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Microbes in fermented food

* There are roughly 5,000 varieties of fermented foods
and beverages prepared and consumed worldwide,
contributing to 5%-40% of the human diet. ne®

Spontaneous
fermentation

Using indigenous
natural microbes on
food substrates.

Starter culture

: Using selected efficient
{ ' & well-characterized

. microbial culture to
initiate fermentation

Back-slopping

Transferring a small amount
from previous fermentation
to fresh ingredients to
promote fermentation

Microbiome engineering

Controlling food microbiome
structure by selectively targeting
spoilage and undesirable
microbes

Genetic improvement
of starter cultures

Using genetically modified
microbial cultures with
enhanced properties

Mannaa et al. (2021): https://doi.org/10.3390/foods10112861
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https://doi.org/10.3390/foods10112861

The relationship between fermented food and health

* Increasingamount of data indicate
that adiet enriched with fermented
food have a beneficial effect on health

Food &
Function

REVIEW

 =asuccession of linked effects.
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Metabolites of lactic acid bacteria presentin
fermented foods are highly potent agonists of
human hydroxycarboxylic acid receptor 3
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The relationship between fermented food and health

Interaction of food
(dietary) microbiota
with the intestinal
microbiota

Nutritional & safety added
value of the fermented food

Molecules resulting from fermentation are
stimulating physiological signals

e j.e.the /2IDOMINQO effect
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The 35,000 gut microbiomes structured as branches and local states

Tap et al.(2023): https://doi.org/10.1038/s41467-023-38558-7

* Thelow-diversity tips of branches display functional shifts
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« Butwe don't know yet how to define what is a healthy gut

A="9 Le microbiote francais s metagenopolis £ #
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https://doi.org/10.1038/s41467-023-38558-7

Microbes, fermented foods, health & sustainability...

...acomplex equation between societal and technological challenges
... what contibutions of data sciences ?

1. ldentifying the diversity of microbial solutions(i.e. microbial consortia)
2. Building strategies for design & resolving experimental bottlenecks
3. Implementing health benefitsin the design

4. Knowledge-based R&D : curated databases -> modelling tools -> Al
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From spontaneous fermentations to designed consortia

Fermented food metagenome =a A diversity of microbial Functional-core
diversity of microbial communities interactions and dynamics community
Spontaneous models . Simplified models
Hypothesis
£ s
g
How to learn from ? How to simplify ? 1Y

A lack of data

A lack of microbial
ressources

How to understand ? A lack of rules

A lack of tools & strategies
Experimental bottlenecks modelling

INRAE) stéphane Chaillou p.8



Implementing Health benefit in the design of consortia

 Human nutritional intervention are the ‘golden rule”but long, tedious and expensive;

* |tisverylikely that long-term diet are necessary for establishing health benefit.

« Setting standard protocols for rapid estimation of health benefit using in-vitro/ex-vivo models ?

https://doi.org/10.3389/fmicb.2018.01844

1. Distal colon models
Influence on gut microbiota
Functional activity in micro-

bioreactors
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2. Intestinal Organoids
absorption capacity of
bioactive molecules
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https://doi.org/10.1016/j.jcmgh.2017.12.010

3. Gut-on-Chip
Impact on microbiotas and food
components on gut microbiome
composition, permeability of CACO2
cells and immune cells response

https://doi.org/doi:10.1038/nrd2031

4. Caenorhabditis elegans
model
Feeding behavior of the worm,
Study of longevity/survival,
host response and mechanistic
studies (RNAseg/mutants)
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Harnessing the microbial potential
of fermented food for healthy &
sustainable food systems

Stephane CHAILLOU and the DOMINO consortium

INRAE, France
MICALIS Institute (Food & Gut Microbiology for Human Health)
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DOMINO summary in a few numbers

« Coordinated by INRAE.
* Kkick-off 1st March 2023

« Hyears(2023-2028)and budget
of 12 M€

* 19 partnersin 10 EU countries

 Over 100 scientistsin more than
8 scientific disciplines

» Over 10,000 of fermented food;
animal & human gut ‘omics’ data

»
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About the project

What is DOMINQ?

 Demonstrating the health benefit of fermented foods-based diet.
* Designing microbial consortia for plant-based fermented foods.

