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Introduction to water kefir

Global water kefir study

Microbial composition of water kefir

Using multi-omics for improved water kefir production
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Water Kefir

a Microbiome
& Ireland

Streptococci
Lactobacilli

Yeast

Input:
_ Kefir grains ™ ~2 days at 21°C =, Products: fermented beverage
— Water * Lactic acid
, : , e Acetic aci
— Sugar Dominant microorganisms: cetic acid
* Ethanol

— Dried & fresh fruits * Lactic acid bacteria (LAB)
(e.g. fig & lemon) * Acetic acid bacteria (AAB)
& * Yeast
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e Carbon dioxide
* Aroma compounds
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First Fermentation Second Fermentation
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Water Kefir Fermentation in the Lab aFfv reland
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What is the microbial composition of water kefir?
Which microbes should be present in a commercial water kefir?
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) Bacterial genomes
Shotgun Metagenomics: present in a sample Genomes cut into small
Water kefir (WK) fragments
e 2x08h liquid b s e
e 2x48h liquid ————— T —
* 1x 48h grains e — —-__ S
69 WK x 5 samples = 345 WK — —__-——— a=——p=
samples ———mml .|| D —
Sequencing of many random
fragments from pool of
fragments
?e'::scnccs/ w— [—
o — - —
ey
Alignment of DNA sequences with a computer
éalggél:LOlOgenome.com program to create a larger consensus sequence ”
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MAG from known species novel species
water kefir o Mb 0.5 Mb 11 Mb 1.5 Mb 2 Mb o Mb |0.5 Mb 1 Mb ~|1.5Mmb |2 Mb
N ‘\ % |

" A
KR A

Known
reference — _ V/aE 1 _
genome oMb |0.5 mb |1 Mo 1.5 Mb 2 Mb o Mb losMb |1 Mb [15Mb  [2Mb |25 Mb
Genome Completeness: 98.8 % Genome Completeness: 98.5 %
Average Nucleotide Identity (ANI): 98.8 % Average Nucleotide Identity (ANI): 78.6 %
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Metagenome-Assembled Genomes (MAGs)aFr" retand

Microbiome

Bacterial MAGs

Analysis
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54 MAGs not assigned at species level
'] 18 potential novel species
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number of detected species
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Detected species
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Liquorilactobacillus satsumensis
Lentilactobacillus hilgardii

Lacticaseibacillus paracasei
5. Acetobacter orientalis

Saccharomyces cerevisiae
Liquorilactobacillus nagelii
7. Gluconobacter oxydans
8. Bifidobacterium aquikefiri
9. Zygotorulaspora florentina

10. Acetobacter syzygii

6.
IIIIIIIIIIIIIIllllllllllllllllllllll............................

1
2
3.
4

* 96 species detected (with high confidence)

* 69 water kefir grains
* 18 novel species (~19%)
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] Bacterial genomes
ShOtgu n Meta genom ICS: presentina sample Genomes cut into small
Water kefir (WK) fragments
« 2x 08h liquid S— — R w—
* 2x48h liquid — ‘—_————.
* 1x 48h grains -  — T —
69 WK x 5 samples = 345 WK —— | D——
samples i
fragments from pool of
fragments
?e:tcnccs/" — [—
Commg::/'_ — _:
ey
Alignment of DNA sequences with a computer
éalggél:LOlOgenome.com program to create a larger consensus sequence .
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C- Development of Water Kefir Characteristic
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Species & Flavour & Metabolites Flavour Development

PCA - Biplot
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Correlation Analysis
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Correlation Analysis
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Correlation Analysis
Species vs Metabolites

- Lentilactobacillus hilgardii: *** + Maltitol
- Aceto. orientalis: ** + Leucine & Isoleucine

