
 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Yang et al. (2017). “Commercial cellulases action,” BioResources 12(4), 7834-7840.  7834 

 

Evaluation of Commercial Cellulase Preparations for the 
Efficient Hydrolysis of Hydrothermally Pretreated Empty 
Fruit Bunches 
 

Jungwoo Yang,a Ji Eun Kim,a Jae Kyun Kim,a Sung ho Lee,b Ju-Hyun Yu,c and  

Kyoung Heon Kim a,*  

 
The performance of cellulase in the enzymatic saccharification of 
lignocellulose depends on the characteristics of lignocellulosic biomass 
feedstocks and the pretreatment method used. Efficient hydrolysis of 
specifically pretreated lignocellulose necessitates the knowledge of the 
characteristics of the optimal commercial cellulases. In this study, 
commercial cellulase preparations (Accellerase™ 1000, Accellerase® 
1500, and Spezyme® CP from DuPont and Cellic® CTec2 from 
Novozymes) were evaluated for their hydrolysis efficiency of 
hydrothermally pretreated empty fruit bunches (EFBs). The highest 
glucose yields of 91.3% and 84.7% were achieved for 30 FPU of Cellic® 
CTec2/g glucan with and without Cellic® HTec2, respectively. Of the four 
cellulases tested, Cellic® CTec2, which showed the highest 
cellobiohydrolase, xylanase, and β-glucosidase activities, showed the 
highest glucose yield in the enzymatic hydrolysis of hydrothermally 
pretreated EFBs. The results of this study are valuable for those who plan 
to enzymatically hydrolyze hydrothermally pretreated EFBs.  
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INTRODUCTION 
 

The increasing dependence on fossil fuels has raised several environmental 

concerns. Therefore, the production of bio-based fuels or chemicals from lignocellulosic 

biomass has garnered much attention (Hill et al. 2006). The production of fuels and 

chemicals from lignocelluloses involves three major processing steps: pretreatment of 

lignocellulose, enzymatic hydrolysis of the pretreated lignocellulose, and microbial 

fermentation to yield fuels and chemicals (Limayem and Riche 2012). Of these, enzymatic 

hydrolysis is one of the most critical steps that determine the overall process economics 

(Yang et al. 2011). A typical process of enzymatic hydrolysis of lignocelluloses involves 

a cooperative effort of several different enzymes, including cellobiohydrolase (CBH), 

endoglucanase (EG), β-glucosidase (BG), and hemicellulase (Rosgaard et al. 2007). 

Generally, CBH attacks the ends of cellulose chains to produce cellobiose, while EG 

cleaves in the middle of cellulose chains to reduce the degree of polymerization of cellulose 

chains. BG then converts cellobiose into glucose. Hemicellulase, mainly composed of 

endo-xylanase and β-xylosidase, liberates xylose from xylan. 



 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Yang et al. (2017). “Commercial cellulases action,” BioResources 12(4), 7834-7840.  7835 

From an industrial viewpoint, the ultimate goal in the enzymatic hydrolysis of 

lignocellulose is to minimize the enzyme loading and maximize sugar production (Van 

Dyk and Pletschke 2012). A complete investigation of the characteristics of commercial 

enzymes is important to accomplish this goal. Currently, commercial cellulases employed 

for the enzymatic hydrolysis of pretreated lignocellulosic biomass exhibit many obstacles, 

such as non-productive absorption of enzymes into lignin (Ko et al. 2015), decreased 

enzymatic activity by inhibitors generated during pretreatment (Cantarella et al. 2004; 

Ximenes et al. 2011), and product inhibition by monosaccharides, disaccharides, and 

oligosaccharides during enzymatic hydrolysis (Qing et al. 2010; Teugjas and Väljamäe 

2013). 

In this study, to comparatively understand the performance of industrial-grade 

cellulase preparations from major manufacturers, four different commercial enzymes were 

evaluated for the hydrolysis of hydrothermally pretreated empty fruit bunches (EFBs). 

Through 72 h hydrolysis, the performance and characteristics of each commercial cellulase 

were compared in terms of the glucose yield, filter paper activity (FPA), and specific 

activity (U/mg protein). In addition, the possible synergistic effect of hemicellulase on the 

overall performance of the four cellulase preparations was studied. Therefore, the results 

in this study are valuable for those who plan to enzymatically hydrolyze hydrothermally 

pretreated EFBs or similarly prepared lignocellulosic feedstocks. 

