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Traditional pretreatment methods have several disadvantages, including lower efficiency in terms of cellulose purity, high cost and 
incomplete separation of biomass components. Considering this, we compared different pretreatment processes and studied their 
effect on separation of biomass components. Effective delignification was achieved by alkali pretreatment with sodium hydroxide and 
ammonia. Among alkalis, sodium hydroxide treatment requires less severe process condition like lower concentration, temperature 
and pressure compared to ammonia pretreatment and produces enzyme amenable substrate, which made sodium hydroxide ideal 
for biomass pretreatment. Efforts were mounted to optimize sodium hydroxide pretreatment on wheat straw in terms of reaction 
temperature, reaction time and reagent concentration to produce enzymatically amenable substrate. The best experimental results 
were obtained when biomass was treated with 2% sodium hydroxide at 130°C for 30 minutes, which was found to extract lignin and 
significant amount of hemicellulose from biomass.

Introduction
Elevated worldwide demand of energy for the production of 

transportation fuels, chemicals and apprehension over global cli-
mate change have led to rising interest in the development of alter-
native energy and chemicals that can displace fossil transportation 
fuel [1]. Production of biofuels from renewable biomass resources 
offer a strategic advantage to encourage sustainable development 
and to complement conventional energy sources in meeting the 
speedily increasing requirements for transportation fuels linked 
with high economic growth, as well as in meeting the energy needs 
of India’s gigantic population. Lignocellulosic materials are one of 
the most promising feedstock as natural and renewable resource 
that can be used in the production of biofuels [2]. Generally, the 
process of converting lignocellulosic biomass to bioethanol con-
sists of three major steps: pretreatment of biomass to break down 
the main components, hydrolysis of the broken components into 
sugars, fermentation of sugars to ethanol [3].

Lignocellulosic biomass is mainly composed of cellulose, hemi-
cellulose and lignin. Cellulose and hemicellulose hydrolysed to 
produce hexose (mainly glucose) and pentose (mainly xylose). 
Cellulose, hemicelluloses and lignin forms the backbone of ligno-
cellulose, initially lignin is connected with cellulose and hemicel-
lulose by hydrogen bonds and ether and ester bonds [4]. Cellulose 
in biomass present in crystalline form which is intractable to be 
hydrolyzed to its monomeric units by hydrolytic enzyme [5]. Dif-

ferent pretreatment process required to make cellulose and hemi-
cellulose accessible for enzyme hydrolysis. Pretreatment process 
separate these carbohydrate polymers from lignin, and convert 
crystalline cellulose to amorphous cellulose, making it appropriate 
for enzymatic hydrolysis.

The strategies to select a pretreatment technology for a par-
ticular biomass depend on the biomass composition and target 
products. It is highly desirable to development a cost effective pre-
treatment technology featuring efficiency recovery of all biomass 
components, and negligible production of inhibitory by-products 
[6]. Various pretreatment technologies have been extensively stud-
ied to process a range of biomass for cellulosic ethanol produc-
tion, but each pretreatment has its intrinsic advantages and dis-
advantages. An effective pretreatment is characterized by several 
criteria: preserving cellulose and hemicellulose fractions, limiting 
formation of inhibitors due to degradation products, minimizing 
energy input, and being cost effective. Except for these criteria, 
several other factors are also needed to be considered, including 
recovery of high value-added co-products (e.g., lignin), pretreat-
ment catalyst, catalyst recycling, and waste treatment [7]. When 
comparing various pretreatment options, all the above mentioned 
criteria should be comprehensively considered as a basis chemi-
cal pretreatment is found to be best. Chemical pretreatment that 
have been studied to date have had the primary goal of improving 
the biodegradability of cellulose by removing lignin and/or hemi-
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As India is the largest producer of wheat and wheat straw 
which is the representative of all grassy biomasses was used for 
the pretreatment studies. Wheat straw was obtained from the 
fields in northern India (Uttarakhand). Straw was milled to 600 
micron size from 5 cm by size reduction unit supplied by Premium 
Pullman (Ahmedabad, India). Such size-reduced biomass was used 
for further pretreatment reactions.

