
ORIGINAL PAPER

H. M. Wan Æ C. C. Chen Æ R. Giridhar Æ T. S. Chang
W. T. Wu

Repeated-batch production of kojic acid in a cell-retention fermenter
using Aspergillus oryzae M3B9

Received: 20 December 2004 / Accepted: 13 April 2005 / Published online: 14 May 2005
� Society for Industrial Microbiology 2005

Abstract A cell-retention fermenter was used for the
pilot-scale production of kojic acid using an improved
strain of Aspergillus oryzae in repeated-batch fermen-
tations. Among the various carbon and nitrogen
sources used, sucrose and yeast extract promoted
pellet morphology of fungi and higher kojic acid
production. Repeated-batch culture using a medium
replacement ratio of 75% gave a productivity of
5.3 g L�1 day�1 after 11.5 days of cultivation. While
batch culture in shake-flasks resulted in a productivity
of 5.1 g L�1 day�1, a productivity of 5 g L�1 day�1

was obtained in a pilot-scale fermenter. By converting
the batch culture into repeated batches, the non-pro-
ductive downtime of cleaning, filling and sterilizing the
fermenter between each batch were eliminated, thereby
increasing the kojic acid productivity.
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Introduction

Kojic acid (5-hydroxy-2-hydroxymethyl-4-pyrone) is a
secondary metabolite produced by many species of fil-
amentous fungi and is widely used in cosmetics as a
whitening agent [9], in medicine as an analgesic [12] and
in agriculture as a pesticide [18]. Kojic acid is also used

as a raw material for the synthesis of biodegradable
plastics [17]. It is produced on an industrial scale using
Aspergillus spp and Penicillium spp. Carbon sources like
glucose, sucrose and starch and nitrogen sources such as
yeast extract, peptone and corn steep liquor are widely
used for kojic acid production [2, 5, 15]. Optimal med-
ium composition and proper culture conditions are
crucial for higher kojic acid production; and the selec-
tion of optimal medium is usually case-by-case. Strate-
gies such as fed-batch [6] and pH control [16] have been
employed to enhance the yield and productivity in kojic
acid fermentations.

Extending the production phase by long-term fer-
mentation is another approach employed for enhancing
kojic acid productivity. About 83 g L�1 kojic acid was
produced from two rounds of repeated cultivation for
100 days using A. oryzae immobilized in Ca-alginate
beads [8]. Novel bioreactor designs have also been devel-
oped for long-term kojic acid fermentation. For example,
a cylindrical apparatus for membrane-surface liquid
culture was developed and a steady kojic acid concen-
tration of about 45 g L�1 was obtained by stably main-
taining continuous cultivation for over 70 days [19].
Although cell immobilization and membrane-surface
liquid culture successfully prolonged the kojic acid pro-
duction period, there are still problems, such as scale-up
or low production rate, which need to be overcome.

In our previous study [20], using a combination of
induced mutation and protoplasting, we developed an
improved strain of A. oryzae that is capable of accu-
mulating high concentrations of kojic acid. In shake-
flask cultures and in stirred-tank fermentations, the
improved strain showed good performance not only in
terms of high kojic acid concentration but also in pro-
ductivity. However, the use of fed-batch culture for
improving kojic acid production was found to be not as
efficient as batch culture. Therefore, it was essential to
develop another strategy for more efficient kojic acid
production. In this study, we adopted a repeated-batch
culture in a cell-retention bioreactor to extend the pro-
duction phase and enhance kojic acid production.
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Materials and methods

Microorganism

An improved strain of A. oryzae M3B9, obtained in our
previous study [20] via the combined induced mutation
and protoplasting of the wild-type strain (A. oryzae
ATCC 22788), was used as the kojic acid producer. The
stock spores were harvested from potato dextrose agar
(Difco Laboratories, Detroit, Mich., USA) plates with
sterile water and the spore suspension was preserved at
4�C.

Shake-flask cultures

In order to investigate the effect of various nitrogen
sources on cell morphology and kojic acid production,
varying concentrations (1–20 g L�1) of (NH4)2SO4,
yeast extract, soybean protein, tryptone, corn steep li-
quor (CSL), or rice bran was used along with 100 g L�1

glucose. Carbohydrates like glucose, fructose, sorbitol,
maltose, sucrose, lactose, or starch at 100 g L�1 were
used along with 2.5 g L�1 yeast extract to examine the
effect of carbon source on kojic acid production by the
strain. The culture medium also contained 0.5 g L�1

MgSO4 and 1 g L�1 K2HPO4. Batch cultures were per-
formed by inoculating appropriately 1.5·107 spores into
50 mL of medium in 250-mL Erlenmeyer flasks. The
flasks were incubated at 30�C and 250 rpm for 8 days.