 
 
EXPERIMENTAL 
 

Lignocellulosic Biomass and Hydrothermal Pretreatment 
Empty fruit bunches (EFBs), kindly provided by Korindo Group (Jakarta, 

Indonesia) were finely ground and sieved to obtain particles of approximately 850 μm 

diameter. Hydrothermal pretreatment was performed at 190 °C for 15 min at a solid-to-

liquid ratio of 1:11.5 (w/v) using a 15 L scale reactor. Following pretreatment, EFBs were 

transferred into a fabric bag with a pore size of approximately 6 µm and washed with tap 

water. Washed EFBs were dried using a freeze dryer (IlShinBioBase, Dongducheon, 

Korea) and stored at -20 °C until use. 

 

Compositional Analysis of Lignocellulosic Biomass 
Carbohydrate and lignin contents of EFBs were determined according to the 

Laboratory Analytical Procedures (LAP) of the National Renewable Energy Laboratory 

(NREL) (Sluiter et al. 2008). Briefly, 0.3 mg EFBs were treated with 3 mL of 72% sulfuric 

acid (H2SO4) at 30 °C for 1 h, followed by treatment with 87 mL of 3% H2SO4 at 121 °C 

for 1 h to achieve complete hydrolysis. Following the acidic digestion, the concentrations 

of monomeric sugars in the liquid fraction were measured by a high-performance liquid 

chromatography (HPLC; Agilent Technologies, Waldbronn, Germany), with use of an 

Aminex HPX-87H column (Bio-Rad, Hercules, CA). The HPLC column temperature was 

set at 65 °C, and 0.5 mM H2SO4 solution was used as the mobile phase at a flow rate of 0.6 

mL/min. Glucose, galactose, xylose, arabinose, and mannose were detected by using a 

refractive index detector. These sugars were quantified according to their own calibration 

curves. The contents of each monomeric sugar were used to express the composition of 

glucan and hemicellulose. The glucan content was directly converted from the glucose 

content, and the hemicellulose content was obtained by summing up the contents of xylan, 
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galactan, arabinan, and mannan, which were converted from the monomeric sugar contents 

of xylose, galactose, arabinose, and mannose, respectively. 

The acid-soluble lignin content was determined at 205 nm using a microplate 

spectrophotometer (xMark™, Bio-Rad, Hercules, CA). Acid-insoluble lignin in the liquid 

fraction was filtered and incubated at 575 °C for 3 h; the weight loss of the solids was 

expressed as the percentage (w/w) of the total weight of the initial biomass. The ash content 

was determined as previously described (Sluiter et al. 2005). 

 

Enzymes and their Assays  
Enzymes Accellerase™ 1000, Accellerase® 1500, and Spezyme® CP were a kind 

gift from DuPont (DuPont Danisco, WI), while Cellic® CTec2 and Cellic® HTec2 (234.5 

mg/mL) were kindly provided by Novozymes Korea (Seoul, Korea). 

The cellulase activity expressed as filter paper unit (FPU)/mL for each enzyme was 

determined, as previously described (Adney and Baker 2008). Briefly, the diluted enzyme 

solution (0.5 mL) was incubated with 1 mL of 50 mM citrate buffer and 50 mg of Whatman 

No. 1 filter paper strip at 50 °C for 60 min. The enzymatic reaction was stopped with the 

addition of 3 mL of 3,5-dinitrosalicylic acid (DNS), and the mixture heated at 100 °C for 

5 min in a water bath. The amount of glucose released was measured at 540 nm wavelength 

using a microplate spectrophotometer. The activity of 1 FPU/mL was defined as the 

amount of enzyme releasing 2.0 mg of glucose per minute. 

The BG activity was measured by treating 0.5 mL of diluted enzyme solution with 

1 mL of 2 mM of p-nitrophenyl-β-D-glucopyranoside (pNPG; Sigma-Aldrich, St. Louis, 

MO) at 50 °C for 10 min, as previously described (Grover et al. 1977). The enzymatic 

reaction was stopped with the addition of 2 mL of 1 M sodium carbonate (Na2CO3) 

solution. The amount of p-nitrophenol released was measured at 410 nm wavelength using 

a microplate spectrophotometer (xMark™, Bio-Rad, Hercules, CA). One enzyme unit of 

β-glucosidase (U/mL) was defined as the amount of enzyme releasing 1 μmol of p-

nitrophenol per minute. 