Materials and Methods

cellulose, and to a lesser degree decreasing the degree of polym-
erization (DP) and crystallinity of the cellulose component [8]. 
To achieve the desired separation of biomass components with 
efficient recoveries of all the components most of the researches 
developed multistage chemical pre-treatment process. Different 
technologies and severities should be applied for multiple purpose 
optimizations a composite pretreatment streamline with separate 
stages was suggested [9].

Researchers applied different temperatures in two-stage di-
lute-acid and alkali pretreatment of different biomass. A low tem-
perature (140°C) followed by a higher temperature (170°C) was 
employed and achieving a 92% xylose recovery with only 2% of 
xylose degraded to furfural. However, the whole process focused 
only on maximizing xylose yield, leaving glucan, accounting for 
42% of the raw material, in a low conversion rate [10]. Nguyen., et 
al. were the first to conduct a two-stage dilute acid pretreatment 
with separate severities, aiming to recover hemicellulose and cel-
lulose in different stages [11]. The first stage was at low severity to 
maximize xylose recovery and second stage under severer condi-
tions to hydrolyze the remaining cellulose which result in the deg-
radation of cellulose ultimately the desired sugar recoveries were 
not achieved [12]. The major disadvantage of multistage pretreat-
ment is the higher cost of process to produce the low value product 
like ethanol. Therefore it become obligatory to shift from multi-
stage pretreatment to single stage pretreatment to reduce the cost 
of process with efficient recoveries of all the biomass components.

Materials
Raw materials

Analytical methods
Determination of moisture content

Moisture content was determined using an Infrared moisture 
analyzer (Preciza 64XM 120, Preciza, Switzerland) in accordance to 
the NREL LAP (8). About 1 gm of size reduced wheat straw sample 
was evenly spread over the aluminium pan kept in the moisture 
analyzer at 30°C. Analysis temperature of 105°C was achieved via 
slow ramping mode and a weight change of less than 0.05% over a 
time of 60 seconds was taken as the endpoint. The % loss in weight 
was noted as the moisture content of wheat straw [13].

Sulphuric acid, Xylose, Arabinose and Ethanol were procured 
from S. D. Fine Chemicals (Mumbai, India). Sodium hydroxide was 
from Merck Specialities India Limited and calcium carbonate and 
Glucose were procured from Himedia, India. Furfural and Hy-
droymethyl furfural (HMF) were purchased from SRL, India and 
Sigma-Aldrich (St. Louis, USA) respectively. Polyelectrolytes were 
procured from Rishabh Metals and Chemicals Pvt. Ltd., Mumbai.

Chemicals and reagents

Quartz crucibles were kept overnight at 575oC in a muffle fur-
nace and were weighed to constant weight. Known amount of bio-
mass samples (0.5-1.0gm) were weighed in pre-weighed crucibles 
and heated to 105oC to remove moisture. The crucibles were then 
heated to 575oC for 4 hrs to constant weight. The weight of ash 
remaining was calculated as percentage of the original dry weight 
of sample [14].

Determination of ash content

In 100 ml conical flask, 72% (w/w) sulphuric acid (3 mL) was 
added to 0.3 g of biomass sample. The flask was maintained at 30oC 
for 60 min with stirring. The acid was then diluted to 4% by addi-
tion of water and samples were autoclaved at 121°C for 60 min. 
The contents were filtered through a porcelain crucible to separate 
solids for lignin analysis and the liquid fraction was analyzed us-
ing high performance liquid chromatography (HPLC). The analyses 
were performed on Agilent 1200 HPLC using Aminex 87 H column 
maintained at 50oC with refractive index detector (RID). 5 mM 
H2SO4 was used as the mobile phase with flow rate of 0.6 ml/min. 
Samples were filtered (0.45 μm) prior to the analysis of glucose, 
xylose and arabinose [15].

Determination of structural carbohydrates

Filtered solids obtained after acid hydrolysis of samples were 
analyzed in the pre-weighed crucibles for lignin content. After fil-
tration, the samples were kept in the oven and heated overnight 
to 105oC. The crucibles containing these samples were weighed to 
constant weight and then placed in the muffle furnace and heated 
to 575oC for 4 hrs to constant weight. Lignin content was calculated 
from the procedure specified in NREL Lab protocol for lignin and 
structural carbohydrates.

