5531832 A 38 A 15(1995)
Agricultural Chemistry and Biotechnology
Vol. 38, No. 1, pp. 20~25(1995)

Kluyveromyces marxianus FO432| Alginate 11832}
oEE YESY

ol5l% -

AIX| Y -

= k-

Ngaoiet A Exeke)

A28 A4 2O 282 ogg 404S

kAR 71 7] 93 DA 02 Kluyveromyces marxianus FO43&

T A3IAA sucrose BiRo|A A} ZAY wERHL ZAME A} alginate FEE 2%, bead 74 2mm,
2R3} #Fe] w717t 2447}, particle input ratio 30: 100, 7)1 2A¥ % 10%(w/v), pHet &5+ 747} 55, 40T 71
Moz et om pH 45~65 2% 30~45C oA L Fx9 dE2S A 1A 4L &
2R Be pHel &% M-S Rk AHzAAM ELEE HAE 27 e FET 4641,
olghe Aatd& 193g/Lholsia HHzAdA vlgE beadd) TS 43 driFez IS B A
TFAHE7F bead®] FHol FHHO] AATHI995A 19 3Y FHF, 199593 29 229 F2).

M B

Biomasse] LA ZHE AAEE eSS dLF B
dol {9} v)szste] Afo AR 2 ZH3g v
Utt. Biomassz #HA S AMR49} HX 7 AHe-
rusalem artichoke:Helianthus tuberosus L)o|t}t. =HA)7+
A= 2 FAE BR-DATY fructan®] inulin® 2 1]
A oodo) sucrose ¥7E zta Q)

oo AAAE FIHAITI7] L3 io g AREE
E8A EAY geldl 1ASAIZ] Fo] HEE 53
o2 FYP3le Wyol AFH gk #AE 1A
7l Wi vlolaEfed, F3Y, T3, 7oy,
A Sol J=d e AHRE FAHAME
E@o] AFHA YUk XBYPS] Az 2
T o] 93] A3}sl= k-carrageenan,®>® agar,” colla-
gen,” gelatin,® o] ol 9|3} Z3}&}+= sodium alginate,”
chitosan® o] HAFTAZ Ho] o]&H1 Uk 1
% sodium alginate= A AF A ] 1 EAEA2H Ca?,
AP 3 e grl ol EASA H4A £ZE F
RoeEz nHF xo] gol3lal vl Y H e e
TEE o]Fn BaFo FEH= dAe &o] AUF
o2 Ade FHE AYa Auk?

2 A7 HARAE a4 Qle] FF
28 nFx g AASE Kluyveromyces marxianus F
0435 EE3AE? 1gste A3t aRE HAHA
718 A 837 4AM sucroseE 7|2 1 sodium
alginateE BA 2 3l ASWLEE u3F AA AF
.2 K marvianus F0432] 1 A3 2713 ogke Wi
EA4E ARG

B
T2

ERCTRTY

20

AR #F

B A AN 2228 K marvianus F043& YPD(IL
58 Z yeast extract 10 g, peptone 20 g, dextrose 20 g)
AR R o HES] 30C oA 2417t wlgFE 4T
B3 159 7HFHo 2 AUste AR

b ki g-Tis

YPD dAu] Aol K marxianus F043-& AHE3dtod 30
TollA] 24412t v F3kal 3,000 rpmoll A 32 <t A4
XA FAAE AAZ 3 YPD AA A} FFe)
ZFFol TAE 4o HA alginate §H <) 20%7} H<=
AR dgde wEQ) o] AN 2% sodium algi-
nate(Showa) &N4& & &3t YA THE F peri-
staltic pump(Eyela MP-3, Japan)Z A}&3ld 2%. CaCl,
fNo) w2 A2 "ojrg]WA] alginate beadE |
Z39th Bead®] AL 3719 fF&o wet 2~4
mmZ AR AuAZdE F93r] 3] a527F 1
A3}¥ alginate beadE 2% CaCl, &) 24717 @10
T2 5 dauZ SR

g uix|

o gh-e AAL 7)1EH|AE sucrose 100g, yeast extract
5g, peptone 5g, HPO, 1g, MgSO,-7H:0 1¢, NHH,PO,
12gS 5755 109 =9 500m/ A2 Fek2=9 100
m/4 ¥l 121T A 1583 7MEa st AHE-3toh

