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Abstract 

Lately, deep eutectic solvent (DESs) being an innovative and green solvent is becoming more popular due to growing 

environmental concern arising from the uses of conventional organic solvents. In view of this, four deep eutectic solvents based 

on choline chloride namely DES1 (Choline chloride - Urea), DES2 (Choline chloride - Oxalic acid, DES3 (Choline chloride - 

Glycerol  and DES4 (Choline chloride - Ethylene Glycol were synthesized, characterized and used for pretreatment of sugarcane 

baggasse and corn cob respectively. The physicochemical and thermal properties of the synthesized DESs, like density, pH, 

viscosity, refractive index, surface tension, and thermal conductivity were found to be affected by the components and molar 

ratios of the DESs. The characterization result revealed that the viscosity of the DESs drops drastically as temperature rises. 

DES3 has the highest viscosity of 499.4 cPs followed by DES2, DES1 and DES4 having 305.72 cPs, 188.50 cPs and 131 cPs 

respectively. The untreated (raw) corn cob and sugarcane baggasse which contains 20.65 % and 19.06 % lignin were subjected 

to pretreatment using the synthesized DES1-DES4 under the same conditions in order to remove lignin.  Lignin content reduced 

by 72 % for corncob and 83.26% for sugarcane baggasse compared to conventional solvents having a range of (41-63 %) lignin 

removal. Regarding lignin removal and holocellulose content, the DESs tested in this study demonstrated their potential for use 

as biomass pretreatment solvents, with DES1 and DES2 performing better in terms of percentage lignin removal for both 

sugarcane bagasse and corncob, respectively. 
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1. Introduction 

Solvents are essential to the development of substances, 

chemicals, and systems hence, the innovation of low-cost, 

renewable solvents is highly desired in future biorefineries 

(Oguche et al., 2022). Today's biorefineries still need to pretreat 

biomass to get rid of lignin and make sugars more accessible to 

enzymes (Ameri, 2017). Lignocellulosic biomass is the most 

widely accessible sustainable raw material on the earth (Smink, 

2020). Therefore, switching to biomass from fossil fuels like 

oil, coal, and natural gas can lower the chemical industry's 

carbondioxide emissions. Lignocellulosic biomass has shown 

promise. They include Rice husk, corn straw, banana peel, 

sugarcane bagasse, cassava peels, corn cob, rice straw, and 

algae. These plant parts are not digestible by humans, which is 

advantageous because there will be no competition for food. 

The use of this lignocellulosic feedstock also serves to recycle 

waste, which is beneficial to the environment (Dimitrios and 

Loanna, 2015). Lignocellulosic feedstocks consist of lignin, 

hemicellulose and cellulose networks (Kim et al., 2018). 

Despite being promising, lignocellulosic feedstock presents a 

significant challenge due to recalcitrance (Karolina et al., 

2018). As a result, they are resistant to chemical and biological 

breakdown, making biofuels and lactic acid production 

difficult. Therefore, a better process for using this biomass 

feedstock as efficiently as possible are required. Pretreatment 

causes physical, chemical, and biological changes that disrupt 

the strong association within the cell wall (Ayşe and Serpil, 

2020). 

Because different lignocellulosic feedstocks contain varying 

amounts of lignin, hemicellulose and cellulose, the results vary 

(Julie et al., 2018).  

 A good pretreatment method is one that is low in cost, uses 

little energy, does not denature cellulose and hemicellulose, and 

does not produce byproducts that inhibit the activity of 

microorganisms responsible for hydrolysis and fermentation 

(Karolina et al., 2018).  Figure 1 represent the role of treatment 

solvent to increase hydrolysis or conversion of valuable 

products such as furfural, lactic acid, bioethanol and so on 
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Figure 1: Effect of treatment to release cellulose and 

hemicellulose from lignocellulosic biomass 

Figure 1 shows that pretreatment is a critical step, and it is 

critical to find pretreatment methods that provide a high yield 

of products while remaining economical and environmentally 

friendly. 

Because of the chemical composition of lignocellulosic 

materials, production of biofuels and various valuable 

chemicals such as lactic acid and furfural will be inefficient if 

not pretreated. 

Pretreatment improves the efficiency and efficacy of various 

agricultural residue products (Muhammad et al., 2019). This is 

necessary because the cost of producing biofuels and valuable 

chemicals such as lactic acid is dependent on the most cost-

effective pretreatment measure or method, as it is a critical part 

of the manufacturing process (Rajeev et al., 2016). Thus, 

researchers' current focus is on finding green solvents as an 

alternative to all solvents (Degam, 2017). As a result, there is a 

constant need for new and greener alternatives to overcome the 

drawbacks of traditional solvents like acids, bases, and room 

temperature ionic liquids (RTILs). As such, Abbott et al. (2004) 

introduced deep eutectic solvents (DESs) as a new type of 

solvents. 

