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Abstract
TE 1603956
This work aimed to study interaction among bacterias in anacrobic digestion of glucose for
producing methane. B. licheniformis. enriched ethanol utilizing bacteria (enriched EtUB). and
enriched methane producing bacteria (enriched MPB) were chosen to be representative for
fermentative bacteria, acetogenic bacteria. and acetoclastic methanogenic bacteria.
respectively. Those bacterias were characterized. Furthermore, their interactions in glucose

digestion under anaerobic condition to produce methane in coculture and (riculture systems

were Investigated.

B. licheniformis digested glucose and produced mainly ethanol. lactic acid which was
subsequently turned into acetic acid. Initial glucose concentrations of 5.55, 27.75, and 55.553
mM were used in this work to evaluate the effect of initial glucose concentrations on digestion
performanc‘ve of B. licheniformis. Larger proportions of ethanol and acetic acid in product were
obtained at higher initial g!l'lCOSe concentrations. The lag phase for glucose digestion was not
found at initial glucose concentration of 5.55 and 27.75 mM. However, at the higher glucose
concentration of 55.55 mM, lag phase of 12 hr was observed. In addition, 45% and 77% of
glucose were digested after 24 hr and 72 hr, respectively. During 72 hr to 144 hr, the digestion
of glucose was likely to be terminated* because of extremely high concentrations of ethanol

and acetic acid in product. This was due to the concentration of ethanol and acetic acid

affected digesting capability of bacteria.

Enrighed EtUB, as acetogenic bacteria mainly producing acetic acid from ethanol, comprised

82% of acetogenic ethanol-utilizing bacteria, 1% of acetogenic lactic acid-utilizing bacteria.
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Additonally. acetoclastic methanogen, fermentative bacteria, and sulfate-reducing bacteria
(SRB. Desulfovibrio alcoholovorans) as ethanol-utilizing bacteria were found at 15%, 1.5%.
and 0.5%. respectively. In case of acetoclastic methanogen occupied major proportion in
enriched MPB 99.98% of acetoclastic methanogen (6.1 x 10° MPN cells/ml) was
Methonosaera. and the rests were fermentative acetogenic and sulfate reducing bacteria.

Moreover. those selected bacteria did not digest propionic acid and butyric acid.

Cocultures of B. licheniformis and enriched MPB or B. licheniformis and enriched EtUB for
methane production from glucose provided better glucose digestion than single culture of
enriched MPB or enriched EtUB. B. licheniformis — enriched EtUB coculture changed all
ethanol from glucose digestion to acetic acid within 72 hr, but rate of methane production
from acetic acid was relatively slow, and methane compost
On another hand, better methane production was found from B. licheniformis — enriched MPB
coculture system. B. licheniformis — enriched MPB coculture spent 336 hr to change all
cthanol to acetic acid, and gradual increase of acetic acid in the product offered a better
chance for methanogen bacteria to change acetic acid to methane gas. The effluent gas
containing 57% of methane was obtained from B. licheniformis — enriched MPB coculture.
The reason for different methane productivity from both coculture systems was attributed to
difterence in numbers of ethanol-utilizing bacteria and methanogens, ie. 1.5 x 10° and
2.8 x 10" MPN cells/ml for enriched [tUB, and 3.77 x 10" and 3.77 x 107 MPN cells/ml for
enriched MPB. Although enriched MPB gave better methane productivity, the digestion rate
of ethanol for producing acetic acid was relatively slow. Consequently, maximum methane

vield of 0.35 ml/mg of glucose was obtained at considerably long fermentation time of 600 hr.

However. it can be noted that benefit of enriched EtUB provided higher digestion rate of
ethanol producing acetic acid, meanwhile enriched MPB offered higher production rate of
methane from acetic acid. Thus, highvmethane productivity together with high cthanol
digestion rate could be obtained after all those bacteria were tricultured in fermentation. In
order to determine optimum proportions of each bacterium, numbers of methanogens were
ranging from 10 to 10° MPN cells/ml, whereas numbers of B. licheniformis and enriched
EtUB were controlled at 2.64 x 10* and 1.5 x 10° MPN cells/ml, respectively. The

experimental results showed that optimum numbers of acetoclastic methanogen bacteria was
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10° MPN cells/ml, and -optimum proportion of fermentative, acetogenic, and methanogenic
bacteria for glucose digestion was 2.64 x 10*: 1.5 x 10° : 1.0 x 10°. Optimum methene yield
of 0.37 ml/mg of glucose used was obtained at 276 hr, which was considerably shorter than
B. licheniformis - enriched EtUB coculture. Because accumulation of acetic acid was not
observed from this optimum triculture, digestion rate of acetic acid to methane should depend
on numbers of methanogen in the svstem. High numbers of ethanol-utilizing bacteria and high
growing rates of methanogen accelerated consumption of acetic acid leading to low
concentration of acetic acid in the system. Because methanogen was not inhibited by
concentration of acetic acid in the triculture system. overall efficiency of glucose digestion to

produce methane has been considerably improved.





