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The cheese matrix as
a delivery vehicle
for probiotics bacteria

Health & wellbeing

Develop functional and
designer food against modern
lifestyle diseases
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Driving functionality

— through matrices - this talk

— through processes = earlier
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The concept of « 2-in-1 » bacteria

v =0 S &@¥ And now we select the bacteria

The technological pathway use to select

the bacteria { %
£ s

Historically without added
starter!!l!
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The concept of « 2-in-1 » bacteria

Other bacteria are selected for probiotic
properties

IBS, IBD, atopy,
intolerance ...
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The concept of « 2 |n 1 » bacteria

A second
selection Is
possible

L8 Texture

e Acidification

Selected probiotics o - Selected starters
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« 2-in-1 » propionibacteria
Anti-inflammatory properties

GUT Tracking the microbiome functionality:
focus on Propionibacterium species

Benoit Foligné, Jérome Breton, Denis Mater, et al.

Gut 2013 62: 1227-1228 originally published online February 6, 2013
100 doi: 10.1136/gutjnl-2012-304393
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¢ In vivo e i
2,4,6-ThNfroBenzene Sulforic acid (TNBS)  Acute colitis

Macroscopic |, M
score (Wallace) l
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Arevien ann Exviresvesorar Micromovosy, Dec. 2000, p. E250-8264 Vol. 76, No. 24
(090- 2240V 10/E12.00  dhoi: 10,1128/ AEML01976-10
Copyright & 2010, American Society for Microbiclogy. All Rights Reserved.

@ Promising Immunomodulatory Effects of Selected Strains of Dairy
SURFING Propionibacteria as Evidenced In Vitro and In Vive"§
-

Benoit Foligné,"z'” Stéphanie-Marie Deutsch,”® Jérdme Breton,>** Fabien J. Cousin,>®7
Starter Surface Joélle Dewulf,"*** Michel Samson,” Bruno Pot,"*** and Gwénaél Jan™*
against Inflammation of the Gut
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A key role of propionibacteria surface
proteins
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Other « 2-in-1 » bacteria

APFLIED AND EnvinonsenTal Microsooooy, Dec. 2000, p. 82598264 Vol 6, Mo, 24
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Promising Immunomodulatory Effects of Selected Strains of Dairy
Propionibacteria as Evidenced In Vitro and In Vivo"t

Benoit Fﬂ][gnéf"l'}"d' Stéphanie-Marie Deutsch,™® Jérome Breton,">* Fabien J. Cousin, ™%’
Joélle Dewulf,'*** Michel Samsojj

— Let’s make probiotic
Pasteur%. @ STLO
cheese!!!
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Local and Systemic Immune Mechanisms Underlying the
Anti-Colitis Effects of the Dairy Bacterium Lactobacillus

delbrueckii

Clarissa Santos Rocha'*% Ana Cristina Gomes-Santos”, Thais Garcias Moreira®, Marcela de Azevedo’,

Tessalia Diniz Luerce’, Mahendra Mariadassou®, Ana Paula Longaray Delamare®, Philippe Langella®*,
Emmanuelle Maguin®?, Vasco Azevedo', Ana Maria Caetano de Faria®, Anderson Miyoshi'®,

Maarten van de Guchte®%®
Micalis UF77ZG
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A reverse-engineered 2-strains cheese

Microfiltr. Milk

Institut F) ™ %
Pasteur s 4 !
Powder 100 g/L
& STLO
_— Cream 150 g/L
] . . ! UHT Milk )
lDzsa-]te A Sterilisation ¢ ’ |
= UFmMG
¢ Culture L. delbrueckii Gunversomor reocan:
Culture P. freudenreichii 42°C, 4 h
30°C, 72 h

v

Pre-cheese Fermented Milk

\ Y

Clotting, stirring, cooking, moulding,
pressing, wrapping, ripening

Mol. Nutr. Food Res. 2018, 60, 935-948 935

RESEARCH ARTICLE

Combining selected immunomodulatory
Propionibacterium freudenreichii and Lactobacillus ACTALIA
delbrueckii strains: Reverse engineering development
of an anti-inflammatory cheese

Coline Plé', Jéréme Breton', Romain Richoux?, Marine Nurdin?, Stéphanie-Marie Deutsch®?,
Hélene Falentin®#, Christophe Hervé®, Victoria Chuat®*5, Riwanon Lemée®,
n*4, Maarten Van de Guchte”# and Benoit Ful'igne"

SURFING

Starter Surface
against Inflammation of the Gut

Dairy Platform
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A reverse-engineered 2-strains cheese

FING

Starter Surface
against Inflammation of the Gut
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challenged in vivo

Intragastric
BALB/c mice g
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(n=10)

Mecrops
Healthy PBS Pey
CTL + TNBS PBS Read-outs
Milk + TNBS @ Body weight
| é Inflammatory scoring:
Milk + Ld + TNBS Blood SAA & IL-6

macroscopic evaluation (colon)
MTX + TNBS @ histological analysis [colon)
@ ——— transcriptional signature (colon)

Pf+ Ld + TNBS . . .
! bacterial community profiling (fecal)
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A reverse-engineered 2-strains cheese
protects from colitis

Microscopic level

Macroscopic level

score (Wallace)
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Individual Wallace Score
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But it is still a lab cheesel

[.et’s make a real
Emmental cheese!
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Propionibacterium freudenreichii

Streptococcus thermophilus ‘ ﬁ
Lactobacillus delbrueckii |
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This Emmental cheese protects from
colitis

Probiotic Emmental x Colitis

-
(4]
1

7]
&
Q
" L ok kK 1
T 10 ' ’ PBS control DSS
8 5
2
Method — Pre-treatment with probiotic Cheese ‘g 51
Gavage 100 mg —> C57BL6 ‘3
of probiotic Cheese 6th — 8th week T o
.19
N
& olo "
R &) N
® ,}06 0%‘5 <
‘ Probiotic Cheese protection ‘ ‘
‘Day1 ‘ Day 11 ‘ Day 18

Continuous gavage, 10 days

Noninflamed control Probiotic Emmental
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Another example of application:
fighting mucositis

Gl inflammatory diseases

- GIT Chronic inflammation

Ulcerative
Colitis

Oral mucositis

Gl Mucositis

=

5-Fluoracil (5-FU) s

)
- Head, neck and colon cancer. &
(Chang et al., 2012; Falvey et al., 2015)
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Another example of application:
fighting mucositis

- NO CURE AVAILABLE

- Treatment for mucositis and IBD are limited;

- Development of new therapies is necessary.

Strong side effects!!! Temporary benefit!!!
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Fermented milk protects from mucositis

BALB/c . .
6th — 8th week %'

A%

: ) R ,b(\‘“'

Milk supplemented with Whey o< g o
Proteins and fermented by P. ¢ <
freudenreichii . ‘q’ ’
Day 11 ’ Day 14

Histopathological scores
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.5 | gk ek |
| sk
| Fededk ok |

104

Histopathological Score

PBS

Skim Milk + WPI
Skim Milk + 138
Skim Milk + WPI
Skim Milk + 138

Skim Milk + WPI + 138+
Skim Milk + WPI + 138
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PBS + 5FU

Representative images of stained goblet cells (PAS)
Health lleum

Fermented milk preserves mucus
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Conclusion:
V Fermented foods: a source of immunomodulatory bacteria

V Molecules and strains involved are being identified

Perspectives :
V Preclinical and clinical studies with fermented products

V Fermented food for specific populations
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Benoit Foligné

Vasco Azevedo

weton  THANK YOU FOR
YOUR ATTENTION

Houem Rabah

|
|

Don’t ask
tough questions
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