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Abstract Several culture conditions affecting cellulose pro-
duction by a newly isolated Acetobacter sp. A9 were cxam-
ined by cultivating cells under shaking cultures. The inoc-
ulum size in the range of 1-10% (v/v) did not influence
cellulose production. Maximum cellulose production was ob-
tained with 200 rpm of agitation speed. The cells grown in
the 75 ml of medium in a 250-ml conical flask produced
the highest level of cellulose. The strain was able to produce
cellulose at 25-30C with a maximum at 30C. Cellulose pro-
duction occurred at pH 4.5-7.5 with a maximum at pH 6.5.
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Introduction

The production of processed foods and the consequent demand
for functional ingredients has expanded dramatically in recent
years. Cellulose and cellulose derivatives are versatile and
multifunctional ingredients. Wood pulp and cotton linters are
useful raw materials for cellulose products [1]. It is known
that some Acetobacter strains produce cellulose [2,3]. This
cellulose is called microbial cellulose (MC) [4]. MC is ex-
tremely pure and exhibits a higher degree of polymerization
and crystallinity with respect to the fibrous polymer obtained
from plant sources in which the cellulose fibrils are embedded
with lignin, hemicellulose and waxy aromatic substances
[5]. Thus MC could be purified using less energy- or chemical-
intensive processes without hazardous by-products. Because
of its high tensile strength and water holding capacity, MC
has been used as a raw material for producing high fidelity
acoustic speaker, high quality paper and diet and dessert
foods [6-8]. Moreover, MC has been applied as a functional
food additive as a thickner and disperser [9]. Therefore, MC
is a new alternative that is not associated with contaminating
polymers.
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To date, the processes for the production of MC have
used static cultivation methods with pellicles of MC being
formed on the surface of the static culture [10]. However,
this requires a large area in which to place the culture vessel
and is impractical for large-scale MC production [11]. There-
fore, an economical mass production system based on agitated
culture is necessary. Recently, we have reported on the iso-
lation of a new isolate of the acetic acid bacterium Acerobacter
sp. A9, which is able to produce cellulose under static and
shaking culture conditions [12-14].

We now report the some culture parameters that affect
the production of the cellulose by shaking cultures.

Materials and Methods

Microorganism and culture conditions

The Acetobacter sp. A9 strain used in this study was recently
isolated from an apple in Korea [11].

The standard medium used in this study comprised the
following: 2.0% glucose, 0.5% yeast extract, 0.5% polype-
ptone, 0.675% NaHPO, - 12H>0 and citric acid monohydrate
0.115% in distilled water (pH 6.0) [13]. For shaking culture
in flasks, stock culture was inoculated into 50 ml standard
medium in a 250-ml conical flask and culture was done for
48 h under static conditions. The resuiting seed culture was
shaken vigorously to release cells from the pellicle. The sus-
pension was passed through 16 layers of gauze. This cell
suspension was used as inoculum and seeded into the culture
medium. The effect of inoculum size, agitation speed, aeration,
temperature, and pH on the production of MC by Acetobacter
sp. A9 were investigated. Different levels of aeration were
obtained by varying the amount of medium in 250-m! Erlen-
meyer flasks and keeping the agitation constant, i.e., 200
rpm. Temperatures were controlled by submersion of the cul-
ture vessel (250-mi conical flask) in a circulating water bath.
pH effects in standard medium adjusted with 0.2 M HCl
or 0.2 M NaOH to the appropriate pH values were determined.
Cultivations were performed for 7 days in a rotary shaker
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unless stated otherwise.

Analytical methods

Cell growth was evaluated by measuring the optical density
at 660 nm using a spectrophotometer (Ultrospec 3000, Phar-
macia Biotech, Sweden). That is, the fermentation broth was
homogenized aseptically by using a homogenizer (Super
Matdol, Seoul, Korea). The homogenate was filtered through
the filter paper. The filtrate was then analyzed. To purify
the cellulose, all the culture broth was washed out with dis-
tilled water to remove medium components and treated with
0.5 N NaOH at 90C for 1 h to eliminate bacterial cells.
The cellulose was rinsed extensively with distilled water
until the pH of water became neutral [16]. The purified cel-
lulose was dried to constant weigh at 105°C and then weighed.
All treatments were done in triplicate cultures and the means
of the results of duplicate assays were compared. The var-
iation between replicates in all analytical determinations was
less than 5%.

