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The microbiota and the host, an old story
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Coevolution and dependence

Davenport et al. BMC Biology (2017)

→ Our microbiota evolves with us

O’Flaherty et al. Gut Microbes (2010)

→ And we adapt to its products
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Our main inhabitants and actors of our health

Turroni et al. Cell.Mol.Life Sci. (2014)

Good bugs and bad bugs…

Milani et al. Microbiol.Mol.Biol.Rev. (2017)
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A delicate balance

Iannitti & Palmieri. Clinical Nutrition (2010) Inflammatory Bowel 
Disease
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The drama of absence…

B. infantis : an anti-inflammatory activity

B. infantis reduces the risk of necrotizing enterocolitis

B. infantis enhances the vaccinal response

Propionibacteria : more frequent in breast-fed infants than in formula-fed ones

Propionibacteria: mitigate induced necrotizing enterocolitis

Propionibacteria : regulate Th17 cells
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And the healing effect of good bacteria….
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As in ecology, a key role for biodiversity

Reduced biodiversity in many diseases
A decrease linked to our lifestyle, including a diet from 
an industrialized country

Mosca et al. Front. Microbiol. (2016)
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Diet modulates the microbiota
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Diet modulates the microbiota

A predominantly animal diet increases bile-resistant microbes 
such as Bilophila SP.

A predominantly plant-based diet increases firmicute microbes 
that degrade plant polysaccharides

Bilophila wadsorthia, a possible link with inflammation
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The diet is a source of microbes
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Fermented foods: 30% of our diet

One thing in common: 

lactic fermentation 

which allows 

conservation and 

improves hedonic and 

nutritional properties!!

A great gastronomic diversity: 3500 

listed in the world
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Lactococcus lactis

Lactobacillus bulgaricus

Streptococcus thermophilus

Lactobacillus sakei

Staphylococcus xylosus

Oenococcus oeniStaphylococcus carnosus

Propionibacterium freudenreichii

Lactobacillus helveticus

Streptococcus macedonicus

Enterococcus faecium

Lactocobacillus casei

Lactocobacillus paracasei

Lactocobacillus viridescens

Lactocobacillus plantarum

Leuconostoc mesenteroides

Pediococcus acidilactici

L. lactis cremoris

L. lactis diacetylactis

A remarkable biodiversity

http://www.saveurs-mots.fr/wp-content/uploads/2011/08/saumon.jpg
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YOGURT

Lactic Fermentation

Lactose of lait (glucose+galactose)            lactic acid

Acidity of the environment, low pH = protection and modification of milk proteins 

(formation of a gel)

Production of compounds important for the taste

Same composition as milk….i.e. 85% water

Streptococcus thermophilus & Lactobacillus bulgaricus

125 billion lactic acid bacteria / 

yogurt

Legislation says: at the expirtion

date, at least 1 billion must 

remain alive
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UMR STLO

Cheeses
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FROMAGES =  moyen ancestral de conservation des éléments nutritifs du lait

sans aucun conservateur ……

2000 ans 

d’expérience …

Et beaucoup de 

bactéries* 

Bactéries qui se sont 

installées spontanément 

dans le lait cru

Bactéries ajoutées sous 

forme de levains, process 

contrôlés 
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CHEESE =  ancestral means of preserving milk nutrients

without any preservative ……

A great 

variety of 

cheeses

2000 years of 

experience …

And many 

beneficial bacteria 

Bacteria originating from the 

cow teat, raw milk, 

manufacturing environment

Bacteria now added as 

fermentation starters, in a 

controlled process
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Microorganisms in cheese ……
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Microorganisms in cheese ……
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Microorganisms in cheese ……
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Microorganisms in cheese ……
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Identity Card of the main actors
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Streptococcus thermophilus

Genre : Streptococcus

Espèce : thermophilus

Description: coque, Gram+, regroupé en chainettes, non-pathogène, alimentaire, 
thermophile, bactérie lactique, homofermentaire

