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Abstract—The efficiency of ethanol fermentation is increased and the high cell concentration is main-
tained through the immobilization of yeast cell in the Ca-alginate gel bead.

Yeast cell concentration in the gel bead is increased with the increase of the initial entrapped yeast
cell concentration, and the highest concentration distribution of yeast cells is found at the outlayer
of the gel bead.

The gradient of yeast cell concentration in the gel bead is changed with the particle radius.

In the case of decrease of the substrate diffusivity with linearity, the fermentation model is well
fitted with the experimental data.
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Fig. 1. Immobilized yeast-gel particle with R,(substrate
concentration distribution in a gel bead).
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Fig. 2. Immobilized-yeast concentration according to
radius in the gel particle.
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Fermentation experiment

Fig. 3. Procedure for the preparation of immobilized
cells.
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Fig. 4. Apparatus for intra-diffusivity in the immobili-
zed yeast-gel particle.
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Table 1. Effective diffusivities with respect to yeast cell
density in the immobilized gel particle(2%
Ca-alginate gel, substrate ; xylose)

Initial cell concentration Diffusivity(33C)
in the particle(g/L) (cm¥/s)
0 6.695X10°°
60 5373X10 ¢
90 4.610X10°°¢
120 4.088x107"
180 3.349X10°°

URSETE R RES IE)

3-3. 78 M3 &1 A HFo M2 7H HE %
olEhE AN AME

DA AR-AE A4 Wil a3 WAz F
A7 F, 71 v =& 125 /L2 3l pH 50, 2%
33, DO7} 0.1 ppme) =712 2 dilution rateZ 0.1 hr ™!
2 fAtEA FEE daAA T3 ARl A
el o o] sl g ANE =7t dAEA
2o, dazzRe 23 FR-AL H3Hsl] Ax
71l Ags] AzxA|] F, Adste] SEMOR 1135
Aol ub7 whdkel] wle} Fxy Fre FAFE 3
stodch o 73 13 An-Ade] ojerg 44
Ay A3t Zr-Ale 27o] tf o] 4} i stEkA] L,
AYE sE7b dAHY nA-AE MGk fF 5o
sl axg &7 F, pH 50, BHe2 % 33C9 §7
z702 zt7be] 71A FE(5-125g/L)o Al HAEAA
z27] £x9o® #Msie]on, = AYAFE Aa o
FS gotrny] e whg z7le] nle] 0-50g/Le] ol
€125 E3AA A

3-4. 24 9 FHE HHY

712 AF83F FFF e 29} 2fo] 22 2) A2Fe DNS
(dinitrosalycylic acid) 24 © & 4 ZA s} o, w35
gl B o2 HPLC(Waters. Co) & AH4-3bgich =2
BEAYoZHE] YA EE o|8t-2-S gas chromatogra-
phy(G.C-7A. Shimadzu) 2 &4 3lgich M o2y
B I FAge Az FAHL
22]7)oll 4] 8000 rpmo 2 2087 YA &
ZFFTE AFsle] oAl U BEA7lx, A At
g7 e Az A 90T, 24417 Az Pekaiack
oo} wWafsted g} Fol 4ape] FAlE UV-spectro-
photo-meter(Shimadzu 200S) % 620 nmell4 OD.&
ZAsto] ek TAdogNE] PAx SO 2 SHakslolck

i
oX,
2
23
ot
r()
-

37

i A

0 40 80 120 160 200
Initial cell concentration, Xa(g/L-gel)

Fig. 5. Relationship between D,,/D, and initial cell con-
centration.

& A W) w4 Z3} sodium tri-polyphosphate
A(100 mg/mL) 22 =l F o}F A4 Felste
Azt ¥ Az Ao el

wik o34 w-gA A% Pozre A Caalg-
nate 22 25% glutar-aldehyde £ 22 247} 2.3
A17) 3L, pH 7.2¢] phosphate buffer A%+ 3 o gk
FEE 50-100%E AR R Forbm =pA|gich
o] & CO, #Fs}a}te] 67T critical point dryerel A} 7AZ 3}
& Arksle} SEM(Joel 35CF) 22 A W] wk7d v
ol whe} sl Fu-A vle|= Wi Ne] gH FEE

z7steleh

® I

N

4. NEZER Y ¥

4-1. oY 7Y 083 A T SANMY i AS
AH

Ca-alginate ER22 o] Fo17l A w]o]|=(A7 3mm)
9] 27] £ AR Fx W3t gk 7iAe] st A
& A3} k-2 Marquardt regression methodel th¢]&}hed
4 A5 Fakglen o] & Table 1o vehldch
FAE THA7]A ¥ Ca-alginatento 2 o] Foizl
Aol g g Az, 714 Bt Algs 0669X107° cm’
/s2A 7V ZA Jelhgen, #3e 23 R &
FE b Agr) Aadte 23E 2ok

¥ SR 7 AR FRIes WA BN

HWAHAK KONGHAK Vol. 29, No. 1, February, 1991



38 254 -

3.7

36| MS=50g/L

[JS.,=100g/L
35} AS.=125¢/L

3.4
3.3}
32
31r

Bead diameter(cm)

3.09
2.9}

0 0 12 24 36 48 60 72 84

Time(hr)
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NOMENCLATURE

D, :effective diffusivity of glucose in the gel particle
without yeast cell [cm*/sec]

D., :effective diffusivity of glucose in the gel particle
with yeast cell [cm%/sec]

K  :constant for dimensionless form of eq.(11) [-]

K :kinetic constant(product inhibition, anaerobic
condition) [g/L]

K, :kinetic constant(product saturation, anaerobic
condition) [g/L]

P,, :maximum ethanol concentration above which
cells do not produce ethanol(anaerobic and aer-
obic) [g/L]

R  :gel particle radius [mm]
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: dimensionless radius [-]

: distant from the center of gel particle [mm]
: active microbial layer thickness [mm]

: substrate uptake rate [g/L-hr]

: ethanol production rate [g/L-hr]

: substrate concentration [g/L]

: dimensionless substrate concentration [-]
:time [hr]

: cell concentration [g/L]

« :product yield on substrate [g/g]

: biomass yield on substrate [g(dry wt)/g]

: specific ethanol production rate [hr ']

: dimensionless specific ethanol production rate
(-]

:maximum specific ethanol production rate

[hr ']

Subscripts

b
0

: gel bead phase(immobilized yeast-gel particle)
: initial vahie
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