Results and Discussion

In order to increase the production of cellulose, some culture
conditions were investigated. To investigate the effect of in-
oculum size on cellulose production, cells were harvested
and resuspended in the same fresh medium to give varying
inoculum size (1-10%, v/v). The effect of inoculum size on
cellulose production by Acetobacter sp. A9 is shown in Fig.
[. The inoculum size did not influence cellulose production
under the conditions used.

To investigate the effect of agitation speed on the pro-
duction of cellulose, cultivations were carried out under var-
ious agitation speed (50-250 rpm) using rotary shaker. As
shown in Fig. 2, maximum cellulose production was obtained
with 200 rpm of agitation speed.

Acetobacter sp. A9 was incubated in a 250-ml conical flask
with a broth volume varying from 25 to 150 ml, and the
production of the cellulose was investigated. Each broth was

Cellulose yield {(g/I)
~

0.8 |

0.6 ' It ' —, A L 1 S, I

0 1 2 3 4 5 6 7 8 9 10 n

Inoculum size (%, v/v)

Fig. 1. Effect of inoculum size on cellulose production by
Acetobacter sp. A9. Cells were cultivated for 7 days at 30°C and
150 rpm in the standard medium (50 ml). pHs of standard media
were 6.0, respectively.

inoculated with 5% (v/v) seed culture of Acetobacter sp.
A9 and was incubated 30°C. As shown in Fig. 3, cellulose
production increased with increase of the culture volume
and reached its optimum volume at 75 ml. Therefore a 75
ml volume of medium was used in the following studies.

The effects of various temperatures were examined using
standard medium. Cellulose production was monitored at a
range of temperature between 25°C and 40°C. Each broth was
inoculated with 5% (v/v) seed culture of Acetobacter sp.
A9. All measurements were carried out after 7 days of cul-
tivation. Optimum temperature for cellulose production was
observed at 30°C (Fig. 4). There was no significant differ-
ence in cellulose production at 25 C. However, cellulose pro-
duction was decreased over 35 . The optimal growth temper-
ature for cellulose production is 25-307C, although most
authors used 28-30C [1.4].

The effect of initial pH on cellulose production was tested
in the range of pH 3.0 to 9.0. Each broth was inoculated
with 5% (v/v) seed culture of Acetobacter sp. A9 and was
incubated 30°C. A high level of cellulose production was
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Fig. 2. Effect of agitation speed on cellulose production by
Acetobacter sp. A9. Cells were cultivated for 7 days at 30C
in the standard medium (50 ml). pHs of standard medium were
6.0, respectively.
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Fig. 3. Effect of culture volume on cellulose production by
Acetobacter sp. A9. Results obtained by varying the amount of
medium in the 250-ml flasks and keeping the agitation constant
(200 rpm).
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observed over a broad pH range between pH 4.5 and 7.5, and
was maximum at pH 6.5 (Fig. 5). Cellulose production below
pH 3.5 was seriously decreased. There was little cellulose pro-
duction when the pH of the medium was above 8.0 There-
fore, the initial broth pH was adjusted to 6.5 in the following
studies. It is generally accepted the optimal pH range for cel-
lulose production by Acerobacter xviinum is 4.0-7.0 [1,17].
In conclusion, the optimized culture conditions for Aceto-
bacter sp. A9 were established. Although papers have been
published on medium component for cellulose production
by some bacteria, little is known about culture condition
for cellulose production by bacteria. Therefore, the results
obtained from this study should help design a better strategy
for the production of cellulose by Acetobacter strains.
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Fig. 4. Effect of temperature on cellulose production by Acetobacter
sp. A9. Cells were cultivated for 7 days at 200 rpm in the stan-
dard medium (75 ml). pHs of standard medium were 6.0 respec-
tively.

2.5

Celiulose yield (g/1)

pH

Fig. 5. Effect of initial pH on cellulose production by Acetobacter
sp. A9. Cells were cultivated for 7 days at 30°C and 200 rpm
in the standard medium (75 ml).
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