DESs are typically produced through interactions between 

hydrogen bonds and their constituents. 

It is a green solvent formed by two or more components 

combined at a lower temperature than the individual 

components at the appropriate molar ratio (Jablonsky et al., 

2019). These solvents have gained widespread attention and 

interest in academia since 2004 due to their tunability and green 

solvent properties, which include biocompatible, non-toxic, 

recyclable, and biodegradable properties (Van Osch et al., 

2017). Although, these properties depend solely on ratio of 

combinations of the components and the type of hydrogen bond 

donors used. Although, DESs solvents are not costly compared 

to RTILs, does not require further purification steps after 

synthesis, are more readily available in synthetic form, 

extremely pure, recyclable, nontoxic, and biodegradable 

(Zhang et al., 2012, Degam, 2017). 

According to Kim et al. 2018, there is increasing demand in the 

use of DESs as suitable alternative solvents to conventional 

chemicals such as acid, base, and ionic liquids. DESs therefore 

have the potentials to be used as alternative solvents for biomass 

delignification (Moura et al., 2017, Mirza et al., 2015, and 

López-Salas et al., 2014). However, its effectiveness in 

pretreatment of sugarcane bagasse and corncob has not been 

tested.  

Previously, research on biomass using DESs largely focused on 

the extraction of components from biomass. (Francisco et al., 

2012) and biomass solvation (Lu et al., 2012). Hence, only a 

few research on the use of DESs to pretreat biomass have been 

reported, (Mirza et al., 2015, Smink, 2020) and more 

importantly, there is low efficient performance by acids and 

bases as a common pretreatment solvents for lignocellulosic 

biomass., couple with non-environmentally friendly nature, 

non-recovery, non-recyclable, corrosion problems posed by this 

solvents hence, there is need to look for an efficient, better and 

environmentally friendly technology like DESs.  

Different kinds of DESs such as Acetoin based DESs for switch 

grass (Ameri, 2017), Lactic acid based DESs for pretreatment 

of Eucalyptus globulus (Smink, 2020) but only few works have 

reported using choline chloride based DESs for pretreatment of 

biomass especially food waste but not for agricultural solid 

residues like corn cob and sugarcane bagasse. Since the 

introduction of the DESs phenomena in 2004 by Abbot, choline 

(2-hydroxyethyl-trimethylammonium) chloride has been the 

most investigated hydrogen bond acceptor (HBA). Choline 

chloride is produced on an annual basis per metric ton (MT) as 

a chicken feed addition and for a variety of several uses. In 

addition to being affordable and easy to make, it is also nontoxic 

and biodegradable (Degam, 2017). As a result, even if it is 

released back into the environment as ChCl or its deep eutectic 

combination, it presents no harm. Thus, DESs based on choline 

chloride are able to be applied on a broad scale procedures at a 

low cost. Therefore, in this current work, four choline chloride 

was developed and used for delignification of sugarcane 

baggasse and corncob respectively to investigate their 

efficiency in the degradation of lignin from these biomass. 

2. Materials and Method 

Some of the materials and reagents used in this work includes 

Choline chloride (Sigma Aldrich, 98%), without further 

purification, urea (Acros Organics, 99.5%), glycerol (Fisher), 

and ethylene glycol (Sigma Aldrich, 99.8%) were all used. 

Choline chloride's molar ratio to oxalic acid (CC-OA) was 1:1 

while it was 1:2 to urea (CC-U), ethylene glycol (CC-EG), 

glycerol (CC-G), and urea (CC-U)..DESs was synthesized by 

heating method where both the hydrogen bond acceptor (HBA) 

and hydrogen bond donor (HBDs) was mixed at appropriate 

molar ration at about 80 oC with 1000 rpm stirring until a 

homogenous, clear liquid was produced within 30- 60 minutes. 

The synthesized DESs was carry out in a closed vessel and 

stored in air tight container to avoid absorption of water. Table 

1 shows the various DESs synthesized with their name coded 

and mole ratio respectively. The physicochemical 

Treatment 

Lignin 

Hemicellulose 

Cellulose 
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characterization of the synthesized. DESs carried out in this 

work includes viscosity, thermal conductivity, density, surface 

tension, miscibility test, refractive index (RI) and pH 

measurement. The viscosity, thermal conductivity, density, 

surface tension of the sythensized DESs were measured at 

atmospheric pressure from 25 oC to 60 oC. 

