Predicting the microbiome and metabolome
dynamics of natural apple fermentation towards the
development of enhanced functional vinegar

Bruna Maske!?, Ignacio Ruiz!, Alexander Vale!, Vitoéria Sampaio!, Najua El Kadri'? Carlos

Soccol!, Gilberto Vinicius Pereira'®

1 Federal University of Parand (UFPR), Department of Bioprocess Engineering and
Biotechnology, Curitiba, PR, Brazil
2 SENAI Institute of Innovation in Electrochemistry, Curitiba, PR, Brazil

* Correspondence: gilbertovinicius@gmail.com

Supplementary Material



Table S1. Relative abundance (%) of bacteria and fungi identified during the fermentation of Brazilian apple cider vinegar.

Weeks
Genus

1 2 3 4 5 6 7 8 9
Bacteria
Acetobacter 0 0 0.0141338 0.0534451 0.3290043 0.3087687 5.0171312 82.726578 78.992575
Komagataeibacter 0 0 0 0 0.0065681 5.3626566 5.7885351 0.5134929 15.238644
Leuconostoc 0.2806685 62.58983  62.0837 61.097197 47.595163 43.816893 71.089669 12.74109 2.5054361
Oenococcus 0 0 0.0146049 0.1582395 0.8962532 2.4429524 2.5515009 1.8650713 1.8947717
Gluconobacter 0.1152503 19.192052 22.355446 22.799581 27.444693 25.086525 10.174231 0.9905804 0.5096479
Tatumella 0.0203383 4.7874515 4.5666338 5.3555148 9.1237498 9.1489396 1.6824907 0.3093177 0.0947386
Novosphingobium 1.978916 0 0.0131916 0 0.0214957 0.0191981 0.0246162 0.0285132 0.0331014
Lelliottia 0.0616928 0.8889878 1.1636836 1.296306 2.3693089 2.8215807 0.9480111 0.1265275 0.0211164
Rahnella 0.1891461 3.5018943 2.7075668 2.4422321 3.5426183 3.1799444 0.6065325 0.0954684 0.0176921
Klebsiella 0 1.395034 2.0484601 1.7463977 3.1807732 3.5463073 0.8226401 0.1069246 0.0114143
Pseudomonas 3.0520999 0.0299812 0.0230852 0.0130993 0.0023884 0 0.0065834 0 0.003995
Luteibacter 24.572048 0.0835839 0.0362768 0.0413938 0.0603075 0.0410625 0.0022899 0 0.0011414
Methylophilus 0 0 0 0 0 0 0.0203227 0.0465886 0
Methylotenera 0 0 0 0 0 0 0.0154567 0.0341141 0
Erwinia 14.726958 5.5219908 3.4792728 3.1972753 3.8668458 2.9591668 0.2364303 0.0241853 0
Cronobacter 29.233585 0.5519265 0.4070537 0.667016 0.0740409 0 0 0 0
Sphingomonas 2.3416155 0.0127193 0.0028268 0.0110034 0 0 0.0246162 0.023167 0
Curtobacterium 0.5654046 0 0 0 0 0 0 0.0066191 0
Methylobacterium 2.7788889 0.0027256 0 0.0010479 0 0 0.0005725 0 0
Xanthomonas 0.6508254 0.0027256 0.0042401 0 0.0023884 0.0346632 0 0 0
Agrobacterium 7.9319345 0.0963032 0.0612465 0.0770238 0.0071652 0 0 0 0
Lactococcus 0.6711637 0.0077224 0.003769 0.0115274 0 0 0 0 0
Pseudoxanthomonas 0.8650554 0.0086309 0 0.0052397 0 0 0 0 0
Rhizobium 0.6609945 0 0.0028268 0.0031438 0 0 0 0 0
Neorhizobium 1.5667266 0.0054511 0 0 0 0 0 0 0
Endobacter 0.857598 0 0 0 0 0 0 0 0




Lichenicola
Ralstonia
Burkholderia
Achromobacter
Serratia
Oryzomicrobium
Phyllobacterium
Faecalibacterium
Streptomyces
Comamonas
Genero
Bacteroides
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Solibacillus
Succinivibrio
Pseudonocardia
Bacillus
Cyanobium
Pantoea
Clostridium
Flavobacterium
Mediterraneibacter
Gemmiger
Phocaeicola
Escherichia
Zoogloea
Stenotrophomonas
Faecousia
Terrisporobacter
Limosilactobacillus
Fimimorpha
Eubacterium
Anaerofilum
Caproicibacterium
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0 0 0 0 0 0
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Intestinimonas
Prevotella
Parafannyhessea
Absicoccus
Alloprevotella
Blautia
Copromorpha
Ruthenibacterium
Cupriavidus
Sphingomicrobium
Lachnospira
Paratractidigestivibacter
Parabacteroides
Senegalimassilia
Caproicibacter
Emergencia
Collinsella
Hyphomicrobium
Dorea

