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ABSTRACT: Alkaline hydrogen peroxide pretreatment is an effectively enhance the increasing enzymatic 
digestibility of lignocellulosic biomass for conversion to fuels and chemicals in the biorefinery processes. In 
this study, effects of H2O2 on monomeric sugar in the liquid fraction during hydrogen peroxide pretreatment 
and sugar after enzymatic hydrolysis from corncobs were studied under varying reaction conditions. The 
temperature (30-120oC) and H2O2 concentration (2.5-10%) efficiently promoted sugar yield in the piqued 
fraction and improved enzymatic hydrolysis of pretreated solids. The optimal condition for H2O2 pretreatment 
of corncob (H2O2 concentration of 5% using 60 oC for 2 h) increased hemicellulose solubilization into the 
aqueous phase, resulting into the maximized pentose yield of 61.88% (xylose + arabinose) in the aqueous phase. 
H2O2 pretreatment under the optimal conditions at 60oC for 2 h, leading to the enhance glucose yield from 
enzymatic hydrolysis of the pretreated biomass using 10 FPU/g CelluclastTM (85.66 %) and small amount of 
formation of inhibitory by-products. Combined with glucose in the aqueous phase, this resulted in the maxima 
95.61% glucose recovery from the native corncob. This was related to changes in crystallinity and surface area 
of the pretreated biomass. Scanning electron microscopy (SEM) showed disruption of the intact biomass 
structure resulting increasing enzyme’s accessibility to the cellulose microfibers which showed higher 
crystallinity index compared to the native biomass as shown by X-ray diffraction with a marked increase in 
surface area as revealed by BET measurement. The results provided efficiency of H2O2 pretreatment on 
increasing sugar recovery and an efficient approach for its processing in biorefinery industry. 
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1. INTRODUCTION

The variation of crude oil price and 
increasing concerns on greenhouse gas release to 
global warming are main drivers of finding 
renewable resources for the production of fuels and 
chemicals. The northern of Thailand has been 
suffered from smog problems. The combustion of 
corn residues after cultivation is the major cause of 
smog which occurs every year. A corn residue is 
considered promising underused available biomass 
which can be used as starting materials for the 
production of bioethanol [1]. Fuel ethanol 
production from biomass involves pretreatment of 
the feedstock, followed by enzymatic hydrolysis of 
the substrates to sugars which are then subsequently 
fermented to ethanol [1,2]. 

Lignocelluloses mainly consists of 
cellulose, hemicellulose, and lignin, and are 
considered as potential source of biofuels [3]. 

Cellulose, a linear homopolymer of D-glucose 
formed into a highly organized crystalline fibrous 
structure which are associated with hemicellulose, 
an amorphous branched heteropolymer of pentoses, 
hexoses, and sugar acids, which acts as an 
interconnecting substance, and lignin, a 
heteropolymer of phenolic alcohols (p-coumaryl, 
coniferyl, and sinapyl alcohols), which acts as a 
protective shield giving strength to plant cells [4]. 
These biopolymers are organized into a 
multicomponent complex structure of the plant cell 
wall, which is a major limitation to their efficient 
utilization. [5]. This leads delignification 
pretreatment of biomass to be one of the keys in the 
field of biofuel production or biorefinery 
technology [6]. 

