Bilberry pomace in rabbit nutrition: effects on growth performance, apparent digestibility, caecal traits, bacterial community and antioxidant status
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Bilberry pomace samples extraction
Samples weighing 1 g were extracted with 10 mL of 80:20 (v/v) methanol:water with formic acid (1%) using a ultrasonic water-bath (KNF Italia, Cernusco Sul Naviglio, Italy) for 30 min and centrifuged for 15 min at 4 000g  (Borges et al 2009). The pellets were re-extracted three times and supernatants were pooled and then evaporated under vacuum at room temperature using a Speedvac (SC210A; Savant Instruments, Farmingdale, NY, USA). The residues were resuspended in 10mL of methanol/water (50:50, v/v) with formic acid (0.1%). All the extracts were characterized by HPLC-DAD-ESI-HRMS in positive and negative ion mode. On the basis of the information obtained from the UV-VIS spectrum and of the accurate mass of precursor ions and tandem MS experiments, the main polyphenols were identified and quantified.
Determination of main bilberry pomace polyphenols
The instrument setup for the polyphenols (phenolic acids, flavanols, flavonols and anthocyanins) analyses consisted of a Dionex Ultimate 3000 HPLC system equipped with a DAD detector (Thermo Scientific Surveyor), coupled with a high resolution mass spectrometer LTQ-Orbitrap (Thermo Scientific, Bremen, Germany) through an ESI interface operating in both positive and negative ion mode.

Two different instrumental conditions were adopted in order to analyze anthocyans and other flavonoid compounds. 

For anthocyanin compounds a RP C18 column (Varian Pursuit C18 150 × 2.0 mm, 3 μm particle size, Agilent, Milan; Italy) at 200 μL/min flow rate was used. The elution solvents adopted were formic acid 5% in methanol (B) and in water (A).The gradient profile was 0-6 min from 10 to 15% of B, 6-12 min from 15 to 25% B, 12-16 min from 25 to 30% B, an isocratic step to 30% of solvent B for 14 minutes, and finally 20-32 min from 30 to 100% B.

The tuning parameters used for the ESI source were: capillary temperature 270°C, flow rate of sheath gas and auxiliary gas set at 35.0 and 15.0 arbitrary units, capillary voltage 8.0 V, source voltage 4.5 kV and tube lens 65 V. Full scan spectra were acquired in positive ion mode in the range 250-1 000 m/z with the resolution of 30 000 (FWHM). MSn spectra were acquired in the range between ion trap cut-off and precursor ion m/z values.

For other polyphenol compounds (phenolic acids, flavanols, flavonols) a biphenylic stationary phase (Pinnacle DB BiPh 150 × 2.1 mm, 3 μm particle size, Resteck, Milan, Italy) at 200 μL/min flow rate was used. The elution solvent adopted were methanol (B) and ammonium acetate 5mM (A).The gradient profile was 0-3 min to 2% of B, 3-60 min from 2 to 62% B, 60-65 min from 62 to 100% B.

The tuning parameters used for the ESI source were: capillary temperature 270°C, flow rate of sheath gas and auxiliary gas set at 35.0 and 15.0 arbitrary units, capillary voltage 16.0 V, source voltage 3.5 kV and tube lens 55 V. Full scan spectra were acquired in negative ion mode in the range 100-1 000 m/z with the resolution of 30 000 (FWHM). MSn spectra were acquired in the range between ion trap cut-off and precursor ion m/z values.
Total DNA sample extraction and electrophoresis protocols 

Ten g of each samples was mixed with 20 ml of quarter-strength Ringer’s solution (Oxoid, Milan, Italy) for 2 minutes in a stomacher (LAB Blender 400, PBI, Italy; stomacher bags: Sto-circul-bag, PBI, Italy) at room temperature. Two ml of the dilution was collected and centrifuged at maximum speed for 30 s. The pellets were then used for DNA extraction. The adopted protocols were those outlined in the manufacturer’s instructions for the Powersoil DNA kit (MO-BIO, Carlsbad, CA). The DNA solution was incubated at 37°C for 30 minutes, with one µl of RNAse (Promega, Milan, Italy), and stored at -20°C. DNA was quantified using a NanoDrop 1000 spectrophotometer (Thermo Scientific, Milan, Italy) and was standardized at 100 ng/μl. Two primers, 338F-GC and 518R, were used to amplify the variable V3 region of the 16S rRNA gene (Muyzer et al., 1993).

Microbial diversity analysis Bioinformatics and statistical analysis. 

Paired-end reads were first merged using the FLASH software (34), with default parameters (min overlap 10bp max overlap 65 bp). Joint reads were further quality filtered (Phred < Q20) using the QIIME 1.9.0 software (Caporaso et al., 2010) through a multiple_split_libraries_fastq.py script. The USEARCH version 8.1 software (Edgar et al., 2011) was adopted for chimera filtering, using the 16S reference databases version 9 (RDP Classifier training database). Operational taxonomic units (OTUs) were picked at 99% of similarity by means of UCLUST clustering methods (Edgar, 2010), and representative sequences of each cluster were used to assign taxonomy using the Greengenes 16S rRNA gene database, version 2013, by means of the RDP Classifier, with a minimum confidence score of 0.80 (Wang et al., 2007). Statistics and plotting were carried out Alpha diversity indices were calculated using the diversity function of the vegan package (Dixon, 2003) in the R environment (www. r-project.org). Alpha diversity was evaluated through QIIME to generate rarefaction curves, Good’s coverage, Chao1 richness and Shannon diversity indices. In order to avoid biases due to different sequencing depths, all samples were rarefied at 13 821 reads after raw read quality filtering. Weighted UniFrac distance matrices and an OTU table were used to perform ADONIS and ANOSIM statistical test with 999 permutations in R environment. A filtered OTU table was generated at 0.2% abundance in at least 2 samples using QIIME. The OTU table displays the higher taxonomy resolution that was reached by the 16S data. The statistical test Kruskal-Wallis and Mann–Whitney tests were used to find significant differences in microbial taxa abundance, to the dietary supplementation. Phylogenetic Investigation of Communities by Reconstruction of Unobserved States (PICRUSt) (Langille et al., 2013) that predicts abundances of gene families based on 16S-based structure of the microbiota was used to investigate the functional profiles in microbial communities. For the analysis with PICRUSt, the pick OTUs module was performed at 97% identity in a closed reference way using the Green genes database (V.05/2013) in QIIME. Data were normalised for 16S rRNA gene copy numbers, and the metagenomes were predicted. From the inferred metagenomes, KEGG Orthologs (KO) were identified. Spearman correlation coefficients were calculated between the OTU abundance data matrix and the inferred metagenomes through the psych function of R, and were then plotted through the made 4 function of R. OTU table were used for cooccurrence/coexclusion analysis, carried out by using the psych package of R. The correlation matrix was plotted by using the corrplot package of R. Correction of p values for multiple testing (Benjamini and Hochberg, 1995) was performed when necessary.
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Supplementary Table S1 

