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Microbiome innovations for a sustainable future
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The United Nations Sustainable Development Goals (SDGs) are being integrated into
bioeconomy strategies around the world, including the European Green Deal. We
highlight how microbiome-based innovations can contribute to policies that interface
with the SDGs and argue that international cooperation in microbiome science is crucial
for success.
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Maladies non-transmissibles
- Microbiome, nutrition et prevention

» Le microbiome intestinal joue un rdle clé dans la santé humaine et est implique
dans le déeveloppement de diverses maladies chroniques non transmissibles,
telles que l'obésité, le diabete (T2D), les maladies cardiovasculaires et
inflammatoires de l'intestin, et la démence.

» Les habitudes alimentaires, ainsi que les facteurs environnementaux, ont un
effet profond sur la formation du microbiote intestinal, bactéries, virus ..., qui
reste complexe et difficile a caractériser.

» Les microbiotes intestinales exercent leurs effets béenéfiques notamment par la
fermentation des fibres alimentaires pour produire des acides gras a chaine
courte, jouant un réle important dans I'homéostasie des lipides et la reduction
l'inflammation.

MRuthsatz, SGE/SSN 09/2022, Berne



Le microbiome intestinal : des implications
profondes pour l'alimentation et les maladies

Table 1.

Résumé des interactions entre l'alimentation
et le microbiote dans la santé et la maladie

Microbiote sain

Dysbiose intestinalé

A3

Autre cause/conséquenc

e

High dietary fiber intake [115]
Plant foods low in chaline [151]

Fruits and vegetables; prebiotic-containing
foods [4]

High a species diversity; butyrate-producing
[4,105,120]

Anti-inflammatory omega-3 [217]

Lean body mass, increased lipolysis [84]

High Prevotella/low Bacteroides; abundance
of A. muciniphila (12, 14, 91]
Glucose and lipid homeostasis [100]

Beneficial bacteria/probiotics:
Bifidobacterium, Lactobacillus [192, 206]
Gut-brain interactions [78]

Regular intestinal motility [222, 259]
Healthy fecal biomarkers [53]
Intermittent fasting; adipose beiging [273]

Western diet; low core diversity [10, 83]
High [TMAQ] in blood [134]
Low fiber intake/low FODMAP carbs [244]

Low short-chain fatty acid fermentation [100]

Diet high in omega-6 fatty acids

Obesity, vagal remadeling, increased energy harvest [85,
105]
Abundance of Ruminococcus [16, 105]

Insulin resistance, bacterial encroachment [76, 106, 271]

Oxidative stress; facultative anaerobes; E. coli [38]
Mental health issues or visceral pain [72, 296]

Structural or functional bowel disorders [22, 50]
Need butyrate/inulin supplementation [81, 104, 213]
Excess starch/sugar consumption [120]

High in choline/fat/added sugar [105, 117]
Arterial plaque formation [135]

Beer, bread, sugar/artificially-sweetened
beverages [120, 122]
Intestinal inflammation [25, 117]

Pro-inflammatory [149]
Increased appetite/lipogenesis [103]

High Firmicutes:Bacteroidetes ratio [85, 105]

Cardiovascular disease [111,151]

Broad-spectrum antibiotics [22, 39, 287];
medication dysbiosis [290]

Leaky gut, plasma endotoxin, psychological
stress; emulsifiers [54, 272]

Colorectal cancer [3]

Potential for fecal transplant [73, 76]