Domicile: glande mammaire, lait crû

Terrain de jeux : yaourt, fromages

Profession : acidification, coagulation, protéolyse, saveur
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Lactobacillus delbrueckii subsp. bulgaricus

Genre : Lactobacillus

Espèce : delbrueckii

Description: bacille, Gram+, non-pathogène, alimentaire, thermophile, bactérie 
lactique, homofermentaire

Domicile: glande mammaire, lait crû

Terrain de jeux : yaourt, fromages, avec son partenaire S. thermophilus

Profession : acidification, coagulation, protéolyse, saveur
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Lactobacillus kefiranoficiens

Genre : Lactobacillus

Espèce : kefiranoficiens

Description: bacille, Gram+, non-pathogène, alimentaire, thermophile, bactérie 
lactique, homofermentaire

Domicile: grains de kéfir

Terrain de jeux : kéfir

Profession : acidification, coagulation, protéolyse, saveur
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Lactococcus lactis

Genre : Lactococcus

Espèce : lactis

Description: coque, Gram+, non-pathogène, alimentaire, mesophile, bactérie 
lactique, homofermentaire

Domicile: plantes, tube digestif, glande mammaire

Terrain de jeux : produits laitiers fermentés

Profession : acidification, coagulation, protéolyse, saveur
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Propionibacterium freudenreichii

Genre : Propionibacterium 

Espèce : freudenreichii

Description: bacille, Gram+, non-pathogène, alimentaire, mesophile, bactérie 
propionique, hétérofermentaire

Domicile: plantes, tube digestif, glande mammaire

Terrain de jeux : fromages

Profession : aromatiser, texturer



p. 28Microbiote ingéré, microbiote humain

Gwénaël JAN, UMR STLO, INRAE, Agrocampus Ouest

The potent probiotic role of fermented foods

Did you say probiotic?
Pro : to favour…
Bios : the life ….?
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Probiotics, it’s an old story

Aristote (384-355 avant JC) in his natural history of animals

√ Describes the « Kikéon », made from fermented products and qualifies 
them as « medicinal magic beverage »

Pline the elder (23-79 ap JC)

√ Describes tribes of barbarians « who know how to thicken milk into a 
matter with a pleasant acidity »

√ Cites this ancestor of yogurt as “being of a divine nature and serving as a 
remedy to many troubles »
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Louis Pasteur

√ 1860 : Describes lactic and butyric fermentations by recently discovered 
microorgansims

Henry Tissier

√ 1889 : Discovers thes bifidobacteria and reconnends consuming them 
against diarrhea

Elie Metchnikov

√ 1904 : isolates Lactobacillus bulgaricus

√ publieshes « the prolongation of life »

Probiotics, it’s an old story
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In 1542, François the 1rst was subject to very severe intestinal disorders.
The Turkish sovereign sends him his personal doctor. The latter brings
him a yogurt made from sheep's milk. The origin of the word "yogurt" is
found in the Turkish word "yogurmark", which means "to knead" or "to
thicken". After a cure of several weeks, the sovereign succeeded in
putting an end to the gastric problems.

In 1536, François the 1rst had been on the Throne of France
for 21 years. The growing rivalry between François the 1rst

(France) and Charles V (Spain) encouraged the former to
ally himself beyond the traditional chessboard with the
Ottoman Sultan Suleiman the Magnificent

Probiotics, it’s an old story
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Product originating from the Balkans

1542, Francis I was cured of intestinal disorders thanks to a sheep's milk yogurt 

sent by the Ottoman Sultan: Suleiman the Magnificent

1860, discoveries by Pasteur on the role of microorganisms in lactic fermentations

1902, Metchnikoff [1845-1916] isolates the “Bulgarian” lactobacillus specific to this 

product and the first believes and studies the beneficial role of regular ingestion of 

yogurt

1930, first industrial production center D. Carasso / Danone

Since 1990, diversification: variety of fermented milks; same fermentation principle + 

other species added bifidobacteria, other lactobacilli (Lactobacillus acidophilus, 

Lactobacillus casei, etc.) “PROBIOTICS”

Probiotics, it’s an old story
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« Live microorganisms which, when 

administered in adequate quantities, 

confer a health benefit to the host »

2001, Rapport 
FAO/WHO:

–micro-organisms: bacteria or yeast

– living

– health benefit:

– maintaining well-being 

–preventive action  

–therapeutic action 

–via modification of the intestinal flora? not necessarily

Probiotics, what it is ?
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But which bacteria are (or may be) probiotic ?

