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Parameters related to dissolved oxygen for the production of pullulan by Aureobasidium pullulans
HP-2001 were optimized in 7 I and 100 1 bioreactors. The optimal concentrations of glucose and yeast
extract for the production of pullulan were 50.0 and 2.5 g/1, respectively, and its conversion rate from
glucose was 37% at a flask scale. The optimal initial pH of the medium and temperature for cell
growth were 7.5 and 30°C, whereas those for the production of pullulan were 6.0 and 25°C. The opti-
mal agitation speed and aeration rate for cell growth were 600 rpm and 2.0 vvm in a 7 | bioreactor,
whereas those for the production of pullulan were 500 rpm and 1.0 vvm. The production of pullulan
with an optimized agitation speed of 500 rpm and aeration rate of 1.0 vvmn was 18.13 g/l in a 7 1
bioreactor. Maximal cell growth occurred without inner pressure, whereas the optimal inner pressure
for the production of pullulan was 0.4 kgf/ em’ in a 100 1 bioreactor. The production of pullulan under
optimized conditions in this study was 22.89 g/I in a 100 1 bioreactor, which was 1.38 times higher

than that without inner pressure.
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Introduction

Pullulan is a linear extracellular homopolysaccharide con-
sisting of maltotriose and maltotetraose units interconnected
by a-(1—6) and a-(1—4) linkages [1,25]. Due to its structural
flexibility and enhanced solubility resulting from its regular
alternation [17], pullulan provides highly viscous solutions
at relatively low concentrations and can be utilized to make
an oxygen-impermeable membrane [32]. Membranes formed
from pullulan are suitable for coating foods and pharma-
ceuticals, especially when exclusion of oxygen is desirable
[10]. Pullulan has a wide range of commercial and industrial
applications in many fields, such as food industries, phar-
maceuticals manufacturing, health care, and cosmetic in-
dustries [32].

Pullulan can be produced in large quantities by fermenta-
tion of Aureobasidium pullulans [20]. Although the mechanism
of pullulan biosynthesis is still not fully understood, it was
definitely proved that the production of pullulan is directly
related to the conversion rate of substrates [14,31]. Some im-
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portant physiological factors which affect production of pul-
lulan are carbon sources, nitrogen sources , initial pH of the
medium , temperature , the oxygen supply , and mineral
salts [2,6,19,29]. The fungus, Aureobasidium pullulans, has a
complex life cycle and can grow in a range of morphological
forms including blastospore (yeast-like cells), hyphae, psue-
dohyphase, swollen cells, and chlamydospores [22,29]. High
production of pullulan has been found to be correlated with
high concentration of yeast-like cells in the culture [27]. The
morphological form of A. pullulans is influenced by medium
compositions and cultural conditions such as carbon and ni-
trogen sources, pH, temperature, and dissolved oxygen level
[9]. However, there have been few reports on effect of dis-
solved oxygen on the production of pullulan by A. pullulans.
Maximal production of pullulan from 100.0 g/1 glucose by
A. pullulan was reported to be 36.9 g/1, however, its con-
version rate of pullulan was 36.9% and concentration of re-
sidual sugar after fermentation was relatively high, which
interrupted to recover pullulan from culture broth [29].
Continuous culture of A. pullulans was reported to enhance
production of pullulan as well as its conversion rate [30].

We had developed optimal concentrations of salts for the
enhanced production of pullulan by A. pullulans HP-2001 in
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a medium with higher concentrations for carbon and nitro-
gen sources [6]. In this study, effects of parameters related
to the dissolved oxygen (DO) in the medium with previously
optimized concentrations of salts on cell growth and pro-
duction of pullulan by A. pullulans HP-2001 were
investigated. The agitation speed and aeration rate in a 7
1 bioreactor and the inner pressure in a 100 I bioreactor for
cell growth and the production of pullulan by A. pullulans

were optimized in this study.

Materials and Methods

Bacterial strain and medium

Aureobasidium pullulans HP-2001, a UV-induced mutant of
A. pullulans ATCC 42023, was transferred monthly to fresh
nutrient agar medium [29]. Cells in agar slants were in-
cubated at 30°C for 48 hr and stored at 4°C. The medium
for cell growth and the production of pullulan by A. pul-
lulans HP-2001 contained 50 g/1 glucose, 0.25 g/1 yeast ex-
tract, 7.5 g/1 KoHPOy, 1.0 g/1 NaCl, 0.1 g/1 MgSO,-7H,0,
and 24 g/1 (NH4):504 which was optimized for higher con-
centrations of carbon sources in the previous work [6].
Glucose was autoclaved separately and added to the me-

dium in aseptic conditions.

