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ABSTRACT This study analyzed the hydrogen conversion rate and microbial community in conjunction with changes in carbohydrate
concentration during hydrogen fermentation using food waste, and presented comprehensive research results for the condition 80 g
Carbo CODY/L, which showed the highest efficiency with a carbohydrate removal rate of 98.1% and a hydrogen conversion rate of 1.76
mol Hy/mol.

The microbial community analysis found that Clostridium sp., widely known as a hydrogen-producing microorganism, was
released in 80 g Carbo COD/L and confirmed that it was a dominant species at 98.1%. Conversely, in 100 g Carbo. Under COD/L
conditions, Leuconostoc sp. showed the maximun prevalence, which is believed to hinder hydrogen production.

Key words Food wastes(3-4] &5 1| 7] &), Anaerobic digestion(E 7] 43}), Hydrogen(4=4), Organic acid(-§-7]4}), Microbial
community(9] A E3)
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Table 1. Characteristics of food waste

o
X
=
AN
=
<
T

Ho
2]
=4

]_

A

I
3

=
ATSPH,

A

ull
Y
AL 2t

ol gt

2~
T

=
=

=

o= Uppojic

w1 9] o] eel

3 )

18
H
ZAX

o
<]

1

A8 o

=

Sleh=t =
gick
wat ohel

7170 o)

Fo] &=

-

7HAIAL ot mize] diAf|olA A]

o]
SN

o

3f

]

o=

&
H
H
9
27

J-
i A 54 240018 Foll 80%7F 7] AAE Al

N

fohe
%3]
S|

o

S
AN
[¢)

¥l

2]-of

9

5t

o]FA JRIth 1 9fof &= ]

LS 9]
L pAoRK, W14 nA

°| 7
BRHE 7] mZ

=

=

o]

ol

pH

7174 =

|
=1

RSERE

°

| =

Hlo
S

SE=VU S

[e)
o

]_

=]
fu

4

Auto monitoring system

sampling port

-
5
a
E

Output

mAgmmon

Temperature sensor

to] pHE

=g

2F 400 ml)©] 1, 37°C & ujokr| =}

g

[¢)
-

2 o

pH probe

=

[e)

Wet gas meter
Circulator

AAES Fig, 13+

700 ml(
Th= F AAE Hiol LTk RARRS: 7R E 7| (Wet

gas meter, Sinagawa, Japan)®
Fig. 1. Schematic of hydrogen fermentation system
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AR e =] Q= Clostridium sp. A2 vA=
& o839, > Saribel] AsfEs Fte] AEE 9
)

I, SAER W7 1E5E SR g4ste] 20~100 g Carbo,
COD/LE 717} sieg Ydlet, T3 Whg7] Uiis A
Agksto] FIER 24 BaE AR oH, 4 %
a7h A8l F2t {74 el ofgt pH A B 4]
£ 9J5lo] KOHES ARE3| pH 5,540,202 FA51%1L

i WA 7|telE 100 rpm o2 wHbst] 71 Shgith

2.3 EAfu
Aol A AR 7] A|59] TCOD, SCOD,

TS, VS, VSS wl7les A d Mol meh E495k3ict, &
R 2 - PANL Ao B 2
mLO| Al=of B4t 5 mL, HE 1 mLE A7kl 3027t
HES-A17] & spectrophotometer(DR/2010; Hach Co.,
USA)E ARESte] 490 nm 3ol A S8 =5 574513t
HYE 7EA0] QRS 3~12A17F (M0 R EAEglon,
445 Molecular sieve 5AQ GAEE ZHZE7](thermal
conductivity detector, TCD) A2Fel gas chromatography
(GC, Gow Macseries 580, USA)E AMESIQITE 2%
A& injector 80°C, column 50°C, detector 90°CO.&
3R a1 214~(99.999%) = carrier gasZ dho] EAISFQITTH
oJAFSlERA HokS Shincarbon ST} TCD7} A= GC
(Shimadzu Co., Japan) & &435}91.2 9 injector 300°C,
column 50°C detector 300°C ZAo)A] AF(99.999%)
£ carrier gas® 3}o] FAISIGIT), WA At a o] §