Candida overgrowth; gluten sensitivity [241,
256]
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Abstract
The gut microbiome plays an important role in human health and
influences the development of chronic diseases ranging from me-
tabolic disease to gastrointestinal disorders and colorectal cancer.
Ofinereasing prevalence in Western sacieties, these conditions car-
1y 2 high burden of care. Dietary patters and environmental fac-
tors have a profound effect on shaping gut micrabiota in real time.
Diverse populations of intestinal bacteria mediate their beneficial
effects through the fermentation of dietary fiber to produce short-
chain fatty acids, endogenous signals with important roles in lipid
homeostasis and reducing inflammation. Recent progress shows
that an individual’s starting microbial profile s a key determinant in
predicting their response to intervention with live probiotics. The:
qut microbiota is complexand challenging to characterize, Entero-
types have been proposed using metrics such as alpha species
diversity, the ratio of Fitmicutes to Bacteroidetes phyla, and the re-
lative abundance of beneficial genera (e.g, Biidobacterium, Akker-
mansia) versus facultative anaerobes (€ col, pro-inflammatory
Ruminacoccus, of nonbacterial micrabes. Microbiota compasition
ofl hysiolog-
ic health along different axes. We review the role of diet quality,
carbohydrate intake, fermentable FODMAPs, and prebiotic fiber in
maintaining healthy gut flora. The implications are discussed for
various conditions including obesity, diabetes, nitable bowel syn-
drome, inflammatory bowel disease, depression, and cardiovascu-
lar disease. © 3019 by the authars

Introduction to Gut Microbiota and Disease

‘The intestinal microbiome has recently been implicated in a host
of chronic diseases ranging from inflammatory bowel disease
(IBD), type 2 diabetes (T2D), and cardiovascular disease (CVD)
1o colorectal cancer [1-3]. The community of ~200 prevalent bac-
teria, virus,and fungi inhabiting the human gastrointestinal (GI)
tract provide unique metabolic functions to the host and are fun-
damentally important in health and disease [4, 5. Microbiome
refers tothe collective genomes of all microorganisms inhabiting
an environment. While isolating and culturing each individual
species is an intractable task, a cutting-edge method of sequence
analysi: hasenabled the reconstruction of micro-
bial species and their function from the collective nucleatide con-

din astool sample. Shotgun sequenc-

ing analysis discovered 1952 unclassified bacteria species in the
‘human gut microbiome in addition to the 533 bacteria previously
cultured from the gut [6]. A central question in medicine con-
cerns the nature of the relationship between human health and
the gut microbiota, which refers to the community of microor-
ganisms themselves, the relative abundance of individual species
populations, and their function.

Metagenomics and analysis of twins data has revealed that envi-
ronmental factors such as diet and household cohabitation great-
Iy outweigh heritable genetic contributions to the compaosition
and function of gut microbiota [7]. Analogous to the genetic her-
itability statistic, Rothschild et al. constructed a microbiome-as-
sociation index. Significant associations are observed between
the gut microbiome and host phenotypes for body mass index
(BMI)(25%), hip ratio (24%), 2%),
glycemic status (25%), high-density lipoprotein (HDL) cholester-
ol levels (36%), and monthly lactose consumption (36%) [7]. Con-
pared to BMI, waist-to-hip ratio is an anthropometric measure-
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Le microbiome intestinal : des implications profondes pour

l'alimentation et les maladies

Le microbiome intestinal joue un réle important dans la santé humaine et influence le
développement de maladies chroniques, notamment

L'obésité, le diabéte, le syndrome du cdlon irritable, les maladies inflammatoires de
lintestin, la dépression et les maladies cardiovasculaires.

Lié a la qualité du régime alimentaire, de I'apport en glucides, des FODMAPs
fermentescibles et des fibres prébiotiques dans le maintien d'une flore intestinale saine.

Le microbiote intestinal est complexe et difficile a caractériser

Diverses populations de bactéries transmettent leurs effets bénéfiques par la fermentation
des fibres alimentaires pour produire des acides gras a chaine courte, signaux endogéenes
jouant un réle important dans I'homéostasie des lipides et la réduction de l'inflammation.

