
1 
 

Supporting Information 

Efficient Fractionation of Green Bamboo Using an  
Integrated Hydrothermal–Deep Eutectic Solvent 
Pretreatment for Its Valorization 
Longjun Chang 1, Ruya Ye 1, Jialing Song 1, Yinuo Xie 1, Qizhen Chen 1, Sien Yan 1,  
Kang Sun 2,* and Linhuo Gan 1,* 

1 College of Chemical Engineering, Huaqiao University, Xiamen 361021, China 
2 Institute of Chemical Industry of Forest Products, Chinese Academy of 

Forestry, Nanjing 210042, China 
* Correspondence: sunkang0226@163.com (K.S.); lhgan401@126.com (L.G.) 

  



2 
 

Table of Contents 

1. Supplementary Figure 

Figure S1. The records of experimental temperature to hydrothermal time under 
different hydrothermal conditions: (a) temperature, (b) time, and (c) solid-to-liquid ratio. 

Figure S2. Surface morphology of bamboo particles: (a) untreated bamboo; 
hydrothermal pretreatment at (b) 160°C-30 min-3/30 g/mL, (c) 170°C-30 min-3/30 
g/mL, (d) 180°C-30 min-3/30 g/mL, (e) 190°C-30 min-3/30 g/mL, (f) 200°C-30 min-
3/30 g/mL, (g) 210°C-30 min-3/30 g/mL, (h) 180°C-20 min-3/30 g/mL, (i) 180°C-35 
min-3/30 g/mL, (j) 180°C-40 min-3/30 g/mL, (k) 180°C-45 min-3/30 g/mL, (l) 180°C-
50 min-3/30 g/mL, (m) 180°C-35 min-3/24 g/mL, (n) 180°C-35 min-3/36 g/mL, (o) 
180°C-35 min-3/42 g/mL, (p) 180°C-35 min-3/48 g/mL, (q) 180°C-35 min-3/60 g/mL. 

Figure S3 Effect of DEL concentration on inhibitory ratio. 
Figure S4. Glucose concentration and saccharification ratio during the 

optimization of enzymatic parameters. (Ⅰ) 30 FPU/gglucan of Cellic CTec3, solid loading 
of 2-10% (w/v) without chemical additive; (Ⅱ) 30 FPU/gglucan of Cellic CTec3, solid 
loading of 5% (w/v), Tween-20 concentration of 5-25 mg/mL; (Ⅲ) 30 FPU/gglucan of 
Cellic CTec3, solid loading of 5% (w/v), BSA concentration of 5-25 mg/mL; (Ⅳ) 30 
FPU/gglucan of cellulase complex with Cellic CTec3 percentage of 0-100%, solid loading 
of 5% (w/v) without chemical additive; (Ⅴ) 50 FPU/gglucan of cellulase complex with 
Cellic CTec3 percentage of 0-100%, solid loading of 5% (w/v) without chemical 
additive; (Ⅵ) 70 FPU/gglucan of cellulase complex with Cellic CTec3 percentage of 0-
100%, solid loading of 5% (w/v) without chemical additive; (Ⅶ) 90 FPU/gglucan of 
cellulase complex with Cellic CTec3 percentage of 0-100%, solid loading of 5% (w/v) 
without chemical additive. 

2. Supplementary Table 

Table S1. Characteristic bands of FTIR spectra of bamboo samples. 

Table S2. Assignments of 13C-1H correlations in the HSQC spectra of the lignin 
from green bamboo. 

3. Calculation Method 

4. Reference 

  



3 
 

1. Supplementary Figure 

 
Figure S1. The records of experimental temperature to hydrothermal time under 
different hydrothermal conditions: (a) temperature, (b) time, and (c) solid-to-liquid 
ratio. 
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Figure S2. Surface morphology of bamboo particles: (a) untreated bamboo; 
hydrothermal pretreatment at (b) 160°C-30 min-3/30 g/mL, (c) 170°C-30 min-3/30 
g/mL, (d) 180°C-30 min-3/30 g/mL, (e) 190°C-30 min-3/30 g/mL, (f) 200°C-30 min-
3/30 g/mL, (g) 210°C-30 min-3/30 g/mL, (h) 180°C-20 min-3/30 g/mL, (i) 180°C-35 
min-3/30 g/mL, (j) 180°C-40 min-3/30 g/mL, (k) 180°C-45 min-3/30 g/mL, (l) 180°C-
50 min-3/30 g/mL, (m) 180°C-35 min-3/24 g/mL, (n) 180°C-35 min-3/36 g/mL, (o) 
180°C-35 min-3/42 g/mL, (p) 180°C-35 min-3/48 g/mL, (q) 180°C-35 min-3/60 g/mL. 
 
 

 

Figure S3. Effect of DEL concentration on inhibitory ratio. 
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Figure S4. Glucose concentration and saccharification ratio during the optimization of 

enzymatic parameters. (Ⅰ) 30 FPU/gglucan of Cellic CTec3, solid loading of 2-10% (w/v) 

without chemical additive; (Ⅱ) 30 FPU/gglucan of Cellic CTec3, solid loading of 5% 

(w/v), Tween-20 concentration of 5-25 mg/mL; (Ⅲ) 30 FPU/gglucan of Cellic CTec3, 

solid loading of 5% (w/v), BSA concentration of 5-25 mg/mL; (Ⅳ) 30 FPU/gglucan of 

cellulase complex with Cellic CTec3 percentage of 0-100%, solid loading of 5% (w/v) 

without chemical additive; (Ⅴ) 50 FPU/gglucan of cellulase complex with Cellic CTec3 

percentage of 0-100%, solid loading of 5% (w/v) without chemical additive; (Ⅵ) 70 

FPU/gglucan of cellulase complex with Cellic CTec3 percentage of 0-100%, solid loading 

of 5% (w/v) without chemical additive; (Ⅶ) 90 FPU/gglucan of cellulase complex with 

Cellic CTec3 percentage of 0-100%, solid loading of 5% (w/v) without chemical 

additive. 
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2. Supplementary Table 

Table S1. Characteristic bands of FTIR spectra of bamboo samples. 