But also…….

Escherichia coli (Nissle 1917)

Bacillus

Saccharomyces (S. cerevisiae ; S. boulardii)

Propionibacteria

Propionibacterium freudenreichii ; Acidipropionibacterium acidipropionici

Lactobacillus bulgaricus ; casei ; acidophilus ;

johnsonii ; plantarum ; rhamnosus ;

reuteri…

Streptococcus thermophilus

Bifidobacteria
B. animalis (lactis) ; B. infantis ; B. longum ; 

B. bifidum ; B. breve ; B. adolescentis...

Lactic acid
bacteria
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Which beneficial effects are we talking about ?

• Cancer 

• Allergies

In others, there are promising 
tracks:

• Lactose intolerance

• IBS: irritable bowel syndrome

• Infectious diarrhea, travellers disease, ATB-
associated  Diarrhea

• IBD: Inflammatory Bowel Dideases

In some fields, there are well demonstrated effect:

confort digestif
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Table 2. Graded recommendations for probiotic 
formulations for the prevention or treatment of 

19 different types of diseases.

Sniffen JC, McFarland LV, Evans CT, Goldstein EJC (2018) Choosing 
an appropriate probiotic product for your patient: An evidence-
based practical guide. PLOS ONE 13(12): e0209205. 
https://doi.org/10.1371/journal.pone.0209205
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.
0209205

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0209205
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How Fermentation Makes a Food Probiotic
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How does fermentation work?

Raw material rich in 
fermentable substrates

Microbial ecosystem
(microbiota)

Fermented food

Fermentation process

Fermentation Microbes 
(starters)

Inoculation

Bioactive Microbes 
(probiotics)

Un point commun : la fermentation lactique qui 

permet la conservation 
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Yogurt, the typical probiotic food

Milk
(thermised)

Streptococcus thermophilus
Lactobacillus delbrueckii subsp. bulgaricus

Yogurt with 109 bacteria 
per gram

Lactic Fermentation, 
ancestral process

Starters

Inoculation



p. 40Microbiote ingéré, microbiote humain

Gwénaël JAN, UMR STLO, INRAE, Agrocampus Ouest

Talking about digestion of lactose ….

lactose

lactase

lactose

absorption
digestion
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Lactose intolerance: what is it?

lactose

lactase

Lactose in the colon
Fermentation by anaerobes
→ diarrhea
→ nausea
→ bloating
→ flatulence
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And, now, the effects of yogurt consumption

absorption
digestion
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Yogurt, how does it work ?

Slowing of gastric emptying
-Viscosity
-Osmolarity
-Acidity
-Complexity of the food matrix

Restoration of lactase activity
-Intake of β-galactosidase
-Permeabilization by bile
-Release of the enzyme
-Enzyme-substrate meeting
-More lactose in the colon

The consumption of live culture in yogurt improved digestion of lactose in individuals with lactose 
maldigestion, EFSA, 2010.

Editor's note: there are thermophilic streptococci and lactobacilli in Emmental cheeses too!!!
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Other effects of yogurt consumption

« high fat diet » rats

milk

yogurt
 Triglycerides
 Cholesterol LDL
In the blood

Protéines
Minéraux
VB9
VB12

Bacteria make vitamins

St-Onge et al., 2000, Am. J. Clin. Nutr
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Kimchi, a traditional fermented plant food

Baechu cabbage
(Chinese)

Lactobacillus sakei, plantarum, brevis
Leuconostoc mesenteroides

Kimchi, 108 to 109 bacteria per 
gramOrganic acids, ethanol, 

mannitol, bacteriocins, GABA, 
ornithine, CLA, oligosaccharides, 

vC, vB9, B12

BriningSpices, 
condimentsLactic

fermentationAncestral
process

Starters

Inoculation
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Lactobacillus plantarum, the kimchi bacteria known clinically