The xylanase activity was determined by incubating 0.5 mL of diluted enzyme 

solution in the presence of 0.5 mL of 1% (w/v) beachwood xylan (Sigma-Aldrich) at 50 °C 

for 5 min, as previously described (Bailey et al. 1992). The reaction was stopped using 

DNS. The amount of released xylose was measured at 540 nm wavelength using a 

microplate spectrophotometer. One enzyme unit of xylanase (U/mL) was defined as the 

amount of enzyme releasing 1 μmol of xylose per minute. Protein concentrations in each 

enzyme solution were determined using a bicinchoninic acid (BCA) protein kit (Thermo 

Scientific, Rockford, IL). 

The EG activity was determined by incubating 0.5 mL of 2% (w/v) carboxymethyl 

cellulose suspension with 0.5 mL of diluted enzyme solution with (CMC; Sigma-Aldrich) 

at  50 °C for 30 min, as previously described (Ghose 1987). The reaction was stopped using 

DNS. The amount of released glucose was measured at 540 nm wavelength using a 

microplate spectrophotometer. One enzyme unit of endoglucanase (U/mL) was defined as 

the amount of enzyme releasing 1 μmol of glucose per minute. 

The CBH activity was determined by incubating 1.6 mL of 1.25% (w/v) Avicel 

(Sigma-Aldrich) suspension with 0.4 mL of diluted enzyme solution at 50 °C for 30 min 

(Zhang et al. 2009), as previously described. The amount of released glucose was measured 

by HPLC. One enzyme unit of cellobiohydrase (U/mL) was defined as the amount of 

enzyme releasing 0.5 mg of glucose per minute. 
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Enzymatic Hydrolysis of Pretreated EFBs 
The enzymatic hydrolysis of pretreated EFBs was performed in triplicate as 

previously described (Selig et al. 2008). Briefly, pretreated EFBs were transferred into a 

30 mL glass bottle with a biomass loading equivalent to 1% (w/v) glucan and treated with 

10 mL of a solution containing cellulase (10 FPU/g to 30 FPU/g glucan), 0.05 M sodium 

citrate buffer (pH 4.8), and sterilized distilled water. The reaction mixture was incubated 

at 50 °C for 72 h. Following enzymatic hydrolysis, the concentration of glucose was 

estimated using an HPLC equipped with an Aminex HPX-87H column (Bio-Rad, 

Hercules, CA). Glucose yield (%) was calculated as the amount of released glucose per 

amount of glucose in the initial biomass. 

 

 
RESULTS AND DISCUSSION 
 

Effect of Hydrothermal Pretreatment on the Composition of EFBs  
The unpretreated EFBs comprised 37.1% (w/w) glucan, 24.7% hemicellulose, and 

22.2% lignin (Table 1). Although the composition of EFBs may vary with their harvest 

locations, the EFBs in this study showed similar composition with their glucan, 

hemicellulase, and lignin content ranging from 36.8 to 41.7%, 19.9 to 28.2%, and 20.3 to 

31.8%, respectively (Hong et al. 2013; Jung et al. 2013; Ho et al. 2014). Hydrothermal 

pretreatment was performed at 190 °C for 10 min on EFBs to solubilize hemicellulose. As 

shown in Table 1, hemicellulose solubilization up to 79.3% (w/w) was achieved, which 

was attributable to the hydrothermal pretreatment. Similar results have been reported in 

other studies using various biomass (Suryawati et al. 2008; Nitsos et al. 2013). However, 

the glucan recovery from the insoluble solids was 100.0% (w/w) after pretreatment (Table 

1), indicating that cellulose was merely solubilized by hydrothermal pretreatment in this 

study. These results are in agreement with another study that showed high glucan recovery 

of 84.9 to 95.7% obtained from the hydrothermal pretreatment of EFBs at 200 °C to 210 

°C for 10 min (Zakaria et al. 2015). Therefore, the hydrothermal pretreatment was highly 

effective for solubilization of hemicellulose and to achieve maximum glucan recovery in 

this study. 

