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Abstract

In this study, the enzymatic hydrolysis efficiency of hydrothermal, condensate, and conden-
sate/ball-milling (BM) pretreatments were evaluated using oak, miscanthus, and sweet
sorghum bagasse, and the enzyme adsorption behavior was investigated. The hemicellulose
was mainly degraded during condensate pretreatment compared with hydrothermal pre-
treatment (HT), resulting in a high degradation rate (14.77%30.37%) of biomass, and a low
content of hemicellulose in the pretreated biomass (11.56%14.58%). The hemicellulose
degradation components were mainly detected in the hydrolysate, and the content of
degradation products in the hydrolysate was higher compared to the HT. As a result of the
BM following the condensate pretreatment, all biomass exhibited decreased crystallinity.
Compared to the other pretreatment conditions, the condensate/BM led to the highest
enzymatic hydrolysis efficiency (96.57%99.07%). The Langmuir isotherm model was found
to suitable representing the enzyme adsorption behavior, describing the single-layer
adsorption of enzymes on the biomass surface.
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Table 1. Chemical components of condensate obtained from hydrothermal pretreatment of biomass (sweet sorghum bagasse and oat bran)

(unit: g/L)
Condensate Glucose Acetic acid Formic acid Furfural TPC pH
sc 0.35 6.00 0.31 7.62 0.28 2.85
(0.00) (0.06) (0.001) (0.02) (0.01) (0.01)
oc 0.26 5.46 0.31 791 0.20 2.85
(0.02) (0.10) (0.001) (0.01) (0.01) (0.01)

TPC, total phenolic compounds; SC, condensate of sweet sorghum bagasse; OC, condensate of oat bran.
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Fig. 1. The chemical compositions of (a) the biomass and (b) hydrolysates obtained from pretreatment. M, miscanthus; O, oak; S, sweet
sorghum bagasse; HT, hydrothermal pretreatment; BM, ball-milling pretreatment; SC, condensate of sweet sorghum bagasse; OC, condensate

of oat bran.
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Fig. 2. XRD patterns (a—) and FTIR spectra (d-f) of raw materials and pretreated biomass. M, miscanthus; O, oak; S, sweet sorghum
bagasse; HT, hydrothermal pretreatment; BM, ball-milling pretreatment; SC, condensate of sweet sorghum bagasse; OC, condensate of oat
bran; XRD, X-ray diffractometer; FTIR, Fourier transform infrared spectroscopy.
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Table 2. Langmuir and Freundlich adsorption isotherm parameters of raw materials and pretreated biomass

Langmuir Freundlich

Biomass Qmax KL 9 K "

(mglg (mLimg) R i mggmg™ " ?
M 25.13 0.0047 0.18 0.98 112 2.30 0.99
M-HT 26.39 0.0050 0.17 0.98 1.28 2.35 0.99
M-SCHT 45.81 0.0049 0.17 0.95 1.79 2.16 0.87
M-OCHT 57.80 0.0068 0.13 0.99 2.63 2.19 0.95
M-SCHT/BM 60.24 0.0069 0.13 0.99 2.92 2.25 0.93
M-OCHT/BM 67.57 0.0150 0.06 0.94 3.55 2.01 0.98
0 25.44 0.0055 0.15 0.97 1.44 2.46 0.99
O-HT 28.57 0.0046 0.18 0.97 1.59 2.45 0.99
O-SCHT 4545 0.0047 0.17 0.95 1.69 2.14 0.93
0-OCHT 47.62 0.0064 0.13 0.97 2.26 2.26 0.93
O-SCHT/BM 58.82 0.0123 0.08 0.87 2.59 1.94 0.87
0-OCHT/BM 66.67 0.0138 0.07 0.89 2.83 1.85 0.87
S 29.67 0.0049 0.17 0.93 1.08 2.10 0.98
S-HT 31.45 0.0049 0.17 0.95 1.15 2.11 0.99
S-SCHT 36.76 0.0045 0.18 0.99 1.35 2.14 0.98
S-OCHT 4579 0.0048 0.17 0.95 1.72 2.14 0.88
S-SCHT/BM 53.76 0.0058 0.15 0.99 2.03 2.08 0.98
S-OCHT/BM 62.50 0.0073 0.12 0.99 3.13 2.29 0.94

M, miscanthus; O, oak; S, sweet sorghum bagasse; HT, hydrothermal pretreatment; BM, ball-milling pretreatment; SC, condensate of sweet sorghum

bagasse; OC, condensate of oat bran.
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