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What are fermented products for us ? 

Technology driven by cultures and by traditions worldwide 

A matter of discovery 

A source of innovation 

An ancient way to preserve various raw materials: meat, fish, milk, 
fruit, plant… 
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Three main types of fermentation exist… 

alcoholic 

Malolactic 

Acetic 

Lactic 
Propionic 

Sucrose => Glucose => pyruvate => Ethanol + CO2 

Maltose => Glucose => Pyruvate => Ethanol + CO2 

Sucrose => … => Ethanol => acetic acid 

Lactose => Glucose => pyruvate => lactic acid 

Sucrose 
Fructose, Stachyose 

Valence (2019) 
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… using different microorganisms  

Alcoholic 

Malolactic 

Acetic  

Lactic 
Propionic 

Acetobacter aceti 

Oenococcus oenos 

Lactococcus lactis  
Streptococcus thermophilus 
Lactiplantibacillus plantarum 
Lactobacillus delbrueckii 
Propionibacterium freudenreichii 

Saccharomyces cerevisiae 

Bacteria 

Bacteria 

Yeast 

Bacteria 

Valence (2019) 
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An ancient way to preserve milk as an example 

(2013), Nature, 493(7433), 522–525. 
https://doi.org/10.1038/nature11698  

  First archaeological evidences :  
 8 -10 000 years … 

  

Ex: Kykeon (Gr. “stir, mix"), Greek beverage made from wine and grated 
cheese considered as a “magical” medicinal beverage 

 Also described by Aristotle (384 - 322 BC)   

https://doi.org/10.1038/nature11698
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Originally, an empirical selection 
Based on environment and technology 

The technology drives the 
characteristics and microbiota 
of the products 

How were these microorganisms selected? 
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Selection of starter strains 
Based on technological performance 

Selected starters 

Texture 

Aroma 

Acidification 

Initial microbial diversity 
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Other microorganisms are selected as probiotics 
Based on in vitro, in vivo and clinical screening 

IBS, IBD, atopy, 
intolerance … 

Selected probiotics 

Immunomodulation 

Digestion 

Intestinal pain 

Initial microbial diversity 
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We now select “2-in-1” strains 
With both technological and probiotic potential 

Selected probiotics Selected starters 

Immunomodulation 

Digestion 

Intestinal pain 

Texture 

Aroma 

Acidification 

2-en-1 bacteria 
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But how can fermented foods be a source of probiotics? 
Look at how food fermentation works 

Raw material rich in 
fermentable substrates 

Microbial consortium 
Fermented food 

Fermentation process, 
traditional 

Microbial ferments 
(starters) 

Inoculation 

Bio-active microbes 
(probiotics) 
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Yogurt, the best known probiotic product 

Milk 
(thermised) 

Streptococcus thermophilus 
Lactobacillus delbrueckii subsp. bulgaricus 

Yogurt with 109 bacteria 
per gram 

Lactic fermentation, 
traditional 

Microbial ferments 
(starters) 

Inoculation 
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kimchi, a traditional probiotic vegetable fermented food 

Chinese Baechu 
cabbage 

L. sakei, plantarum, brevis 
Leuconostoc mesenteroides 

Kimchi, 108 to 109 
bacteria per gram 

Organic acids, ethanol, mannitol, 
bacteriocins, GABA, ornithine, 

CLA, oligosaccharides, vitC, vitB9, 
B12 

Salt, spices, 
condiments, lactic 
fermentation, an 
ancestral process 

Microbial ferments 
(starters) 

Inoculation 
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Lactiplantibacillus plantarum, a probiotic bacterium? 
At least strain 299v… 

Consumption of L. plantarum 
-  severity of visceral pain 
-  defecation frequency 
-  bloating 
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Fermented sausages 

Meat and fat from 
various animals 

L. sakei, brevis, plantarum 
Staphylococcus xylosus 

Chrorizo, Salami, Sucuk, 
Saucisse sèche, Saucisson 

sec 

Salt, spices, 
condiments, lactic 
fermentation, an 
ancestral process 

Microbial 
ferments(starters) 

Inoculation 
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Latilactobacillus sakei, a probiotic bacterium? 

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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Back to selection of “2-in-1” strains 
With both technological and probiotic potential 

Selected probiotics Selected starters 

Immunomodulation 

Digestion 

Intestinal pain 

Texture 

Aroma 

Acidification 

2-en-1 bacteria 
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As an example…. 
Starters of Emmental cheese 

Propionibacterium freudenreichii 

Streptococcus thermophilus 

Lactobacillus delbrueckii 

Selected probiotics Selected starters

Immunomodulation

Digestion

Intestinal pain

Texture

Aroma

Acidification

2-en-1 bacteria
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In DSS-induced colitis 

C57BL6 
8th week age 

Euthanasia 

1st Day  

Intragastric gavage 

Colitis induction  

5th Day 

Gavage 500 µL  
(400 mg cheese in  

500 µL PBS pH 7.4 )  

12th Day 

3% (w/v) DSS solution 

(36–50 25 kDa) 

Beginning 

Emmental cheese with 
P. freudenreichii 
S. thermophilus 
L. delbrueckii 
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But this is a fermented dairy product…… 

We now shift to fermented vegetable products 

What do we expect from our « 2-in-1 » bacteria? 