There are various pretreatment 
technologies for biomass materials, and these can 
be divided as physical (milling, thermal, etc) [7], 
chemical (acid, alkaline, oxidation, etc) [8], and 
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biological methods [9]. Hydrogen peroxide 
pretreatment is one of the most promising chemicals 
for delignification of the biomass. It was reported 
that the phenolic acids of lignin had a high tendency 
to dissolve in alkaline hydrogen peroxide solution 
[10].  The peroxide plays the role of oxidants during 
alkaline hydrogen peroxide condition [11], which 
takes part in the natural delignification process and 
has been widely used to bleach high lignin wood 
pulps in the pulp and paper industry. The role of 
alkaline is to reduce or to remove lignin, acetyl, and 
other uronic substitutions in hemicellulose fraction 
via swelling, solvation, and saponification, so that 
the accessibility and digestibility of hemicellulose 
and cellulose will be increased [12]. Corn cob is one 
of the most agricultural residues in Thailand with 
the annual availability more than 200,000 tons [13]. 
Most are used as animal feed while the rest is 
burned which results in air pollution problem [13]. 
In this study reports the use liquid hot water system 
combine with hydrogen peroxide for pretreatment 
of corncob. The effect of the hydrogen peroxide 
concentration, temperature and pretreatment time 
for increasing cellulose digestibility was tested via 
measuring sugar recoveries in the liquid phase and 
saccharified solid phase. The experiments were 
carried out at temperature range of 30-120oC for 1-
4 h with various H2O2 conditions. The work gives 
an insight on the efficiencies and potential of liquid 
hot water system together with hydrogen peroxide 
as an effective pretreatment technology aiming for 
a more competitive and economically viable 
biorefinery industry. 

 
2. MATERIALS AND METHODS  
2.1 Materials 
 

Corncobs were obtained from Suwan farm, 
Nakorn Ratchasrima province, Thailand. The 
biomass was physically processed using a cutting 
mill (Retsch SM2000, Hann, Germany) and sieved 
to a particle size of 250–420 μm (0.21–0.35 mesh). 
The processed biomass was then used for 
experimental studies. The biomass contained 43.2% 
cellulose, 27.2% hemicellulose, 16.6% lignin, and 
4.2% ash on a dry-weight basis according to the 
standard NREL method [14]. 
 
2.2 Alkaline hydrogen peroxide pretreatment 
 

 The pretreatment was performed in 50 ml 
reactor in a temperature-controlled jacket with 
vertical shaking system to provide optimal mixing. 
The individual stainless steel reactor vessel was 
installed with a thermocouple to record the 
temperature inside the reactor. The reaction 
containing 2.5-10% hydrogen peroxide solution. A 
solution diluted from a commercial 30% stock. The 
pH was adjusted to 11.5±0.2 with added of 5 M 

NaOH solution and mixed with the biomass. The 
biomass was pretreated under a set of conditions 
with varying temperatures (30-120°C) and 
residence times (1, 2, and 4 h), while substrate 
loading was fixed at 10 % (w/v) and the initial 
pressure was at 20 bars under nitrogen. The reactor 
was quenched in a water bath after heating at the 
desired conditions. The pretreated solid biomass 
was separated from the liquid phase by filtration and 
then thoroughly washed with DI water on a Bushner 
funnel. The sample was dried at 60 °C before 
subjecting to enzymatic hydrolysis to evaluate the 
improvement in biomass digestibility. The liquid 
fraction was collected for analysis of sugar and 
inhibitory by-products by HPLC. 

 
2.3. Enzymatic hydrolysis 

 
The pretreatment efficiencies were assessed 

based on digestibility of the pretreated solid 
residues using a commercial cellulase. The 
hydrolysis reactions of 1-mL total volume 
contained 5% (w/v) pretreated substrate with 10 
FPU/g Trichoderma reesei cellulase (CelluclastTM 
1.5L, Novozymes AS, Bagvaerd, Denmark) 
supplemented with 330 IU/g Aspergillus niger b-
glucosidase (Novozym 188, Novozymes AS) and 
120 IU/g based on endo-xylanase activity of 
Humicola insolent hemicellulase (Optimash® BG, 
Danisco AS, Copenhagen, Denmark) in 50 mM 
sodium acetate buffer, pH 5.0. The reactions were 
incubated at 50oC for 72 h with vertical mixing at 
30 rpm. The experiments were done in triplicate. 
Filter paper unit (FPU) for cellulase was analyzed 
according to a standard method (15). β-glucosidase 
activity was determined using p-nitrophenyl-β-D-
glucopyranoside (PNPG) as the substrate (16). One 
international unit (IU) was defined as the amount of 
enzyme which produced 1 µmole of reducing sugar 
or p-nitrophenolate in 1 min. The fermentable 
sugars profiles were analyzed on a Waters e2695 
high-performance liquid chromatography, equipped 
with a differential refractometer, using a Biorad 
Aminex HPX-87P column (17). Sugar yields were 
reported based on the amount of sugars obtained 
from enzymatic hydrolysis of the solid residues on 
a dried weight basis. Sugar recoveries were reported 
as the percentage of glucose or pentose recovered 
based on the available cellulose (x1.11) and 
hemicellulose (x1.13) in the native biomass. 
 