 Involving citizens and food system actors in several EU living labs.
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1. Health assessment of fermented food based diet

#1. MULTICENTRIC HUMAN NUTRITIONAL INTERVENTION (UK, Italy & France)

Targeting on Milk Kefir healthy

Some health benefits
already claimed.

{ o
oy, T
S_iry
milk kefir H#H2.ANIMAL MODELS
~10 microbial
species A
Already studied with / ¢ \
some background data Py
. CELL LINES g-/ _’E@E‘_ BRU?II::ME E
Need long trials before to V- T ) MATCHING PATTERN OF MICROBIOMES,
see an effect (-6 months) Pt QA= PHYSIOLOGY AND EX-VIVO DATA TO BETTER
FOCUS ON HEALTH BIOMARKERS LINKED TO

ORGANOIDS

Microbes' #3. EX-VIVO MODELS FERMENTED FOOD
I;f DOMINO *gosc:‘::lStaW INRAG stéphane Chaillou P16
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2. Design of six healthy plant-based fermented food-
prototypes from sustainable sources

Fermented Vegetables &

Table Olives #5. ADIVERSITY OF PRODUCT DESIGN
Many claims for health , S -

benefits

%‘ aft

Cereal-based food
Lots of traditional recipes
from non-EU culture

#4.FROM

Could have many nutritional
e health benefits SYNTHETIC ECOLOGY AS AN
SOURCES EXPERIMENTAL STRATEGY FOR
Legumes (Pulses) MICROBIAL CONSORTIA DESIGN

More complete meal than
other plan-based products

= high protein content #6. HARNESSING THE MICROBIAL DIVERSITY
OF FOOD-BORNE MICROBES

Biowastes
Could be used as side-
streams for bringing
ingredients into fermented
Microbes food - Rich in fibers

L
/I DOMINO *goitastaw INRAZ stéphane Chaillou  P.17
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3. Implementing health benefit in the design

1. Distal colon models

#7. MILKKEFIR WILL GO THROUGH ALL STEPS

' ¢ 2.Intestinal Organoids

#9. 10R 2 PROMISING PROTOTYPES
WILL GO UP TO ANIMAL TESTING

3. Gut-on-Chip

@USE OF EX-VIVO MODELS FOR RAPID
AND STANDARDIZED HEALTH
#8. ALL FOOD PROTOTYPES WILL BENEFIT/RISK ASSESSMENT

GO THROUGH EX-VIVO MODELS PROTOCOLS OF FERMENTED FOOD

- 4. Caenorhabditis elegans model

) w
L\l"g:tjg?a?f\abl INRAE) Stéphane Chaillou P18
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4. Living Labs for multi-actor engagements

LIVING-LABS
IN SIX DIFFERENT EU @
CULTURAL AREAS ZTRANSPARENCY & VALIDATION
CONSUMERS’ ACCEPTANCE THAT THE OUTCOME OF THE

#11. Building trust in the food system PROJECT IS RELEVANT TO THE
PHASE 2 EUROPEAN SOCIETY

BIOACTIVE
MOLECULES

SENSORY
QUALITY

, #12.Consumer acceptance
#10.Sharing the vision PHASE 3

Microbes

/¢ DOMINO #oi‘gs;am“ PHASE1 INRA@ stéphaneChaillou P19
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b. The open Food Microbiome Database (FMD)

——__-

- - - - = ~
’ ~
’ N
7 Microbial strains genomic data \
(public & those generated within the project) 413, Construction of microbial consortia &
| &Metagenomic &dMA.GI;s.da;a . \‘ metabolic ecological networks User-friendly
(publ;g those generated within the project) FMD.
FOOD MICROBIOME DATABASE » EMBL-EBI i:::
(FMD)

. -1
/

Microbiome profiling tools / #14. Profiling food microbiome

/ in gut microbiome
\ Metabolic Functional Profiling tools /’
S “ of microbial metatranscriptomes 7/
S o P PUBLIC RELEASE OF FOOD & GUT MICROBIOME
S oo _ -7 DATA & ANALYTICAL TOOLS FOR SCIENTIFIC
o= 'i" B COMMUNITY & FOOD PROBDUCTION ENGINEERS
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ooooooooooooooooo




X VARIABLES
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" « Synthetic ecology design in DOMINO
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* empowering tomorrow’s food
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