Production of pulluan

Starter cultures were prepared by transferring cells from
a slant to 50 ml of medium in 250 ml flasks and incubated
at 30°C and 200 rpm for 48 hr. Each starter culture was used
as an inoculumn for 100 ml of medium in 500 ml Erlenmeyer
flasks. Samples were periodically withdrawn from the cul-
tures to examine cell growth and the production of pullulan
by A. pullulans HP-2001.

Culture broth after 96 hr was centrifuged at 15,000 xg for
15 min to remove cells. Supernatant was mixed with 2 vol-
umes of isopropyl alcohol and incubated at 4°C for 24 hr
to precipitate the crude product which was separated by cen-
trifugation at 15,000 xg for 20 min. The precipitated material
was repeatedly washed with acetone and ether, dissolved
in deionized water (DW) and dialyzed against DW by using
dialysis tubing with a molecular weight cut off of
14,000~12,000. After dialysis for 2 to 3 days with four or
five changes of DW, the dialyzed solution was lyophilized.

Batch fermentations for the production of pullulan by A.
pullulans HP-2001 were performed in 7 1 and 100 1 bio-
reactors (Ko-Biotech Co., Korea). Working volumes of 7 1

and 100 1 bioreactors were 5 1 and 70 I, respectively. Carbon
and nitrogen sources for batch fermentations were 50.0 g/1
glucose and 2.5 g/ yeast extract, respectively. Temperatures
for fermentations in 7 1 and 100 I bioreactors were main-
tained at 25°C. The agitation speed and aeration rate of a
7 1 bioreactor ranged from 200 to 600 rpm and from 0.5 to
2.0 vvm during the investigation of effects of agitation speed
and aeration rate on cell growth and the production of pul-
lulan by A. pullulans HP-2001. The agitation speed and aera-
tion rate of a 100 I bioreactor were 300 rpm and 1.0 vvm,
respectively. Agitation was provided by three six-flat-blade
impellers in 7 1 and 100 1 bioreactors. Inner pressure in the
100 1 bioreactor ranged from 0.0 to 0.8 kgf/cm”. Inoculumn
size of batch fermentations for production of pullulan by
A. pullulans HP-2001 was 5% (v/v).

Analytical methods

Harvested cells were washed three times with distilled
water and transferred to pre-weighted aluminum dishes,
dried at 90-100°C to a constant weight and then weighed
[29]. The concentration of pullulan was determined colori-
metrically by the phenol-sulfuric acid method [3]. A stand-
ard curve for quantitation of pullulan was prepared from
authentic pullulan (Sigma-Aldrich, St. Louis, USA). Reducing
sugar contents in the culture broth were determined by the
dinitrosalicylic acid (DNS) method [23]. DNS reagent (1 ml)
was mixed with 0.3 ml of the culture broth, and the mixture
was placed in a boiling water bath for 15 min. After the
mixture was cooled to room temperature, the concentration
of reducing sugar was examined at 550 nm with a spec-
trophotometer (Unicam Co., Helios Delta, UK).

Results and Discussion

Effect of glucose on production of pullulan

The effects of glucose as a carbon source on cell growth
and the production of pullulan by A. pullulans HP-2001 were
investigated. The concentration of glucose ranged from 0.0
to 300.0 g/1. Cell growth and the production of pullulan by
A. pullulans HP-2001 increased with increased concentrations
of glucose up to 200.0 g/1 and 150 g/l, respectively, as
shown in Table 1. Significance of each value was analyzed
by DPS software version 3.01 (DPS Co., Middlesex, UK).
Total utilization yield (Yx/s+Ypss) from various concen-
trations of glucose as a carbon source ranged from 0.10 to

0.55. Maximal production of pullulan by A. pullulans
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Table 1. Effect of glucose on cell growth and the production of pullulan by A. pullulans HP-2001'
Glucose . 2 DCW Pullulan Reducing sugar Yield
Final pH
(g/1) (s/1) (g/1) (g/1) Ys Yors Yo
0.0 7.5140.14% 0.63+0.22° 0.14+0.12¢ 0.12+0.10° - - 0.22
25.0 6.2240.16° 5.19+0.40% 5.760.42° 2.24+081° 021 023 111
50.0 4.82+0.13° 12.15+1.055 15.56+1.26" 5.76+0.90° 0.24 031 1.29
100.0 4.07+0.12° 13.12+1.24™ 20.12+1.82" 2587+1.87" 013 021 153
150.0 3.96+0.14° 14.23+1.26™ 20.84+1.72" 51.55+3.21 0.09 0.14 1.46
200.0 435+0.12¢ 16.05+1.43" 19.19+1.56" 86.65+6.42" 0.08 0.10 1.20
300.0 4.40+0.10° 15.53+1.36" 16.21+1.31" 125.19+9.43" 0.05 0.05 1.04

"This experiment was carried out at 30°C and 200 rpm in a shaking incubator for 96 hr.

