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 In recent years, agricultural wastes has a significant attention from worldwide when it 

represents as the most useful and important renewable resource materials for numerous 
applications in chemical synthesis and animal feed. Agricultural wastes or also known 

aslignocellulosic biomass has been identified as an alternative source to substitute fossil 

fuel when cellulose is utilized to fermentable sugars for biofuels production. 
Nevertheless, pretreatment process of biomass represents as one of the main operation 

cost in bioproducts processing. Therefore, an efficient and cost effective pretreatment 

process is required in order to get the higher yield of product at low operation cost. 
Among other pretreatment methods, alkaline pretreatment is preferred since it is easier, 

safer, less of energy requirement and low cost of operation. However, the limitation of 

this pretreatment is the requirement of extensive washing before introducing the 
enzyme for hydrolysis. Therefore, this review briefly describes the pretreatment method 

which is suitable and effective for enzymatic hydrolysis as well as to identify the 

potential of alkaliphiliccellulases for the development of in-situ hydrolysis for the 
alkaline pretreated lignocellulosic biomass.    
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INTRODUCTION 

 

 Cellulose is most common organic polymer which represents about 1.5 x 10
12 

tons of the total annual 

biomass production and has been declared as important and inexhaustible source of raw material for various 

products [1]. It is the major constituent of raw material like cotton and wood and it also is the primary structural 

component of the plant cell wall. Commonly, cellulose contents can be found in cellulosic biomass includes 

agricultural and forestry residues, municipal solid waste, herbaceous and woody plants and underused standing 

forest [2].  

Agricultural wastes also called as lignocellulosic biomass is a complex mixture of carbohydrate polymers known 

as cellulose, hemicelluloses, lignin and small amount of compounds known as extractive. It is also recognized as 

an alternative source to conventional fuel when cellulose is utilized to fermentable sugars for biofuels production 

[3]. However, it is difficult to hydrolyzed cellulose into glucose since it has a tightly packed crystalline structure. 

 Cellulase is an enzyme which plays a main role for achieving enormous benefits in utilization of biomass by 

converting cellulose components to the reducing sugars. It is an inducible enzyme which is synthesized by 

microorganism on cellulosic material during their growth. There are three main components in cellulase systems 

which are exoglucanase (EC 3.2.1.91) which act to cleave cellobiosyl units from the ends of cellulose chains, 

endoglucanase (EC 3.2.1.4) which act to cleave internal glucosidic bonds and β-glucosidase (EC 3.2.1.21) which 

function to cleave glucose units from cellulooligosaccharides [4]. These systems are important in many industry 

applications such as animal feed production, textile industry, pulp and paper industry, starch processing, grain 

alcohol fermentation, malting and brewing, as well as extraction of fruits and vegetable juices [5]. 

 However, prior to the enzymatic hydrolysis bycellulase on lignocellulosic biomass, pretreatment process is 

needed. The pretreatment process aims to break down the lignin structure and disrupt the cellulose crystalline 
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structure for allowing the access of enzymes to the cellulose during hydrolysis process [6].Currently, there are 

many types of pretreatment methods and these methods are promising in supporting of enzymatic hydrolysis on 

treated lignocellulosic biomass by reducing the dosage of enzyme and shorten the bioconversion period [7].  

 Nevertheless, pretreatment process of biomass represents as one of the main production cost in bioproducts 

processing. Therefore, a cost effective pretreatment process is required in order to get the high yield of product at 

low operation cost. Since different lignocellulosic biomass have different physico-chemical characteristics, it is 

necessary to implement suitable pretreatment method based on physico-chemical properties of each 

lignocellulosic biomass [7].However, the most common method used in many studies is chemical pretreatment 

since this method is easier, less energy requirement and loweroperation cost. 

