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Introduction 
 

Lignocellulosic biomass is an abundant and 

promising biofuel resource that can substitute 

fossil fuels (Li et al., 2010). This resource 

contains large amounts of cellulose and 

hemicelluloses that can produced alternative 

fuel via saccharification and fermentation 

thereby alleviating dependency on 

conventional fuel (Behera et al., 2014). Due to 

complexity and variability in various 

lignocellulosic biomass the pretreatment 

methods may also be vary. Chemical 

pretreatment methods are always been 

required for the accessibility of lignocelluloses 

substrate for its hydrolyzing enzymes. 

However the product of the pretreatments 

inhibited the enzymatic action (Chang and 

Holtzapple, 2000). There are several 

pretreatment techniques have been proposed 

such as physical, chemical, biological and 

physico-chemical treatments like grinding and 

milling, hot water (Cara et al., 2007), acidic, 

alkali and biological pretreatment (Perez et al., 

2008; Taherzadeh et al., 2008; Kumar et al., 

2009). Though, there are a number of 

problems associated with these methods such 

as severe reaction conditions, requirement of 

high energy, toxicity and expensive operation 

(Balat et al., 2011). Additional drawbacks of 
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Total recovery of fermentable sugar from lignocellulosic biomass has foremost problem 

for liquid biofuel production. Several pretreatment methods have been tried, however use 

of ionic liquids is one of promising method then others, but it also has less efficiency. 

Hence a method was developed for pretreatment of sugarcane leaves using ionic liquid 

EmimAc (1-ethyl-3-methylimidazolium acetate), aqueous ammonia and a combination of 

both. The combined use of ionic liquid and aqueous ammonia in 1:1 for pretreatment at 6 

hrs followed by cellulase treatment showed a synergistic effect on sugarcane leaves with 

release of 90% glucose. While pretreatment with ionic liquid alone and aqueous ammonia 

alone followed by cellulase treatment produced 70% and 45% of glucose respectively. The 

ionic liquid was successfully recycled to minimize the cost, up to 6 times with efficiency 

of 87% release of glucose. Compared with the conventional pretreatment and other 

methods, this combined method is more efficient and cost effective. 
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acid and chemical pretreatments are that it is 

hazardous, do not effectively remove lignin 

and involvement of corrosive resistant 

material and added recover process. Ammonia 

fiber explosion, liquid hot water and steam 

explosion pretreatment have a great potential, 

but required either high pressure or high 

temperature environment (Mosier et al., 

2005). Furthermore, the price of these above 

techniques has been much higher than the 

value of the product that is glucose. This 

principally causes notable economical 

drawbacks (Teymouri et al., 2005). Recently, 

the use of ionic liquids (ILs) for pretreatment 

of lignocellulosic biomass has provided 

significant scope. IL has considered being 

very efficient in removing lignin and also 

helping in reducing cellulose crystallinity (Lee 

et al., 2009, Li et al., 2010). Furthermore, IL 

pretreatment can be dissolved a variety of 

lignocellulosic biomasses such as softwood, 

hardwood and herbaceous resources (Nguyen 

et al., 2010; Sun et al., 2009). The 

lignocellulosic biomass pretreatment with IL 

can provide a number of attractive features 

when compared to conventional techniques 

(Li et al., 2008). These contain the potential 

for considerably lower temperature below 

100
0
 C and less hazardous conditions. 

Furthermore, IL can be reused and can easily 

improve the enzyme accessibility and 

efficiently to produce fermentable sugars like 

glucose and xylose from lignocellulosic 

biomass (Swatloski et al., 2002 and Zhang et 

al., 2005). Although pretreatment with IL has 

been increased interest as a new technology 

since past few years, this technique has been 

too costly in application for lignocellulosic 

biomass pretreatment due to the high price of 

IL. Consequently, advanced technology with 

IL is requisite to make the technique further 

efficient while lowering the price (Kim and 

Lee 2007). 

 

Worldwide sugarcane production 

approximates 1.83 billion tons. In India it is 

estimated to 352.14 million tons which 

produces 6-8 tons of dried leaves per hectare. 

That is a huge amount biomass for ethanol 

production. Hence it is essential to develop the 

pretreatment technology for saccharification 

of sugarcane leaves. In this paper, a systematic 

study on pretreatment of sugarcane leaves 

using a combination of aqueous ammonia and 

IL, IL alone and aqueous ammonia alone were 

taken with the principle of making an efficient 

technique for lignocelluloses biomass 

pretreatment. Aqueous ammonia was used as 

one of the most helpful chemical to eliminate 

lignin from lignocellulosic biomass (Murnen 

et al., 2007, Wyman et al., 2005). Aqueous 

ammonia can generally react by lignin can 

cause delignification by disrupting lignin-

carbohydrate association under elevated 

temperature (Chang et al., 2001).  