Batch and fed-batch culture

Batch cultures were carried out using a working volume
of 3 L in a 5-L stirred-tank fermenter (B. Braun, Ger-
many) equipped with two six-bladed impellers (diam.
6 cm). The seed and the main culture medium contained
(per liter): 100 g sucrose, 2.5 g yeast extract, 0.5 g
MgSO4 and 1.0 g K2HPO4. Seed cultures were prepared
in 1-L flasks under the same conditions as those of
shake-flask culture. After inoculating with 10% seed
culture, fermentation was carried out at 30�C, 300 rpm
agitation and 1 vvm aeration.

Fed-batch cultures were initiated as batch cultures in a
5-L stirred-tank fermenter (B. Braun) with a working
volume of 3 L. An initial sucrose concentration of
100 g L�1 was employed. The concentrations of other
nutrients were (per liter): 2.5 g yeast extract, 0.5 gMgSO4

and 1.0 g K2HPO4. The agitation rate was 300 rpm and
the aeration rate was 1 vvm. For fed-batch cultivation, a
total of 300 g of sucrose was added to the fermenter at the
rate of 100 g on days 7, 10 and 13. The cultivation was
continued until day 16.

Repeated-batch culture

Repeated-batch cultures were initiated as batch cultures
using an initial sucrose concentration of 100 g L�1 in a

10-L stirred-tank fermenter (Biotop Process and
Equipment, Taiwan, ROC) containing 5 L of medium.
The fermenter was provided with a 60 mesh (0.25 mm)
plate at the bottom for retaining the cells when the
culture broth was removed through an outlet at the
bottom. The original and replacement culture media and
the cultivation conditions were identical to that of batch
culture. Experiments were conducted by replacing 25%
and 75% of the culture broth with fresh medium.

Analytical methods

Kojic acid was analyzed by the colorimetric method [3].
Glucose was measured in a glucose analyzer (YSI 2700
Select; YSI, Ohio, USA). Biomass was determined by
the dry cell weight method. Culture samples were filtered
on a pre-weighed filter paper (Whatman 2), washed
twice with distilled water and dried at 70�C to constant
weight. Cell morphology was observed by a light
microscope (BX40; Olympus Optical Corp., Tokyo,
Japan).

Results and discussion

Effect of nitrogen source on kojic acid production
and cell morphology

The effect of nitrogen source on the kojic acid production
and morphology of the improved stain M3B9 was
investigated in shake-flask cultures using (NH4)2SO4 and
five other organic nitrogen sources (yeast extract, soy-
bean protein, tryptone, CSL, rice bran) in varying con-
centrations (1–20 g L�1). The results are shown in Fig. 1.
Irrespective of the concentration of (NH4)2SO4 used,
poor kojic acid production was noticed after 8 days of
cultivation as compared to the organic nitrogen sources.
A biomass concentration of 5.7 g L�1 was obtained
when 2.5 g L�1 (NH4)2SO4 was used, whereas when high
concentrations (5, 10, 15 g L�1) of (NH4)2SO4 were used,
the biomass formation was markedly reduced (4.3, 4.5,
1.3 g L�1, respectively). However, while using different
organic nitrogen sources, two different trends in kojic
acid production (Fig. 1) were observed. Higher kojic acid
(20–41 g L�1) was accumulated after 8 days of cultiva-
tion using greater amounts (10–20 g L�1) of rice brain
and CSL. In contrast, M3B9 produced higher concen-
trations of kojic acid with lower levels (2.5 g L�1) of
other nitrogen sources (yeast extract, tryptone or
soybean protein at 2.5 g L�1) in the medium.

The use of different nitrogen sources greatly influ-
enced not only the kojic acid production pattern but also
the fungal morphology. Two types of morphologies were
observed when M3B9 was grown in medium with dif-
ferent nitrogen sources. While yeast extract favored the
formation of pellets (Fig. 2a), highly entwined hyphae
with irregular shapes and loose structures (Fig. 2b) were
observed when rice bran was used as the nitrogen source
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and this pattern of cell morphology was between fila-
mentous and pellet-like forms. A similar phenomenon
was observed in the submerged culture of Rhizopus

chinesis when different nitrogen sources were used dur-
ing antibiotic fermentation [4]. Although the actual
mechanism leading to the variation in fungal morphol-
ogy is still very unclear, insoluble solids or some special
macromolecular components are believed to be the key
factors [13].

