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ABSTRACT

Alcohol fermentations were carried out to confirm the capacity of ethanol production from glucose,
starch and soluble starch (dextrin) by Schwanniomyces castellii. NRRL Y-2477.

Schw. castellii NRRL Y-2477 was able to produce the 63.9 g/l ethanol using 94% subtrate from 150
g/l glucose medium. The direct alcohol fermentation of starch having the maximun solubility of 20g/!
at 30°C yielded 9.1g/! ethanol upon complete depletion of starch, whereas 34.5g/! ethanol was produced
by utilizing 82% of 100g/! soluble starch medium. The fermentation of 150g/l soluble starch produced

52.1g/l ethanol using about 79% of substrate.

Thus, it was found that the limiting step of direct alcohol fermentation of starch by Schwanniomyces
castellii NRRL Y-2477 was a hydrolysis of starch.
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AR E(yeasts) Foll4 AEE A FHaxA
T )= FF2AE Saccharomyces diastaticus, Sch-
wanniomyces spp. ¥ Endomycopsis (Saccharomy-
copsis) spp. o] ti(1). |5 Fo| A Schwanni-
omyces spp.  a-amylase, glucoamylase ¥ deb-
ranching enzyme ¢l pullulanase & AJsl=& 43
o} A3 dgrac] ohs Mgt 3} aAch2).
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A otFub g ol A= 3EF-2) amylolytic enzymes o]
EF ZA522 pullulan 7 isomaltose & £ 4]
# glucose & AT 4~ 9Jow, cell mass yield =
glucose Yu] Hohe AEol w7} o Egpa A4
St glucose b H¥olA] A2 Fspglore A
¥of Y FdEd W §88 25} L 5 ol
th(3, 4). 22} Schwanniomyces spp. < ©|-8-3F
AE9 A ohFLEo|A Y FAHL o] FFEY
dZof gk YA B dFubg 5™o| Sacch. cere-
visige Bth £2] E3pr] o]E o] Bu]|d= g-amyl-
ase 2] AAlo] glucose o ¢Jd}o] catabolite repres-
sion < ¥k=t}. & starcht} maltose 22 3}of| 4] 1n-
ductlon %+ inducible enzymes (4-8)3l ®¥HH glu-
cose %7} 0.1g/l o)Ao]™ g-amylase ¢} gluco-
amylase = catabolite repression o} 2]d}e] AJAjo)
AR =, olg g-amylase & A o] glucoamy-
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lase ¥} ©l =ZA A4, 5, 7). =3
Schwanniomyces spp. 2] amylolytic enzymes 2 Ak
A7 Ao 4= enzymes ¢ gAlo] JA|FHT F
7]l oste] o] F7HEIh(7, 9).

FAEHANA AA 275 ethanol & e
3|43 80g/l o)o] Hojof Sl o7t 34-FA
oA FEAo] olcd. zEdl Schwanniomyces spp.
of o8k HE Y dFLadAM= HEY Es
AgzAT F59] gl et vie] F2] Falo
a7t} 80g/1¢) ethanol ¥ 55 gt B
E g&=d), ol Schwanniomyces spp. 7} 47g/1 eth-
anol £%9|4 ethanol A U AFEAA o] JAE-
wltow] (4), AA% ethanol o 93t non-com-
petitive type 2.2 amylolytic enzymes 2] #Alo]
A4 % Bl ole} g-amylase ¢ glucoamylase &
7+7t 16g/l 9+ 40g/l 9] ethanol EEol4 en-
zymes §HAlo] ZA ZHAdrhe= Bl 9Ieb(10).

ule}a] B edFollxe Schwanniomyces spp. <ol
A amylolytic enzymes ¢ A3} HEe| AH o
Wi 9l ethanol o] gk WAl5Ho] $& Schw.
catellii NRRL Y-2477 & o|g4-3}o] o] #3of dj&t
Ao A3 ohEwta s 9 daxdd dig o
75 T35kt
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B oo = amylolytic enzymes ¢ AA5H
o olZul g LAHo] 3 Schwanniomyces caste-
i NRRL Y-2477 & o]-&3}¢c}.

TF BHAL AP A= 2% glucose, 1% yeast
extract, 1% peptone W 1.5% agar 7} 233
slant & Az 3} AR-3}adrl. Slant o] T-& HZEA|
7 incubator 4] 30°CE 24 A7} wieokst & 4°C o
A AMgstg o 3Fubch SAdgk wiA|2A
] slant of] &AF%}

&L FF9 wloke 300ml Abz} flask o 2%
glucose, 1% yeast extract W 1% peptone o} %3}
= wj# 50ml & Hrlsle Had ¥ & Ao
30TCNA 16417k 59k 150rpm .2 Zlednjjofs}o]
AHgslolch. 2 o 9 BAE S A4S FF
o F& 5% (v/v) & stdc) #EwR= 0.5%
yeast extract, 0.5% peptone, 0.5% KH,PO,, 0.2%
(NH,),SO, % 0.04% MgS0,. 7H,0 o] w& x4
w2} 15% glucose, 2% starch W 10% 2} 15% 9
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soluble starch (dextrin) & A7}sle] AR&-3}3ic).

