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U Starting point: COST Action Infogest 2011-2015

iﬂFOGEST

CccostE

Infogest aims at building an open international network of institutes undertaking
multidisciplinary basic research on food digestion gathering scientists from
different origins (food scientists, gut physiologists, nutritionists...).

Infogest targets three main scientific goals:

 |dentify the beneficial food components released in the gut during digestion
« Support the effect of beneficial food components on human health

« Promote harmonization of currently used digestion models
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¢ The Human digestion — in a test tube

Oral phase:

Oesophagus

Pancreas

Stomach: Stomach

Duodenum
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Intestinal Phase:
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INFOGEST in vitro digestion protocol 2.0

5d

Oral phase

c Step
-% * Perform enzyme activity and bile assays 1
g * Prepare SSF, SGF and SIF stock solutions 2
g * Perform pH-test adjustment experiment 4
« Mix Food with SSF (1:1, (wt/wt)) 7-12
* Include CaCl, (1.5 mM in SSF) 13

* Add salivary amylase, if necessary (75 U/mL) 14
* Incubate while mixing (2 min, 37 °C,pH7) 15,16
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* Mix oral bolus with SGF (1:1 (vol/vol)) 17,18
¢ Include CaCl, (0.15 mM in SGF) 19
» Add pepsin, gastric lipase (2,000, 60 U/mL) 20, 21
* Incubate while mixing (2 h, 37 °C, pH 3.0)  22-24

hase|| Gastri

o

ntestinal

» Mix gastric chyme with SIF (1:1 (vol/vol)) 25,26

* Include bile (10 mM bile salts) 27
* Include CaCl, (0.6 mM in SIF) 28
* Add pancreatin (trypsin activity 100 U/mL) 29

* Incubate while mixing (2 h, 37 °C, pH 7.0) 30-32

ing

Sampl

* Sampling procedure and sample
treatment (Table 1)
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A standardised static in vitro digestion method
suitable for food — an international consensust
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U International Comparison using skim milk powder

Per kg Milkpowder (SMP): = )
« 395 g Protein o E % 3| 5o -
«  3.2% a-lactalbumin w 2 9 81883
«  11.3% B-lactoglobulin |l B % hal i e
« 28.2% a-casein 3 = 3
« 45.7% B-casein -
*  10.2% x-casein |

- 8.8¢gfat

13400 mmol Calcium

* 4980 mmol Lactose

* 9 % denaturation degree

Particle size distribution:
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U Analytical methods to assess protein hydrolysis

Intact protein Partially digested protein / peptides Peptides / free amino acids

56 kDa early-staged encapsulation-inducing protein

i pig in vitro
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Harmonized in vitro and pig in vivo digestion

Gel electrophoresis / Mass spectrometry / R-NH, / Size exclusion chromatography / HPLC
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U IVD Reproducibility: Inter-laboratory trials

Figa o 1. Interlaboratory trial 2. Interlaboratory trial 3. Interlaboratory trial
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@ In vitro protocol Validation with in vivo data
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Static in vitro in vivo
Digestion (IVD) pig system
(INFOGEST protocol 2.0)

o
o
o
o
w
o
e
o
<

Analytical methods to compare the quality of plant and animal-based protein sources | #FoodSystems, online Symposium, Helsinki, 25.03.2021
Lotti Egger, Raquel Sousa, Reto Portmann




© IVD in vivo validation in pigs
Group-housing Testmeal §

during night

Skim milk powder
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U Sampling along the gastro-intestinal tract of pigs

caecum

ileum (14)

jejunum

l \ \ J
Y
proximal intestine (11) median intestine (12) distal intestine (I3)
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Method peptide quantification:
“amino acid counting”

J |

A
Peptides from digested

= B-casein identified by
Q mass spectrometry
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protein sequence
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U Comparison in vivo | in vitro: B-Casein peptides

Fig. 5
a
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PC analysis over all peptides: IVD and in vivo

/
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¢ Validation of in vitro results with in vivo data

milk protein hydroslysis milk protein hydroslysis
in pigs in human jejunal effluents

Contents lists available at ScienceDirect

Contents lists available at ScienceDirect

CHEMISTRY

Food Research International Food Chemistry

journal homepage: www.elsevier.com/locate/foodres journal homepage: www.elsevier.com/locate/foodchem

Physiological comparability of the harmonized INFOGEST in vitro digestion

Protein degradation and peptide release from milk proteins in human QCNSBMM
method to in vivo pig digestion

jejunum. Comparison with in vitro gastrointestinal simulation
Lotti Egger™", Patrick Schlegel”, Christian Baumann®, Helena Stoffers®, Dominik Guggisberg®, J. Sanchén?, S. Fernandez-Tomé®, B. Miralles *, B. Herndndez-Ledesma®, D. Tomé", C. Gaudichon b
Cédric Briigger”, Desirée Diirr”, Peter Stoll”, Guy Vergéres”, Reto Portmann’ 1. Recio **