Wavenumber (cm-1) Assignments[1-9] 
3427 O-H stretching vibration in aliphatic or aromatic hydroxyl 

groups 
1735 C=O stretching of the ester from the acetyl group of 

hemicellulose and ester linkage of the carboxylic groups in 
the ferulic and p-coumeric acids of lignin/hemicellulose 

1650 conjugated carbonyl groups 
1601 aromatic skeletal vibrations in lignin 
1511 Aromatic ring (lignin), stronger guaiacyl element than 

syringyl 
1460 Asymmetric bending in CH3 (lignin) 
1425 Aromatic skeletal vibrations (lignin) and C-H deformation 

in plane (cellulose) 
1375 C H deformation in cellulose and hemicellulose 
1330 syringyl (S)-type lignin 
1266 guaiacyl (G)-type lignin 
1235 C-O, C-C, and C=O stretching vibrational mode of the 

aromatic skeletal ring of the guaiacyl type 
1160, 899 C-O-C stretching at theβ-(1→4)-glycosidic linkages and in-

plane bending vibration of -OH groups in cellulose 
1120 aromatic C-H in-plane deformation (typical 

for S units) 
1060, 1030 C-O stretching at C-3, and C-C and C-O stretching at C-6 in 

cellulose 
834 p-hydroxyphenyl (H) units 
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Table S2. Assignments of 13C-1H correlations in the HSQC spectra of the lignin from 
green bamboo. 

Label δC/δH (ppm) Assignments[9-13] 
Bβ 53.5/3.07 Cβ-Hβ in β-β' (resinol) substructures (B) 
Cγ 63.2/3.72 Cγ-Hγ in phenylcoumaran (C) 

-OMe 55.6/3.73 C-H in methoxyls 
Aγ 59.8/3.73 Cγ-Hγ in β-O-4' substructures (A) 
A'γ 63.0/4.36 Cγ-Hγ in γ-acylated β-O-4' (A') 
S2,6 103.8/6.68 C2,6-H2,6 in syringyl units (S) 
S’2,6 106.5/7.26 C2,6-H2,6 in oxidized (Cα=O) syringyl units (S') 
FA2 110.2/7.30 C2-H2 in ferulate (FA) 
G2 110.3/6.99 C2-H2 in guaiacyl units (G) 
PCE8 113.8/6.28 C8-H8 in p-coumarate (pCE) 
PCE3,5 115.6/6.76 C3,5-H3,5 p-coumarate (pCE) 

G6 119.5/6.76 C6-H6 in guaiacyl units (G) 
Jβ 126.2/6.76 Cβ-Hβ in cinnamyl aldehyde end-groups (J) 

H2,6 127.8/7.17 C2,6-H2,6 in p-hydroxyphenyl (H) units (H) 
PCE2,6 130.1/7.47 C2,6-H2,6 in p-coumarate (pCE) 
PCEα 144.8/7.41 Cα-Hα in p-coumarate (pCE) 
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3. Calculation Method 

The yield of xylo-oligosaccharides was calculated according to Eq. (S1): 

Xylo-oligosaccharides yield (%) = ௐ௘௜௚௛௧ೣ೤೗೚ೞ೐ ೔೙ ೓೤೏ೝ೚೗೤ೞೌ೟೐ௐ௘௜௚௛௧೓೐೘೔೎೐೗೗ೠ೗೚ೞ೐ ೔೙ ೠ೙೟ೝ೐ೌ೟೐೏ ್ೌ೘್೚೚  × 100% (S1) 

Hemicellulose removal, retentions of lignin and cellulose, and lignin removal ratio 
were calculated using Eqs. (S2)–(S5): 

Hemicellulose removal (%) = (1 − ௐ௘௜௚௛௧೓೐೘೔೎೐೗೗ೠ೗೚ೞ೐ ೔೙ ೟ೝ೐ೌ೟೐೏ ್ೌ೘್೚೚ௐ௘௜௚௛௧೓೐೘೔೎೐೗೗ೠ೗೚ೞ೐ ೔೙ ೠ೙೟ೝ೐ೌ೟೐೏ ್ೌ೘್೚೚ × solid yield) × 100% 

(S2) 

Lignin retention (%) = ( ௐ௘௜௚௛௧೗೔೒೙೔೙ ೔೙ ೟ೝ೐ೌ೟೐೏ ್ೌ೘್೚೚ௐ௘௜௚௛௧೗೔೒೙೔೙ ೔೙ ೠ೙೟ೝ೐ೌ೟೐೏ ್ೌ೘್೚೚ × solid yield) × 100% (S3) 

Cellulose retention (%) = ( ௐ௘௜௚௛௧೎೐೗೗ೠ೗೚ೞ೐ ೔೙ ೟ೝ೐ೌ೟೐೏ ್ೌ೘್೚೚ௐ௘௜௚௛௧೎೐೗೗ೠ೗೚ೞ೐ ೔೙ ೠ೙೟ೝ೐ೌ೟೐೏ ್ೌ೘್೚೚ × solid yield) × 100% (S4) 

Lignin removal (%) = (1 − ௐ௘௜௚௛௧೗೔೒೙೔೙ ೔೙ ೟ೝ೐ೌ೟೐೏ ್ೌ೘್೚೚ௐ௘௜௚௛௧೗೔೒೙೔೙ ೔೙  ್ೌ೘್೚೚ × solid yield) × 100% (S5) 
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