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The Effect of Oxygen Supply on the Production of Citric Acid
from Encapsulated Aspergillus niger
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Encapsulated Aspergillus niger was prepared in order to inspect the effect of oxygen supply on the production of citric acid.
A. niger cells which had been immobilized in the calcium alginate capsule grew and mycellia penetrated through the capsule
membrane after two days of cultivation and covered over all of the capsule after eight days. The mycellia became loose
when the nitrogen source was sufficient or oxygen was deficient. The larger amount of encapsulated cells were put into a
given growth medium, the smaller quantity of citric acid was produced. The increase of volumetric oxygen transfer coefficient
from 1.8 hr to 255 hr' in the flask culture accelerated cell growth rate but did not influence the production of citric acid.
The high oxygen supply rate(kca: 150 hr) in the concentric air lift reactor hastened the growth of cells and hindered the
production of the citric acid. The reduction of nitrogen source level in the growth medium in the concentric air lift reactor
increased citric acid production by 40 percent of that of flask cultivation and the culture period was shortened by 3 days.
The variation of the geometry of the concentric air lift reactor did not influence the growth rate of encapsulated cells and

production rate of citric acid.
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Aewe 59 oxtaighd Ri&RE L Ao EH
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ol Agol FHHT M| WAHUE WYL T Y&
Yo ZHE = S cerevisiced AZFTHFL 300 glo|a
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Qo™ capsule 13} AME f-galactosidase?] FHi WH-A 5
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HALE= B -galactosidase®] volumetric activityt &&AHA9) &
To] wel S8 a3y E colid] 9dted AAEE B-
galactosidase 9] specific activity:= §&24 9 Exdost 743
g HDEYHY). Calcium alginate capsuleo] A3LE E. coli
o olate] H4te A-galactosidased] AL AadE £k F
7hel  wel E7ielom, air lift  reactor WjellMe]  B-
galactosidase®] A2F2- reactor WhollAje] & o]F&E] =LA
9] &5 th(10). Calcium alginate beado} T43tE Pseudomonas
putida, S. cerevisiae, A. niger S99 U|MEE calcium alginate
beado] T Q8 sH 73, HIALAHFHESE beado] 2YHE cell
ol FAETE ZAFOT EEA ol Bk oplg
calcium alginates] TA3}E A nigers bead ZHE|A FAP}
A2t 20417 o] sl bead7t ME Yyl dAdo] Hu
Btk wald] 2 A7oME citric acidE BAEHE A nigers
calcium alginate capsuled] A3l3l0 e WH 1Y3E A
niger®] A37<e], ¥lX] LW Q] capsule loadingZ WS-}
AEFHEET} A niger?] 47 R citric acid Al P]AE G
& FAIaLA @k

Az 2 oy

T 2 x|

AVRH TFE Aspergillus niger(KCTC 1232)0]1 wj=]o] 2A
& sucrose 60 g/L, NH.NO; 2.5 g/L, KH,PO, 1 gL, MgSO, -
TH:0 0.25 g/l o|th. WA &dF Gl HEo] A At
o vAE JFS FAR7]) A3t NHINO:9 F&w 25, 10,
0.5, 0.3 g/L9] 47}A 5 AME-3}HTh

O84S D3 S Hx A oY

nAE g3 Aee] Ax 3 wMdnAe ded ue {41
& 5(12) Figure 1o vERRSISh 30T, 120 rpme] shaking
incubatoroll A 48417t Fot A, nigerEZ HEW YT F oajgd 3
mLe AAs] 3600 puoz AP B F AR FR
& B8 ok s a5 gAY dry cell density= 235 g/Lojl
gslgth 8% #FE 1 mLe 50 mLY calcium chloride &8
of 4tk Calcium chloride £919) 242 CaCl 13 gL,
xanthan gum 0.324 g/l, nonionic surfactant(Nonoxynol CoHisCsHs
(OC:H4):OH) 0.5 g/L ojt}. & 3AHD = 0.6%(w/v) sodium
alginate &9¢] Z3} calcium chioride §9-2 w2 H-8 Hoju
#}X A niger FF7} A2 calcium alginate 7S A&}
N&ol A= @8 A niger 143} bead sodium alginate
o) &3 FFBE 4L &G sodium alginate £S5 A3}
I Q)T calcium chloride &0 #H& W8 Fo] wa] A Z3ch
nRAE 143 P Wgdel FYskar 120 pmo] shaking
incubatorL} concentric air lift reactoro]] A 30CE 1447t 8j3)
H citric acidE XJAF3Fc}. Concentric air lift reactore Figure 2
of ebd sle} Ze] F7A 4 em9 u}g wbed} Aol 15, 20,
25 cme] Eol7b 5 cm¢l WY dmaft wheE o]|FoiA ith
Draft tube ¢] 1 cm H}E ofefd] U+ AA 2 cmY sintered
glass plateE F3ld F7)71 3FEch HEURd FHE m4
B AExFHE vAES s HYd AeH vdES
nARgeR @ AEL 1000y I HAz7|M FAY
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Figure 1. Schematic presentation of the capsule formation system.

