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MEDITERRANEAN DIET

+ . . Occasional
S consumption
The less the better
E_' €% UNESCO 2010:
- Patrimonio Culturale
; pt;scnt‘liona‘r;yo ’ co::::\.::ion Immateriale
with moderation . g N
dell’lUmanita
Daily
consumption

l Hydration Biodiversity Sustainability § Waste  Conviviality Exercise Weight control

Sofi F et al, Nutrition, metabolism and cariovascular disease, 2025 ﬁ - ‘
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REGARDING THE HEALTH ASPECT

nuts and an amaounts of
HE.A.I.-I-H.I'IIIr nce and varlety of poultry and and small
DIETS fruits and vegetables.™ amounts of red meat.
... are adequate {l.e.
| s ety el ... are consistent with reaching but not
o none I posabe, o Do TN . nclude s and cean
pathogens, toxins and lated N and Hﬂg}r‘m drinking water as the fluid
other agents that can cause e CDs, SrEHrE growt developmennt, of chiodce.
e health and wellbelng for and to meet the needs for
' the general population.'® an active and healthy life
across the Ifecycle.
biodversity,
.. malntain greenhouse gas ::'r'd""j'l':.lg thl E'tff
emissions, water and land fnu!:'i-:lerlwe-:l ..-minimize the use of ... minimize the use of
use, nitrogen and phosphorus m{}m e antlblotics and hormones plastics and derlvatives
application and chemical c re::-:llJrces. in food production. in food packaging.
pollutiocn within set targets. Egl'l-le“EH'm“I-d
owerfishing and
owerhunting.
... Bwold adversa arﬂ“r;::t:tu;cd
gender-related culture, culing
Impacts, especially practices, hnl:uzaig
with regard to time ... are accessible and and consumption ...reduce food loss and
allocation (e.g. for desirable. patterns, and values waste.
buying and prepar] on the way food
food, water and fue sourced, produced
acquisition). and consurmed.

FAO and WHO. Sustainable healthy diets — guiding principles. Rome 2019. ’7'
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YOU ARE WHAT YOU EAT:
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THE HUMAN MICROBIOME

\ Hair _— Oral cavity

& - Human Gut Microbiota Composition
posedly ; (Desophagis MAJOR PHYLA SPECIES
| - y
‘ [ N | | (" * Ruminicoccus .Faecalibacterium =
N | - * Claostridium .Roseburia
! " ARW Firmicutes * Lactobacillus
[ L [~ | | H.pylori(-) e Streptococcus
Skin J ‘\, ‘ y |\ | stomach_ ' 90% \_ *Eubacterium )
' '* ‘ ¥ * Bacteroides B
,‘ ‘ | | | Bacteroidetes * Prevotella
| 5 | -\ * Xylanibacte J!
' | | a
|| H.pylori (+) . * Escherichia
| Proteobacteria 2
Vagina | | | stomach i * Desulfovibrio 5
) 4 | i  Collinsell :
| . . ollinsella
| I Actinobacteria * Bifidobacterium
- | | 10%
& Actinobacteria = | 7 1
@ Firmicutes Euryarchaeota * Methanobrevibacter
& Proteobacteria
@ Bacteroidetes . . :
& Cyanobacteria Verrucomicrobia * Akkermansia

& Fusobacteria

Cho | and Blaser MJ. Nat Rev Genet 2012 N
B. Madhogaria et al, Infectious Medicine, 2022
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Microbial genome is the variable part of our genome that
makes possible human adaptation to external perturbations
(le diet, starvation, overfeeding, food preservatives,
antibiotics, stress, violence..)
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Microbiota INFLUENCERS

DIET

- Composition (calories, fat, vegetable, meat..)
- Cooking

- Natural food additives (safrolo..)

- Artificial chemical food additives:

Antibiotics

o Preservatives (benzoic acid, sodium benzoate,
nitrite/nitrate, sulfur dioxide/sulfite..)

<:I affecting gut
microbiota

SuoI}2aju

" o Sweeteners, emulsifiers and stabilizers, flavors,
Q @ Q thickeners, antifoaming, anticaking, bulking,
o antioxidants..)
e o Others (titanium dioxide..)

