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Food and human health: the key role of digestion

Diet-related diseases I
Prevent these pathologies rather than
cure them
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Gut = interface between food and human body
Digestion releases food components that can have a beneficial or a
deleterious effect on human health

... 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

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

& 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

“ To model these phenomena in order to develop a reverse engineering approach
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The digestive process
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- Gastric phase = key step for the
whole digestion process



. . . . . Menard et al. 2014,
Models available at INRA for simulating digestion ] e

Sanchez et al. 2015
Food Res Int

Dupont et al.
2010ab,

Mol Nutr Food Res

In vitro static models
(infant, adult)

Le Feunteun et al.
2014 In silico

Food Bioprocess models -
Tech

In vitro dynamic models
(infant, adult, elderly)

models

Animal models
De Oliveira et al. 2016 Barbé et al. 2013, 2014

Am J Clin Nutr Food Chem

De Oliveira et al. 2017 Le Huerou-Luron et al.
Clin Nutr 2016 Eur J Nutr
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Static in vitro digestion models

& Huge diversity between the models mimicking the Gl tract of the adult (E/S, pH...)

= Impossible to compare results from one study to another — Need for harmonization

Consensus in vitro digestion method for food

Oral phase

Mix 1:1 with Simulated Salivary Fluid (SSF)

@
salivary amylase (75 U/mL)
INFOGEST i
§ |\

International network Gastric Phase

Mix 1:1 with Simulated Gastric Fluid (SGF)
— 400 researchers Pepsin (2000 U/mL)
— 140 institutes 2h pAS \

— 41 countries \é

Intestinal Phase
Mix 1:1 with Simulated Intestinal Fluid (SIF)
Enzymes
Pancreatin (based on trypsin 100 U/mL) or
Pure enzymes
Bile (10mM)
2h, pH 7

A standardised static in vitro digestion method suitable for food- an international consensus,
Food & Function, Minekus et al. 2014 - Highly Cited Paper 500 citations in 4 years!
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The INFOGEST model can be learned through videos on YouTube
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Static In vitro digestion models: pro’s & con’s

in vivo

l

in vitro

Bohn et al. 2017
Crit Rev Food Sci

Main Reasons:

Ethical - Technical — Financial

Advantages:

Standardisation of the experimental conditions
Good reproducibility and repeatability
Easy sampling, possibility to follow kinetics

Disadvantages:

You cannot mimic the complexity of the Gl tract
in a test tube!!!
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Dynamic in vitro digestion models

HGS

DGM

(stomach) Mono-compartmental models

DIDGI (stomach + small intestine)

TIM
Dupont et al. 2017 (TIM1 =
Crit Rev Food Sci duod+jej+ile
Nutr TIM2 = colon)

Multi-compartmental models

SHIME (whole Gl tract)

ESIN
(stomach
+ small
intestine)




Validation of the dynamic in vitro digestion system

Infant Formula
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Need parameters to set up the simulator
Parameters taken from previous in vivo studies

pH evolution in the stomach Gastric emptying rate
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When parameters are not available, you need to determine them
For example, for the pH, the Intellicap® System

e ingestible capsules
e real-time monitoring of physiological parameters
e Controlled drug delivery unit )t,;MEDIMETRICS
e Size:11x26 mm
e IntelliCap® measurements:

— pH (relative accuracy: + 0.3 pH units)

— Temperature (relative accuracy: + 0.1 °C)
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Gastric emptying by gamma-scintigraphy on pigs inared;

Comparison of sodium caseinate/ casein micelles

100'“ == CasNa 401
“,""‘ Casein structure P=0.029 ~ CasMic R P=0.018
\M‘n 520 T

I AWU The structure of

L 50- ‘\n J‘ caseins regulate 0

\f\ N‘”\Jﬁ"u’\ﬂ their behavior in oot castt
the stomach 7
\f\ﬂ/\/\fmm A AR ooy |
g, A ——
-

0 T T T T T r T r r r . 0.4

0O 10 20 30 40 50 60 70 80 90 100110 024

time oo




Dynamic in vitro digestion models: Pro’s & con’s

e Highly reproducible * More expensive than static models
* Physiologically relevant if parameters * Too « large » to use pure enzymes
are available (gastric lipase)