"Results are means of triplicate experiments.

*Values with different letters are significantly different at p<0.05.

HP-2001 after 96 hr was 20.84 g/1 when the glucose concen-
tration was 150.0 g/1, however, the highest conversion rate
of pullulan from glucose was found to be 31% when the
concentration of glucose was 50.0 g/I.

The optimal concentration of glucose or sucrose as a car-
bon source for the production of pullulan has been reported
to be 50.0 or 75.0 g/I and the highest conversion rate of
pullulan was about 38% [29,31]. Kinetic studies on the pro-
duction of pullulan by A. pullulan ZQ-01 showed that the
maximal production of pullulan from 50.0 g/1 sucrose was
16.0 g/1 [26].

Effect of yeast extract on production of pullulan

The effects of yeast extract as a nitrogen source on cell
growth and the production of pullulan by A. pullulans
HP-2001 were also investigated. The concentration of yeast
extract ranged from 0.0 to 20.0 g/1. Cell growth and the pro-
duction of pullulan by A. pullulans HP-2001 also increased
with increased concentrations of yeast extract up to 7.5 g/1

and 2.5 g/l, respectively, as shown in Table 2. Total uti-

lization yield of 50.0 g/1 glucose and various concentrations
of yeast extract ranged from 0.11 to 0.62. The maximal pro-
duction of pullulan by A. pullulans HP-2001 was 18.42 g/1
and its conversion rate from glucose was 37% when the con-
centration of yeast extract was 2.5 g/1. The optimal concen-
tration of yeast extract for cell growth was different from
that for production of pullulan by A. pullulans HP-2001.

The optimal concentration of yeast extract for the pro-
duction of pullulan by A. pullulans HP-2001 varied with the
concentration of glucose and the depletion of nitrogen sour-
ces might be essential for higher production of pullulan [29].
The production of pullulan was affected by the nitrogen
source in the medium and its yield fell when excess nitrogen
sources were present. Cell growth increased with increased
concentrations of yeast extract up to 5.0 g/1, however, it de-
creased beyond this concentration due to substrate inhibition
[30]. The optimal concentration of yeast extract as a nitrogen
source for the production of pullulan was reported to be
031 g/1 based on analysis of the multivariable linear re-
gression [34].

Table 2. Effect of yeast extract on cell growth and the production of pullulan by A. pullulans HP-2001"

Yeast extract Final pH DCW Pullulan Reducing sugar Yield
(g/1) (g/1) (g/1) (g/1) Yas Yp/s Yo/
0.0 3.62+021" 5.74+0.48° 2.98+0.32 36.30+3.72" 0.11 0.06 0.52
1.0 3.64+0.18' 11.21+0.95 11.33+1.04" 8.14+1.46" 022 023 1.01
25 433+0.15° 12.45+1.02 18.42+1.42" 0.26+0.12° 0.25 0.37 1.48
5.0 5.63+0.12% 13.58+1.18" 9.22+0.81° 0.24+0.16° 0.27 0.18 0.68
75 5.88+0.14°" 14.39+1.26" 6.05+0.43" 0.44+0.24¢ 0.29 0.12 0.42
10.0 6.11+0.12% 12.75+1.09% 3.69+0.37 0.47+0.18° 0.26 0.08 0.29
15.0 6.310.14" 7.51+0.62% 3.55+0.33%" 1.87+0.43° 015 0.07 0.47
20.0 7.59+0.14" 3.52+0.33' 2.12+0.32' 5.67+0.82" 0.07 0.04 0.60

'The concentration of glucose as a carbon source was 50.0 g/1.
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Effect of initial pH of medium on production of
pullulan

The effects of initial pH of the medium on cell growth
and the production of pullulan were examined. The initial
pH of the medium ranged from 5.0 to 8.5. Total utilization
yield of 50.0 g/1 glucose and 2.5 g/1 yeast extract at initial
pHs from 5.0 to 8.5 ranged from 0.48 to 0.65, as shown in
Table 3. The optimal initial pH for cell growth was 7.5,
whereas that for the production of pullulan by A. pullulans
HP-2001 was 6.0. The maximal production of pullulan from
50.0 g/1 glucose and 2.5 g/1 yeast extract was 20.58 g/1 when
the initial pH of the medium was 6.0. The optimal initial
pH for cell growth was also different from that for the pro-
duction of pullulan by A. pullulans HP-2001.