Profile of main polyphenols of bilberry pomace (mg/100g freeze dried weight)*

	Compound
	Quantity

	Chlorogenic acid
	192.80

	Catechin
	11.03

	Epicatechin
	12.93

	Quercetin
	13.70

	Iperoside
	28.69

	Rutine
	4.54

	Kaempferol-3- rutinoside
	0.04

	Delphinidin -3-galactoside
	104.50

	Cyanidin-3-glucoside
	86.87

	Total
	455.1


* Mean values of three replicates

Supplementary Table S2

Statistics of the sequencing bioinformatic pipeline and alpha- diversity index of feces (F) and caecal (C) rabbit samples. 
	Sample

	Rabbit age

(Days)
	Diet 

(BP)
	Sample type
	Total pairs sequence
	Combined pairs
	%

combined
	Clean reads
	PD

whole

tree
	Chao1

	Observed

species
	Shannon
	Estimated sample coverage

	BP15_F
	35
	15%
	feces
	44 925
	37 264
	82.95%
	18 405
	135.26
	11 171
	4 964
	10.27
	88.93

	BP10_F
	35
	10%
	feces
	120 010
	90 000
	74.99%
	39 245
	164.06
	13 897
	7 173
	9.21
	89.25

	BP5_F
	35
	5%
	feces
	385 076
	305 080
	79.23%
	136 831
	286.94
	27 425
	17 648
	10.71
	93.55

	BP0_F
	35
	0%
	feces
	319 583
	253 076
	79.19%
	112 143
	265.83
	27 237
	15 985
	10.46
	92.30

	BP15_F
	49
	15%
	feces
	321 163
	240 884
	75.00%
	91 973
	247.91
	26 040
	14 309
	10.53
	91.15

	BP10_F
	49
	10%
	feces
	301 195
	243 862
	80.96%
	105 947
	273.12
	26 060
	15 390
	10.40
	92.13

	BP5_F
	49
	5%
	feces
	261 440
	201 681
	77.14%
	85 406
	263.23
	27 824
	14 692
	10.92
	90.04

	BP0_F
	49
	0%
	feces
	255 057
	207 396
	81.31%
	95 763
	255.17
	25 361
	14 631
	10.73
	91.64

	BP15_F
	83
	15%
	feces
	251 888
	207 562
	82.40%
	98 937
	288.27
	28 645
	16 415
	11.08
	90.81

	BP10_F
	83
	10%
	feces
	196 291
	153 927
	78.42%
	59 722
	219.05
	24 877
	11 752
	10.73
	88.09

	BP5_F
	83
	5%
	feces
	177 917
	141 619
	79.60%
	63 452
	234.52
	24 027
	12 227
	10.99
	88.69

	BP0_F
	83
	0%
	feces
	142 582
	113 548
	79.64%
	48 743
	208.65
	20 856
	10 182
	10.72
	87.36

	BP15_C
	83
	15%
	caecal
	37 747
	30 542
	80.91%
	13 821
	134.34
	9 996
	4 269
	10.22
	89.88

	BP10_C
	83
	10%
	caecal
	130 782
	99 448
	76.04%
	38 687
	201.83
	19 643
	9 100
	10.64
	85.24

	BP5_C
	83
	5%
	caecal
	183 549
	141 723
	77.21%
	57 606
	203.97
	22 700
	11 704
	10.87
	88.07

	BP0_C
	83
	0%
	caecal
	243 352
	188 433
	77.43%
	77 507
	259.61
	24 897
	13 924
	10.84
	89.90


Abbreviations: BP= Bilberry pomace; BP0= Bilberry pomace 0%; BP5= Bilberry pomace 5%; BP10= Bilberry pomace 10%; BP15= Bilberry pomace 15%.
Supplementary Table S3
Correlation between rabbit microbial Operational Taxonomic Units (OTUs) and inferred KEGG pathways. Table display the False Discovery Rate value of the correlation and values < 0.05 are highlighted in red color.
	OTU
	Alanine_aspartate

and_Glutamate_

metabolism
	Alpha_linolenic_

acid_metabolism
	Amino_acid_

related_enzymes
	Amino_sugar_

and _nucleotide_

sugar_metabolism
	Arachidonic_acid_metabolism

	Ruminococcus
	0.311
	0.374
	0.289
	0.374
	0.983

	Ruminococcaceae
	0.080
	0.030
	0.094
	0.070
	0.213

	Rikenellaceae
	0.528
	0.128
	0.499
	0.451
	0.820

	Phascolarctobacterium
	0.974
	0.478
	1.000
	0.991
	0.144

	Oscillospira
	0.333
	0.549
	0.350
	0.362
	0.110

	Mogibacteriaceae
	0.060
	0.007
	0.058
	0.047
	0.721

	Lactobacillus
	0.213
	0.295
	0.240
	0.188
	0.083

	Lachnospiraceae
	0.094
	0.196
	0.066
	0.097
	0.322

	Faecalibacterium
	0.295
	0.485
	0.254
	0.249
	0.729

	Erysipelotrichaceae
	0.974
	0.812
	0.983
	0.897
	0.393

	Enterococcaceae
	0.837
	0.782
	0.725
	0.888
	0.656

	Dorea
	0.259
	0.092
	0.269
	0.217
	0.991

	Dehalobacterium
	0.557
	0.625
	0.528
	0.602
	0.471

	Coriobacteriaceae
	0.050
	0.037
	0.046
	0.040
	0.097

	Coprococcus
	0.438
	0.572
	0.431
	0.399
	0.587

	Clostridium
	0.019
	0.002
	0.019
	0.015
	0.161

	Clostridiales
	0.128
	0.008
	0.122
	0.105
	0.897

	Christensenellaceae
	0.004
	0.000
	0.004
	0.003
	0.080

	Barnesiellaceae
	0.704
	0.217
	0.762
	0.633
	0.721

	Bacteroides
	0.192
	0.019
	0.204
	0.141
	0.696

	Bacteroidales
	0.047
	0.102
	0.053
	0.041
	0.097

	Alphaproteobacteria
	0.322
	0.587
	0.362
	0.249
	0.264

	Akkermansia
	0.664
	0.107
	0.656
	0.633
	0.192

	Acinetobacter
	0.429
	0.053
	0.442
	0.402
	0.660


Supplementary Table S3

Correlation between rabbit microbial Operational Taxonomic Units (OTUs) and inferred KEGG pathways. Table display the False Discovery Rate  value of the correlation and values < 0.05 are highlighted in red color.

