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The aim of this study was to investigate the adhesion and growth behavior of aceticlastic methanogens, which produce ap-

proximately 70% of the methane yield in anaerobic digestion reactors. Support material and acetic acid were introduced to

the anaerobic sludge and cultivated by batch operation to enable attachment of the bacteria to the support material. The

support material was then added to the substrate solution and cultivated long-term by fed-batch operation. High and low

concentrations of acetic acid as substrate favored growth of the chain coccus archaeon and the filamentous archaeon, respec-

tively. Thus, the adhesion and growth behavior of both species adhered to the support material could be investigated and

quantified. The study makes a useful assessment of the density growth of aceticlastic methanogen which is thermodynamical-

ly difficult to autoagglutinate. Furthermore, coexistence and growth of Methanogen, such as chain coccus and filamentous

archaeon, and rod-shaped bacterium providing acetic acid could be revealed even using the simulate wastewater including

many kinds of organisms as substrate solution.
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Fig. 1. Immobilization of microbes in anaerobic sludge and methane fermentation by immobilized microbes on bamboo charcoal.
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Table 1. Components of synthetic substrate for waste water
generated by sub-critical water treatment of
sewage sludge.

Concentration (mM)

Acetic acid 5.0
Formic acid 1.3
Phosphoric acid 2.3
Pyroglutamic acid 3.6
Alanine 0.3
Glycine 0.2
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Fig. 2. Methane production from acetic acid under anaerobic con-
ditions by immobilized methanogens on bamboo charcoal.
During the acclimatization step (1-30 days), bamboo charcoal
placed into seed sludge was incubated with 0.1 M acetic acid
at 310 K. In the batch culture step (20 days), immobilized
methanogen on bamboo charcoal was incubated in 0.01 M
acetic acid at 310 K. Plot shows methane production during
batch culture. Acclimatization period is (Q) 1 day, (@) 4
days, (A) 7 days, () 15 days and ([]) 30 days. Data are
means *+ standard eviations of three independent samples.
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Fig. 3. Methane production under anaerobic fermentation with
acetic acid as substrate for three different inoculation ratios of
seed sludge. 0.4—4 ml of seed sludge (inoculation ratio 8-80%)
and 1 ml of substrate solution were incubated under anaerobic
conditions. In the acclimatization step (4 days), bamboo char-
coal placed into seed sludge was incubated with 0.1 M acetic
acid at 310 K. In the batch culture step (17 days), immobilized
methanogen on bamboo charcoal was incubated in 0.01 M
acetic acid at 310 K. Seed sludge inoculation ratio (Q) 8% ,
() 16%, (/) 40% and (@) 80%. The anaerobic sludge was
incubated in 0.01 M acetic acid at 310 K for 3 days. Data are
means —+ standard deviations from three independent samples.
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Fig. 4. Methane production under anaerobic fermentation acclima-
tized under different concentrations of acetic acid as substrate.
In the acclimatization step (4 days), bamboo charcoal placed
into seed sludge was incubated with 0.01-0.1 M acetic acid at
310 K. In the batch culture step (28 days), immobilized meth-
anogen on bamboo charcoal was incubated in 0.01 M acetic
acid at 310 K. Seed sludge concentration () 0.01 M, ([])
0.05M, (A) 0.1 M and (@) 0.2 M. The anaerobic sludge was
incubated in 0.01 M acetic acid at 310 K for 3 days. Data are
means * standard deviations from three independent samples.
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Fig. 5. Methane production by fed-batch culture on bamboo charcoal under anaerobic conditions at high acetic acid concentration. Methane
production quantifies carbon content. SEM images of Methanosarcina-like cells on support material.
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Fig. 6. Methane production by fed-batch culture on bamboo charcoal under anaerobic conditions at low acetic acid concentration. Methane
production quantifies carbon content. SEM images of Methanosaeta-like cells on support material.
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Fig. 7. Methane production by fed-batch culture on bamboo charcoal under anaerobic conditions on synthetic substrate. Methane pro-
duction quantifies carbon content. SEM images of methanogens on support material. Circles 1, 2 , 3 show Methanosarcina-like cells,

Methanosaeta-like cells and acidogens, respectively.
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Fig. 8. Methane yields from result of Figs 5, 6, 7. Plot shows (Q)
high acetic acid concentration, (A) synthetic substrate and
(@) low acetic acid concentration, respectively.
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