The optimal pHs for cell growth and the production of
pullulan by A. pullulan ATCC 42023 have been reported to
be 3.5 and 6.5, respectively [19]. The optimal initial pHs for
cell growth of Agrobacterium sp. and S. paucibilis were 4.2
and 5.8, respectively, whereas those for the production of
curdlan and gellan by these strains were 5.0 and 6.8, re-
spectively [13,21]. Initial pH of the medium is one of the
most critical parameters which affect cell growth and the

production of pullulan [18]. Cell growth was very high at
a low initial pH such as 2.0, however, the production of pul-
lulan was low at this initial pH. Due to this phenomenon,
two-staged fermentation for the production of pullulan was
developed. In this process the first stage of fermentation was
conducted at the very acidic pH for the best production of
biomass. When the biomass concentration reached its max-
imum value, the second stage of fermentation was initiated
by adjusting the medium pH to a higher value for promoting
the synthesis of the polysaccharide [15]. Initial pH of the
medium also affects the molecular weight of pullulan and
the morphology of A. pulluans [19].

Effect of temperature on production of pullulan

The effects of temperature on cell growth and the pro-
duction of pullulan were also examined. The temperature
ranged from 20 to 40°C. Total utilization yield of 50.0 g/1
glucose and 2.5 g/1 yeast extract at initial pH of 6.0 ranged
from 0.06 to 0.61, as shown in Table 4. The optimal temper-
ature for cell growth was 30°C, whereas that for the pro-
duction of pullulan by A. pullulans HP-2001 was 25°C. The

maximal production of pullulan from 50.0 g/1 glucose and

Table 3. Effect of initial pH of medium on cell growth and the production of pullulan by A. pullulans HP-2001"

nitial pH Final pH DCW Pullulan Reducing sugar Yield

(g/]) (g/]) (/1) Yys Yo/ Yp/x
5.0 2.89+031° 10.69+0.84 16.73+1.35" 434+0.73" 0.22 033 157
55 3.01£0.24° 11.89+0.96™ 17.50+1.50" 1.05+0.32" 0.24 035 147
6.0 3.47+0.26" 11.92+0.87% 20.58+1.72" 0.16% 0.14° 0.24 041 1.72
6.5 450+0.16° 11.96+0.92* 17.44+1.43" 0.19+0.15° 0.24 035 146
7.0 44340145 13.00+1.13" 13.90+1.13° 0.26+0.18° 0.26 0.28 1.07
75 5.05+0.12" 13.30+1.24" 12.66+1.25° 0.28+0.16° 0.27 0.25 0.95
8.0 6.05+0.10" 11.40+1.07% 12.69+1.07° 0.25+0.14¢ 023 0.25 1.11
85 6.12+0.12" 11.77+1.13% 11.84+1.03¢ 0.300.21° 0.24 0.24 1.01

'Concentrations of glucose and yeast extract as carbon and nitrogen sources were 50.0 g/1 and 2.5 g/, respectively.

Table 4. Effect of culture temperature on cell growth and production of pullulan by A. pullulans HP-2001"

Temperature . DCW Pullulan Reducing sugar Yield

o Final pH

('O (/1) (/1) (g/1) Ys Yp/s Yo/
20 3.3140.22° 10.15+0.96" 17.75+1.41" 0.46+0.18° 0.20 0.36 1.75
25 3.57+0.18° 10.57+0.87" 19.94+1.58" 0.53+0.21° 021 0.40 1.89
30 3.61+0.16° 12.54+1.06" 17.70+1.49" 3.83+0.54™ 0.25 0.35 141
35 4.21+0.15” 10.13£0.98" 1.650.28° 4.63+0.82" 0.20 0.03 0.16
40 6.28+0.12" 2.26+0.19° 0.53+0.32° 4583+4.61° 0.05 0.01 023

'Concentrations of glucose and yeast extract as carbon and nitrogen sources were 50.0 g/I and 2.5 g/I, respectively. The initial

pH of medium was 6.0.



