
1 
 

 1 

Original Research Article  2 

 3 

Improvement of Delignification, 4 

Desilication and Cellulosic Content 5 

Availability in Paddy Straw via Physico-6 

Chemical Pretreatments 7 

 8 

 9 

ABSTRACT  10 
 11 
Aim: Paddy straw consists of cellulose and hemicellulose as their plant materials leading to their 
potential to produce bioethanol through several processes such as pretreatment, enzymatic 
hydrolysis and ethanol fermentation. Among these processes, pretreatment of paddy straw is 
particularly important for enzymatic hydrolysis process as they are being limited by the presence of 
ash and silica content. This study was set to observe the effect of different pretreatments on cellulose, 
hemicellulose, lignin and ash content of paddy straw. 
Place and Duration of Study: This study was conducted in Department of Biology, Faculty of 
Science, Universiti Putra Malaysia, between October 2015 and June 2016. 
Methodology: Pretreatments comprises the combination of physical (mechanical) and chemical 
treatments to modify the lignocellulosic structure while reduce lignin and separate silica content in 
paddy straw fibre. Paddy straw was prepared into three different sizes (2mm, 5mm and 8 mm) for 
physical treatment. Autoclave, boiled and four different concentrations (0.5%, 1%, 2% and 5% (v/v) 
and (w/v) respectively) of nitric acid and sodium hydroxide, respectively for chemical treatment were 
used on paddy straw. 
Results: Size five millimeter paddy straw showed the highest cellulose content (35.61%) compared to 
the other sizes and when the paddy pretreated with 2% (w/v) sodium hydroxide (NaOH), the 
percentage of cellulose content escalated to 72.47%. Pretreatment of 2% (w/v) NaOH have 
performed the most efficient delignification and desilication process (1.02% lignin; 5.44 ash content); 
and the performance was supported with SEM images on surface area of the paddy straw with large 
distortion caused by the treatment. 
Conclusion: Therefore, 2% (w/v) NaOH was found to be the most suitable condition to break the 
cellulose-lignin complex and make the paddy straw becomes feasible for biofuel production. 
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1. INTRODUCTION  16 
 17 
Agro-industrial wastes are deposited in landfills and burning of the residues has increased the 18 
production of greenhouse gases [1].  Over 90% worldwide production of this biomass is found in the 19 
Asia region [2]. The waste produced by industries including municipal waste, pulp and paper, 20 
agriculture, food, forestry and animal wastes is in huge amount and can potentially be treated to 21 
produce more valuable products like animal feed, chemicals and biofuels [3]. The  production  of  22 
biofuels  from  agro wastes  stand a good prospective  as  the  raw  materials do not compete with 23 
other food-source materials and they are rich in sugar and starch [4]. Rice is the most preferred food 24 
and energy source among Malaysian than any other agricultural crops [5]. Prior to consumers’ 25 
demand, recent technologies in rice production have been developed to increase its productivity. 26 
However, the increase of paddy rice production has also raised the bulks of its by-products including 27 
paddy straw. 28 
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As a lignocellulosic material, paddy straw comprises cellulose, hemicelluloses and lignin as its major 29 
component with a potential to produce bioethanol through bioconversion process of lignocellulosic 30 
biomass to fermentable sugar [6]. This has leads to the need in developing a biotechnical process 31 
using a low cost cellulolytic enzyme production that is economically feasible [7]. While it has been 32 
known that paddy straw is useful in bioethanol production, Ibrahim [8] concluded in his study that this 33 
process is limited by the existence of high ash and silica content in paddy straw, which makes it 34 
difficult for the paddy straw to be converted into ethanol. Generally, paddy straws differ from other 35 
cereal straws as they have a relatively high amount of silicon dioxide (SiO2) in their ash content but 36 
with low amount of lignin content [9]. According to Liu et al [10], the ash is made up of 75% SiO2, 3% 37 
P2O5, 1.5% CaO, 2% Fe2O3, 10% K2O and small portions of Na, Mg, and S. Silicon has played many 38 
significant roles for paddy such as grain yield, phenolic synthesis, as well as serving as the shield for 39 
plant cell wall [9]. Nevertheless, silicon has become a limiting factor in paddy straw pretreatment for 40 
enzymatic digestion. 41 

The structure of cellulose and hemicellulose is heavily packed with layers of lignin to protect them 42 
against enzymatic hydrolysis [11]. Lignin, on the other hand, is an aromatic biopolymer with an 43 
integral cell wall component in all vascular plants built up by the oxidative coupling of three-major C6-44 
C3 (phenypropanoid), forming a randomized assembly in a tri-dimensional system inside the cell wall 45 
[12,13]. Lignin acts as a matrix for the cellulose microfibrials made up by polymer chains, which 46 
contain tightly packed and crystalline regions [14].The hydrogen bond between polysaccharides and 47 
adhesion of lignin to the polysaccharides has caused them to be insoluble in water and partially 48 
soluble in organic solvent.  49 

The complex structure of a cell wall makes it hard for paddy straw to be digested using anaerobic 50 
microorganisms, resulting in low digestion rate for biogas production [15]. The main problem in the 51 
consumption of lignocellulosic biomass is the disruption of complex matrix of polymers; liberating the 52 
monosaccharides and improvement of pretreatment methods to maximize the material digestibility for 53 
the following enzymatic hydrolysis [16].  Pretreatment process is consequently crucial to remove 54 
lignin, silica, reduce cellulose crystallinity, and to maximize the accessible surface area of materials 55 
[17].  56 

