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Influence of raw milk microflora and starter cultures in 
cheese on protein hydrolysis and bioactive peptide 

generation during digestion



By increasing our knowledge on food digestion, we will increase our 
knowledge on the effect of food on human health

Food and human health: the key role of digestion

Gut = interface between food and human body
Digestion releases food components that can have a beneficial or a 
deleterious effect on human health

Diet-related diseases ↑
 Prevent these pathologies rather than 

cure them

?

… but the mechanisms of food disintegration in the gastrointestinal tract remain unclear
and the digestive process has been considered as a black box so far 
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Mathematical modelling

Reverse engineering

To model these phenomena in order to develop a reverse engineering approach

Our goals
Bioactivities 

- Bioactive 

peptides

- Amino acids

- Fatty acids

- Minerals…

Gut

Immune 

System 

Microbiota

IleumMouth Stomach Duodenum Jejunum

Absorption
? ?

Receptors Réceptors

To understand the mechanisms of breakdown of food matrices and their constituents in the 
gut and identify the beneficial/deleterious food components released during digestion

To determine the impact of the structure of food matrices on these mechanisms

Structured 

food

Raw 

material

Processing

Neonate/ Elderly



storage, grinding 
and mixing in the 

stomach 

pepsinolysis

chewing and deglutition

pepsin

blood

mouth

stomach

duodenum

jejunum

ileum

pylorus

esophagus

small intestine

large intestine

trypsin, chymotrypsin

gastric emptying

intestinal 
transit

HCl
pH 1.3-2.5

peptides and 
amino acid 
absorption

Kong and Singh, 2008

Gastric phase = key step for the 
whole digestion process

The digestive process

hydrolysis by 
pancreatic enzymes

pH 6.5-6.8
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Human
models

De Oliveira et al. 2016 
Am J Clin Nutr

De Oliveira et al. 2017
Clin Nutr

Models available at INRA for simulating digestion

In vitro dynamic models
(infant, adult, elderly)

Menard et al. 2014, 
Food Chem

Sanchez et al. 2015
Food Res Int

In vitro static models
(infant, adult)

Dupont et al. 
2010ab, 

Mol Nutr Food Res

Animal models
Barbé et al. 2013, 2014 

Food Chem
Le Huerou-Luron et al.

2016 Eur J Nutr

In silico 
models

 12 12 1 1 12 1whey caswpd aggr caswpdk V m k m           

Le Feunteun et al. 
2014 

Food Bioprocess
Tech

http://e.m.c.2.free.fr/becher.gif
http://e.m.c.2.free.fr/becher.gif
http://images.google.fr/imgres?imgurl=http://www.dhnet.be/pictures_news/art_48483.jpg&imgrefurl=http://www.dhnet.be/infos/economie/article/188778/le-prix-du-porcelet-plonge-le-secteur-porcin-dans-la-crise.html&usg=__MoeFR8y-1IamXaqgS5bxPEoaXO0=&h=200&w=220&sz=11&hl=fr&start=64&tbnid=yY9WsayO93DFwM:&tbnh=97&tbnw=107&prev=/images?q=porcelet&start=63&gbv=2&ndsp=21&hl=fr&sa=N
http://images.google.fr/imgres?imgurl=http://www.dhnet.be/pictures_news/art_48483.jpg&imgrefurl=http://www.dhnet.be/infos/economie/article/188778/le-prix-du-porcelet-plonge-le-secteur-porcin-dans-la-crise.html&usg=__MoeFR8y-1IamXaqgS5bxPEoaXO0=&h=200&w=220&sz=11&hl=fr&start=64&tbnid=yY9WsayO93DFwM:&tbnh=97&tbnw=107&prev=/images?q=porcelet&start=63&gbv=2&ndsp=21&hl=fr&sa=N
http://images.google.fr/imgres?imgurl=http://jackb.blog.lemonde.fr/files/2008/01/porc.1201512919.jpg&imgrefurl=http://jackb.blog.lemonde.fr/2008/01/&usg=__ocFBSrXsz8r4l7EYztpl98NYC14=&h=485&w=335&sz=33&hl=fr&start=4&tbnid=tm5iW_uSK8QFYM:&tbnh=129&tbnw=89&prev=/images?q=porc&gbv=2&ndsp=21&hl=fr&sa=N
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Research Questions

Do bacterial strains in cheese have an impact on protein hydrolysis during human
digestion?

Context of the study
Cow milk cheeses are highly-consumed products all over Europe

They provide highly digestible proteins and lipids, bioavailable calcium as well as a 
complex microbial ecosystem to the body 

However, cheese digestion has been scarcely studied so far and their digestion 
products have never been exhaustively characterized

Does a higher microbial diversity lead to the generation of a higher number
and diversity of peptides after digestion?

