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Cheese, an old story …
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Sarting at the Neolithic ages

→ Cheese is the most ancient fermented food product



.04

Kykeon (Gr. κυκεών, from κυκάω, "to stir, to mix"), an ancient

greek recipe made with wine and grated cheese.

Aristotle (384 BC –322 BC) 

A magic medicinal beverage
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And a cow milk cheese from Arverni (Auvergne, France)

Pliny the Elder (born Gaius Plinius

Secundus, AD 23–79) « Natural History »
«De diversitate caseorum»

Describes a ewe milk cheese from Babales (Lozère, France)

All these cheeses without added starter !!!!
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The technological

pathway use to select the 

bacteria

Selected starters

Texture

Aroma

Acidification

And now we select 

the bacteria

Without added starter!!!!
Metchnikof

Plinius

Pasteur

Aristotle

Hansen
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Other bacteria are selected for probiotic 

properties

IBS, IBD, atopy, 

intolerance …

Selected probiotics

Immunomodulation

Digestion

Intestinal pain



.08

Selected probiotics Selected starters

Immunomodulation

Digestion

Intestinal pain

Texture

Aroma

Acidification

Selected bacteria

2-en-1 bacteria

A second 

selection is

possible
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Identity: Propionibacterium freudenreichii

Description: Gram+ rods, non-pathogenic, food-grade

Address: everywhere

Profession : cheese maker

First example of 2-in-1 bacteria: propionibacteria
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Soil
Fodder

Silage

Rumen

Milk

Cheese

GUT

Sewage plants

Propionibacteria, everywhere

 Ripening starter

 Food bio-preservative

 Vitamin producer

B9, B12

Propionibacterium 

freudenreichii

 Probiotics

First example of 2-in-1 bacteria: propionibacteria

O’Flaherty, 2011, Gut Microbes  SCFAs

http://www.moldbacteria.com/Ryebread2.gif


.011

 Highly strain-dependent

Promising immunomodulators ?

Selected probiotics

IL-10

+

24 h
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A key role of a surface protein
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Surface protein SlpB induces 

production of IL-10 in PBMC cells.

SlpB
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IL-10 

Inflammation

A key role of a surface protein

SlpB
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Second example of 2-in-1 bacteria

Identity: Lactobacillus delbrueckii subsp. Bulgaricus

Description: Gram+ bacillus, non-pathogenic, food-grade

Address: mammary gland, raw milk

Playground : yogurt, cheese, with his buddy S. thermophilus

Profession : acidification, coagulation, proteolysis, aroma
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Lactobacillus delbrueckii

Propionibacterium freudenreichii

Examples of selected bacteria

Let’s make probiotic 
cheese!!!
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A reverse-engineered cheese
Microfiltr. Milk

Powder 100 g/L

Cream 150 g/L

Sterilisation

Culture P. freudenreichii

30°C, 72 h

Pre-cheese

UHT Milk

Culture L. delbrueckii

42°C, 4 h

Fermented Milk

Clotting, stirring, cooking, 

moulding, pressing, 

wrapping, ripening
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Fig.

1 Fig.  

2

Isolation of bacterial

fraction from cheese Trypsin Shaving

Analyses of resulting peptides

by NanoLC-ESI-MS/MS

Peptide 

identification

Description Function Gene log(E value) Peptides PAI Group Sub-group

Surface layer protein B Cell wall slpB -569,10 81 77,3 1 1.1

Surface protein with SLH domain Cell wall slpE -271,21 40 21,5 1 1.2

Surface layer protein A Cell wall slpA -7,48 3 0,6 1 1.3

Internaline A Miscellaneous inlA -838,69 103 26,9 2 2.1

Heat shock protein 20 2 Protein folding hsp20 2 -69,41 10 19,9 3 3.1

60 kDa chaperonin 2 Protein folding groL2 -275,04 36 17,0 4 4.1

60 kDa chaperonin 1 Protein folding groL1 -371,42 49 14,8 4 4.2

Cold shock-like protein CspA

Adaptation to atypical 

conditions cspA -28,17 3 15,5 5 5.1

methyltransferase Miscellaneous -66,29 7 15,0 6 6.1

Methylmalonyl-CoA mutase large subunit

Specific carbohydrate 

metabolic pathway mutB -331,83 43 14,1 7 7.1

Elongation factor Tu Translation elongation tuf -177,14 23 13,6 8 8.1

50S ribosomal protein L7/L12 Ribosomal proteins rplL -79,13 10 13,2 9 9.1

Lsr2-like protein Miscellaneous -24,65 3 13,0 10 10.1

30S ribosomal protein S9 Ribosomal proteins rspI -74,75 12 12,4 11 11.1

30S ribosomal protein S7 Ribosomal proteins rpsG -77,54 14 11,5 12 12.1

Hypothetical protein

Protein of unknown 

function -183,92 23 10,8 13 13.1

30S ribosomal protein S1 Ribosomal proteins rpsA -214,68 27 10,7 14 14.1

ErfK/YbiS/YcfS/YnhG precursor Cell wall -120,71 20 10,4 15 15.1

NAD(P)(+) transhydrogenase

Metabolism of 

coenzymes and 

prosthetic groups pntA -146,56 19 10,4 16 16.1

50S ribosomal protein L35 Ribosomal proteins rpmI -17,33 4 10,0 17 17.1

Key proteins are expressed in the cheese

SlpB
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Experimental design of the animal trial
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Cheese protects at the organism level
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Blood inflammation markers

Healthy CTL MTX Pf
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Cheese protects at the systemic level
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* p<0.05: vs CTL

# p<0.05: vs MTX

Colonic inflammatory markers
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Cheese protects at the tissue level
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Colonic epithelial cell markers

Healthy CTL MTX Pf
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Nagaoka, Nature Communications, 2012

* p<0.05: vs CTL

# p<0.05: vs MTX
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Peroxisome proliferator-activated receptors (PPARs) regulate 

T-cell cytokine production.

The zona occludens proteins (ZO-1, ZO-2 and ZO-3) : tight 

junction proteins that function as cross-linkers

Cheese protects at the cell level
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A Chinese story for the end
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Analyses of resulting peptides

by NanoLC-ESI-MS/MS

Peptide 

identification

A 4000 

years-old

fermented

dairy

product



Fermented foods : 30% of our diet

A major source of bacteria : 1010 per day!

A huge variety of bacteria

Houem Rabah

Fillipe do Carmo

Song Huang

Floriane Gaucher

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