Fungal fermentations generally require different cell
morphologies for optimizing the product yield [4].
Growth in the form of pellets lowers the broth viscosity
and enhances the mixing and mass transfer properties of
the suspension. It also prevents the adhesion of cells
within the bioreactor [14]. Since the maximum kojic acid
production levels with different organic nitrogen sources
were only slightly different from each other (31–
38 g L�1; Fig. 1), the criterion for the selection of a
better nitrogen source should be based on an appropri-
ate morphology that would help to reduce fermentation
problems. In this regard, yeast extract at 2.5 g L�1 was
chosen as the nitrogen source for further studies in kojic
acid production.

Effect of carbon source on kojic acid production

In order to find a suitable carbon source for use along
with yeast extract (2.5 g L�1) in the medium to sustain a
pellet-like morphology of M3B9, several carbohydrates
(glucose, fructose, sorbitol, sucrose, maltose, lactose,
starch) were used in shake-flask cultures. High concen-
trations of kojic acid accumulated in the medium with all
these carbohydrates, except lactose (Fig. 3). Fructose was
reported to be not suitable for high kojic acid production
due to the possibility that fructose in furanose form was
not appropriate for direct conversion to kojic acid [15].
However, our results indicated that M3B9 effectively
utilized fructose and produced a high concentration of
kojic acid. The highest kojic acid accumulation of
41 g L�1, corresponding to a volumetric productivity of
5.1 g L�1 day�1, was obtained when sucrose was used.
Due to the easily hydrolysable nature of this disaccharide,
both glucose and fructose were simultaneously present in

Fig. 1 Effect of nitrogen
sources on kojic acid
production by A. oryzae M3B9
in shake-flasks. Cultures were
carried out in a medium
containing 100 g L�1 glucose
and varying concentrations of
nitrogen sources at 30�C and
250 rpm. The number above
each column indicates the
concentration (g L�1) of
nitrogen source used

Fig. 2 Change in the cell morphology of A. oryzae M3B9 in shake-
flask fermentations using the nitrogen sources: a yeast extract,
b rice bran. Cultures were carried out in a medium containing
100 g L�1 glucose and 2.5 g L�1 yeast extract or rice bran at 30�C
and 250 rpm
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the medium and the fungus could directly consume both
these monosaccharides. Kojic acid production by M3B9
was heavily suppressed by lactose, which might be due to
the alteration in the metabolic regulation that prevented
the formation of certain important enzymes responsible
for kojic acid production. Rosfarizan and Ariff [15] also
reported a similar result during kojic acid production
using A. flavus.

Kojic acid production by batch and fed-batch culture

Pilot-scale production of kojic acid by batch and fed-
batch cultures of M3B9 was investigated using a med-
ium containing sucrose (100 g L�1) and yeast extract
(2.5 g L�1) in a 5-L stirred tank. A typical time-course
of biomass and kojic acid production during the batch
cultivation is shown in Fig. 4. Growth of M3B9 was
very rapid during the initial stage. A maximum cell
concentration of 3.2 g L�1 was obtained after 1 day of
cultivation. This was followed by a transition period
during which the growth declined continually until day 3
of cultivation. After the transition period, the cells en-
tered the stationary phase. A similar phenomenon was
also observed during studies on the growth characteris-
tics of A. fumigatus in different nutrient media [10]. The
rate of kojic production was enhanced when cell growth
had ceased after 1 day of cultivation (Fig. 4). This result
suggested that kojic acid production by M3B9 was
predominantly not growth-associated. Kojic acid con-
tinued to accumulate in the culture broth and a final
concentration of 40 g L�1 kojic acid, equivalent to a
productivity of 5 g kojic acid L�1 day�1, was obtained
after 8 days of cultivation. The concentration and pro-
ductivity of kojic acid obtained in 5-L stirred tanks

during batch fermentations were comparable to those
obtained from shake-flask cultures. The similar perfor-
mances of M3B9 in shake-flasks and in the 5-L fer-
menter demonstrated the practicability of this strain for
use in pilot-plant reactors for the large-scale production
of kojic acid.

