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Abstract To increase the production of ethanol by using sugar from lignocellulosic biomass, pentose and hexose have
to be fermented simultaneously by yeast. The effects of mixed sugar and nitrogen on ethanol production by
immobilized Pichia stipitis KCCM 12009 were investigated. When optimal mixed sugar and nitrogen concentration

were 5% (Glucose/Xylose =

3:1) and 1%, respectively, ethanol concentration produced by immobilized P.

stipitis was 19-20 g/L. In repeated fed-batch by immobilized P. stipitis, all glucose was consumed very quickly at
1-3% mixed sugar concentration. But, xylose consumption was decreased as the mixed sugar concentration
increased. Also, ethanol (5.6 g/L) was stably produced and ethanol production rate was 0.13 g/L - h in immobilized
cell reactor (ICR) with 1% mixed sugar (Glucose/Xylose = 3 :1) as feeding media.
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Az wlol ez ASralge] A4S, sEel A
227} F9 TFO|A|TF o= Saccharomyces cerevisiae
off o3l Lar} HA| Z=th HIF S, cerevisiae7t AL
2028 BEAAY BN 4 AW o)t ER
o kARl 4do] otk AAR 0 20) Wi T
A= 1980t 2HE o]FoA 2o ™ Pachysolen
tannophilus$} Candida tropicalis 32 S5+ ALZ 2
= wasle 22ee AN 5 ke Ho] WA
o (78] ALz RN A 200959 B
HFES PFAo B, Adslel 488 2320 gl
o] AYZAE ehidoz g AYS 3 A7 0.1-
1.0 g/L9] oehe-S Aksh= 197HA] dFES Follth
Brettanomyces naardenensis, Candida shehatae, Candida
tenuis, Pa.tannophilus, Pichia segobiensis, Z1¥| 1l Pichia
stipitis®F e AFE2 1.0 gL o)A dehe-S Ak
ahact [9].

AALE Q28 o] -2 YIARMERAE AR 35
A2 32 MRS 5b7] 913 DA FHEolH [10].
Al o] aRvlo] AJZ A5 A JehEE WA
4 e Fo=E dHA o, HEET F&2] FHI
A vlo] olghe-e] SIS Sl 7iAlo] Bag Fgelth
A=A EZ Q2 T Edl EAlde S FRL2Tt
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ool Gk Pl e sz oeeE 4]
REAS S ERTe) B0l st Bas
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FE|of gt} Bl AER Qe T YR we) ok
ARE 27 69ER] D-2F3e2, D-viee 2, D-ZE
E0 29} 5Ehg?l D-AY R @ 2~ L-ofgpH] =@ 220] 5714
T B Xkl ok AP AR A= IRbAe
2 JasAEZ o 2= YEA] =Tt S, cerevisiae
2 o]ga R0 9| WEE 4 A Ft ofold] 20
s seie] Wt AjHo 2 Ao Be A} o)l
A S, e oliA] e FAAE < ik 2eiE
2 ¥ 70 BAe IRmest AU 0o EHTS
FA BaS oee ANE TAIE AolP, TR
oA ers Brtol| ] M Egs}ke] gk} [CR (immobilized
cell reactor)= ©]83 T3 A ] Aghe AEZBIS
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= 7N F 58S 0.20 ume] ZE (Advantec, Japan)
= PEJRJSE $ HPLC 48 &S FHIsIsith HPLCE

refractive index detector’} EA1E YOUNG-LIN M930
(Korea) 2dlS- ]85} o™, AH (column)S BioRadA}2]
Aminex HPX-87H column (300 x 7.8 mm)2 AF&-3}T}.
olu, ZHo] Lx= 55CH o™, o]54(mobile phase)S
5 mmol HS04011, F%LS 0.8 mL/minE SF}Th

™3} MI=Z 27| (Immobilized Cell Reactor, ICR)
A|AE]

ICR WFS-7]E= Fig. 19] =489t 500 mL ¥H3-7]9]
133kd ZAZ oF 400 mL 93l 120 mL A2HEA] (2%
TIADHE TF T HE = S8 6217 GAe S
SItE M2 F N2 1% ST ALAE g2
2 (EYELA, Japan)E ©]-83}l4d 0.32 mL/min 52
A&HoZ w7l FHAA dekes ALkstth

my
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b Y o
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oo o

