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ABSTRACT

The production of itaconic acid by Aspergillus terreus NRRL 1960 was studied. The optimal culture
conditions, such as pH, inoculum size and medium composition were established. Maximum production
of itaconic acid, 19.18g/¢, was obtained when the cultivation was carried out at 37°C and pH 2.5 for
7days, with medium containing 5% ( w/v) glucose, 0.5%(w/v) NHCl, 0.2% (w/v) yeast extract, 0.1%
(w/v) CaCl, 0.1%(w/v) MgSO, and 0.2%(w/v) NaCL A proper medium for inoculum culture was
found to be 2%(w/v) malt extract. The batch production of itaconic acid with free cells in a stirred-
tank reactor was not efficient, compared to the shake-flask culture.
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Aspergillus terreus NRRL 19608 o]el-ZA A4}
FFE AHslg e, B34 wiA= malt extract
FH v A5 AFEste] 37ColA TA7F iRt F 4
CTollx BA3sct.

27 vl A2 2% (w/v) malt extractet 7]
B ARgslc). 718 wjA Y 2AL 5% glu-
cose, 0.3% (NH,):SO, 0.2% Corn Steep Liquor,
0.2% MgSO.2 FAEe ¢len pHe 2002 %
Aatgdrh, 100mle] S wiF w7} E£3H=e] gl
= 250ml Erlenmeyer &et~3el 5%(v/v)9 T
A5 AZEde] 37°C 4] 200rpmeE 4847 -t
¢ wiokstsct.
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o]ebZAke HPLC(Waters Ltd. )5 AH2-8te] A
galglom A4-A-dL C, u-Bondapak( Waters,
USA), 4wl 5% acetonitrile, %2 1ml/min
olglet. UV-detector® AH8-3te] 214nmel 4 &A
sk vl glucosesE+= DNSHHH(8)S AR
3te] H-Zs3w A (U-1100, Hitachi Ltd. )2 575nm
o4 ZEAsct. FAY AXFFL wjkAE
6500gell 4] 1087F QA2 F AH, o3}sle] o
& FAE 80°ColA 2447k Axse] FAsqdc}
TukAl AEuk-e-7)( Applikon, Holland)¥ 0.5vvm
o] 27)E 200rpme] IHHEEE AR, £
dH-9)E 1.54 0)ch.
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Fig 1. Batch culture profile of A. rereus The ex-
periment was carried out with basal medi-

um, at 37°C for 9 days.
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Fig 2. Effect of inoculum size on the production

of itaconic acid. The experiment was car-

ried out with basal medium, at 37°C for 7

days. S. P:Spore suspension 5, 10, 15, 20:
Inoculum size(%, v/v).

2z gl (105/ml) 2 5%(v/v), 10%(v/v),
15%(v/v)s} 20%(v/v)9] inoculume 2 A4t wj
Aol 2tzk HFslod olelZA MAS AEHL o,
5%(v/v)e AEFe] 71 A3 AR Yepyr)
(Fig. 2).
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Fig 3. Effect of glucose concentration on the pro-
duction of itaconic acid. The experiment
was carried out with basal medim contain-
ing 0.3% (w/v) ammonium sulfate, 0.2% (v/
v) C. S. L. and 0.2% (w/v) magnesium sul-

fate, at 37°C for 7 days.

Table 1. Effect of carbon source on the
production of itaconic acid.

Carbon source | Final pH | Dry wt.&/¢) | Itaconic acid@/¢ )
Glucose 1.67 6.2 11.48
Sucrose 1.77 5.5 948

Starch 1.96 3.2 1.89
Xylose 2.29 3.2 1.53
a-cellulose 2.39 2.1 1.01
Fructose 242 04 1.21

Culture was carried out at 37°C for 7days in the production
medium containing 0.3% (w/v) (NH)SO, 0.2% (v/v) C.S. L.
and 0.2% (w/v) MgSO,

Glucose T2 d&

Glucosed] =55 30~130g/¢ & A3A]|ZE o,
110g/4 74 A& o|ekZAte] MAato] M2 F71313d
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cose 110g/¢ & A4S o 18.7g/0(Y,.=17%)
2 A% glucose ¥ F HUAE Ao}, o
eb2AE Arerst MARE $8(Y,)S 2HEE glu
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Fig 4. Effect of initial pH on the production of it-
aconic acid. The experiment was carried
out with production medium containing 5%
(w/v) glucose, 0.3% (w/v) ammonium sul-
fate, 02% (v/v) C. S. L. and 02% (w/v)
magnesium sulfate, at 37°C for 7 days.
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Fig 5. Effect of ammonium chloride concentration
on the production of itaconic acid. The ex-
periment was carried out with production
medium containing 5% (w/v) glucose and
02% (w/v) magnesium sulfate, 37°C for
7days.