	OTU
	Arginine_and_

proline_metabolism
	Ascorbate_and_

aldarate_metabolism
	Beta-Lactam_

resistance
	Biosynthesis_of_

unsaturated_

fatty_acids
	Biotin_metabolism

	Ruminococcus
	0.316
	0.520
	0.729
	0.846
	0.438

	Ruminococcaceae
	0.062
	0.119
	0.295
	0.125
	0.200

	Rikenellaceae
	0.464
	0.696
	0.940
	0.633
	0.721

	Phascolarctobacterium
	0.983
	0.380
	0.080
	0.295
	0.737

	Oscillospira
	0.322
	0.147
	0.141
	0.147
	0.368

	Mogibacteriaceae
	0.057
	0.322
	0.931
	0.405
	0.244

	Lactobacillus
	0.176
	0.144
	0.050
	0.078
	0.235

	Lachnospiraceae
	0.092
	0.289
	0.499
	0.200
	0.125

	Faecalibacterium
	0.322
	0.721
	0.974
	0.602
	0.572

	Erysipelotrichaceae
	0.983
	0.721
	0.368
	0.506
	0.762

	Enterococcaceae
	0.888
	0.457
	0.464
	0.753
	0.880

	Dorea
	0.269
	0.641
	0.664
	0.770
	0.594

	Dehalobacterium
	0.506
	0.274
	0.762
	0.374
	0.602

	Coriobacteriaceae
	0.036
	0.053
	0.208
	0.041
	0.122

	Coprococcus
	0.451
	0.745
	0.795
	0.535
	0.680

	Clostridium
	0.015
	0.041
	0.311
	0.090
	0.074

	Clostridiales
	0.141
	0.762
	0.633
	0.829
	0.451

	Christensenellaceae
	0.003
	0.027
	0.200
	0.026
	0.030

	Barnesiellaceae
	0.688
	0.721
	0.762
	0.713
	0.940

	Bacteroides
	0.213
	0.535
	0.871
	0.641
	0.431

	Bacteroidales
	0.050
	0.090
	0.176
	0.090
	0.122

	Alphaproteobacteria
	0.345
	0.412
	0.176
	0.305
	0.322

	Akkermansia
	0.713
	0.602
	0.083
	0.305
	0.888

	Acinetobacter
	0.473
	0.894
	0.505
	0.777
	0.850


Supplementary Table S3

Correlation between rabbit microbial Operational Taxonomic Units (OTUs) and inferred KEGG pathways. Table display the False Discovery Rate value of the correlation and values < 0.05 are highlighted in red color.

	OTU
	Butanoate_

metabolism
	Butirosin_and_

neomycin_

biosynthesis
	C5-Branched_

dibasic_acid_

metabolism
	Caffeine_

metabolism
	Carbon_fixation_in_

photosynthetic_

organisms

	Ruminococcus
	0.350
	0.327
	0.289
	0.721
	0.311

	Ruminococcaceae
	0.074
	0.345
	0.094
	0.633
	0.080

	Rikenellaceae
	0.513
	0.729
	0.499
	0.713
	0.528

	Phascolarctobacterium
	0.922
	0.795
	1.000
	0.044
	0.974

	Oscillospira
	0.295
	0.499
	0.350
	0.196
	0.333

	Mogibacteriaceae
	0.080
	0.235
	0.058
	0.549
	0.060

	Lactobacillus
	0.188
	0.368
	0.240
	0.068
	0.213

	Lachnospiraceae
	0.128
	0.050
	0.066
	0.300
	0.094

	Faecalibacterium
	0.399
	0.387
	0.254
	0.721
	0.295

	Erysipelotrichaceae
	0.983
	0.672
	0.983
	0.217
	0.974

	Enterococcaceae
	0.996
	0.829
	0.725
	0.944
	0.837

	Dorea
	0.339
	0.557
	0.269
	0.322
	0.259

	Dehalobacterium
	0.587
	0.451
	0.528
	0.837
	0.557

	Coriobacteriaceae
	0.064
	0.085
	0.046
	0.322
	0.050

	Coprococcus
	0.520
	0.672
	0.431
	0.649
	0.438

	Clostridium
	0.018
	0.102
	0.019
	0.957
	0.019

	Clostridiales
	0.154
	0.458
	0.122
	0.295
	0.128

	Christensenellaceae
	0.006
	0.037
	0.004
	0.471
	0.004

	Barnesiellaceae
	0.633
	0.787
	0.762
	0.905
	0.704

	Bacteroides
	0.180
	0.572
	0.204
	0.528
	0.192

	Bacteroidales
	0.053
	0.128
	0.053
	0.172
	0.047

	Alphaproteobacteria
	0.316
	0.492
	0.362
	0.249
	0.322

	Akkermansia
	0.704
	0.897
	0.656
	0.005
	0.664

	Acinetobacter
	0.402
	0.929
	0.442
	0.168
	0.429


Supplementary Table S3

Correlation between rabbit microbial Operational Taxonomic Units (OTUs) and inferred KEGG pathways. Table display the False Discovery Rate value of the correlation and values < 0.05 are highlighted in red color.