 
 
2.4. Scanning electron microscopy analysis   
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The native and pretreated biomass 

microstructures were analyzed by scanning electron 
microscope (SEM) using a JSM-6301F Scanning 
Electron Microscope (JEOL, Tokyo, Japan). The 
samples were dried and coated with gold for 
analysis. An electron beam energy of 5 kV was used 
for analysis. 

 
2.5. X-ray diffraction analysis 

 
The crystallinity of the native and pretreated 

biomass was determined by X-ray diffraction 
(XRD) using an X'Pert PRO diffractometer 
(PANalytical, Almelo, The Netherlands). The 
samples were scanned in a range of 2θ=10°–30° 
with a step size of 0.02° at 500 kV, 30 mA and 
radiation at Cu Kα (λ=1.54 Å). Crystallinity was 
calculated according to the following equations for 
crystallinity index below (18). 

 

( ) 100%
002

002 ×






 −
=

I
II

CrI amorphous  

 
in which I002 is the intensity for the crystalline 

portion of biomass (i.e., cellulose) at 2ϴ = 22.4 and 
Iamorphous is the peak for the amorphous portion (i.e., 
cellulose, hemicellulose, and lignin) at 2ϴ = 18.0. 
 
2.6 BET surface area measurement 

 
The method of Brunauer, Emmett, and Teller 

(BET) was used to determine the total surface area 
of materials. Raw and pretreated biomass samples 
were analyzed for the BET surface area using a 
Belsorp-max TPDpro (BEL Japan, Tokyo, Japan) 
with thermal conductivity detector (Semi-diffusion 
type, 4-element W-Re filament) at the National 
Nanotechnology Center, Thailand. 
 
3. RESULTS AND DISCUSSION 
3.1 Influences of H2O2 concentration on Sugar 
Releases in Liquid Fraction 
 

The effect of H2O2 concentration on the 
efficiency of pretreatment of corncob at various 
concentrations from 2.5% to 10% was first studied 
at 60oC (Fig.1). The Pentose in the form of xylose 
and some arabinose was the major sugar released 
into the liquid phase. The maximum pentose yield 
in the liquid phase of 49.6% was achieved under the 
pretreatment condition of 60oC for 1 h using the 
H2O2 concentration of 10%. Glucan solubilization 
in the range of 3.50-4.31% was obtained with 
varying concentration of H2O2 from 2.5-10%. The 
H2O2 pretreatment induces an increase in surface 

area, breaking structural intermolecular bonds 
between carbohydrates and lignin, disordering the 
lignin structure, and isolating lignin from the 
biomass  

 

