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Abstract — Immobilized yeast cells (Candida lipolytica MX9-11 R3) were prepared by entrapping the
whole cells in calcium alginate gel. The effects of minor elements on citric acid production were studied
using the immobilized yeast cells in a fluidized-bed batch reactor.

One could more of less prevent the cell growth using glucose as the sole nutrient in the medium and
thus removing other nutrients from the recipe for complex medium necessary for cell mass doubling.

When ferrous sulfate was added into glucose solution, the yield of citric acid was decreased whereas
increasing the initial concentration of ammonium sulfate in the glucose solution resulted in the enhance-
ment of the citric acid yield.

The optimal concentrations of zinc sulfate and cupric sulfate for citric acid production were found to
be Smg/1,0.05mg/l respectively. Addition of either manganese sulfate or calcium chloride into the glucose
solution had no appreciable effect on the citric acid production.

HWAHAK KONGHAK Vol .23,No.1,February 1985



10 dEE-
.M £
A BE2AbR Aol Al g3 259 A
Az A E2 b okl ZH4 E olgHe &

o AlEFLz -rE1 7”“‘3EHE -ra]ﬂ ol 2} 1920
ot

Qg 2k slrlelx mdo 4] Ha sle] AAFs)
deov egdels ot vAE A s 4
Akl e 9ok . 18931 Wehmers AEl&-olol] F
alololl o3 A E 2 Ato] AAIH G Hgkon] 19170
Currie [1]+ Asergillus niger7} etz odS 2 ¢
43l gote] Exolal Aghgul AE24bo] Aeel
Aol e B oole) FHolol o7 AlE2A A

- plo
= W o

uou AL B AT [2~12]7F A% sio] g
2ol A% AS24 Aol B AFE 19600
Tabuchig [13]<>l| & HForw wix olzkl] A&
A ehg-ol dF(14)~25]7F 51_,,_5]_-_ At &
& Aspergillus 42| 7 99} = Do) o] 24 E 24
$AA, AALE B olslols Fol 4

24k, 94,

23
boap F

o gl}m o

o] % n-paraffin 5
2t} .Tabuchi% [17)-& n-alkaneS 7| &
st A o) NH,C13 FeSO, - 7H,09 ¥

A B2 Alal o] AR E AL 1] A F 2] A
-, Nakanishi% (18] & n-paraffing 7)|A 23
2ghul 2] o]l 9leiA o] NHNO, £59 982,
Hattori® (19)-& T Z A4 B3]z o =4
7F AE Ak A Ze] A4 ukel] vl e °§ 501‘—%,
(25)e %

3 Pﬂ

l’%i ox MU X

2] 3. Hamissa%-
-'3.“6"“]] X] ol

KR
El

xﬂioﬂ alsf 2o AHg 7
ol -5 AlZe] Fe{Hel Al
Y= poly-

£33 9l

agar,

acrylamide, carrageenan, alginates -2 A}
t}. polyacrylamide gelell 2|3} © 3
e BAAA AL LYY L el oo,

Q
of 4etdl 545 A, FFAE Heh s A=

o =35 ol o
5 By’q 15

gl
KN
=3

K1z 19851 2

astEs 23

chA

Ll

, carrageenan gel2 A|¥ w A3} F
e 257 eFHmE A >
e Al Eollw ol 57] ofef-gul, whallo] A2
ol 2347 4 gle s ol Yt Alginate

1Ak Aol zhxke}

js
SEE

N

o
A

ol

2]
£
gel (26,27)0)  ©J3t 9yl
o], A Fol %4

$i% 9l Candida lipolytica MX9-11R3
calcium algmatei A A FE5F 3
Boul2-7)o)4] 71Alel 25 4 oo mjekQl B E
7heted wbE& 43 shod "laok%h-—‘] Fx st A
Ezal Aol ofwl S vl ZAbeRdd
oluf 7]H LWL o]n

!
g B ST}
Ahgstoz A, AZFAol of o4 Avlslxiekn A

o] ZAzlel olv] M m

of slgeianl Hbetelot,

(17, 18, 19, 25]% FLAlA] 2] A]E 2 AL ] Aol
0101/(-1 E.ELHH 11"6‘4 u]El:$ ,0/] ngio]:—g- H‘]_ﬁl_r{;]—o:l
Hokct
2.4 #
2-1. AETF Y oY

Aibasn 45 ¥y Fokulo
MX9-11 R3E o|u] ¥ 33 uld

7 Ask ksl A E 33 sol A8 33

Candida lipolytica
(28] ol elsh 36 4]
22

2-2. ME 1¥3%
st Al 2E ofw] 2 gk uhyof) (28] of wel cal-
cium alginate geloll EZA]7 = 7d0] 2 4mm2] bead

2 glEol
=3 DL}E?)\

2-3. AEHER

®oAge AER F55 AR BSolE AFE
S FEEEHZ 748l W7 4. 2emX E 0] 2. 5em?
AEY Feldadg abgold ubg71e ARl
Yo WYE F71F ¥l ¥e 4 YRS Ay
g7 e gol Fu 7Y FEL 2L



145 ARE AHEF AIEZ4E Aol 3lolA mjakdse) G5 11

1. Air generator

2. Air filtration chamber

3. Air flow meter

4 . Support (sintered glass fliter)

5. Beads with Immobilized cells

6 . Air bubbls

7 . Thermostat and circulator

8. Water bath

9. Voltage regulator

Fig. 1. A schematic diagram of fluidized-bed

batch reactor system.
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