Pretreatment, or other known as the delignification, is a process that usually involves physical, 57 
physiochemical, chemical and thermal methods, as well as the combination of these method to break 58 
the lignin layers of protection that limit the accessibility of enzymes to celluloses and hemicelluloses. 59 
According to Zhu et al [18], many pretreatment techniques have been developed to improve this 60 
conversion process. The effectiveness of a pretreatment technique has been defined as the ability to 61 
rupture the matrix of cell-wall that includes the connectivity between lignin and carbohydrates, along 62 
with depolymerizing and solubilizing hemicellulose polymers [19]. Among these techniques, 63 
pretreatment is believed to be predominantly important, considering the difficulties of lignocellulosic 64 
structure for enzymatic hydrolysis as well as one of the most expensive processing steps over the 65 
whole conversion process [20]. Hence, this study attempts to determine the effectiveness of various 66 
physical and chemical pretreatments used to increase the accessibility to the cellulose and 67 
hemicellulose content in paddy straw by reducing the lignin shield and separating the silica that 68 
encloses the monosaccharide 69 
 70 
2. MATERIAL AND METHODS  71 
 72 
2.1 Substrate Preparation 73 

Paddy straw was washed to remove the undesired particles, sundried and kept in a dry container. 74 
Extractives were removed by Soxhlet extraction for 2 hours using toluene-ethanol (2:1) mixed solvent 75 
[21]. 76 

2.2 Pretreatment of Paddy Straw 77 

Combination of physical and chemical pre-treatments was carried out on the paddy straw. The 78 
physical treatment includes grinding the paddy straw in hammer mill to several mesh sizes (8 mm, 5 79 
mm and 2 mm). All grinded paddy straws were treated in treatment listed in Table 1, respectively. All 80 
pretreated paddy straws were washed with distilled water until their pH values reach at almost neutral 81 
before being dried in an oven at 60 °C until reaching a constant weight.  82 
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Table 1. Pretreatments on paddy straw. 83 

Pre-treatments Conditions 

Control (Untreated) No treatment given 

Autoclaved Autoclaved (121°C ± 0.5; 15 minutes) 

Boil Soaked in boiled water (100°C ± 0.5) for 4 hours at room temperature (RT); 
autoclaved (121°C ± 0.5; 15 minutes) 

0.5% (v/v) HNO3 Soaked in 0.5% (v/v)  HNO3 (room temperature; 4 hours); autoclaved 
(121°C ± 0.5;15 minutes) 

1.0% (v/v) HNO3 Soaked in 1.0% (v/v)  HNO3 (room temperature; 4 hours); autoclaved 
(121°C ± 0.5;15 minutes) 

2.0% (v/v) HNO3 Soaked in 2.0% (v/v) HNO3 (room temperature; 4 hours); autoclaved (121°C 
± 0.5;15 minutes) 

5.0% (v/v) HNO3 Soaked in 5.0% (v/v) HNO3 (room temperature; 4 hours); autoclaved (121°C 
± 0.5;15 minutes) 

0.5% (w/v) NaOH Soaked in 0.5% (w/v) NaOH (room temperature; 4 hours); autoclaved 
(121°C ± 0.5;15 minutes) 

1.0% (w/v) NaOH Soaked in 1.0% (w/v) NaOH (room temperature; 4 hours); autoclaved 
(121°C ± 0.5;15 minutes) 

2.0% (w/v) NaOH Soaked in 2.0% (w/v) NaOH (room temperature; 4 hours); autoclaved 
(121°C ± 0.5;15 minutes) 

5.0% (w/v) NaOH Soaked in 5.0% (w/v) NaOH (room temperature; 4 hours); autoclaved 
(121°C ± 0.5;15 minutes) 

 84 

2.3 Determination of cellulose and hemicellulose content availability percentages 85 

The percentage of cellulose and hemicellulose content was determined and calculated adopting the 86 
method proposed by Han and Rowell [21]. The calculations involved expressed data on loss of dry 87 
matter and dry matter basis that occurs in processing steps. 88 

2.4 Determination of lignin content  89 

The lignin content of paddy straw was determined by using Acid-Detergent Lignin (ADL) procedure. 90 
The process requires preparation of Acid-Detergent Fiber (ADF) before carrying out the ADL process 91 
and the calculations were carried out based on the amount of loss upon ignition at 500 ± 25 ºC after 92 
being treated with 72% (v/v) sulfuric acid (H2SO4) for 3 hours [22]. 93 

2.5 Determination of ash content 94 

The percentage of ash content was determined and calculated from the method by Han and Rowell 95 
[21]. The fibers were weighed and burned over a low flame of Bunsen burner until well and fully 96 
carbonized. The fibers were ignited in the furnace at 575 ± 25 ºC for 3 hours. The calculations were 97 
based on moisture-free weight of the fibre. 98 

99 
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2.6 Physical observation using Scanning Electron Microscope (SEM) 100 

The SEM viewing of untreated (control) and pretreated (2% (w/v) NaOH and 0.5% (v/v) HNO3) paddy 101 
straws was done in Microscopy Unit at the Institute of Bioscience, Universiti Putra Malaysia using 102 
Phillips XL30 SEM. For SEM viewing, the paddy straw was oven dried at 60 °C for 24 hours [23]. The 103 
images were then viewed and observed using SEM at 1.0 K magnification. 104 

