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v v oohne HEA Wae BAYHEO ANHE
407 4 9E 954 wae Y2 B A
sgel 97 AUSAT A0k AR WLYS
FATS PEEAA 1 BE B Bag)
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A8 PoltH2—4).
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—— BB XE—————  3esaq. 24 1338 A8 Be PEel AE
LM 2 dgled, Be olgHE Aoz Wi &
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+ 2n e mg ton)2 FAE FYU AFTol Fr Ty
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Bo gz 2993).

dutdoz EARYE HE nFs FAHEA
Ca —alginate, K —carrageenan, Gelatin, Chito-
san, Polyacrylamide gel5& Al&3t=d], o5&
o] gste] nAste] PP & A4S ¢
gt wiol dEa Juh(2, 5). o]FlAM o
& HaFHNAE dFoz &44 78 F
, ﬂ’bi} I'Jr7z§°l Adsta, 7t % 7
Fm FEAY HA nEARL
Calc1um—algmate—§- o]-&3t ¥ &Ho| s} Wol
ALE-E 3 Qi (6-8).

HA e HELE Fol7] 98 Alginate
geldl v% % A%, Azt Fk, dAY ¥
%, Beade] z7]o] #Hst HAHz7o] Bol oar[L
g3 Qeh(9-11). £33 Beado| o] EFAD
# A7z JYgsm Ar(12—-14). 53] Ca—
alginateg AMg-3le Wy 38 ddoE A4
51 )& A& Phosphated} 28 Cacium—che-
lating agent®] Z3}o} Ca—alginate gelo] 4]
A g 4 dvke Aeolth(9). o] AT HE
Hj Z] U o] Phosphates =& 7h533 £UoaX
2% 5 AP o, HEuAY e Phosphate

= dawe] 444 s s FAsEd 244
9 QAolmg, UE HWHog Phosphateoﬂ oF
A%l Alginate bead7} 7|etE ojo} Fhu}. T3 ¢
& 943 33 A7 Hy| dade dey
2 JAH ZE7t e %}717} A 5
A B AEJ HAE 5 YL Bead2HE
e AxY F7t Fojof &3 FAY &3
o] fojste] ME AETEO ¥, AJEHE A
A molol & Aot

2 AFd M Ca—alginates) 9¥E noa

I

s
ool 4Ne AL F s W38 C
Adsln, 2R E 1733t

gte] dlgE AHANE A=

—alginate gel bead&

9% LA AN AERVAE BABoY %
eswe] FA7L BE W) BHolehs A4
& FARTHW)

3
oo e

mEo] A<l Alginateb} K—carrageenan
e AEAE Wol AHg-Erh 1 ¥ agar
AFES A9= Qi 2y AbAe Ak
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ShiotaniQ} Yamane(16)2 Ca—alginate gel
"7*ﬂﬂ & %7} Polyacrylamide geloff 1%
EEo g4 e Faddel olgtn
i, FAg AETS 7| oL 4
g & Ca—alginate gelo] 8% $
Zmstdr. gutd o2 Ca—alginate gel
K —carrageenan gel 9] of|gk-& AAHAl L uff -
#35td), K—carrageenan® 7#9 uiiFrs
(Scale—up) &} EAHo] o] Ca—alginate
gelo] 7 ge| el

Ca—alginate gel2 ¥]#z|W o] Phosphate A%

i m_
o mlcﬁ'i
5 32 ‘“’"

R e
o oXx
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&l G717 AHEAl gelo] A EAIHoR
AAL o] A7 2 AsATE ALEsty
geld] Z5E Folde AE7 o7 AFasd
o HuF9ch Cheetham%(9)e Ca—alg-
nate geldl a2 & uAs}Ysu 53 Eld
44& 7HAH, Alginatett Caol29] w28 7
aAAEY FHATFE FoHTn Bagdch
a8y 133 ARV AEREYS g9 AR
fraol A7lEg © 73t beadE Al3le] ER
o {A& WAstol @t metA 71 Ao dis)

=22
¥e BAA5E 21 529 4 Hang
F AT %% beadE FfLtodof gt Velikyd

Williams(17) &= Ca—alginate bead& Polyethy-
leneimine, Polypropyleneimine hydrobromide$}
Polyvinylamine hydrochlorides¢] Polycation©.
2 A& Phosphateo] & 423 3¥
Matrix7} F4€thal Hustgct. o2 Ml
& 2R3t AR 3§ BASE 4T AR
7|k &g o] Hidols FgE vAA ge
te 2948 9

