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Variations of Hydrogen Production and Microbial Community with Different
Nitrogen Concentration During Food Waste Fermentation
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Abstract : In this study, variations of fermentative hydrogen production and microbial community were investigated with different
nitrogen concentration of food waste. Optimum hydrogen production rate was acquired at 200 mg/L nitrogen concentration of the
food waste. Which was eqivalent to 83.43 mL/g dry biomass/hr. However, bio-hydrogen production was inhibitedly reduced at over
600 mg/L of nitrogen concentration whereas proportional relation between hydrogen production and B/A ratio were not observed.
Most dominant specie of the microbial community analyzed was Clostridium sp. throughout PCR-DGGE analysis of 16S rDNA.
It revealed that most contributing microorganism producing hydrogen were Enterococcus faecium partial, Klebsiella pneumoniae
strain ND6, Enterobacter sp. NCCP-231, and Clostridium algidicarnis strain E107 in this experiment.
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wt biomass/hrol?‘iq- A9 geFo] 600 mg/L o]/do] EH fagAito] AsfE= A oz UrEP)’OUJ] T Y4=FT} B/A ratio
(Butric acid/Acetic acid)®] H]2| & ATA = WA gkl 16S rDNAS] PCR-DGGEZ T} o5 32 Clostridium sp.
nAEZ FHyElon A0 7|oj=rt & u|AEL Enterococcus faecium partial, Klebszella pneumoniae strain NDG,
Enterobacter sp. NCCP-231, Z1&|1l Clostridium algidicarnis strain E107 522 HH &t}
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A A7) ghdbs] EE o] ¢t I+ B4 & 7] (facultative anaerobe)© 2 & 4= 9Jom
T2 A nAES o83 & Helle A= %61101] 9 ZYZx Clostridium 43} KlebsiellaZ: t|Eo] oo 3=
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Table 1. Compositions of food waste

A= 28719 AA AEEF 88%F AAStAL Q= Item Concentration (mg/L)
At= 3o} EJH| S RS A|H 9] 7|73 A AlE TCODcr 321,788 + 80,448
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ol olUgl 2B 93 iote g A7) A ./l\_ﬁ-(Anaerobic Protein 9,447 + 1,158
digestion)]| Tk Palo] TEET glou], SAE 2d] Ne 19200
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1. Culture medium 2. pH meter sensor 3. Temperature sensor

4, Liquid sampling port 5. Gas sampling port 6. Biogas collector

7. pH controller 8. Pump

9. 2N-KOH solution

10. N2 11. Magnetic stirrer 12. N2 supply

Fig. 1. Schematic diagram of the batch reactor for fermentative hydrogen production.
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Fig. 2. Hydrogen gas production curve by anaerobic digestion
of the different nitrogen concentration in the food waste,

Table 3. Calculated parameter values from nonlinear regression
of modified Gompartz equation for gas production with
different nitrogen concentration in the food waste

Production .

Nitrogen potential H. yield Production rate )
goncentra— —— (ML H/g Rh (mL/g dry r
tion (mg/L) P, (mL) p-value COD) wt biomass/h) p-value

100 226,86 ¢(0.0001 1438 13.83 0.0017 098
150 34464 (00001 2637 15,68 0.0009 098
200 126867 (0.0001 102.00 8343 (0.0001 0.99
600 84827 (0.0001 5964 18.14 (0.0001 0.98
1500  379.89 (0.0001 1964 2183 0.0011 098
3000 269.21 ¢0.0001 1214 13.95 0.0265 0.96
5000 20388 ¢0.0001 13.41 2552 0.0061 0.98
7000 11492 ¢0.0001 681 4949 1 0.96
Rk W57 W 4o pHE 552 AR AEfolA AAl
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Fig. 3. Organic acid profiles at the different nitrogen concentra-
tion of food waste, (S1: 100 mg/L, S2: 150 mg/L, S8:
200 mg/L, S4: 600 mg/L, S5: 1,500 mg/L, S6: 3,000
mg/L, S7: 5,000 mg/L, S8: 7,000 mg/L).
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T2 APEst 7] o2 oje sj9] Band7l thoFshA| Lhed
Wk eadabgol =7 vebdd s 200 mg/Le Al
o)A Band 1, 6, 10, 11, 147} 7} AWstgon =44
AbeFo] Wb A4 5000, 7000 mg/Lo] A|E ol 4] Band