Des entérotypes ont été proposés a l'aide de parametres tels que la diversité des espéces
alpha, le rapport entre les phyla Firmicutes et Bacteroidetes, et I'abondance relative des
genres bénéfiques (par ex., Bifidobacterium, Akkermansia) par rapport aux anaérobies

facultatifs (E. coli), aux Ruminococcus pro-inflammatoires ou aux microbes non bactériens.
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Abstract
The gut microbiome plays an important rale in human health and
nfluences the development of chronic dissases ranging from me-
tabolic disease to gastrointestinal disorders and colorectal cancer.
Ofincreasing prevalence inWestern societies, these conditions car-
ry a high burden of care. Dietary patterns and environmental fac-
tors have a profound effect on shaping gut microbiota in real time.
Diverse populations of intestinal bacteria mediate their beneficial
effects through the fermentation of dietary fiber to produce short-
chain fatty acids, endogenous signals with important roles in lipid
homeostasis and reducing inflammation. Recent progress shows
that an individual’s starting microbial profile is a key determinant in
predicting their response to intervention with live probiatics. The
gut microbiota is complex and challenging to characterize. Entero-
types have been proposed using metrics such as alpha species
diversity, the ratio of Firmicutes to Bacteroidetes phyla, and the re-
lative abundance of beneficial genera (e.q, Bifidobacterium, Akker-
mansid) versus facultative anaerobes (E coll), pro-inflammatory
Rumi
and relative populations of bacterial speciesare linked to physiolog-
ic health along different axes. We review the role of diet quality,
carbohydrate intake, fermentable FODMAPs, and prebiotic fiber in
maintaining healthy gut flora. The implications are discussed for
wvarious conditions including obesity, diabetes, irritable bowel syn-
drome, inflammatory bowel disease, depression, and cardiovascu-
lar disease.

oceus, or nonbacterial microbes. Microbiota composition

s 3019 by the authors

Introduction to Gut Microbiota and Disease

The intestinal microbiome has recently been implicated in a host
of chronic diseases ranging from inflammatory bowel disease
(IBD), type 2 diabetes (T2D), and cardiovascular disease (CVD)
to colorectal cancer [1-3]. The community of ~200 prevalent bac-
teria, virus, and fungi inhabiting the human gastrointestinal (GI)
tract provide unique metabolic functions to the host and are fun-
damentally important in health and disease [4, 5]. Microbiome
refers to the collective genomes of all microorganisms inhabiting
an environment. While isolating and culturing each individual
species is an intractable task, a cutting-edge method of sequence
analysis, metagenomics, has enabled the reconstruction of micro-
bial species and their function from the collective nucleotide con-
tents contained in a stool sample. Shotgun metagenomic sequenc-
ing analysis discovered 1952 unclassified bacteria species in the
human gut microbiome in addition to the 553 bacteria previously
cultured from the gut [6]. A central question in medicine con-
cerns the nature of the relationship between human health and
the gut microbiota, which refers to the community of microor-
ganisms themselves, the relative abundance of individual species
populations, and their function.

Metagenomics and analysis of twins data has revealed that envi-
ronmental factors such as diet and household cohabitation great-
Iy outweigh heritable genetic contributions to the compaosition
and function of gut microbiota [7]. Analogous to the genetic her-
itability statistic, Rothschild et al. constructed a microbiome-as-
sociation index. Significant associations are observed between
the gut microbiome and host phenotypes for body mass index
(BMI) (25%), waist-to-hip ratio (24%), fasting glucose levels (22%),
glycemic status (25%), high-density lipoprotein (HDL) cholester-
ol levels (36%), and monthly lactose consumption (36%) [7]. Com-
pared to BMI, waist-to-hip ratio is an anthropometric measure-




Les macronutriments alimentaires et le microbiome intestinal - la
nutrition de précision pour améliorer la santé cardio-métabolique

Recent advances in basic science

. : : : : . . . Dietary macronutrients and the gut microbiome: a
L'interaction entre le microbiome intestinal, 'alimentation et le OPEE?GSS precision nutrition approach to improve
métabolisme de I'hote est multidirectionnelle et complexe. cardiometabolic health

i ) ) ) ) o oo Kelly M Jardon @ ,"? Emanuel E Canfora © " Gijs H Goossens @ '
Le profil microbien intestinal pourrait étre un prédicteur de la Elln E Blaak © '
réponse d'un individu aux interventions diététiques. Scientists argue guidelines should consider

diet-changing microbiome mchanisms

By Nicola Gordon-Seymour
20-Jun-2022 - Last updated on 20-Jun-2022 at 09:05 GV

Une caractérisation détaillée des phénotypes microbiens et
meétaboliques, ainsi que de leur interaction. Les effets associés
au microbiome intestinal sur le métabolisme de I'hdte peuvent
étre liés a la fermentation des glucides et des protéines.