Table 2. Effect of inorganic nitrogen source on
the production of itaconic acid.

Inoganic Final Residual | Dry wt. | Itaconic
nitrogen source pH glucose@?) | ®&/¢) |acid &/¢)
None 2.15 8.98 3.56 0.03

(NHJS0.| 162 5.16 9.04 41
NHLCI 1.41 6.6 8.96 7.31

NHNO; 1.75 3.5 11.13 0.97
KNO; 5.42 1.26 171 0.1
NaNO; 443 1.12 119 1.64

Culture was carried out at 37°C for 7days in the pro-
duction medium containing 5% (w/v) glucose, 0.2% (v
/¥) C.S. Land 0.2% (w/v) MgSOs

(NH,).S07F £& F7] Aago® vepytor},
A& = NHCCle] £& F7] %
Adet.

w3 KNOs NaNOsob 2+ alkali nitrate 37}
Ale alkali g4-0]&oll 93] oJe}ZAt AAte] A&
Hch= Milson¥} Meers(12)¢] B.19} cf24 F7)
Axslo] A7t ¢k SR} FUHE o|ehEAb
yabekg Bodeh, ey o]k Adelr 73ty
oluof oJe}ZAt AJAbeke wi$ w9k o] ni-
trate A7}2 A 24 glucose’t LRE o] o]e}
Ak AAabeko] AkEl e Bl

w3t NHCl =54 &3+ Fig 59 vehd
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Fig 6. Effect of yeast extract concentration on
the producton of itaconic acid. The exper-
iment was carrie out with production me-
dium containing 5% (w/v) glucose, 0.5% (w
/v) ammonium chloride and 02% (w/v)
magenesium sulfate, at 37°C for 7days.

Table 3. Effect of organic nitrogen source on the
production of itaconic acid.

Organic Final Residual Dry wt. [taconic
nitragen source pH glucose®¥)| @©/€) |acid@/¢)
None 205 9.75 1.85 148
CS.L 1.57 6.6 9.1 119
Yeast extract 1.51 1.58 133 12.65
Tryptone 1.71 5.41 7.8 7.40

Peptone 1.91 8.25 4.2 2.88

Culture was carried out at 37°C for 7days in the production
medium containing 5%{w/v) glucose, 0.5% (w/v) NHC| and
0.2% (w/v) MgSO.

<Hl NHClo| F7} el we} oeldite F713Hs
& g olla, & AgeAe oA MRS A%
7] Axde® 05% NHCIE ZAH ).

77| Hasie| g

thokgt 4] AarUe 0.2%(w/v)R 3 Ar)s)
of olefZAlb Aabel| uHE L AbH Rgh
Table 34 B nke} 7o} 7|8 wizlo] ARLEg]
2219l corn steep liquor2rhe yeast extract
o4 £& AIE e}, adte] §7] ALxYE o]
elZAbe]  AARS E71A]F o} yeast extractu}
corn steep liquorell ®]s| wqtc}. = yeast ex-
tract?] ¥59 9% Fig 604 BE uje} 7o)
02%(w/v)7H A= F7kstchrt 1 ool a3t
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Table 4. Effect of metal ion on the production of
itaconic acid.

Metal Final | Glucose | Dry wt. | Itaconic acid
ion pH &/t @) @/0)
none 1.26 0.63 1629 2.80
NaCl 143 19.28 10.90 13.20
CaCl, 1.31 0.65 14.24 15.01
FeSO, 1.52 46,61 453 1.02
ZnSO4 1.35 483 15.01 6.44
KCl 1.31 1.89 13.24 1.93
MnSO4 1.30 2.01 14.28 6.52
MgSO: 1.31 0.2 13.36 1145
CuSO. 2.22 480 2.1 0.60

Culture was carried out at 37°C for 7days in the production
medium containing 5% (w/v) glucose, 0.5% (w/v) NHCl and
0.2% (w/v) yeast extract.