 
Fig. 1 Fig. 1 Effect of H2O2 concentration on sugar 
releases into the liquid phase (a) sugar and 
inhibitory by-products (b) sugar after enzymatic 
hydrolysis 
 
matrix [19]. In the liquid phase, small amounts of 
inhibitory by-products were obtained under the 
H2O2 pretreatment. The maximum formation of 
HMF (0.07 mg/L) and furfural (0.14mg/L) were 
obtained in the liquid phase and decreased which 
could be due to further degradation of furans to 
aldehydes and organic acids such formic and acetic 
acids [20]. The separated hemicellulose streams 
rich in C5 sugars and dehydration products can be 
further converted into a variety of commodity and 
specialty chemicals e.g. furans, sugar alcohols and 
butanediol by catalytic or fermentation processes 
[21,22]. The influent of H2O2 pretreatment on 
enzymatic hydrolysis of the pretreated solid 
obtained under varying pretreatment H2O2 
concentration were determined based on sugar 
released after enzymatic hydrolysis using a 
commercial enzyme mixture. The native biomass 
was relatively resistance to enzymatic hydrolysis 
resulting in a low glucose yield (30%). Increasing 
H2O2 concentration (2.5-5.0% H2O2 
concentration) led to higher sugar yield after 
enzymatic hydrolysis of the pretreated solid (Fig. 
1b). The highest glucose yield of 76.15% was 
achieved under 5.0% H2O2 concentration for 1 h, 
equivalent to 80.18% glucose recovery from the 
native corncob. The maximum pentose yield of 
6.9% was observed under 5.0% H2O2 concentration 
for 1 h, equivalent to 53.9% pentose recovery from 
the native corncob. The further increasing dosage of 
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hydrogen peroxide (10% H2O2 concentration) 
induced low yield of glucose. The oxidative action 
of the H2O2

- derived radicals (HO• and O2
-) is 

thought to depolymerize lignin by attacking lignin 
side chains and acting only in the aliphatic part of 
the macromolecule [23]. However, excessive usage 
of peroxide concentration could also lead to the low 
recovery of cellulose [24]. It might be the reason 
why the yield of glucose yield after enzymatic 
hydrolysis was decreased at higher concentration of 
hydrogen peroxide (10% H2O2 concentration). 
Consequently, 5% hydrogen peroxide was selected 
as the optimum concentration for further 
experiments due to showed lower amounts of by-
products in the liquid phase and achieved highest 
glucose yield from enzymatic hydrolysis of the 
solid residues. Normally, hydrogen peroxide 
concentration was higher when it is applied in 
different lignocellulosic biomass due to its high 
content of lignin [25]. Such as Rabelo et al. (2014) 
reported the optimum hydrogen peroxide dosage 
was 7.36% for the pretreatment of sugarcane 
bagasse [26]. Alvarez-Vasco and Zhang (2013) 
reported the optimum hydrogen peroxide dosages 
of 4% for softwood [27]. 

 
 

3.2 Effect of temperature on sugar released in 
liquid fraction and enzymatic hydrolysis 
 
 The effect of temperatures on H2O2 
pretreatment of corncob was studied by analysis of 
the released sugars, degradation products in the 
liquid fraction and sugar released after enzymatic 
hydrolysis.  H2O2 pretreatment led to extensive 
solubilization and hydrolysis of the hemicellulose 
in the native corncob. A trend was observed of 
increasing pretreatment temperature with 
increasing sugar yield, partially pentose in the 
liquid fraction. The highest pentose yield of 52.51% 
was found at 120oC with a concentration of 5% (Fig. 
2a). Small amounts of glucose yield were observed 
(3.31% to 7.47%) in the liquid fraction. Inhibitory 
by-products (HMF and furfural) from degradation 
of the released pentose and glucose were found as a 
minor degraded product. The maximum HMF and 
furfural concentration were observed at 120oC with 
a concentration of 5% of H2O2 concentration for 1 
h in the range of 0.05-0.10 mg/l and 0.19-0.11mg/l, 
for furfural and HMF respectively. These levels of 
byproducts are not inhibitory to Saccharomyces 
cerevisiae or Candida guilliermondii, which tolerate 
HMF and furfural up to 2 mg/mL [28]. The effect 
of H2O2 pretreatment on digestibility of the 
pretreated solid was determined based on sugar 
released after enzymatic hydrolysis. The results 
showed that increasing pretreatment temperature 
from 30oC to 60oC led to increasing digestibility of 
the pretreated solids (Fig. 2b). The glucose yield 