* Low throughput

Limitations

Diffusion
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iz:zl . éé i Porcine Intestinal Mucus
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%30 L] L ctive trans|
I z Te
b Ferrua and Singh, 2010 s
Shape of the stomach Absorption is usually poorly mimicked

Role of the mucus layer



In vivo (animal) models
Rodents

Probably not the best model to mimic the upper part of the human Gl tract
Gnotobiotic animals (« humanized » mice) are of interest to study the effect of food on the
microbiota

Piglets Mini-pigs‘ Multi-canulated and

Pretty good model of the upper Gl tract catheterized pigs

Canulas and catheters allow to collect effluent and plasma throughout digestion (kinetics)



Does the food matrix regulate protein digestion and aa bioavailability?

Mmacrostructure
Ultra Low Heat unheated milk Iy EE—
(”raw" mllk) 24h-20°C
rehydration in rennet 0.003 % viw
""“’“ water 14.5% heat treatment

:1 90°C-10 min
. SN pH6.6
i rennet gel 7755 Y
microstructure . 24h 20°C, SRS

heated milk I rennet 0.3 % v/w

¥

J 9 GDL 3 % w/w sl e

pH 4
24h-20°C, “
GDL 3 % w/w + stirred acid gel
mixer 2 min pH 4

Fat-free matrices:

40 g/L caseins, 10 g/L whey proteins,
95 g/L lactose and minerals

+ marker of the meal transit (Cr2*-EDTA) = Mean Retention Time in the stomach

INRA @ STLO ¥ wm|
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The multi-canulated mini-pigs

6 minipigs (20 *+ 1kg)

1 catheter: abdominal &

6 minipigs
X 6 matrices
x 8 sampling times after ingestion

288 plasma samples collected

ﬁ:x:{" o4

6 minipigs
X 6 matrices
x-8 sampling times after ingestion
x 2 sampling sites

576 effluent samples collected




Time of residence in the stomach

Ultra Low Heat unheated milk HDI:>

(“raw” milk) pH 6.6

heated milk
gomin|
2,

acid gel

stirred acid gel ¢




The structure of foods regulates the nutrient bioavailability

Barbé et al. Food

2) effect on absorption Chem 2013

Highly cited paper
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3) potential effect on satiety

ghrelin (gastrointestinal hormone = appetite
stimulation)
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In silico model of transit and absorption Le Feunteun et

al. Food
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Human Models

Patients with ileostomy

Naso-gastric or naso-jejunal probes

=INRA @ STLO
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Identification of bioactive peptides in the human Gl tract

* 16 volunteers fed 30 g of:

eCaseins
*Whey Proteins Gty %
*50/50 Mix £ @-QQV;

* Collect of effluents during 6h and analysis by MS-MS

4704 milk peptides identifified = a unique database!

. B-CN (60-66)
59-66 VYPFPGPI .
59-68 VYPFPGPIPN Anti- N
60-66 YPFPGPI hypertensive . .,

108-113 EMPFPK
114-119 YPVEPF

g 151
1
0.5 ¢

0 T . - =

Bioactive peptides concentrations are D N  Boutrou et al. Am

high enough in the lumen to generate Clin Nutr 2013
a biological effect

Highly cited paper

But identifying a bioactive peptide in the gut lumen does not mean that it will exert a
biological activity
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The Bioactivity & Nutrition team

Head

Didier DUPONT- Senior Scientist

Scientists

Rachel BOUTROU —scientist
Amélie DEGLAIRE - Lecturer
Juliane FLOURY - Lecturer
Catherine GUERIN - Lecturer
Joélle LEONIL - Senior Scientist
Steve LE FEUNTEUN — scientist
Frangoise NAU - Professor
Frédérique PEDRONO - Lecturer &
Ashkan MADADLOU - post-doc

Technicians Engineers
Gwenaéle HENRY Julien JARDIN

Yann LE GOUAR Olivia MENARD
Nathalie MONTHEAN Jordane OSSEMOND

-INRA @ STLO

PhD students

Lucie LORIEAU (2016-2019)
Linda LEROUX (2016-2019)
Manon HIOLLE (2016-2019)
Yohan REYNAUD (2016-2019)
Jun WANG (2018-2021)

Lea SALELLES (2018-2021)

Masters students
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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
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