Fed-batch cultures were carried out with the addition
of a carbon source (sucrose) for enhancing kojic acid
production by M3B9. A fed-batch culture was initiated
as a batch in a 5-L fermenter containing 3 L medium and
100 g sucrose was fed at days 7, 10 and 13 during culti-
vation. The time-courses of kojic acid, pH and biomass
during the fed-batch culture are shown in Fig. 5. Kojic
acid was produced at the rate of approximately
5 g L�1 day�1 up to 8 days of fermentation, following
which it decreased to 1.5 g L�1 day�1. Although a high

Fig. 4 Time-course of (circles) kojic acid and (inverted triangles)
biomass during batch cultivation of A. oryzae M3B9 in a 5-L
stirred-tank fermenter at 300 rpm agitation and 1 vvm aeration.
Initial sucrose and yeast extract concentrations were 100 g L�1 and
2.5 g L�1, respectively

Fig. 5 Time-course of (circles) kojic acid, (squares) pH and
(inverted triangles) biomass during fed-batch cultivation of
A. oryzae M3B9 in a 5-L stirred-tank fermenter at 300 rpm
agitation and 1 vvm aeration. Initial sucrose and yeast extract
concentrations were 100 g L�1 and 2.5 g L�1, respectively. Sucrose
(300 g) was fed into the fermenter at the rate of 100 g on days 7, 10
and 13. Arrows indicate the time of feeding sucrose

Fig. 3 Effect of carbon sources on kojic acid production by
A. oryzae M3B9 in shake-flasks. Cultures were carried out in a
medium containing 2.5 g L�1 yeast extract and various carbohy-
drates (100 g L�1) at 30�C and 250 rpm
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kojic acid concentration (52 g L�1) was accumulated
after 15 days of cultivation, the yield (0.26 g kojic
acid g�1 sucrose) and productivity (3.5 g L�1 day�1)
were relatively lower than those from batch culture
(yield 0.44 g kojic acid g�1 sucrose, productivity
5 g L�1day�1). One or more factors like inhibition by the
product or a change in cell morphology might have led to
a lower kojic acid production in the late fermentation
period. An alternate fermentation strategy was therefore
developed for further enhancing kojic acid production
by M3B9.

Repeated-batch culture in shake-flasks and modified
stirred-tank fermenter

Repeated-batch processing is a well known method
for enhancing the productivity of microbial cultures
through extending the production phase of the culture
by replacing a portion of the original culture with fresh
substrate. In our study, repeated-batch cultures were
carried out in a cell-retention fermenter, in which all the
cells were retained during medium replacement. Due to
the pellet-like morphology of M3B9, which mimicked
immobilized cells, M3B9 could be very easily retained in
the reactor.

In order to identify a suitable replacement medium
for maintaining a pellet-like morphology of M3B9
during repeated-batch culture, four different media
containing 100 g L�1 sucrose were examined in 1-L
shake-flasks at 30�C and 250 rpm. Other nutrients (yeast
extract, MgSO4, K2HPO4) were maintained at 0-, 0.25-,
0.5- and 1.0-fold of that used for the batch culture. At
about 6 days, 75% of the fermented medium was
replaced with fresh medium and the cultivation was

Fig. 6 Kojic acid production in repeated-batch cultures by
A. oryzae M3B9 using different replacement media containing
100 g L�1 sucrose and (filled circles) 0-fold, (open circles) 0.25-fold,
(filled inverted triangles) 0.5-fold and (open inverted triangles) 1.0-
fold concentrations of other nutrients in shake-flasks at 30�C and
250 rpm. After 6 days, 75% of the fermented medium was replaced
with fresh medium

Fig. 7 Time-course of (inverted triangles) biomass, (squares) pH
and (circles) kojic acid during repeated-batch culture of A. oryzae
M3B9 in a 10-L cell-retention fermenter, 300 rpm agitation and
1 vvm aeration, at: a 25%, b 75% medium replacement. Initial
sucrose and yeast extract concentrations were 100 g L�1 and
2.5 g L�1, respectively
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continued. The results are shown in Fig. 6. The medium,
which was the same as the batch (with 1.0-fold nutrients)
gave the highest kojic acid yield (43 g L�1) after 10 days
of cultivation. Other media could not yield the same
concentration of kojic acid, even after prolonged culti-
vation. In all cases, the yield of kojic acid drastically
declined after the subsequent medium replacement.

