F AL F A6

=
AH e &r EF 24 F 307 wWEeld. &

A FeEvdeld e A8t e 2 15% 3
=9 71Ae AMgsta gley dozyE A
LE=9 71dE& AE3te MRS AMEsord
Aoz AZtedt, waty B dAFdME 5%
Axo nF% 71AE AHE3to JigE AR
o] HHEHLEE Pstqrh
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Table 5. Alcohol productivity on 25% of potato starch

Strain Net % of Nitrogen Alcohol productivity (v/v%)
Starch* Source 4day 6day 8day 10day
Yeast ext.0.2%
FSC-14-75 Potato 259 - 12.0 13.3 13.7
| o 2% (NH,),S0, 0.3%

* The starch was preliquefied with 0.8% of e-amylase.

The fermentation pH was adjusted to 4.2.

1.6 Seed volume?® % 3%F

Alcohol &g lolAEsE B tankel <
T aadse vE 9w
o] 9 AWl Ho ojfR FHY HFFE 10

wRAeE Fn Jdoh, B dPolAE amylase

@ wae 24

Bu| g 28 Al&3= #AA amylase produ-

ctivity &t ¥-H]7} yeast ageoll A #H9-H

g3 FZH072 seed volume S 1%9 10%
2 ¥usty Hdrh 713 & potato starch 25
%E A8t on pH 4.2, H82% 30T, am-
ylase AH&# 0.8%%Uth. Table 594 Ee up
9} #9] seed volume©l %2 alcohol2 A
Aol o FAlo Laszte] TEES &

gkot.

Table 6. Effect of seed volume on alcohol productivity of FSC-14-75

Seed Net % of Nitrogen Alcohol productivity (v/v%) j
volume starch* source 2day 4day 6day 8day 10day
, 20% Yeast ext.0.2% 6.6 1.6 11.0 11.3 10.9
10% potato | (NH,),S0, 0.3%
20% Yeast ext.0.2% _ 10.5 10.3 10. 6
1% potato (NH,),SO, 0.3% ) '

*The starch was preliquefied with 0.8% of e-amylase.

The pH was adjusted to 4.2.

2. Cassava starch& 0|&%} alcohol&t&
B dA7oA Mg FSC-14-754w 59 7R

£ alcohol & ol ¢ #H o]fo 1 &

g8 sk 1
WA A7l M= dA 2 FHANA F2 ALE
331 U+ cassava starch(Tapioca) & 714
2 3l alcohol 2 RAEE sl rh

AF8 8 cassava® HA FFolA AL&3I3
Ae AEQ), 40meshZ HHE Y8 E A&
SR Y. o] ¥ 8% mini-jar fermentord ¥ &

ol 1x

g oo AFEAMLS AY E7MF T 1 9
fe BEXVINE 97 EEA4AAE ®
o} working volume©] 2liter{] mini-jar fer-
mentoro| M dd3 JeHiY AERE o H
AHY £ QA gRolvt LIHAHL Y8
AEo Hazol amylaseE A7F3t 80T ol
Ao 1 AIZE dskels 121C o)A 60 A
et 30CAA 1% Fd& JFso &
AAZH, olu) HE F=+= 2559 Tapioca
€ 100mle] 8ol H7bsthom oW Tapioca

9] net concentration< 2 20%7F 5™ o] ¥
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Ev AA 3FNAMY AlgEF=olH
alcohol € ZF3ld 2 524 alcohol ¥ H

ik

Table 7. Alcohol productivity on cassava starch*

Hg vaLar

Strain e-amylase % Nitrogen Alcohol productivity (v/v%)
e source 4day 6day 8day 10day
FSC-14-75 0.8 (NH,),S0, 0.3% 8.5 - -
(NH4)2SO4 03%
FSC-14- 0.03 - 6.2 -
75 Yeast gxt.O,Z%

* Cassava starch concentration was 25g/100mZ.

The fermentation pH was 3.8 and not adjusted during fermentation.