D3 =
Dl 713t

FARASE Fuo wYgr|td WE e FAHES &
olB 7] 93l 10% sucrose B Ao 3% sodium alginate=



Kluyveromyces marxianus F0432) Alginate 19318} ojgg HEEA 21

1A ARE 100:309 ¥z HE3d 30T NA
Ag 192 100rpm o2, 71 g 2, 3, 442 50 rpm o2
A okdle] 2447ttt} o g2 Frekg =4tk

2) Sodium alginate®] %=

Sodium alginate®] FE2 2~4%2 ztZ 2e)d9&
o nAsle AR AEHY oue HaTs HEIV
A3 10% sucrose ¥WiAlol A3lE FFE 100:30¢]
H|2 FH3F3aL 30T oA 24417 R &u) (100 rpm)3t
AEgd qgE FFS SR

3) Bead size

Alginate bead A ZA] F7]9] £5L & bead?] =
2, 3 4mm7} =2 A% A
}+

RO AEHY e VETS HESH] H3 10%
sucrose Bl A9 2% sodium alginate£ 13 3}¥ RS

100:30¢] W& FHEstar 30T ol A 2447t 25l k(100
rpm)dted HEHN ofehg Fakg ZHsch

4) Particle input ratio
ARE uQstd W ALEEE alginate g9 g

gEwAe vl BE RS EvY BEL oG

YESS HES7) 3 2% alginate 847} L EHj =)<
H|E 30:100, 50:100, 100:1000.2 tia A zAs1
10% sucrose ¥ %] 2 30T o A 24A)7F 2 &l 9E(100 rpm)
slal AEHY oAgg IS AT

HiEE we

D71 s%

Sucrose?l FEE 5, 10, 15, 20%2 2&l3ted 30C o) A
243 " ket & oehg %9 pH, HAAE,
A% dFS =549t} o] o alginated FEE 2%,
bead 7€ 2mm, particle input ratio= 30:1002.2
233140k

2) pH

Sucrose ¥ A|2] pHE 35, 45, 55, 65% Zt7] &
3RS W nH3lE are g HEFS AES]
A3l 10% sucrose HiA|ol A3Z}E FERE 100:309
¥2 HEF3T 2443 100rpmeE AR FE 5 o
&g THFS FAHI}A

3) 2=

LE2T 9e AES] S8 10% sucrose ¥RA|
o nAstY ERE 100:309 H2 HIFsu LEE
T & ztz} 25, 30, 35, 40, 45, 50C 2 2R3 T 24A7
100rpme.2 Fgujdstn ANeg s FHsAh

ME BAM 9 Kinetic parameter
pHE Z&E 10m/g 33 pH meter(Toa Electro-

nics Ltd, Japan)E AP AARAEE LFEA 10
m/o)| 2FF 40m/E ¥l 01N NaOH £9-g pH 830]
9 W7hx Asiste] Az 100m% ¢ 01N NaOH
£ ml & AAFNEZ FAEAY FFS HEY
10miol $HF4 40m/= 01N HCl 15m/& 7138k 30
7+ #o]x 01N NaOH £deoz F3A7 3 g
22 Somogyi HH o 2 st glucosez 4ttt
et wagd 100w/ SHFE 500m/ A &
230 Y3 @ FHRAA FHY 100mE 2L Gay-
Lussac metero] ojdte] AZ3tqch. AEH S 254
beadE 4% #3l E3} sodium tripolyphosphate &4
(100 g/L)el o] alginateE A3 =0 ¥ 3000
rpmol A 587 QAR gel E27E AABD
methylene G4 A-& o] g4 2 H| G MEE hema-
cytometer2 AlF3t4ch 18t Ane 71 EF4E
(specific substrate uptake rate, -r)2 T3 o] A4t
87 =2
1= (Vi X S)/(Krn=S) : Michaelis-Menten equation (g/L)

Vi : A H9ES- &% (g/L - day)

K. : Michaelis 4 (g/L)

S: 7149 FX (g/L)

