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BSG was fractionated according to a previous work [20] with slight modifications: 0.5 

g of BSG were treated in a 100 mL glass bottle with 10 g of ionic liquid (5% w/w) at 90ºC 

during 16 h in a sand bath with orbital stirring (120 rpm) in the presence of glass pearls. 

Three antisolvent-based methods for BSG fractionation were evaluated: 

Treatment A (TA): it was based on the previous work of this group [20] with slight 

modifications. Briefly, 50 ml of an acetone/water solution (1:1 v/v) was added and stirred 

for 30 min at room temperature, thus leading to the CRM precipitation, which was 

removed by centrifugation (Ortoalresa, Consul 21, EBA 20, Hettich Zentrifugen. 

Germany) at 2755 x g for 30 min and filtration with a nylon membrane (pore size 0.45 

μm). The CRMs were washed with deionized water until they became colorless (6 

washes) in order to remove all remaining ionic liquid. Finally, they were dried for 24 h at 

50°C in an oven (Celsius 2007, Memmert, Schwabach, Germany) and stored for later 

analysis. The acetone present in the liquid phase was evaporated at 50°C in the oven, 

causing the precipitation of lignin-rich material that was separated and washed as was 

done for the CRMs. Finally, the remaining liquid phase was combined with the washing 

water, and this mixture was submitted to a rotary evaporation (40 mbar, 50°C). 

Treatment B (TB): After pretreatment with ionic liquid, 50 mL of deionized water was 

added and stirred for 30 min at room temperature, thus precipitating the CRMs that were 



separated and washed as described in the previous treatment. The liquid fraction was

concentrated by removing water and a subsequent addition of 150 mL of 96% ethanol (v

/v) allowed the precipitation of the hemicellulose-rich material [24]. Ethanol was then

removed in a rotary evaporator in order to trigger lignin rich material precipitation that

was separated and washed as described in the previous treatment. Finally, the liquid phase

was mixed with the washing water and the rotatory evaporator was again employed to

concentrate it, as described previously in TA.

Treatment C (TC). This alternative is based on the protocol reported elsewhere [21]

with some modifications. 50 mL of NaOH (0.1 M) was added to the ionic liquid-

pretreated BSG and stirred for 30 min to precipitate the CRMs, which were submitted to

the same process described in treatments A and B. pH of the liquid fraction was adjusted

to 2 with HCl to foster lignin-rich material precipitation, as previously described. Again,

the liquid fraction was mixed with the washing water and neutralized with NaOH prior to

be submitted to rotatory evaporation (where NaCl and other residues precipitate). Finally,

methanol was added to the ionic liquid mixture to ease NaCl removal by filtration, prior

to eliminate methanol by rotatory evaporation.

All experiments were performed in triplicate.

2.3 Analytical methods

2.3.1 BSG and CRM characterization

Moisture content of BSG and CRM was determined by drying in an oven at 105 ºC up

to a constant weight. The composition of BSG and CRMs was analyzed by quantitative

acid hydrolysis following the previously described procedure [20].



The BSG and CRMs (lignin, glucan, xylan and arabinan) composition determined by 

quantitative acid hydrolysis were subjected to analysis of variance (ANOVA) with 

Statgraphics Centurion XVI.I software using Tukey’s test at a significance level of P < 

0.05 to determine statistically significant differences. 

2.3.3 ATR-FTIR analysis. 

Infrared spectroscopy equipment (Thermo Nicolet 6700 FTIR Spectrometer, Thermo 

Fisher Scientific Inc., Madison, WI, USA) coupled with an attenuated total reflection 

(ATR) accessory equipped with a diamond crystal (Smart Orbit Diamond ATR, Thermo 

Fisher, USA) was used to characterize BSG and CRM fractions at room temperature. Dry 

samples were analyzed in the range 4000 to 400 cm-1 at 4 cm-1 resolution and 20 scans 

using a deuterated triglycine sulfate (DTGS) KBr detector. 

Lateral order index (LOI) [25] was calculated by means of the absorbance (A) to 

evaluate changes in cellulose crystallinity, following the expression: 

2.3.4 X-ray diffraction analysis. 

The crystallinity of BSG caused by treatment with the ionic liquid was followed by X-

ray spectroscopy (Siemens D500) employing diffraction angles spanning from 2θ = 2 – 

45°, with a step size of 0.02° and a step time of 0.5 s [26]. The crystalline index (CrI) was 

calculated as follows [27]: 

  
where Icry is the intensity of the crystalline region at 2θ = 22.35 and Iam is the intensity in 

the amorphous region at 2θ = 16.17. 

2.3.5 Field Emission Scanning Electron Microscopy (FE-SEM). 



The dry samples were mounted onto aluminum stubs and coated with gold in Sputter 

Coater (Sputtering Emitech K550X, Quorum Technologies, Kent, UK) for 3 min. Finally, 

a FE-SEM system (Model JSM-6700 F, Jeol, Japan) was employed to observe and 

photograph morphological changes of BSG after each treatment. 

2.3.6 Ionic liquid purity. 

An HPLC equipped with a conductivity detector (Dionex ICS-3000) and an ion 

exchange column (Dionex IonPac CS12, 250 x 4 mm) working in isocratic mode was 

employed for N1112OHGly quantification. A macroporous (100 Å) divinyl benzene/ethyl 

vinyl benzene polymer was used as stationary phase and 2 mM HNO3 as mobile phase at 

a flow rate of 1 mL/min at 30ºC. The limit of detection (LOD) and limit of quantification 

(LOQ) was 1 ppm and 2.5 ppm, respectively. 
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