3. RESULTS AND DISCUSSION 105 
 106 
The main approach used to improve enzymatic hydrolysis is by removing lignin and silica while 107 
increasing the cellulosic accessible surface area [24]. In this study, the percentages of cellulose, 108 
hemicellulose, lignin and ash content were used as parameters to measure the effectiveness of 109 
physical and chemical pretreatment of paddy straw. Theoretically, pretreatment could further enhance 110 
the delignification and desilication processes on lignocellulosic material [25]. Therefore, both cellulose 111 
and hemicellulose will be exposed for further saccharification by selected conversion agent. 112 

3.1 Physical pre-treatments  113 

Lignocellulosic materials contain two types of surface area, which are internal and external. In order to 114 
increase the external surface area, the size particle of paddy straw was reduced. Thus, three different 115 
fiber sizes were chosen (2 mm, 5 mm and 8 mm) to demonstrate the effect of physical pretreatment 116 
on paddy straw by comparing the delignification of fiber in each treatment.  117 

The best size of paddy straw with highest cellulosic composition (35.61% cellulose; 26.96% 118 
hemicellulose) and accessibility was displayed by 5 mm with lowest amount of lignin, 10.79%. Paddy 119 
straw size 8 mm showed second best physical pretreatment by producing an amount of 34.64% of 120 
cellulose. However, the percentage of lignin in 8 mm slightly went up to 10.92%. The 2 mm paddy 121 
straw has failed to indicate better result in which they were only able to produce 33.55% cellulose and 122 
significantly high lignin percentage (12.14%) compared to the percentage of cellulose and lignin 123 
produced by 5 mm and 8 mm (Table 2).  Paddy straw with size 2 mm also displayed the highest 124 
amount of ash content and lignin; 12.14% and 13.68% respectively. This further suggests that there is 125 
a limit in substrate’s size in achieving optimum delignification.  126 

Table 2. Percentage of lignocellulosic composition of untreated paddy straw fibres for all sizes 127 

Size Ash Content (%) Cellulose (%) Hemicellulose (%) Lignin (%) 

2 mm 13.68±0.97a 33.55±0.71b 20.09±0.25b 12.14±0.16a 

5 mm 12.17±0.44b 35.61±0.80a 26.96±3.31a 10.79±0.27b 

8 mm 11.52±0.34c 34.64±0.39ab 21.85±1.50ab 10.92±0.28b 

Values are means of three replicates with ±SD. 128 
*Means in each column with same superscript letter are not significantly different amongst themselves when 129 
Tukey test were used at 5% significance level 130 
 131 
Reducing the particle size of paddy straw by grinding is expected to assist the delignification process 132 
by facilitating heat and mass transfer in enzymatic hydrolysis [20]. Hypothetically, reduction in paddy 133 
straw particle size would give a higher surface volume ration, delignification and enhanced enzyme 134 
accessibility for hydrolyzation, thus increases the availability of lignocellulosic compound [26, 27].  135 
However, the size of 2 mm may impose negative effects since very fine particles prefer to form 136 
clumps during the following steps involving liquid, causing a channeling effect [28]. Channeling is a 137 
process that limits the path of a charged particle in a crystalline solid [29]. On the other hand, 8 mm 138 
paddy straw may have a low surface area and poor in eliminating mass and has a difficulty in 139 
transferring heat during hydrolysis reactions, thus leading to a less effectiveness in delignification and 140 
lignocellulosic availability.   141 
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Size 5 mm may have the traits to maximize the availability of specific surface area and reduce the 142 
degree of polymerization (DP) by accompanying the formation of more cellulose ends available to the 143 
exoglucanase [25, 30]; as they were able to exposed highest of cellulose availability (35.61%). The 144 
particle size also plays important role in determining the power requirement for mechanical 145 
comminution (a reduction process of raw materials from one particle size to a smaller). A study 146 
proposes if particle size held to the range of 3-6 mm, the energy input for comminution can be kept 147 
below 30 kWh per ton of biomass [31]. Too small, less than 3 mm, requires more energy inputs in 148 
substrate preparation. Not only size 5 mm was able to produce the highest amount of cellulose 149 
among other sizes, the study also strongly suggests that medium size requires lower energy inputs; 150 
thus, making the whole conversion process becomes more cost-effective. 151 

3.2 Pretreatments with different concentration of acid and alkali 152 

Physico-chemical pretreatment were referred as a combination of physical and chemical pre-153 
treatments. In this study, the combination of both pretreatment was carried out to enhance the 154 
lignocellulosic material availability for bioconversion process in later stages (Table 1). Autoclaved at 155 
121 ± 5 ºC for 20 minutes has showed improved amount of cellulose content from untreated paddy 156 
straw of size 5 mm; increased to 46.52% from initial percentage of untreated paddy which is 35.61%. 157 
This treatment also has encouraged the delignification process by dropping to 9.66% from 10.79% of 158 
untreated paddy straw. In order to further investigate the effectiveness of autoclave treatment, 159 
combination of boiled water were tested and result shows boiled water has promotes larger 160 
delignification and desilication process (8.46% lignin; 9.44% ash content) but no further improvement 161 
of cellulose content from only autoclave treatment.  162 