Are there differences at a molecular level after digestion of cheeses with a
different bacterial background?
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Raclette-type
Cheeses

Experimental Setting
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In vitro digestion methods

Kinetic digestions n=2, cheeses: 4 X 2

Gastric:                           
• Pepsin (2000U/ml)    
• pH=3
• duration: 120min

Intestinal digestion:
• Bile salts 10mM
• Pancreatin: to reacj100 

U of trypsin/ml digesta
• pH=7
• duration: 120min

Kinetic digestion n=1, Endpoints n=3, 
cheeses: 4 X 2

Static (INFOGEST)

Gastric :                           
• Pepsin (2000U/ml)

0.5ml/min  
• HCL 1M to acheive

pH=1.68+3.52(-t/42)

• Emptying t1/2=85min β= 
1.8

• duration: 150min

Intestinal digestion:
• Bile (2%) 0.5ml/min
• Pancreatin (7%) 0.25ml/min
• NaHCO3 1M to acheive

pH=6.8
• Emptying t1/2=250min β= 

2.5
• duration: 240min

Dynamic (DIDGI®)



Characterization of Cheeses

sample fat NaCl

true 

protein NPN pH Free NH2

milk LH g/kg g/kg g/kg g/kg mmol/kg

 no raw - 290.3 18.9 244.37 5.7 5.1 151.3

yes raw + 295.8 17.9 250.26 5.6 5.1 151.5

no past - 284.8 21.0 247.41 5.7 5.1 143.2

yes past + 288.3 18.9 238.26 5.8 5.1 145.2
past

Cheese

raw

Microbial Diversity
Bacterial community based on 
16S rRNA sequencing (v1v2) 
after 120 days of ripening:

raw - raw + past - past +

Composition
of four different (n=2) 
Swiss Raclette cheeses 
After 120 days of ripening: 

Lactococcus lactis

Lactococcus plantarum

Lactobacillus helveticus
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Structural evolution of the cheeses during dynamic IVD

 No structural differences visible between the four cheeses

Apolar lipids

Proteins

Amphilic compoundsraw - raw + past - past +
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Cheese:

• network of proteins, lipids

• amphiphilic compounds at 

the interfaces 

Soluble gastric phase 

• Protein aggregates

• lipid droplets and 

peptides/FFA

• lipid layer on top of the 

gastric bowl

Intestinal phase:

• few protein aggregates

• mixed micelles of apolar

lipids + amphilic

compounds (bile salts and 

hydrolysis products) 
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Protein Hydrolysis 

Similar proteolysis pattern in dynamic and static in vitro digestion 

Gastric digestion:
• Fast hydrolysis of intact caseins in all cheeses
• At 60 min of digestion no intact caseins remain but large fragments present

Intestinal digestion:
• Only proteins from pancreatin visible

Dynamic Static
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Peptide generation during IVD

Gastric digestion:
• Higher number of peptides at the C-terminus of the cheese samples with the proteolytic

strain (observed in all caseins)
Intestinal digestion:
• Differences have been wiped off by the action of  intestinal proteases

αs1-casein

Dynamic N=4 Static N=2
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Peptide generation during IVD

Gastric digestion:
• Peptidomes of cheese samples show an evolution in both digestion 

models

Intestinal digestion:
• No differences observed in the intestinal phase for the four different

cheeses in both digestion models

Dynamic Static
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1 3 2 4 5 7 6 8