Determination of Acid insoluble lignin

Lignin in lignin-ammonia extract was estimated by spectropho-
tometry. Lignin solution was appropriately diluted and absorbance 
was measured at 280nm. Concentration of lignin was measured us-
ing following equation,

Determination of alkali soluble lignin
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Results and Discussion

Concentration of lignin=
(O.D.at 280nm*Dilution factor)

24.7*path length

Where, O.D. – optical density
Molar extinction coefficient – 24.7.

Wheat straw was cut manually into pieces of about 2-5cm in 
length and further size reduction was carried out to an average 
size of 600 micron by a size reduction unit by Premium Pullman, 
Ahmedabad, India.

Experimental methods
Preprocessing of biomass

Experiments in terms of concentration of nitric acid, sodium 
hydroxide and ammonia were performed to select best method for 
the fractionation of biomass. Size reduced straws (average 5mm 
length and < 1 mm thick; 7g) was mixed with 100 ml of nitric acid/
sodium hydroxide/ammonia in water in desired concentration, at 
30°C. The resultant slurry was transferred into a 300 ml high-pres-
sure reactor (Amar Equipments Pvt Ltd Mumbai) equipped with 
an agitator. The reactor was then heated to the desired tempera-
ture and the temperature was maintained for 15minutes. The reac-
tion mixture was then allowed to cool and later subjected to either 
vacuum filtration through a nylon bolting cloth (BSS 400, 38 μ). 
The residue was washed with water for removal of adsorbed alkali. 
The washings and filtrate were pooled and the resultant solution 
was named as reaction extract. The residue was subjected to anal-
ysis of carbohydrates and lignin content. The nitric acid, sodium 
hydroxide and ammonia concentrations were varied from 0.5% to 
2.5% w/w. The temperature conditions employed were 110°C.

Screening of different pretreatment methods

Optimization experiments in terms of concentration of sodium 
hydroxide and temperature were performed for effective fraction-
ation of biomass. Size reduced straws (average 5mm length and 
< 1mm thick; 7g) was mixed with 100 ml of sodium hydroxide 
(NaOH) in water in desired concentration, at 30°C. The resultant 
slurry was transferred into a 300 ml high-pressure reactor (Amar 
Equipments Pvt Ltd Mumbai) equipped with an agitator. The reac-
tor was then heated to the desired temperature and the tempera-
ture was maintained for 15 - 30 minutes. The reaction mixture was 
then allowed to cool and later subjected to either vacuum filtra-
tion through a nylon bolting cloth (BSS 400, 38 μ). The residue was 
washed with water for removal of adsorbed alkali. The washings 
and filtrate were pooled and the resultant solution was named as 
alkaline extract. The residue was subjected to analysis of carbohy-
drates and lignin content. Similar sets of experiments were carried 
out using varying concentrations of sodium hydroxide at different 
temperatures. The sodium hydroxide concentrations were varied 

Fractionation of wheat straw by sodium hydroxide

from 0.5% to 2.5% w/w. The temperature conditions employed 
were 110°C, 130°C and 150°C.

To investigate the efficacy and reproducibility of sodium hy-
droxide treatment at a higher scale, a high-pressure batch reac-
tor of 5L (Snowtech Equipments, Navi Mumbai, India) capable of 
handling 60 bar pressure and 200°C temperature was employed. 
The typical reaction conditions were 400g of wheat straw in 4L 
of sodium hydroxide solution (2% w/w) reacted for 30minutes 
at 130°C. The reacted slurry was then filtered using a nylon cloth 
(BSS 200, 75μm) and the residue was analyzed for cellulose and 
lignin content.

Process scale up in 5L batch reactor

Wheat straw is an attractive substrate for second generation 
ethanol production because it will complement and augment 
wheat production rather than competing with food production. Ta-
ble 1 shows the compositional analysis of wheat straw carried out 
using ASTM protocols described earlier. Being grassy, wheat straw 
has lower percentage of lignin and higher percentage of cellulose 
and hemicelluloses compare to non-grassy biomass.

Compositional analysis of wheat straw

Biomass components % (w/w)
Moisture 10.11
Cellulose 40.19
Xylose 21.87
Arabinose 4.05
Lignin 20.09
Ash 5.22

Table 1: Compositional analysis of wheat straw.