A combination of physical and chemical pre-treatments of paddy straw with size 5 mm treated with 163 
various concentrations of acid and alkali pretreatments were carried out (Table 3). The best 164 
pretreatment were based on the lignocellulosic composition of the paddy straw. Pretreatment of 2% 165 
(w/v) NaOH (4 hour) has shown 2 folds of cellulose content and almost 90.54% reduction of lignin 166 
from 35.61% to 72.47% and 1.02% from 10.79% compared to untreated paddy straw, respectively. 167 
The percentage of hemicellulose has also been reduced from 26.96% to 19.42% when pretreated 168 
with 2% (w/v) NaOH compared to untreated paddy straw. The pretreatment with NaOH with other 169 
agro waste such as wheat straw results in slight degradation of hemicellulose, whereas the contents 170 
of lignin after alkali pretreatment were particularly low (121 °C, 4% NaOH, 2.2%), indicating that 171 
alkaline solutions efficiently remove lignin by breaking ester bonds, thereby increasing the porosity of 172 
biomass [32]. A study by Harun and Geok [33] was only managed to achieve the highest 173 
delignification of 79.6% using more concentrated alkali (12% (w/v) NaOH for 1 hour). Aside from their 174 
high efficiency, pretreatment with dilute concentration of alkali was preferred due to their economic 175 
feasibility and the residual of alkali on the substrate that can be easily removed compared to a more 176 
concentrated alkali. The determination of ash content is vital as the quality of ash determines the total 177 
amount of recoverable silica due to it is the largest constituent in the ash. This would be particularly 178 
useful in the case of paddy, which the material is initially considered unsuitable for a biofuel feedstock 179 
as they contain high percentage of silica [34]. However, with the pretreatment of 2% (w/v) NaOH, the 180 
content of ash has been reduced to 5.44% compared to the percentage of ash content in untreated 181 
paddy straw of 12.17% 182 

 183 

. 184 
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Table 3. Percentage of lignocellulosic composition of 5mm paddy straw fibres after treated with different pretreatment. 185 

Treatment Ash Content (%) Cellulose (%) Hemicellulose (%) Lignin (%) 

Untreated 12.17±0.44d 35.61±0.80d 26.96±3.31bcd 10.79±0.27de 

Autoclaved without chemical treatment 12.99±0.74cd 46.52±1.91c 20.47±2.94cde 9.66±0.30ef 

Boil with autoclaving 9.44±2.23e 43.97±0.45c 28.90±2.37bc 8.46±1.23f 

Acidic treatment with autoclaving     

0.5% (v/v) HNO3 13.33±1.11cd 60.72±1.08b 10.79±5.25f 12.68±0.08c 

1.0% (v/v) HNO3 15.11±0.79bc 58.09±0.43b 16.50±3.85ef 12.90±0.43c 

2.0%(v/v)  HNO3 16.03±0.11b 46.10±4.09c 28.73±3.12bc 15.43±1.04b 

5.0% (v/v) HNO3 18.99±1.57a 44.83±2.69c 39.48±3.33a 18.66±0.40a 

Alkaline treatment with autoclaving     

0.5% (w/v)  NaOH 13.74±0.69bcd 58.57±0.38b 17.47±2.27ef 11.55±0.50cd 

1.0% (w/v) NaOH 7.22±0.25ef 46.42±0.16b 34.16±0.28ab 2.38±0.27g 

2.0% (w/v)  NaOH 5.44±2.87f 72.47±2.06a 19.42±2.14de 1.02±0.09g 

5.0% (w/v) NaOH 7.09±6.88ef 48.32±2.05c 23.20±4.05cde 1.45±0.13g 

Values are means of three replicates with ±SD. 186 
*Means in each column with same superscript letter are not significantly different amongst themselves when Tukey test were used at 5% significance level.187 
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The second best pretreatment in this study was 0.5% (v/v) HNO3. The composition of cellulose obtained 188 
was 60.72%; which is behind 2% (w/v) NaOH by 11.75%. The percentage of hemicellulose composition 189 
has been reduced significantly to only 10.79%; with a total of loss of 59.97%, making this pretreatment as 190 
the lowest producers of hemicellulose. For bioethanol production, removal of hemicellulose in initial stage 191 
is important to reduce structural constrains for further enzymatic cellulose hydrolysis [35]. Despite the 192 
increased percentage of cellulose in dilute acid pretreatment, the treatments failed to reduce the amount 193 
of lignin and ash content in the paddy straw. The values rose higher than the percentage of untreated 194 
paddy straw.  195 

Out of all various concentration of acid pretreatment were used, the least effective concentration of HNO3 196 
was 5% (v/v); which only produced 44.83% cellulose. The percentage of cellulose decreases as the 197 
concentration of acid becomes higher. This pattern can also be seen in the percentage of lignin and ash 198 
content of the treatment; both of the parameter increases as the concentration of the treatment exposed 199 
to the paddy straw become more concentrated.  200 

In this study, a combination of physical, autoclaved (by means of steaming without explosion) and 201 
chemical pretreatment were used to heighten up to their possible maximum capacity in degrading the 202 
cellulosic materials of paddy straw. Steaming with or without explosion (autohydrolysis) is known to their 203 
function in removing hemicellulose and helps to elevate the mean pore size of the substrate for the 204 
probability of the cellulose to become hydrolyzed [36, 37]. This process is totally different from steam 205 
explosion. Steam explosion seems to be suitable for hardwoods, but become limited for softwoods that 206 
contain a comparatively large amount of condensed-type lignin [38]. There are some limitations of steam 207 
explosion which includes the incomplete disruption of the lignin–carbohydrate matrix [39].The autoclave 208 
pretreatment has successfully displayed their efficiency in increasing the accessibility of cellulose up to 209 
46.52%; with an increment of 10.91% from untreated paddy straw. Meanwhile, boiled or liquid hot water 210 
(LHW) pretreatment does improved delignification and disilication process but failed to improve the 211 
cellulose availability. This event occurred as water under high pressure penetrate into the biomass to 212 
hydrate the cellulose but somehow causing the removal of hemicellulose and part of the lignin [24].  213 

