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Effects of ethanol pretreatment on the cell wall of Arundo donax and
fluorescence visualization analysis

CHEN Bingwei', KAN Yuna', YUAN Cheng', WANG Xinzhou',
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(1. College of Materials Science and Engineering, Nanjing Forestry University, Nanjing 210037, China;
2. College of Chemical Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract; Using enzymes, such as cellulases, the hydrolysis of lignocellulosic biomass has been considered as one of
the eco-friendly methods to produce bioethanol in bioconversion. However, for the enzymatic hydrolysis, the biomass
materials should be pretreated to improve hydrolysis efficiency. This is because of the intrinsic recalcitrance of cell
walls in the biomass materials, which is caused by the complexity of chemical composition, multi-laminated cell-wall
structure, diversity of cell types and cell combinations. Thus, an efficient pretreatment is an essential step for increas-
ing enzymatic digestibility of the biomass. Arundo donax, the typical monocot family Gramineae, is widely cultivated
in China, which has the characteristics of the high biomass yield and fast-growing for cultivation and offers great po-
tential for bioethanol production. In this study, A. donax was pretreated by NaOH-ethanol solution. Both sections and
powder of A. donax were pretreated by 2.5 g/L, 5.0 g/L and 10.0 g/L NaOH-ethanol solutions, and 10.0 g/L NaOH
solution at a 90 C water bath and kept for 2 h. After the pretreatment, using the field emission scanning electron mi-
croscope (FE-SEM) , X-ray diffraction (XRD) , fluorescence light microscope (FLM) and high-performance liquid
chromatography (HPLC) , the surface morphology of the fibers, the topochemical changes in the cell walls and the
enzymatic hydrolysis efficiency were investigated. The 10.0 g/L NaOH-ethanol was demonstrated to be the optimal
condition for the pretreatment and evidenced by the maximum yield of glucose and xylose, which was 6.2 times and
7.4 times of the yields using the un-treated A. donax. The results of the wet-chemical analysis and XRD examination
indicated that changes of crystallinity were affected by the removal of the amorphous cellulose, hemicellulose and lig-
nin in the cell walls together with the swelling of cellulose fibrils. FE-SEM images showed that, after the 10.0 g/L
NaOH-ethanol pretreatment, more separated microfibers were exposed on the surface of the cell walls, which could
increase the accessibility of the enzyme. By tracing the pretreatment process, the autofluorescence images showed that

the removal of lignin among different cell types began at the parenchyma, then the sclerenchyma fibers located at the
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outer regions of vascular bundles and followed by the inner parts. The fluorescence signal still occurred in the cell cor-

ner after the pretreatment, indicating that the lignin in this region was relatively difficult to remove. After the NaOH-

ethanol pretreatment, the whole autofluorescence from the sections was reduced, which suggested that the effect of the

NaOH-ethanol pretreatment was more homogeneous compared with the NaOH pretreatment. Thus, the NaOH-ethanol

pretreatment could be an effective method to gain fermentable sugars from A. donax.

Keywords ; Arundo donax; ethanol; enzymatic hydrolysis; cell wall; autofluorescence
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Fig. 1 UV spectra of pretreatment liquid
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Fig. 2 XRD spectra of A. donax after pretreatments
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Fig. 3 Surface micromorphology of A. donax after pretreatments at different conditions
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