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INFOGEST static IVD

@ In vitro protein digestibility and DIAAS workflow based gz

on the static INFOGEST protocol
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Preparation

+ Perform enzyme activity and bile assays
* Prepare SSF, SGF and SIF stock solutions
+ Perform pH-test adjustment experiment

Oral phase

* Mix Food with SSF (1:1, (wt/wt))

* Include CaCl, (1.5 mmol/L in SSF)

* Add salivary amylase, if necessary (75 U/mL)
* Incubate while mixing (pH 7, 37°C, 2 min)

» Mix oral bolus with SGF (1:1, (vol/vol))

* Include CaCl, (0.15 mmol/L in SGF)

+ Add pepsin (2000 U/mL)

+ Incubate while mixing (pH 3.0, 37°C, 2h, )

Intestinal phase||Gastric phase

+ Mix gastric chyme with SIF (1:1, (vol/vol))

* Include bile (10 mmol/L bile salts)

* Include CaCl, (0.6 mmol/L in SIF)

* Add pancreatin (trypsin activity 100 U/mL)
* Incubate while mixing (pH 7.0, 37°C, 2 h)

Sampling

» Sampling procedure and sample treatment for protein

digestibility analysis: Figure 2
Nat Protoc. https://doi.org/10.1038/s41596-018-0119-1

Main adapations:
— Solubilization of pancreatin (supernatant after ultrasound and centrifugation)

— Normalization to the amount of protein input (40 mg/ 1 g of Food)

Workflow for protein digestibility
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IVD intestinal endpoint

Tested
food

MeOH
Precipitation
80%, -20° C, 1h
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Total digestibility ’gl‘:;’;’
TN R-NH, TAA
Supernatant
Hydrolysis 6 mol/LHCI, 110°C, 15 h
o | Kjeldahl OPA | HPLC
Pellet
Hydrolysis 6 mol/LHCI, 110°C, 15 h
Kjeldahl OPA | HPLC
Calculaﬁon
C, |imvitro digestibility (%] = ——— m;x(o;Fp — oy X 100




[} [ ] u u u . [ ] [ ]
@ Invitro digestibility and DIAAS workflow: validation
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Main results:
— In vitro protein digestibility correlates well with in vivo results for the exact same substrates
— Total digestibility obtained with three analytical endpoints TN, OPA, and TAA are not different
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@ Ringtrial: ISO/WD 24167:2024 | IDF 261:2024 sose”

Total digestibilit R
g v DIAAS
Tested
. TN R-NH, TAA
) Supernatant
MeOH Hydrolysis 6 mol/LHCI, 110°C, 15 h
s poagen, Fo | Kjeldahl OPA | HPLC
—_—
Pellet
Protein-free Hydrolysis 6 mol/LHCI, 110°C, 15 h
cookie o | Kieldahl OPA | HPLC
Calculation
P . . TIT 0] — Fg — Cg
G |in vitro digestibility[%)] T =) +max(0;F, =) x 100

Ringtrial to obtain repeatability and reproducibility of the method

RT 1: 5 dairy products: 26 participants
skim milk powder, whole milk powder, whey protein isolate,
yoghurt (freeze-dried), Cheese (freeze-dried)

RT 2: 5 dairy and 2 plant-based products: 23 participants
Additional: soy protein isolate, chick pea
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— Participants selected between the three analytical methods: TN, OPA, TAA




U Ringtrial results: Total digestibility
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Chick
SMP [ WMP |Cheese| WPI [Yoghurt| SPI Pea
OPA
N 16 14 15 18 14 15 13
Digestibility (%) 92.93 80.71 81.06 99.40 87.43 100 96.67
SD (standard deviation of mean) 6.35 10.01 7.16 3.21 8.82 291 6.06
SEM (standard error of mean) 1.6 2.7 1.8 0.8 2.4 0.8 1.7
Sp 7.1 10.9 12.5 4.1 11.7 4.2 10.8
r (repeatability) 13.4 25.4 23.0 11.7 26.5 8.0 22.3
R (reproducibility) 20.2 30.8 35.5 11.7 33.7 11.7 30.5
Chick
SMP | WMP |Cheese| WPI |Yoghurt| SPI Pea
TN
N 14 15 15 15 15 6 6
Digestibility (%) 90.7 78.1 83.3 100.0 82.3 90.0 88.8
SD (standard deviation of mean) 4.0 4.1 8.2 0.2 8.6 6.2 6.9
SEM (standard error of mean) 1.3 1.3 2.5 0.1 2.7 2.8 3.1
Sp 7.0 13.3 9.6 5.0 12.9 6.6 16.6
r (repeatability) 10.8 33.7 22.3 2.6 36.0 14.2 20.9
R (reproducibility) 19.5 37.2 26.8 14.1 36.0 18.4 46.5
Chick
SMP | WMP |Cheese| WPI [Yoghurt| SPI Pea
TAA
N 4 4 4 4 4 3 2
Digestibility (%) 91.4 82.81  84.54 92.3 85.81 95 86.2
SD (standard deviation of mean) 2.2 4.3 3.6 2.4 4.5 2.7 4.2

Digestibility (%)
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— Different analytical methods: TN, OPA, and
TAA give equal total digestibility results

— Not enough datasets for statistical evaluation
of TAA and individual AA digestibility



U 1SO 24167|IDF 261 repeatability and reproducibility

14.4 Repeatability

The absolute difference between three independent single test results, obtained using the same method
on identical test material in the same laboratory by the same operator using the same equipment within
a short interval of time, will not exceed 10 % of the mean in more than 5 % of cases.

14.5 Reproducibility

The absolute difference between three independent single test results, obtained using the same method
on identical test material in different laboratories by different operators using different equipment, will
not be more than 5 % of the cases greater than 15 % of the mean of the three determinations.

Acceptance criteria between replicates:
— Intralab: 10 %
— Interlab: 15 %
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U Joint Publication of Ringtrial results

A freeze-dried vs fresh B in vitro vs in vivo
[ freeze-dried [ fresh O in vitro O in vivo
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— Digestibility of freeze-dried products < fresh products

— In vitro results comparable to in vivo digestibility
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© Standardization process within IDF and ISO: 10 years in... E&

2016:

2017:
2018:
2019:
2020:

2021-2023
2024

2025
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Analytical Week (AW): first presentation of IVD and protein digestibility in
Standing Committee for analytical methods for composition (SCAMC) as a new
work item (NWI) under consideration

NW!I Proposal presented within SCAMC

Accepted as NWI work group within SCAMC: C50

Draft method “/n vitro digestion protocol for the analysis of protein digestibility in
dairy products”

Improvement of analytical methods for in vitro digestibility and DIAAS value and
finalized work draft protocol (WD), discussion with S01 (experts within IDF for
statistical analysis) for planning the proficiency test (PT)

Ringtest within INFOGEST network applying the WD protocol

Statistical evaluation yielding precision data requested for standard, Committee
draft (CD) circulated: review by experts, in parallel: draft for scientific paper on PT
results

Addressing comments and corrections, Draft ISO method circulated: review by
experts, circulation of scientific paper among all authors (submission process)
Addressing editorial comments and finalizing ISO 24167|IDF 261 standard on
protein digestibility, expected publication end of the year
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¢ Summary

Drive the publication of the standard ISO 24167| IDF 261 forward
We aim to reach the next step by the end of this year.

Joint scientific publication 2 paper submitted
All results and findings are to be published in a peer-reviewed paper together
with all participating RT collaborators.

TAA method described in the standard 1SO 24167|IDF 261 but not fully
validated for digesta as requested for DIAAS
Generation of precision data in a collaborative study: ongoing
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