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Fig.S1 Rarefaction analysis and Shannon diversity
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Fig. S2 Microbial richness indices. Red, blue, orange and green represent enriched taxa identified in normal, HFD control, HFD with free LIP-1, and HFD with microencapsulated LIP-1 groups, respectively. 
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 Fig. S3 Inter-individual variability of fecal microbiota at phylum level. Group A: Normal, Group B: HFD model without probiotics, Group C: HFD with free LIP-1 cells, and Group D: HFD with microencapsulated LIP-1 cells
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Fig. S4  Box plots showing relative abundances of rat fecal microbiota at phylum level. Group A: Normal, Group B: HFD model without probiotics, Group C: HFD with free LIP-1 cells, and Group D: HFD with microencapsulated  LIP-1 cells.  The upper/lower hinges, and the middle line of the box plot represent one/three quarter, and the median values. The error bars represent the maximum and the minimum values.
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Fig. S5 Heatmap showing the effect of LIP-1 administration on the fecal microbiota composition at genus level. Group A: Normal, Group B: HFD model without probiotics, Group C: HFD with free LIP-1 cells, and Group D: HFD with microencapsulated LIP-1 cells.
Table S1 The relative abundances of fecal microbiota at phylum level
	
	Normal group
	HFD control group
	HFD with free LIP-1
	HFD with microencapsulated LIP-1

	Bacteroidetes
	63.687±11.654a
	57.270±10.663a
	55.730±9.995a
	55.662±10.943a

	Firmicutes
	32.428±11.746a
	26.547±11.298a
	27.912±14.291a
	38.060±10.417a

	Proteobacteria
	2.858±1.670b
	11.170±4.466a
	12.103±8.541a
	4.048±1.477b

	Verrucomicrobia
	0.393±0.304b
	3.293±3.460a
	2.306±2.714a
	0.024±0.018c

	Cyanobacteria
	0.353± 0.272
	0.481±0.437
	0.902±0.732
	0.255±0.161

	Tenericutes
	0.130±0.104b
	0.025±0.021b
	0.046±0.073b
	0.567±0.787a

	Actinobacteria
	0.044±0.034c
	1.041±0.936b
	0.827±0.981b
	1.191±1.347a

	Deferribacteres
	0.006±0.016
	0.017±0.031
	0.007±0.009
	0.002±0.005


Data are shown in means ± standard deviation. Values presented are percentage of relative abundance with respect to total bacterial sequences. Significant differences between groups were assessed with Kruskal-Wallis test with Bonferroni correction.  Different superscript letters indicate significant differences of the same phylum level between different groups. Group A: Normal, Group B: HFD model without probiotics, Group C: HFD with free LIP-1 cells, and Group D: HFD with microencapsulated LIP-1 cells
Table S2  Bacterial taxa modulated by high fat diet
	Taxa
	Mean relative abundances of modulated genera
	p-value
	q-value

	
	Normal rat
	High fat diet control rat
	
	

	Bacterial genera with an increased relative abundance in HFD rats
	
	
	
	

	d__Bacteria;p__Actinobacteria;c__Actinobacteria;o__Bifidobacteriales;f__Bifidobacteriaceae;g__Bifidobacterium
	0.00025
	0.00965
	0.00
	0.00*

	d__Bacteria;p__Firmicutes;c__Erysipelotrichia;o__Erysipelotrichales;f__Erysipelotrichaceae;g__Allobaculum
	0.00000
	0.00078
	0.00
	0.00*

	d__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Bacteroidaceae;g__Bacteroides
	0.05354
	0.09496
	0.00
	0.00*

	d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g__Flavonifractor
	0.00189
	0.00897
	0.00
	0.00*

	d__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f__Alcaligenaceae;g__Sutterella
	0.00091
	0.00472
	0.00
	0.00*

	d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__Clostridium XlVb
	0.00061
	0.00281
	0.00
	0.01*

	d__Bacteria;p__Proteobacteria;c__Deltaproteobacteria;o__Desulfovibrionales;f__Desulfovibrionaceae;g__Bilophila
	0.00014
	0.00161
	0.00
	0.01*

	d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Clostridiaceae 1;g__Anaerosporobacter
	0.00000
	0.00004
	0.00
	0.01*

	d__Bacteria;p__Tenericutes;c__Mollicutes;o__Anaeroplasmatales;f__Anaeroplasmataceae;g__Anaeroplasma
	0.00000
	0.00010
	0.00
	0.01*

	d__Bacteria;p__Verrucomicrobia;c__Verrucomicrobiae;o__Verrucomicrobiales;f__Verrucomicrobiaceae;
g__Akkermansia
	0.00422
	0.03494
	0.00
	0.02*

	d__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae;g__Proteus
	0.00001
	0.00008
	0.03
	0.07

	d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__Roseburia
	0.00080
	0.00339
	0.03
	0.07

	Bacterial genera with a reduced relative abundance in HFD rats
	
	
	