	OTU
	Carbon_fixation_

pathways_in_

prokaryotes
	Citrate_cycle_

(TCA_cycle)
	Cysteine_and_

methionine_metabolism
	Ether_lipid_

metabolism
	Fatty_acid_

biosynthesis

	Ruminococcus
	0.316
	0.664
	0.311
	0.594
	0.374

	Ruminococcaceae
	0.062
	0.144
	0.080
	0.031
	0.070

	Rikenellaceae
	0.464
	0.745
	0.528
	0.158
	0.451

	Phascolarctobacterium
	0.983
	0.528
	0.974
	0.602
	0.991

	Oscillospira
	0.322
	0.249
	0.333
	0.664
	0.362

	Mogibacteriaceae
	0.057
	0.305
	0.060
	0.022
	0.047

	Lactobacillus
	0.176
	0.144
	0.213
	0.097
	0.188

	Lachnospiraceae
	0.092
	0.172
	0.094
	0.134
	0.097

	Faecalibacterium
	0.322
	0.641
	0.295
	0.311
	0.249

	Erysipelotrichaceae
	0.983
	0.721
	0.974
	0.991
	0.897

	Enterococcaceae
	0.888
	0.712
	0.837
	0.733
	0.888

	Dorea
	0.269
	0.610
	0.259
	0.158
	0.217

	Dehalobacterium
	0.506
	0.564
	0.557
	0.880
	0.602

	Coriobacteriaceae
	0.036
	0.097
	0.050
	0.040
	0.040

	Coprococcus
	0.451
	0.579
	0.438
	0.418
	0.399

	Clostridium
	0.015
	0.083
	0.019
	0.006
	0.015

	Clostridiales
	0.141
	0.602
	0.128
	0.013
	0.105

	Christensenellaceae
	0.003
	0.039
	0.004
	0.001
	0.003

	Barnesiellaceae
	0.688
	0.787
	0.704
	0.311
	0.633

	Bacteroides
	0.213
	0.485
	0.192
	0.024
	0.141

	Bacteroidales
	0.050
	0.107
	0.047
	0.043
	0.041

	Alphaproteobacteria
	0.345
	0.249
	0.322
	0.204
	0.249

	Akkermansia
	0.713
	0.610
	0.664
	0.295
	0.633

	Acinetobacter
	0.473
	0.987
	0.429
	0.168
	0.402


Supplementary Table S3

Correlation between rabbit microbial Operational Taxonomic Units (OTUs) and inferred KEGG pathways. Table display the False Discovery Rate value of the correlation and values < 0.05 are highlighted in red color.

	OTU
	Fatty_acid

_elongation
	Fatty_acid

_metabolism
	Flavone_and

_Flavonol

_biosynthesis
	Flavonoid_

biosynthesis
	Folate_biosynthesis

	Ruminococcus
	0.721
	0.356
	0.035
	0.829
	0.795

	Ruminococcaceae
	0.033
	0.057
	0.594
	0.264
	0.180

	Rikenellaceae
	0.713
	0.451
	0.957
	0.633
	0.721

	Phascolarctobacterium
	0.044
	0.931
	0.991
	0.204
	0.405

	Oscillospira
	0.196
	0.284
	0.688
	0.200
	0.231

	Mogibacteriaceae
	0.549
	0.076
	0.161
	0.610
	0.431

	Lactobacillus
	0.068
	0.154
	0.846
	0.076
	0.113

	Lachnospiraceae
	0.300
	0.125
	0.046
	0.125
	0.141

	Faecalibacterium
	0.721
	0.431
	0.412
	0.438
	0.656

	Erysipelotrichaceae
	0.217
	0.940
	1.000
	0.305
	0.499

	Enterococcaceae
	0.944
	0.953
	0.948
	0.880
	0.845

	Dorea
	0.022
	0.350
	0.485
	0.991
	0.820

	Dehalobacterium
	0.837
	0.535
	0.176
	0.549
	0.513

	Coriobacteriaceae
	0.322
	0.047
	0.099
	0.053
	0.080

	Coprococcus
	0.649
	0.535
	0.729
	0.458
	0.587

	Clostridium
	0.037
	0.014
	0.094
	0.217
	0.134

	Clostridiales
	0.295
	0.169
	0.405
	0.897
	0.787

	Christensenellaceae
	0.471
	0.004
	0.090
	0.070
	0.047

	Barnesiellaceae
	0.905
	0.617
	0.438
	0.787
	0.863

	Bacteroides
	0.528
	0.200
	0.880
	0.688
	0.688

	Bacteroidales
	0.172
	0.057
	0.172
	0.090
	0.128

	Alphaproteobacteria
	0.249
	0.339
	0.863
	0.249
	0.305

	Akkermansia
	0.005
	0.753
	0.680
	0.158
	0.350

	Acinetobacter
	0.168
	0.445
	0.374
	0.628
	0.768


Supplementary Table S3

Correlation between rabbit microbial Operational Taxonomic Units (OTUs) and inferred KEGG pathways. Table display the False Discovery Rate value of the correlation and values < 0.05 are highlighted in red color.

	OTU
	Fructose_and_

mannose_metabolism
	Galactose_

metabolism
	Glycerolipid_

metabolism
	Glycerophospholipid

_metabolism
	Glycine_serine_

and_threonine_

metabolism

	Ruminococcus
	0.333
	0.015
	0.380
	0.418
	0.399

	Ruminococcaceae
	0.062
	0.226
	0.053
	0.144
	0.064

	Rikenellaceae
	0.438
	0.880
	0.393
	0.688
	0.464

	Phascolarctobacterium
	0.974
	0.914
	1.000
	0.770
	0.948

	Oscillospira
	0.327
	0.405
	0.350
	0.339
	0.316

	Mogibacteriaceae
	0.040
	0.134
	0.044
	0.188
	0.087

	Lactobacillus
	0.196
	0.464
	0.154
	0.204
	0.147

	Lachnospiraceae
	0.119
	0.134
	0.094
	0.147
	0.102

	Faecalibacterium
	0.254
	0.418
	0.274
	0.549
	0.425

	Erysipelotrichaceae
	0.846
	0.837
	0.940
	0.846
	0.888

	Enterococcaceae
	0.974
	0.948
	0.940
	0.845
	0.961

	Dorea
	0.204
	0.305
	0.226
	0.506
	0.368

	Dehalobacterium
	0.520
	0.528
	0.549
	0.594
	0.617

	Coriobacteriaceae
	0.034
	0.158
	0.028
	0.102
	0.055

	Coprococcus
	0.438
	0.641
	0.412
	0.649
	0.492

	Clostridium
	0.010
	0.043
	0.012
	0.050
	0.020

	Clostridiales
	0.099
	0.269
	0.116
	0.374
	0.176

	Christensenellaceae
	0.003
	0.025
	0.002
	0.019
	0.005

	Barnesiellaceae
	0.587
	0.914
	0.617
	0.837
	0.664

	Bacteroides
	0.125
	0.339
	0.158
	0.362
	0.222

	Bacteroidales
	0.035
	0.110
	0.044
	0.097
	0.066

	Alphaproteobacteria
	0.279
	0.431
	0.269
	0.295
	0.305

	Akkermansia
	0.579
	0.579
	0.680
	0.974
	0.812

	Acinetobacter
	0.326
	0.535
	0.445
	0.743
	0.535


Supplementary Table S3

Correlation between rabbit microbial Operational Taxonomic Units (OTUs) and inferred KEGG pathways. Table display the False Discovery Rate value of the correlation and values < 0.05 are highlighted in red color.