Viscosity and Density were measured using rotating viscometer 

(Model number of 1909N59, NTVEI intelligent viscometer 

made in Shanghai, China and a densimeter with model number 

sigma 702 and serial number of 72296 by Bionic scientific. 

Each reading was repeated three times with the average value 

reported. Using a Jenway 4510 conductivity meter, the 

conductivities of the several DESs under investigation in this 

paper were measured. 

A frequently employed analytical technique for assessing liquid 

structures is FT-IR spectroscopy. 

The ions that make up the materials are usually extremely 

sensitive to their local potential energy environment through 

their intramolecular vibrational modes. FTIR analysis of all the 

synthesized DESs was done using Shimadzu FTIR-8400s 

model between an intensity ranges of 600 to 4000 cm-1 at the 

department of Chemistry, Ahmadu Bello University (ABU) 

Zaria. Pretreatment was carried out using the method of Alhafiz 

et al., 2020 in water bath shaker at room temperature (25- 30 
oC). About 10 g of oven dried sugarcane baggasse and corn cob 

was dissolved in 20 wt. % of each of the synthesized DES1-

DES4 with equal volume respectively into 250 ml conical flask 

and kept for about 45 min. After that, the biomass was filtered 

and repeatedly rinsed with distilled water until it reached a pH 

of neutrality and it was subsequently dried in an oven at 50 oC 

for 1 hr and later taken to Institute for Agriculture Research 

(IAR/ABU) Zaria for fiber analysis to determine the % of lignin 

removal and holocellulose percentage available for conversion 

based on Association of Official Agricultural Chemists 

(AOAC) methods as described by Song et al., 2019. The 

analysis was repeated for possible standard deviation and the 

average values were all reported. 

The percentage lignin removal was obtained using equation 1 

below according to the method of Chen et al., 2017; 

% Removal of Lignin (%) = [1- 
𝑎×𝑤

𝑎0×𝑤0
× 100]            (1) 

Where w = weight of pretreated sample 

            𝑊𝑜 = Weight of untreated sample 

              a = amount of lignin (%) in pretreated sample 

               𝑎0 =
amount of lignin (%)in untreated sample 

While the holocellulose content available for bioconversion 

was determined by simple addition of cellulose and 

hemicellulose contents after pretreatment respectively. SEM 

image of the untreated and treated sugarcane baggasse and corn 

cob was carried out as presented in Plate 1.The morphology 

were generated at different magnifications ranging from 300 to 

3000 using a SEM image machine with the aid of computer 

program while the data is collected over a selected area of the 

samples surfaces. 

 

3. Results and Discussion 

3.1: Moisture content Determination of the Synthesized 

DES1 –DES4: 

The presence of water in DESs is critical in determining their 

purity. If not, water molecules would dissolve the DESs' 

components, preventing them from forming ion pairs (Degam, 

2017). The moisture content of all the synthesized DESs was 

determined and presented in Table 1. 

Table 1: Amount of water present in DESs synthesized 

DESs  Code-
name 

Mole 
ratio 

Moisture 
Content 
(%) 

Choline Chloride: Urea DES1 1:2 0.612 

Choline Chloride:Oxalic 
acid 

DES2 1:1 0.074 

Choline Chloride: 
Glycerol 

DES3 1:2 0.115 

Choline Chloride 
:Ethylene glycol 

DES4 1:2 0.098 

As shown in Table 1, All the DESs sythensized contained very 

low and insignificant amount of water. Compared to Degam, 

2017 that recorded 0.957 % and 0.912 % for DES1 and DES3, 

the present work recorded a lower percentage of water present 

in DES1 and DES 3 as 0.612 and 0.115% respectively. This is 

because, the present work was carried out in air tight condition 

to avoid absorption of water from the environment DES2 has 

least amount of water followed by DES4, DES 3 and DES1.This 

indicate that amount of water present in DES is dependent 

mainly on the HBD and the molar ratio of the components that 

formed DESs since all the four DESs used Choline chloride as 

their HBA for formation of DES. The highest amount of water 

recorded in DES1 may be due to hygroscopic nature of both the 

HBA and HBD used hence DES 1 contained 0.612 %, this is 

because the Urea used as the HBD is very hygroscopic. Degam 

(2017) stated that even with extreme caution, it is not possible 

to synthesize DESs with no water present due to the nature of 

the HBD and HBDs used in their synthesis, which are extremely 

hygroscopic. 

