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Fermented Food Microbiomes
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Bread Kvass, Carrot Kimchi, Boza, Turnip, Orange,
Krauthehi (sauerkraut), Tepache, Ginger Beer,

v 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

Leech, et al. mSystems. 2020
Leech et al. Microbiology 2026
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Food and Fermented Food Microbiomes
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What is kefir?

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.
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LAB - Lactococcus lactis, Lactobacillus species, Leuconostoc
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https://www.youtube.com/watch?v=uyibFCgXexA Kefir microbial composition is a deciding factor in the physiological impact of
kefir in a mouse model of obesity

Benjamin C. T. Bourrie!"?, Tingting Ju!, Janelle M. Fouhse!, Andrew J. Forgie!, Consolato Sergi®,
Paul D. Cotter>* and Benjamin P. Willing'*
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Water kefir

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

Innovative Food Science and Emerging Technologies 80 (2022) 103084

Contents lists available at ScienceDirect

Innovative Food Science and Emerging Technologies

INNOVATIVE FOOD SCIENCE
EN 5

journal homepage: www.elsevier.com/locatefifset o

A temporal view of the water kefir microbiota and flavour attributes

S.H. Patel >, J.P. Tan®, R.A. Bérner, S.J. Zhang “, S. Priour %, A. Lima“, C. Ngom-Bru ©,

P.D. Cotter >™%, S. Duboux ™"

* SegBiome Ltd, Cork, Ireland

® APC Microbiome Ireland, Universigy College Cork, Cork, Ireland

© Sociere des Produins Nesde 5A, Nesdé Research, Lauranne, Switerland
< Teagase Food Research Centre, Moarepark, Ireland
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Water Kefir
(meta)pangenome

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)
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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)

Breselge et al. Comms Biol 2025
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80 CS 1 - Liquorilactobacillus
CS 2 - Gluconobacter
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40 " Cs 6 - Acetobacter
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Can we culture the predicted novel species?

Two novel Bifidobacterium sp. from water kefir

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
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| [ [ [ I

[
1000 000 500 700 500 500
Distance Level
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Breselge et al. JISEM 2024; Patent pending

B. pullorum DSM 204337

B. gallinarum subsp. saeculare DSM 6532
B. gallinarum DSM 206707

B. breve 110706_G6 LUMC

B. scardovii ENR_0379

B. longum BIFIDOIBS

B. bifichum 17_283 IBS

B. gallicum DSM 200037

B. fermentum WE012_4 137

B. aquikefiricola WEK041 4 127
B. aquikefiri LMG 287607

B. magnum DSM 202207

B. coryneforme DSM 202167

B. asteroides DSM 200807

B. thermaphilum DSM 20200

B. thermacidophilum subsp. porcimum DSM 177557
B. boum DSM 204327

B. pseudolongim subsp. pseudolongum DSM 20094
B. choerinum DSM 204347

B. animalis DSM 20105

B. minimm DSM 201027

B. merycicum DSM 64027

B. angulanm DSM 200087

B. dentium DSM 20084

B. adolescentis DSM 200837

B. ruminantium DSM 64807

B. pseudocatemulatum DSM 20439

B. catenulatum DSM 160027

Phylogenetic tree generated using genomes and marker genes
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Relative abundance

Kefir4All — Kefir evolution in the community

Species-level composition of kefir samples

1.00+
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Guilherme Martin

cﬁ v 4“ B8 o Following

Kefir4All
@Kefir4All Follows you

Instructions for milk kefir fermentations

Step 1: Open Survey Monkey by opening the link below and fill in your ID and the type of kefir you are

fermenting.

https://viww.surveymonkey.com/r/Kefirfermentation

Step 2: Study your fermentation jar, does the liquid look like any of the below pictures? Record your room
P with the ther provided. Report your observations to Survey Monkey. Ignore this step if it

is your first fermentation

Its Bubbling It looks unchanged

Step 3: Unscrew and remove the top lid and strainer from the fermentation vessel.

The milk and whey
have separated




Kefir4All - insights into citizen science
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123 Citizen scientists
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Milk kefir arm - 63 Citizen scientists Water kefir arm - 60 Citizen scientists
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Early Fermentation Drives Rapid Change, e.g. beta diversity
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C. ~ Milk kefir liquid - metagenomes
Most compositional, functional, and volatile shifts occurred during Kicuskr-wats(4) = 768, p =0.10, &4y = 0.14, Clos [0.10, 1,00, oy = 54
weeks 1-9, with values stabilizing thereafter.
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PCoA2 - 5%

Reproducible Community T

Data source

s‘ | Breselge et al - Water kefir
Kefir4All - Milk kefir
KefirdAll - Water kefir

Walsh et al - Milk kefir
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Lacticaseibacillus paracasei Lentilactobacillus hilgardii Zymomonas mobilis

PCoA1 - 10%

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).