* Agroscope, Schwarsenburgstr. 161, 3003 Bern, Switzerland * Instituto de Investigacion en Ciencias de la Alimentacion, CIAL (CSIC-UAM, CEI UAM+CSIC), Nicolds Cabrera, 9, 28049 Madrid, Spain

" Agroscope, Tioleyre 4, 1725 Posieux, Switserland " AgroParisTech_UMR0914 Physiologie de la Nutrition et du Comportement Alimentaire, 16 rue Claude Bernard, 75005 Paris, France
ARTICLE INFO ABSTRACT ARTICLE INFO ABSTRACT
Keywords: Recently, a static in vitro digestion (IVD) protocol was published by Minekus and coworkers (Minekus et al., Article history: Human jejunal digests after oral ingestion of casein and whey protein were collected by a nasogastric

Invitro - in vivo digestion
Dairy proteins

Peptides

Mass spectrometry
Harmonized IVD protocol

2014) within the COST INFOGEST network. The protocol, concentrating on physiological enzyme activities had
the main goal to improve the comparability of experimental data between labs. The protocol was validated in
several inter-laboratory studies using skim milk powder (SMP) and indeed demonstrated improved harmoni-
zation compared with previous experiments with individual IVD protocols (Egger et al., 2016). Although the
enzyme activities and salt concentrations of the harmonized protocol are based on available human in vivo data,

ion of the protocol’s physi relevance has been lacking until now. The main goal of the study
was therefore to compare the harmonized IVD protocol with data from in vivo digestion. Towards this aim, an in
Vivo pig experiment with the same SMP as used for the validation of the IVD protocol was performed followed by
a comparison of protein hydrolysis between in vivo and in vitro results. Protein hydrolysis at different levels was
analyzed with gel is, mass , high liquid and speetro-
photometric o-phthaldialdehyde determination of free amino acids. Principle component analysis was used for
graphical data comparison.

Milk proteins detected after gastric IVD corresponded to gastric and duodenal in vivo samples and intestinal
VD samples corresponded to distal jejunal in vivo samples. Peptides identified after the gastric phase of TVD,
correlated with in vivo gastric samples (r = 0.8) and intestinal [VD peptides correlated best with in vivo samples
collected from the median jejunum (r = 0.57). Free amino acids were in both systems mainly released during the
intestinal phase of digestion. Protein hydrolysis in the harmonized IVD was similar to in vivo protein hydrolysis
in pigs at the gastric and intestinal endpoints. Therefore, the harmonized static in vitro protocol is suited to study
protein hydrolysis at these endpoints.

Received 17 March 2017

Received in revised form 20 June 2017
Accepted 23 June 2017

Available online 24 June 2017

Keywords:

In vitrofin vivo digestion
Peptidomic

Mass spectrometry
Milk protein digestion

tube and protein degradation and peptide release was compared with that found in the digests of the
same substrates using a standardised protocol. No intact casein was detected in the jejunal nor in the
in vitro samples taken during the intestinal phase, while p-lactoglobulin was found in one hour-jejunal
samples in agreement with the in vitro digestion. In vivo and in vitro digests showed comparable peptide
profiles and high number of comman sequences. A selective precipitation step was used to strengthen the
identification of phosphorylated peptides. Most of the sequences found in jejunum, some of them not
previously described, were also identified in the simulated digests. Common resistant regions to diges-
tion were identified, revealing that the in vitro protocol constitutes a good approximation to the physio-
logical gastrointestinal digestion of milk proteins. -

© 2017 Elsevier Ltd. All rights reserved.

CUMIECLEL LEOTEL LI DRSO JEJUIILIL UL = WDy e DLEE @I @IS WETE 10 LU SYSLEINS Iy eIease Uiy ue
intestinal phase of digestion. Protein hydrolysis in the harmonized IVD was similar to in vivo protein hydrolysis
in pigs at the gastric and intestinal endpoints. Therefore, the harmonized static in vitro protocol is suited to study
protein hydrolysis at these endpoints.

previously described, were also identified in the simulated digests. Commeon resistant regions to diges-
tion were identified, revealing that the in vitro protocol constitutes a good approximation to the physio-
logical gastrointestinal digestion of milk proteins. *

-> in vitro protein hydrolysis is a good approximation to the in vivo situation
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¢ Validation of in vitro results with in vivo data

Static in vitro
digestion
Interlaboratory study (INFOGEST protocol)  Pig in vivo trial

-> in vitro protein hydrolysis is a good approximation to the in vivo situation
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U Dietary protein quality evaluation by FAO

Dietary protein quality
evaluation in human
nutrition 92

Report of an
FAO Expert Consultation

lleal digestibility

1. Further determine true ileal digestibility of protein and amino acids in a wider range
of foods and determine the ileal digestible tryptophan content of human milk.