Birnbaum3(18)2 37} HH& Al&sld
Ca — alginate bead S 2] 3} 4 t}. Polyethyle-
neimine® 2] & Glutaraldehydes] 2], Esterd
& 98 Carbodiimide$} N~ hydroxysuccini-
mide®] *2]% Polyethyleneimined] ¢]3 7tz
# 2], Aldehyde groupe] BAE $3t Periodate
A )& Polyethyleneimined] )3+ 7}ax 2% 9
7HA B Abgst . oled Aoz oy
9 1As ane At ¥ A8 &R
o} A nld BHZE fAGGoH, BEE
E setAgste ¢ s A A 22y
e WHF 2, WA WP B 1
Phosphated] HgstA|gt AL&E= 33HekE o
gho] H|R ©Ho] k.

atke] SivaRaman$(19)& Gelatin® Algi-
nate®] ELHE ThEo] CaCl,gd oA Bead

€ TEUS Phosphate@ 3 &9 & AMg-8ted Al
ginateA £+ &3
dehydez 7luA|7& WS Bustd, Lore

w3l 2 Polyurethane lIonomer& A}
g3t 7AE AEE E¥dn BEusigc
Zhang5(11)& Silicag Alginated] #7}3}o
Gel beadE A %38}, Silicad) vl 1A 3
229 UEE FYR opJY JAY e 4 &
AEE EUda Husgr.

o Azt HAAAN dFE AFdEe
Alginated] ZH7}4|24 Bentonite, 7} 1A A
Glutaraldehyde 2 #7}5ld Gel beadE A%
&} 7)29 Ca—alginate bead Bt} X $£53
g2 JF=HAR(2]).

ol’de] A9 #o] Alginated] 383 T
Egd AHE oz VA ZE € Y=
=9 F dde Ao FHHY, ofAx B2
71 2@ dAolth. A B AgdMe
deh-g Aol -3la Phosphateo] 7+a}m

£Do) EEE B 2AE 448 5 9

r2 o

e AEEH

3. ME M2 W

31 A E82F
ERT7F k358 Malt extract agarsfz]o]A
30T 247t WAL F 4TCAA AU

3.2 ufx] ¥ WS

ZF A= 1% Yeast extract, 2% Peptone, 2
% Dextrose® A}&-3t91, 30C 9 Rotary shak-
ing incubatorell A} 14zt wjYAIZ13 FF T
QA NN A AT g AR
5% Dextrose, 0.25% Yeast extract, 0.5% (NH,)
S04, 0.1% Na,HPO,, 0.01% MgSO,, 0.0001%
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FeSO,& AM4-3ta pHE Eddd 4008 =
Aatgich 84 SAE 100ml FFeix =
Azl 2 £33 250ml Erlenmeyer ZetA=
o A, vtE 5 &2 = 500ml Erlenmeyer &
ghxazo] dauA 200ml§ W1, Incubatoro]
A 874, AR EE atuth gauAe 6%
otk wgg FQAL, AEE 390ttt A e
o A& HaE A 37l 2% Dex-
trose7} E3E LEWA(240mD)E 91 {2lF
no} nYs avE ol gt FHFAT

3.3 N3 9y

Na—alginate(High viscosity, Sigma chemical
Co)E AH3s Fx2 FRF Yo Magnetic
stirrer2 =% 121°C, 15psioflA @@3dtch 2
2 Bulo] 74 dg99L & 4L&F, Peristaltic
pumpE ArEsted FAME(2]1 gauge)E 3l
Asgdof) Welma AAol 2—-3mme Beadd
A z3tAt). Beadd] $4dd AstE Y3l 4T
A 12A7E et Astg-do) BastHoh FbAv
NtuAlE Efste Aoles 2% (w/v) Alginate
o HH3 =9 FFAG staAE Hrlstd
Bead& A Z30}.