Relative Abundance kefir type
. Grain
A Liquid

60

40

20



Strain-type analysis — emergence of strain types over time

| Milk kefir Milk kefir Milk kefir Milk kefir Milk kefir Milk kefir
’ Acetobacter fabarum Acetobacter orientalis Lactobacillus helveticus Lactobacillus kefiranofaciens Lactococcus cremoris Lactococcus lactis
20 30
1 2 20 20 10 10
T I TR el b s Pl B 0
Milk kefir Milk kefir Milk kefir Milk kefir Water kefir Water kefir
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8 Water kefir Water kefir Water kefir Water kefir Water kefir Water kefir
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0
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Timeframes

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.
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Desighing new defined communities — bottom up and top

down

Top-Down Approach

Deconstructs existing ecosystems
and simplifies them

Design Philosophy

Reducing complexity

Complexity

May not fully understand or
control community
dynamics

May be limited in
introducing
entirely new
functions

Community Dynamics

Novel Functionalities

Nikoloudaki et al 2024 Food
Research International.

Predictive
mathematical
model

Allows the
creation of novel
community
functions

Aims to engineer specific
interactions and functions

Novel Functionalities

Community Dynamics

Complexity

Increasing complexity

Assembles communities from
individual microbes

Design Philosophy

;ﬁ:j D 0 M | N 0 n :::;:dm::m Union E:dm:lm

WP3 & WP4 training session:
Webinar on genome-scale
modelling for consortia design

May 28" 2024. 9 to 11a.m.

Elnam KARIMI, Vatentin LOUX and Stéphane CHAILLOU

Valentin LOUX < MAAGE - ML,

https://doi.org/10.1038/s41467-026-74251-1

Bottom-Up Approach

From “synthetic” to defined microbial
communities for clearer terminology

Hanna Koch, Thomas Clavel, Cintia Mayr, Benjamin L. Coltman, Michael Schloter,
Julia A. Vorholt, Yolanda Sanz, Tomislav Cernava, Gwyn A. Beattie, Lene Lange,
Stéphane Chaillou, Akos T. Kovacs, Hauke Smidt, Corné M. J. Pieterse, Tanja Kostic,
Omri M. Finkel, Christopher E. Lawson, Luca Cocolin, Jestis Mercado-Blanco,
Robert D. Finn, Kalliope K. Papadopoulou, Matthew Ryan, Marco Candela,
Paul D. Cotter, Gabriele Berg, Orla O'Sullivan, Manuel Delgado-Baquerizo,
Pankaj Trivedi, Trevor C. Charles, Brajesh K. Singh, Giinter Brader, Malek Marian &
Angela Sessitsch | ™| Check for updates

Koch et al 2026 Nature Comms
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Cholesterol Assimilation in Milk

12

0o

Cholesterol (mg/ml)
D

Milk IR6 IR10 UK1 UK5 UK2 GER1 IR4

%k=P<0.05; % %=P<0.01
Bourrie BC, Cotter PD, Willing BP. J Funct Foods. 2018;46:29-37.

IR8

IR3

GER2

UK4

IR9

ICK

IR2
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Percent Weight Gain

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

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

Weight Gain'’ Liver Triglycerides’ Plasma Non-HDL Cholesterol' Plasma Cholesterol?

60 400 200
a
a a _ a
ab ab ab §
ab o 1
o 300 ab B 150 . b
40 < b =
abc abc ‘é" o
£ o
bc () ‘U‘;
T 200 S 100 b
bc 8 2 b
c > © b
20| =E 2 Fa) :l:
= I
100 & 50
c 5
- Z
0
LFD HFD Com ICK IR9 IR10 GER2 LFD HFD Com ICK IR9 IR10 GER2 LFD HFD Com ICK IR9 IR10 GER2

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.

Total Plasma Cholesterol (mmol/l)

200

100

COM ICK Pitch PNY PNL

Benefits (cholesteroland TAG) of an
artisanal kefir (ICK) recreated
through use of a ‘Pitched’ kefir

(5 bacteria & 4 yeast).

Benefits lostin absence of LAB
oryeast
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Human study (males) - Randomised crossover pilot study

Cardiometabolic risk factors in males fed either a commercial (Com) or lab produced (Pitch) kefir for 4 weeks.