	

	d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g__Clostridium IV
	0.00339
	0.00036
	0.00
	0.00*

	d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__Lachnospiracea_incertae_sedis
	0.00141
	0.00023
	0.00
	0.00*

	d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g__Intestinimonas
	0.00563
	0.00241
	0.00
	0.00*

	d__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Prevotellaceae;g__Prevotella
	0.26500
	0.08475
	0.00
	0.00*

	d__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Prevotellaceae;g__Alloprevotella
	0.01581
	0.00300
	0.00
	0.00*

	d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Eubacteriaceae;g__Eubacterium
	0.00038
	0.00012
	0.00
	0.00*

	d__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae;
g__Escherichia/Shigella
	0.00345
	0.00043
	0.00
	0.01*

	d__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae;g__Morganella
	0.00017
	0.00007
	0.00
	0.01*

	d__Bacteria;p__Firmicutes;c__Bacilli;o__Lactobacillales;f__Lactobacillaceae;g__Lactobacillus
	0.00775
	0.00396
	0.01
	0.02*

	d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__Eisenbergiella
	0.00025
	0.00000
	0.01
	0.02*

	d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g__Sporobacter
	0.00005
	0.00000
	0.01
	0.02*

	d__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rhizobiales;f__Methylobacteriaceae;g__Methylobacterium
	0.00006
	0.00000
	0.01
	0.02*

	d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g__Ruminococcus
	0.04283
	0.01209
	0.02
	0.05

	d__Bacteria;p__Proteobacteria;c__Deltaproteobacteria;o__Desulfovibrionales;f__Desulfovibrionaceae;
g__unclassified
	0.00070
	0.00043
	0.02
	0.05

	d__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Paraprevotellaceae;g__Prevotella
	0.00003
	0.00000
	0.03
	0.07

	d__Bacteria;p__Firmicutes;c__Erysipelotrichia;o__Erysipelotrichales;f__Erysipelotrichaceae;g__Erysipelotrichaceae
_incertaesedis
	0.00027
	0.00006
	0.04
	0.08

	d__Bacteria;p__Firmicutes;c__Bacilli;o__Bacillales;f__Staphylococcaceae;g__Staphylococcus
	0.00003
	0.00001
	0.05
	0.10


*q-value: significant differences between groups were assessed by Kruskal-Wallis test with Bonferroni correction. 
Table S3  Bacterial genera modulated by microencapsulated LIP-1 treatment of high fat diet (HFD)-induced hyperlipidemic rats 
	Taxa
	Mean relative abundances of modulated genera
	p_value
	q_value

	
	HFD control rats
	Microencapsulated LIP-1 fed HFD rats
	
	

	Bacterial genera with an increased relative abundance in HFD rats
	
	
	
	

	 d__Bacteria;p__Actinobacteria;c__Actinobacteria;o__Coriobacteriales;f__Coriobacteriaceae;g__Adlercreutzia
	0.00001
	0.00018
	0.00
	0.00*

	 d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Clostridiaceae ;g__Clostridium sensu stricto
	0.00029
	0.00450
	0.00
	0.00*

	 d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Peptostreptococcaceae;g__Clostridium XI
	0.00819
	0.03822
	0.00
	0.00*

	 d__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Prevotellaceae;g__Alloprevotella
	0.00300
	0.02342
	0.00
	0.00*

	 d__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Paraprevotellaceae;g__Prevotella
	0.00000
	0.00029
	0.00
	0.01*

	 d__Bacteria;p__Firmicutes;c__Bacilli;o__Lactobacillales;f__Lactobacillaceae;g__Lactobacillus
	0.00396
	0.02405
	0.00
	0.01*

	.d__Bacteria;p__Firmicutes;c__Erysipelotrichia;o__Erysipelotrichales;f__Erysipelotrichaceae;g__Turicibacter
	0.00562
	0.02993
	0.00
	0.01*

	 d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g__Pseudoflavonifractor
	0.00012
	0.00027
	0.00
	0.02*

	 d__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Rikenellaceae;g__Alistipes
	0.01617
	0.04452
	0.01
	0.03*

	 d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Clostridiaceae;g__Clostridium
	0.00011
	0.00169
	0.01
	0.03*

	 d__Bacteria;p__Tenericutes;c__Mollicutes;o__Anaeroplasmatales;f__Anaeroplasmataceae;g__Anaeroplasma
	0.00010
	0.00124
	0.01
	0.03*

	 d__Bacteria;p__Actinobacteria;c__Actinobacteria;o__Coriobacteriales;f__Coriobacteriaceae;g__Enterorhabdus
	0.00001
	0.00008
	0.01
	0.03*

	 d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__Ruminococcus2
	0.00003
	0.00048
	0.02
	0.06

	 d__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Enterobacteriales;f__Enterobacteriaceae;g__Proteus
	0.00008
	0.00002
	0.02
	0.06

	 d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g__Sporobacter
	0.00000
	0.00004
	0.03
	0.06

	 d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g__Clostridium IV
	0.00036
	0.00072
	0.04
	0.10