DES1 has a lower viscosity than DES2 and DES3 due to its 

high-water content. This resulted in high lignin dissolution by 

DES1 as a result of increased mass transfer, which leads to 

higher solubility due to lower viscosity. According to Degam 

(2017), the higher amount of water in DES1 may result in lower 

surface tension and thus higher lignin solubility because DESs 

with low surface tension can infiltrate the biomass matrix more 

easily. Although, the high percentage of lignin degradation 

reported in DES2 may be attributed to its mole ratio of 1:1, 

lower freezing temperature and acidic nature of HBD since all 

the synthesized were in ration of 1:2 except DES2.the higher 

the ratio, the higher the freezing point hence the lower the mass 

transfer and consequently reducing dissolution. Also, the higher 

the molar ratio, the higher the interaction hence the more, the 
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physical properties like surface tension, density and viscosity 

tends to increase (Castro et al., 2018). The amount of water 

present and ion complex by HBD influence melting and 

freezing point of DESs (Ameri, 2017). The acidic nature of 

HBDs also contribute to higher degradation efficiency recorded 

by DES2. Zhang et al. 2020 reported that the melting point of 

the DESs is influenced by the ratios of the hydrogen bond donor 

material. DES2 had the best lignin dissolution because of the 

internal hydrogen link produced by the DES and the high 

amount of leftover ions that formed a hydrogen bond with the 

hydroxyl group of the lignin which was also confirmed by 

Zhang et al. 2020.  

3.2 Fourier Transform-Infrad-red Spectroscopy (FT-IR) 

Characterization of the Synthesized DES1 –DES4: 

The FT-IR spectra characterization of all the synthesized DES 

1 –DES4 was done and presented in Figure 2 
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Figure 2: Overlaid FTIR spectra of synthesized DES1 to 

DES 4. 

Figure 2 shows the DESs and each of its distinct components' 

involved bonds' representative peak shifts and band widening. 

Because glycerol and ethylene glycol molecules are so similar, 

the same vibrational bands appear in the DES. Figure 2 depicts 

four ChCl: EG and three ChCl: Glycerol DES. The bands 

between 3600 and 3000 confirms the formation of strong 

hydrogen bond assigned to O-H stretching (shift) vibration 

which confirmed the formation of DESs. Similar spectra were 

observed for all of the DESs synthesized. This is due to the 

identical chemical structure of ChCl as the hydrogen bond 

donor and the fact that water is present in all DESs, which 

causes similar peaks to appear in the same area. From DES1 to 

DE4, the absorption bands at (3000-2885) and (1655, 1035, and 

897 cm1) correspond to the asymmetric and symmetric CH- 

stretching vibrations and the C-C-N+ stretching vibrations in 

choline chloride, respectively which correspond to the report of  

Zhang et al., 2012 and   Degam, 2017. 

3.3 Viscosity Determination of the Synthesized DES1 –

DES4 

Figure 3 indicates the effect of temperature on Viscosities of 

DES1 to DES4  
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Figure 3: Effect of temperature on Viscosities of the 

synthesized DESs (DES 1 –DES 4) 

Figure 3 depicts the relationship between temperature and the 

viscosities of each of the produced DESs. From the four DESs 

synthesized, the results indicated that as temperature increases, 

the viscosity of DESs decreases. The viscosity for DESs (DES 

1 –DES 4) was high at low temperature but decreases rapidly as 

temperature increase from 35 oC to 60 oC. This is due to the 

mobility of ions in the DESs (DES 1 –DES 4). The internal 

resistance of the molecules reduces as the temperature rises, 

enabling the molecules to flow more readily and the liquid to 

become less viscous. Castro et al., 2018 and Arkawazi et al., 

2020 also obtained similar pattern in their work where viscosity 

decreased as temperature increases. DES 3 shows highest 

viscosity is due to capability of coordination of the amide in 

choline chloride and the formation of self-hydrogen bonds 

between amides and glycerol compare to other DESs in this 

research while DES 4 show the lowest viscosity due to lesser 

number of hydrogen bond that can be formed between the HBA 

and HBD hence, the differences in viscosities among the 

sythensized DESs is due to change in HBD that was used in the 

formation of DESs. It was also reported by Ameri (2017) and 

Castro et al. 2018 that DESs will begin to degrade at 

temperature above 200 oC to 324 oC hence, all the synthesized 

are very stable and does not degrade for the range of 

temperature (room temperature) consider for the pretreatment 

of sugarcane bagasse and corn cob respectively. All the 

synthesized DES 1 to DES4 have low viscosity except DES3 

compared to conventional solvents. Low viscosity lead to high 

dissolution and solubility of lignin as a result of increase in the 

mass transfer (Degam, 2017).In this case, DES4 have the lowest 

viscosity, and however, the nature and ratio of HBDs play a 

crucial part in the physical properties of DESs. The presence of 

electrostatic interactions, van der Walls, and hydrogen bonds in 

the network, may account for DES3 high viscosity (Castro et 

al., 2018). As with conventional solvents and ionic liquids, the 

internal resistance of a fluid at shear stress and intermolecular 

interactions are the main factors impacting the reported 

viscosity values. The order of increasing viscosity among the 

synthesized DESs is DES4<DES3<DES2<DES1. 