0.25 g/1 yeast extract was 19.94 g/1 when the temperature
was 25°C. The optimal temperature for cell growth was also
different from that for the production of pullulan by A. pul-
Iulans HP-2001 like other productions of microbial exopoly-
saccharides and enzymes.

The optimal initial pH and temperature for cell growth
were 7.3 and 32°C, whereas those for the production of car-
boxymethylcelluase by B. amyloliquefcaucne were 6.8 and
32°C [12]. Temperature is of great significance for the pro-
duction of pullulan by A. pullulan, and optimal temperatures
for the production of pullulan have been shown to be nor-
mally between 24 and 26°C [2]. The most significant factor
for the production of pullulan by A. pullulans was found

to be temperature [11].

Effect of agitation speed on production of pullulan
in a 7 | bioreactor

The effects of agitation speed on cell growth and the pro-
duction of pullulan by A. pullulans HP-2001 were inves-
tigated in a 7 I bioreactor. The agitation speed ranged from
300 to 600 rpm and the aeration rate was 1.0 vvm. The car-
bon and nitrogen sources were 50.0 g/1 glucose and 2.5 g/1
yeast extract. The initial pH of the medium and temperature
were 6.0 and 25°C. Cell growth and the production of pul-
lulan by A. pullulans HP-2001 increased with increased agi-
tation speeds, whereas reducing sugars decreased with in-
creased agitation speed, as shown in Fig. 1. The optimal agi-
tation speed for cell growth was 600 rpm, whereas that for
the production of pullulan by A. pullulans HP-2001 was 500
rpm. Productions of pullulan by A. pullulans HP-2001 with
agitation speeds of 300, 400, 500, and 600 rpm after 96 hr
were 16.51, 17.12, 17.73, and 16.84 g/l, respectively. The
highest conversion rate of pullulan from 50.0 g/1 glucose
was 34.5% in a 7 | bioreactor.

The production of pullulan by A. pullulans increased with
oxygen availability, however, more than certain concen-
tration of dissolved oxygen in the medium with an increase
in the agitation speed resulted in a decline of the production
of pullulan [16]. A. pullulans has a complex life cycle involv-
ing five different morphological types depending on culture
conditions [33]. The increased mass transfer of oxygen
changes in the percentage of yeast-like cells of A. pullulan
in the medium, which is directly linked with the production
of pullulan [24].
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Fig. 1. Effect of agitation speed on cell growth (A), the pro-
duction of pullulan by A. pullulans HP-2001 (B), and re-
ducing sugar (C) in the culture medium in a 7 1 bio-
reactor (@, 300 rpm; m, 400 rpm; 4, 500 rpm and @, 600
rpm).
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Effect of aeration rate on production of pullulan in
a 7 | bioreactor

The effects of aeration rate on cell growth and the pro-
duction of pullulan by A. pullulans HP-2001 were also inves-
tigated in a 7 1 bioreactor. The aeration rate ranged from
0.5 to 2.0 vvm and the agitation speed was 500 rpm. Cell
growth of A. pullulans HP-2001 increased with increased aer-
ation rates, however, the production of pullulan decreased
with increased aeration rates, as shown in Fig. 2. The optimal
aeration rate with an agitation speed of 500 rpm for cell
growth was 2.0 vvm, whereas that for the production of pul-
lulan by A. pullulans HP-2001 was 1.0 vvm. Productions of
pullulan by A. pullulans HP-2001 with aeration rates of 0.5,
1.0, 1.5, and 2.0 vvm were 16.05, 18.13, 17.61, and 14.43 g/1,
respectively. The highest conversion rate of pullulan from
50.0 g/1 glucose was 36.3% in a 7 1 bioreactor with an agi-
tation speed of 500 rpm and an aeration rate of 1.0 vvm.

The optimal aeration rate for cell growth has been found
to be 1.5 vvm with an agitation speed of 500 rpm in a 7
1 bioreactor, whereas that for the production of pullulan by
A. pullulan ATCC 42023 was 0.5 vvm [18]. The maximal pro-
duction of pulluan with a conversion rate of 40% was ach-
ieved at an aeration rate of 1.0 vvm in a stirred tank reactor
[28]. Generally speaking, the optimal agitation speed and
aeration rate for cell growth seems to be higher than those

for the production of microbial metabolites [7,12].