 

Table 1. Composition of EFBs before and after Hydrothermal Pretreatment* 

Biomass Component 
Composition of EFBs** 

Unpretreated Pretreated 

Glucan 37.1 ± 0.1 55.4 ± 0.5 

Hemicellulose 24.7 ± 0.1 7.6 ± 0.2 

Lignin 22.2 ± 0.2 31.1 ± 0.1 

Ash 1.3 ± 0.0 1.1 ± 0.1 

*The total recovery yield of insoluble solids after pretreatment and washing with water was 67.0% 
(w/w). 
**Experimental data are expressed as mean ± standard deviation. 
 

Comparison between the Hydrolysis of Pretreated EFBs with Four Different 
Commercial Enzymes  

Four different commercial enzymes were compared for the hydrolysis of the 

hydrothermally pretreated EFBs at 1% glucan loading (Fig. 1). In general, the glucose yield 

increased with an increase in the enzyme loading for all four enzymes. The lowest glucose 
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yields at three different enzyme loadings were 37.8% and 37.9% with 10 FPU of 

Accellerase™ 1000 and Accellerase®1500/g glucan, respectively (Fig. 1). In spite of an 

increase in the enzyme loading to 30 FPU for Accellerase™ 1000 and Accellerase® 1500/g 

glucan, the glucose yields were still the lowest values of 73.4% and 67.6%, respectively.  

 

 
 

Fig. 1. Hydrolysis of hydrothermally pretreated EFBs by four different commercial enzymes. 
Enzymatic hydrolysis was performed using 10 to 30 FPU of the commercial cellulase 
preparations/g glucan at 50 °C for 72 h at 1% (w/v) glucan loading in 0.05 M citrate buffer (pH 
4.8). The glucose yields were determined by measuring glucose concentrations by HPLC.  
 

Notably, the FPAs of Accellerase™ 1000 and Accellerase® 1500 were higher than 

that of Spezyme® CP but slightly lower than that of Cellic® CTec2 (Table 2), indicating 

that the overall performance in the enzymatic hydrolysis may be attributed to factors other 

than the FPA of cellulase. More specifically, lower glucose yields with Accellerase™ 1000 

and Accellerase® 1500 may be related to their low xylanase, cellobiohydrolase, and 

extremely low β-glucosidase activities as compared to those of Spezyme® CP and Cellic® 

CTec2 (Table 2). The hemicellulose content of the pretreated EFBs used in this study was 

as lower as 5% (w/w). However, xylan is mainly localized on the surface of cellulose, and 

xylanase may have removed xylan, which may have hindered the access of cellulase 

(Kumar and Wyman 2009). For instance, xylanase supplementation to stream-pretreated 

corn stover containing 9.8% hemicellulose significantly increased the glucose yield in the 

enzymatic hydrolysis of the corn stover (Hu et al. 2011). Meanwhile, β-glucosidase 

alleviates the product inhibition caused by cellobiose (Teugjas and Väljamäe 2013) and 

exhibits the highest non-productive binding to lignin in hydrothermally pretreated biomass 

(Ko et al. 2015). In this study, specific activities of xylanase and β-glucosidase for 

Accellerase™ 1000 were measured to be 7.6 and 2.9 U/mg protein, respectively, (Table 2) 

and were comparable to those reported in a previous study (Fujii et al. 2009).  
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Table 2. Protein Concentrations and Specific Activities of the Commercial Cellulases Analyzed by Others and in this Studya 

aExperimental data are expressed as mean ± standard deviation. 
bProtein concentration (mg/mL) was determined by BCA method. 
cFPU: Filter paper unit 
dCBH: Cellobiohydrolase 

eEG: Endoglucanse  

fNM: Not measured 

 

 

 

 

 

 

 

Enzyme 
Proteinb 
(mg/mL) 

FPA 
(FPUc mg-1 protein) 