Figure 2. Schematic presentation of the concentric air lift bioreactor.
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BHCH13). 1 mLY] AJ59] 1.3 mLY pyridineg Yo} 1&£3¢
A 4olF % 57 mLe acetic anhydrideE FV}E @i iyt
F 30Ty FezoA 3087 WHEAA AL, daE A
729 OD(FZE)E UV-VIS spectrometer(Shimadzu 1202 33
420 nmol|A &A43te ARIHOoZBE citric acide] FEE 3
24514tk SucroseS] ¥Ei= Duboise) M-S o] &3l Z2AstY
th14). Sucrose’} ¥3+E sample 2 mLo] phenol 0.05 mL3}
H,80, 5 mLg Yol 383 4leth 30T g2z o 208
A 3 AJ59 OD(F3E)E UV-VIS spectrophotometer &
o3 490 nmol M ESAFS HFTHOZHH sucrosed] TEE
stk
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para ilmo.2 YE3} ¥, 30, 120 rpm) shaking incubatord]] ’\ﬂ
WageE, 29 F Hgol of 3 mme BRAA. W 42 F
AL e T L velRE el £EAY ARk W 6
U F A% WP e Bgelz Asiel Agel A7el
oo mm YEE AEL Aen U WAL Byol FAZ
A9 shte] & Fgo] pelletdd Bk FAEEh9] tortuous
pore ] 373—‘1 o 23 pmolH(S) Uty oE FFolel dole
50-500 pm, MAL 5-150 pmEA TIole WL YR 74
A RS MOF Aok 2AE Fgo] dAZE FEet Hro
2 e A2 wAR A4 mAg o)l FAke] Eo] %
pores &Il 1/}9} X}E* Zi—o—i AteE g 14 5o g
< FFstel AEWRs @viBoer 2508 Ahete] AW
@Al B A niger condium(ZAHE HEY FUAA
HitE w4 100 mLol Y3 ES 5007 FHSkL 14U7E
d Age] 2717 smm A=2 AP 1000748 7L
AF AEY 271e 7]k 2 Aol7t §lo] 3-3.5mmol] Est
Ack. & A At 2SS @A FEle gojrt
Y 1

foﬁ.-\

obd £Eweks wli gtk w9k 14Y F<t sucrosed] AEH
ok 10078e] A% 27] B sucrose%d] 70%, 1000788 A%
84% 7} AILEo] 7€ 1%3} A o] Nl FHESE
citric acide] AL 74T F WY 14de A
sucrose®] AR RS ]%L}Eia} 10007019 ASe 7] E49
sucrose?} 719 ThE-2 ANEo}, ARH sucrosed] FA O] tiE
A citric acid?] TAR JERA, A4 yield7} 0.33%0] £

r—qu

SA|gt 1007)] 7S A2 vield7) 5.85% ) 2argck

Aazasa

Shaking flaskuiol 4] mllofo] dojupn] skhzddo] wiefdo] A
wollA] o] ol e A, gAY ool wpe} FajskiHEA S,
kag] gro] @Atk AA 250 mLe flaskel W%kl 100 mLo|
A7l 75‘% okl oA AT Ak Zd%‘”“tl H EHH-L
0442 em’ 24 50 mLo] YA A% 101 em’ Ko} 2.3 Hj
Aokt EFelrzel Y7E HePIE =ha Fgure 10] 7 %
A& Abgate] Z2Ashd BIAAEAS kad] e 1.8 hrld)
A 2.5 btz 27tsteckh wek flaskulol Hjoke 50 mLol 6]
& 3AsAE 30718 Tt Aldste A9 vl 100
mLo) < 60708 Flstn wldEs A9 citric acid AJ4HSk
Bl & Figure 33} 4] YRtk 50 mLol] & 30708 Fds
B Hﬂ%ﬁﬂ 3-599 wAE ¥4 FEE, p7F 100 mLoj
& 0718 FYT A9 LR LeAE 74 A
o8 UrEPk}E} euh wjEA ko] 109 AEE AuE e
o WAE AFFLE T ZF E A7t YNCH citric acid A
AET(g citric acid/L-day)T Bl¥7]7 1090 HA F B A
o] & g Holx Stk o]& 50 mLe| 30745 T A¢
7} 100 mLo] 607}2 °‘6¥ ALny ByALAGA S kart
ar] Wgol zvlde nAEe] 4ol Y] HELE A
FEch 23y wgATre] 459 Zakald flask Ul mlAE]
2 TER ARt djekade] o AHle] &F Ao
HES Ae7t Hol HeuRy ujAEFLt citric acid F4E