1+ 5= 2.5L Jar Fermentor (gHb& 7))ol
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e

e e

AU

24e] geke DNS g (1)e] olsho] 243}
Hi, 99 A& Anthrone #(12) ¥ 343
Yepst shaba) e FEels Fujsh) A4S
A 2ml o] IN HCl Iml & 7}ste] & A& ofe
100°C -&52o4 60min 7t ZowA] Ab7lriis)
2171 ¥ 1IN NaOH 1ml & 73t F3p2]7ct. o]
A Fuld A58 1ml o] DNS A} 1ml & 7}s}
of B4 Hakst b o ES A
ojc}. wefallZ=el ethanol ¥X+= n-butanol & in-
ternal standard 2 &} gas chromatography (Hi-
tachi Model 263-30, Japan) & &A3}3dt}. a9+
#n]A3}oll 4] hemacytometer & o]} count-

ing 3}31.
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Schwanniomyces castellii NRRL Y-2477 ¢] &%
4E S AAs7] st 150g/19) glucose 7}
Z3g LA E o g3t pH Y] 43 LE
& 78 494E Fig. 1 o Jepligicth 4§ 23
48A17F W E & 94% ¢} glucose & AR3HA] 63.
9g/l 9] ethanol & AAslglon], o]we] ethanol
yleld & 0.45g-ethanol/g-glucose EA] o] &3t9
88% gt olalgt A= UubAal Lk R
Saccharomyces cerevisize Rrh= oF7F W& zkS 1}

Eh Slet

H2Y 2y L2LE

&l &ld ¢ e AR Hd FE 20g/1E
ol st} WA E Y A7 Fig 2 9 Ak
5719 At 20g/19) Aio] 79 2F 4w
ot gz 1.0X10° cell/ml Az ATt
o] Fo] AL ethanol 44> 9 §isle}. of= &
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Fig. 1. Profiles of cell growth (®), ethanol pro-
duction (®), pH change (%) and sugar
consumption (a) during the batch fer-
mentation of 150g/! glucose by Schw.
castellii NRRL Y-2477.
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Fig. 2. Profiles of cell growth (O, ®), ethanol
production (0, ®), and pH change (4,
A) during the batch fermentation of 20g
/l starch by Schw. castellii NRRL Y-
2477 under anaerobic (¢, 7, A) and
aerobic (®, m, &) conditions.
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S5 12A)7} wjef o] FHE] ethanol o] HAIE 7] A
Aste] 4247 wiFRlS of AEE 2% Awsinii
9.1g/l 9 ethanol & AA&td.om, ethanol yield
£ 0.45g-ethanol/g-starch 24] o]2z7ke] 88% o
o} oju MEZ7] 124]71744] ethanol o] 914
A e ofm] wiA] SAuol b4} EAfsly) wjE
ol Ao 2 FAsc) wlebr] Schw. castellii NRRL
Y-2247 & o]&& 20g/l ol3t9] 4389 HF 7R
dAl= §71E 3= 79 ethanol & A gle] 75
o bt o]Fojx HES FHdt AETYY
25 single cell protein 2] o] o]&o] 75}
t}(13).

Soluble Starch (Dextrin) 2| 2y otadts

T34 3 A54 ethanol PAHE a4 80g/l
o] ethanol FE& dojo} slu 7|49 ¥w
Z 59 Folof g webA dextrin & o]-§-3}od
e A GFHEE st 579 Qs
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Fig. 3. Profiles of cell growth (O, @), ethanol
production (o,m) and pH change (~, &)
during the batch fermentation of 100g/!
dexirin by Schw. castellii NRRL Y-2477
under anaerobic (O, 0, A) and aerobic
(e, m, &) conditions.
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2 100g/! dextrin §l 7$-olli= 7]l &Jste] Al
XA} ethanol Aol ZA A=Y F §7
5 A 9 AE 108217 wiekiE e Alxsrt 1
76 x 10 cell/ml )3 ethanol F%+ 15.2g/[ 91 4}
o £7]al AL o) AE57} 491X 10° cell/ml 2
A 2,84 Z7}s19.0m, ethanolyEx 72417k wiok
o) 27.7g/1 24 1.88] F7tspsdlct. ol=idt A3}
= 32 oY wad %—ZH?'SM]H ulge] Abses
foe) AREED A48T B ohjeh AREY
ethanol o] dj&F WAIZ7) _S_Zx‘ifﬂ 2h8.3}7) u)F-o]
o (14), =& E7)o] 93 amylolytic enzymes 9]
AAZTel Q3 AeR2E FALNT, 9). dEhA
X2 gthanol AL R E& ethanol ¥ 55 7]
daiAe ARef A dFLEAME F77t
Aol AE ok} uhd pH 9 Ztae E71E5 3
A oke 7971 Sl Hoh A9t