 

This combined system has been depends on 

delignification outcome of ammonia (Wyman 

et al., 2005) and cellulose solubilization by IL 

(Swatloski et al., 2002) to increase 

biodigestibility of lignocellulosic biomass for 

enzymatic action and the reutilization of IL for 

charge minimization. In this study, 

commercial cellulase was used to hydrolyze 

pretreated substrate. The ionic liquid 1-n-

ethyl-3-methyl imidazolium acetate 

EmimOAc, was taken due to its low viscosity 

and low melting temperature that leading easy 

handling and imidazolium group is substituted 

by relatively short alkyl chain, IL with shorter 

alkyl chains has been found to be less toxic 

(Romero et al., 2008). Furthermore, the 

acetate anion makes the IL less corrosive than 

IL with halide anion that also has been useful 

in cellulose dissolution. 

 

Materials and Methods 

 

Biomass 

 

Sugarcane leaves were obtained from crop 

research center, Pantnagar. Sugarcane leaves 
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were dried in air, chopped in to three different 

sizes viz. <2 mm, 2-5 mm and 5-10 mm and 

stored at ambient temperature for further 

study. 

 

Proximate analysis 

 

Sugarcane leaves were analyzed for cellulose, 

hemicelluloses and lignin contents by using 

the method given by Aravantinos-Zafiris et 

al., 1994 and Ververis et al., 2007. Sugarcane 

leaves (700mg) boiled in 5 ml of 70% w/w 

H2SO4 solution for 4 hrs in order to hydrolyze 

hemicellulose and cellulose. The solid residue 

dried at 100
°
C for 24 hrs and weighed (W1). 

The residue was heated at 100
°
C for 24 hrs, 

after cooling down it was weighed (W2) and 

lignin content was calculated by the difference 

(W1 - W2). The filtrate contained the sugar 

released from hemicellulose and cellulose was 

determined. Glucose (C1) and reducing sugars 

(C2) concentration in the filtrate were 

determined with a GOD–POD assay kit (M/S 

Autospan, Span Diagnostic Ltd) and DNS 

method (Miller et al., 1959) respectively. The 

cellulose content was calculated by using the 

following formula: 

 

% w/w cellulose content = (0.9/0.96) x C1 x 

(V/M) x α x100 

 

Where, 

 

0.9 is the coefficient and the saccharification 

yield is taken as 0.96,  

 

C1 glucose concentration (g/L),  

 

V total volume of sugar solution (L),  

 

M dry weight of the sample (g) and, 

 

α dilution of the sample (if any). 

 

Hemicellulose content was calculated by 

following formula: 

% w/w hemicelluloses = (0.88/0.93) x (C2-

C1) x (V/M) x α x100 

 

Where, 

 

0.88 is the coefficient,  

 

0.93 saccharification yield,  

 

C2 is reducing sugars concentration (g/L) by 

DNS method,  

 

C1 glucose concentration (g/L) from above,  

 

V total volume of sugar solution (L),  

 

M dry weight of sugarcane leaves sample (g) 

and, 

 

α dilution factor of the sample (if any). 

 

Ionic liquid pretreatment 

 

Chopped leaves (50mg) were pretreated with 

1ml of IL, 1-ethyl 3-methyl imidazolium 

acetate (EmimOAc) purchased from sigma-

Aldrich and incubate in oven at 80
°
 C for 6 

hrs. After dissolution 5 ml of ethanol used as 

an antisolvent was added into sugarcane 

leaves, to precipitate and regenerate the 

biomass-cellulose under vigorously stirring 

condition. The precipitated material was 

filtered through filter paper (Whatman no#1) 

and washed with 5 ml ethanol. The filtered 

liquid containing ILs and ethanol was 

recovered for subsequent reutilization after 

removing the antisolvent ethanol by 

evaporation. The precipitated material was 

continuously washed with distilled water and 

dried at 50
°
C for 3 hrs. The dried material was 

used for cellulase treatment. 

 

Aqueous ammonia pretreatment 

 

Sugarcane leaves (50mg) were mixed with 1 

ml of 25% (v/v) ammonia solution and 
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incubated at 80
°
 C for 6 hrs. The samples were 

washed with distilled water and filtered 

through filter paper (Whatman no. 1). The 

precipitated material was dried at 60
°
C for 3 

hrs and used for cellulase treatment. 

 

Pretreatment with aqueous ammonia and 

IL 
 

Sugarcane leaves (50mg) mixed with 0.5 ml of 

25% (v/v) ammonia solution and 0.5ml IL and 

incubated at 80
°
 C for 6hrs. After drying, the 

sample was filtered through filter paper 

(Whatman no#1) and washed with distilled 

water. The samples were dried in oven at 60
°
 

C for 3 hrs prior to cellulase treatment. 

