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Abstract: Pretreatment can effectively enhance the release of sugars from lignocellulose, with acid—catalyzed steam
explosion being a widely used pretreatment method. By integrating literature and experimental data, a dataset
encompassing parameters such as biomass, acidic catalyst, steam explosion conditions, and enzymatic hydrolysis

conditions was constructed. MissForest was employed for data imputation. Based on this, Bayesian optimization and
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5—fold cross—validation were utilized to fine—tune four models, including Random Forest (Random Forest, RF), to
construct a high—precision yield prediction model. The results indicated that the determination coefficients (R-
Square,R®) for cellulose retention rate, hemicellulose removal rate, furfural, 5-hydroxymethylfurfural (HMF), acetic
acid, and enzymatic glucose yield prediction all exceeded 0.80. Based on SHAP(Shapley Additive exPlanations) and
partial dependence analysis, a low hemicellulose content (<18 wt%) in the raw material is beneficial for enhancing
the cellulose retention rate of solid residue, and high—temperature pretreatment can compensate for the insufficient
promotion of hemicellulose removal by weak acid (high pKa) catalysis. Steam explosion temperature primarily
determines the formation of furfural and HMF. At low cellulose content (<13 wt% ) and high temperature (220 °C),
furfural is minimized and HMF is suppressed. Acetic acid is jointly influenced by acid concentration and
hemicellulose. Extending enzymatic hydrolysis time (>70 h) can maximize glucose yield. Furthermore, this study
developed a web—based executable file to transform the model into a practical, visual, and operable application,

bridging the gap between complex data analysis and practical use. This research provides an efficient prediction tool

and theoretical foundation for the intelligent regulation and application of biomass steam explosion.
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Fig.1 Steam explosion reaction pathway diagram
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Fig.2 The process framework of this study
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Fig.3 Heat map of Pearson's correlation coefficient
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