HENSHY 2R

HAzA A v]%¥H alginate beadE 100 m/ beakerol]
Y1 3% sodium alginate 892 Hof & F 7|4 2%
CaCl, 8988 P alginate?} s wj7bA B A 7E
H-x)8) FAok A3 HaalF F alginateo] A AA
AE beadE HWEZR A Z} beadd) ©HE A}
@ o] Z(two phase contrast microscope, Olympus BH-2)
o2 FARSFHTY

dot Y o
kel JESES R
D e 717
3% sodium alginated)] 11AZ A7) K marxianus F043
S 10% sucrose HiA|OA] wlkstH-& wl wiSr7|zhel

2 ogg 44 WHE PEF AnE Table 19
2ok G SRl o FEe 043, AAE Be

Table 1. Effect of cultivation period on the production of ethanol-
by Kluyveromyces marxianus FO43

Cultivation period (days)

1 2 3 4
Ethanol (% w/v) 4.25 421 413 361
Ethanol vyield 043 042 041 0.36
Ethanol yield to 81.27 8051 7898 6884

theoretical value (%)
Ethanol productivity {g/L-h) 177 0.37 057 0.38
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Table 2. Effect of alginate concentration, bead size and particle input ratio on the cell viability and ethanol production by Kluyveromyces

marxianus FO43

Viability (%) Ethanol conc. (% w/v) Ethanol yield to theoretical value (%) Productivity (g/L - h)
Alginate conc. (%)
2 69.23 491 93.89 205
3 70.95 464 88.73 193
4 80.60 429 8204 1.79
Bead size (mm)
2 65.23 421 80.51 175
3 67.29 418 79.93 174
4 66.67 429 82.04 1.79
Particle input ratio
30:100 5099 421 80.51 1.75
50: 100 4275 393 75.15 164
100 : 100 3359 353 67.50 147

Table 3. Effect of sucrose concentration on the production of
ethanol by Kluyveromyces marxianus FO43

Sucrose concentration (%)

5 10 15 20

pH 350 330 335 330
Titrable acidity 655 725 675 720

(ml 0.1N NaOH/100 m/)

Residual saccharide (%) 003 104 463 1085
Ethanol (% w/v) 206 418 418 464
Ethanol yield 041 042 029 023
Ethanol yield to 7658 7770 5180 4312

theoretical value (%)
Ethanol productivity (@/L-h) 086 174 174 193
Specific uptake rate 2104 3453 4388 50.74
of immobilized cell
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Fig. 1. Determination of Km and Vmax value of immobilized
Kluyveromyces marxianus FO43 (Lineweaver-Burk value of batch
fermentation data using immobilized yeast). P==097, Vi.=9568
g/L/day, K,=177.13 g/L/day.
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Fig. 2. Effect of pH and temperatures on the production of etha-
nol by Kluyveromyces marxianus FO43. ©—O Temperature; @—
-@ pH.

Table 4. Fermentation properties and production of ethanol by
Kluyveromyces marxianus FO43 under optimum condition

Incubation period (hours)

0 24
pH 553 393
Titrable acidity 285 66.7
Residual saccharide (%) 9.72 0.23
Ethanol (% W/V) 464
Ethanol yield 048
Ehanol yield to 88.70
theoretical value (%)
Ethanol productivity (g/L-h) 1.93
Viability (%) 872 58.7

4) Particle input ratio
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Fig. 3. Kluyveromyces marxianus FO43 cells immobilized in so-
dium alginate. A, The sectioned bead (X100); B, The surface of
sectioned bead(’X 400).
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Immobilization of K/uyveromyces marxianus F043 for Ethanol Production:

Hee-Suk Lee, Ji-Hyun Shin and Eon-Ho Choi*(Department of Food Science, Seoul Woman’s University, Seoul 139-744,
Korea)

Abstract : This experiment was attempted to improve ethanol productivity by immobilization of Kluyveromyces marxia-
nus FO43 using Jerusalem artichoke powder. Sucrose medium was used to determine optimum conditions for cell
immobilization. The optimum conditions were alginate concentration of 2%, bead size of 2mm, a particle input ratio
of 30:100, cultivation period of 24 hours, and substrate concentration of 10%(w/v). The immobilized cells produced
the high concentrations of ethanol at pH 4.5~6.5 and 30~45C, broader ranges of pH and temperatures than those
of free cells. Under optimum conditions the immobilized cells showed ethanol concentration of 464 g/L. and productivity
of 193 g/L.h. The microphotograph using a two phase contrast microscope showed that immobilized cells cultivated
under the optimum conditions were densely populated toward the surface area of beads.
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