7k & Aol YA Y= AoE Algdth
B draft tube®] F7Ao] 2 cmo]i airE 10 mLjsecE ¥
7% air lift reactor 1]9] Ralab2AGA|4 kat 150 hr'olgith
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Figure 3. Citric acid production, sucrose consumption and cell growth in
the shake flask incubator filled with 50 mL of medium and 30 capsules.
(V sucrose consumption, ¥ dry cell weight of a capsule, () citric acid
production).
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Figure 4. Citric acid production, sucrose consumption and cell growth in
the shake flask incubator filled 100 mL of medium and 60 capsules (V
sucrose consumption, V¥ dry cell weight of a capsule, () citric acid
production).
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AL 25 gLz 938 o Ak
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Figure 5. Dry weight of A. niger in the concentric airlift bioreactor and
the shake flask incubator. (concentric air lift reactor: () dry weight, @
sucrose; shake flask 30 capsules/50 mL: [] dry weight, I} sucrose; shake
flask 50 capsules/100 mL: A dry weight, A sucrose)
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Figure 6. The effect of ammonium nitrate on citric acid production using
encapsulated A. niger (O 2.5 g/lL NH,NO;, @ 1.5 g/L NHNOs, v 0.0
g/l NHJNOs).
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g7t ot

Aspergillus niger #57 AEH A& 50 /HE 50 mLe| wjok
o F318}2 para filmO 2 YUFS}IL shaking incubatorol]A] )
okttt NHNO:) 57} 2.5 gLyl wjAolA wgste A4S
9] citric acid AJAFEFO] NHNO»o) 57} 15 g/Lel wixie)A
s gET Bon NHNOs9| F=71 0 gLel wjAdde
citric acid®] AAE FH ) AAE 5% ¢ksich Figure 6
oA B F9lxo] ALY FEU) 15 gl2 ¥ Z$ ok 8
7t dAh ¥ FEVF 25 glE w& BFRO citric acid
o Akere] o7k WA Wik 8d $HEl= d4dd wxU)
=S A9 citric acide] Aol WolA 159 WG Fole o
40% RS9 citric acid AAE 27t IRIBT ArPe AF
o ey arolng FE3 e AL FTolA Aol ol
o]Fo]7 F Mol wopde ¢ otk
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Figure 7. The effect of NH4NO; level on sucrose consumption in the
concentric air lift bioreactor containing encapsulated A. niger (@ 2.5 g/L,
110 gL, v 05 gL, vV 03 g/L).
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Figure 8. The effect of NH4NO; level on the citric acid production in
the concentric airlift bioreactor containing encapsulated A. niger (@ 2.5

gL, 5 10 gL, ¥ 05 gL, v 03 g/L).
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2 2o FFE E7EL uAEY o] dukab citric
acide] AT WA we} HekstAl Frishe Wik 14Y
F 45 glLoj olBth Zv] AAYY FEE 05 gLZ SHE
749wk 1Y Fo) sucrose?] F=7F 10 gLE BojR|aL of
9] citric acid®] YALEES 64 glo) &gl ol shaking
flaske] wjckoA] A& Hu) citric acid®] % 4.5 gLET} ¢k 40%
748 @olth #937] AYASFE 25 hr'oM 150 hrlog
SN ER 27 Ao TEE 25 glojAd 05 gLz &
A AN Ho citric acid BAFE & F de WHAATE
3 9EAE FUARSH citie acid] HjAALFE 40% STt
N7 S99
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Figure 9. Effect of Di/Do ratio on the citric acid production in the
concentric airlift bioreactor according to the ratio of DifDo (Do 4 cm; @
Di 1.5 ¢cm, () Di 2.0 cm, ¥ Di 2.5 cm).
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