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Abstract

Electricity generation of microbial fuel cells (MFC) is greatly affected by the kind of feed substrates because substrates would
change microbial community of electrochemically active bacteria (EAB) able to transfer electrons to electrode. The effect of
different substrates on electricity generation and microbial community of MFC was investigated. Two-chamber MFCs fed
with acetate (A-MFC), butyrate (B-MFC), propionate (P-MFC), glucose (G-MFC) and a mixture (M-MFC) of the 4 substrates
(acetate : butyrate : propionate : glucose =1 :1:1:1 as CODc, base) were operated under continuous mode. The maximum
power density was found from the M-MFC (190 W/m3) which showed the lowest internal resistance (89 &). The maximum
power densities of the pure substrates feed MFCs were in order of A-MFC (25 W/m?), P-MFC (21 W/m®), B-MFC (20 W/m?®)
and G-MFC (9 W/m®). In DGGE analysis, the microbial community structure in suspension was quite different from each
others depending on feed substrates, while the community structure in the biofilm was relatively similar regardless of the
substrates. This result suggests that the feed substrates would affect the microbial community of suspended growth bacteria
than attached growth bacteria resulting in difference of electricity generation in MFCs.
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Fig. 1. Schematic diagram of two-chamber MFC used in this
study.
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Table 1. Primer and PCR conditions used in this study

Z+ 71dx79 MFColA A4d A7ZFS(HIFAT 200
Q) Fig. 2ol e E3712 & 3% M-MFCY A
7S HHE 779 mV(325 mAIM)E 7HE BA et
o, g¢d7|2 & FF3 A-MFC, B-MFC, P-MFC, G-MFC
o] AL 254 mV(105 mA/m?), 153 mV(64 mA/m?),
185 mV(77 mA/m?), 123 mV(51 mA/m)Z ol H o ES
FTFF MFCAA 713 EA Jetgth @adge HE
B2 oM EE AV E] 7HF A <1 8F &
Qe Bxddolr] wWEd, oHHEES Az FIFF
A7 Zo] 2 Aoz A rkBond et
o] E(506 mW/m)E 7122 Z33 MFC
9 A7 o] HLgo|E(305 mWim)E 71d2 FF%
MFCETH 66% %ot EIEHJASH(Liu et al., 2005),
Jung and Regan(2007)< oFAHIO|EE 7|EZ ZF3t A
o] AFYEL 349+13 mMAIM’SE ZRIAE 7Dz 2

T =T
3 AA (292428 mA/M)ET}H & e et 21
o}A E] ©] E(200~250 mV)E

3tk Chae 5(2009)%
2 ZF% MFCY A7 o] FFI2(150 mV)E 713

2 39 4F B9 w4 dehgta Busigith

MFC <]
al., 2002). o}AlE
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Fig. 2. Voltage generated from different substrate fed MFCs
under continuous mode; V: A-MFC, []: P-MFC,
A: B-MFC, O: G-MFC, $: M-MFC.

312 7I2ESR0 WE MU Y HEXNE

Z+ 712 274 9F-AF(10~5000 Q) 2FstH A

Primer Sequence (5' to 3') PCR conditions Target
Eub 8F AGA GTT TGA TCM TGG CTC AG 9 min 95°C, followed 30 cycle of 1 min at 95°C, .
. . L . Bacteria

1 min 53°C, 2 min 72°C followed by a 10 min final extension

Eub 1392R  ACG GGC GGT GTG TAC AAG at 72°C 165 DNA
Eub 341F(GC) CCT ACG GGA GGC AGC AG 9 min 95°C, followed 35 cycle of 1 min at 95°C, .
) . L . Bacteria
1 min 55°C, 2 min 72°C followed by a 10 min final extension .

Eub 518R ATT ACC GCG GCT GCT GG at 72°C V3 region

F: forward primer, R: reverse primer, and GC : GC clamp(CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG GCA CGG GGG G) was attahced to the 5' end
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Fig. 3. Polarization (a) and power density (b) curves obtained
from A-MFC, P-MFC, B-MFC, G-MFC and M-MFC;
V: A-MFC, [J: P-MFC, A: B-MFC, O: G-MFC, -
M-MFC.

M-MFC (y=-89.09x+1037.72)¢] YR AT 89 Qo= 7}
Z gA YeEbgtHFig. 3(2). WEtA M-MFCe WREA o]
7HE 9 olfte dEetA &Agh 42 yREAF il

M-MFC9] Z71&8 o] 718 =4 uehd 2oz gzd.
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Z+ 712279 MFC, A-MFC, B-MFC, P-MFC, G-MFC,
M-MFC| B+ & 282 747 25, 24, 14, 10, 89%=
UebsttH(Table 2). M-MFCS] Z&&&¢] 7Hd 52 °lf
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St olfr= G-MFCollA diidoz fFAo] H3te
o, e degor 4 &g g ol ot A
2R7F 9 Byr] i Ao Alsdh

O

32. 712 EF0 WE njd=E 2&

Y¥tA o2 PCR-DGGEM 2 Z7wstd wE nAEFY
o] WstE AlZgsta 2wl wE AR AY AEA
HAESS sty 95t A8HET. DGGE
gel Fol YeElGE 7+ bande A2 T2 16S rDNA 9714
& M mAESH, £ nAEEC] FMETE
band9] HE S F7tsA "k ZF 712 &7 9 MFCol A
gdg 29 ZIs|2Y we] DGGE band profileE w1 3]
BE ARt 525 2332 ESuAEZRY FS
band SGB 1, SGB 2, 231 R FuAELH Y F$ AGB
1, AGB 2%} Z2 54 bandel AE=7 ZalH 7] o Fel,
713& FF3 23329 MFCAA AAAG Fost
= MAES A Aoz dHETiFig. 4).

Z+ 7128 DGGE band profiles Awwd, 239
o] 7 wet nAE £ tdE2A FHHE Ae
& 5 QIthFig. 4). G-MFCHA A8 oz thgst ul

E
=7
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Table 2. MFC performance test using acetate, butyrate, propionate, glucose, mixed substrates as carbon sources; A-MFC:
acetate fed MFC, B-MFC: butyrate fed MFC, P-MFC: propionate fed MFC, G-MFC: glucose fed MFC, M-MFC:

mixed substrate fed MFC

A-MFC B-MFC P-MFC G-MFC M-MFC
COD removal efficiency (%) 67 35 56 69 54
Maximum power density (W/m®) 25 20 21 9 190
Coulombic efficiency (%) 25 24 14 10 89
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Fig. 4. DGGE profile of suspended (a) and attached (b)
growth bacteria of anode compartment from MFCs
fed with different substrates; O: open circuit, C:
closed circuit, S: seeding sludge, L: DGGE ladder,
A: A-MFC, B: B-MFC, P: P-MFC, G: G-MFC, M:
M-MFC, SGB: suspended growth bacteria and AGB:
attached growth bacteria.
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Principle component analysis based on DGGE profiles
of suspended growth bacteria (a) and attached growth
bacteria (b) from MFC(closed circuit) fed with diffe-
rent substrates under a continuous mode; A-MFC:
acetate fed MFC, B-MFC: butyrate fed MFC, P-MFC:
propionate fed MFC, G-MFC: glucose fed MFC,
M-MFC: mixed substrate fed MFC.
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