3.4 Density Determination of the Synthesized DES1 –DES4 

Density values of the four synthesized DESs mixtures within 

the temperature range from 25 to 60oC were measured using 
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densimeter with model number sigma 702 and serial number of 

72296 by Bionic scientific as presented in Figure 4.  
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Figure 4: Effect of temperature on Density of the synthesized 

DESs (DES 1 –DES 4) 

As shown in Figure 4, the densities of the four synthesized DES 

1 to DES 4 exhibit little variation in densities with respect to 

increase in temperature respectively. This is mainly due to 

weakening of the DESs nanostructure thereby promoting the 

disintegration. As temperature increased, the molecules of the 

DES 1 to DES4 are been break down hence, they are free to 

move and mixed properly within the biomass DES 1 has density 

values of 1.19 g/cm3, DES 2 has 1.098 g/cm3while DES3 and 

DES4 has 1.225 g/cm3 and 1.089 g/cm3 respectively.  The 

density values of all the DESs sythensized is higher in this study 

than those reported in literature by Crespo et al., 2019 at the 

same molar ratios, reason being that those reported by Crespo 

et al. (2019) contain higher percentage of water than the ones 

recorded in this work with the deviations increasing with the 

HBD in the order EG < Oxalic acid < urea < glycerol. The 

density results recorded for DES1, DES3 and DES4 as 1.19 

g/cm3, 1.225 g/cm3 and 1.089 g/cm3 were in agreement with that 

of Payam and Ghandi, (2019) who reported 1.25 g/cm3, 1.12 

g/cm3 and 1.18 g/cm3 for DES1, DES3 and DES4 respectively 

at the same compositions.  

3.5 Other Physicochemical Determination of the 

Synthesized DES1 –DES4 

Table 2 shows the physicochemical properties (surface tension, 

refractive index, thermal conductivity and pH of the 

synthesized DESs was determined and presented in Table 2 

 

 

 

Table 2: Physicochemical properties of the synthesized 

DESs 

DESs Surface 
Tension 
(Nm/m) 

Refractive 
Index 

Thermal 
Conductivity 

(WK-1m-1) 

pH 

DES1 52.26 1.497 0.628 9.4 

DES2 57.11 1.463 0.769 2.0 

DES3 56.54 1.709 0.931 7.8 

DES4 55.43 1.474 0.981 6.6 

 

The physicochemical properties measured in this work are 

mainly function of the components (HBDs) that are was used in 

the formation of DESs the molar ratios.  

The measured pH obtained in this work for DES1 (9.4) and 

DES3 (7.8) are similar to that of Degam, (2017) who reported 

9.44 and 7.76 respectively for DES1 and DES3. From Table 2, 

DES2 has the lowest pH of 2 probably due to HBD which is an 

acid while DES4 has a pH of 6.6. Both DES3 and DES4 have 

their pH around the neutral region and this result also 

correspond to that of Degam, (2017). In terms of surface 

tension, the results showed that DES2 has the highest surface 

tension of 57.11 Nm/m. The surface tension results obtained in 

this work for DES1, DES3 and DES4 are 52.26 Nm/m, 56.54 

Nm/m and 55.43 Nm/m respectively which are in close range 

to that of El-hoshoudy et al., (2019) who obtained 52 Nm/m, 

55.8 Nm/m and 49 Nm/m respectively for DES 1, DES3 and 

DES4. Also, this result (DES1) is similar to that of Azhar et al., 

(2019) in their work, where they recorded lowest surface 

tension of 55.06 Nm/m for DES1 among the DESs they 

synthesized which is in close range with this work for DES1. 

DESs made from choline chloride are more conductive hence, 

an indication of the presence of anionic species in the DESs 

which can move independently. Dai et al.,2013 reported 

conductivities of choline chloride based DESs in the range of 

0.1 -10 WK-1m-1.However, the DESs synthesized in this current 

work has conductivity ranging from 0.6 -0.98 with DES4 

having the highest conductivity of 0.980563 WK-1m-1 while 

DES1 show the lowest conductivity of about 0.628118 WK-1m-

1. Also, the result of conductivity obtained is also in close range 

with that of El-hoshoudy et al., 2019 who obtained 0.75 WK-

1m-1, 1.05 WK-1m-1 and 7.61 WK-1m-1 for DES1, DES3 and 

DES4 respectively. 