La compréhension des mécanismes des réponses différentielles
au régime alimentaire est essentielle pour progresser dans le
domaine de la nutrition de précision.

«Les scientifiques soutiennent que les directives devraient
tenir compte des mécanismes du microbiome qui modifient
le régime alimentaire.»

By Kathleen D'Hondt, PhD, Jim Kaput, PhD and Manfred Ruthsatz, PhD, RPh,
DABT, RAC, FRAPS

This article describes the strategic role of nutrition 2nd the human microbiome
©iStock in personalizing health and disease management and the need for diligent
regulatory and policy action in light of the rapid pace of science and technology
development and application of these fields, The author: r the need for
biomarkers for personalized targeting the micobiome, b g innova tions to

Jardon KM et al., Dietary macronutrients and the gut microbiome: a precision
nutrition approach to improve cardiometabolic health. Gut 2022; 71: 1214-1226
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Role des polysaccharides dans l'alimentation, la digestion et la

Les polysaccharides dérivés des
aliments végétaux sont les
principaux composants de
'alimentation humaine

L'amidon et les autres glucides de
stockage sont des sources d'énergie
dans tous les regimes alimentaires

Les polysaccharides de la paroi
cellulaire sont les principaux
composants des fibres alimentaires

Fibres alimentaires:

Role, structure et distribution,
modification au cours de la
transformation des aliments et
effets sur les propriétés
fonctionnelles

Comportement dans le tractus
gastro-intestinal, et contribution a
une alimentation saine

Lovegrove et al. (2017) Role of polysaccharides in food,
digestion, and health. Crit. Rev. Food Sci. Nutr. Vol 57, 2, 237-253

Amidon résistant
Polysaccharides
non-amylacés

Mouth

Mechanical action shears and crushes fibres.
Food moistened and mixed before swallowing.

Stomach

Fibre undigested and delays gastric empyting.

Small
intestine

Fibre undigested and delays
absorption of other nutrients.

CRITICAL REVIEWS IN FOOD SCIENCE AND NUTRITION @ 247

Amidon

Salivary amylase

starch -> small polysaccharides and maltose

Medium: pH 7 Average transit time: 2 min

Acid inactivation of salivary amylase;
hydrolysis of starch slows or stops.

Medium: pH ~2.6 Average transit time: 70 min

I

Resumption of digestion in the duodenum. Pancreatic amylase and
membrane-bound enzymes (maltase, amylase, sucrase, lactase) of the
small intestine. Rate of release controlled by “satiety” hormones

Polysaccharides ->dextrins and oligosaccharides

Dextrins and maltose->glucose->absorption into bloodstream
Sucrose->glucose and fructose->absorption into bloodstream
Lactose->glucose and galactose->absorption into bloodstream

Five-carbon sugars eg xylose, arabinose, ribose readily diffuse into the
bloodstream without prior degradation.

Medium: pH 6.5 Average transit time: 200min

Lk

Large
intestine

Fibre and resistant starch digestion by bacterial
enzymes to produce short chain fatty acids
(butyrate, propionate, acetate)+gases (CQ,, H;, CH,)

Medium: pH 5.5-6.8 Average transit time: 36 h



’évidence des « zones bleues »

Zones
bleues

Les gens ont un faible taux
de maladies chroniques

lls vivent plus longtemps que partout
ailleurs: des taux extrémement élevés
de 90-génaires & 100-enaires

La génétique ne correspond
probablement qu'a
20-30 % de la longévité.