2. Develop non-invasive accurate methods to determine or predict true ileal dietary
protein and amino acid digestibility in humans based on identified biomarkers.

3. \Validate the use of animal model data (including providing more robust inter-species
prediction equations for true ileal amino acid digestibility) to quantify ileal digestibility
in humans, including relating digestibility to functional outcomes.

4. Determine more fully the role of the small intestinal and colonic microflora on ileal
amino acid digestibility values.

5. Develop new bioavailability assays such as the reactive lysine assay, for other amino
acids.

6. Develop and validate in vitro methods for predicting amino acid digestibility and

bioavailability in humans.

DIAAS % = 100 x lowest value [“Digestible IAA reference ratio” for a given amino

acid scoring pattern].

Note that the main difference between DIAAS and PDCAAS is that true ileal amino
acid digestibility for the dietary indispensable amino acids is used rather than a

single faecal crude protein digestibility value.
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U Determination of in vitro digestibility

before digestion Intestinal digestive endpoint

le

eptides > 10 aa

) bioavailability
eptides < 10 aa
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U Size exclusion chromatography (SEC)
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U Precipitation with 80 % MeOH

["Pigeon pea 1"Zein

=
&
®

::

s.-
™ M\

= % A =
[ S fob. oAl PR
| v LA, / A

. | o] S \ »
/ > A

T A A T I T i i T i ™ R T T IR D PR
o

Pellet P
undigested

..

Supernatant S:
digested

Supernatant Pellet

o
o
o
o
w
o
e
o
<

— precipitation separates bioavailable from non-available components
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The different analytical endpoints
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&
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o
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] W |ll|

Cookie

Enzyme
blank

IVD intestinal endpoint

pellet supernatant

v

C,

Total digestibility

In vitro
DIAAS

TN R-NH,

TAA

Supernatant

Kjeldahl OPA |

Hydrolysis 6 N HCI, 110°C, 15 h

HPLC

Pellet

Kjeldahl OPA |

Hydrolysis6 N HCI, 110°C, 15 h

HPLC

Calculation

Digestibility[%] =

X 100

(7. — ) +max(0; Fp — Cp)
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U Digestible indispensable amino acid score (DIAAS)

mg amino acid per g food protein mg indispensable amino acid mg digested indispensable

per g food protein amino acid per g food protein
(DIAAmeasured)
Lys
Lys XK Digestibility,
®

Lys

A Ar
g 9

mg amino acid per g reference protein (DIAA ¢terence) DIAAS: Digestible indispenable amino acid score

Recommended amino acid scoring patterns for infants, children and older children,
adolescents and adults

' Infant is based on the gross amino acid content of human milk from Table 4.

Age Group His lle Leu Lys SAA AAA Thr Trp Val D I q q
scoring pattern mg/g protein requirement m e a Su'r' e d

o Infant (birth to 6 months)! 21 55 % 69 33 94 44 17 55 DIAAS —_— X 1 O O
o Child (6 months to 3 year)? 20 32 66 57 27 52 31 85 43 D IAA
[+}
g Older child, adolescent, adult® 16 30 61 48 23 41 25 6.6 40 ’refe'r'ence
o
£~
o
<

2 Child group is from the 6 month (0.5 y) values from Table 3.

3 Older child, adolescent, adult group is from the 3-10 y values from Table 3. *Iowest D IAAS iS re po rted aS Iim iti ng a m i no aCid
FAO: Dietary protein quality evaluation in human nutrition (ISBN 978-92-5-107417-6)
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U Proteos in vitro versus in vivo digestibility

Fig. 3 Digestibility in vitro R-NH2,TAA and in vivo TAA
120
100 : I I ) - =
—_ I I
X 80
g I I I
= o ! ! min vitro digestibility
= OPA
o
g 40 In vitro
digestibility TAA
20 e
In vivo digestibility
0 TAA

B. Beans P. Peas All-Bran Peanut Collagen Zein WPI

— in vitro digestibility gives a good estimate for in vivo digestibility
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Difference in vitro - in vivo
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Proteos in vitro versus in vivo digestibility all substrates
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| .
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© o] O ‘\
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® &) ) de—ir O Collagen (pig)
WPI (pig)
B Zein (pig)

+ WPI (hum)
55 60 65 70 75 80 85 90 95 100 105 4 Zein (hum)
Average in vitro / in vivo (%)

— In vitro digestibility compared to /in vivo digestibility represented with
Bland-Altman plot
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U Proteos in vitro versus in vivo digestibility foods
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¢ Proteos in vitro versus in vivo DIAAS
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¢ Proteos in vitro versus in vivo DIAAS
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— In vitro DIAAS gives a good estimate for in vivo DIAAS
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