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Starter culture selection
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— e Criteria for selection

Metabolism Final product characteristics

Carbohydrate consumption (type and speed) Flavour
Acid composition and production Rheology
Protein and amino acid metabolism Shelf-life
Formation of desired compounds Nutritional attributes

o Stock of strains: microbial 0@ h?'

diversity Selection of starter
Lactic acid bacteria and yeasts culture strains
Main isolation source: spontaneously 9 Interplay among
fermented foods - i 4
AR R e b et e microorganisms
— =

Interactions among starter culture strains
Interactions among starter culture strains and
the background microbiota
Selection of optimal \

roduction process
p p —

Raw materials
Environment
Fermentation and storage temperatures and times

.

Pradal et al., CRFSN, 2026
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Target property

Disaccharides, Monosaccharides, and Polyols)

101 target genes

pulses
# cereals




First generation Second generation Third generation
(next generation sequencing)

PacificBio Nanopore
HiFi reads Oxford MinlON
MK1C

Need for high-quality genomes
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Need for high-quality genomes
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Assembly — complete genomes

Reads

Contigs

Scaffolds

Chromosome

Genome annotation

Prokka pipeline (simplified)

tRNA

Y

Aragorn

RNAmmer | rRNA
)

Prodfgal ]—’ ﬂ[ SrgnaIP ]—’ sig_peptide

protein annotation protein domains

FASTA
contigs

https://www.ddbj.nig.ac.jp; https://training.galaxyproject.org
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High-quality genomes in HealthFerm
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Type

Yeast

Genus
Acetobacter
Gluconobacter
Lactiplantibacillus
Levilactobacillus
Furfurilactobacillus
Fructilactobacillus
Leuconostoc
Companilactobacillus
Lactobacillus
Lacticaseibacillus
Pediococcus
Lentilactobacillus
Limosilactobacillus
Lactococcus
Latilactobacillus
Weissella
Propionibacterium
Maudiozyma
Saccharomyces
Naumovozyma
Schizosaccharomyces
Torulaspora
Zygosaccharomyces

Total

Species
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92% complete
circular bacterial
genomes

+250k genes found
and annotated
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Ester synthesis by LAB

 Esters provide fruity notes (cocoa, cheese, beer, wine, and sourdough)
* Can LAB synthesise esters from their precursors in a sourdough matrix?

* Only the esterases EstA, EstB, and EstC have been studied under comparable
conditions

» EstA of Lactobacillus helveticus, EstB and EstC of Lacticaseibacillus casei

* Biosynthesis of ethyl esters (ethyl butanoate, ethyl pentanoate, ethyl hexanoate) in vitro and in a cheese
model

e Screening (tblastn alignment with AA sequences of verified enzymes) of 401 LAB
genomes from strains of species described in sourdoughs

Pradal et al., AEM, 2025



Genome mining

estC
estB
estA

Similarity

estC
estB
eStA

Identity
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* The presence of estA, estB, and estC genes was species-
100 Gene annotation

d e pe n d e nt gtD': annotated
. . . Hypothetical protein
Sourdough-relevant species containing at least one of = ATty ety
the genes: 80 [ SgNH/GDSLhydrolasefamily protein
Il Alpha/beta hydrolase
* Companilactobacillus paralimentarius
* Companilactobacillus crustorum

* Limosilactobacillus fermentum

Fructilactobacillus sanfranciscensis did not harbour any
of the genes

Percentage of genes (%)

* Genes were mostly annotated as a/p hydrolases 20,

estA estB estC

uuuuuuuuu

Pradal et al., AEM, 2025
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* Analysed the genomes of 16 culture collection strains from species that contained the estA,

estB, and/or estC genes, as shown by screening the 401 genomes

estA estB estC

Coml. paralimentarius IMDO EBRM1
Coml. paralimentarius R18618

Coml. paralimentarius IMDO 1Mg81
Coml. paralimentarius R19081

Coml. paralimentarius R19092

Coml. nantensis R19088

Coml. paralimentarius R19079

Coml. paralimentarius IMDO BBRM18
Coml. paralimentarius IMDO 1Mg86
Coml. paralimentarius IMDO 1Mg105
Lact. xiangfangensis IMDO EBRMM8
Coml. crustorum IMDO BLWM12
Liml. fermentum IMDO 130101

Levl. zymae LMG 22198

Coml. crustorum IMDO BLIM15
Coml. crustorum LMG 23699

Pradal et al., AEM, 2025



Genome mining

[ )
Sy

HealthFerm

In vitro fermentations to assess ester biosynthesis by LAB strains

WSSM, wheat sourdough simulation medium

mWSSM: WSSM + ester precursors

e Ethanol: 1%
* Aceticacid: 0.5%

» Organic acids (propionic acid, butyric acid, pentanoic acid, hexanoic acid, decanoic acid, lactic acid): 5 mg/| each

Some strains, mainly of
Companilactobacillus  species,  could
produce esters in the medium and under
the conditions used

Likely, estC was involved in ester
biosynthesis
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* Higher alcohols (1-propanol, 1-butanol, 1-pentanol, 1-hexanol, isoamyl alcohol): 5 mg/| each

Ethyl lactate concentration (mg/l)
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Time (h) Time (h)
® Coml. crustorum LMG 23699 # Coml. paralimentarius IMDO 1Mg86  ® Frul. sanfranciscensis ACADC 3378 & Liml. fermentum IMDO 130101
# Coml. nantensis R19088 @ Coml. paralimentarius IMDO BBRM18 @ Frul. sanfranciscensis LMG 16601T « mWSSM

@ Coml. paralimentarius IMDO 1Mg105 ® Coml. paralimentarius IMDO EBRM1

Levl. zymae LMG 22198

Specific LAB strains can synthesise esters; their ester biosynthesis capabilities is dependent on precursor concentrations

Pradal et al., AEM, 2025
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[ Genomics ] [ Systems biology]

Metabolic ________, Biochemical
enzymes reactions

—> Metabolic network

Genome-scale metabolic model iAp386B454

Genes: 454 (16 %)
Reactions: 322 (gene-protein-reaction associations)

Acetobacter

pasteurianus ! i Exchange reactions: 17
IMDO 0506386 = » Irreversible reactions: 135
Compartments: 2
Cytosol: 276 metabolites
Periplasm: 20 metabolites

1400000

Gene prediction: 2595 -> 2854 protein-encoding
genes + functional reannotation

Pelicaen et al., FiM, 2019



Flux Balance Analysis
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* Evidence for two growth phases (diauxic growth) of Acetobacter pasteurianus IMDO 0506386 under cocoa

fermentation conditions, as previously found
* Different sets of ethanol-oxidising enzymes in cytoplasm and periplasm
* Potential role of ethanol and lactate as a source of carbon, energy, and NADPH in the first growth phase
= Is it possible to aim for acetic acid depletion by extensive oxygenation during the AAB stage of the

fermentation process?

Pelicaen et al., FiM, 2019
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* Obtaining high-quality microbial genomes is easier and more affordable than ever before

 Genome mining and comparative genomics, driven by good knowledge of genes and
pathways related to desired traits, allow for rational choices regarding starter cultures with
desired properties to produce plant-based fermented foods

* A multi-omics approach is needed to prove the strains’ abilities under the production
process parameters applied
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