Les influences de I'environnement,
(I'alimentation et le mode de vie),
jouent un réle énorme dans
la durée de vie en bonne santé

https://www.weforum.org/agenda/2017/06/changing-the-way-america-eats-moves-and-connects-one-town-at-a-time/
MRuthsatz2022© httns://'www_healthline.com/nutrition/blue-zones  httns://www bluezanes com/recines/food-quidelines/ ~  https://fr.wikipedia.ora/wiki/Zone bleue (long%C3%A¢
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modérée et réguliere

un but dans la vie

Relations sociales saines

Mangent des noix

la réduction du stress

la restriction calorique

Céréales
entieres

une alimentation a base .
s o 3

d'aliments d'origine ¢

végétale (> 90%)

une consommation

modérée d'alcool, en
particulier du vin

Sardaigne
(Italie )

Féwes et féveroles

Vin & haute teneur
en polyphenols

Femmes
autonome

un engagement spirituel
ou religieux, dans la vie
de famille ou vie sociale



Le projet "Microbiome bleu”

>

Le projet "Microbiome bleu" - mieux comprendre les facteurs qui contribuent a la
longévité observée dans les "zones bleues”

Le microbiome intestinal — pour une compréhension des facteurs biologiques qui
influencent le vieillissement sain peut aider les scientifiques a comprendre comment
protéger au mieux la santé d'un individu qui commence a vieillir.

Le Centre d'épidémiologie clinique et de recherche sur les résultats (CLEO) méne
une étude pilote pour déterminer si les personnes les plus agées et les plus saines
du monde partagent des caractéristiques spécifiques dans leur microbiote intestinal

Cette étude vise a obtenir des échantillons de selles et a séquencer les microbiomes
intestinaux des résidents d'lkaria (Grece). En outre, des questionnaires permettront

aux chercheurs de recueillir des informations sur le mode de vie et les habitudes des
sujets. L'étude a débuté en octobre 2020. Les premiers résultats attendus en 2022.

https://www.cleoresearch.org/en/work/bm- Alexa VS (2021) Scientists Discover the Unique Gut B
en#:~:text:The%20BIue%ZOMicrobiome%ZODroieCt%ZOaims.th these Specia| bacteria what ensure hea|thy agmg?

at%200f%20their%20neighboring%20regions cafe/scientists-discover-the-unique-gut-bacteria-
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Influence du régime méditerraneen (RM)

sur le microbiote intestinal humain

Le RM - associé a une réduction de la mortalité toutes causes
confondues. On peut supposer que le microbiote intestinal
des sujets qui suivent un régime RM est capable de prévenir
I'apparition de maladies dégénératives chroniques non
transmissibles.

En portant I'attention sur les polyphénols, les acides gras
polyinsaturés (AGPI) w-3 et les fibres, les preuves suggérent
que le RM est capable de moduler le microbiote intestinal, en
augmentant sa diversite.

Les données disponibles suggerent que le microbiote
intestinal des sujets qui suivent un régime méditerranéen est
significativement différent de celui des sujets qui suivent un
modele alimentaire occidental — qui présentent une
perméabilité intestinale accrue, responsable de I'endotoxémie
métabolique.
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Influence of Mediterranean Diet on Human Gut
Microbiota
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Conclusion sur les maladies non-transmissibles
- Microbiome, nutrition et prevention

» Une réalité s'établit

» La fagon dont le microbiome interagit avec une multitude de conditions
inflammatoires et métaboliques

» La relation entre les microbes et ['obésite, le syndrome métabolique/T2D et
d'autres conditions inflammatoires.

» L'impact sur la santé/maladie de différents modes de vie et d'alimentation sur le
microbiome.

» Une suggestion:
» nourrissez vos bonnes bactéries la vraie nourriture, qui inclut des prébiotiques.

» affamez vos mauvaises bactéries en limitant les aliments transformés, le sucre,
'alcool ...
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