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Change of Microbial Community and Fermentative Production of
Hydrogen from Tofu Wastewater

Yoon-Sun Jun - Yoon-A Joe - Tae-Jin Lee'

Department of Environmental Engineering, Seoul National University of Technology

ABSTRACT : In this study, characteristics of biological hydrogen production and microbial distribution were investigated with the waste-
water of Tofu manufacturing process. Comparison of hydrogen production was conducted with acid or base pre-treatment of the waste-
water. Maximum hydrogen production was acquired with combination of heat and acid treatment. Hydrogen production (Pp) and maximum
hydrogen production rate (R,) was calculated 661.01 mL and 12.21 mL/g dry wt biomass/hr from the modified Gompartz equation. Most
of microbial community was analyzed as Streptococcus sp. from PCR-DGGE experiment of 16S rDNA. It was concluded that most

significant microorganism for hydrogen production was Streptococcus gallolyticus sub sp. in this experiment.
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Fig. 1. Schematic diagram of the batch reactor for fermen-
tative hydrogen production.
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Table 1. PCR primers used in this study
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Primer pair (target) Nucleotide sequence (5 * -3 ") Size of PCR product(bp) Reference
10f AGA GTT TGA TCM TGG CTC AG
1400r ACG GGC GGT GTG TAC AAG 1408 26
(Bacteria 16S rDNA)
341f CCT ACG GGA GGC AGC AG
518r ATT ACC GCG GCT GCT GG 193 27,28
(V3 region)
GC clamp CGC CCG CCG CGC GCG GCG GGC 213 278

GGG GCG GGG GCACGG GGG G

* f: forward primer, r: reverse primer, * The GC clamp added DGGE
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Zt ANEE 11,000 rpmoll A 5 min QA EZ 3] A
S AL AAES oF 025 go] HEE 3 Power
Soil DNA Isolation Kit (MO BIO Laboratories, Inc.)S A}
43519 DNA F25 33tk DNA 293 1.2% agarose
gelol|l A 719458t Fletdth. F%3F DNA template
oA 16S rDNAS] 7P H2191 V3 region S&S 3l A
Z OE 2709 primer sets= A2} nested PCRS A A|
3ttt Ao AL8-% primer (Bionics, Korea) @ GC
clamp®] sequence> Table 13} T}

DNA ZZ< 9]3F PCR 7]7](UVIgene™ State of art Ther-
mal Cycler)e] 2=F712 95T 9 min 5<t pre-denatu-
ration 3+ 3 95Co|A] 1 min denaturation, 53CollA] 1 min
annealing, 72 ColA] 2 min extensionS 35 cycles HHE 4~
33t & wixjwto &2 72°C oAl 10 min final-extension 3}
T}.2629

DGGEE 40~60%°] W34 s= 784 &% 100%
£ 7M Urea, 40% Formaide)E 7}A]= 8% Polyacrylamide
Gel2 YFE ¥ (Bio-Rad Ltd. Co., Model 475 Gradient
delivery system) A5} ch A7|9%F ¥ UV transillumi-
natorl 4] DGGE band &% & I3}= band 915 22}

3 geloA] DNA7F BeE|H =2 &19ck™ 2% DNA

341f¢} 518rZ primer® 3} PCRS AAA|3ke] 4 A

PCR productE ©]-83} sequenced}$iTh.

Q71 E EAL A7IME B4 & 7] (Bionics, Korea)
A FEoH, ASEREE S 98] 16S rDNA

%714<¥ A= NCBI BLAST Search Databaseo]A]
AE A7IME HRE o] &3t} Phylogenetic tree2]
3

2 22 Mega 4.0 software®] neighbor-joining method

o £

Loy o 2

Table 2. Composition of Tofu wastewater
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Item TCOD¢, SCOD¢, Total Carbohydrate Reducing sugar ~ Protein Na NH,"-N H
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Conc. 21,200 18,800 11,909 2,462 6,359 3833 3.48 5.1
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Fig. 2. Variation of total carbohydrate and reducing sugar
concentration on strong acid, strong base or heating
treatment.
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Fig. 3. Variation of total carbohydrate and reducing sugar

concentration on sterilization or strong acid/strong base
and heating treatment.
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Fig. 4. Cumulative hydrogen production curve at sterilization
or strong acid/strong base and heating treatment of Tofu
wastewater.
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Table 3. Calculated parameter values from nonlinear regression of the modified Gompartz equation24’25) for hydrogen production
with sterilization or strong acid/strong base and heating treatment on Tofu wastewater

Hydrogen production potential H, yield Specific hydrogen production rate )
Pre-treatment methods r
Py (mL) p-value (mL Ha/g COD) Ry (mL/g VSS/hr) p-value
No pre-treatment 23.45 <0.0001 1.29 8.91 0.9558 0.99
Sterilization 126.30 <0.0001 6.18 2.575 0.0002 0.99
pH 12 & Heat - - - - - -
pH 2 & Heat 661.01 <0.0001 36.76 12.21 0.0029 0.96
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Fig. 5. Organic acid profiles at microorganisms cultured under
the various pre-treatment of Tofu wastewater.
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Fig. 6. DGGE profiles of microorganisms cultured under the
various pre-treatment of Tofu wastewater.
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Table 4. COD balance with microorganisms cultured under the various pre-treatment of Tofu wastewater (unit: %)
pre-treatment Initial — - VEAS — - . remain of
methods COD 01tr.10 lacFlc acetic acid propl.o nie buty'/rlc Biomass substrate others Ha recovery
acid acid acid acid

No pre-treatment 100 7.30 28.99 4.49 - 7.69 277 10.40 28.09 0.92 90.65
Sterilization 100 7.00 38.59 6.72 12.35 8.76 3.95 9.01 26.61 0.44 91.35
pH 12 & Heat 100 9.32 29.66 4.75 2.62 - 423 12.40 26.61 - 91.26
pH 2 & Heat 100 11.31 29.03 16.10 22.98 6.81 6.08 1.73 19.79 2.63 93.46

Others : SCOD - (VFA + soluble carbohydrate)
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Table 5. Characteristic of DNA fragments obtained from DGGE gel with microorganisms cultured under the various pre-treatment

of Tofu wastewater

Band Gen Bank Search Result Taxonomic Description
Name Phylogenetically Closest Relative Accession NO. Similarity (class)
Uncultured Streptococcus sp. L
A AY 807240 939 Bacill
clone IS030B19 % act
B Streptococcus gallolyticus sub sp. DQ232523 96% Bacilli
C Streptococcus mutans strain UA96 AF077835 82% Bacilli
Uncultured Strept . .
D frentiured SIreplococcils sp DQ346328 93% Bacilli
clone 9.71
E Streptococcus suis AF014814 93% Bacilli
-
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Fig.
tree was produced using a neigbor-joining method. The

7. Phylogenetic tree showing the relationship among the closest relatives in the GenBank databases and the isolates. The

bar indicates 5% sequence divergence. The numbers at the

nodes of the branches refer to the Bootstrap values for 1000 replicates.
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