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ABSTRACT In this study, we used the Flux Balance Analysis (FBA) program to examine the behavior of hydrogen and organic acids
according to seasonal changes in food wastewater collected from D city. The results showed that average hydrogen conversion rates in
spring, summer, autumn, and winter were 1.06, 0.71, 1.21, and 1.13 mol H»/mol of hexoseadded, respectively, indicating a significantly
lower hydrogen conversion rate in summer than in other seasons. This phenomenon is believed to occur because the carbohydrate
concentration of the incoming food wastewater is low. In addition, Lactobacillus, the lactic acid-producing bacterium, was 21.3% in
spring, 27.2% in summer, 17.5% in autumn, and 22.6% in winter. The most distinctive feature of the microbial community in summer
was that 15.3% of the Ilyobacter was analyzed. It was confirmed that /lyobacter, which is involved in the production of acetic acid and
propionic acid, is closely associated with the tendency of increasing acetic acid and propionic acid and thus contributes to organic acid
change. Clostridium, a hydrogen-producing bacterium, was 76.2%, 50.8%, 78.3%, and 74%, in spring, summer, autumn, and winter,
respectively. It was confirmed that Clostridium dominates the microbial community by approximately 70% or more in all seasons
except summer.

Key words Food Wastewater(< 3| 4>), Anaerobic digestion(¥ 7]4 43}), Hydrogen(4=2>), Organic acid(&-7]A}), Microbial
community(T] A & F])
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Table 1. Characteristics of Food wastewater

Item Unit Value
TS
% 88 ~10.6
(Total Solids) 7 : :
VS
% 7.3~ 8.6
(Volatile Solids) 7 : :
TCOD mg/L 98,510 ~ 123,870
SCOD mg/L 58,250 ~ 70,230
Carbohydrate g Carbo, COD/L 4043
pH - 4.2~49
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Fig. 1. Hydrogen generation and conversion Rate by seasonal
variation

Table 2. Characteristics production by hydrogen fermentation

Hydrogen Yield [mol Carbohydrate

Season production [Hz/mol removal rate
[L] hexoseadded] [%]
Spring 6,027 1,067 90.8
Summer 3,213 0,711 91.9
Autumn 7,415 1,215 89.3
Winter 6,893 1,131 89.3
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Fig. 2. Carbohydrate removal by seasonal variation
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Table 3. List of reactions used in metabolic flux analysis

No. Reaction No. Reaction

R1 GLC(ext) — GLC R16 HAc — HAc(ext)
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Table 4. Hydrogen and organic acid behavior using FBA

Season Reactions

1,000 GLC(ext)— 0.510 HBu(ext) + 1.067Hz(ext)
+ 0,160 HPr(ext) + 0.00200 ResGLC + 0.00108
Biomass + 0,56600 HAc(ext) + 0.40200 HLa(ext)

Spring

1,00000 GLC(ext) — 0,42000 HBu(ext) +
0.71100 Ha(ext) + 0.20900 HPr(ext) + 0.00800
ResGLC + 0,00250 Biomass + 0,46600 HAc(ext)
+ 0.60600 HLa(ext)

Summer

1,00000 GLC(ext) — 0.48300 HBu(ext) +
1.21500 Hy(ext) + 0.11200 HPr(ext) + 0.04800
ResGLC + 0,00758 Biomass + 0.59200 HAc(ext)
+ 0.35600 HLa(ext)

Autumn

1,00000 GLC(ext) — 0.55500 HBu(ext) + 1,13100
Holext) + 0,12500 HPr(ext) + 0,01000 ResGLC +
0.00450 Biomass + 0.56200 HAc(ext) + 0,33700
HLa(ext)

Winter
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Table 5. Species level variations of microbial community

: Composition (%) Similarity
Species - - 9
Spring | Summer | Autumn | Winter (%)
Enterococcus
thailandicus 0 6 0 0 %
[actobacz]{us 0 18 0 0 97
composti
Lactobacillus 0 0.9 0 0 97
concavus
Lactobacillus | 1.3 0 0 99
farciminis
Lactobacz{lus 0 79 0 0 99
tucceti
Lactobaq]]us 9.7 0 3.9 3.3 99
brevis
Lactobacillus | 0 36 | 5.3 99
coryniformis
Lactobacillus | 4 4| 66 | 98 99
farciminis
Lactobacz{lus 49 0 41 42 99
tucceti
Costridium |4y ¢ | 356 | 426 | 48.6 96
baratii
Clostridium | g1 6 | 159 | 357 | 95.4 95
novyi
Clostridi ym 0 2.3 0 0 9
cochlearium
Clostridium
saccharobuty — 0 1 0 0 99
licum
Harrﬂzntza 0 2.3 0 0 99
acetispora
Ilyobacter
delatieldii 0 15.3 0 0 %
Froteus 25 | 36 | 42 | 34 96
mirabilis

[ Enterococeus thailandicus
A Lactobacillus composti
Lactobacillus concavus
B Lactobacillus farciminis
B Lactobacillus tucceti
[ Lactobacillus brevis