was decreased from 86.15% to 73.07% for 
pretreatment temperature of 60oC to 120oC, which 
may be due to higher temperature resulted in an 
excessive quantity of radicals led to decrease the 
recovery of cellulose [29]. The maximum glucose 
yields were achieved at 60oC for 1 h with H2O2 
concentration of 5% after 72 h of enzymatic 
hydrolysis. These yields were 2.87 fold higher than 
the glucose yields obtained from untreated biomass. 
Pentose yield increased from 6.54% to 6.90% for 
pretreatment temperature 30oC to 60oC. A trend of 
decreasing pentose yield was observed with 
increasing pretreatment temperature from 60oC to 
120oC. Higher operations temperature led to lower 
sugar yield, probably due to solubilization of 
cellulose and hemicellulose into the liquid phase 
during H2O2 pretreatment and degradation of 
monomeric sugars to inhibitory by-products [30]. 
The pretreatment conditions of 60oC and H2O2 
concentration of 5% were selected for further 
experiments. The optimal conditions based on the 
maximized overall sugar yield and lower by-
products formulation. 

 

 
Fig. 2 Effect of pretreatment temperature on sugar 
releases into the liquid phase (a) sugar and 
inhibitory by-products in (b) sugar after enzymatic 
hydrolysis 

 
3.3 Effect of reaction time on sugar released in 
liquid fraction and enzymatic hydrolysis 
 
 In this study, the further H2O2 pretreatment 
was studied for 1, 2, and, 4 h, respectively, using 
pretreatment temperature of 60oC and H2O2 
concentration of 5%, to optimize pretreatment time. 
Pentose was detected as the main product in the 
liquid fraction. The pentose yield of 47.04-56.18% 
was obtained in after H2O2 pretreatment. The 
maximum pentose yield of 56.18% was observed at 
60oC, for 2 h with H2O2 concentration of 5% and 
decreased due to degradation of pentose to 
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inhibitory by-products for 4 h pretreatment time. 
Glucose yield of 4.03-10.82 % was released into the 
liquid fraction. Increasing of pretreatment time led 
to increasing solubilization of hemicellulose and 
cellulose from the solid. Degradation products of 
HMF and furfural were also observed in the liquid 
fraction. HMF and furfural concentration of 0.06-
0.31 mg/l and 0.12-0.35 mg/l for HMF and furfural, 
respectively, were obtained after H2O2 
pretreatment with varying pretreatment time from 
1-4 h (Fig. 3a). Increased pretreatment time 
generated higher inhibitory by-product compared 
with mild conditions. After hemicellulose 
solubilization from corncob, the remaining solid 
(mainly of cellulose) is easily hydrolyzed by 
cellulases into glucose. To evaluate the effect of 
reaction time on consequent enzymatic hydrolysis, 
the solid after pretreatment were hydrolyzed by 
cellulase of 10 FPU/g for 72 h (Fig. 3b). The 
composition of sugars in the hydrolysate, also as a 
result of the pretreatment were measured. The 
maximum glucose yield of 85.66% was obtained at 
60oC, for 2 h with 5% of H2O2 concentration. 
However, no significant (p>0.05) of glucose yield 
after enzymatic hydrolysis between pretreatment 
temperature of 2 h (85.66%) and 4 h (82.81%). In 
this work, the corncob at a solid loading of 10% 
(w/v) was pretreated under the optimized conditions 
(60oC for 2 h with 5% of H2O2 concentration) and 
the remaining insoluble fraction was separated from 
the pretreatment hydrolysate prior to enzymatic 
saccharification. A minority of the glucose was 
released into the liquid fraction, while a substantial 
fraction of hemicelluloses was present as pentoses 
in the liquid fraction. Although longer pretreatment 
time would provide more extensive delignification, 
it could also induce the destruction of cellulose and 
thereby decrease enzymatic hydrolysis efficiency 
[29]. Overall, a high glucose yield from the optimal 
condition of 85.66% from the starting corncob was 
obtained after enzymatic hydrolysis of the solid. 
 

