
HAL Id: hal-02097233
https://hal.science/hal-02097233

Submitted on 5 Jun 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Driving dairy powders functionality through innovative
process

Gwénaël Jan

To cite this version:
Gwénaël Jan. Driving dairy powders functionality through innovative process. STLOpendays, Institut
National de Recherche Agronomique (INRA). UMR UMR INRA / AgroCampus Rennes : Science et
Technologie du Lait et de l’?uf (1253)., Mar 2019, Rennes, France. �hal-02097233�

https://hal.science/hal-02097233
https://hal.archives-ouvertes.fr


STLOpen Days
19-21 March 2019

Gwénaël JAN - Microbio

Driving dairy powders 
functionality through 
innovative process



STLOpen Days
19-21 March 2019

Driving functionality of 
dairy powders through
innovative processes
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Food quality & safety

Develop safe, healthy, 
sustainable and hedonic 

fermented foods
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Driving functionality
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→ through matrices

→ through processes

→ later during this session

→ now
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Powders: why do we dry beneficial 
bacteria?
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 easy to store

 easy to transport

 easy to implement

 easy to pack

 avoids contamination 
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Powders: why and how do we dry 
beneficial bacteria?

Probiotics

Growth medium

Sterilization

Growth

Separation
Rinse

Bacterial 
paste

Drying 
medium

Sterilization

Re-suspension

Pumping Spray drying

Stirring

Freeze drying
Such a strange thing to add water before removing it at great expense?

See Poster 17 Floriane Gauher

Romain Jeantet
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Water is the problem: grow bacteria with 
less water!
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Less energy to spend

Less water to evaporate

Less water in the culture

Exploit bacteria adaptation abilities
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Exploit a by-product of food industry
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Bugs grow and get tougher
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Heat stress

Acid stress

Bile-salt stress

Propionibacterium Bifidobacterium Lactobacillus
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Bugs grow and get tougher
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Periodic acid-Schiff staining

Energy source

 Long-term 
survival

Anhydrobiosis

 Dessication
stress

30% sweet whey induces osmoadaptation and sugar accumulation
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Bugs grow and get tougher
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• Glycine betaine transporter
ATP-binding OpuCA of 
osmoprotectant ABC transporter 

• Choline synthesis
Glycine hydroxymethyltransferase

• Proline synthesis
Xaa-Pro aminopeptidase 

Osmoregulation proteins

5% SW 30% SW

30% sweet whey upregulates bacterial osmotic stress proteins
 osmoadaptation

2-D gel proteomic analysis
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Bugs grow and get tougher
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• Multi-stress tolerance
ClpB 2 chaperone 
Elongation factor EF-Tu

• Heat tolerance
Heat shock protein 20

• Oxidative tolerance
Cysteine synthase 

Stress proteins

5% SW 30% SW

2-D gel proteomic analysis

30% sweet whey upregulates bacterial multi-stress proteins 
 cross protection
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Bugs grow and get tougher
DAPI staining, confocal microscopy
• Green fluorescence indicates poly(P)
• Blue indicates DNA

YEL 5% SW

30% SW

30% sweet whey induces bacterial polyP accumulation 
 cross protection / ATP homeostasis and repairing of damaged proteins

Current Opinion in Microbiology, 2015, 24:1–6
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Bugs grow and get tougher
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Probiotics

Concentrated 
2-in-1 medium

Sterilization

Growth PumpingStirring Spray drying

Simplified
Lower contamination risk

Probiotic metabolites are retained
Energy savings

2-in-1 process
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Powders from different processes

Bacterial population Survival

Lab Pilot

It’s whey and it’s a probiotic / a starter 
 functionalized whey powder

Romain Jeantet

Dairy Platform
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In vitro digestion behavior: Fresh culture vs. Rehydrated powder
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Powder 3

P. freudenreichii

Simulated gastric fluid
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• Culture ≈ Powder in 
gastric survival

• Induced intestinal 
resistance, depending 
on the specie

P. freudenreichii

Functionalyzed sweet whey

Enhanced digestive stress tolerance 
 functionalized probiotic
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30 SW

7

7

7

3 
weeks

Leucocytes 
culture

Pro-inflammatory 
stimulus 

ConA

TNFa

P. freudenreichii anti 
immunomodulatory properties are 
maintained by the 2-in-1 process

TNF a secretion
(pg/ml)

Functionalyzed sweet whey
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Functionalyzed sweet whey
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7

7

3 
weeks

0

5 0 0

1 0 0 0

1 5 0 0

T
N

F
-a

, 
p

g
/m

L

P F -S W

S W
*

**

+ L P S

+ S lp s

+ L P S + L P S

+ S lp s

+ L P S

0

2 0 0

4 0 0

6 0 0

8 0 0

1 0 0 0

T
N

F
-a

, 
p

g
/m

L

* *

+ c o n A

+ S lp s

+ c o n A + c o n A

+ S lp s

+ c o n A

0

5 0 0

1 0 0 0

1 5 0 0

2 0 0 0

IL
-1

0
, 

p
g

/m
L

P F -S W

S W

*

+ L P S + L P S

+ S lp s

+ L P S + L P S

+ S lp s

0

5 0 0

1 0 0 0

1 5 0 0

2 0 0 0

2 5 0 0

IL
-1

0
, 

p
g

/m
L

*

+ c o n A + c o n A

+ S lp s

+ c o n A + c o n A

+ S lp s

Enhanced anti-inflammatory 
response

Reduced pro-inflammatory response

P. freudenreichii anti inflammatory 
properties are maintained by the 

2-in-1 process
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Functionalyzed sweet whey
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Propionibacterium Bifidobacterium Lactobacillus

Provide the missing 
bugs in a 
functionalized infant 
formula?
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Song Huang

Romain Jeantet


