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Hydrogen Fermentation of the Galactose-Glucose Mixture

HYOCHANG CHEON, SANGHYOUN KIM™
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Abstract >> Galactose, an isomer of glucose with an opposite hydroxyl group at the 4-carbon, is a major fermentable

sugar in various promising feedstock for hydrogen production including red algal biomass. In this study, hydrogen

production characteristics of galactose-glucose mixture were investigated using batch fermentation experiments with

heat-treated digester sludge as inoclua. Galactose showed a hydogen yield compatible with glucose. However, more

complicated metabolic steps for galactose utilization caused a slower hydrogen production rate. The existence of
glucose aggravated the hydrogen production rate, which would result from the regulation of galactose-utilizing
enzymes by glucose. Hydrogen produciton rate at galactose to glucose ratio of 8:2 or 6:4 was 67% of the production

rate for galactose and 33% for glucose, which could need approximately 1.5 and 3 times longer hydraulic retention
time than galacgtose only condition and glucose only condition, respectively, in continuous fermentation. Hydrogen
production rate, Hydrogen yield, and organic acid production at galactose to glucose ratio of 8:2 or 6:4 were 0.14
mL H2/ml/hr, 0.78 mol Hy/mol sugar, and 11.89 g COD/L, respectively. Galactose-rich biomass could be usable
for hydogen fermenation, however, the fermentation time should be allowed enough.

Key words : Hydrogen fermentation(>2~ ¥t &), Sugar mixture(Z ), Galactose(Z = E ), Glucose(aF2),

Red algal biomass(ZZ5 Hlo]2ujj )
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Fig. 1 Schematic of a PEFC stack (a) and mesh configuration
of PEFC (b)
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Table 1 Hydrogen and organic acid production at various galactose to glucose ratios

) Organic acid production (%, COD basis)
Initial sugar H, production rate H, yield Lag-phase - - - —
concentration (mL Hy/mL/hr) | (mol Hy/mol sugar) (hr) Acetic Butyric Lactic Propionic

acid acid acid acid

Galactose 15 g/L 021 0.81 9.42 17.9 71.9 1.6 0.0
Glucose 15 g/L 0.42 0.87 9.39 19.7 68.7 34 0.0
Galactose 9 : glucose 1 0.18 0.82 8.91 14.9 64.4 1.7 0.0
Galactose 8 : glucose 2 0.14 0.76 8.01 18.4 68.0 2.6 0.0
Galactose 6 : glucose 4 0.14 0.78 6.75 19.8 70.3 33 0.0
Ea %E} & A7 &L 67, 76, 100%0] st} Rum : hydrogen producvion rate (L/h)
oJoFdF= NH4Cl, KH,POs, MgCl,-6H,0, CaCl,- N : lag-phase time (h)
2H,0, MnCl,-4H,0, FeCl,-4H,O, H;BOs, ZnCl,, CuCl,, t : time (h)
NaMoO;4-4H,0, NiCl,-6H,0, CoCl,:2H,O, NaySeOs; e : the base of natural logarithm
£ ZZF 960mg/L, 220mg/L, 98mg/L, 10mg/L, 4.87
mg/L, 68mg/L, 0.05mg/L, 0.05mg/L, 0.03mg/L, 0.01 3.4 1}
mg/L, 0.05mg/L, 0.5mg/L, 0.05mg/L= ZF]3}3iTh

7k BEAYEES. water displacement methodS ©]& Qk-S- Al7bo]| w2 T} Sat 7oA Q] 4=
slo] ZAalgla, Ege SGI 310 GC-TCD(SRI 4 HHAEF Hghol|A] blank2] =4 BHAYEF Hatgh
instrument)E o]-&35}o] A3}t ZHLE 0.9m x < "l net cumulative hydrogen production-2 Fig. 2]

3.2mm Molecular Sieve SA(SRI instrument)E A&
sielon SWRE BeE AR olgaisich
E3 AY 283 & A ARE HHsk] 0.45um
PVDF 213} 0.22um PTFE "of &213o 2 A2 &

A HZ7](210nm) 1A% NA| T2uhE 1)
(Waters 2487)2 R714F =5 SHsI0h Z2H2

300mm x 7.8mm HPX-87H column(Aminex), 2-5t
L= 0.005M BHFLONS 0] 2319} TS, VS, TSS,
VSS, pH, alkalinity+~= Standard Methods(1998)] w}
o} RSk,

S ST PSR 245 Y
5 2 HE Modified Gompertz equation (4] 1)2.2 3
AEgiet

Rm
H= PXexp fexp{ P X()\*t)Xe}-ﬁ-l )
o714, H : cumulative hydrogen production (L)
P : maximum hydrogen production (L)

UERH vle} ZHo] modified gompertz 41S ©]-25}0]
A WA, BE 2704 Rglo] 098 ojites
2S5 ol ATke BeE,
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-ri U o0 HlwaE, ENNES
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& 50%2 33t 2lo|S H K Table 1). Fig. 3
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galactose 2]
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comutase S A=t HE=o] -8 A|7to] R 9l
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Fig. 2 Cumulative hydrogen production at various galactose to glucose ratios: (a) galactose 15 g/L, (b) glucose 15 g/L, (c) total
carbohydrate 15 g/L (galactose : glucose = 9 : 1), (d) total carbohydrate 15 g/L (galactose : glucose = 8 : 2), (e) total carbohydrate
15 g/L (galactose : glucose = 6 : 4)
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