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Abstract  From the seed culture, thirty bacterial isolates capable of utilizing volatile fatty
acids were obtained. An isolate with the highest utilization activity of acetic acid even in the
presence of 2% ethanol was selected and identified as Corynebacferium sp. The optimum pH
and temperature for the growth were 6~9, and 30~45°C, respectively. This strain was im-
mobilized onto the porous ceramic beads i vacuo, and cultivated for activation at 37°C, for 24
h. The gaseous acetic acid was passed through the beads in a column at a flow rate of 3.6 M?
kg~'day~!. Under these conditions, about one hundred ppm of acetic acid was removed for 20
days of the operation period.
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INTRODUCTION

We have found microorganisms with an ability to deodorize malodorous biological
wastes in a short time (OHTA and IKEDA, 1978). From the deodorized wastes, many kinds
of actinomycetes and bacteria have been isolated (OHTA and IKEDA, 1978). The latter have
been physiologically investigated and classified into three groups according to the utilization
of the carbon source (YUN and OHTA, 1997). Most of the isolates are found to utilize
volatile fatty acids (VFA) as their sole carbon source.

The evaporated ethanol from brewing factories such as miso, soy sauce, beer, whisky etc.,
is one of the causes of the environmental pollution around them. Some devices have been
made for removal of the ethanol. Among these, the microbial removal of the ethanol is one
of the most preferable device. However, some ethanol is oxidized to acetic acid by the
microorganisms in the soil of the factories campus. The acid lowers the pH of the
biological device which results in the decrease of removal activity of the ethanol (VAN
GROENESTIN and HESSELINK, 1993; SMET et el., 1996; OH and BARTHA, 1994).

This paper is concerned with the preparation of biofilter made of immobilized bacterial
cells on ceramic beads for removal of acetic acid even in the presence of ethanol.

MATERIALS AND METHODS

Microorganisms:
Thirty bacterial isolates capable of utilizing volatile fatty acids were used. They were
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isolated from the seed culture, which has been used for deodorization of pig feces etc.
Medium and Cultivation:

The artificial medium was used as a bhasal medium (OHTA and SATO, 1985), which was
modified with a substitution of VFA mixture with 1% sodium acetic acid and 2% ethanol as
a carbon source. One loopful of culture grown on the slant medium at 37°C, for 2 days
was inoculated in 100 ml of the medium in a 500 ml Erlenmyer flask. Cultivation was car-
ried out on a rotary shaker (240 rpm, Takasaki Co., Saitama) at 37°C.

Determination of acetic acid:

The acid was determined with a gas chromatograph equipped with a flame ionization
detector. The cultured broth was centrifuged at 15,000xg, for 5 min. The supernatant
fluid (1 1) was subjected to gas chromatography (GC) after it was acidified to pH 2.0 with
1N HCL The GC conditions were as follows: A glass column (¢ 3 mm, 2 m) packed with
Unisol (30~60 mesh, GL science Co., Tokyo) was employed. Carrier was nitrogen gas at
flow rate of 30 ml min~!. Fuel was hydrogen gas at flow rate of 60 ml min~!. The flow
rate of air was 30 ml min—!. Injection and oven temperatures were 140°C. The acid was
determined by referring to the standard curve.

Immobilization of the bacterial strain onto cevamic beads:

Porous ceramic beads (¢ 3 mm, Nippon Sharyo Co., Nagoya) were pretreated by washing
twice with distilled water and dryed at 80°C. The beads (150 g) were put into a 21 vacuum
bottle sealed with a silicon rubber stopper. A glass tube {¢ 5 mm, 7 cm long) was fixed
through the stopper. The upper side of the tube was connected with a glass funnel (¢ 7 cm)
by rubber tubing. The bottle was evacuated with an aspirator after the rubber tube was
pinched with a Hofmann type pinch cock. The cell suspension was poured into the bottle
through the funnel by releasing the cock. This procedure enabled the cells to penetrate in-
to the pour of the beads. The cell suspension was prepared as follows: Ten Erlenmyer
flasks containing 100 ml of the medium were incubated as mentioned above. The cultured
broth from these flasks were combined and centrifuged at 17,000xg, for 5min. The
precipitated cells were washed twice with 20 mM phosphate buffer (pH 7.5) by centrifuga-
tion. The cells (about 1 g on dry weight) were suspended in 100 ml of the medium. This
suspension was used for the immobilization procedure as described above. By repeating
this procedure, about 1kg of the beads was prepared, were piled in the container with holes
and this was placed in a larger bowl. The surface of the container was covered with
aluminum foil and incubated at 30°C. The incubator was kept aseptic by irradiation of UV
light.

An apparatus for removal of gaseous acetic acid:

As shown in Fig. 1, 1% acetic acid solution and 2% ethanol (50 ml) in 21 glass bottle was
bubbled through the air stone with air supplied by a pump, controlled by the air flow
meter. Thus, the air containing gaseous acetic acid and ethanol were passing through the
beads packed in the glass column (I. D. 5cm, 40 cm high) equipped with a water jacket.
The container was kept in a water bath at 25°C. The exhaust air was conducted into
aqueous diluted NaOH solution (pH 8.0} to capture the un-removed acid. The head space
air and the exhaust gas were taken for analysis of the acetic acid.
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Fig. 1. Biofilter apparatus for removal of vaporized
acetic acid.
Symbols: 1, glass column equipped with
water jacket; 2, air pump; 3, stop valve; 4,
air-flow meter; 5, air ball filter; 6, acetic
acid solution (1%); 7, water bath (25°C); 8, in-
let; 9, ceramics beads immobilized with Cor-
ynebacterium sp. No. 123; 10, aquous solu-
tion {(pH 8.0, 50ml); 11, water inlet; 12,
water outlet.