	OTU
	Glycolysis_

Gluconeogenesis
	Glyoxylate_

and_

dicarboxylate_metabolism
	Histidine_

metabolism
	Inositol_phosphate

_metabolism
	Isoquinoline_

alkaloid_biosynthesis

	Ruminococcus
	0.316
	0.399
	0.311
	0.656
	0.803

	Ruminococcaceae
	0.062
	0.064
	0.080
	0.134
	0.672

	Rikenellaceae
	0.464
	0.464
	0.528
	0.704
	0.812

	Phascolarctobacterium
	0.983
	0.948
	0.974
	0.520
	0.110

	Oscillospira
	0.322
	0.316
	0.333
	0.213
	0.231

	Mogibacteriaceae
	0.057
	0.087
	0.060
	0.295
	0.633

	Lactobacillus
	0.176
	0.147
	0.213
	0.151
	0.172

	Lachnospiraceae
	0.092
	0.102
	0.094
	0.158
	0.300

	Faecalibacterium
	0.322
	0.425
	0.295
	0.617
	0.940

	Erysipelotrichaceae
	0.983
	0.888
	0.974
	0.737
	0.137

	Enterococcaceae
	0.888
	0.961
	0.837
	0.757
	0.858

	Dorea
	0.269
	0.368
	0.259
	0.633
	0.458

	Dehalobacterium
	0.506
	0.617
	0.557
	0.557
	0.656

	Coriobacteriaceae
	0.036
	0.055
	0.050
	0.102
	0.339

	Coprococcus
	0.451
	0.492
	0.438
	0.557
	0.957

	Clostridium
	0.015
	0.020
	0.019
	0.072
	0.506

	Clostridiales
	0.141
	0.176
	0.128
	0.579
	0.464

	Christensenellaceae
	0.003
	0.005
	0.004
	0.031
	0.333

	Barnesiellaceae
	0.688
	0.664
	0.704
	0.762
	0.656

	Bacteroides
	0.213
	0.222
	0.192
	0.451
	0.704

	Bacteroidales
	0.050
	0.066
	0.047
	0.125
	0.249

	Alphaproteobacteria
	0.345
	0.305
	0.322
	0.244
	0.579

	Akkermansia
	0.713
	0.812
	0.664
	0.633
	0.102

	Acinetobacter
	0.473
	0.535
	0.429
	0.978
	0.331


Supplementary Table S3

Correlation between rabbit microbial Operational Taxonomic Units (OTUs) and inferred KEGG pathways. Table display the False Discovery Rate value of the correlation and values < 0.05 are highlighted in red color.

	OTU
	Linoleic_acid_

metabolism
	Lipid_biosynthesis_

proteins
	Lipoic_acid_

metabolism
	Lysine_biosynthesis
	Lysine_degradation

	Ruminococcus
	0.322
	0.316
	0.897
	0.350
	0.696

	Ruminococcaceae
	0.047
	0.062
	0.289
	0.083
	0.041

	Rikenellaceae
	0.431
	0.464
	0.931
	0.425
	0.542

	Phascolarctobacterium
	1.000
	0.983
	0.119
	0.983
	0.499

	Oscillospira
	0.316
	0.322
	0.169
	0.380
	0.154

	Mogibacteriaceae
	0.053
	0.057
	0.957
	0.046
	0.176

	Lactobacillus
	0.144
	0.176
	0.074
	0.213
	0.060

	Lachnospiraceae
	0.119
	0.092
	0.557
	0.068
	0.254

	Faecalibacterium
	0.380
	0.322
	0.812
	0.213
	0.549

	Erysipelotrichaceae
	0.966
	0.983
	0.425
	0.940
	0.787

	Enterococcaceae
	0.987
	0.888
	0.300
	0.774
	0.633

	Dorea
	0.279
	0.269
	0.713
	0.226
	0.444

	Dehalobacterium
	0.506
	0.506
	0.572
	0.572
	0.451

	Coriobacteriaceae
	0.031
	0.036
	0.213
	0.036
	0.030

	Coprococcus
	0.520
	0.451
	0.966
	0.393
	0.492

	Clostridium
	0.010
	0.015
	0.259
	0.016
	0.023

	Clostridiales
	0.131
	0.141
	0.528
	0.099
	0.444

	Christensenellaceae
	0.002
	0.003
	0.192
	0.003
	0.007

	Barnesiellaceae
	0.602
	0.688
	0.974
	0.688
	0.478

	Bacteroides
	0.188
	0.213
	0.880
	0.151
	0.322

	Bacteroidales
	0.040
	0.050
	0.231
	0.047
	0.046

	Alphaproteobacteria
	0.356
	0.345
	0.327
	0.284
	0.217

	Akkermansia
	0.688
	0.713
	0.122
	0.625
	0.680

	Acinetobacter
	0.383
	0.473
	0.491
	0.415
	0.768


Supplementary Table S3

Correlation between rabbit microbial Operational Taxonomic Units (OTUs) and inferred KEGG pathways. Table display the False Discovery Rate value of the correlation and values < 0.05 are highlighted in red color.

