
Citation: Miedes, D.; Makran, M.;

Garcia-Llatas, G.; Barberá, R.; Cilla,

A.; Alegría, A. Adaptation of the

INFOGEST Digestion for the Elderly

Population to Assess Sterol

Bioaccessibility in a Plant

Sterol-Enriched Wholemeal Rye

Bread. Biol. Life Sci. Forum 2022, 18, 8.

https://doi.org/10.3390/

Foods2022-13025

Academic Editor: Arun K. Bhunia

Published: 10 October 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Abstract

Adaptation of the INFOGEST Digestion for the Elderly
Population to Assess Sterol Bioaccessibility in a Plant
Sterol-Enriched Wholemeal Rye Bread †

Diego Miedes, Mussa Makran , Guadalupe Garcia-Llatas , Reyes Barberá, Antonio Cilla *
and Amparo Alegría

Nutrition and Food Science Area, Faculty of Pharmacy, University of Valencia, 46100 Burjassot, Spain
* Correspondence: antonio.cilla@uv.es
† Presented at the 3rd International Electronic Conference on Foods: Food, Microbiome, and Health—A

Celebration of the 10th Anniversary of Foods’ Impact on Our Wellbeing, 1–15 October 2022; Available online:
https://sciforum.net/event/Foods2022.

Abstract: The fortification of foods with cholesterol-lowering agents such as plant sterols (PS) is
allowed in Europe and could be of interest to the elderly since aging may lead to higher cardiovascular
risk. To date, no studies have analyzed how the gastrointestinal conditions of the elderly affect PS
bioaccessibility. Thus, this study evaluates the impact of adapting the standardized INFOGEST 2.0
method for adult to elderly physiological conditions on the bioaccessibility (BA) of PS-enriched
wholemeal rye bread. For this purpose, changes in gastric or gastric and intestinal phase conditions
(enzyme activity, pH, digestion time, or agitation) were made. Compared to adults, only when
gastric and intestinal phase conditions were modified, the BA (%) decreased for individual (10.9–20.5
vs. 19.5–36.3) and total PSs (11.4 ± 1.7 vs. 20.5 ± 1.0), demonstrating that this reduction is due
to intestinal phase modifications. However, the order of BA was not modified under any of the
conditions tested, following the increasing rank: β-sitosterol, campesterol, ∆7-stigmasterol, sitostanol,
∆5,24, stigmastadienol, ∆5-avenasterol, ∆7avenasterol, stigmasterol, and campestanol. This complex
matrix, very rich in fiber, such as wholemeal rye bread, may be responsible for the enzymatic
reduction affecting PS solubility in the adapted digestion elderly model.
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