	Bacterial genera with a reduced relative abundance in HFD rats
	
	
	
	

	 d__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f__Sutterellaceae;g__Parasutterella
	0.02666
	0.00348
	0.00
	0.00*

	 d__Bacteria;p__Verrucomicrobia;c__Verrucomicrobiae;o__Verrucomicrobiales;f__Verrucomicrobiaceae;g__Akkermansia
	0.03494
	0.00027
	0.00
	0.01*

	 d__Bacteria;p__Proteobacteria;c__Deltaproteobacteria;o__Desulfovibrionales;f__Desulfovibrionaceae;g__Bilophila
	0.00161
	0.00021
	0.00
	0.02*

	 d__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Prevotellaceae;g__Prevotella
	0.08475
	0.03404
	0.01
	0.03*

	 d__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f__Alcaligenaceae;g__Sutterella
	0.00472
	0.00166
	0.01
	0.03*

	 d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g__Oscillibacter
	0.01283
	0.00533
	0.01
	0.03*

	 d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__Roseburia
	0.00339
	0.00079
	0.01
	0.04*

	 d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__Lachnospira
	0.00015
	0.00001
	0.03
	0.07


*q-value: significant differences between groups were assessed by Kruskal-Wallis test with Bonferroni correction.
Table S4  Relative abundances of microencapsulated LIP-1-modulated genera compared to LIP-1 group 
	Taxon
	Mean relative abundance of modulated genera
	p_value
	q_value

	
	HFD with free  LIP-1 
	HFD with microenc
apsulated LIP-1
	
	

	Bacterial genera with an increased relative abundance in HFD rats
	
	
	
	

	 d__Bacteria;p__Firmicutes;c__Bacilli;o__Lactobacillales;f__Lactobacillaceae;g__Lactobacillus
	0.00110
	0.02405
	0.00
	0.01*

	 d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Clostridiaceae;g__Clostridium sensu stricto
	0.00055
	0.00450
	0.00
	0.02*

	 d__Bacteria;p__Actinobacteria;c__Actinobacteria;o__Coriobacteriales;f__Coriobacteriaceae;g__Adlercreutzia
	0.00004
	0.00018
	0.00
	0.02*

	 d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Peptostreptococcaceae;g__Clostridium XI
	0.01075
	0.03822
	0.00
	0.02*

	 d__Bacteria;p__Firmicutes;c__Erysipelotrichia;o__Erysipelotrichales;f__Erysipelotrichaceae;g__Turicibacter
	0.00465
	0.02993
	0.00
	0.02*

	 d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Clostridiaceae;g__Clostridium
	0.00035
	0.00169
	0.01
	0.05

	 d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g__Pseudoflavonifractor
	0.00011
	0.00027
	0.01
	0.05

	 d__Bacteria;p__Bacteroidetes;c__Bacteroidia;o__Bacteroidales;f__Rikenellaceae;g__Alistipes
	0.01674
	0.04452
	0.02
	0.06

	 d__Bacteria;p__Tenericutes;c__Mollicutes;o__Anaeroplasmatales;f__Anaeroplasmataceae;g__Anaeroplasma
	0.00050
	0.00124
	0.02
	0.08

	 d__Bacteria;p__Firmicutes;c__Bacilli;o__Lactobacillales;f__Enterococcaceae;g__Enterococcus
	0.00001
	0.00132
	0.03
	0.09

	 d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g__Clostridium IV
	0.00036
	0.00072
	0.03
	0.10

	Bacterial genera with a reduced relative abundance in HFD rats
	
	
	
	

	 d__Bacteria;p__Verrucomicrobia;c__Verrucomicrobiae;o__Verrucomicrobiales;f__Verrucomicrobiaceae;g__Akkermansia
	0.02412
	0.00027
	0.00
	0.02*

	 d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__Roseburia
	0.00447
	0.00079
	0.01
	0.03*

	 d__Bacteria;p__Proteobacteria;c__Deltaproteobacteria;o__Desulfovibrionales;f__Desulfovibrionaceae;g__Bilophila
	0.00177
	0.00021
	0.01
	0.05*

	 d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Lachnospiraceae;g__Coprococcus
	0.02817
	0.00878
	0.01
	0.05*

	 d__Bacteria;p__Proteobacteria;c__Betaproteobacteria;o__Burkholderiales;f__Sutterellaceae;g__Parasutterella
	0.04292
	0.00348
	0.03
	0.09

	 d__Bacteria;p__Deferribacteres;c__Deferribacteres;o__Deferribacterales;f__Deferribacteraceae;g__Mucispirillum
	0.00007
	0.00002
	0.03
	0.09

	 d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f__Ruminococcaceae;g__Oscillibacter
	0.01273
	0.00533
	0.03
	0.10


*q-value: significant differences between groups were assessed by Kruskal-Wallis test with Bonferroni correction.  