Schw. castellii NRRL Y2477 o 2}3} A9 =
A d@Zutgol| A waZd| pH 7} ZA F4sle] pH
o tEt odake HEslart. = 100g/] 9 dextrin
o] X wiAE waxe Yy %7] pH & 58%
i —‘F pH 2A4%e] 0.05VVM o0& E7)atHA &
e Y3 A Fig 4 9} 2o} Ag2E3 3
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Fig. 4. Profiles of cell growth (@), ethanol pro-
duction (m), pH change (%) and reduc-
ing sugar concentration (A) during the
batch fermentation of 100g/l dextirin by
Schw. castellii NRRL Y-2247 under non-
controlled pH.
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o el dlele 15g/1 o o] A3kt
ol wjx|2] pH &= &z} Aol ae} Fa} 7k
3l 60417k ta ol HEl= 4.0 o3& ol F
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ol A 9 A xAA o] Fetwle] ethanol == F
o) 284g/l AxolXut, pH & 4.28 ZAs= Af
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Fig. 5. Profiles of cell growth (@), ethanol pro-
duction (m®), pH change (%) and reduc-
ing sugar concentration (a) during the
batch fermentation of 100g/! dextrin by
Schw. castellii NRRL Y-2247 under pH
control by adding 0.1% (w/v) CaCOs).
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w3l A E4 9 ethanol ¥ 5% 722]7} HEF 6.
6% 108 cell/ml 3} 34.5¢/l 24 pH & =434 ¢
& A% Btk A7 A7osh 219 Zohstalch. wE
=3e 7)Ae oF 82%F o]4-3l%2w ethanol
yield & 0.43 g-ethanol/g-dextrin 224 o] &%}
84%4it}. o|9} e A= Schw. castellii R—69
(15)0l] 2J3F 92.5g/1 ol A €L ethanol Fx 33.9g
/19t 9% e Jehlidch 2y AR 1S
B% o] 432 £ o)f= AAH ethanol o 23}
o] amylolytic enzymes 2] §Ad3} A Aol 3t
Ao ZA=EEH(10), ol pH 7} 450422
$A A B4 FEE WA 6047 o] FHH
3g/l o|3l2 wi$ A EAjshs AoeE® A& 5 9
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(w/v) 9 CaCO; & #7lste] 7] pH & 6.02.2
ZA% F 005VVM 22 F7)3wA &3dasg
9% A3 Fig. 6 3} 2ok A2 A Az
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Fig. 6. Profiles of cell growth (®), ethanol pro-
duction (®), and pH change (a) during
the batch fermentation of 150g/! dextrin
by Schw. castellii NRRL Y-2477.
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Schwanniomyces castellii NRRL Y-2477 o] 23}
Agel A4y PEtEdl g 47E FHs,
o] #Z2] 150g/l glucose o] o3t ¢ZTHaFHL
Abg 714e] 94% 5 o]8-8l ethanol & 63.9g/!
2 AAslgd o, oju2] ethanol yeld & 0.45 g-
ethanol/g-glucose 24 dukz|ql oFutq Fwal
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A Az 442 5 ole 20g/1 AE-o] A 4F
u} g ol 1= E-7]al A% ethanol®] AAgle] Al A
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1g/l 8 ethanol & AAi3le] ethanol yield &+ o}&
3t 88%Z vieholrt. uba 100g/19) dextrin &
o3k dTwHRAME F7| 23l ethanol ¢
AAo] 1.8u F7tstelem, g CaCoy AH7tel o
& pHE 243 749 24314 & 74F Brt eth-
anol o] 2.1v}) 2713k 34.5g/1 o FE2A o]
of 7)ol chgt BESEE 82%o0]2 ethanol yield
L o] 23t oF 84%drt. & 150g/! dextrin 9
dZraME oF 79% 9 7|AS ARshHA 52
1g/l 2] ethanol 2 AAst4ct.

wie}x] Schwanniomyces castellii NRRL Y-2477
o &g MEo} 2AA dFUFAY FEHA= A
o) sprel HYE Bass)
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