Dilute nitric acid (HNO3) and sodium hydroxide (NaOH) were used at various concentrations to observe 214 
the effectiveness of the treatments in removing ash and lignin content in order to enhance the 215 
accessibility towards cellulose and hemicellulose of the paddy straw.  Dilute acid pre-treatments, HNO3 216 
were chosen over other acid treatments such as sulfuric acid (H2SO4) and hydrochloric acid (HCl) due to 217 
their ability to produce highest glucose content and good in cellulose-to-sugar conversion process [40]. 218 
According to Kumar and Sharma [41], the most common alkali pretreatments are using hydroxyl 219 
derivatives of sodium, potassium, calcium, and ammonium salts. The selection of NaOH were based on 220 
the report by Vaccarino et al [42], in which the effects of SO2, Na2CO3, and NaOH pretreatments were 221 
tested on the enzymatic digestibility of grape marc and found out the greatest degrading effects were 222 
obtained by pretreatment with 1% (w/v) NaOH solution.  223 

In this study, the best pretreatment of paddy straw with size 5 mm was by 2% (w/v) NaOH. The 224 
mechanism of dilute NaOH pretreatment works by rupturing the structural linkages between lignin and 225 
carbohydrates of hemicelluloses, leading to a decrease in the lignin polymerization degree, a decrease in 226 
cellulose crystallinity, and a separation of the hemicellulose sugars [43]. The effectiveness of 2% (w/v) 227 
NaOH has been reported by Rahnama et al [44], where higher enzymatic hydrolysis and glucose were 228 
detected with the use of substrate pretreated with 2% (w/v) NaOH compared to higher NaOH 229 
concentration.  Concentration more than 2% (w/v) could cause loss of carbohydrate through solubilization 230 
while the substrate was being pretreated. This explains why pretreatment of 5% (w/v) NaOH becomes 231 
less effective in exposing cellulosic materials as the percentage of cellulose dropped to 48.32%.  232 

Acid pretreatment is known for their ability to remove hemicellulose efficiently from straws to provide high 233 
yields of fermentable sugars and have been used as parts of overall processes in fractionating the 234 
components of lignocellulosic biomass [45]. However, the concentration of the acid influenced their 235 
efficiency as the percentage of hemicellulose increases along with the amount of acid concentration.  The 236 
acid concentration of more than 0.5% (v/v) showed increased percentage of lignin and ash content 237 
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compared to the percentage of the untreated paddy straw; as the structure of lignin changes due 238 
undesirable reaction of the simultaneous depolymerization and repolymerization of lignin during acid-239 
catalyzed treatment of biomass [46, 47]. However in the context of ash, more than 100% was detected 240 
where the apparent increased of silicon content may due to the mechanism of  HNO3 in removing organic 241 
and inorganic (non-silicon) components in paddy straw during soaking process, thus resulting the sample 242 
weigh more than 50% of control samples [48]. In some cases, the pretreatment of HNO3 also involved in 243 
the leaching process instead of dissolution of SiO2 in which they are significantly better at removing 244 
impurities, carbon and obtained high purity of silica with 99% and more [49].According to Brodeur et al 245 
[50], another drawback of acid pretreatment is the production of fermentation inhibitors like furfural and 246 
hydroxymethyl furfural (HMF) that reduces the effectiveness of the pretreatment method and further 247 
processes.  248 

3.3 SEM images of cell wall structure of paddy straw 249 

Physico-chemical pretreatments with various concentrations of HNO3 and NaOH has significantly 250 
increased the cellulose and hemicellulose content and reduced the lignin. Figure 1 depicts the impact of 251 
acid and alkali in pretreatment where the surface structure of untreated paddy straw was densely packed 252 
(Fig. 1a) compared to rough surface of pre-treated paddy straw (Fig.1b & 1c). 253 

This rough surface is an evidence of cellulose crystallization resulted from the breakdown of 254 
hemicellulose, lignin and ash by hydrolyzing uronic acid and acetic esters and also by the swollen 255 
cellulose layer [51, 28]. The initial structure of untreated paddy straw (size 5 mm) is coarse and brown in 256 
color, but after been treated with 2% (w/v) NaOH, the structure become softer and green in color.Dilute 257 
alkali treatments reduce the recalcitrant nature of lignocellulosic biomass by digesting cellulose fibers and 258 
maximize the cellulose accessibility [52].According to Zhang and Cai [53], pretreatment with 2% (w/v) 259 
NaOH on paddy straw has caused the microfibril separated from the initial connected structure (Fig. 1a) 260 
and fully exposed, causing the increment in the external surface area and the porosity of the rice straw. In 261 
comparison to acid pre-treatment, alkali pretreatment has caused a larger surface area of distortion, 262 
which further increased the accessibility towards cellulose and hemicellulose. 263 