IBS, irritable bowel syndrome
Functional disorder
Transit disruption
Abdominal pain
Flatulence

Effect of Lactobacillus plantarum consumption
-  severity of visceral pain
-  defecation frequency
-  bloating
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Fermented sausages, meat cheeses

MeatAnimal fat

Lactobacillus sakei, brevis, plantarum
Staphylococcus xylosus

Chorizo, Salami, Sucuk, 
Dry sausage…….

Grinding, Salting,Spices, 
condiments,Conditioning, 

Lactic fermentation
Ancestral process

Microbes (starters)

Inoculation
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Lactobacillus sakei, an emerging probiotic?

CONCLUSIONS: 

Supplementation of L. sakei in children with AEDS was associated with a 
substantial clinical improvement and a significant decrease in chemokine 
levels, reflecting the severity of AEDS.
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What bacteria can do for us

Vitamines

Hypersensibilité viscérale

Perméabilité intestinale

Inflammation

Immunité

Prolifération

Différenciation

Maldigestion
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Control the microbiota of a cheese by reverse engineering?
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Lait microfiltré

Poudre 100 g/L

Crème 150 g/L

Stérilisation

Culture P. freudenreichii
30°C, 72 h

préfromage

Lait écrémé UHT

Culture L. delbrueckii
42°C, 4 h

Lait fermenté

Coagulation, décaillage, 
brassage, cuisson, moulage, 

pressage, emballage

Making an experimental cheese by reverse engineering
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

2,4,6-TriNitroBenzene Sulfonic acid (TNBS) 

NO2HSO3S

NO2

NO2

Acute colitis 0 1 2 5 7/ 83 4

4 cm

Control TNBS

4 80

Macroscopic 

score (Wallace)

CTL + TNBSHealthy

Milk + Ld + TNBSMilk + TNBS

100 µm100 µm

100 µm100 µm

*
*

*

Get the proof of concept
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Propionibacterium freudenreichii

Streptococcus thermophilus

Lactobacillus delbrueckii

Moving to industrial scale
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PBS control DSS

50 μm

Probiotic EmmentalNoninflamed control

50 μm

50 μm

Continuous gavage, 10 days

And it works!
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Modulatory properties identified in other dairy bacteria
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But what does the clinic say?
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Meta-analysis on dairy products…

Pas d’effet de la consommation globale de produits laitiers avec l’incidence des maladies cardiovasculaires

No associations were found for total (high-fat/low-fat) dairy, and milk with the health outcomes
of mortality, CHD or CVD

En revanche, association inverse entre la consommation de produits laitiers fermentés, fromages et yaourts, et la mortalité / le risque de 
maladie cardiovasculaire

Inverse associations were found between total fermented dairy (included sour milk products, cheese 
or yogurt; per 20 g/day) with mortality (RR 0.98, 95% CI 0.97-0.99; I2 = 94.4%) and CVD risk (RR 0.98, 
95% CI 0.97-0.99; I2 = 87.5%).
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Literature review…..

Des études épidémiologiques ont montré que la consommation d’aliments fermentés est associée avec un risqué réduit de diabète de type 2, de 
syndrome métabolique, de maladie cardiaque, ainsi qu’avec un meilleur contrôle du poids corporel

Epidemiological studies have shown that the consumption of fermented foods is 
associated with reduced risks of type 2 diabetes, metabolic syndrome, and heart 
disease, along with improved weight management
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Conclusion:

√ Our food: a source of bacteria

√ Potentially probiotic bacteria

√ Which modulate the structure and activity of the microbiota

√ With an effect on physiology and health
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Merci de votre attention

Fermented foods : 30% of our diet

A major source of bacteria : 105 to 109 per gram

A huge variety of bacteria

http://www.saveurs-mots.fr/wp-content/uploads/2011/08/saumon.jpg