	OTU
	Methane_

metabolism
	Nicotinate_and_

nicotinamide_metabolism
	Nitrogen_

metabolism
	Novobiocin_

biosynthesis
	One_carbon_pool_

by_folate

	Ruminococcus
	0.269
	0.144
	0.345
	0.374
	0.289

	Ruminococcaceae
	0.105
	0.141
	0.094
	0.254
	0.094

	Rikenellaceae
	0.572
	0.713
	0.549
	0.696
	0.499

	Phascolarctobacterium
	0.922
	0.940
	0.905
	0.745
	1.000

	Oscillospira
	0.458
	0.425
	0.300
	0.339
	0.350

	Mogibacteriaceae
	0.053
	0.050
	0.085
	0.204
	0.058

	Lactobacillus
	0.269
	0.412
	0.226
	0.362
	0.240

	Lachnospiraceae
	0.110
	0.134
	0.099
	0.076
	0.066

	Faecalibacterium
	0.274
	0.289
	0.339
	0.387
	0.254

	Erysipelotrichaceae
	0.787
	0.656
	1.000
	0.854
	0.983

	Enterococcaceae
	0.957
	0.957
	0.871
	0.845
	0.725

	Dorea
	0.196
	0.176
	0.327
	0.513
	0.269

	Dehalobacterium
	0.696
	0.535
	0.587
	0.557
	0.528

	Coriobacteriaceae
	0.076
	0.094
	0.072
	0.131
	0.046

	Coprococcus
	0.492
	0.542
	0.451
	0.513
	0.431

	Clostridium
	0.017
	0.023
	0.024
	0.080
	0.019

	Clostridiales
	0.099
	0.102
	0.165
	0.350
	0.122

	Christensenellaceae
	0.008
	0.012
	0.006
	0.029
	0.004

	Barnesiellaceae
	0.753
	0.880
	0.721
	0.991
	0.762

	Bacteroides
	0.141
	0.188
	0.204
	0.362
	0.204

	Bacteroidales
	0.053
	0.053
	0.066
	0.128
	0.053

	Alphaproteobacteria
	0.259
	0.431
	0.305
	0.374
	0.362

	Akkermansia
	0.471
	0.380
	0.729
	0.957
	0.656

	Acinetobacter
	0.334
	0.253
	0.495
	0.785
	0.442


Supplementary Table S3

Correlation between rabbit microbial Operational Taxonomic Units (OTUs) and inferred KEGG pathways. Table display the False Discovery Rate value of the correlation and values < 0.05 are highlighted in red color.

	OTU
	Oxidative_

phosphorylation
	Pantothenate_and_

CoA_biosynthesis
	Penicillin_and_

cephalosporin

biosynthesis
	Pentose_and_

glucuronate

_interconversions
	Pentose_phosphate_

pathway

	Ruminococcus
	0.399
	0.289
	0.803
	0.279
	0.380

	Ruminococcaceae
	0.064
	0.094
	0.339
	0.078
	0.053

	Rikenellaceae
	0.464
	0.499
	0.922
	0.520
	0.393

	Phascolarctobacterium
	0.948
	1.000
	0.047
	0.957
	1.000

	Oscillospira
	0.316
	0.350
	0.083
	0.339
	0.350

	Mogibacteriaceae
	0.087
	0.058
	0.940
	0.055
	0.044

	Lactobacillus
	0.147
	0.240
	0.087
	0.213
	0.154

	Lachnospiraceae
	0.102
	0.066
	0.549
	0.097
	0.094

	Faecalibacterium
	0.425
	0.254
	0.863
	0.289
	0.274

	Erysipelotrichaceae
	0.888
	0.983
	0.464
	0.966
	0.940

	Enterococcaceae
	0.961
	0.725
	0.524
	0.897
	0.940

	Dorea
	0.368
	0.269
	0.721
	0.231
	0.226

	Dehalobacterium
	0.617
	0.528
	0.602
	0.438
	0.549

	Coriobacteriaceae
	0.055
	0.046
	0.226
	0.033
	0.028

	Coprococcus
	0.492
	0.431
	0.688
	0.444
	0.412

	Clostridium
	0.020
	0.019
	0.333
	0.017
	0.012

	Clostridiales
	0.176
	0.122
	0.594
	0.154
	0.116

	Christensenellaceae
	0.005
	0.004
	0.184
	0.003
	0.002

	Barnesiellaceae
	0.664
	0.762
	0.778
	0.753
	0.617

	Bacteroides
	0.222
	0.204
	0.880
	0.240
	0.158

	Bacteroidales
	0.066
	0.053
	0.161
	0.044
	0.044

	Alphaproteobacteria
	0.305
	0.362
	0.188
	0.374
	0.269

	Akkermansia
	0.812
	0.656
	0.083
	0.704
	0.680

	Acinetobacter
	0.535
	0.442
	0.498
	0.487
	0.445


Supplementary Table S3

Correlation between rabbit microbial Operational Taxonomic Units (OTUs) and inferred KEGG pathways. Table display the False Discovery Rate value of the correlation and values < 0.05 are highlighted in red color.

	OTU
	Phenylalanine

metabolism
	Phenylalanine_tyrosine_and_tryptophan_

biosynthesis
	Phenylpropanoid_biosynthesis
	Photosynthesis
	Photosynthesis_

proteins

	Ruminococcus
	0.680
	0.289
	0.122
	0.374
	0.374

	Ruminococcaceae
	0.161
	0.094
	0.125
	0.085
	0.085

	Rikenellaceae
	0.656
	0.499
	0.649
	0.380
	0.380

	Phascolarctobacterium
	0.471
	1.000
	0.778
	0.922
	0.922

	Oscillospira
	0.235
	0.350
	0.572
	0.431
	0.431

	Mogibacteriaceae
	0.362
	0.058
	0.044
	0.049
	0.049

	Lactobacillus
	0.134
	0.240
	0.380
	0.192
	0.192

	Lachnospiraceae
	0.188
	0.066
	0.154
	0.049
	0.049

	Faecalibacterium
	0.617
	0.254
	0.380
	0.217
	0.217

	Erysipelotrichaceae
	0.625
	0.982
	0.535
	0.948
	0.948

	Enterococcaceae
	0.774
	0.725
	0.803
	0.700
	0.700

	Dorea
	0.721
	0.269
	0.180
	0.259
	0.259

	Dehalobacterium
	0.579
	0.528
	0.672
	0.625
	0.625

	Coriobacteriaceae
	0.099
	0.046
	0.119
	0.034
	0.034

	Coprococcus
	0.579
	0.431
	0.729
	0.412
	0.412

	Clostridium
	0.080
	0.019
	0.017
	0.017
	0.017

	Clostridiales
	0.656
	0.122
	0.092
	0.092
	0.092

	Christensenellaceae
	0.027
	0.004
	0.015
	0.004
	0.004

	Barnesiellaceae
	0.803
	0.762
	0.914
	0.704
	0.704

	Bacteroides
	0.464
	0.204
	0.180
	0.158
	0.158

	Bacteroidales
	0.119
	0.053
	0.092
	0.050
	0.050

	Alphaproteobacteria
	0.244
	0.362
	0.393
	0.300
	0.300

	Akkermansia
	0.579
	0.656
	0.289
	0.649
	0.649

	Acinetobacter
	0.872
	0.442
	0.213
	0.422
	0.422


Supplementary Table S3

Correlation between rabbit microbial Operational Taxonomic Units (OTUs) and inferred KEGG pathways. Table display the False Discovery Rate value of the correlation and values < 0.05 are highlighted in red color.