4,9, 13, 170] F56HA Yeht Aavseo] wef 21 e}
o5 FdsHA & 4= AUt Band 3 A9 Ut &
ol A42 Asgon, oz Zaaate] u]xi oJgFo] )
ustth= A2 UEbdTh Band 149} 162 A9 HE A
= oA yebth

DGGE Band®| w|= 43S dhofstr] siAl 17719
BandE NCBI BLASTZE ©]-83}¢] sequencei-4]5}o] Table
4ol Aestgick vE £ Ay g vdER & o
A e mESC] e A Egl e, paribere] W
S o 2@ste u|YE L2 (Band 1, 6, 10, 11, 14)2 Ente-
rococcus faecium partial, Klebsiella pneumoniae strain NDG,
Enterobacter sp. NCCP-231, Clostridium algidicarnis strain
E107, Z18]31 Klebsiella sp. d252°. 2 FH =1L, 4484
ol RS o vEhd v]dE L(Band 4, 9, 13, 17)2 Al-
caligenes faecalis strain DPE04, Bacillus cereus strain FSHHY,
Uncultured bacterium clone FIQ32TO06HDD21, 12|11 Pae-
nibacillus cineris strain SDT61° 2 {3t}

442

£ ATl SARAYYY AaEEst @714 BES 5
3 pagATEel NS 9T L uE FYe) Wsky
2 Asugron, B APE B3 el 225 fopstu
ket 2o

D) SABLYINE YR o §T BN HE Fh YA
Aol MAE Thak 22 Sact ojislaR T4

Table 4. Affiliation of denaturing gradient gel electrophoresis (DGGE) fragments determined by their 16S rDNA sequence

Gen band search result

Band name - - Assession No, Similarity Taxonomic description (class)
Phylogenetically closest relative

1 Enterococcus faecium partial HEB46384 1 96% Firmicute

2 Uncultured Parabacteroides sp, clone JXSHT7-33 JX5635107 1 95% Bacteroidetes
3 Lactococcus lactis isolate TILS JX893570.1 91% Firmicute

4 Alcaligenes faecalis strain DPEO4 KF663565,1 92% proteobacteria
5 Uncultured bacterium clone 70-1-2 DQ842542 1 100% Bacteria

6 Klebsiella pneumoniae strain ND6 JFO27782 1 95% y-proteobacteria
7 Clostridium saccharobutylicum DSM 13864 CP006721 1 90% Firmicute

8 Enterobacter hormaechei strain LAB 229 KJ156326.1 97% Y-proteobacteria
9 Bacillus cereus strain FSHH4 KC626001 1 94% Firmicute

10 Enterobacter sp. NCCP-2371 AB610883.1 94% y-proteobacteria
11 Clostridium algidicarnis strain £107 JX267120 1 86% Firmicute

12 Clostridium sp, CFPA-20 AB780862.1 1% Firmicute

13 Uncultured bacterium clone F1Q32T006HDD21 GUb44363 1 86% Bacteria

14 Klebsiella sp. a252 FJ950657 1 86% y-proteobacteria
15 Uncultured bacterium clone B. 71 KF512526.1 95% Bacteria

16 Clostridium sp, R6 EF174500.1 91% Firmicute

17 Paenibacillus cineris strain SDT61 KJ018989.1 97% Firmicute
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faecium partial, Klebsiella pneumoniae strain ND6, Entero-
bacter sp. NCCP-231, Clostridium algidicarnis strain E107,
12]3l Klebsiella sp. d2520.2 {HE AL, AP ES
o] Woks wf vehd njAE F3(Band 4, 9, 13, 17)2 4l-
caligenes faecalis strain DPE04, Bacillus cereus strain FSHH4,
Uncultured bacterium clone FIQ32TO06HDD21, “12)31 Paeni-
bacillus cineris strain SDT612.2 FH= AT}
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