3. aggiel M7inFol ZS_Z oM e
alcohol &+
AA FHHLE o] &3 A& alcohol F
3 Y8+ Tapioca, &R, Ayt 3%
o] FE ol Fa Aok, TN LAA, &

REYe g 982 AL g LFl
o] Axeo} FstAdol Uik alcohol®] &l

FAAA 4L vAB2 BE 229 Ta-

pioca &2 HH9 HztuFulg 1:1=2
AA AbgEta et B AFME o F
& Zetsled BBV A2 oF 40meshE 23
Arget AnaFnE SHEFEHS AL
He™ a-amylaset YFHIZE 0.8%, Y8%F
¥ 25g/100mig) vl =2, 71El 2P e A%
& el Fadoh

Table 8. Alcohol productivity of fusant FSC-14-75

Strain

Conc. of starch*

N source

Ferment. pH

Alc. after 4day

FSC-HM4-75

25g/100mé

{NH,),S0, 0.3%

3.8%*

7.6 (v/v%)

% Starch composition; Barley: Sliced sweet potato starch(w/w)

* % The pH was not adjusted
Starch was preliquefied with 0.8% of a-amylase

IV. Pilot Plant Scale

Fermentation

alcohold] 4H1d LAFAS ez 4
HEH 1) d8dRe 53} 2) A3} 3) B3
4) FE F9 4CAZ olFAA Ut oA

A 39AE 9EAES molds & bacteria
9 amylase 2 @Walete FAoln 4R @
Ale BEQ Saccharomyces cerevisige =
ol 8% LAFAHAY, oy BL Uz, A
Zh, A€ol 288 daAE Wi Aol
A olfv BH o]&3E S. cerevi-

siae7} ] alcoholol Wid WAdm 2a3dg
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Hol 4 EF8A T glucoseHt maltose 2R

sucrose$t & @FH 5L o|FHFTL ol &

& alcohol S AT F A7) dFo|rth
AA ZFW d8 alcoholTEGAE H

3 w2 delFola o] 4H FAHOE al-
cohol & AAste ¢4+ 7144z ¢=izl P
At AEHAE o2 HE alcohold] WHEAA
FAL AHEHEE (Fig. 1)dA velhd vt

Raw starch

Lique

a-amvlase

fying

Koji (or Enzyme)

Saccharifying

Nutrients if need
Aeration

Seed(10%)

Fermentation (4 days)

Fig. 1.

9}l Zrol g-amylase (Thermamyl Novo Co.) 9
o3t Ag A& A3}, Novorlol A +3}4A
U E2 A AL Kojiz ¥y de ZFad
ao o3 Btz el Holo B
fermentation brothell 10%¢] seed culture &
AEste 498 AN = TRoZ O F
oA glom ojif MAEE alcohol & (Fig. 2)
AA oy BE uket 15.5%9 3§ 7HA
fermentation broth2% ¥ 8.9%v/v A x|
FEE 1% WD s &+ Aok w2
52 alcohol A F ol Qo] HHEFTA
w3t 2 O At A7 g 5Hog &
A alcohol A F ol AAZ o] &HT Y=
S. cerevisiae Z18]3 starch ¥& %2 713

C. tropicalis & o] &3}

¢

(URN°A

S. diastaticus 2

Industrial process of P. Co

heterologous transformation¥ intergeneric
protoplast fusion®H oz HaHEL 742
gt galot HE FA # £ e M2
& A5 #F FSC-14-758 7/HEdn glow,
olu] AHA TFZoNA mini-jar fermentor &
o] &% VxAdgoe FFAXAN 2 FFEE
AES v Qi

1 A3 g-amylase{Thermamyl Novo Co.)
2 223 preliquefied potato starch (DE =
2.0 2HEEE FAH8 B o 1 P4
o] & 7tsAol FET RoE AAHYenR
2 dgdME 1 93 ol&rtEAE A
3171 913t pilot plant scale (working volu-
me =350 liter) 3] 815 o
I HHEET alcohol A &S FASY Y.

fermentation &
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Starch ---eeeereeerenees Tapioca
KOji +reerveseerneereereenes 925u/g starch
Seed srrrererrresienaeanns 10%

Aeration e 6hrs (0. 5v/v/min)

1.0%

] It 1

0 20 40 60 80  100hrs

Fig. 2. Industrial data of P, Co.