TS o83t oeES ALkl Mol xylose &
o w2 free cell®] &S WEsto] 1At LPollxe] 7
FTEE AYSIARIATE P. stipitis KCCM 120092] ¥Ha
Al, A4 7] AYR Q2 & FllA 5% ALZ Tk
o] 48AIZF ol B AHE oM, T o)) AdR e~
FroME Ao HlszahA| 48417 Ftell °F 50 g/l AL =
2225 ARSSIATE dEhe w9} AAEE, 83 8
Yps, 2/2)S 10% AL Z Q2 FL7kA]E H|S=3 A v
12.5% APZ Q2 FEo|Ae WolXth (Table 1). wahA]
145 Ao s gAY TEE %2 U] AFE
ok P. stipitisE ©]-8311 10% oJske] AfLZ 2 FEa -
B oehe BaA] ofeke kST = 9F 0.34-0.35 g/L-h
o] AR, 12.5%041E WAEET) 0.26 g/L-hE 2UTh
ol#f3t AAZRE] ALZ Q2 FET}F10% ool =
2 T ety HaHTR= A AES S grE
Z M7} o]Fo]Rtkar ALEHT) Agbogbo & [11]S P.
stipitis CBS 60545 0|83} 6% ALZ Q2 HE gk
< AN o olEks MRS 020 g/L- hol3it.

Table 1. Comparison of parameters on various xylose concentrations
in ethanol fermentation by using free Pichia stipitis

Xylose concentration (g/L)
50 75 100 125
Maximum ethanol conc. (g/L) 16.59 16.47 16.08 12.44
Ethanol production rate (g/L -h) 035 034 034 0.26

Residual xylose conc. (g/L) 0 23.36 48.61 7540
Ethanol yield on substrate (Ygy) 0.33 0.32  0.31 0.25

Parameter

P. stipitis7} ALZ e 2HT} ] Asshs 7|de] EF
ForolmE TIPS AAZ QA 7L 2H|E7] Fo
FFA27} AR AREEHTE o] AL 0]318-E A Aol
el FFIF7F AD2Qx FHE JAIS| wjiolh
aEZ 5% SN ST AYR 0] E3)
HIE HSIAAA LaFFOZA] oehe Aol 23k vie-S
A} Sk oledk o E FE 3gskE P. spitis
£ o83t olekE Akl tigk A= Fig. 2] YA
Ao, o] 71A] WeEdd telixe & 240 Fsith
Fig. 20 Uehh= nle} o] 255027} 7ix| Anld 5
APZ 27 An|E k. SFA20 QA2 0 271 1 o
302 491 &gt SFH L7} 12A17F Thof] A"
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R0} PRV 3 o 12 411 EFTAME
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%o A H¥-E (conversion rate)S FFH L9} A
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Fig. 2. Effect of mixed ratio between glucose and xylose on the
production of ethanol by immobilized P. stipitis. The medium
contained 5% mixed sugar. A; Glucose : Xylose = 3 : 1, B:
Glucose : Xylose = 1 : 3. o; glucose, A; xylose, m; ethanol.
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Table 2. Comparison of parameters on the ratio of glucose and
xylose in ethanol fermentation using 5% mixed sugar by
immobilized Pichia stipitis

Ratio of glucose and xylose

Parameter
3:1 1:1 1:3
Maximum ethanol conc. (g/L) 21.43 19.0 13.75
Ethanol production rate (g/L -h) 0.45 0.40 0.29
Ethanol yield on substrate (Ygq) 0.43 0.37 0.36
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o} TS 24 0.05%2) 0.1% FEANAE SFIL9
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ojgom, ofeke AT 2+ 9,699 gLE Wit) AAY

°] 1%, 2%, 1?4_1_ 5% FEE H7HE Bfele 273
271 g 12A1%F Thof] 9PH3] ARjE A2 e A% kg
36A1710l A AHHA oM, ofnf ofghE AR oF 18.9-
20.3 g/Li H]"‘S}‘I‘E} o3t AxzHE 1AHIH P
stipitis’S |83} AEkE Aatkoll= 5% EFIH 1% (Whv)
peptone™} 1% (w/v) yeast extract’} 7= AT
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Fig. 3. Effect of nitrogen (peptone and yeast extract) concentration
on the production of ethanol by immobilized P. stipitis with 5%
mixed sugar (Glucose : Xylose = 3 : 1). o; none, o; 0.05%,
V¥; 0.1%, £; 0.5%, m; 1.0%, o; 2.5%, ®; 5.0%.
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Fig. 4. Repeated fed-batch culture of immobilized P. stipitis with
various mixed sugar (Glucose : Xylose = 3 : 1) concentration.
A; 3%, B; 2%, C; 1%. e; glucose, A; xylose, m; ethanol.
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Fig. 5. Ethanol production by immobilized P. stipitis in ICR containing
1.0% mixed sugar (Glucose : Xylose = 3 :1). Feeding rate
was 0.32 mL/min. Arrow indicates feeding start after 6 h of
activation. e; glucose, A; xylose, m; ethanol.
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