B Lactobacillus coryniformis
[0 Lactobacillus farciminis
B Lactobacillus tucceti
B Clostridium baratii

BB Clostridium novyi

I Clostridium cochlearium
W Clostridium saccharobutylicum
B Hamyflintia acetispora
[ llyobacter delafieldii

[ Proteus mirabilis

Microbial Community Composition [%]

Spring Summer Autumn Winter

Fig. 9. Microorganism analysis results in genus level
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= Uehgth 53] o549 A+
% 39l Enterococcuse %719l 6%7F =33t A& &
Qstelrt, ol 549 wE st A 7HE ol
Ilyobacter delatieldii = 0|A&E0] 15,3%= LFEFT,
Ilyobacter= OFN|EAM} Z 21| 2L AALS)= vl 2]
of2 f17|4h Hste}t Hedsto] oph|EANY ZrulAto
7ok ekt vl WAk wEo] S Ao wekH
o}, E3F Proteust= SFIALAZHE AR AAISH= 1
NER B9 59 o= 36% 7k 4 9%, AL 3.4%% L}
ehteh

—

4. 2

[

2 AFollAE SHE o837 FUIA i Ea o
A FBA(Flux Balance Analysis) =2 132

2 o) A, TAETRESHE Selel S
Folol T} 2 AES Aont

o, 7, A A B Age2 1.06~1.21
mol Hz/mol hexoseadea ™ HEFRTE BHHol| o523
9] AL th= APE tijH] 2F 50% =2 0,711 mol Hz/mol
hexoseaaed®] Aees HERHRIH ol Flue
TG0 B BpdlE Feol| 7|QIRF AoR AHA
A Z¥2re| eslkE e & 33.8%, o1& 25.3%,
71 81.8%, A& 36,1020 % SRIEet o]E4 4
AHPYEFRS | mol Q] EEo 2 HE 12 moll] 4
7H BAELE o)F 7|20 R 44 HE 582 23,19,
o}5 1.49%, 7+ 3.22%, A& 3.4%= SH49] ©
4512 51 o] obgEo] 71 W Ao R e
SAERH 7S] AlSeA AA vido] e Ao
2 AbRE,
2) TI‘7]/1\_]' A A EH aih 213491 ol
= butyrate®] H|-&°] 444 H+t 19.8 g COD/L
2 Z WA 874 2 butyrate s F 50%2] H|
29 ERRT, T2t ofe] A% 2o
v]d|5}A| 13,5 g COD/LO 2 7F Wekow, lactate
EE+= 11,7 g COD/LE 33.1%% A A|ol= Ao =
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3)

4)

UePdth ESF $AE A] butyrate/acetate(B/A)
H|g-o] AP} vlgeithal Hu sy glom,
H S0 A=2.25, 2,25, 2.04, 2.47 B4t 2,252
vehd 232 & o S9l4E o83 a4
5ol HgF o' o]FolRl Ao et
FBA(Flux Balance Analysis) T2 132 0]-83}1 4=
29 7S S ATE A 3R 12
o] A Y2 FY=3l 2F72 1 mol/mol hexose 5
o] o2& 02 447} AYARE Z12- 181,684 mol/mol
hexose, 9J5 1.279 mol/mol hexose, 7} 1,764
mol/mol hexose, A& 1.783mol/mol hexose®|]
O}, AR YAk 4241067, 0,711, 1,215, 1,131
mol/mol hexoseZ Z1Z} 0,617, 0.568, 0,549, 0.652
mol/mol hexoseAH %O o]= tFE =49}
ojilelgtaE o]§sto] oM EARS 7 Hglehe WG
of ozt Ade =lstitt. 3 butyrate= YAk
{714 F of 50%= AASHSIAL, FBA 24 A3t
oA TFEAA] ofAE-CoAR HTHE= R10
W3} 259 olA|E-CoA”} 159] Acetoacetyl—
CoAE AA Butyryl-CoAZR E|1l 2|&EA oz 717}
o] Hkg-o g Hexbo] ZkzF 0510, 0,420, 0,483,
0.555 mol/mol hexose”} AALE]= AL FHols}
Ak,

AdRistol| wE nE LRSS skl o,
ZAF RANFO 2 A2 Lactobacillus= & 21.3%,
12 97 2%, 7HS 17.5%, A% 22.6%, 2 LFERF T,
e AAHN Clostridiume 76.2%, 50.8%, 78.3%
74%7} A3} Hle 2s FRIskglen, 4 it
WAE v|RER = Clostridium baratii, Clostridium
novyi, Clostridium cochlearium, Clostridium
saccharobutylicum@® JERGTH o&29] Y&
RS A 71 B0 HL IIyobacter delafieldii
2= w|AEo] 15.3%= YEPYTE Iiyobacter= o}
AEAk} e eAkg A deZlol $714
wisio} Betstol oA Zeul e tio] Zrleke
A oh 3 W Telo] ke Ao Wb,

16 A ZHHoAX]
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