Antimicrobials

B. Madhogaria et al, Infectious Medicine, 2022
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OUR MICROBIOME VARIES OVER TIME

Gestational diabetes

Excess gestational . . Ethnicity
. . Gestational Introduction
WGQM gain age at dolvory of solid foods Host genetcs
Delivery mode? oclomime shn:irqme:::;
breast milk micals
NICU exposure ing ‘ it

Antibiotics
Breast milk

— Aagaard K et al., EMBO, 2016
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DYSBIOSIS IN A CRITICAL TIME WINDOW HAS LONG
LASTING CONSEQUENCES

Transient early microbiota dysbiosis
(e.g. perturbation by antibiotic use
or C-section delivery)

Educating the
immune system

DpobEooDD
Maintenance of

‘ gut epithelial
integrity
Long-term metabolic and

Immunological consequences Healthy, full-term &\
(overweight/obesity, allergy, i ’i
asthma, atopy, diabetes, IBD, Food digeston Physiclogica

= ¥ development
t-.r

Drug metabolism

neurological disorders, etc)

Roles of the gut microbiota in infancy Potential consequences of
early life microbial dysbiosis

Ahearn-Ford S, et al. Exp Physiol. 2022 May;107(5):415-
2
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THE RIGHT DIET FOR THE RIGHT MICROBIOME

High-fibre diet
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Plant-based diat Ketogenic dlet Western diet

&2

l l l | l |

Fascslibacterium spp. T Prevotells spp. T Prevotells spp. T Bacteroides spp. T Bifidobacterium spp. 4 Bacteroides spp. T

DIETARY

Roseburis spp. T Bifidobscterium spp. T Bifidobectarium spp. * Bacillus spp. * Actinobacteria Bilophila spp. T
Collinsslla spp. ¥ Lactobecillus spp. * Lactobacillus spp. T Clostridium spp. T Firmicutes 4 Alistipes spp. *
I ! I I I Ruminococcus spp. Faecalibacterium spp. T Bacteroides spp. + Propionibacterivm spp. * | Becteroides spp. Bisutia spp.
FI B ES " s = Akkermansia spp. T Fusobacterium spp. T Ruminococcus spp. T

|

I + SCFA production

t Short paptides, + B-Hydroxybutyrate + ﬁETf.’;"J’n bile acid
free amino acids ketone levels + Endotoing
T TMA, TMAD

, ,r , ,. |

+ Secondary bile acids + Lipid profile + Polyphenols and, thus, + SCFA, BCFA + Intestinal T, 17 cells + Chronic inflammation

+ SCFA fermentation 4 Colon transit time antimicrobial property production, indoles, ¥ SCFA production % Increased oxidative
pathway 4 Inflammatory markers against pathogens phenolic compounds stress

+ Distary fibre + SCFA production * SCFA production # Immune dysregulation
degradation, pectin * Risk of matabolic
degradation, mannan disorders
degradation pathway

+ SCFA production

M Lipids B Carbohydrates Proteins Alcohol

Ross FC et al, nature reviews microbiology, 2024
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THE RIGHT DIET FOR THE RIGHT MICROBIOME:
Mediterranean Diet

Faecalibacterium spp. T
Roseburiz spp. T
Collinsslls spp. ¥
Ruminococcus spp. +

L)

T+ Secondary bile acids

T+ SCFA fermentation
pathwsay

+ Dietary fibra
degraedation, pectin
degradation, mannan
degradation pathway

+ SCFA production

Ross FC et al, nature reviews microbiology, 2024
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Western diet

WESTERN STYLE DIET

HIGH

Digestible (simple) carbohydrates

Fat (eg. saturated fat)

Animal-based protein

Food additives (e.g. emulsifier, sweetener, TiO2, EDTA)

’ } . ’

LOW

= Non-digestible carbohydrate (e.g. fiber, resistant starch)
= Plants-based protein (e.g. whey and pea protein)

Dietary constituents such as
macronutrients and food additives
have been shown to affect the gut