Specific activity (U mg-1 protein) 
Reference 

CBHd EGe Xylanase β-Glucosidase 

Accellerase™ 

1000 

NMf 
105.1±13.7 

0.44±0.01 
0.51±0.00 

 0.25±0.01 
 0.18±0.02 

 6.75±0.34 
 14.1±0.51 

8.86±0.85 
7.56±0.12 

2.85±0.06 
1.18±0.02 

Fujii et al. 2009 
This study 

Accellerase® 

1500 

114 
89 
78.4±7.6 

0.50 
0.87 
0.45±0.01 

NM 
NM 
0.31±0.00 

NM 
NM 
14.9±0.10 

NM 
NM 
6.25±0.08 

NM 
NM 
1.48±0.11 

Ju et al. 2014 
Zhu et al. 2015 
This study 

Spezyme® CP 

123±10 
135 
126 
117.3±15.8 

0.48 
0.36 
0.56 
0.37±0.00 

NM 
NM 
NM 

 0.20±0.01 

 NM 
 NM 
18.33±5.77 
14.1±0.44 

NM 
3.37 
NM 
12.79±0.11 

NM 
NM 
0.41 
11.09±0.04 

Kumar and Wyman 2009 
Kabel et al. 2006 
Nieves et al. 1998 
This study 

Cellic® CTec2 

190 
257 
161 
237.2±7.0 

0.62 
0.46 
0.75 
0.54±0.04 

NM 
NM 
NM 

 0.48±0.06 

NM 
NM 
NM 
11.8±0.47 

NM 
NM 
NM 
38.53±0.48 

NM  
NM 
16.96 
10.99±0.16 

Ko et al. 2015 
Ju et al. 2014 
Cannella et al. 2012 
This study 
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In addition, the highest glucose yield by Cellic CTec2 can be explained by the 

highest CBH activity of Cellic® CTec2 among the enzymes tested in this study (Table 2). 

It is because the apparent synergic interaction between EG and CBH is one of most 

important factors in enzymatic hydrolysis of cellulose (Van Dyk and Pletschke 2012). 

The glucose yields obtained by 10 FPU to 30 FPU of Spezyme® CP/g glucan were 

measured as 45.5% to 78.3% (Fig. 1). Although Spezyme® CP showed the lowest FPA 

among the four enzymes (Table 2), the higher glucose yield obtained with Spezyme® CP 

as compared with Accellerase™ 1000 or Accellerase® 1500 may be attributed to the higher 

specific activities of xylanase and β-glucosidase (approximately two and ten times, 

respectively). The highest glucose yield obtained in this study was 84.7% with 30 FPU of 

Cellic® CTec2/g glucan (Fig. 1). At 10 FPU concentration, the highest glucose yield was 

obtained with Cellic® CTec2 (i.e., 50.0%, Fig. 1). In spite of the highest protein 

concentration of Cellic® CTec2, its specific enzyme activities (U/mg protein) were the 

highest among the four enzymes (Table 2). The protein concentration and FPA of Cellic® 

CTec2 were measured to be 237.2 mg/mL and 0.54 FPU/mg protein, respectively (Table 

2) and were comparable to those previous reported (161 mg/mL to 257 mg/mL and 0.46 

FPU/mg to 0.75 FPU/mg protein, respectively).  

The total protein concentration of Accellerase™ 1000, Accellerase® 1500, 

Spezyme® CP, and Cellic® CTec2 corresponding to 10 FPU/g glucan used for the 

hydrolysis was calculated to be 19.6, 22.2, 27.0, and 18.5 mg/g glucan, respectively (Table 

2). Thus, Cellic® CTec2 was deemed as the optimal enzyme to achieve the highest glucose 

yield from hydrothermally pretreated EFBs, in terms of its higher specific enzyme activities 

and the lowest protein loading.  

Furthermore, the soluble components of the four commercial cellulase preparations 

were analyzed to identify possible major additives or stabilizers in the cellulase 

preparations (Table 3). As a result, three major components were detected HPLC. Glycerol, 

a well-known enzyme stabilizer, was detected in all of the industrial-grade cellulase 

preparations at approximately 100 g/L. Sorbitol was the dominant additive only in 

Spezyme® CP at 206.2 g/L which was approximately 2 times higher than that of a previous 

reported value (Nieves et al. 1998). Glucose was the dominant additive in Cellic® CTec2 

at 220.4 g/L, which may have originated from culture broth for enzyme production. 

