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ABSTRACT

Corncob, a low-cost agricultural waste with high xylan content can be used as a
substrate for the production of xylooligosaccharides (XOs). In this study, the XO
production from corncob was investigated by using the consecutive process of KOH
pretreatment and enzymatic hydrolysis. After KOH pretreatment, the recovery yield was
43.69% (w/w). The KOH-treated corncob composed of 65.21% cellulose, 24.67%
hemicellulose and 4.29% lignin. Then, the KOH-treated corncob was subjected to
enzymatic hydrolysis to produce corncob-XOs by an in-house thermostable endo-
xylanase from Streptomyces thermovulgaris TISTR1948. The results from TLC and
HPLC analysis of the produced XOs revealed that the appropriate reaction time for the
XO production was 12 h. Then the response surface methodology (RSM) via the central
composite design (CCD) was employed to find out the optimal condition for XO
production. The effect of three independent variables, including, enzyme concentration
(X1), pH value (X2) and temperature (X3) on XO production were examined. The
statistical model suggested the optimal conditions for XO production as enzyme
concentration 129.43 U/gsubstrate at 53.80°C and pH 6.17. The validation of the suggested
model revealed that the XO content increased from 150.66 to 162.97 mg/Qsubstrate OF

752.15 mg/ghemiceliulose. The corncob-XOs produced from optimal condition contained

viii



xylobiose as the main product with a low content of xylose and arabinose. The prebiotic
study of corncob-XOs through in vitro fermentation found that corncob-XOs were able
to enhance the growth of three prebiotics lactobacilli, namely, Lactobacillus casei
TISTR1463, L. lactis TISTR1464 and L. plantarum TISTR1465. Moreover, the
prebiotics properties of corncob-XOs to promote the growth of those lactobacilli were
comparable to the commercial XOs.

A crude in-house thermostable endo-xylanase from S. thermovulgaris TISTR1948
was purified and characterized in order to evaluate its potential on high-purity XO
production. Xylanase was purified using four consecutive steps of concentration, dialysis,
ion-exchange chromatography and gel filtration chromatography. This xylanase was
purified to 15.18 folds with a recovery yield of 13.0%. The purified enzyme had the
apparent molecular mass of 46.2 kDa by SDS-PAGE and showed maximum activity at
65°C with the half-life of 90 min at 70°C. The optimum pH level of the purified enzyme
was pH 6.5. It showed high stability at broad pH range of 3.5-11.5 and was thermostable at
the temperature range of 50-70°C. The xylanase activity was enhanced in the presence of
metal ions, Ca?*, Co?", Zn** and Ag". Whereas, Fe?* and Mn?" partially inhibited the
enzyme activity, and Hg?*, Pb?* and SDS almost completely inhibited the activity. The Km
and Vmax values of purified xylanase on beech wood xylan were 1.34 mg/mL and 0.072
U/mg (umol/min/mg), respectively. Moreover, the purified xylanase was applied for the
used in a high-purity XO production using KOH-treated corncob as a substrate and the
reaction mixtures were analyzed by TLC and HPLC. The results indicated that xylobiose
was the main hydrolysis product while very few amount of xylose was observed. An in
vitro evaluation of high-purity XOs showed that these XOs could enhance the growth of
probiotic L. plantarum TISTR1465. Moreover, the XOs produced by the purified xylanase
resulted in a higher growth of probiotics than the XOs from partially purified and crude

xylanases.

An integrated process to produce XOs and bioethanol from corncob in a bioreactor
scale was also studied. XOs were produced by a consecutive process of KOH pretreatment
and hydrolysis by an in-house thermostable endo-xylanase from S. thermovulgaris
TISTR1948. The results showed that XO vyields of 0.08 g/graw comcob (22.13 g/L) and
cellulose-rich corncob (CRC) yields of 0.52 g/graw comcob Were obtained. Then, the CRC was



used as the substrate for bioethanol production by the new thermotolerant yeast Candida
glabrata KY618709. The bioethanol production was conducted in two procedures,
including, separate hydrolysis and fermentation (SHF) using CRC hydrolysate as substrate
and simultaneous saccharification and fermentation (SSF) using CRC as substrate. The
effect of temperature on bioethanol production by thermotolerant yeast C. glabrata
KY618709 via the SHF and SSF were studied at 35-42°C and compared with a commercial
Saccharomyces cerevisiae. For SHF, the CRC hydrolysate was produced under optimal
condition suggested from Box-Behnken design: a cellulase concentration of 22.04
FPU/gcre, 7.8% (w/v) CRC, pH 5.06 and 45.93°C at 150 rpm for 96 h. CRC hydrolysate
contained 62.16, 51.21, 10.03 and 0.92 g/L of total sugar, glucose, xylose and arabinose,
respectively. From SHF, bioethanol concentration of 20.07-21.92 g/L. from C. glabrata
KY618709 at various temperatures were not significantly different, while the bioethanol
concentration from S. cerevisiae decreased to 9.64 g/L when the temperature was elevated
to 42°C. Whereas, SSF of C. glabrata KY618709 at 40°C showed the highest bioethanol
concentration of 22.35 g/L (0.29 g/gcre) and ethanol productivity of 0.31 g/L/h with 95%
theoretical yield. After that, the scaled-up of bioethanol production by C. glabrata
KY618709 via SSF at 40°C was studied in a 5-L bioreactor with a 3.5 L reaction volume.
The concentration of CRC was varied at 7.8, 11.7 and 15.6% (w/v), respectively. The
results revealed that SSF with 7.8%, 11.7% and 15.6% (w/v) CRC resulted in a bioethanol
concentration of 21.48, 31.32 and 36.99 g/L and ethanol productivity of 0.30, 0.33 and 0.31
g/L/h, respectively

This study represents an effective strategy to produce two kinds of high values
chemicals, XOs and bioethanol from corncob. The xylan in corncob is enzymatically
converted into XOs using an in-house thermostable endo-xylanase from S. thermovulgaris
TISTR1948. The purification and characterization studies reveal that the purified xylanase
is promising to be applying on the production of high-purity XOs which can enhance the
growth of probiotic lactobacilli better than that XOs produced from crude xylanase.
Meanwhile, the CRC, a waste from XO production process, can be further used as a
substrate for bioethanol production via SSF by a newly isolated thermotolerant C. glabrata
KY618709. The advantage of this approach is operating at elevated temperature with a
shorten fermentation time, resulting an increasing of the efficiency on bioethanol

production.