Table 5. Effect of concentration of CaCl, MgSO,
and NaCl on the production of itaconic

acid.
Metal ion Final | Glucose | Dry wt. | Itaconic acid
conc. (&) pH &) | &) @®/0)
Cacl.0.05 1.79 041 | 1217 160
0.1 1.69 070 | 1274 16.49
02 1.72 030 | 1435 15.01
03 1.66 043 | 1206 12.77
04 1.86 15.20 5.59 1.14
MgS040.05 1.73 7.02 9.37 047
0.1 1.64 037 | 1267 13.12
0.2 1.62 028 | 1530 11.50
03 1.77 029 | 1429 10.70
0.4 1.89 343 14.56 463
CaClho.nD+ 1.52 027 | 1395 17.90
MgSO40.1)
CaClko.D+ 1.49 035 | 1390 19.18
MgSod0.1)+
NaCl02) |

Culture was carried out at 37°C for 7days in the production
medium containing 5% (w/v) glucose, 0.5% (w/v) NHCl and
0.2% (w/v) yeast extract.

= AL 4§ Addet
g2} §7) ArdoTE (0.2% yeast extractS

a2 AR},
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Table 6. Optimal culture condition on the itacon-
ic acid production.

Inoculum size 5% (v/v)
Initial pH 2.5
Carbon source 5% (w/v) glucose
Inorganic nitrogen source 0.5% (w/v) NHCI
Organic nitrogen source 0.2% (w/v) Yeast extract
Metal ion 0.1% (w/v) CaCl,+0.1% (w/v)
MgSO4+0.2% (w/v) NaCl

2L50|29 Hg

& 34 9E 02%(w/v)H Hrlsle ole}ZAk
kel w)X]& g3k Al Hgtch Table 4904 &
F %] CaClz H718E o 714 & ofgf&At
& Aastga, 29t NaCl MgSOs & A3
5 529 F9r}.

CaCly= olele}2Al AAate]| Foisle oelZ At A
334 E At B} ge 7)Ao oJglZAte 2
Agd 4 olvkx deiA lrth. =3 magnesium
Abell gk WAS F7HA1A aluminium ion®] 54
S AAs =Y 43 AR gz gl (1).

olebZAl AJabe) Arjgk d¥E- vlA= CaCls}
MgS0,9) s=off @2 oje}ZAte] AY4HE TAVEHY
oo, w3k NaClel #H7lell g olefAte] A4te
ZAbstodck( Table 5). = A3 CaClet MgSO,.9
HA yue 424 01% (w/v)E debdel o8
Egste] A7E o olefEAte] Aite] F7HEA
on}, E3) o7ld 0.2%(w/v) NaCig FH7H3e
o 7} 2 19.18g/4 o) o)ebTARE- AAbsgiT).

ojake] Aig F3F A. terreusol] 23 o|e}ZAk
o] At gk A =7.& Table 694 2 upg}
Zth. 53] A wjA AR AF7A FE AHEE
AREFE b2 NHCL yeast extract, NaCl 5%
ARE-Ehe] olebZARY AJAS A - Q.
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£ 203 252 243t vlas) & Hert gl
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Table 7. Effect of starter culture meidum on the
production of itaconic acid.

Starter Glucose | Dry wt. |Itaconic acid
culture medium pH ®/0) | &0 /)
Malt extract 1.62 84 10.63 180

(H 2.0
Malt extract 164 6.33 96 19.2
(pH 2.9)
Basal medium 1.64 1839 11.74 413 -
(pH 2.0)
Basal medium 1.58 165 10.84 8.64
GH25)
Optimized medium|  1.50 189 12.18 427
(pH 2.0}
Optimized medium| 1.53 186 186 13.58
(pH 2.5)

Culture was carried out at 37°C for 7days in the production
medium conraining 5% (w/v) glucose, 0.5% (w/v) NHC, 0.2%
(w/v) yeast extract, 0.1% (w/v) CaCly, 0.1% (w/v) M8SOs and
0.2% (w/v) NaCl.

2, 72t 27604 &A3AA inoculume ® #AJshe
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& 4 ol FAl AR dele SF wioFAA AL
45 At pHell #AIgle) BF AR A5t
o}, 234 FHert o2 A #EE Ak
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27] pHe} BAIGlo] £ wlekel A #AF |2 A2t
L AL 2 4 sy, pH 209 7|2 iz} A
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Fig 7. Prodution of itaconic acid by mycelium in
the stirred-tank reactor operated with
batch culture.
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Aspergillus terreus NRRL 19604) 2]t o]e}ZAk
o] Aol i dtslgdct. pH, HEw, wiAEA
59 HAzAE F1lsigdct. olelZAte] HA A4
gke 37°¢C, pH 259 =AA, 5% (w/v) glu-
cose, 0.5% (w/v) NILCl, 0.2% (w/v) yeast ex-
tract, 0.1% (w/v) MgSO,, 0.2% (w/v) NaCl&
Fghale Ao 4] 7 19.18g/¢ & 9& 5 9
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