After identifying the replacement medium for large-
scale repeated-batch cultivation, it was decided to carry
out repeated-batch fermentations by replacing different
volume fractions of the spent medium with fresh med-
ium to determine a suitable medium replacement ratio.
A higher (75%) and a lower (25%) medium replacement
were implemented in repeated-batch cultivations using
M3B9 and original medium (containing 1.0-fold nutri-
ents) in the cell-retention fermenter. During medium
replacement, all the cells were retained in the reactor.
The first medium replacement was carried out after 6–
7 days of cultivation, when 30 g L�1 kojic acid accu-
mulated in all cases. The frequencies of replacement of
the medium were as follows: every 2 days for 25% and
at day 11.5 for 75%. All the repeated-batch cultivations
were continued for 16 days.

The time-courses of kojic acid, biomass and pH during
repeated-batch cultivation by replacing 25% and 75% of
the spent medium with fresh medium are shown in
Fig. 7a, b, respectively. In all cases, batch cultivation and
the first cycle of repeated-batch cultivations yielded
higher concentrations of kojic acid. After the first cycle, a
kojic acid concentration of 37 g L�1 was obtained for
25% and 75% medium replacement. However, the kojic
acid concentration decreased when further cycles of
repeated batches were carried out. For 25% medium
replacement every 2 days (Fig. 7a), the productivity de-
creased after each cycle. However, for 75% medium
replacement (Fig. 7b), the productivity increased after the
first medium replacement on day 7. A subsequent med-
ium replacement on day 11.5 of cultivation led to a de-
crease in productivity. After 11.5 days of cultivation with
75% medium replacement, 305 g of kojic acid (corre-
sponding to an average productivity of 5.3 g L�1 day�1)
was obtained. In all cases, biomass recorded an increase
after each cycle. The kojic acid concentration did not in-
crease in proportion to the biomass. Furthermore, pH
continuously increased during the course of repeated-
batch cultivation. Based on the observed variations in

pH and biomass, it was inferred that the cell physiologies
were obviously different in the two fermentation phases
and this led to a lower kojic acid production.

The overall kojic acid productivities obtained in the
repeated-batch culture using the cell-retention fermenter
are compared with those of other methods of cultivation
in Table 1. A higher kojic acid production (355.47 g)
and higher overall productivity (4.4 g L�1 day�1) were
obtained with a higher ratio (75%) of medium replace-
ment. Repeated-batch culture with 25% medium
replacement yielded a lower amount of kojic acid
(324.42 g) and a lower productivity (4.1 g L�1 day�1).
To maintain cell physiology and reproduce the batch
culture in each cycle of the repeated batch for stable
productivity, the effect of medium replacement ratio and
time of replacement on cell physiology and kojic acid
productivity have to be further investigated. However,
the similar kojic acid production profiles obtained in the
repeated-batch cultures in the shake-flask and in the cell-
retention fermenter (Figs. 6, 7a) indicated that the
shake-flask culture simulated directly the behavior of
M3B9 in the cell-retention fermenter.

Conclusions

The fungal morphology and kojic acid production of the
improved strain M3B9 was greatly influenced by the type
of nitrogen source used for cultivation. M3B9 demon-
strated a clearly better performance in batch culture in
terms of higher kojic acid yield and productivity. Al-
though the productivity in repeated-batch culture pro-
gressively decreased after each cycle, the production
efficiency of the repeated-batch culture in the cell-reten-
tion fermenter was better than that of the fed-batch. If
further research is undertaken to maintain M3B9 in the
production phase always, repeated-batch culture of
M3B9 would be of immense potential for high kojic acid
production.

References

1. Ariff AB, Rosfarizan M, Herng LS, Madihah S, Karim MIA
(1997) Kinetics and modelling of kojic acid production by
Aspergillus flavus Link in batch fermentation and resuspended
mycelial system. World J Microbiol Biotechnol 13:195–201

Table 1 Comparison of the
overall kojic acid productivities
obtained in the repeated-batch
culture of A. oryzae M3B9 in
the cell-retention fermenter with
those of other methods of
cultivation

Method of cultivation Productivity
(g L�1 day�1)

Reference

Air-lift bioreactor 5.7 [5]
Continuous membrane-surface liquid culture 1.8 [19]
Controlled mycelial growth using immobilized
cells in repeated batch

3.7 [7]

Fed-batch membrane-surface liquid culture 5.0 [11]
Resuspended mycelial system 3.6 [1]
Repeated-batch culture in cell-retention fermenter
with 75% medium replacement

4.4 Present study

Repeated-batch culture in cell-retention fermenter
with 25% medium replacement

4.1 Present study

232



2. Bajpai P, Agrawala PK, Vishwanathan L (1982) Production of
kojic acid by resuspended mycelia of Aspergillus flavus. Can J
Microbiol 28:1340–1346

