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Fermented Food Microbiomes
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Bread Kvass, Carrot Kimchi, Boza, Turnip, Orange, 
Krauthehi (sauerkraut), Tepache, Ginger Beer, 
Tempeh, Cucumber, Milk Kefir, Water Kefir, Tofu 
Chilli, Daikon, Pickled vegetables, Raw Sauerkraut & 
Juniper berries, Brown rice amazake, Beetroot Kvass, 
Kefir and fennel soup, Mead, Sauerkraut, Dill dearg 
(sauerkraut), Kimchi, Golden child (sauerkraut), Water 
Kefir Hibiscus, Water Kefir lemon, Water Kefir Ginger, 
Kombucha Vinegar, Sauerkraut, Kombucha, Apple 
Cider Vinegar, Water Kefir(Pear, Ginger & Honey, 
Water Kefir(Pear, Ginger & Sugar), Dilly Carrots, 
Brussel Sprout Kimchi , Kimchi, Garlic Kraut, Dukkah 
Kraut, Ginger Sliced in 2% Brine, Daikon Radish  in 
2% Brine, Okra in 2% Brine, Tomatoes & mustard 
seeds in 2% Brine, Kombucha, Cherry Water Kefir, 
Beet Kvass, Coconut Kefir, Carrot sticks, Lemon 
and Ginger Fizz, Scallion Kimchi

Multiple potentially 
novel species

Nunu
• Walsh, et al. Appl Env Microbiol. 

2017

Cheese
• Quigley, et al. mSystems. 2016
• Bertuzzi, et al. mSystems. 2018
• Walsh, et al. Nature Food. 2020
• And others

Water Kefir
• Marsh, et al. 2013
• Patel, et al. 2022
• Breselge, et al. 2025, 2026

Kombucha
• Marsh, et al. Food 

Microbiol. 2014
• Villarreal-Soto, et al. 

IJFM. 2020

Kefir
• Walsh, et al. 

mSystems. 2016
• Walsh et al iScience 

2023
• And many, others

Leech, et al. mSystems. 2020
Leech et al. Microbiology 2026



613 known SGBs, 211 unknown SGBs, 320 unknown food SGBs

Cheese - De Filippis et al., NPJ Biofilms and Microbiome 2025 
Resistome – Quijada et al. Nature Microbiol 2025
Acetic acid bacteria – Zhang et al iScience 2025
Phage – Walsh et al NPJ Biofilms and Microbiomes 2026
Hafnia – In prep
CAZymes – In prep
Gut brain modules – Balasubramanian et al NPJ Sci Foods Accepted

Food and Fermented Food Microbiomes



What is kefir?
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Milk kefir = fermented dairy beverage traditionally made by inoculating milk with a milk kefir grain (containing a 
consortium of bacteria and yeasts bound by the exopolysaccharide, kefiran)

Water kefir = fermented non-dairy beverage made by inoculating a sugar (sucrose)-rich solution supplemented with 
fruits such as figs with a water kefir grain (containing a consortium of bacteria and yeasts bound by the 
exopolysaccharide, dextran). 

Bourrie et al. Front. Microbiol 2016.



Milk kefir
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LAB - Lactococcus lactis, Lactobacillus species, Leuconostoc 
AAB e.g. Acetobacter
Yeasts e.g. Saccharomyces and Kluyveromyces

Image result for kefir msystems video

https://www.youtube.com/watch?v=uyibFCgXexA

Walsh et al. mSystems 2016

Bourrie et al. Front. Microbiol 2016.

https://www.google.ie/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjVldPa59vfAhXsSBUIHUTxDvcQjRx6BAgBEAU&url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DuyibFCgXexA&psig=AOvVaw0V0DUjLFSTHesPO_B8hqv2&ust=1546955292975087


Milk Kefir 
(meta)pangenome
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Walsh et al iScience 2023



Water kefir
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LAB - Lactobacillus species (L. hilgardii, L. nagelii, L. casei, L. paracasei, L. brevis, and L. hordei) and Leuconostoc
AAB e.g. Gluconobacter
Yeasts e.g. Saccharomyces, Brettanomyces
+/- Zymomonas

Breselge et al. 
NPJ Sci Food 2025



• 69 water kefirs from 21 countries 

• Shotgun metagenomics (2x 8h liquid, 2x 48 liquid, 1x grains)

• NMR metabolomics 

• GC-MS volatilomics 

• Additional metadata 

• Detection of 39 different AAB species in water kefir (inStrain)

• 6 Community types dominated by Liquorilactobacillus (CS 1), Gluconobacter (CS 2), Zymomonas (CS 4), Leuconostoc (CS 5), and 
Acetobacter (CS 6), or were relatively balanced communities without a clearly dominant genus (CS 3)

Water Kefir 
(meta)pangenome

Breselge et al. Comms Biol 2025



Can we culture the predicted novel species? 
Two novel Bifidobacterium sp. from water kefir
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Bifidobacterium fermentum sp. nov. (fermentum - that which causes fermentation) 12 of 69 kefirs
Bifidobacterium aquikefiricola sp. nov. (aquikefiricola - water kefir inhabiting) 1 of 69 kefirs

Phylogenetic tree generated using genomes and marker genes

Breselge et al. IJSEM 2024; Patent pending



Kefir4All – Kefir evolution in the community

Liam Walsh     Samuel Breslege      Guilherme Martin
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Kefir4All – insights into citizen science



12Walsh et al. Submitted
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Early Fermentation Drives Rapid Change, e.g. beta diversity
Most compositional, functional, and volatile shifts occurred during 

weeks 1-9, with values stabilizing thereafter.