 

2.0 Chemical pretreatment: 

 Chemical pretreatment is the most widely pretreatment method used for variety types of lignocellulosic 

biomass. This method is divided into 3 categories which are acid, alkaline and organic solvent pretreatment. Acid 

pretreatment method is involved of concentrated and diluted acids in order to break down the rigid structure of 

the lignocellulosic biomass. The most commonly used acid is dilutedsulphuric acid (H2SO4) which has been 

commercialized as pretreatment agent on various types of biomass such as oil palm wastes, switch grass, corn 

stover, sugarcane bagasse and other agricultural wastes. Besides that, the other types of acid used in chemical 

pretreatment are nitric acid (HNO3), phosphoric acid (H3PO4) and hydrochloric acid (HCl)[8].Acid pretreatment 

offersa shorter pretreatment time in hydrolyzing the cellulose content as well as it can directly hydrolyze the 

cellulose into fermentable sugars without involve hydrolysis step. Nevertheless, an extensive washing and 

detoxification step are required to remove the acid completely from the biomass before continue the fermentation 

process. It is because pretreatment with acids are known to produce inhibitors like furfural and hydroxymethyl 

furfural (HMF) which can reduce the effectiveness of pretreatment and further processes [9]. Furthermore, the 

corrosive nature of acid makes it less attractive in the industrial applications. Therefore, alkaline pretreatment 

can be an alternative to replace acids pretreatment. 

 The alkaline pretreatment is achieved by applying solutions such as sodium hydroxide (NaOH), potassium 

hydroxide (KOH), or ammonia in order to remove the lignin content and a part of hemicelluloses [10]. Compared 

to acid pretreatment, alkaline pretreatment slightly performed at low temperature and pressure. The step soaking 

of a lignocellulosic biomass into alkaline solution such as potassium, sodium or ammonium hydroxide will 

contributes to the swelling action of pores. It increases the surface area and reduces the degree of polymerization 

[11]. Wang and his team [12] studied the effectiveness of alkaline pretreatment using soaking of Costal Bermuda 

grass in 0.75% NaOH for 15 minutes. The result obtained was the total yields of reducing sugar, xylan and 

glucan were 71%, 65.11% and 90.43%, respectively. On the other hand, there are several studies showed that 

lime or calcium hydroxide (Ca(OH)2) were used in alkaline pretreatment. The alkaline pretreatment using lime 

can removes the amorphous substances such as lignin and increases the crystallinity index [13]. Compared to 

alkaline pretreatment which using NaOH and KOH, lime is cheaper and safer. Besides that, it also can be easily 

recovered from hydrolysate by reaction with CO2[6]. A recent study approached to lime pretreatment resulting 

about 89 wt% of glucose recovery from leaf star rice straw after neutralizing the lime with carbon dioxide [14]. 

 Besides using common alkaline solution, alkaline pretreatment can also be done using alkaline peroxide 

solution. Alkaline peroxide pretreatment is a method using high pH solution which adjusted by NaOH which 

contains H2O2for a certain time under room temperature [15]. This method has been declared as an effective 

method for biomass pretreatment since this method improves the delignification process on biomass for enzymes 

accessibility. This statement also has been proven by excellent results obtained from previous research 

performed bySaha and Cotta [16], who studied the effectiveness of alkaline peroxide pretreatment on the rice 

hulls. The result obtained is 96% of rice hulls have been converted to sugars after enzymatic hydrolysis step. 

Besides that, alkaline peroxide pretreatment also does not produce any inhibitor elements after pretreatment 

process since no measurable furfural and hydroxymethylfurfural (HMF) were detected in this process, which 

makes this process more preferable compared to acid pretreatment and others pretreatment methods [15]. 

However, this method has the same problem with alkaline pretreatment which is the biomass need to be 

neutralized prior to enzymatic hydrolysis step.  

 Therefore, an efficient pretreatment process is crucial in providing the best condition for the bioconversion 

of lignocellulosic biomass to value-added products. However, the effect of the pretreatment process is depending 

on the biomass composition and operating conditions. The selection of a pretreatment method on lignocellulosic 

biomass should be considered hence affect the yield of enzymatic hydrolysis process.  