Carbohydrates Fat Protein Food additives : : : _
| L e P PN microbiota in humans:
Fiberd, Polyunsaturated Saturated fatty acids P Plant-basedJ, Animal-based Sweetener Emulsifier

l fatty acids 1 l l l l l

Bacterial richnessd, Tryptophan |, Bile-tolerant species P Mucolytic bacteria P
Bacterial diversityJ (Bacteroides, Alistupes, (Campylobacter jejuni
Lactobacillus intestinalisJ, Bilophila) Salmonella spp. )

1.Loss of production of beneficial
microbial metabolites, such as

Bacteroides
Proteobacteria ™

SCFAs-producin
p g E colit

bacteriaJ Sulfate-reducing bacteria?  Lactobacillus Inflammatory strainst L : Porphyromonadaceae spp. T - . -
Bacteroides Allobaciilen herichia, ' actobacillus spp.J ony PP-
| Soptableckl, ke, oo SCFAs and indole derivatives.
SCFAsd e d¢ aAs Indole de'rivatives J
condary
v H2S . . . . .
R o D s 2. Epithelial barrier impairment
, LU ILUEUN TR CNCPUILI U -'-.'. "\'ﬁf UL LU Y /Jl_j I L) ’)‘! . | (& - @ s JUI ) [ ‘l‘l[i']_:'k LU U L) \
( \’:," \AARAA | %\ \,/ LR AR ."’:J SIS \},/ sig?\:;lflting 'l"\(, \’/ | \.‘/ = i “n( \/' \ ( \lr“"l
! [ (Rt ) | l i |!| 1 {1 /\ J L) A | !
| ( | I— (| \ () ) | | ( ) '\ . . .
| { " | \ | ) | { | / | ) | \ \ | / |
'\ | ety | -l (] | ) oY) 3. Stimulation of a proinflammatory
! ‘ ! ' } environment
Gut barrier dsyfunction Mucosal immune perturbation

Loss of epithelial integrity and mucus
Increased intestinal permeability
Epithelial danger signalling

Induced production of IL-23, CXCL1, IL-6
Reduced production of IL-10
Promote Th1/Th17 differentiation

DIETARY INTERVENTION

Ross FC et al, nature reviews microbiology, 2024
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GUT DYSBIOSIS CHART FOR DIFFERENT DISEASE

Disease Bacteria that decreases in number Bacteria that increases in number

Colorectal cancer |Prevotella, |Ruminococcus spp., TAcidaminobacter, TPhascolarciobacterium,
|Psendobutyrivibrio ruminis 1Citrobacter farmer,

Colon cancer |F. prausnitzii, TAkkermansia muciniphila

Gastric cancer | Eubacterium rectalie TClostridium,, 1Fusobacterium,

Prostate cancer

TLactobacillus 1Firmicutes /Bacteroi deted
ratio

Obesity |Bacteridetes |Methanobrevibacter smithii 1Enterobacteria, | Ruminococcus gravus
IBD: Chron's disease |Bacteroides, | Faecalibacterium prausnireii
|Bifidobacterium adolescen tis
Ulcerative cholitis |Bifidobacteria, |Roseburia hominis
|Faecalibac teriurn prau snitzii,
|Lachnospiraceae, | Ruminococcaceas
Diabetes: Diabetes |Lactobacillus, |Bifidobacterium, |Blautia TClostridium, 1Bacteroides, |Veillonella
ypel coccoides, | Eubacterium rectal, |Prevorella
| Firmicutes
Diabetes rype2 | Firmicutes, | Clostridia, |Lactobacillis, Bacteroids-Prevotella Verses
| Eubacterium rectale, Clostridiacocoides, |Betaproteo bacteria,
Bacteroi detes /Firmicutes ratio
Cardiovascular 1Clostridium, fLactobacillales,
disease 1Enterobacteriaceae spp, 1Chryseomonas,
THelicobacter, {Firmicutes, {Bacteroides
Liver disease |Alistipes, |Bilophila, |Veillonella, TClaustridum, TBacteroidetes,
|Faecalibacterinm, |Ruminocoocus, 1Betaproteobacteria, tLactobacillus spp.,
|Bifidobacterium, |Prevotella, TCollinsella, 1Corynebacterium,
|Coprococcus, |Veillonellaceae, 1Prevotellaceae, TRuminococcaceae,
|Prevotella copri, |Faecalibacterium, 1Sarcina, (Sutterellaceae,
|Haemophilus T1Enterobacteriaceae, [Bacteroidaceae
HIV |Clostridia, |Bacteroidia, |Lactobacilli, 1Erysipelotrichaceae, tProteobacteria,
|Bifidobacteria 1Enterobacteriaceae, TCandida albicans
1Pseudomonas aeruginosa
Autism |Firmicutes, | Actinobacteria, tBacteroides vulgates, 1Desulfovibrio,
|Actinobacteria tProteobacteia
Arthritis |Bifidobacteria, |Bacteroides fragili B. Madhogaria et al, Infectious Medicine, 2022
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IRRITABLE BOWEL SYNDROME (IBS)