Effect of inner pressure on production of pullulan
in a 100 | bioreactor

The effects of inner pressure on cell growth and the pro-
duction of pullulan by A. pullulans HP-2001 were inves-
tigated in a 100 1 bioreactor. The inner pressure ranged from
0.0 to 0.8 kgf/cm’. The carbon and nitrogen sources were
50.0 g/l glucose and 2.5 g/1 yeast extract. The initial pH
and cultural temperature were 6.0 and 25°C. The agitation
speed and aeration rate in a 100 | bioreactor were 250 rpm
and 1.00 vvm. The radius of the impeller in a 100 I bioreactor
was bigger than that in a 7 1 bioreactor. The angular velocity
of a 100 1 bioreactor at 250 rpm is almost same as that of
a 7 | bioreactor at 500 rpm.

The pH in the medium rapidly decreased until 24 hr after
cultivation, then was maintained around 3.5, as shown in
Fig. 3. The concentration of the dissolved oxygen (DO) in
the medium dramatically decreased and then reached 0%
in the middle of the log phase, at which point the production
of pullulan by A. pululans HP-2001 started. After a limited

Dry cells weight (g/L)

0 T T T
0 24 48 72 96

Time (h)

Pullulan (g/L)

0 T T T
0 24 48 72 96

Time (h)

Reducing sugars (g/L)

0 24 48 72 96
Time (h)

Fig. 2. Effect of aeration rate on cell growth (A), the production
of pullulan by A. pullulans HP-2001 (B), and reducing
sugar in the culture medium (C) in a 7 | bioreactor (®,
300 rpm; m, 400 rpm; A, 500 rpm and &, 600 rpm).

time with a shortage of dissolved oxygen, it rose gradually
until the final stage of cultivation. A certain period of time
with a shortage of dissolved oxygen in the medium has been
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reported to be necessary to enhance the production of pul-
lulan [31]. A shortage of dissolved oxygen or depletion of
nitrogen sources seems to change morphological forms of
A. pullulans to yeast-like cells, which is correlated with high
production of pullulan [27]. Maximal cell growth occurred
without an inner pressure in a 100 1 bioreactor, however,
the optimal inner pressure for the production of pullulan
by A. pullulans HP-2001 was found to be 0.4 kgf/cm’

DO (%)

1439
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Fig. 3. Effect of the inner pressure on the pH of medium (A),

dissolved oxygen (B), cell growth (C), the production of
pullulan by A. pullulans HP-2001 (D), and reducing sug-
ar in the culture medium (E) in a 100 1 bioreactor (e,
0.0 kgf/cm2 m 02 kgf/cm2 A, 04 kgf/cm2 ¢ 06
kgf/cm” and O, 0.8 kgf/cm’).

Production of pullulan by A. pullulans HP-2001 with an inner
pressure of 0.0, 0.2, 0.4, 0.6, and 0.8 kgf/cm2 were 16.63,
18.28. 22.89, 20.78, and 18.71 g/1, respectively, as shown in
Table 5. The production of pullulan with an inner pressure
of 04 kgf/cm” was 1.38 times higher than that without inner
pressure. Increased inner pressure in a 100 1 bioreactor re-
sulted in a higher concentration of dissolved oxygen in the

medium, which might enhance the production of pullulan
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Table 5. Effect of inner pressure on cell growth and production of pullulan by A. pullulans HP-2001 in a 100 1 bioreactor

Inner presure . DCW Pullulan Reducing sugar Yield
2 Final pH
(kgf/cm’) (g/1) (8/1) (g/1) Yays Yo/ Y/

0.0 3.58+0.10°° 13.54+1.12" 16.63+1.24° 2.33+0.41" 0.27 0.33 1.25
02 3.79+0.12" 12.60+1.06™ 17.78+1.46° 3.86+0.62" 0.25 0.36 141
04 3.41+0.11° 12.00+1.07 22.89+1.68" 1.13+0.43° 0.24 0.46 191
0.6 3.67+0.14" 11.1241.04% 20.78+1.83" 2.93+0.61" 0.22 042 1.87
0.8 3.7340.12" 9.50£0.74° 18.71+1.49% 3.50+0.54" 0.19 0.37 1.96

by A. pullulans HP-2001, as described in a previous report University Research Fund.

[29]. The production of pullulan by A. pullulans is tightly

linked to morphological compositions of the culture [8]. The References

yeast-like cells are major forms involved in the production
of pullulan [9].

The concentration of dissolved oxygen in the medium,
which is influenced by agitation speed, aeration rate, and
the inner pressure of bioreactors, can change the morpho-
logical content of A. pullulans [5,7]. Variations in the agi-
tation speed and aeration rate result in a change in the con-
centration of dissolved oxygen in the medium, which in turn
affects cell growth and the production of microbial metabo-
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er than that without inner pressure.
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