 

Cellulolytic hydrolysis 

 

Commercial cellulase “ONOZUKA R-10”, 

from Trichoderma viride (10U/mg) perchased 

from Hi-media was taken for enzymatic 

saccharification. Cellulase (320µg/ml in 

acetate buffer, pH 4.5) solution of 1ml was 

mix with biomass (pretreated) and incubates at 

40°C for 50 min. The contents of glucose and 

reducing sugar in the enzymatic hydrolysed 

sample were determined by enzyme base 

glucose detection kit and DNS method (Miller 

et al., 1959), respectively. 

 

Scanning Electron Microscopy (SEM) 

 

Surface morphology of sugarcane leaves of 

both pretreated and un-pretreated (dried 

powder) were analysed under JEOL-JSM 

6610ALV made in Japan gold coater JFC 

1600 scanning electon microscope. 

 

FTIR spectroscopy 

 

Fourier transform infrared spectroscopy was 

done for both pretreated and untreated 

sugarcane leaves using BRUKER ALPHA 

ECO-ATR spectroscopy. 

 

Statistical analysis 

 

The data were analysed by ANOVA at p<0.05 

using STPR software. 

 

Results and Discussion 

 

Proximate analysis  

 

Proximate analysis of lignin, cellulose and 

hemicelluloses contents for sugarcane leaves 

are shown in Table.1. The lignin content 

reduced two fold after IL pretreatment, while 

cellulose content increased two fold and 

simultaneously hemicelluloses content 

increased up to some extent. 

 

Effect of particle size on release of reducing 

sugar and glucose 
 

The criteria for successful pretreatment of 

lignocellulosic biomasses have been defined 

to enhanced cellulose recovery for the 

production of fermentable sugars by 

enzymatic (cellulase) hydrolysis and low 

lignin contents in pretreated biomasses in 

order to enhance the accessibility of cellulase 

enzyme for cellulose (Nguyen et al., 2010, 

Mosier et al., 2005). Based on these criteria, 

combined method by using synergistic effect 

of IL and aqueous ammonia was developed. In 

this combined reaction aqueous ammonia was 

applied as a supplementary step to increase the 

effectiveness of IL treatment and high 

temperature (100°C) was used to achieve 

effective degradation of lignin. The size of 

sample particle was one of the essential 

parameter in lignocelluloses pretreatment 

because this factor directly force on the 

diffusion of chemical into complex internal of 

lignocellulosic material (Wyman et al., 2005). 

Untreated, IL, aqueous ammonia and combine 

IL and aqueous ammonia were analyzed with 

different sizes of particle viz. <2 mm, 2-5 mm, 

and 5-10 mm of sugarcane leaves samples. In 

this research, particle sizes were found to be 
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an essential factor affecting on sample 

pretreatment. The outcome of these three 

different sizes of particles was shown in Fig. 

1a and 1b. Reducing sugar and glucose 

production after enzymatic hydrolysis was 

noticeably different for these three techniques 

and was negligible in untreated. The particle 

size of <2 mm illustrate the highest conversion 

of reducing sugar and glucose, conversion in 

2-5 mm particle size sample was considerably 

higher than the 5-10 mm particle size. 

Comparison of these techniques tested on 

different particle size of sugarcane leaves 

samples, combined method of ammonia and 

IL was the most effective for conversion of 

cellulose into simple fermentable sugars. 

 

Effect of pretreatment time in release of 

Reducing sugar and Glucose  

 

The results of efficiency of aqueous ammonia, 

IL and combined aqueous ammonia and IL 

technique were tested on sample with particle 

size <2 mm with different times of solubility 

viz. 3 hrs, 6 hrs and 9 hrs were shown in 

Figure 2a and 2b. Use of IL and aqueous 

ammonia simultaneously showed higher 

contents of reducing sugar and glucose than in 

aqueous ammonia and IL alone at all time of 

solubility. This combined pretreatment found 

more efficient which gave the synergistic 

outcome of ILs and aqueous ammonia for 

sugarcane leaves pretreatment. Hence use of 

both IL and aqueous ammonia can curtail time 

of solubility. In aqueous ammonia and IL 

alone method, time required for solubility of 

lignocellulosic biomass was longer than 

combine method hence it showed low 

solubility at lower incubation time (Fort et al., 

2007). In the combined method high reducing 

sugar and glucose conversion was showed 

even in less time of solubility at 6 hrs. 

 

Scanning electron microscopy analysis 
 

SEM images of untreated and IL pretreated 

were taken at 500x magnification. The results 

showed that the untreated sugarcane leaves 

have a high fibrillar and intact morphology 

(Fig. 4a). The major fibrillar cellulose 

structures are preserved and lignin 

carbohydrate complex may be condensed on 

cellulose fiber surface (Zhu et al., 2009). In 

comparison, IL pretreated sample has no intact 

or fibrous structure these observations 

consistent with higher rate of hydrolysis 

consequently high yield of glucose (Fig. 4b) 

(Gong et al., 2010, Tiwari et al., 2018). 