H e
[ = |

(g #
BRFF FSC

B dAFoM ddE AR
%24 & pilot plant

-14-759 F4A o1& vt
scaled| M HAFHoz HES7| $lste A3
HEE 7122 89 alcohol BEE HFAUL
o, 2 e alcohol®E F o] 2 ol
2 vlza F2Hd FFOZ alcohol T TR
ARste 5 7IFAE E¥A o7y P 3
ALe] alcohol REF Ao F3td e °l& Fig
3 3 #Zo, o o] W] Ft seeding volume
2 HA FAAM 10%7F obd 0.6%~1.0
%RER ALgEAon, ol 7 dAE TA
Aoz Agstd be3 2ok (Fig. 3)

Raw starch

«——— g-amylase

Liquefying

Nutrients

Sterilization

Aeration —————

= Seed(0.6~1.0%)

¥
Fermentation

Fig. 3. Experimental flow sheet

1. A BTF
2 A3 AR 75 ARdAM BRud
Hl &} 2ol S.diastaticus

amylase gene® A transformationAl#A &

S.cerevisiae®]

2 8. cerevisiaed] transformant®4] amyla-
sewdl A #FA TSD-147F 4 o, 1, 6~ am-
yloglucosidase & #¥H]3t= C. tropicalis &
£ protoplast fusionAlZl FSC-14-75 #F
2 FSC-14-753F 439 flocculating - cell
form¢! TSD-14-75(F) 5% single—cell
form¢l FSC-14-75(S) #F %tk

2. AB/™E

BEHEL 8oz AEdts AT sweet
potato starchS .AlE3ldon 2 g2
20.5% Aot

3. Seed culture

Seed culture= glicose 2 %, preliquefied
potato starch (liquefied with 0.3% of e—am-
ylase to potato starch) 3%, yeast extract
0.2%, (NH,).SO,0.3%, KH,PO,0.1%,Mg
SO, 7H,0 0.2%, pH 5.5&ZA Y medium<
A4 Few 0 6v/v/minS E aeration, 300
-500rpmS & agitationd'8A 2 ¥ €< mini
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Table 1. Strains used in the experiment

¢Strain

Origin

FSC-14-75
FSC-14-75(S)
~ FSC-14-75(F)

Intergeneric fusant between TSD—14* and C. tropicalis
Single — cell form of FSC—14~75 strain
Flocculating~ cell form of FSC—14—75 strain

* Transformant of S. cer“e;);siae X2180— 1A by chromosomal DNA of S.diastaticus.

—jar fermentorA W YE# F seedingol A}
£33

4 . Fermentation broth 3! 2&t&E =X

Fermentation broth®] &4 preliquefied
sweet potato starch (liquefied with 0. 3% of
a—amylase to potato starch) 20%, Yeast
extract 0.01%,
0.2%, (NH,),S0,0.3%, KH,PO, 0. 1%, Mg
SO, - 7TH,0 0.2%, pH 4. 234 1A vh