CGenetic Factors)

(" A genetic predisposition to IBS has
been suggested, with some individuals
inheriting a susceptibility to develop
IBS, particularly related to gut
motility and sensory perception,

N\ ~Y e

Mild inflammation in the gut, often
r— — undetectable in routine tests, may be
I BS present in IBS patients, leading to
irritation and the activation of immune
pathways that exacerbate symptoms.

CGut Microbiota)

r Imbalances in gut bacteria
(dysbiosis) may affect digestion and
immune responses, contributing to
IBS symptoms. Certain probiotics
and dietary adjustments targeting
microbiota can provide relief.

Certain foods can trigger 1BS

symptoms, particularly those rich in
FODMAPs (fermentable carbs). Food
intolerances or hy persensitivities may
worsen IBS, and dictary modifications
can often help manage symptoms,

( o )

Gl Alterations

ﬁ BS Is associated with abnormal gut
motility and increased intestinal
permeability (leaky gut), leading to
svmptoms like bloating, pain, and
diarrhea or constipation,

r'l;c ONS plays a key role in regulating
gut function. Dysregulation of the gut-
brain axis can lead to altered pain

perception and stress responses,

contributing to I1BS symptoms.

Surdea Blaga et al, 2024
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MICROBIOTA ALTERATIONS IN IBS

- Lactobacillus spp. - Turicibucter - Proteobacteria

- Clostridinum symbiosum-like - Enterococcus ~ Firmicutes ( Lachnospiraceae)
- Actinobacteria - Weissella - Lactobacillus spp.

- Bacteroidetes B. catenulatum - Oxalobacter - Enterobacteriaceae

- Collinsella aerofacieny = Oceanobacilluy - Clostridiales

- B. intestinalis-like phylotype ~-Methanobrevibacter - Bacteroideys

- Fecalibacterium - Faecalitalea

( Faecalibacterium prausnitzii) = Prevotella

- Bifidobacteria - Dorea

- Ruminococcaceae - Veillonella spp.

- Erysipelotrichaceae « R. bromii-like phylotype
~-Methanobacteriaceae - Clristensencllaceae

« Prevotella « Akkermansia

- Lachnospira - Methanobrevibacter

- Parasurterella

Surdea Blaga et al, 2024
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NUTRITIONAL BENEFIT OF SOURDOUGH

Nutritional benefits of sourdoughs: A systematic review

Blood Glucose Healthy ndividuatswith | CONFLICTING EVIDENCE

response individuals metabolic disease # 50% of studies showing NO significant differences
(M = 207) M=14 n= 2563 N=&n=78

T

¥ Different cereals, milling types, recipes and fermentation conditions used

Hbe & CONFLICTING EVIDENCE
Appe Healthy individuals N - :
Satiety markers N=7.n=147 » Limited number of studies available
=t # 5Some benefits shown, but the effect of sourdough per se cannot be identified
CONFLICTING EVIDENCE
Healthy individual
E’H f,,,:l"n Tgﬂu’ ’ # Conflicting results regarding the ability of sourdough bread to decrease
Apcn| Gastrointestina gastrointestinal discomfort in healthy individuals
%ﬁfﬁ outcomes
| (N = 7% SOME EVIDENCES
I N = "i‘r . ,’[;"E,'EE # Studies showed the ability of sourdough to lower the immune response or
gastrointestinal discomfort in subjects suffering from IBS
Cardiovascular Healthy Individuals with CONFLICTINGEVIDENCE
health markers individuals metabolic disease # MNO significant differences between groups for most markers
e N=4n=73 i & Significantly decreased LDL levels observed in one study only
* Primary & secondary oufcomes