- Gluconobacter oxydans: ** + Pyruvate
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~ Alcohols
Amino Acids and Derivatives
Ketone
Nitrogen Cantaining Compaound
Organic Acids
Sugars
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% [ 76649-16-6__Ethyl trans-4-decenoate
& | & % 513-86-0__Acetoin
m o 431-03-8__2,3-Butanedione
- = il * 1014-60-2__Benzene, 1,3-bis(1,1-dimethylethyl)-
ﬁ www%%wwdﬁcmmmo_»n mma. e ,A_J w 6-trimethyl-1,3-cyclohexadien-1-yl)-, (E):
-93- -Buten-1-one, 1-(2,6,6-trimethyl-1,3-cyclohexadien-1-yl)-, (E)-
* # ¢ 64-17-5__Efhanol
& 96-17-3_Butanal, 2-methyl-
W - ©c b 851-55-5_ 2-Nonanone
= - 504-60-9__1,3-Pentadiene
- & ‘ . 100-42-5__Styrene
| = 124-19-6__Nonanal
. ¥ . | 124-13-0__Octanal
] | 93-89-0_~Benzoic acid, ethyl ester
] [ | W mm_wmmw.mﬂlxy_m_mﬁv:oﬂo:m
| -71-7__Heptanal
H B B E 137-32-6__1-Butanol, 2-methyl-
|| = L 123-51-3___1-Butanol, 3-methyl-
o * 78-83-1_"71-Propanol, N,_._._mﬁm\_.
-] ¥ 60-12-8__Phenylethyl Alcohol
= * = * 123-92-7_ 1-Butanol, 3-methyl-, acetate
u 64-19-7_"Acetic acid
- 103-45-7__Acetic acid, 2-phenylethyl ester
. 334-48-5_n-Decanoic acid
| i 112-05-0__Nonanoic acid
¥ 142-62-1__Hexanoic acid
124-07-2_Qctanoic acid
106-70-7__Hexanoic acid, methyl ester
105-54-4__Butanoic acid, ethyl ester
6989-27-5__D-Limonene
591-78-6__2-Hexanone
108-10-1__Methyl Isobutyl Ketone
624-41-9"_1-Bufanol, 2-methyl-, acetate
79-31-2__Propanoic acid, 2-methyl-
116-53-0__Butanoic acid, 2-methyl-
75-07-0_ "Acetaldehyde
105-57-7__Ethane, 1,1-diethoxy-
97-64-3_"Propanoic acid, 2-hydroxy-, ethyl ester
2785-89-9__Phenol, 4-¢ ~methoxy-
105-37-3__Propanoic acid, ethyl ester

122-78-1__Benzeneacetaldehyde
5461-03-3__Isobutyl octanoate
101-97-3__Benzeneacetic acid, ethyl ester
106-33-2_Dodecanoic acid, m.:«_ ester
7452-79-1__Butanoic acid, 2-methyl-, ethyl ester
106-30-9__Heptanoic acid, ethyl ester
124-06-1"Tetradecanoic acid, ethyl ester
111-82-0__Dodecanoic acid, methy! ester
141-78-6__Ethyl Acetate

0-42-9" Decanoic acid, methyl ester
w.mo.m|z§m:o_o mo&,m%imw@
m

,_
N
10-38-3__Decanoic acid, ethyl ester
06-32-1"_Octanoic acid, ethyl ester
035-99-6__Octanoic acid, 3-methylbutyl ester
23-66-0_"Hexanoic acid, ethyl ester
41-27-52,6-Octadienal, 3,7-dimethyl-, (E)-

" 625-86-5 _ Furan, 2,5-dimethyl-

100-52-7 _Benzaldehyde

78-84-2 JuBWm_..m,_ N.Bmﬁ:ﬁ,
116-09-6__2-Propanone, 1-hydroxy-
110-54-3__n-Hexane

78-93-3_"2-Butanone

60-29-7__Ethyl ether

534-22-5_ Furan, 2-methyl-
67-64-1_"Acetone

98-01-1__Furfural

79-20-9Acetic acid, methyl ester
110-43-0__2-Heptanone
104-76-7__1-Hexanol, 2-ethyl-

624-92-0" Disulfide, dimethyl
142-82-5__Heptane

108-88-3_ Toluene

96-04-8_~Acetyl valeryl

590-86-3__ Butanal, 3-methyl-

66-25-1 _Hexanal

6137-06-0__2-Heptanone, 4-methyl-
107-87-9_"2-Pentanone
80-56-8__a-Pinene

Brettanomyces spp.

- Acetobacter spp.
- Gluconacetobacter spp.

- Zymomonas mobilis

€a5AaSC
- Pichia fermentans
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Correlation Analysis
Species vs Flavour
Most negative VOC correlations
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1. Introduction to water kefir

2. Global water kefir study Thank You for
you

3. Microbial composition of water kefir

— Water kefir shows great microbial diversity

— Discovery of several new species (MAGSs).
— lIsolated two novel species (data not shown, more in process).
— Lack of strict “core microbiome”, but some species are regularly present in water kefir.

4. Using multi-omics for improved water kefir production
— Correlations between species, flavours, & metabolites
— Roadmap for which species could/should be present in commercial & pitched water kefir.

Email: samuel.mortensen@teagasc.ie

Twitter: @SamuelM_Biology
g Instagram: @the_science_of_fermentation (w/ Dr. John Leech)
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Acetobacter
Bifidobacterium
Gluconobacter
LAB
Saccharomyces
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