	OTU
	Porphyrin_and_

chlorophyll_

metabolism
	Primary_bile_

acid_biosynthesis
	Propanoate_

metabolism
	Pyruvate_

metabolism
	Retinol_

metabolism

	Ruminococcus
	0.274
	0.374
	0.316
	0.316
	0.729

	Ruminococcaceae
	0.192
	0.213
	0.062
	0.062
	0.102

	Rikenellaceae
	0.564
	0.803
	0.492
	0.464
	0.602

	Phascolarctobacterium
	0.871
	0.356
	0.991
	0.983
	0.274

	Oscillospira
	0.579
	0.184
	0.327
	0.322
	0.110

	Mogibacteriaceae
	0.116
	0.362
	0.057
	0.057
	0.345

	Lactobacillus
	0.274
	0.226
	0.176
	0.176
	0.087

	Lachnospiraceae
	0.031
	0.305
	0.122
	0.092
	0.274

	Faecalibacterium
	0.333
	0.672
	0.350
	0.322
	0.617

	Erysipelotrichaceae
	0.680
	0.721
	0.991
	0.983
	0.594

	Enterococcaceae
	0.602
	0.546
	0.961
	0.888
	0.594

	Dorea
	0.412
	0.696
	0.269
	0.269
	0.721

	Dehalobacterium
	0.672
	0.204
	0.557
	0.506
	0.254

	Coriobacteriaceae
	0.072
	0.060
	0.044
	0.036
	0.029

	Coprococcus
	0.594
	0.837
	0.506
	0.451
	0.625

	Clostridium
	0.049
	0.068
	0.013
	0.015
	0.053

	Clostridiales
	0.161
	0.854
	0.119
	0.141
	0.795

	Christensenellaceae
	0.018
	0.028
	0.004
	0.003
	0.019

	Barnesiellaceae
	0.974
	0.940
	0.617
	0.688
	0.617

	Bacteroides
	0.339
	0.688
	0.169
	0.213
	0.564

	Bacteroidales
	0.078
	0.094
	0.037
	0.050
	0.068

	Alphaproteobacteria
	0.492
	0.549
	0.333
	0.345
	0.374

	Akkermansia
	0.737
	0.594
	0.641
	0.713
	0.387

	Acinetobacter
	0.528
	0.996
	0.343
	0.473
	0.996


Supplementary Table S3

Correlation between rabbit microbial Operational Taxonomic Units (OTUs) and inferred KEGG pathways. Table display the False Discovery Rate value of the correlation and values < 0.05 are highlighted in red color.

	OTU
	Riboflavin_metabolism
	Secondary_bile_

acid_biosynthesis
	Sphingolipid_

metabolism
	Starch_and_

sucrose_metabolism
	Steroid_

biosynthesis

	Ruminococcus
	0.444
	0.506
	0.625
	0.034
	0.721

	Ruminococcaceae
	0.083
	0.316
	0.249
	0.172
	0.033

	Rikenellaceae
	0.520
	0.803
	0.737
	0.641
	0.713

	Phascolarctobacterium
	0.888
	0.305
	0.485
	0.931
	0.044

	Oscillospira
	0.327
	0.226
	0.316
	0.444
	0.196

	Mogibacteriaceae
	0.125
	0.535
	0.458
	0.053
	0.549

	Lactobacillus
	0.151
	0.217
	0.154
	0.438
	0.068

	Lachnospiraceae
	0.119
	0.208
	0.083
	0.070
	0.300

	Faecalibacterium
	0.499
	0.672
	0.649
	0.217
	0.721

	Erysipelotrichaceae
	0.846
	0.492
	0.399
	0.846
	0.217

	Enterococcaceae
	0.957
	0.700
	0.970
	0.770
	0.944

	Dorea
	0.431
	0.888
	0.863
	0.204
	0.022

	Dehalobacterium
	0.656
	0.254
	0.438
	0.438
	0.837

	Coriobacteriaceae
	0.074
	0.072
	0.072
	0.062
	0.322

	Coprococcus
	0.528
	0.795
	0.688
	0.557
	0.649

	Clostridium
	0.031
	0.134
	0.151
	0.019
	0.017

	Clostridiales
	0.235
	0.957
	0.837
	0.116
	0.95

	Christensenellaceae
	0.009
	0.052
	0.057
	0.008
	0.471

	Barnesiellaceae
	0.704
	0.897
	0.905
	0.966
	0.905

	Bacteroides
	0.259
	0.871
	0.880
	0.222
	0.528

	Bacteroidales
	0.076
	0.137
	0.161
	0.058
	0.172

	Alphaproteobacteria
	0.295
	0.549
	0.471
	0.492
	0.249

	Akkermansia
	0.905
	0.380
	0.362
	0.431
	0.005

	Acinetobacter
	0.616
	0.680
	0.701
	0.320
	0.168


Supplementary Table S3

Correlation between rabbit microbial Operational Taxonomic Units (OTUs) and inferred KEGG pathways. Table display the False Discovery Rate value of the correlation and values < 0.05 are highlighted in red color.