The purpose of pretreatment is to make lignocellulosic biomass 
amenable to enzymatic reactions (saccharification) with reason-
able processing cost. Major outcomes of pretreatment include de-
crease of lignin content, increase of surface area, and decrease of 
crystallinity of the biomass; all of which result in enhanced enzy-
matic hydrolysis rate and yield. Considering these objectives, dif-
ferent chemical pretreatment methods were screened to produce 
enzyme amenable substrate. Most commonly used pretreatment 
method like nitric acid; sodium hydroxide and ammonia pretreat-
ment were screened. Sulfuric acid was not used for the pretreat-
ment because dilute acid treatment causes corrosion to reactor 
system and mandates expensive construction material. Therefore 
sulfuric acid was not good choice for the development of cost effec-
tive pretreatment process.

Screening of different chemical pretreatment methods
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Effects were mounted to screen chemical pretreatment meth-
ods, wheat straw which is representative of grassy biomass treated 
with different chemical regents. Wheat straw treated with nitric 
acid in the concentration range of 0.5 to 2% (w/w) at 110°C. It was 
found that glucose recovery is higher with lower concentration of 
nitric acid but at the same concentration delignification was poor 
(Figure 1). Wheat straw pretreatment with higher concentration 
of nitric acid results in efficient hemicellulose release in the form 
of xylose but causes decline in the glucose recovery. The major 
drawback in the nitric acid treatment was the partial delignifica-
tion of biomass due to which enzymes not able to hydrolyze the 
pretreated biomass. Biomass pretreatment with higher concen-
tration of nitric acid results in the formation of inhibitory product 
like furfural and hydroxymethylfurfural (HMF) which inhibit the 
fermentation process.

Nitric acid pretreatment

Figure 1: Pretreatment of wheat straw with  
HNO3 at 110°C for 15 minutes.

Wheat straw treated with sodium hydroxide in the concentra-
tion range of 0.5 to 2.5% (w/w) at 110°C for 15 minutes. It was 
found that glucose recovery is higher with lower concentration 
of sodium hydroxide (Figure 2). Efficient delignification has been 
achieved with the sodium hydroxide pretreatment which results in 
the production of enzyme amenable substrate. The use of an alkali 
causes the degradation of ester resulting in structural alteration of 
lignin and partial solubilization of hemicellulose.

Sodium hydroxide pretreatment

Figure 2: Pretreatment of wheat straw with NaOH 
 at 110°C for 15 minutes.

Ammonia pretreatment behaves similar to sodium hydroxide 
treatment. Efficient delignification has been achieved but it re-
quires higher concentration of ammonia (10 - 25% w/w). Sub-
strate produced after the ammonia treatment was enzymatically 
amenable. Hemicelluloses realized partially and in polymeric form 
(Figure 3).

Ammonia pretreatment

Figure 3: Pretreatment of wheat straw with NH3  
at 110°C for 15 minutes.

Comparison of all the three methods showed major delignifica-
tion and enzymatically amenable substrate has been produced by 
alkali i.e. sodium hydroxide and ammonia treatment. Among alkali 
treatment, optimum delignification achieved with lower concen-
tration of sodium hydroxide in comparison of ammonia concentra-
tion. Pungent smell of ammonia is also point of concern from the 
view of scale up which indicates sodium hydroxide is the best can-
didate for the pretreatment of biomass. However, optimization was 
required to develop a cost effective process for maximum sugar re-
covery, delignification and enzyme hydrolysis. Comparison of three 
chemical pretreatment showed in table 2. 