Degrade plant sugars: α-galactosidase rather than ß-galactosidase? 

Degrade plant proteins: enhance bio-availability of N, reduce allergens? 

Reduce inflammation, prevent immune disorders? 

… 
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Growing demand for plant-based fermented products… 

Health problems 

Inflammatory Bowel 

Diseases (IBD)  

 

Promising scientific results  

Beneficial effects of fermented 

products on health 

 

Consumer habits evolution  

Vegan & flexitarian 

 

  

Development of probiotics fermented plant-based products 

Foligné et al., 2016 

Fermentation  
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Innovative 
fermented 

foods 

INRAE Collections 
~4000 strains 
~120 species 

In situ assessment 

New tools to select bacteria of interest 

Literature 

Phenotyping 
 

Genomes 

Design of bacterial 
communities 

Pre selection tools 
Various 

environments 
 

Bacterial 
communities 

Selected strains 
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New fermented products mixing milk and legumes 

• Incorporation of vegetable proteins, and of bacteria able to process them, into the 
cheese-making process, leads to innovative cheeses with a reduced ecological impact. 

We developed an original approach of in silico and in vitro screening, and clustering of lactic 
acid bacteria strains to design communities that have complementary metabolism  

? 
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Design of bacterial communities able to ferment a new food 
combining milk and legumes  

Some of the characteristics obtained after the fermentation of milk-legumes mixes: 

               stables  

 Legume oligosaccharides 
  

 Hexanal 

 After fermentation 

 After fermentation 

« Predigestion » of the proteins variable according to the 
communities used compared to the unfermented mixes : acceleration 
of the digestion during gastric phase under  in vitro conditions 

 Aroma compound variably produced according to the 
communities used, sensorial impact  

First rules of lactic acid bacteria (LAB) association  

 Cooperation (commensalism and even mutualism) : proteolytic products as a way to promote 
interactions between LAB  strains 
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Scheme of yogurt and fermented milk production 

 

 

 

 

 

 

 

Skim and 
standardise 

Milk powder or 
concentrate 

Enrich 

Thermise 

Refresh  

Add starters 

Pot  Ferment Store 

Milk 

Lactic acid 
bacteria 

Responsible for specific properties of 
the yogurt 

Flour or protein isolate 
of legumes 

Lupin choice 

fanny.canon@agrosupdijon.fr anne.thierry@inrae.fr  

mailto:fanny.canon@agrosupdijon.fr
mailto:anne.thierry@inrae.fr
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Objective : to add up functionalities of the lactic acid 
bacteria in fermented mixed plant and dairy based “yogurts” 

Association of several strains 
required 

Lactose 
hydrolysis 

GOS 
hydrolysis 

Aroma 
compound 
production 

Lupin protein 
hydrolysis 

Milk protein 
hydrolysis 

Organic acid 
production 

EPS 
production 

Decrease in 
phytic acid 

Decrease in 
hexanal 

Chosen approach: to favour 
positive interactions between 
strains based on their nitrogen 

metabolism 
Prot - Prot + 

Peptides 
Amino acids 

Canon et al (2021) 

Lupin 

Milk 
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Three factors Levels Responses 

5 starter 
cultures 

• E. faecalis (F) 
• L. lactis (L) 
• L. plantarum (P) 

Bacterial growth 

Sensory analyses on L and L x P yogurts 

2 fat types 
Milk fat 
(1,5 %) 

 

Acidification 

Physical 
Properties 

Firmness 

Viscosity 

Water holding capacity 
(WHC) 

Proteolysis 

2 milk/lupin 
protein ratios 

Coconut oil 
(1,5 %) 

100 

50 67 

0 

100 0 

Canon et al (2022) in revision in Current Research in Food Science 

Lupin Milk 

Monocultures 

Cocultures 
• F x P 
• L x P 

Proteolytic activity 

- 

+++ 
++ 

Experimental design for mixed milk-lupin yogurt manufacture 

Volatile compounds and organic acid 
determination 

[total proteins]=6.6% 
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• Milk/lupin protein ratio differentiated on the 1st 
axis 
- ratio 50: unpleasant, bitter and with a mellow 

texture  
- ratio 67: pleasant, textured (hard gel) and 

nonhomogeneous 
 

• Fat type differentiated on the 2nd axis 
- Milk fat: milky, lactic and “goaty”  
- coco as fruity, fresh and nutty 

Sensory analyses (sorting task) also driven by the composition when L 
and L x P cultures are used 

-1.0 

-0.5 

0.0 

0.5 

-1.0 -0.5 0.0 0.5 1.0 

Dim1 (39.6%) 

D
im

2
 (

2
3
.5

%
) 