Microvirga
Fimenecus
Planktophila
Reyranella
Cryptobacteroides
Phascolarctobacterium
Butyricicoccus
Merdicola
Tumebacillus
Onthovivens
Asaia
Oryzihumus
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Salinicoccus
Ligilactobacillus
Streptococcus
Massilia
Cutibacterium
Lachnoclostridium
Moycobacterium
Spirillospora
Bifidobacterium
Moraxella
Ktedonobacter
Sulfurimonas
Kitasatospora
Noviherbaspirillum
Paludibaculum
Solirubrobacter
Dormibacter
Rubrimentiphilum
Yaniella
Blastococcus
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Erysipelatoclostridium
Rubneribacter
Acidithrix
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Barnesiella
Jatrophihabitans
Adlercreutzia
Aureimonas
Nocardioides
Slackia
Gordonibacter
Amycolatopsis
Christensenella
Metallibacterium
Humisphaera
Acidulodesulfobacterium
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Duganella
Paraburkholderia
Frankia
Caballeronia
Tardiphaga
Pararhizobium
Rhizorhabdus
Kineococcus
Aquisphaera
Roseomonas
Bosea

Variovorax
Fibrobacter
Janthinobacterium
Spirosoma
Subtercola
Beijerinckia
Mucilaginibacter
Brevundimonas
Yonghaparkia
Rubrivivax
Azospirillum
Fimbriimonas
Finegoldia
Rhizomicrobium
Faecalibacillus
Chryseobacterium
Clavibacter
Williamsia
Aurantimonas
Sphingobium
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Granulicella
Onthenecus
Hymenobacter
Mesorhizobium
Acidisoma
Rhodococcus
Rhizobacter
Hansschlegelia
Granulicatella
Allobaculum
Alsobacter
Luteimonas
Paraclostridium
Aeromicrobium
Kineobactrum
Limivicinus
Megasphaera
Micrococcus
Salipiger
Sphingobacterium
Helcococcus
Kaistia
Oceanimonas
Perlucidibaca
Arcanobacterium
Fungi
Saccharomyces
Pichia

Candida
Yarrowia
Kluyveromyces

0.012203 0 0 0 0 0 0 0 0
0.012203 0 0 0 0 0 0 0 0
0.0108471 0 0 0 0 0 0 0 0
0.0101691 0 0 0 0 0 0 0 0
0.0088133 0 0 0 0 0 0 0 0
0.0088133 0 0 0 0 0 0 0 0
0.0081353 0 0 0 0 0 0 0 0
0.0067794 0 0 0 0 0 0 0 0
0.0061015 0 0 0 0 0 0 0 0
0.0054235 0 0 0 0 0 0 0 0
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0.0047456 0 0 0 0 0 0 0 0
0.0047456 0 0 0 0 0 0 0 0
0.0047456 0 0 0 0 0 0 0 0
0.0047456 0 0 0 0 0 0 0 0
0.0033897 0 0 0 0 0 0 0 0
0.0033897 0 0 0 0 0 0 0 0
0.0027118 0 0 0 0 0 0 0 0
0.0027118 0 0 0 0 0 0 0 0
0.0020338 0 0 0 0 0 0 0 0
0.0020338 0 0 0 0 0 0 0 0
0.0013559 0 0 0 0 0 0 0 0
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10.548327 0.0099809 0.0252747 0.0054059 0.2348114 17.52541 16.570321 67.312241 2.6030758

2.4163569 0.0036597 0 0.0011381 0 0 0 0.9942342 0
14.684015 0.0326044 0.0203828 0.0071131 0.005135 0.0299076 0 0 0.016013
9.5260223 0.0153041 0 0 0 0.0095055 0 0 0




Hanseniaspora
Leotiomycetes
Alternaria
Brettanomyces
Cladosporium
Sistotrema
Helotiales
Boeremia

Sympodiomycopsis

Aspergillus
Bullera
Vishniacozyma
Clavispora
Papiliotrema
Ophiosphaerella
Agaricomycetes
Debaryomyces
Exobasidium
Kurtzmaniella
Malassezia
Malassezia
Penicillium
Rhodotorula
Sporobolomyces
Starmerella
Tetracladium
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0
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