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1. [bookmark: _Hlk120656079][bookmark: _Hlk120656119]Supplementary methods
1.1. [bookmark: _Hlk120656191]Data processing
[bookmark: _Hlk132787466]The original data file obtained by LC-MS analysis (.raw format file, positive and negative ion mode data) were processed by Compound Discovery 3.3 (Thermo Fisher Scientific, USA) using untargeted metabolic workflow with Statistics Detect Unknowns with ID using Online Data bases and mzLogic, which included data extraction, noise filtered out, peak identification, deconvolution, alignment and integration, mass-charge correction, baseline correction and metabolite identification assignment via mzCloud, HMDB, KEGG, and ChemSpider databases. The parameters are set as follows: retention time (RT) < 0.2 min; signal-to-noise ratio (SNR) > 3; the DDA mode was used to analyze secondary ion mass spectra (MS2); signal intensity > 1000 included in the analysis; the filling gap algorithm was used to extract and fill the peaks. The data were filtrated out if metabolite features appeared < 50% of the quality control (QC) samples and that > 30% relative standard deviation (RSD) of the QC samples, and the mass tolerance was 5 parts per million (ppm). The annotation and identification of metabolites were carried out through CD software-related mzCloud database and mzVault database. The peak area was used as the relative concentration for subsequent analysis. The data containing the metabolite identification results, peak area, RT, and molecular weight (MW) were integrated in an excel. After normalized peak area with the method of unit vector scaling, the unsupervised principal component analysis (PCA) was performed to investigate the overview of metabolome variation among groups. Orthogonal partial least squares-discriminant analysis (OPLS-DA) models were introduced to probe the features that responsible for classifying groups. Permutation test with 1000 were used to check for overfitting of the models. Metabolic features with variable important in projection (VIP; VIP >1 and p < 0.05) were considered as potential differential biomarkers. Metabolic pathway analysis was performed to investigate the overview of metabolic pathway enrichment among groups. All of the above analysis were performed in MetaboAnalyst 5.0 (https://www. metaboanalyst.ca/) with mice norvegicus pathway library.
1.2. Analysis of gut microbiota
After sequencing, QIIME 2 analysis and operational taxonomic unit (OTU) classification were performed according to previous studies [1]. The analysis of α-diversity and β-diversity of the gut microbiota was determined using the online website, https:/ /www.microbiomeanalyst.ca, and principal coordinates analysis (PCoA), based on the Bray–Curtis distance and the statistical method based on permutational multivariate analysis of variance (PERMANOVA). Linear discriminant analysis effect size (LEfSe) testing was conducted online to differentiate different microbiota (threshold: α < 0.05, lg(LDA score) > 3.0) (http://huttenhower.sph.harvard.edu/galaxy). Phylogenetic investigation of communities by reconstruction of unobserved states 2 (PICRUSt2) was used to further explore the functional pathways associated with gut taxa based on 16S data, which were predicted using the MetaCyc pathway database. Further analysis to investigate and illustrate alterations in microbial functions between groups was conducted using STAMP (version 2.1.3) [2] with the nonparametric Welch’s t-test.
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Fig. S1. (a, b) α-diversity indices reflected by the observed index and Shannon index. P-values were calculated by Mann–Whitney tests. (c) Pattern correlation analysis of the gut bacteria of hyperlipidemia at the genus level. Red indicates positive correlation and blue indicates negative correlations with the presence of Lactobacillus. Different colors indicate different groups and the circle size indicates the content of the bacteria. Red and blue lines represent positive and negative correlation, respectively. (d) Scatter plot displaying the predicted functional differences between B. longum CCFM1077 group vs placebo group. Gray lines indicate 95% CIs for each feature.
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Fig. S2. (a) The abundance of metabolites associated with purine metabolism; (b) the abundance of metabolites associated with pyrimidine metabolism.
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Fig. S3. (a) The abundance of metabolites associated with tryptophan metabolim; (b) the abundance of metabolites associated with pantothenate and CoA biosynthesis; (c) the abundance of metabolites associated with aminoacyl-tRNA biosynthesis; (d) the abundance of metabolites associated with glutathione metabolism; (e) the abundance of metabolites associated with Riboflavin metabolism.
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