264 
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 265 

             266 

   (a)            (b) 267 

 268 

(c) 269 

Fig. 1: Scanning electron micrographs of 5mm paddy straw fibres. (a) Untreated (b) Treated with 270 
2% (w/v) sodium hydroxide (NaOH)  (c) Treated with 0.5% (v/v) nitric acid (HNO3) 271 
 272 
 273 
4. CONCLUSION 274 
 275 
Based on the percentage of lignocellulosic composition and ash content analysis, a physico-chemical pre-276 
treatment of size 5 mm and 2% (w/v) NaOH was chosen as the best pretreatment for paddy straw since it 277 
exhibits the highest cellulose percentage which is 35.61% and 72.47%, respectively; due to their ability to 278 
performed desilication and delignification efficiently (5.44% ash content; 1.02% lignin). The performance 279 
of 2% (w/v) NaOH was supported by SEM images on surface structure of paddy straw.  280 

 281 
REFERENCES 282 
 283 

1. Abu Qdais H, Al-Widyan M. Evaluating composting and co-composting kinetics of various agro-284 
industrial wastes. Int. J. Recycl. Org. Waste Agricult. 2016; 5(3):273–280. doi: 10.1007/s40093-285 
016-0137-3 286 

2. Hsu TC, Guo GL, Chen WH, Hwang WS. Effect of dilute acid pretreatment of rice straw on 287 
structural properties and enzymatic hydrolysis. Bioresour. Technol. 2010; 101(13): 4907–4913. 288 
doi: 10.1016/j.biortech.2009.10.009 289 

3. Dashtban M, Schraft H, Qin W. Fungal bioconversion of lignocellulosic residues; opportunities & 290 
perspectives. Int. J. Biol. Sci. 2009;5(6):578-595. doi: 10.7150/ijbs.5.578 291 



10 
 

4. Ruriani E, Sunarti TC, Meryandini A. 2012. Yeast isolation for bioethanol. Hayati J. Biosci. 2012; 292 
19(3): 145-149. doi: 10.4308/hjb.19.3.145 293 

5. Vaghefi N, Shamsudin MN, Makmom A, Bagheri M. The economic impacts of climate change on 294 
the rice production in Malaysia. Int. J. Agric. Res. 2011; 6(1): 67-74. doi: 10.3923/ijar.2011.67.74 295 

6. Pointing SB. Qualitative methods for the determination of lignocellulolytic enzyme production by 296 
tropical fungi. Fungal Diversity. 1999; 2: 17-33.  297 

7. Shimokawa T, Shibuya H, Ishihara M, Yamaguchi M, Ota Y, Miyazaki K, Ikeda T, Magara K, 298 
Nojiri M. Screening of lignocellulolytic enzyme producers: enzyme system from Aspergillus 299 
Tubingensis for hydrolysis of sugi pulp. Bull. FFPRI. 2012; 11(2): 58-64.  300 

8. Ibrahim HA. Pretreatment of straw for bioethanol production. Energy Procedia. 2012; 14: 542 – 301 
551. doi: 10.1016/j.egypro.2011.12.973 302 

9. Van Soest PJ. Rice straw, the role of silica and treatments to improve quality. Anim. Feed Sci. 303 
Technol. 2006; 130(3-4): 137–171. doi: 10.1016/j.anifeedsci.2006.01.023 304 

10. Liu Z, Xu A, Zhao T. Energy from combustion of rice straw: status and challenges to China. 305 
Energy Power Eng. 2011; 3(3): 325-331. doi: 10.4236/epe.2011.33040 306 

11. Binod P, Sindhu R, Singhania RR, Vikram S, Devi L, Nagalakshmi S, Kurien N, Sukumaran RK, 307 
Pandey A. Bioethanol production from rice straw: an overview. Bioresour. Technol. 2010; 308 
101(13): 4767–4774. doi: 10.1016/j.biortech.2009.10.079 309 

12. Ämmälahti E, Brunow G, Bardet M, Robert D, Kilpeläinen  I. Identification of side-chain structures 310 
in a poplar lignin using three-dimensional HMQC-HOHAHA NMR spectroscopy. J. Agric. Food 311 
Chem. 1998; 46(12):5113–5117. doi: 0021-8561(199812)46:12<5113:IOSSIA>2.0.ZU;2-F 312 

13. Xiao B, Sun SF, Sun RC. Chemical, structural, and thermal characterizations of alkali-soluble 313 
lignins and hemicelluloses, and cellulose from maize stems, rye straw, and rice straw. Polym. 314 
Degrad. Stability. 2001; 74(2): 307–319. doi: 10.1016/S0141-3910(01)00163-X 315 

14. Ghaffar SH, Fan M. Structural analysis for lignin characteristics in biomass straw. Biomass 316 
Bioenergy. 2013; 57: 264-279. doi: 10.1016/j.biombioe.2013.07.015 317 

15. He Y, Pang Y, Liu Y, Li  X, Wang K. Physicochemical characterization of rice straw pretreated 318 
with sodium hydroxide in the solid state for enhancing biogas production. Energy Fuels. 2008; 319 
22(4): 2775–2781. doi: 10.1021/ef8000967 320 

16. Ma H, Liu WW, Chen X, Wu YJ, Yu ZL. Enhanced enzymatic saccharification of rice straw by 321 
microwave pretreatment. Bioresour. Technol. 2009; 100(3): 1279–1284. doi: 322 
10.1016/j.biortech.2008.08.045 323 