34 MUY
Glucose?] Fo& LaHe GAEYAA
2 A5dg DNSHHH(22)& o] &3
Al (Hitachi U—100, Japan)2 575nmollA] &
T8 Z2438te Ak AR ) E2-2 Bernet
9} Gutman(23)9 ¥ o}.g.g].oq E/\ﬂoi
AEetgon 34nmolN FR=E FHso o
g&S AZsdd *ﬂi*@ ££& Methylene
Blue staining®g(24)& o] &3t &3

o dHrde dYY A3
tometer& AR&3la] A ALY
AT AE 570nmd A
& gabste

AL, &
Haemacy-
on, FHFS B
ZA3to] M AT A
At Geldj ol A

M

o

9

Az Zako
—1—’6‘30}:a

4.1 3|24 Hj Yoo DX 30| A4S

<H1-3>2 K35 augse Hgs54ds v
of Boh B4 wjgelA fElane o 15*]’&
T 10g/Le] ofehEe 34 kA, are ¥
T 1.8X10%/ml HAERE FASAU<EL>.
Ca—alginate beadoll 33td @Rl ofs] At
B oofehga gRe) Foe 13543k 747} 10,
4g/Let 1.75x10%/mlz2 felamel H$9 A
o] HE=YT<HE2>, <H3>S JAANUE
2 3lstd AL =ol7]93] Alginateo] &2
Aol Celite R—6349} 7} A ¢l Pecting #H7}s}h
o} 7 %3% ACP gel beado] zx 2 1435 2
Folth, FRo wE+ f7ary Ca—alginate
beado] 7Bt ¥ E%i, °F 10.52 7k
124g/L9) o&t-&& AAtatgich ojopzteo] ACP
el beade] 797} &x9) o] $-55tA vt
it A& Beado] s}etEfzol| wpE gzt
Ca—alginatee] YH7zxwct gro A %ol ¢
2879 Aog Atgdch

— Alginate Yeast or
H,0 1 ‘ [ Additives spore
Solution suspension
Sterilization
] | Hardening
Mixture .
solution
—_

Immobhzed cells
[J81] X8 g29 H=
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<E1> &2 K359 3|24 Y (&M i)

o g1t
Time Total cell  Glucose  Ethanol
number
(hr) X 10°/ml (g/D (g/h
C 11.2 17.8 0.2
1.5 124 14.8 0.8
3.5 54.1 9.6 24
5.5 106.2 7.5 4.0
7.2 171.3 3.4 7.5
10.5 177.8 1.3 8.8
13.5 180.5 0.4 10.0
23.0 189.8 0.2 9.6

< B2> Ca—alginate beadol| DA35El £2 K35
o 2|8t 5|24 Y (B7|M)e &5

<HE3> ACP* gel beadol| TN3)El 55 K350
o3t 3|24 wiY (&71M)9] &t

Time Total cell  Glucose  Ethanol
number

(hr) x10%/ml  (g/1) (g/1)
0 11.3 17.8 0.4
1.5 134 13.7 1.0
3.5 54.2 9.8 2.5
5.5 165.0 6.7 4.3
7.2 1854 2.2 8.2
10.5 233.5 0.4 124
13.5 197.5 0.2 11.3
18.0 227.0 0.1 12.8
23.0 275.0 0 11.8

ACP* : 2% Ca-—alginate+1.67%(w/v) Celite
+0.33%(v/v) Pectin

<H4> 0.05MeIM 2AE

=2
=]

ollA  CIYSE algi-
nate gel bead2] OHEM

Time Total cell  Glucose  Ethanol
number '

(hr) x10%ml  (g/l) (g/D)
0 11.9 17.2 0.7
1.5 13.3 13.6 11
3.5 52.7 10.5 2.2
5.5 98.2 8.4 3.8
7.2 142.1 31 4.1
10.5 172.8 0.3 9.2
135 175.0 0.2 104
18.0 187.5 0.1 12.0
23.0 1975 0.1 11.6

Total cell release(in percent of cells initially im-

4.2 of2|SR/S 1H3} Alginate bead’} of Et

2 Yo ojxi= S

<H4>E YgdiA Azx" Beadd] Phos-
phateo] W& AHHE HHE ZHile]td. Bead
£ 0.05M phosphate bufferd| A} §-xA|A & 6

mobilized)
Day A B C D
1 0.76 - - -
2 0.94 0.65 0.42 0.66
3 2.42 0.81 0.64 0.92
4 3.31 1.25 0.78 1.21
5 4.00 1.60 1.20 1.45
6 4.78 2.20 1.81 1.83
A : 2% Ca—alginate
B: 2% Ca—alginate+1.67%(w/v) Celite R—
634+0.33%(v/v) Glutaraldehyde
C:2% Ca—alginate+1.67% (w/v) Celite R—
634+0.33%(v/v) Pectin
D: 2% Ca—alginate+1.67% (w/v) Bentonite+