	OTU
	Steroid_hormone_

biosynthesis
	Stilbenoid_diarylheptanoid_

and_

gingerol_biosynthesis
	Streptomycin_

biosynthesis
	Sulfur_

metabolism
	Synthesis_and_

degradation_

of_

ketone_bodies

	Ruminococcus
	0.778
	0.688
	0.399
	0.888
	0.431

	Ruminococcaceae
	0.704
	0.030
	0.249
	0.116
	0.028

	Rikenellaceae
	0.721
	0.076
	0.829
	0.572
	0.244

	Phascolarctobacterium
	0.033
	0.729
	0.721
	0.412
	0.931

	Oscillospira
	0.154
	0.478
	0.438
	0.213
	0.345

	Mogibacteriaceae
	0.549
	0.068
	0.249
	0.368
	0.026

	Lactobacillus
	0.113
	0.076
	0.269
	0.070
	0.105

	Lachnospiraceae
	0.311
	0.110
	0.144
	0.144
	0.105

	Faecalibacterium
	0.770
	0.557
	0.549
	0.572
	0.295

	Erysipelotrichaceae
	0.213
	0.458
	0.795
	0.478
	0.922

	Enterococcaceae
	0.996
	0.598
	0.824
	0.829
	0.978

	Dorea
	0.333
	0.425
	0.513
	0.704
	0.231

	Dehalobacterium
	0.641
	0.846
	0.535
	0.535
	0.542

	Coriobacteriaceae
	0.305
	0.029
	0.107
	0.047
	0.015

	Coprococcus
	0.737
	0.535
	0.696
	0.485
	0.444

	Clostridium
	0.871
	0.006
	0.094
	0.080
	0.007

	Clostridiales
	0.289
	0.064
	0.499
	0.696
	0.068

	Christensenellaceae
	0.458
	0.000
	0.041
	0.027
	0.001

	Barnesiellaceae
	0.863
	0.305
	0.966
	0.713
	0.451

	Bacteroides
	0.535
	0.070
	0.506
	0.535
	0.102

	Bacteroidales
	0.217
	0.131
	0.094
	0.092
	0.030

	Alphaproteobacteria
	0.350
	0.418
	0.356
	0.240
	0.311

	Akkermansia
	0.008
	0.557
	0.871
	0.387
	0.617

	Acinetobacter
	0.211
	0.463
	0.876
	0.794
	0.266


Supplementary Table S3

Correlation between rabbit microbial Operational Taxonomic Units (OTUs) and inferred KEGG pathways. Table display the False Discovery Rate value of the correlation and values < 0.05 are highlighted in red color.

	OTU
	Thiamine_

metabolism
	Tropane_piperidine_

and_pyridine_alkaloid

biosynthesis
	Tryptophan_

metabolism
	Tyrosine_

metabolism
	Ubiquinone_and_

other_terpenoid-quinone_biosynthesis

	Ruminococcus
	0.289
	0.362
	0.656
	0.279
	0.820

	Ruminococcaceae
	0.094
	0.053
	0.076
	0.055
	0.284

	Rikenellaceae
	0.499
	0.444
	0.696
	0.451
	0.983

	Phascolarctobacterium
	1.000
	0.983
	0.399
	0.966
	0.070

	Oscillospira
	0.350
	0.350
	0.137
	0.289
	0.107

	Mogibacteriaceae
	0.058
	0.062
	0.244
	0.049
	0.92

	Lactobacillus
	0.240
	0.137
	0.094
	0.184
	0.062

	Lachnospiraceae
	0.066
	0.097
	0.279
	0.113
	0.564

	Faecalibacterium
	0.254
	0.374
	0.610
	0.327
	0.991

	Erysipelotrichaceae
	0.983
	0.914
	0.803
	0.966
	0.399

	Enterococcaceae
	0.725
	0.927
	0.625
	0.974
	0.418

	Dorea
	0.269
	0.295
	0.549
	0.254
	0.729

	Dehalobacterium
	0.528
	0.587
	0.380
	0.431
	0.696

	Coriobacteriaceae
	0.046
	0.037
	0.049
	0.030
	0.226

	Coprococcus
	0.431
	0.478
	0.549
	0.492
	0.762

	Clostridium
	0.019
	0.015
	0.049
	0.010
	0.269

	Clostridiales
	0.122
	0.137
	0.602
	0.134
	0.602

	Christensenellaceae
	0.004
	0.003
	0.015
	0.002
	0.188

	Barnesiellaceae
	0.762
	0.649
	0.602
	0.641
	0.762

	Bacteroides
	0.204
	0.208
	0.471
	0.192
	0.846

	Bacteroidales
	0.053
	0.047
	0.066
	0.043
	0.165

	Alphaproteobacteria
	0.362
	0.322
	0.269
	0.380
	0.184

	Akkermansia
	0.656
	0.745
	0.549
	0.656
	0.105

	Acinetobacter
	0.442
	0.466
	0.894
	0.389
	0.505


Supplementary Table S3

Correlation between rabbit microbial Operational Taxonomic Units (OTUs) and inferred KEGG pathways. Table display the False Discovery Rate value of the correlation and values < 0.05 are highlighted in red color.

	OTU
	Valine_leucine_and_

isoleucine_biosynthesis
	Valine_leucine_and_isoleucine_

degradation
	Vitamin_B6_metabolism

	Ruminococcus
	0.316
	0.594
	0.184

	Ruminococcaceae
	0.062
	0.060
	0.200

	Rikenellaceae
	0.464
	0.610
	0.753

	Phascolarctobacterium
	0.983
	0.625
	0.914

	Oscillospira
	0.322
	0.213
	0.380

	Mogibacteriaceae
	0.057
	0.172
	0.092

	Lactobacillus
	0.176
	0.094
	0.425

	Lachnospiraceae
	0.092
	0.217
	0.083

	Faecalibacterium
	0.322
	0.610
	0.269

	Erysipelotrichaceae
	0.983
	0.829
	0.922

	Enterococcaceae
	0.888
	0.640
	0.782

	Dorea
	0.269
	0.464
	0.264

	Dehalobacterium
	0.506
	0.520
	0.438

	Coriobacteriaceae
	0.036
	0.053
	0.083

	Coprococcus
	0.451
	0.587
	0.499

	Clostridium
	0.015
	0.029
	0.039

	Clostridiales
	0.141
	0.399
	0.200

	Christensenellaceae
	0.003
	0.013
	0.012

	Barnesiellaceae
	0.688
	0.564
	0.983

	Bacteroides
	0.213
	0.327
	0.311

	Bacteroidales
	0.050
	0.060
	0.070

	Alphaproteobacteria
	0.345
	0.244
	0.458

	Akkermansia
	0.713
	0.803
	0.633

	Acinetobacter
	0.473
	0.672
	0.513
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Supplementary Figure S1 Rarefaction curves obtained by QIIME using the goods coverage index (plot A), number of operational taxonomic units recorded (plot B), Shannon index (plot C) and Chao2 estimator (plot D) of feces (F) and caecal (C) samples collected at 35,49 and 83 days of rabbit age. BP= Bilberry pomace; BP0= Bilberry pomace 0%; BP5= Bilberry pomace 5%; BP10= Bilberry pomace 10%; BP15= Bilberry pomace 15%.