Bonferrom Bonferrom Bonferrom
Adjusted P Adjusted P Adjusted P
Value Pre vs Value Pre vs value Pitch
Com Post- Pitch Post- Post-Treatment Post-Treatment vs Com
Measure Com Baseline Treatment Pitch Baseline Treatment Com Delta Pitch Delta Com Pitch Delta
Triglycende 1.68=0.90 1.56=0.81 1.56+0.94 1.630.91 -0.12=0.33 0.08=0.56 0.228 1.000 0.131
(mmol/L)
Cholesterol 6.16=0.89 6.05=0.78 6.35=1.00 6.20+1 03 0112047 | -0.06+036 0.540 1.000 0.928
(mmol/L)
LDL
Cholesterol 420087 410=0.78 437081 4.20=0 81 10,10+ 38 -0.13£020 0.514 ‘ 0.042 0.516
(mmol/L)
Non-HDL
Cholesterol 4.97+0.88 4.84+0.72 5.01£0.90 4.93+0.87 -0.12+0.45 004031 0.488 0.406 0912
(mmol/L)
Glucose 5.26=0.76 5.36=0.80 5.08+0.56 5.02+0.55 0.10=0.34 -0.06+0.33 0.416 0.984 0.219
(mmol/L)
@Ifi:‘fi} 80.27+56.02 | 77.94+5297 | 89.88+9001 | 106.41+10384 | -2.33+19.63 | 16.53+4548 1.000 0.330 0.063
+ + + 2+ 032 033
CRP (me/L) 1.87=1.73 1.83=1.50 1.75+1.91 1.32+1 66 0.01=0.65 0.32+0.61 1.000 0.19 ;0 0
SICAM-T | 357 1124705 | 3446824589 | 358.03256.60 | 3294324278 | -6.4423637 | -28.6128.63 0.950 ‘ 0.002 0.126
(ng/ml)
"'{"CTL}I 335.75+57.68 | 3383824563 | 342.75:5248 | 318.56:33.53 | 2.63+3721 | -24.19+27.02 1.000 ., 0.004 ;n.um
ng/
IL-6 0.49+0.24 0.51+0.35 0.47£0.25 0.41%0.20 0.02+0.18 -0.06£0.15 1.000 0234 0.223
(pg/mL)
ﬁa[L'th} 3.45+0.83 3.60=0.94 3.90+1.34 3.43+1.32 0.05+0.50 -0.47+0.79 1.000 0.072 ;0.030
o/
(p]—;ii) 1.19=0.71 1.69=0 49 121072 1.1320 65 0.50+0 61 -0.08+0 21 ‘.‘ 0.012 0.266 ;0.00?

LDL = low density lipoprotein; HDL = high density lipoprotein; CRP = C-Reactive Protein; sSICAM-1 = secretory Intercellular Adhesion Molecule 1; sVCAM-1
= secretory Vascular Cell Adhesion Molecule 1; IL-6 = Interleukin 6; IL-8 = Interleukin 8; TNFu = Tumor Necrosis Factor alpha. Values are presented as means
= standard deviation n=16-20.

n =21 days
2 x 4 weeks

When compared to baseline,

pitched kefir consumption
reduced LDL-Chol, ICAM-1, and
VCAM-1, while commercial
kefir consumption increased
TNF-a.

Pitched kefir consumption

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

/DOMINO

Bourrie et al Appl Physiol Nutr Metab. 2023 Sep 1;48(9):668-67



Desighing new defined communities for water kefir production

Yeasts Brettanomyces bruxellensis, Hanseniaspora valbyensis,

Pichia fermentans, and Saccharomyces cerevisiae
LAB Lacticaseibacillus paracasei, Lentilactobacillus hilgardii,
Leuconostoc pseudomesenteroides, and Liquorilactobacillus

satsumensis:

Kruskal-Wallis, y°(5) = 10.84, p = 0.052. n = 300
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Bottom up based approaches to defined community development

Defining desired and undesired metabolites

3-( Desired metabolites (e.g., lactic 3{ Undesired metabolites (e.g.,
acid, mannitol, ethyl acetate, o sulphur compounds and biogenic
g short-chain fatty acids, vitamins, § amines)
and GABA)

Selection of candidate strains and their genome sequencing

V4

= TTEN i

[ %% \ <

—_— | 10| — y —_— “E
\ /

Fermentation N / n

WK microbiota Isolation Genome sequencing
and assembly

¥

Genome annotation and GSMN reconstruction

( Water Kefir — Anik Khan In prep

_ u“—»% Kombucha - Erkang Zhang In prep
Collection of Genome GEM Pot ale valorisation — Ana Soriano In prep

genomes annotation reconstruction

\ ¥ Non-alcoholic beer - Ana Soriano In prep

Computation of Metabolic Capabilities and Cooperation Potential

(- 7 ) Fruit valorisation - Ines Calvete In prep

Traditional
WK grains
A

Prediction of individual Prediction of collective Prediction of
metabolic capabilities metabolic capabilities cooperation potential
A S

Minimal synthetic community design and key species identification
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Experimental validation and iterative refinement of minimal synthetic communities
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Conclusion
Ak

 Milk and water kefir have served as excellent models to 1 ]
study fermented food associated microbiomes :

e Study of these beverages has

* Highlighted the global diversity of these microbiomes

* Connections between microbiomes and other features

e 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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