3. Bentley R (1957) Preparation and analysis of kojic acid.
Methods Enzymol 3:238–241

4. Du LX, Jia SJ, Lu FP (2003) Morphological changes of Rhi-
zopus chinesis 12 in submerged culture and its relationship with
antibiotic production. Process Biochem 38:1643–1646

5. Futamura T, Ishihara H, Tamura T, Yasutake T, Huang GW,
Kojima M, Okabe M (2001) Kojic acid production in an airlift
bioreactor using partially hydrolyzed raw corn starch. J Biosci
Bioeng 92:360–365

6. Futamura T, Okabe M, Tamura T, Toda K, Matsunobu T,
Park YS (2001) Improvement of production of kojic acid by a
mutant strain Aspergillus oryzae, MK107-39. J Biosci Bioeng
91:272–276

7. Kwak MY, Rhee JS (1992) Controlled mycelial growth for
kojic acid production using Ca-alginate-immobilized fungal
cells. Appl Microbiol Biotechnol 36:578–583

8. Kwak MY, Rhee JS (1992) Cultivation characteristics of
immobilized Aspergillus oryzae for kojic acid production. Bio-
technol Bioeng 39:903–906

9. Majmudar G, Jacob G, Laboy Y, Fisher L (1998) An in vitro
method for screening skin-whitening products. J Cosmet Sci
49:361–367

10. Meletiadis J, Meis JF, Mouton JW, Verweij PE (2001) Analysis
of growth characteristics of filamentous fungi in different
nutrient media. J Clin Microbiol 39:478–484

11. Ogawa A, Wakisaka Y, Tanaka T, Sakiyama T, Nakanishi K
(1995) Production of kojic acid by membrane-surface liquid
culture of Aspergillus oryzae NRRL 484. J Ferment Bioeng
80:41–45

12. Ozturk G, Erol DD, Aytemir MD, Uzbay T (2002) New
analgesic and antiinflammatory agents 4(1H)-pyridinone
derivatives. Eur J Med Chem 37:829–834

13. Papagianni M (2004) Fungal morphology and metabolite
production in submerged mycelial processes. Biotechnol Adv
22:189–259

14. Pedersen AG, Bundgaard-Nielsen M, Nielsen J, Villadsen J,
Hassager O (1993) Rheological characterization of media
containing Penicillium chrysogenum. Biotechnol Bioeng 41:162

15. Rosfarizan M, Ariff AB (2000) Kinetics of kojic acid fermen-
tation by Aspergillus flavus using different types and concen-
trations of carbon and nitrogen sources. J Ind Microbiol
Biotechnol 25:20–24

16. Rosfarizan M, Ariff AB, Hassan MA, Karim MIA, Shimizu H,
Shioya S (2002) Importance of carbon source feeding and pH
control strategies for maximum kojic acid production from
sago starch by Aspergillus flavus. J Biosci Bioeng 94:99–105

17. Tomita I, Mitsuhashi K, Endo T (1996) Synthesis and radical
polymerization of styrene derivative bearing kojic acid moie-
ties. J Polym Sci A 34:271–276

18. Uher M, Konecny V, Rajniakova O (1994) Synthesis of 5-hy-
droxy-2-hydroxymethyl-4H-pyran-4-one derivatives with pes-
ticide activity. Chem Pap 48:282–284

19. Wakisaka Y, Segawa T, Imamura K, Sakiyama T, Nakanishi K
(1998) Development of a cylindrical apparatus for membrane-
surface liquid culture and production of kojic acid using
Aspergillus oryzae NRRL484. J Ferment Bioeng 85:488–494

20. Wan HM, Chen CC, Chang TS, Giridhar RN, Wu WT (2004)
Combing induced mutation and protoplasting for strain
improvement of Aspergillus oryzae for kojic acid production.
Biotechnol Lett 26:1163–1166

233


	Sec1
	Sec2
	Sec3
	Sec4
	Sec5
	Sec6
	Sec7
	Sec8
	Sec9
	Sec10
	Fig1
	Fig2
	Sec11
	Fig4
	Fig5
	Fig3
	Sec12
	Fig6
	Fig7
	Sec13
	Bib
	CR1
	Tab1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9
	CR10
	CR11
	CR12
	CR13
	CR14
	CR15
	CR16
	CR17
	CR18
	CR19
	CR20