 

Fig.1a Effect of particle size on release of reducing sugars from untreated and pretreated 

sugarcane leaves. Sugarcane leaves were pretreated with ammonia, ILs and both. The pretreated 

biomass was used for enzymatic hydrolysis 

 

 
CD Value (2mm, 2-5mm. 5-10mm) 0.043, 0.038, 0.075 respectively 
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Fig.1b Effect of particle size on release of glucose from untreated and pretreated sugarcane 

leaves. Sugarcane leaves were pretreated with aqueous ammonia, ILs and both. The pretreated 

biomass was used for enzymatic (cellulase) hydrolysis 
 

 
 

Fig.2a Effect of pretreatment time on release of reducing sugars from untreated and pretreated 

sugarcane leaves. Sugarcane leaves were pretreated with aqueous ammonia, IL and both. The 

pretreated biomass was used for enzymatic (cellulase) hydrolysis 

 

 
CD Value (3hrs, 6hrs, 9hrs) 0.013, 0.012, 0.023 respectively 

 

Fig.2b Effect of pretreatment time on release of glucose from untreated and pretreated sugarcane 

leaves. Sugarcane leaves were pretreated with aqueous ammonia, IL and both. The pretreated 

biomass was used for enzymatic (cellulase) hydrolysis 
 

 
CD Value (3hrs, 6hrs, 9hrs) 0.005, 0.004, 0.008 respectively 



Int.J.Curr.Microbiol.App.Sci (2018) 7(5): 3522-3532 

3528 

 

Fig.3a Comparison of recycling of IL alone and IL+aqueous ammonia combined pretreated 

sugarcane leaves on release of reducing sugar 

 

 
 

Fig.3b Comparison of recycling of IL alone and IL+aqueous ammonia combined pretreated 

sugarcane leaves on release of glucose 

 

 
 

Fig.4a SEM image of untreated sugarcane leaves 
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Fig.4b SEM image of IL pretreated sugarcane leaves 

 

 
 

Fig.5 Fourier transform infrared (FTIR) spectral analysis of untreated (red) and ILs pretreated 

(pink) of sugarcane leaves 

 

 
 

Table.1 Proximate analysis of sugarcane leaves before and after IL pretreatment 

 

Parameter Before pretreatment (%) After IL pretreatment (%) 

Cellulose 20.09 43.71 

Hemicelluloses 14 18.35 

Lignin 12 6 

 

Fourior transform infrared FTIR analysis 

 

FTIR spectra of untreated and pretreated with 

IL of sugarcane leaves waste are shown in 

Figure 5. A deep peak at 1026 cm
-1

 in 

pretreated sugarcane leaves showed the 

presence of β-glycisidic bond of cellulose 

between sugar units (Tiwari et al., 2018). 

Additional peaks between 1405 cm
-1

 to 1771 

cm
-1

 and 3500 cm
-1

 to 3852 cm
-1

 in pretreated 

sample indicated the removal of lignin and 

structural damage in lignocellulosic 

biomasses (Gong et al., 2010). 

 

Recycling of ILs 

 

An additional advantage of using IL is that, 

the potential recycling and reuses (Zhu et al., 
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2012 and Hermanutz et al., 2008). In the 

current study, ILs was recycled for 6 times in 

both, IL alone and IL-aqueous ammonia 

combination. The efficiency of pretreatment 

by using recycled IL was shown in Fig.3a and 

Fig.3b. The reducing sugar and glucose 

conversion slightly declined as recycling and 

reusing was done in both methods.  

 

Though the conversion of reducing sugar and 

glucose in combined method was clearly 

higher than IL alone method. Up to the 4
th

 

cycle, it showed similar glucose conversion 

comparative to first (90% for combine 

method and 70% for IL alone method) cycle. 

Even with 6
th

 cycle the conversion in 

combined treatment and IL alone showed 

87% and 65% respectively. As a result, the 

combine method of IL and aqueous ammonia 

has improved number of recycling of IL in 

pretreatment technology. 

 

There are various pretreatment methods for 

utilization of lignocellulosic materials 

(Wyman et al., 2005). In recent years IL has 

been utilized as new solvents for pretreatment 

of lignocellulosic materials. This study 

showed a promising combined method for 

sugarcane leaves waste pretreatment with 

aqueous ammonia and IL. Combined 

pretreatment method showed, reducing sugar 

and glucose conversion notably higher than 

IL and aqueous ammonia alone pretreatment. 

Regardless of its usefulness, usage of 

pretreatment with IL has been restricted 

because of high cost. The application of this 

combine method could remarkably reduce the 

solubility time of biomasses and increase the 

recycling number of IL solvents therefore cost 

minimization. 
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