1 Weeks 1-5

Highest dissimilarity values. Rapid compositional 

transitions and community state shifts.

2 Weeks 5-9

Continued changes but decreasing rate. Functional 

profiles begin stabilizing.

3 Weeks 9-21

Stable community states established. Minimal 

compositional changes observed.
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Reproducible Community Types Emerge
Despite starting from single grain sources, diverse 

community states emerged matching those from global 

kefir samples.

Milk Kefir States

Communities dominated by L. helveticus, 

L. kefiranofaciens, Lla. lactis, or Lla. 

cremoris (4/4).

Water Kefir States

Communities dominated by Lc. paracasei, 

Len. hilgardii, or Z. mobilis (3/6).
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Strain-type analysis – emergence of strain types over time 

Most species with multiple clusters showed temporal stability, with strains predominantly grouping under a 
single cluster. Exceptions included Glu. albidus, where strain clusters shifted over time. In Lla. lactis, Lc. 
paracasei, and Len. hilgardii, less predominant clusters also displayed temporal stability alongside the 
primary cluster.



Designing new defined communities – bottom up and top 
down
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Nikoloudaki et al 2024 Food 
Research International.

Koch et al 2026 Nature Comms



=P≤0.05; =P≤0.01
Bourrie BC, Cotter PD, Willing BP. J Funct Foods. 2018;46:29–37. 

Cholesterol Assimilation in Milk
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Major differences in health promoting attributes of kefir depending on the microbes present

There Are Tremendous Opportunities to Optimise This Potential and Ensuring Quality 
Control, Including Through Combining Specific Strains With Particular Attributes

Significant differences are represented by different letters (a, b, c) 
1. Bourrie BC, Cotter PD, Willing BP. J Funct Foods. 2018;46:29–37; 2. Bourie BC, et al. British Journal of Nutrition. 2021;125(2):129–138. 
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Benefits (cholesterol and TAG) of an 
artisanal kefir (ICK) recreated 
through use of a ‘Pitched’ kefir 
(5 bacteria & 4 yeast).

Benefits lost in absence of LAB 
or yeast
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Human study (males) – Randomised crossover pilot study

When compared to baseline, 
pitched kefir consumption 
reduced LDL-Chol, ICAM-1, and 
VCAM-1, while commercial 
kefir consumption increased 
TNF-α.

Pitched kefir consumption 
resulted in greater reductions 
in IL-8, CRP, VCAM-1, and TNF-α
when compared to commercial 
kefir consumption.

Bourrie et al Appl Physiol Nutr Metab. 2023 Sep 1;48(9):668-677

n = 21 days
2 x 4 weeks



Aroma

Designing new defined communities for water kefir production
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Yeasts Brettanomyces bruxellensis, Hanseniaspora valbyensis, 
Pichia fermentans, and Saccharomyces cerevisiae
LAB Lacticaseibacillus paracasei, Lentilactobacillus hilgardii, 
Leuconostoc pseudomesenteroides, and Liquorilactobacillus 
satsumensis; 
AAB Acetobacter lovaniensis, Acetobacter orientalis, 
Gluconobacter japonicus, and Gluconobacter oxydans; 
Bifidobacteria Bifidobacterium aquikefiricola and Bifidobacterium 
fermentum 
Zymomonas mobilis

All possible combinations of communities consisting of:
1 yeast + 1 LAB + 1 AAB + 1 Bif +/- Z. mobilis
256 pitched fermentations

 

Breselge et al. Submitted

1 yeast           +              1 Bif             +               1 LAB               +              1 AAB            +/-      Z. mobilis
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Bottom up based approaches to defined community development 

Khan et al. NPJ Biofilms and Microbiomes 2026

Water Kefir – Anik Khan In prep
Kombucha – Erkang Zhang In prep
Pot ale valorisation – Ana Soriano In prep
Non-alcoholic beer – Ana Soriano In prep
Fruit valorisation – Ines Calvete In prep



Conclusion
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• Milk and water kefir have served as excellent models to 
study fermented food associated microbiomes

• Study of these beverages has

• Highlighted the global diversity of these microbiomes
• Connections between microbiomes and other features
• The extent through which artisanally produced 

beverages can change with time
• Different ways in which defined communities can be 

developed for a variety of applications 
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Image result for master paul cotter logo"
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