0.33%(v/v) Pectin
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dBo FRY F&2 2% Ca-—alginter= 4.78
%, ACG= 2.2%, ACP= 1.8%, ABP+ 183
%5 ACPS ABP gel bead7} otd o] & 4
o2 yehgrh

ofg] 7tuA g BHAE o] &sho] Az ACP
gel, ACG gel(Alginate+celite R—634+glutar-
aldehyde), ABP gel(Alginate+ Bentonite+ Pec-
tin)beadol] ERE 1A &3] oetgo Qe
vlast oo 192]. olghe Ak 69 ujoFs}
deu ACP gel bead7} 63g/1—gel, ABP gel
bead= 48g/1—gel, ACG gel bead7} 41g/1—
gel2 Ca—alginate®] 29g/1—gelHt} o} Aut
Aoz WY 7HuAlgE Hulsto Az
bead7} ofr& 4ito] BT, 1% ACP gel
bead7} <&t

& Ao =%

4.3 ACP gel beadol| 2|8t BHE5| 24 H{ Y

[*Nﬂ:s]r% <#5>% ACP gel beadol] ¢J&t
HHE S| 2 ujofe] Aato|tt, ACP gel bead&
o] &g 'ﬂﬂilﬁ*‘ kel A oflehg AR 140

—160g/1—gel, 29 ¥E& 34—36g/1—gel
Y 16}ML, Beaditoll Al A& awe] %
%+ Run number 8(50d)duj 71 2= 2.8g/1
#40] Run number 99w 4.18g/18 Z7}5
o Alzte] o] ubz} BeadWhol A A #Asle &
ot Zvteldnh. AlEe AEEE A7t A

=2

me) eldAw BFE 0%ol4E 45

=

4.4 7|2 NHE 20| o5 LA HiY

<HE6-7>& felawel uAs Avo ofF

Aujeke] 2oty AGugA JHE&E W
st AL, felgrme}t Ca—alginate gel bead ]
ANER e FAEo] 0.11h 'l Ao 77}
7.8X10"/ml, 8.76X10"/mlE Fx =, og

<E5> ACP* gel beadol| 2|51 HH=E5|24] uijQt

of 21

Run Num- Cell Conc. Cell Via-  Outgrow-

ber hility ing cell Co-

(g/l—gel) (%)  nc. (g/l)
1 34.6 96.1 0.08
2 35.0 86.0 14
3 36.2 87.1 1.3
4 36.0 78.2 2.4
5 36.8 75.4 3.2
6 34.8 81.8 3.0
7 334 71.1 2.7
8 33.8 88.2 2.8
9 34.2 86.4 4.1
10 34.0 80.6 4.2

<H6> B2 K359 ASME{U(R7IYM i)

20

Dilution Total cell  Glucose  Ethahol

rate number Productivity
(hr™")  x10%/ml  (g/1) (g/1-h)
0.11 7.8 0.2 3.97
0.22 4.8 0.3 4.60
0.33 2.9 0.46 4.86

The reservoir value for glucose was (S;) =17.6

<E7> Ca—alginate beadol] 1X5lEl &5 K35
ol 98t HASAMHHF (V| HiY) 2 &
i}

Dilution Total cell  Glucose  Ethahol

rate number Productivity
(hr'')  x10%/ml  (g/1) (g/1-h)
0.11 8.76 0.12 4.33
0.22 7.56 0.43 4.96
0.33 7.94 0.97 4.87

The reservoir value for glucose was (Sy)=17.2



Ethanol concentration(g/I-gel)

Glucose Concentration(g/l), pH

65
601 -5 Ca-alginate —— ACG —5%- ABP -m- ACP
55
50
45_
40_
35_.
30
25
20_
15
10
s._
0 T T T —T
0 24 48 72 o6 120 144
Time(hr)
[28i2] 8124 oA CISt Alginate beadol] 9|5t o EFS AJAH
ACG : 2% Ca—alginate+1.67% (w/v) Celite R—634+0.33% (v/v) Glutaraldehyde
ABP : 2% Ca— Alginate+1.67% (w/v) Bentonite+0.33% (v/v) Pectin
ACP : 2% Ca—alginate+1.67% (w/v) Celite R —634+0.33% (v/v) Pectin
6 210
5.5+ —=- pH —+— Glucose —¥— Ethanol
180
5_
4.5 : 150
4 ¢
3.54 -120
3- S\S'JE\MB\S____B,—E
25 0
2_
-60
1.5
1 -30
0.51 _'____’_\*W\_k_/-—-f
T T T T T T 0
S S S L S T T
Run Number