Correspondance Analysis  - Biplot 

cos2 

L_MF50 

L_MF67 

L_COCO50 

L_COCO67 

LP_MF50 

LP_MF67 

LP_COCO50 

LP_COCO67 

astringent 

bitter 

coco 

dry 

firm 

flowery 

fresh 
fruity 

gel 

goat 

greeny 

hard 

lactic 

light-cottage-cheese 

mellow 

melty 

metallic 

milky 

neutral non-homogenous 

nutty 

onctuous 

pleasant 

saturation 

silky 
smooth 

soft 

strong 

sweet textured 
unpleasant 

Untrained panellists 
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What about fermented 100% vegetable dairy analogues? 
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Lac Suc Raf Sta G S H G S H Immune

test

Ldb CIRM-BIA657
Ldb CIRM-BIA844

Ldb CIRM-BIA1379
Ldb CIRM-BIA1584
Ldb CIRM-BIA1585
Ldb CIRM-BIA1587
Ldb CIRM-BIA1592

Ldl CIRM-BIA234
Ldl CIRM-BIA304
Lr Bioprox 6838
Lh CIRM-BIA98

Lh CIRM-BIA100
Lh CIRM-BIA102
Lh CIRM-BIA103
Lh CIRM-BIA109
Lh CIRM-BIA112

Lh CIRM-BIA1641
Lh Bioprox 6766
Lh Bioprox 6769
Lh Bioprox 6771

Lla Bioprox 1170
Ldb CIRM-BIA905
Ldl CIRM-BIA207
Ldl CIRM-BIA212
Ldl CIRM-BIA226
Ldl CIRM-BIA303
Ldl Bioprox 1586
Ldl Bioprox 1587
St CIRM-BIA251
St CIRM-BIA257
St CIRM-BIA261
St CIRM-BIA772
St Bioprox 6150
St Bioprox 6154
St Bioprox 6159
St Bioprox 6786
St Bioprox 6792

Lla CIRM-BIA 235
Lla CIRM-BIA 241
Lla CIRM-BIA 242
Lla CIRM-BIA 244
Lla CIRM-BIA 247
Lla Bioprox 7116
Lla Bioprox 5676
Ldl Bioprox 1584
Lp CIRM-BIA653

Lp CIRM-BIA1111
Lp CIRM-BIA1420
Lp CIRM-BIA2107
Lp CIRM-BIA2115
Lp CIRM-BIA2180
Lp CIRM-BIA2184
Lp CIRM-BIA2185
Lp CIRM-BIA2210

Lp Bioprox 5711
Lp Bioprox 1096
Lp Bioprox 5329

Lf CIRM-BIA42
Lf CIRM-BIA697

Lf CIRM-BIA2154
Lf CIRM-BIA2156

Lf Bioprox 6780
Lf Bioprox 6782
La CIRM-BIA444
La Bioprox 6307
La Bioprox 6763

Ldl Bioprox 1585
Lr CIRM-BIA774

Lr CIRM-BIA1107
Lr Bioprox 6855
Lr Bioprox 6857
Lr Bioprox 6846
Lr Bioprox 6847
Lr Bioprox 6848
Lr Bioprox 6852
Lr Bioprox 6854
Lr Bioprox 6858

Llc MG1363
Lla NCDO2118
St CIRM-BIA36

Lf CIRM-BIA2148
Lf CIRM-BIA2155
Lh CIRM-BIA679
Lh Bioprox 6776
Lj CIRM-BIA651

Lla Bioprox 1385
Bl Bb536
La NCFM

Lr GG

S

ProteolysisAcidification

S

S

S

R
R

R
R
R

LC1

LC2

LC3

LC4

LC5
LC6

LC7

LC8

LC9

LC11
LC12
LC13
LC14
LC15
LC16
LC17
LC18

LC20

LC10

LC19

0 20 40 60 80 100

Veg. milk acidification  

Veg. protein hydrolysis  

Technological criteria Anti-inflammatory properties  

Screening 

Veg. sugars utilisation 

Immunomodulation 

LAB & PAB  

Peripheral Blood Mononuclear cells 
(PBMCs)  

L a c S u c R a f S ta G S H G S H Im m u n e

te s t

Pf CIRM-BIA120    

Pf CIRM-BIA123    

Pf CIRM-BIA141    

Pf CIRM-BIA512    

Pf CIRM-BIA515    

Pf CIRM-BIA689    

Pf CIRM-BIA1399  

Pf CIRM-BIA1466  

Pf CIRM-BIA129    

Pf CIRM-BIA1        

Pf CIRM-BIA1472  

Pf CIRM-BIA1477  

Pf CIRM-BIA121    

Pa CIRM-BIA1424 

Pa CIRM-BIA1652 

Pa CIRM-BIA1766 

Pa CIRM-BIA1767 

Pa CIRM-BIA1768 

Pa CIRM-BIA1994 

Pa CIRM-BIA1995 

Pa CIRM-BIA1998 

Pa CIRM-BIA2003 

Pa CIRM-BIA2000 

Bl Bb536              

R

Proteolysis Acidification

R

R

R

S

0 20 40 60 80 100

PAB cluster  

LAB cluster  

Screening of bacterial strains 
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Implementation of these strains 

WP2 of Localnutleg project 

Food-
grade 

medium

Sterilization

Inoculation of bacteria

Growth

Bacterial
culture

Low 
temperature

Low
temperature 

Sieve
Fluid-bed 

Drying

Belt Drying

Thank you for your attention 