Fermentation broth®] ZA & o 250liter®
23 98 F9) sweet potato starchE T3}
i agitationdtH A S5 8 ¥ 60CARd =
gt SEE AT starch@ol Bt 0. 3
%29] a—amylase (Thermamyl novo Co.)$ &
ZA Y silicon oil 200mlE A 7}3ke] 80 <A
ok 1Az Bt AANF UniA] FFES
Ho] HF volumeol 350liter”} A FFE ste-
am2 2 120C 20%3 A#ddon ojm A7
o] U fermentation brothE 30C7HA 4
3 10N NaOHZ pHE 4.28 =434t ©]
o] fermentation broth® 0.6% -1 0%l 3}
3= seed cultured FF 81 120-150rpm
© 2 agitation3lAA] 30CNMH HFE AP}
Aot old seedingF 6 AN A= T A
& 2 amylaseA A S F237] 934 0.6v/
v/min& £ aeration3t9 1, YEA pHE 84
7t Z¥A o2 pH 4. 22 ZE3A

denaturated malt powder

5. Alcohol2| £4

Alcohol®] B HH A& WA @i 25
mlE FH3o FHFAo] 210-220mlH A FF3
i1 E75E2 718t4 250mlE make —up¥ti al-
cohol hydrometer 2 alcohols =& &3
LEE BRAR F v/vpE BASAT

6. moel 2

g7 APFo)AY dart Bd dade
AGEANLe wgFdg HCIE 47t E# 3o
Betrand 2.2 #9328 A JsA

7 . Pilot plant scale fermentor

2 A YA AL 7 pilot plant scale fermen-
tore W PFA3ALY 400liter& Fe AL
2 AA B AF¥NMe operating volume &

350liter 2 3te] A}E3FH )

202 =

1. FSC-14-7572%2| 13.3% sweet po-
tato starchol|A{2| alcoholtF

B Ao AEret M 2F alcoholFEAR
FSC-14-75 @59 AdA o] &4 & HF
Ao g AES7) 943l9, a—amylase® 7|
A3 & preligefied sweet potato starch(F%
=14.8%) & alcohol¥ 7122 &FF fer-
mentation broth 350liter & jar fermentor ol
L3 (0. 6% seed cultures EF 38 30T, pH
4. 281 4" 8 A7t pilot plant scale fermentor®l
N ggAIEAdRTAe 2 YA EE alco-
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hol& #g3t g7 ZA& At o] aeration
2 0.6v/v/min2 2, H3FF 6 AN7A BERA
oo agitatone FEFE7A 120 - 150rpm S
2 AL

Fig. 4°14 vehd uis} go] fiFHFTY
°l 8¥8%9 FSC-14-75T¢F 9 alcohol A

2ol el e o 70%, Luldel daiM s of
87.5% %tk T2y o] 43 Age AGA

A4 FRAML mini-jar fermentor (wor-

king volume=2 liter) & ©|$38td 4L alco-
holel ¥]3lH HF&o] th 94 Yelgded
o]+ fermentation broth®gt o}jgl B F %

B 6.6%, FGL 3 15%EHN LAEL F ASo Az gy ROz FEHYc
4r \
3 12( ® Alcohol% (v/v)
S \o _o—°
St o
6 N6 /
s 3 25
Z w8 * * x——x— % ol
$EE | N T4
53 %2486t 0
2 / .\Remaining sugar (%)
1 4 o °
2 /
2 F/o
O Il A [l - " A I 1 1
0 20 40 60 80 100 120 140 160  180(hrs)

Fig. 4. Alcohol fermentation of FSC— 14—
Total sugar : 14.8%, Max, alcohol :

2. Flocculating— cell form 32| £a|

FSC-14-757F9 pilot plant scale fer-
mentationZd 3, 1 2F &0l APA FRAAN
B ga @A YERS® ol e} fermenta-
tion brothS dv|RF oz #Fse Eup A4
AP4 R daddege g A3 F
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Fig. 5. Alcohol fermentation of FSC-14—-75(F) and FSC - 14-75(S)
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Fig 6. Alcohol fermentation of fusant FSC-14-75(F)
Substrate ; 15% potato starch
Total sugar : 15.33% (=13.8% as starch)
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Fig 7. Alcohol fermentation of fusant FSC-14-75(F)

Substrate ; 15% potato starch
Total sugar : 14.57% (=13. 11% as starch)
After sterilization, 50m! of Novo Thermamyl o — amylase added.
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