[2®3] ACP gel bead® 0| &3t ks 8|24 violl oI5t of|EHE M4t
ACP : 2% Ca—alginate+1.67% (w/v) Celite+0.33% (v/v) Pectin

Ethanol Concentration(g/l-gel)



—&— glucose Conc —— pH

Glucose Conc(g/l)

—*¥— Ethanol Conc

pH, Ethanol Conc(g/! h)

(=]

Day

[2214] ACP gel bead 0[S 2144] tio] o8t olEIZ M4t
ACP : 2% Ca—alginate+1.67% (w/v) Celite R—634+0.33% (v/v) Pectin

<H8> ACP* gel beadoll T1HS}El 52 K350
OISt HALKAMHQH(ED|Y b))
Dilution Total cell ~ Glucose Ethahol

rate number Productivity
(he™y  x10°/ml  (g/1) (g/1-h)
0.11 9.47 0.25 4.35
0.22 10.56 0.14 5.10
0.33 11.38 0.68 5.55

ACP* : 2% Ca—alginate+1.67% (w/v) celite+
0.33%(v/v) pectin The reservoir value

for glucose was (Sz)=17.8

< AMAE Y fElane A9-& 0.33h7'
A 4.86g/1.h<35>, Ca—alginate gel bead<]
95 0.22h7'9 A 4.96g/1.h2 7} FUYTH<
R7>.

ACP gel bead?] 73 FHAF

RO J =
O T g
& ARFEE FASAL, dEs A

Aglel =

A 9

> r-\‘i
Hir

ﬁ

<H9> ACP* gel beadZ 0|23} ©

(8171Y uiQd) ol 2ot

ENIE

Day Cell Conc. Cell Viabili- Outgrow-
ty ing cell

(g/l-gel) (%)  Conc.(g/l)
2 334 92.4 -
4 34.6 91.0 0.20
6 35.0 88.1 0.48
8 35.7 86.2 0.79
10 36.0 86.0 0.76
12 36.2 85.0 1.40
14 34.4 78.1 1.80
16 35.0 78.4 2.41
18 345 71.0 1.90
20 35.2 75.6 4,20
22 34.6 76.0 3.40
24 34.4 721 3.00
26 34.0 77.2 3.20
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ol #Aglol & ARFEE
Zo| 0.22h~

FAH93 A
& A4 94 -

22h~', 0.33h~'duj 7}z}
5.10g/1h, 555g/1.h2 &7 Uebdth< Z8>.

[2%4]% ACP gel beadE o] g3t 84§
0.22h™'o| A 2645 <t A&udASm oF 4.93g/
Lhel oghg& ey n, R FrE o
34.7g/1—gel& FABAL. AE YEEL 269
Fo A77% & RAEG o, v A 2t
ARE 42090 AUHA Z7lsin o 3g/18
YERH AT < FI>.

50

5.d £

L 31&4 wjdolA arno Fxo AAE d
82 sx ACP bead(2% Alginate+1.
67% Celite R~634 + 0.33% Pectin)9] 2
7t felA® 9 Ca-—alginate bead?] 7

Sud WA B22 ¢ £ A,

2. 4% alginate bead9] B3| &4] wjFA] o
< AYE 64 wSALW ACP beads}
63g/1 —Gelg Ca—alginate bead, ABP
bead(2% Alginate+1.67% Bentonite+0.
33% Pectin) 2 ACG bead(2% Alginate
+1.67% Celite R—634+0.33% Glutara-
dehyde) ol ®ls} ¥R =94}

3. ACP teadE o] &3 whE3 &2 u oA
o|eh-2 AL Run numberl07}z] 140—
160g/1—Gel& frA3t9x, A2 HEE
= Hit 80% 014 FA3A.

4. ACP beadE o]&3te] dA&ujkg &
frela®y} Ca—alginate bead9t B maj K
9, S48 BAGe] ¥& ARFEE #
AR, AEE A IYE 510g/1h2 ¥
A Yebgdch =3 ACP beadE 34 & 0.

o2

22h™'2 fA, o 259 Bt A
#E o oF 493g/1.he] ders AAl
B

D g

4

e
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