Table 2 also presents experimental data on the reflective indices 

of the DESs synthesized in this study. The refractive index was 

measured at room temperature, and it was clear that at low water 

content, DES3 with a water content of 0.115 has a higher 

reflective index of 1.709 than DES1 with a water content of 

0.612 and a refractive index of 1.497 because of the improved 

ion packing and increased ion arrangement. Generally, all the 

synthesized DESs has high refractive indeces as a results of low 

water content in them. This result is in agreement with Azhar et 

al., 2019 who obtained 1.4590 in their work. The result of this 

current work for DES1 (1.497) and DES3 (1.709) are in close 

range with that of Degam, 2017 who recorded 1.50s69 and 

1.4867 for DES1 and DES3 respectively. 

3.6 Pretreatment of sugarcane bagasse and corn cob using 

the synthesized DES1 –DES4 

The proximate analysis of the raw materials was carried as 

presented in Table 3. 
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The proximate analysis of 45.86 %, 23.35 % and 20.65 % for 

corncob are within the range reported in literature by Alhafiz et 

al., 2020 who obtained a value of 41.8, 31.3 and 21.60 for 

corncob. Zhang 2016 also recorded a similarresults for 

untreated corncob with 39.26, 29.05 and 19.60. The small 

variations in the chemical composition of the untreated 

materials recorded with that reported in literature may be due to 

different sources and soil contents been different due to 

variation in locations where the maize was planted. Similarly in 

terms of the composition of raw sugarcane bagasse, Rezendel 

et al., 2014 obtained 50 %, 25 % and 25 %   as composition of 

cellulose, hemicellulose and lignin for their raw sugarcane 

bagasse which is close to that reported in this work as presented 

in Table 3 respectively. 

Table 3: Proximate analysis of raw sugarcane bagasse and 

corn cob. 

Sample Cellulose (%) Hemicellulose 
(%) 

Lignin (%) 

Corn cobs 45.86±0.35 23.35 ± 0.30 20.65± 0.35 

Sugarcane 
bagasse 

50.09±0.28 24.24 ± 0.22 19.21± 0.21 

 

Percentage lignin degradation was calculated as percentage on 

the basis of lignin removal after pretreatment using equation 1.  

The percentage of lignin removal after pretreatment are shown 

in Figure 5a  and 5b for sugarcane bagasse and corncob 

respectively while the percentage of holocellulose available for 

possible conversion into valuable products was also determined 

and presented in Figure 6a and 6b respectively. The analysis 

was repeated for possible standard deviation as the average 

value were used to compute the percentage lignin removal. 

 
   

 
Figure 5: Effect of pretreatment using the synthesized 

DESs on percentage Lignin removal of (a) sugarcane baggasse 

and (b) corncob. 

 

As shown in Figure 5a, DES1 and DES2 show highest 

percentage removal of lignin with 65% and 63 % respectively 

while DES3 and DES4 have 55 and 68 percent respectively. 

The results demonstrate that the synthesized DESs can be used 

as a suitable solvent for lignin removal from sugarcane 

baggasse. Similarly, Figure 5b shown the removal of lignin 

from corncob where DES1 removed more lignin (54%) higher 

than the remaining DESs synthesized. Similar results were 

obtained for switch grass pretreatment by Degam, 2017 and 

Ameri, 2017 with 58 % and 40.86 % removal respectively using 

choline chloride –Acetonitrile and choline chloride –imidazole 

DESs. 

According to Xia et al. (2018), the effectiveness of DES 1–

DES4 for pretreatment was based on their capacity to break 

carbon-carbon bonds and alkyl ether bonds in sugarcane 

bagasse and corn cob structures. The O-H, ether, and H-bonds 

in lignin are thought to be broken down by DESs, which causes 

lignin to separate from the lignocellulose complex (Alvarez-

Vasco et al., 2016). The presence of hydroxyl O-H groups and 

alkyl groups in choline chloride and urea, on the other hand, 

may be attributed to pretreatment enhancement. This is due to 

the fact that the O-H and alkyl groups formed in choline 

chloride act as electron donors, with the alkyl group increasing 

the oxygen electron density in the O-H group on oxalic acid. 