PWAb S AREET} AR 9k 3~12A7E 70 2 AY

2o 2Eol0] 2540} BB AEAL 0.2 m w2
o1} & HPLC(Model VP, Shimadzu CO.Japan)< ©]-&

slo] BAsI9Itt A=7|= Ultraviolet(215 nm) detector
(UV 100, Thermo Electron)7} AREE|2AL column 300
mm X7.8 mm Aminex HPX—-87H, 60°C& EX35}3t},
Mobile phase< 5 mM HoS0,0]% 0™ o]s&EE= 0.6

mL/min®] ¢t}

[e]

| =AUTA| BrslE SEHS0| T2 fATMEE 3 0|42 St

COD/kg)°|
7150 74
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88.0%, 89.1%, 89.9% 84 A%= AFs| = A ALS B
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& vk B3 AT 24749 5o wet 3.1,
6.6, 9.9, 14.7, 8.3 Hy/LE Uehgon Z7|eks1=o]
F tfv] paARS U e oA HgheS 7171 1.33,
1,41, 1,53, 1,76, 1,33 mol Hy/mol hexoseaqaea® 80 g
Carbo, COD/L 274 7M && A& H3th v
100 g Carbo, COD/L ZHof|A dra F Azjo] dha ol A}
ol 48] s = AS S¢ko= sl &= qlieh &
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Table 2. Carbohydrate removal rate by hydrogen fermentation

Carbohydrate Conc,

[g COD/L] 20 40 60 80 100
Carbo, before | 22.8 | 454 | 61.7 | 84,7 | 109.5
[g Carbo,
cop/L] | after | 27 | 49 | 62 | 132 | 56.3

Carbohydrat
arbofiydrate 88.0 | 89.1 | 89.9 | 84.4 | 4858
removal rate (%)
Hydrogen production
3.1 6.6 9.9 14.7 8.3
(Hy/L)
Hydrogen Yield

mol Hy/mol 1.33 1.41 1,53 1.76 1,33

hexoseadded
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Fig. 2. Changes in carbohydrate concentration and hydrogen
production
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Fig. 3. Changes in VFAs according to carbohydrate con—
centration

Table 3. VFAs changes depending on carbohydrate con—
centration

Carbohydrate Conc,

[g COD/L] 20 40 60 80 100

Acetate 4.5 9.3 11,1 | 249 | 12.0
Butyrate | 13.1 | 232 | 31.3 | 45.2 | 384
Lactate 0.0 0.4 1.2 1.0 12.0
Propionate | 0,03 0.3 0.2 0.1 0.0
Total 177 | 33.2 | 438 | 71.2 | 62,4

VFAs
(g COD/L)
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Table 4. Species—level changes in microbial communities

Different carbohydrate

OTUs Species concentration Sinzi;grity

20 80 100
14, 87| Leuconostoc lactis | 2.3% | 0.2% | 5.5% 98
4 Lactobacillus sakei | 0.0% | 0.0% | 0.0% 97
6 Lactobacillus 1 o oq | 0 05 | 0.0% | 97
reuteri
15 | Lactobacillus 1o op | 6 00 | 0.0% | 99
plajomi
3 Lactobacillus 0.0% | 0.0% | 0.0% 99
fermentum
10 | Lactobacillus | ool 6 0% | 0.0% | 99
crispatus
3 Clostridium | o 44, | 1 19 | 96% | 99
thermopalmarium
7 Clostridium | og | 0 05 | 0.0% | 99
swellfunianum
91, 93|  Clostridium | 6 101 0 | 0.0% | 99
sporogenes
9 Clostridium | g a9 | 0 0g, | 0.3% | 96
sartagoforme
20 Clostridium | aq. | 019, | 0.6% | 95
saccharobutylicum
0 Clostridium | ¢ oq. | g7 69, | 3.5% | 96
perfringens
2 Clostridium | gy | 0 99, | 54.5% | 99
paraputrificum
18 Clostridium novyi | 0.0% | 0.0% | 0.0% 99
5, 19 | Clostridium isatidis| 0.0% | 0.0% | 0.0% 99
13, 50| ~ Clostridium 1o o0l 6 0% | 0.0% | 98
cochlearium
1 Clostridium | 5 50| 09 09, | 30 9% | 98
chromiireducens
1, gp| Cellulosilyticum 114 o\ og | 19% | 98
’ lentocellum
12 Clostridium | g o9 | (19 | 0.5% | 96
fimetarium
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