Ribet L. et al, Advances in Nutrition, 2023
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PASTA MADRE. AN
RUfI@
GRANO BIOSIMBIOTICO E IBS MADRE

el PANIFICIO DI CAMILLO
—r T
Vo &
wipm

v Studio pilota, interventistico, randomizzato controllato, doppio cieco.

v Obiettivo primario:

Valutare se il consumo di pane a pasta madre prodotto con grano biosimbiotico
e In grado di modulare il microbiota intestinale umano, con potenziali effetti benefici
INn soggetti affetti da IBS.
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PASTA MADRE. AN
RUfI@
GRANO BIOSIMBIOTICO E IBS MADRE

PANIFICIO DI CAMILLO

—
5_94_'9! &

v" Obiettivi secondatri:

Valutare l'effetto del consumo di pane lievito madre realizzato con grano biosimbiotico:

- sul parametri clinici di IBS rispetto al gruppo controllo, misurati mediante IBS-Severity Scale
(IBS-SS) e Visual Analogical Scale (VAS)

- sulla gualita di vita del soggetto, rispetto al gruppo controllo, misurata mediante la (Irritable
Bowel Syndrome Quality of Life (IBS-QolL)

- Sul parametri antropometrici e valori pressori, rispetto al gruppo controllo

- su parametri biochimici relativi all'assetto metabolico dell'individuo (profilo glicemico, profilo
lipidico, PCR, uricemia), rispetto al gruppo controllo

- sulla variazione del livelli ematici di citochine proinflammatorie, rispetto al gruppo controllo
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PASTA MADRE, AL

U
GRANO BIOSIMBIOTICO E IBS ﬁAfB&

“ICIO DI CAMILLO

‘_!:—'—-I_‘
ﬁ_fo_'_&é
Inclusione di pazienti che afferiscono agli ambulatori dellUOC di Gastroenterologia ed
Endoscopia Digestiva di Forli-Cesena con diagnosi di IBS (sec. Criteri Roma V)

30 pz «gruppo test»
30 pz «gruppo controllo»

- «Pane test», pane realizzato con grano biosimbiotico (prodotto da 39 aziende appartenenti al
Consorzio Romagna Distretto Biosimbiotico) e lievitazione naturale con pasta madre

- «Pane controllo», prodotto industrialmente, con farine provenienti da agricoltura
convenzionale, senza lievitazione naturale

TTTTTTTTTTTT
RRRRRRR
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PASTA MADRE, AL

U
GRANO BIOSIMBIOTICO E IBS ﬁ,{ﬁ&

IIIIIIIIIIIIIIIIII

Durata dello studio per ogni soggetto: 6 mesi (3 mesi test — 3 mesi wash out)

Raccolta campioni biologici (feci, sangue, urine, saliva) al TO, T6, T12, T24
Periodiche valutazioni nutrizionall e gastroenterologiche

Feci: Analisi microbiota fecale 16S rRNA e 18S rRNA, Analisi metagenomica
Urina: analisi metabolomica
Saliva: dosaggio cortisolo
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HEALTHY
HUMANS
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GRAZIE
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elisa.liverani@ausiromagna.it
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Take home message

 Gut microbes are responsible for our health

» Gut microbiome Is the only genome we can
modify

 Theright diet for the right microbiome

 The Interplay between human individual, nature,
food, antibiotics and environment

27
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DIET & GUT MICROBIOTA

The short-term modification of diet alters

microbial community structure and microbial gene expression
28
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Plant-based diet