Determination of pH:

Ten g of the beads were suspended in 90 ml of distilled water. Then, the pH was deter-
mined with a pH meter with mixing on a stirrer.
Enumeration of bacteria tmmobilized onto beads:

The modified medium was used for the enumeration of living cells. One gram of beads
taken from different places in the column were disintegrated in a mortar with a pestle.
The sample was suspended in 9 ml of saline solution. The suspension was serially diluted
and 0.1ml of dilution was spread on a agar medium, and incubated at 30°C, for 2~3
days. Then, the colonies were counted.
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Determination of growth:

The growth was determined routinely by measuring the optical density at 660 nm. The
amount was expressed as dry weight determined from the standard correlation curve bet-
ween OD and dry weight.

RESULTS AND DISCUSSION

Selection of the strain:

Thirty isolates were cultivated in the basal medium with or without 2% ethanol. The
ethanol was added to the sterilized medium after cooling. The cultivation was performed at
30°C, for 24 h. The isolates having OD higher than 3.5 (ODgg) in the medium with 2%
ethanol were shown in Fig. 2. Strains No. 107, 123, and 141 showed the growth of 4.7, 4.9,
and 3.7 at ODgg, respectively. Two isolates (No. B-88, and No. 22-2) showed higher
growth in the medium without acetic acid. Consequently, isolates No. 107, 123, and 141
were able to grow on acetic acid as a sole carbon source even in the presence of 2% (v/v)
ethanol. Also, they did not have the ability to grow on ethanol. For better understanding
of the consumption of carbon source, the isolate No. 123 was selected for further studies.
The isolate No. 123 has the following characteristics: straight to slightly curved short rods,
Gram -+, non acid-fast, no endospore-formation, facultatively anaerobic, catalase-positive,
acid formation () from glucose. This isolate was tentatively identified as Corynebacterium
sp. according to Bergey's manual (SNEATH ef al., 1986).

Time course of utilization of acetic acid:

The strain cultivated at 30°C was taken for the analyses of pH, growth amount and acetic
acid at appropriate intervals. As shown in Fig. 3, the acetic acid was consumed completely
by 36h of cultivation. The growth amount reached 5.6 at ODggo at the same time. The
pH of the medium rose from 8.0 to about 10 after 48 h-cultivation. The effects of pH and
temperature on the growth of the strain were investigated. The optimum pH for the
growth was found to be between 7 and 9. No growth was observed below pH 6 and above
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B-28  22-2 107 B-18 149
Fla-1 123 97 97-1 141
Strain no.

Fig. 2. Growth of various isolates in media containing
sodium acetate plus 2% ethanol, and 2% ethanol on-
ly.

Symbols: B, sodium acetate plus 2% ethanol;, o, 2
% ethanol only.
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Fig. 3. Growth of Corynebacterium sp. No. 123 on sodium
acetate.
Symbols: ®, growth; ¢, sodium acetate; @, pH.
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Fig. 4. Continuous removal of vaporized acetic acid
by Dbiofilter made of immobilized Cor
ynebacterium sp. No. 123.

Symbols: ®, Inlet acetic acid concentration;
¢, Outlet concentration of column No. 1
with cells; @, column No. 2 without cells.

pH 11. The optimum growth temperature lies between 30 and 45°C. The temperature
below 10°C and above 60°C did not allow the growth. This strain could not utilize nitrogen
compounds other than peptone as its nitrogen source. Further, it utilizes VFA as its carbon
source, but not sugars such as glucose (no data shown). This strain was found to be a
typical deodorant microorganism.
Removal of gaseous acetic acid by a biofilter:

The beads (about 500 g) with immobilized cells were packed in the glass column as shown
in Fig. 1. The operating conditions were below. Through out the experiment the inlet con-
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centration of the acetic acid and ethanol were maintained to 100 ppm and 1,800 ppm, respec-
tively. The flow rate was 3.6 M3/kg dry-material/day. The initial moisture content was
about 40%. The cell number on the beads were about 5.1x 108 cfu/g. The operation was
carried out at 37°C, pH 8.0, for 20 days. As shown in Fig. 4, the acetic acid was removed
for 20 days by column No. 1 with immobilized cells. On the other hand, in the column No.
2 without cells, the acetic acid was removed for about 5 days, there after it came out
gradually from the outlet. After 20 day-run, only 40% of the acid was removed by the col-
umn No. 2. No acetic acid was detected in the dilute NaOH solution from the column No.
1, whereas the acid concentration increased in the solution from the column No. 2. As men-
tioned above, the acetic acid in the air was removed by the bacterial cells immobilized onto
the ceramic beads. The number of the cells increased from 5.1x108cfu/g to 6.9x107
cfu/g during the operation (CHO ef al., 1991; 1992; ZACHE and REHM, 1989; BALFANZ and
RrHM, 1991; HINTEREGGER ef al., 1992). Larger number of immobilized cells leads to a pro-
longed removal of acetic acid but not ethanol.
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