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Fossil fuel energy crisis and awareness of climate change are concerned recently; the
development of clean alternative energy sources is now significantly interested worldwide.
Bio-hydrogen (Hz) produced from lignocellulosic biomass is one of promising candidate due to
its clean, CO»-free, and high efficiency energy carrier to meet the' future needs. However, |

lignocellulosic materials require pretreatment and hydrolysis prior using as a feedstock in dark

fermentation.

The waste from disposable wooden chopsticks (DWC) was represented as wood waste
and investigated in this study. A thermophilic anaerobic mixed culture obtained from a hot spring
was used as inoculum for fermentative Ha production, and its optimum initial pH and
temperature were determined to be 7.0 and 50°C, respectively. During the fermentation, acetic
and butyric acids were also produced along with Hz production, thus it could be concluded that
acétate-butyrate fermentation occurred during H» production by mixed culture used in this study.
Moreover, microbial coﬁmmﬁw of the thermophilic anaerobic mixed culture had been

characterized, Thermoanaerobacterium spp. were the Hy-producing bacteria mainly present in

the fermentation process.

The feasibility of using DWC as a feedstock for fermentative Ha production was
established in this stidy. Ha production from DWC may be enhanced by removing lignin and
increasing the porosity of the material prior to emymaﬁc hydrolysis. Alkaline pretreatment, used
to delignify DWC waste, were iﬁvestigated in this study. The effects of NaOH concentration,
temperature and retention time were examined and it was found that pretreatment time had no
effect on lignin removal or carbohydrate released in enzymatic hydrolysate. The highest
percentage of lignin removal (41%) was obtained with 2% NaOH at 100°C, correlated with the
highest sugar released (67 mg/g pretreated DWC) in the enzymatic hydrolysate. Moreover, the
surface structure of the pretreated DWC was changed from smooth to rough in comparison to

raw DWC, These evidences supported that alkaline pretreatment degraded lignin mainly from




the cellulosic bioﬁass, and this allowed eﬁzyme to obtain easier access to cellulose molecules
during enzymatic hydrolysis. Most of inhibitors (phenolic compounds) were released into the
pretreatment liquid phase, so that the total phenolics content in the enzyme hydrolyéate was
much lower. Thus, detoxification was not required after pretreatment; hydrolysate could be used
directly as a feedstock for Hzlproduction in this study. The enzymaﬁc hydrolysa;fe was then used

as substrate for Ha production by anaerobic mixed culture enriched from hot spring and yielded 8
mL Ha/g pretreated DWC (6.4 mL Ha/g DWC).

According to H production yield was low; it might due fo the fact that low sugar
concentration was obtained in enzymatic hydrolysate.. So that the enzymatic hydrolysis step
needed to be improved the efficiency by optimizing its condition. In order to optimize the
condition of the enzymatic hydrolysis of alkaline pretreated DWC, response surface
methodology is an efficient experimental tool used to determine the optimal conditions of
numerous variables. In the present study, cellulase dosage, B-glucosidase dosage, Tween 80, and
hydrolysis time, were found to have a significant effect on enzymatic hydrolysis based on the
Plackett-Burman design (PBD). Those factors were subsequently investigated on the optimal
levels by a central composite design (CCD), which was determined at 36 FPU/g pretreated DWC
of cellulase, 53 CBU/g pretreated DWC of B-glucosidase, 0.4 g/g pretreated DWC of Tween 80
for 105 h. Under optimal conditions, glucose and reducing sugar yielded at 121.7 and 435.8
mg/g pretreated DWC, respectively. Reducing sugar yield was increased 4.6 fold after
optimization of enzymatic hydrolysis condition.

In order to enhance H> production from enzymatic hydrolysate by a thermophilic
anaerobic mixed culture, optimization of a medium composition was employed in this section.
Seven medium components were screened using PBD, three out of seven components (yeast
extract, phosphate buffer, and FeSO4-7H20) were found to have a significant effect on Ho
production. These components subsequently optimized ﬁeir concentration via response surface
methodology using CCD. The maximum Hz production was achieved at 1,949 mL Hy/ L

pretreated DWC hydrolysate under optimum conditions using 6.74 g/L yeast extract, 29.62 mM
| phosphate buffer and 0.05 g/L FcSO4'7H20. In addition, the results found that fermentation
pathway was possibly shifted from acetate.to acetate-ethanol type fermentation when the ‘

concentration of yeast extract was increased together with increasing the concentration of




yield approximately 40 mL Ha/g pretreated DWC (32 mL Hy/g DWC). The results in this study
show a potential application using DWC as a renewable feedstock for fermentative H>
production. Furthermore, this process could be applied on other hardwood waste i.e. wood ébjps,
bark form forest residue; saw’ dust from furniture factory and wooden waste from demolishing
construction, etc. Even though, the cost operation was considered and found relatively high in
this study since the initial phase of development of Hz production process from wood material
was just investigated by this work. However, there are a feasibility to be improved the

fermentative Hz production process by several aspects and efforts in order to be more applicable

in practice.
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