Lachnospira (5)
(log2 fold-change) G

D Sig: ehange Lachnobacterium

on animal diet

mm MLG480 . mm  Moraxellaceae 26
= Zlophils wadsworthia (2)| | I Bagultella
-— g;osgrljd[um orbiscindens — gggls”cgslglrfggc?g?cterium
=i RL?rfwi,ﬁoé:%Tcaceae (4) W Eubacterium
BE Ruminococcus gnavus Bl Ruminococcaceae (3)
= Aumingcoccus — R -
he animal-based diet i h = Ciostriaium (3) " = Sakceracge,
The animal-pased diet Increases the m , — | = Anstipes Fnegoidii
abundance of bile-tolerant microorganisms = o . | | Earapacieroides oRnsoni
. . . . . b I | ‘ | |mm Odoribact
(Alistipes, Bilophila, and Bacteroides) and 28 e |E Porphyromonadaceae (4)
decreases the levels of Firmicutes that 88 o %3 ] (e
. . . —_ f;—L ; ’). ‘ A W Eubacterium rectale (4)
metabolize dietary plant polysaccharides £ s k.‘ 1 m Eoprocaceas
: : e ——2. e P ee] | W Blautia (2)
(Roseburia, Eubacterium rectale, and = 14 -5\03328 eeeeeeeeeeeeee | | == Lachnospiraceae 5
RuminOCOCCUS brom“) =3 =2 —= 0 11\12\5-_ mm Ruminococcus callidus
= Eubacterium rectale
=
-,
=
=
=

_ , Lachnospiraceae (3) |48
Sig. change mm Akkermansia -
® .1 both diets mm  Alphaproteobacteria . ~
: mm Clostridium Ruminococcus bromii
O Insig. change || mm Clostridiales Coprococcus
6h eittiordict mm Bacteroides 29 Clostridiales 50

The human gut microbiome can rapidly switch between herbivorous and carnivorous functional profiles.

David LA et al. Nature. 2014
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Buono

Pulito

Sano

Fresco
Di stagione

Locale

Gilusto

Fatto da te

Diversita

Senza integratori

Il cibo e piacere

Senza residul di pesticidi/ senza additivi di sintesi - Prodotti Biologici

Meno zuccheri, grassi, carne e proteine animali; Piu proteine vegetali, cereali integral,
fibre, alimenti protettivi

Meno impatto dei processi industriali, piu salutare

Meno impatto per I'ambiente, piu salutare per noi (la Natura sa quando darci il meglio)

Meno impatto sull'ambiente, piu salutare per noi

Senza sfruttamento (3x2; il prezzo vero; Il discount)

Limitare le preparazioni industriall

La varieta di alimenti facilita il raggiungimento del giusto apporto di nutrienti, meno
monotonia nel piatto piu biodiversita nelle campagne e nel microbiota intestinale

Una dieta corretta non necessita di integrare nulla
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Gut Microbiota

Imbalances in gut bacteria
(dysbiosis) may affect digestion and
immune responses, contributing to
IBS symptoms, Certain probiotics
and dietary adjustments targeting
microbiota can provide relief.

Certain foods can trigger 1BS
symptoms, particularly those rich in C—
FODMAPs (fermentable carbs). Food
intolerances or hy persensitivities may
worsen IBS, and dictary modifications
can often help manage symptoms,

Gl Alterations

r IBS is associated with abnormal gut
motility and increased intestinal
permeability (leaky gut), leading to
symptoms like bloating, pain, and
diarrhea or constipation,

Genetic Factors

(K genetic predisposition to IBS has
been suggested, with some individuals
inheriting a susceptibility to develop
IBS, particularly related to gut
motility and sensory perception,

Low-Grade Inflammation

( Mild inflammation in the gut, often
undetectable in routine tests, may be
present in IBS patients, leading to
irritation and the activation of immune
pathways that exacerbate symptoms.,

Flu- ONS plays a key role in regulating
gut function. Dy sregula(iol of the gut-
brain axis can lead to altered pain

perception and stress responses,

contributing to IBS symptoms.

Figure 2. An overview of suggested factors involved in IBS.
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IL RUOLO DEL CIBO NELLA NOSTRA VITA QUOTIDIANA

EARLY DETERMINANTS OF GUT MICROBIOTA COMPOSITION

b
Host genetics? Delivery mode Feeding type Treatment Environmental

Vaginal delivery Breastfed Probiotics exposures
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Verdu et al, Nat Rev Gastro Hepatol 2015
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