Peptide

EELNVPGEI 2 2 1 0 0 0 0 0 0.04

LNVPGEI 1 1 0 0 0 0 0 0 0.13

NVPGEIVES 0 0 0 0 2 1 1 0 0.05

NVPGEIVESL 10 10 10 6 5 7 8 0 0.10

FQSEEQQQT 0 0 0 0 1 1 0 0 0.13

QTEDEL 1 1 0 3 4 6 3 1 0.11

TEDEL 18 18 20 13 11 15 11 11 0.03

TEDELQD 2 2 5 7 11 8 7 5 0.08

PFAQTQSLV 1 1 0 0 0 0 0 0 0.13

YPFPGPIPN 0 0 0 2 3 3 2 0 0.13

PFPGPIPN 5 5 5 4 1 0 3 1 0.00

PQNIPPLTQTP 1 1 0 0 0 0 0 0 0.13

PQNIPPL 1 1 0 0 0 0 0 0 0.13

NIPPL 11 11 8 5 7 7 6 3 0.13

NIPPLT 8 8 3 0 0 2 1 0 0.10

PPLTQT 0 0 0 0 0 1 0 1 0.13

PVVVPP 7 6 5 3 2 2 4 3 0.04

VVVPPFLQPEV 1 1 1 2 0 0 0 0 0.00

PPFLQPE 7 7 9 13 14 16 14 18 0.01

PFLQPEV 0 0 0 2 2 4 3 4 0.01

SLTLTDVENLHLPLPLLQSWMHQPHQPLP 1 1 1 0 0 0 0 0 0.02

HLPLP 0 0 0 0 2 0 0 3 0.15

LLQSWMHQPHQPLPPT 2 2 1 0 1 0 0 0 0.11

MHQPHQPLPPT 30 30 31 18 22 15 9 1 0.03

QPHQPLPPT 0 0 0 1 3 2 3 0 0.06

FPPQSV 14 14 13 21 12 10 7 13 0.07

SVLSLSQSKVLPVPQKAVPY 1 1 0 0 0 0 0 0 0.13

LPVPQ 7 7 8 5 5 4 6 6 0.11

MFPPQ 2 2 3 2 1 2 1 1 0.03

MFPPQS 4 4 2 2 1 0 0 0 0.00

AVPYPQ 5 5 5 5 0 0 0 5 0.02

Cheese  

ra
w

 /
 p

a
s

t

raw - raw + past - past +

Bioactive Peptides

Peptide

YPVEP

TLTDVEN

LHLPLP

LLQSWMHQPHQPLPPT

SVLSLSQSKVLPVPQKAVPY

RDMPI

QEPVLGPV

LNVPGEIVESL

LNVPGEI

PVLGPV

FQSEEQQQT

DELQDKI

PFAQTQSLV

VYPFPGPIPN

VYPFPGPI

PFPGPI

LPQNIPPL

PQNIPPLTQTP

PQNIPPL

NIPPL

NIPPLT

TQTPVVVPPFLQPEV

TQTPV

TPVVVPP

1 3 5 7 2 4 6 8

Peptide

YPVEP 0.10 3 3 2 4 0 1 3 2

TLTDVEN 0.11 4 4 4 3 4 1 3 1

LHLPLP 0.12 0 0 1 0 1 2 0 3

LLQSWMHQPHQPLPPT 0.11 2 2 1 0 1 0 0 0

SVLSLSQSKVLPVPQKAVPY 0.13 1 1 0 0 0 0 0 0

RDMPI 0.13 0 0 0 0 1 0 0 1

QEPVLGPV 0.09 0 0 3 2 4 2 3 3

LNVPGEIVESL 0.02 3 3 2 2 2 0 1 0

LNVPGEI 0.13 1 1 0 0 0 0 0 0

PVLGPV 0.18 3 3 5 4 8 5 3 6

FQSEEQQQT 0.13 0 0 1 1 0 0 0 0

DELQDKI 0.05 1 1 0 2 0 0 0 0

PFAQTQSLV 0.13 1 1 0 0 0 0 0 0

VYPFPGPIPN 0.09 11 11 10 10 8 9 8 0

VYPFPGPI 0.19 9 9 9 7 93 11 16 27

PFPGPI 0.03 16 16 12 14 13 10 10 11

LPQNIPPL 0.05 9 9 6 5 2 2 7 2

PQNIPPLTQTP 0.13 1 1 0 0 0 0 0 0

PQNIPPL 0.13 1 1 0 0 0 0 0 0

NIPPL 0.07 11 11 7 7 8 5 6 3

NIPPLT 0.16 8 8 0 2 3 0 1 0

TQTPVVVPPFLQPEV 0.19 0 0 1 0 1 3 0 1

TQTPV 0.19 3 3 2 1 1 2 2 0

TPVVVPP 0.02 2 2 2 0 0 0 0 0

minus culture plus culture

Cheese  Cheese  

ra
w

 /
 p

a
s

t

c
u

lt
u

re
 +

/-

raw -raw +past -past +

1 3 5 7 2 4 6 8

Peptide

YPVEP 0.10 3 3 2 4 0 1 3 2

TLTDVEN 0.11 4 4 4 3 4 1 3 1

LHLPLP 0.12 0 0 1 0 1 2 0 3

LLQSWMHQPHQPLPPT 0.11 2 2 1 0 1 0 0 0

SVLSLSQSKVLPVPQKAVPY 0.13 1 1 0 0 0 0 0 0

RDMPI 0.13 0 0 0 0 1 0 0 1

QEPVLGPV 0.09 0 0 3 2 4 2 3 3

LNVPGEIVESL 0.02 3 3 2 2 2 0 1 0

LNVPGEI 0.13 1 1 0 0 0 0 0 0

PVLGPV 0.18 3 3 5 4 8 5 3 6

FQSEEQQQT 0.13 0 0 1 1 0 0 0 0

DELQDKI 0.05 1 1 0 2 0 0 0 0

PFAQTQSLV 0.13 1 1 0 0 0 0 0 0

VYPFPGPIPN 0.09 11 11 10 10 8 9 8 0

VYPFPGPI 0.19 9 9 9 7 93 11 16 27

PFPGPI 0.03 16 16 12 14 13 10 10 11

LPQNIPPL 0.05 9 9 6 5 2 2 7 2

PQNIPPLTQTP 0.13 1 1 0 0 0 0 0 0

PQNIPPL 0.13 1 1 0 0 0 0 0 0

NIPPL 0.07 11 11 7 7 8 5 6 3

NIPPLT 0.16 8 8 0 2 3 0 1 0

TQTPVVVPPFLQPEV 0.19 0 0 1 0 1 3 0 1

TQTPV 0.19 3 3 2 1 1 2 2 0

TPVVVPP 0.02 2 2 2 0 0 0 0 0

minus culture plus culture

Cheese  Cheese  

ra
w

 /
 p

a
s

t

c
u

lt
u