 
3.0 Microbial Sources of Celullases: 
 After pretreatment method, lignocellulosic biomasses have to undergo the enzymatic hydrolysis process for 
the conversion of cellulose compound to the glucose and reducing sugars which is important in the production of 
biofuels. Cellulase is produced by a number of microorganisms such bacteria and fungi and it has a wide 
application in industries. 
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 Due to the advantage of fast growth rate of bacteria, in 1980’s, there are many researchers who have studied 
the bacterial systems for production of cellulase in degradation of cellulose compound in biomass. It has been 
reported that cellulase which produced by cellulolytic bacteria can effectively saccharify different substrates of 
biomass [17]. Most commonly studied cellulolytic bacteria are Bacilli, Pseudomonas, and Cellulomonas[1]. 
Recently, there are some researchers who have beenfocusing on cellulolytic activity obtained from thermophilic 
bacteria. Vasudeo and Lew [18] studied the optimization of culture condition for production of cellulase by a 
thermophilic Bacillus strain. The optimum cellulase production of 13 U/ml was obtained by using thermophilic 
Bacillus. 
 Besides bacteria, fungi are widely known as agents of decomposition of organic matter in general and most 
of cellulosic substrate. Cellulase-producing fungi are widespread among fungi and include species from the 
ascomycetes, basidiomycetes and also few anaerobic species [19]. Among fungi species, soft rot fungi are the 
best known as cellulases producer strain. Trichodermasp. Has been characterized as the best strain for production 
of cellulase resulted from many studies. Other well-known cellulase producing soft rots are Aspergillus niger, 
Fusarium oxysporum, Neurospora crassa and others [19]. Besides soft rot, brown rot and white rot fungi are also 
involves in the degradation of cellulose. However, both types of fungi degrade wood by distinctly different 
mechanisms. Example of brown rot fungi are Fomitopsissp., Poria placenta, Lenzitestrabea, Coniophoraputeana 
and Tyromycespalustris. In the meanwhile, the common examples of white rot fungi are Phanerochaete 
chrysosporium, Sporotrichum thermophile and Trametesversicolor[19]. Furthermore, cellulases from fungal 
sources are also recommended for commercial enzyme production because enzymes produced from fungi are 
higher level compared to yeast and bacteria [20]. Commercially, most of cellulases enzyme produced are from 
Trichoderma reesei and Aspergillus niger[20]. 
 Generally, alkaline pretreatment is seen as attractive method due to the advantages that it can offer in the 
pretreatment of lignocellulosic biomass. However, most of fungi cellulaseproductionis conducted under acidic 
conditions. This situation requires an extensive washing after pretreatment process in order to provide optimum 
condition for saccharification process by cellulolytic fungi or bacteria. Therefore, in order to reduce the extensive 
washing of alkaline pretreated lignocellulosic biomass alkaliphiliccellulase obtained from alkalophilefungi is 
proposed. Living habitats of alkaliphilic organisms are in the alkaline environment areas which above than pH 9 
[22]. However, these organisms have optimum growth rates at around neutrality or less, are also referred to as 
alkaline tolerant [23].Currently, there are only Bacillus[24] genera that have been proven to have the capability 
to tolerate alkaline conditions and alkaliphilic cellulolytic fungi are still at the early stage of the research. 
 
4.0  Conclusion and perspectives: 
 Since last few decades, there are many research studies that focus on how to enhance the digestibility of 
lignocellulosic biomass for conversion of bioproducts and mainly for biofuels product such as bioethanol, 
biobutanol, and biodiesel. It is because the energy consumption by worldwide demands has been increasing 
rapidly. Therefore, the utilization of lignocellulosic biomass offers an alternative method to replace the 
commercial fossil fuels and reduce the cost of raw materials. 
 However, the conversion process from lignocellulosic biomass requires an efficient pretreatment and 
enzymatic process. It is because, the pretreatment step aims to disrupt the crystallinity structure of cellulose in 
order to make the cellulase bindings efficiently. Besides that, these two steps are important because the 
effectiveness of the steps will increase the amount of converted cellulose to fermentable sugars for production of 
biofuels. Therefore, an efficient pretreatment is necessary for further process which is enzymatic hydrolysis step. 
Compared to many types of pretreatment technologies, alkaline pretreatment method is easier, safer, lower 
energy requirements and operation costs. 
 Most of the lignocellulosic biomass should be washed with deionized water or distilled water to neutralize 
the pH of biomass. However, this step will increase the cost of operation and affects the enzymatic hydrolysis 
step. When the biomass is not completely washed, it will enhance the formation of inhibitors such as furfural 
which affect to the cellulase action in hydrolysis of enzyme. Therefore, to overcome this problem, 
analkaliphiliccellulase that can be produced by alkalophilic fungi is proposed to be used in-situ after alkaline 
pretreatment of lignocellulosic biomass without having to undergo the extensive washing. . This alternative way 
will reduce the cost of pretreatment and produced biological cellulases from microorganism. 
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