This strengthens the H-bond between hydrogen and oxygen in 

DES 1 and DES 2, respectively, resulting in the formation of 

weaker acids and, as a result, lower acid ionization. This 

observation is in agreement to that reported by Chen et al., 

2018. The O-H group and double bond of HBD (oxalic acid) in 

DES2 contributed to the higher polarity nature. This might 

enhanced solvent interaction with lignin through the H-bonding 

thus functional groups (HBDs) in DES significantly account for 

lignin dissolution account for high percentage removal of lignin 

by DES2. Also, to understand the mechanism of DES 

pretreatment, some physiochemical characterization such as 

FT-IR, SEM, viscosity, density, conductivity, surface tension 

etc was carry out on the synthesized DESs for various structure 
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disruption that made the biomass available for hydrolysis and 

bioconversion. Surface tension, polarity, acidity or alkalinity, 

conductivity, density, refractive index, solubility, and other 

properties including viscosity, melting point, freezing point, 

boiling point, and others could be affected by the structure of 

HBD and the molar ratio of HBAs / HBDs during DES 

pretreatment of lignocellulosic biomass (Elhamarnah et al., 

2020, Jablonsky et al., 2019). In terms of viscosity, it was 

observed that high viscosity may impede the fractionation of 

biomass which may be attributed to DES3 having the lowest 

percentage of lignin removal since DES3 have the highest 

viscosity. This was reported by Smink et al., 2020. Density, one 

of the key physical characteristics of solvents, can provide 

information on the solution's activity and molecular mobility 

(Hakkinen and Abbot, 2019). 

Conductivity describe the ease with which ions flow in a 

substance (Ren et al., 2016).In relation to viscosity, Xu et 

al.,2020 reported that it might be easier for DES with reduced 

density and viscosity to saturate the biomass framework, which 

was the trend observed in the current work. Figure 6a and 6b 

show the percentage of holocellulose available for possible 

conversion into biofuels and valuable chemicals such as lactic 

acid, furfural. 

 

 
Figure 6: Effect of pretreatment on Holocellulose 

composition of (a) sugarcane baggasse and (b) corn cob using 

the synthesized DESs. 

After removal of lignin, the percentages of cellulose and 

hemicellulose remaining was also determined. DES1 has the 

highest holocellulose (83.80%) and (72 %) for sugarcane 

bagasse and corn cob respectively as shown 7. The effect of 

holocellulose contents on sugarcane bagasse and corn cob after 

pretreatment increased for all the DESs tested in this work. This 

is because, hemicellulose in bagasse and corn cob was 

successfully dissolved by DESs, the -O-4′ ether link between 

lignin molecules was broken, and the crystallinity of cellulose 

was also greatly increased. Furthermore, cellulose's hydroxyl 

groups (-OH) easily form monoesters or cross-linked diesters 

when carboxyl groups (-COOH) in DESs, particularly DES2, 

react with them. This prevents cellulose from dissolving during 

pretreatment.  The values obtained is similar to that reported by 

Ameri, 2017 with 80% success using switch grass. 

3.7 FT-IR Spectra of the Untreated and Treated Sugarcane 

Bagasse and Corn Cob Using the Synthesized DES1 –DES4:  
During FT-IR analysis of the untreated and treated sugarcane 

bagasse and corn cob using the synthesized DES1 –DES4, they 

undergo several changes. Thus, a comparison of FT-IR spectra 

of untreated with treated samples was done as shown in Figure 

7a and 7b respectively. 
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Figure 7: Overlaid of FT-IR spectra for the Untreated and 

Treated (a) Sugarcane bagasse and (b) Corn cob. 

As depicted in Figure 7a, the (band widening) at 2955- 3651 

cm-1 for the raw sugarcane bagasse were attributed to O-H 

stretching in the polysaccharides of sugarcane bagasse. This 

absorption peak shifted to   a lower band of 3000-3362 cm-1 

after pretreatment, an indication that DESs used as pretreatment 

solvent have broken the intermolecular H-bonds in the cellulose 
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due to the content of free hydroxyl group that increased after 

pretreatment. Also, C= H stretching Vibrational peak shows the 

aromatic ring of lignin decreased from 2920cm-1 to 2885cm-1, 

which indicates that the lignin is removed during pretreatment 

while the absorption peaks at 1500 to 1600 cm-1 almost got 

disappear after pretreatment, an indication of breakdown of 

ether links between lignin and hemicellulose. However, C-O 

stretching vibration at 1048 cm-1coupled with C-O bending of 

the C-O group of alcohols and aliphatic ester of carbohydrates 

and C-O-C stretching at 897 cm-1 of ß-(1,4)-glycosidic linkages 

in cellulose remained unchanged after pretreatment signifying 

the presence of cellulose for bio conversion 

Similarly, the FT-IR analysis for raw and treated corn cob 

(Figure 7b) review the existence of this functional group in 

untreated and some disappear or decreased due to the effect of 

pretreatment in the treated corn cob. For example, the O-H 

group intensity at 3433 cm-1 in the Cellulose shifted to lower 

wavelength of 3355 cm-1 confirming that DESs broke the 

hydrogen bonds between the lignin and hemicelluose to some 

extent. The effect of pretreatment was further confirmed by the 

disappearance of C-C vibrational intensity peak at 1755 cm-1 in 

the treated corn cob. This peak's intensity in corncob decreased 

after DES2 treatment and then disappeared after DES1 

treatment.. This is due to breakage of linkage between 

hemicellulose and lignin. Also, C-H bending peak at 834 cm-1 

in phenol  (syringyl content in lignin) decreased after 

pretreatment to a peak of 582 cm-1 thus, indicating 

delignification. 