17. Karimi K, Emitiazi G, Taherzadeh MJ. Ethanol production from dilute-acid pretreated rice straw by 324 
simultaneous saccharification and fermentation with Mucor indicus, Rhizopus oryzae, and 325 
Saccharomyces cerevisiae. Enzyme Microb. Technol. 2006; 40(1):138–144. doi: 326 
10.1016/j.enzmictec.2005.10.046 327 

18. Zhu S, Wu Y, Yu Z, Wang C, Yu  F, Jin S, Ding Y, Chi R, Liao J, Zhang Y. Comparison of three 328 
microwave/chemical pretreatment processes for enzymatic hydrolysis of rice straw. Biosyst. Eng. 329 
2006; 93(3): 279–283. doi: 10.1016/j.biosystemseng.2005.11.013 330 

19. Ramos LP.The chemistry involved in the steam treatment of lignocellulosic materials. Quim Nova. 331 
2003; 26(6): 863-871. doi: 10.1590/S0100-40422003000600015 332 

20. Wati L, Kumari S, Kundu BS. Paddy straw as substrate for ethanol production. Indian J. Microbiol. 333 
2007; 47(1): 26-29. doi: 10.1007/s12088-007-0005-y 334 

21. Han JS, Rowell JS. Chemical composition of fibers. In Rowell RM, Young RA, Rowell JK (eds). 335 
Paper and Composites from Agro-Based Resources. CRC Press Inc; United States of America; 336 
1997.  337 

22. Goering HK, Van Soest PJ. Forage fiber analysis (apparatus, reagents, procedures, and some 338 
applications). In Goering HK, Van Soest PJ (eds). Agriculture Handbook No. 379. USDA-ARS; 339 
Washington DC; 1970. 340 

23. Phutela UG, Sahni N. Microscopic structural changes in paddy straw pretreated with Trichoderma 341 
reesei MTCC 164 and Coriolus versicolor MTCC 138. Indian J. Microbiol. 2013; 53(2): 227–231. 342 
doi: 10.1007/s12088-012-0321-8 343 

24. Taherzadeh MJ, Karimi K. Pretreatment of lignocellulosic wastes to improve ethanol and biogas 344 
production: a review. Int. J. Mol. Sci. 2008; 9(9): 1621-1651. doi: 10.3390/ijms9091621 345 



11 
 

25. Mosier N, Wyman C, Dale B, Elander R, Lee YY, Holtzapple M, Ladisch M. Features of promising 346 
technologies for pretreatment of lignocellulosic biomass. Bioresour. Technol. 2005; 96(6): 673-347 
686. doi: 10.1016/j.biortech.2004.06.025 348 

26. Wen Z, Liao W, Chen S. Production of cellulase/ß-glucosidase by mixed fungi culture 349 
Trichoderma Reesei and Aspergillus Phoenicis on dairy manure. Process Biochem. 2005; 40(9): 350 
3087-3094. doi: 10.1016/j.procbio.2005.03.044 351 

27. Gude VG. Microwave pretreatment of feedstock for bioethanol production. In Gude VG (eds). 352 
Microwave-mediated biofuel production. CRC Press; United States of America; 2017. 353 

28. Sarkar NS, Ghosh SK, Bannerjee S, Aikat K. Bioethanol production from agricultural wastes: an 354 
overview. Renew Energy. 2012; 37(1): 19-27. doi: 10.1016/j.renene.2011.06.045 355 

29. Robinson MT, Oen OS. The channeling of energetic atoms in crystal lattice. Appl. Phys. Lett. 356 
1963; 2(2): 30-32. doi: 10.1063/1.1753757 357 

30. Karimi K, Taherzadeh MJ. A critical review on analysis in pretreatment of lignocelluloses: Degree 358 
of polymerization, adsorption/desorption, and accessibility. Bioresour. Technol. 2016; 203: 348 – 359 
356. doi: 10.1016/j.biortech.2015.12.035 360 

31. Kumar P, Barrett DM, Delwiche MJ, Stroeve P.  Methods for pretreatment of lignocellulosic 361 
biomass for efficient hydrolysis and biofuel production. Ind. Eng. Chem. Res. 2009; 48 (8): 3713–362 
3729. doi: 10.1021/ie801542g 363 

32. Zheng Q, Zhou T, Wang Y, Cao X, Wu S, Zhao M, Wang H, Xu M, Zheng B, Zheng J, Guan X. 364 
Pretreatment of wheat straw leads to structural changes and improved enzymatic hydrolysis. 365 
2018; 8: 1321. doi: 10.1038/s41598-018-19517-5 366 

33. Harun S, Geok SK. Effect of sodium hydroxide pretreatment on rice straw composition. Ind. J. 367 
Sci. Tech. 2016; 9(21): 1-9. doi: 10.17485/ijst/2016/v9i21/95245 368 

34. Sorek N, Yeats TH, Szemenyei H, Youngs H, Somerville CR. The implications of lignocellulosic 369 
biomass chemical composition for the production of advanced biofuels. BioScience. 2014; 64(3): 370 
192 – 201. doi: 10.1093/biosci/bit037 371 

35. Gírio FM, Fonseca C, Carvalheiro F, Duarte LC, Marques S, Bogel-Lukasik R. Hemicelluloses for 372 
fuel ethanol: a review. Bioresour. Technol. 2010; 101(13): 4775 – 4800. doi: 373 
10.1016/j.biortech.2010.01.088 374 