 

 
Fig. 3 Effect of pretreatment time on sugar releases 

into the liquid phase (a) sugar and inhibitory by-
products in (b) sugar after enzymatic hydrolysis 
 
3.4 Effect of H2O2 pretreatment on structural 
properties of corncob 

Enhancement of enzymatic hydrolysis using the 
H2O2 pretreatment reported contributes to 
removing some compositional impediments and 
modifies the physicochemical structure and 
properties [30]. The changes in structural properties 
were analyzed for dries pretreated corncob using 
SEM, XRD, and BET. Changes in corncob 
microstructures pretreated under optimal condition 
were analyzed using SEM (Fig. 4). Comparison of 
the SEM images of the raw material and pretreated 
residues shows that microstructures of the 
pretreated solid are disrupted by H2O2 pretreatment 
process. The Texture of raw corncob was compact, 
which might be the wax layer commonly found in 
lignocellulosic biomass [31]. After H2O2 
pretreatment at optimal condition, cavities and 
cracks in the plant cell wall were observed in the 
pretreated solid, which reflect the removal of 
hemicellulose and modification of the surface lignin 
[32]. These structural modifications led to an 
increase in an available surface area related using 
BET analysis (Table 1). Substantial increases in 
accessible surface area from 3.7 m2/g to 8.1 m2/g 
were observed after H2O2 pretreatment. The 
accessible surface area is regarded as one of the 
most important factors affecting the effectiveness of 
enzymatic digestibility [33]. The crystallinity of the 
corncob is also considered an important factor 
influencing the efficiency of enzymatic hydrolysis. 
According to the analysis of XRD patterns (Fig. 5), 
higher CrI (63.7%) was obtained for pretreated 
samples under the H2O2 pretreatment conditions 
for highest sugar production compared with native 
corncob (56.2%). The increases in CrI were 
revealed to effects of H2O2 pretreatment on the 
removal of the amorphous hemicellulose and lignin 
fractions in the biomass, while it showed less effect 
on the disruption of the cellulose, which containing 
highly crystalline structures. Increases in biomass 
crystallinity were reported in different biomasses 
pretreated by other pretreatment technologies, e.g., 
Tamarix ramosissima pretreated under LHW 
pretreatment [34] and also other pretreatment 
processes, e.g., microwave-assisted acid 
pretreatment [35] and steam explosion [36]. 
 
Table 1 BET surface area and crystallinity index of 
untreated and pretreated at optimal condition 

 
Biomass 

Surface area 
(m2/g) 

Crystallinity 
index (%) 

Native Pretreated Native Pretreated 
Corncob 3.7 8.1 56.2 63.7 
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Fig. 4 X- Scanning electron micrographs of native 
and solid residues from pretreatment of corncob 
under optimal condition. (a) Native corncob; (b) 
pretreated corncob at 5% H2O2 concentration          
at 60oC for 2 h. 
 

 
Fig. 5 X-ray diffraction profiles of the native (-) and 
pretreated biomass (-) 
 
 
4. CONCLUSION 
 

In conclusion, alkaline hydrogen peroxide 
pretreatment of corncob has been reported in this 
study. The results showed a modification of the 
biomass structural and chemical properties of 
corncob during pretreatment reaction, which led to 
remarkable enhance in enzymatic hydrolysis of 
pretreated corncob with high sugar yields from the 
starting native corncob. Moreover, H2O2 
pretreatment has been able to effectively pretreat 
biomass, however, there are certain challengers that 
need to be addressed such as high cost of H2O2 
solution, difficulty in recycling and reuse. In this 
study shows the potential for implementation of 
alkaline hydrogen peroxide pretreatment as an 
efficient pretreatment method for corncob. 
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