re
 +

/-

raw -raw +past -past +

1Nongonierma, 2015; 2Aluko, 2015, 3Nongonierma, 2016

Tendency:  Bioactive Peptides 
• raw milk
• without proteolytic culture

Hypertension2

DPP-IV 

inibitory3

Opioid1

b-casein, dynamic digestion
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Release of free amino acids

 Some differences between cheeses are visible in the oral or gastric phase but 
are wiped off after the intestinal phase

oral gastric
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Metabolome

Name
t-Test

Kruskal-

Wallis
t-Test

Kruskal-

Wallis

L-Serine 0.007 0.003 0.748 0.753

Glyceric acid 0.000 0.001 0.077 0.115

L-Serine 0.000 0.001 0.021 0.016

Malic acid 0.000 0.001 0.158 0.172

L-Serine 0.000 0.001 0.085 0.093

L-Arabitol 0.000 0.001 0.472 0.016

L-Glutamine 0.001 0.003 0.749 0.753

Citric acid 0.001 0.001 0.000 0.001

D-Tagatose 0.000 0.001 0.000 0.002

D-Tagatose 0.000 0.001 0.829 0.401

2,3-Butanediol 0.000 0.001 0.000 0.001

2,3-Butanediol 0.000 0.001 0.000 0.001

2-Hydroxybutyric acid 0.000 0.001 0.022 0.016

L-Isoleucine 0.017 0.027 0.065 0.036

Succinic acid 0.000 0.001 0.000 0.001

L-Aspartic acid 0.012 0.006 0.010 0.012

4-Aminobutyric acid 0.001 0.001 0.000 0.001

Tyramine 0.017 0.001 0.034 0.027

3-Phenyllactic acid 0.000 0.001 0.012 0.016

L-Ornithine 0.000 0.001 0.029 0.046

L-Glutamic acid 0.000 0.001 0.548 0.753

5-Aminovaleric acid 0.055 0.401 0.122 0.753

Cadaverine 0.000 0.001 0.000 0.001

L-Tryptophan 0.000 0.003 0.058 0.046

2-Monomyristin 0.078 0.115
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Conclusions

• Raw milk cheeses have a higher microbial diversity after 4 month
of ripening, resulting in a higher content of free amino acids and 
differences in specific metabolites

• After gastric digestion, cheeses with higher microbial complexity
have more complex peptide patterns and a slightly higher
proteolysis

• All cheese digesta have only minor differences after intestinal IVD 
under dynamic and static conditions and these differences
originate from non digestable metabolites present in the cheeses
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Improving health properties of food by sharing our
knowledge on the digestive process

International Network

Dr. Didier DUPONT, Senior Scientist, INRA, France

http://www.geo.fr/var/geo/storage/images/media/images/rubrique-geo-infos/dossier-special/tout-sur-les-produits-bio/fruits/471913-1-fre-FR/fruits_940x705.jpg
http://www.geo.fr/var/geo/storage/images/media/images/rubrique-geo-infos/dossier-special/tout-sur-les-produits-bio/fruits/471913-1-fre-FR/fruits_940x705.jpg
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Industry involvement
  50 private companies are following INFOGEST

http://blogs.ionis-group.com/iseg/ecoles-lille/media/Unilever.jpg
http://blogs.ionis-group.com/iseg/ecoles-lille/media/Unilever.jpg
http://www.bcfjobs.nl/vac_logos/6928.jpg
http://www.bcfjobs.nl/vac_logos/6928.jpg
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We are pleased to announce the next

6th International Conference on Food Digestion

Granada, Spain
April 2019

in Granada, Spain, 2-4 April 2019