 

Table 3. Three Major Soluble Components (g/L) in the Compositions of the Four 
Commercial Cellulase Preparations* 

 Glucose Sorbitol Glycerol 

Acellerase™ 1000 2.4 ND 102.0 

Acellerase® 1500 0.9 ND 100.3 

Spezyme®  CP 2.2 206.2 107.5 

Cellic®  CTec2 220.4 ND 104.5 

*Soluble components were analyzed from the liquid fraction of ultra-filtered (10kDa membrane) of 
10 fold diluted enzyme preparations.  
**ND: Not detected 

 

Effects of Hemicellulase on the Enzymatic Hydrolysis of Pretreated EFBs 
Using Four Different Enzymes 

 The effect of hemicellulase Cellic® HTec2 on the enzymatic hydrolysis of the 

hydrothermally pretreated EFBs was studied in the presence of 10 FPU to 30 FPU of 

commercial enzymes/g glucan. An increase in the glucose yield was observed with 
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increased Cellic® HTec2 loading for all four enzymes (Fig. 2). This trend was more 

noticeable with lower cellulase loading (e.g., 10 FPU of cellulase/g glucan) as compared 

to the higher cellulase loading (e.g., 30 FPU, Fig. 2). For instance, at 10 FPU/g glucan, 

40.9% and 48.0% glucose yield was achieved with Accellerase™ 1000 and Cellic® HTec2 

at the total protein ratios of 16:1 and 4:1, respectively (Fig. 2a). However, at 20 and 30 

FPU/g glucan, an increase in the Cellic® HTec2 loading from 16:1 to 4:1 enhanced the 

glucose yield from 63.1% to 66.1% and from 71.8% to 75.3%, respectively (Fig. 2a). 

Similar trends were observed with other enzymes (Figs. 2b, 2c, and 2d). This phenomenon 

may be associated with the high loadings of commercial cellulases, which are thought to 

contain hemicellulases represented by the xylanase activity (Table 2). 
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Fig. 2. Effects of hemicellulase on the enzymatic hydrolysis of pretreated EFBs using four 
different enzymes. Enzymatic hydrolysis was performed using 10 FPU to 30 FPU of the 
commercial cellulase preparations/g glucan at 50 °C for 72 h with the addition of the commercial 

hemicellulase, Cellic® HTec2 at 1% (w/v) glucan loading. Cellic HTec2 was added at the total 

protein ratio of the commercial enzymes and Cellic® HTec2 (wt/wt in protein). The glucose yields 

were determined by measuring glucose concentrations by HPLC. (a) Accellerase™ 1000; (b) 

Accellerase® 1500; (c) Spezyme® CP; (d) Cellic® CTec2. 
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The maximal synergistic effect of Cellic® HTec2 on the enzymatic hydrolysis of 

EFBs occurred with Cellic® CTec2 (Fig. 2d). The glucose yield increased from 58.0% to 

69.0%, when the protein ratio of 10 FPU of Cellic® CTec2/g glucan and Cellic® HTec2 

was changed from 16:1 to 4:1. The highest glucose yield of 91.3% was obtained with 30 

FPU of Cellic® CTec2/g glucan and Cellic® HTec2 at the protein ratio of 4:1 (Fig. 2d). 

The maximal synergistic effect of Cellic HTec2 on the enzymatic hydrolysis of 

EFBs occurred with Cellic® CTec2 (Fig. 2d). The glucose yield increased from 58.0% to 

69.0%, when the protein ratio of 10 FPU of Cellic® CTec2/g glucan and Cellic® HTec2 

was changed from 16:1 to 4:1. The highest glucose yield of 91.3% was obtained with 30 

FPU of Cellic® CTec2/g glucan and Cellic® HTec2 at the protein ratio of 4:1 (Fig. 2d). 
 

 
CONCLUSIONS 
 

1. In this study, several key enzyme activities and specific cellulase activities of the four 

commercial cellulase preparations were analyzed. These cellulase preparations were 

applied for the hydrolysis of the hydrothermally pretreated empty fruit bunches (EFBs) 

with or without the hemicellulase, Cellic® HTec2. The analysis of specific enzyme 

activities of the four cellulases indicated that the endoglucanase (EG), xylanase, and β-

glucosidase (BG) activities, not the filter paper activity (FPA), determined the 

important enzyme activities for the enzymatic hydrolysis of pretreated EFBs. 

2. Of the four enzymes tested, Cellic® CTec2 showed the highest cellobiohydrolase 

(CBH), xylanase, and BG activities and achieved the highest glucose yields from the 

hydrolysis of pretreated EFBs. 
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