Comparison of chemical pretreatment methods

HNO3 NaOH NH3

Glucose recovery Efficient Efficient Efficient
Hemicellulose release Efficient Partial Partial
Delignification Partial Efficient Efficient
Enzyme amenability Poor Good Good
Inhibitory product 
formation

Yes No No

Operating condition Higher 
pressure 
and con-

centration

Lower 
pressure 
and con-

centration

Higher 
pressure 
and con-

centration
Odour No No Yes

Table 2: Comparison of different pretreatment methods.
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Pretreatment can effectively overcome both chemical and phys-
ical barriers and enhance the enzymatic digestibility of biomass 
if proper chemical reagents/catalysts are applied. For selection 
of optimal treatment reagent/catalyst, a strategy must be set for 
the removal of lignin and/or hemicellulose. Pretreatment at high 
temperature with short reaction time could improve the enzymatic 
digestibility of the treated solid significantly. Ideal pretreatment 
process should have lower energy cost, maximum recovery of bio-
mass components, lower capital cost, high cellulose accessibility 
to enzymes and lower chemical consumption. With reference to 
these objectives efforts were mounted to develop the cost effec-
tive pretreatment process using sodium hydroxide. Different con-
centrations of sodium hydroxide were screened in the range of 0.5 
to 2% (w/w) at different temperature with variable time interval. 
It was observed that pretreatment with lowest (0.5%) concentra-
tions of sodium hydroxide result in maximum glucose recovery at 
all the temperatures tested. However, the delignification profiles 
showed presence of lignin in the residue indicating partial removal 
of lignin. Cellulose degradation was observed at higher tempera-
tures (150°C), which was evident from charring of the residue and 
significant loss in weight. At sodium hydroxide concentration of 
2.5%, lignin removal improved marginally at 130°C but was ac-
companied by loss of cellulose. Hemicellulose release remained 
satisfactory similar to earlier (0.5% - 2% NaOH) reaction condi-
tions. The best results were obtained at concentration of 2% (w/v) 
sodium hydroxide at 130°C for 30 minutes which resulted in del-
ignification and cellulose recovery of over 85% along with partial 
removal of hemicellulose (Figure 4. a-e). Rate of heating for all the 
experiments were 12°C/Min.

Development of single step sodium hydroxide pretreatment 
process for bioethanol production

Figure 4: Effect of various concentrations of NaOH on wheat 
straw at different temperatures, (a) Effect of NaOH on wheat 
straw at 110°C for 15 minutes , (b) Effect of NaOH on wheat  
straw at 110°C for 30 minutes, (c) Effect of NaOH on wheat  
straw at 130°C for 15 minutes, (d) Effect of NaOH on wheat  

straw at 130°C for 15 minutes (e) Effect of 0.5% (w/w)  
NaOH at 150°C on wheat straw at different time interval.

At higher temperature (150°C) exhibited cellulose degradation. 
With lower concentration of sodium hydroxide the extent of deg-
radation was reduced. This indicates that lower concentration of 
alkali confers some degree of protection to cellulose against degra-
dation, a phenomenon which can be explained on the basis of sta-
bilization reaction in which the terminal glucose residue of the cel-
lulose gets converted into a substituted glucometasaccharinic acid 
which stops further breaking of cellulose chain. The general trend 
of cellulose degradation at higher temperatures can be explained 
on the basis of random alkali scission of glycosidic bonds present 
in cellulose at temperatures higher than 150°C as reported by Knill 
and Kennedy. Delignification refers to removal of lignin from the 
biomass into the liquid fraction of alkali, leaving a residue compris-
ing mainly of cellulose. Delignification can be attributed to the ac-
tion of sodium hydroxide, which dissolves the lignin from the (lig-
nin rich) middle lamellae and secondary cell wall thus separating 
it from the cellulose fibres. Therefore, sodium hydroxide pretreat-
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ment result in major delignification with minimum degradation of 
cellulose, and produced cellulose is enzymatically amenable.

Wheat straw fractionation under optimal conditions of sodium 
hydroxide and temperature was reproduced in a 5L high-pressure 
batch reactor. 400g of wheat straw were reacted with 4L of 2% 
sodium hydroxide solution for 30min. at 130°C. Delignification of 
70% with more than 85% glucose recovery was achieved consis-
tently in several runs. The scaled up reactions were used as a regu-
lar source of cellulose and hemicellulose-lignin mixture for further 
work in this study.

Process scale up in 5L batch reactor

Conclusions
A range of pretreatment methods have been screened to im-

prove enzymatic saccharification of lignocellulosic biomass. Al-
kaline (NaOH) pretreatment has found to be the one of the most 
efficient method because of effective delignification, minimal 
interaction with hemicellulose, and mild reaction conditions. In 
addition, alkali pretreatment is highly selective for separation of 
lignin. 
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