36. Chandra RP, Bura R, Mabee WE, Berlin A, Pan X, Saddler JN.  Substrate pretreatment: the key 375 
to effective enzymatic hydrolysis of lignocellulosics? Adv. Biochem. Eng. Biotechnol. 2007; 108: 376 
67–93. doi: 10.1007/10_2007_064 377 

37. Alvira P, Tomás-Pejó M, Ballesteros M, Neggo MJ. Pretreatment technologies for an efficient 378 
bioethanol production process based on enzymatic hydrolysis: a review. Bioresour. Technol. 379 
2009; 101: 4851- 4861. doi: :10.1016/j.biortech.2009.11.093 380 

38. Asada C, Sasaki C, Uto Y, Sakafuji J, Nakamura Y. Effect of steam explosion pretreatment with 381 
ultra-high temperature and pressure on effective utilization of softwood biomass. Biochem. Eng. 382 
J. 2012; 60: 25-29. doi: 10.1016/j.bej.2011.09.013 383 

39. Chiaramonti D, Prussi M, Ferrero S, Oriani L, Ottonello P, Torre P, Cherchi F. Review of 384 
pretreatment processes for lignocellulosic ethanol production, and development of an innovative 385 
method. Biomass Bioenergy. 2012; 46: 25-25. doi: doi.org/10.1016/j.biombioe.2012.04.020 386 

40. Bensah ED, Mensah M. Chemical pretreatment methods for the production of cellulosic ethanol: 387 
technologies and innovations. Int. J. Chem. Eng. 2013; 1-21. doi: 10.1155/2013/719607 388 

41. Kumar AK, Sharma S.  Recent updates on different methods of pretreatment of lignocellulosic 389 
feedstocks: a review. Bioresour. Bioprocess. 2017; 4:7. doi: 10.1186/s40643-017-0137-9 390 

42. Vaccarino C, Lo Curto RB, Tripodo MM, Bellocco E, Laganfi G, Patan R. Effect of SO2, NaOH 391 
and Na2CO3 pretreatments on the degradability and cellulase digestibility of grape marc. Biol. 392 
Waste. 1987; 20:79–88.  393 

43. Woiciechowski AL, Karp SG, Sobral K, De Carvalho JC, Letti LAJ, Soccol VT, Soccol CR.  394 
Pretreatment strategies to enhance value addition of agro-industrial wastes. In: Brar S, Dhillon G, 395 
Soccol C (eds) Biotransformation of waste biomass into high value biochemicals. Springer; New 396 
York; 2014. doi: 10.1007/978-1-4614-8005-1_2 397 

44. Rahnama N, Foo HL, Abdul Rahman NA, Ariff A, Md Shah UK. Saccharification of rice straw by 398 
cellulase from a local Trichoderma harzianum SNRS3 for biobutanol production. BMC Biotechnol. 399 
2014; 14:103. doi: 10.1186/s12896-014-0103-y 400 



12 
 

45. Zhang YHP, Ding SY, Mielenz JR, Cui JB, Elander RT, Laser M, Himmel ME, McMillan JR, Lynd 401 
LR. Fractionating recalcitrant lignocellulose at modest reaction conditions. Biotechnol. Bioeng. 402 
2007; 97: 214–223. doi:10.1002/bit.21386 403 

46. Li J, Henriksson G, Gellerstedt G. Lignin depolymerization/repolymerization and its critical role for 404 
delignication of aspen wood by steam explosion. Bioresour. Technol. 2006; 98 (16):3061-3068. 405 
doi: 10.1016/j.biortech.2006.10.018 406 

47. Ko JK, Kim Y, Ximenes E, Ladisch MR. Effect of liquid hot water pretreatment severity on 407 
properties of hardwood lignin and enzymatic hydrolysis of cellulose. Biotechnol. Bioeng.  2015; 408 
112(2): 252-262. doi: 10.1002/bit.25349 409 

48. Inglesby MK, Wood DF, Gray GM. Effect of chemical fractionation treatments on silicon dioxide 410 
content and distribution in Oryza sativa. In Stokke D D, Groom L H (eds). Characterization of the 411 
cellulosic cell wall. Blackwell Publishing; Ames, IA; 2006. 412 

49. Junko U, Kutsuyoshi K. Process optimization to prepare high-purity amorphous silica from rice 413 
husks via citric acid leaching treatment. Trans. JWRI. 2008; 37(1): 13-17. doi: 414 
11094/6542/1/jwri37_01_013 415 

50. Brodeur G, Yau E, Badal K, Collier J, Ramachandran KB, Ramakrishnan S. Chemical and 416 
physicochemical pretreatment of lignocellulosic biomass: a review. Enzyme Research. 2011; 1-417 
17. doi: 10.4061/2011/787532 418 

51. Carrasco F. Fundamentos del fraccionamiento de la biomasa. Afinidad. 1989; 46(423): 425-429. 419 
doi: 0001-9704 420 

52. Kshirsagar SD, Waghmare PR, Loni PC, Patil SA, Govindwar SP. Dilute acid pretreatment of rice 421 
straw, structural characterization and optimization of enzymatic hydrolysis conditions by response 422 
surface methodology. RSC Adv. 2015; 5: 46525–46533. doi: 10.1039/C5RA04430H 423 

53. Zhang QZ, Cai WM. Enzymatic hydrolysis of alkali-pretreated rice straw by Trichoderma reesei 424 
ZM4-F3. Biomass Bioenergy. 2008; 32(12): 1130-1135. doi: 10.1016/j.biombioe.2008.02.006 425 
 426 