3.8 Scanning Electron Microscopy (SEM) Image of the 

Untreated and Treated Sugarcane bagasse and Corn cob 

Plate 1 shows the SEM images of treated and untreated 

sugarcane bagasse and corn cob A1 (untreated corn cob), A2 

(treated corn cob), B1 (untreated sugarcane bagasse) and B2 

(treated sugarcane bagasse).The SEM analysis was done using 

DES1 being that it demonstrated higher pretreatment efficiency 

compared to other DESs investigated in this work. 

 

 

 

 
Plate 1: SEM images of treated and untreated sugarcane 

bagasse and corn cob A1 (untreated Corn cob), A2 (treated 

Corn cob), B1 (untreated Sugarcane bagasse) and B2 (treated 

Sugarcane bagasse). 

AS shown in plate 1, the SEM images of untreated sample (A1 

and B1) indicates a rigid and order symmetrical structure. The 

treated samples show a loose surface with adjusted particles. 

There was a disruption in the treated bagasse and corn cob fibers 

as a result of pretreatment and changes in surfaces area due to 

lignin breakage, cellulose swelling   thereby causing reduction 

in crystallinity of the treated samples (A2 and B2) respectively. 

The treated sugarcane bagasse and corn cob fiber surfaces had 

numerous cracks and pores, and after pretreatment, particularly 

with DES1, on the surface, there were some holes, and the fiber 

surface was broken an indication of pretreatment. Although, the 

fibers may seem to be aggregated, they are very brittle and 

shown no symmetry as a result of synergistic effect of 

pretreatment which altered the lignin and expose the cellulose 
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structure. The fiber porosity may be increased due to removal 

of waxy compounds such as lignin. The treated bagasse show 

some crack in the treated fiber which confirmed the disruption 

of lignin with some tiny holes. This observation was also 

confirmed by report of Chen et al., 2018. 

 

4. Conclusion 

In this work, DES1 Choline chloride /Urea (ChCl: U), DES2 

Choline chloride /Oxalic acid (ChCl: OA), DES3 Choline 

chloride /Glycerol (ChCl: G), and DES4 Choline chloride 

/Ethylene Glycol (ChCl: EG) were synthesized, characterized, 

and used as treatment solvents for corn cob and, respectively. 

The effect of viscosity, pH, conductivity, surface tension, 

density, refractive index, and moisture content were also 

determined on their abilities for use as potential pretreatment 

solvent. The different physicochemical properties values of the 

synthesized DESs resulted in variations in how pretreatment 

affects bagasse and corn cob. Viscosity generally decreases as 

temperature increases for all the synthesized with DES 3 having 

the highest viscosity of 499 CPs. The order of increasing density 

of the synthesized DESs is the order EG < Oxalic acid < urea < 

glycerol. FTIR results of the synthesized DESs shows a 

hydrogen bond interaction and a shift and vibrational peaks 

recorded in the DESs confirm that DESs was successfully 

formed. Overall, the experimental findings determined in this 

study agrees closely with data from the literature, thus the 

synthesized DESs are consider green and can serve as an 

alternatives to conventional organic solvents.  DES1 and DES2 

performed better interms of pretreatment of sugarcane baggasse 

with percentage removal of lignin to be 65 %  and 63% 

respectively, followed by DES4 with 58 % and DES3 having 

the least percent (55%)  among the synthesized DES1 – DES4. 

There was a substantial decreased in lignin percentage 

reduction of 83.26 % and 72 % and a corresponding percentage 

increased in holocellulose composition by 11.3 % and 4.03% 

for sugarcane bagasse and corn cob after pretreatment 

respectively. Furthermore, the DESs tested in this study 

improved the pretreatment effectiveness of the DESs system, 

demonstrating their suitability as pretreatment reagents for corn 

cob and sugarcane bagasse. As a result of its attractive and 

environmentally friendly properties, it can be utilized as a 

possible substitute solvent to traditional organic solvents in 

industry. 
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