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Ilya I. Metchnikoff (1845-1916)
(Nobel in immunologia 1908) 

Nel suo libro, The Prolongation of Life: 
Optimistic Studies, egli ipotizzò che la lunga
aspettativa di vita della popolazioni bulgare fosse 
associata alla frequente assunzione di batteri
lattici contenuti nei latti fermentati bulgari

Metchnikoff, E. (1907) The Prolongation of Life. New York: GP Putman’s Sons.

“The dependence of the intestinal microbes on the food makes it 
possible to adopt measures to modify the flora in our bodies and 
to replace the harmful microbes by useful microbes”



The composition of oral microbiota remained 
unexpectedly constant between Neolithic and 
Medieval times, after which cariogenic bacteria 
became dominant, apparently during the 
Industrial Revolution.

1. hunter-gatherers dental calculus had fewer 
bacterial related to caries or periodontal 
diseases

2. in Neolithic farmers these bacteria are more 
frequent ( increased use of soft CHO foods) 

3. oral microbiome remains stable in the 
medieval farmers’ 

4. post-industrial modern humans carry 
dominantly cariogenic bacteria, (e.g. S. 
mutans) and show less diversity in the oral 
cavity.



Modulazione dietetica 
del microbiota intestinale



DIETARY COMPONENTS MODULATE THE MICROBIAL METABOLIC PATHWAYS

• With the dietary introduction of polymers (fibers, proteins, lipid, polyphenols) that are 
not digested by human hydrolytic enzymes, humans acquired an adaptable and rapidly 
evolving bacterial metagenome.

• Depending on the type of polymers available at intestinal level, microbial metabolism is 
mainly directed to:

• saccharolytic pathways mainly lead to the release of SCFA, showing immune-
modulating and anti-inflammatory properties

• proteolytic pathways lead to degradation of proteins, peptides and free amino 
acids, producing BCAA, ammonia, N-nitroso compounds, phenols and hydrogen
sulphide

• Because of the different actions of the metabolic products derived from the 
saccharolytic or proteolytic pathways, it is generally believed that health is fostered 
when the balance is shifted towards the saccharolytic pathways. 



A diet characterised by un unbalanced supply of:

• macronutrients (high fat and/or high-protein and/or low complex CHO)  

• and/or other nutritional/bioactive molecules (low intake of fibers and/or 
poliphenols and/or high intake of alcool) 

leads to:

• dysbiosis [increasing the number of potentially pathogenic and proinflammatory
bacterial species (e.g. decrease in Bifidobacteria and Bacteroidetes and increase in 
Firmicutes and Proteobacteria)]

• a reduced synthesis of beneficial metabolites (e.g. SCFA, vitamins)

• butyrate provides E for colonic epith.cells; acetate and propionate reach the 
liver  and peripheral organs, where they are substrates for gluconeogenesis and 
lipogenesis

• SCFAs control colonic gene expression and suppress inflammation

• an increased amount of potentially toxic compunds (e.g. BCAA, ammonia, N-nitroso
compounds, phenols and hydrogen sulphide)

• an increase of endotoxemia, intestinal permeability and inflammation (due to 
increase in LPS and/or microbial DNA)



Modelli alimentari 
e microbiota intestinale



Intriguing associations between gut microbiota characteristics and consumption of 

stimulants or snacks and junk food 

• inverse relation of stimulant consumption with the prevalence of faecal S. 

aureus  more acidic stool pH, systemic antimicrobial activity of coffee and tea 

polyphenols against a wide range of pathogenic micro-organisms; 

• higher consumption of snack and junk food products was characterised by:

• increased counts of E. coli and suppressed presence of lactobacilli and 

butyrate-producing Firmicutes members  potential detrimental

inflammatory gut microbiota milieu;

• Increased faecal levels of the branched SCFA iso-valerate bacterial 

catabolism of animal protein;

• elevated amount of propionate in faeces increased dietary intake of 

propionate salts, common preservatives in the food industry;

• negative association of soda consumption with levels of A. muciniphila (mucin-

degrading bacterium)  possible beneficial effects against obesity and T2DM.





Microbiota coevolved with the diet of Burkina Faso (BF) individuals, allowing 
them to maximize the E intake from indigestible components, such as plant 
polysaccharides, by producing high levels of SCFAs that supply the host with 
an additional amount of energy. Given that enhanced ability to obtain 
energy-rich food is considered to be one factor that has driven human 
evolution.



Correlations between SCFA levels and diet 

[box plots showing abundance of soluble butanoate, propanoate and acetate in 

faecal samples of omnivore subjects grouped according to adherence to the MD 

(*p<0.05 and **p<0.01)]



• Compared to gluten-containing diet (GCD), gluten-free diet (GFD) affects the 
composition of gut microbiota and metabolome of healthy subjects.

• Probably due to lower content of dietary fibers and resistant starch of GFD, 
elimination of gluten containing cereals in healthy subjects drives to a modification of 
the composition and immunological properties of the intestinal microbiota. 

• lower level of healthy-related bacteria (mainly Bifidobacterium sp., Lactobacillus 
sp., F. prausnitzii) 

• higher number of potentially unhealthy bacteria (Enterobacteriaceae)

• Consequently, the exclusion of some cereals from GFD seems to drive to intestinal 
dysbiosis, together with modification of the immunological properties.



Microbiota intestinale & 
metabolismo dell’ospite



Microbial processing of food constituents 

• Products of microbial metabolism act as 
signalling molecules and influence the host’s 
metabolism. 

• Microbial products directly affect intestinal 
function but may also affect the liver and 
brain, as well as adipose and muscle tissue, 
which consequently may affect the level of 
obesity and the associated comorbidities 

• Microbial enzymatic activities can act directly 
on the fermentation of polysaccharides and 
bile-acid metabolism, or act in conjunction 
with the host on the metabolism of choline

The complex network of
communication between the GI tract
and brain encompasses the CNS, the
gut microbiota, the autonomic
nervous system, the enteric nervous
system, as well as the neuroimmune
and neuroendocrine systems .

The microbiota-brain-gut axis
communicates via humoural signaling
molecules, hormonal components in
addition to neuronal routes.



HORMONES & NEUROTRANSMITTER 

Gut microbes are influenced by hormones and neurotransmitters and in turn affect 

hormonal and neurotransmitter secretion:

• there are microbes producing dopamine, serotonin, norepinephrine, GABA and  

insulin;

• germ free (GF) mice, exhibited a 25% increased TSH level, but decreased plasma 

catecholamine and serotonin levels;

• leptin is associated with an increased abundance of Bifidobacterium and 

Lactobacillus and a decreased abundance of Bacteroides and Prevotella, while 

ghrelin shows inverse relationships;

• gut bacteria are thought to help regulate orexin release from neuroendocrine cells 

which in turn influences local neural communication in the gut as well as CNSus

functions of hunger signaling;

• microbiota depletion in germ-free mice impairs the thermogenic capacity of BAT

by blunting the increase in the expression of uncoupling protein 1 (UCP1) and 

reducing the browning process of WAT.



Multiple-sited impact of

gut microbiota on whole host  

metabolism. 

Gut microbes have been shown 

or proposed to have an impact 

on adipose tissue and liver fat 

storage, skeletal muscle energy 

metabolism, fat liver

metabolism and hepatic

steatosis, atherosclerosis and

cardiovascular diseases,

tissue lipid composition in the

retina lens, periodontitis,

behavior and motor activity, and 

enteroendocrine metabolism.



Microbiota intestinale 
& malattie dismetaboliche 

... ovvero il mai risolto dilemma: 
chi è nato prima, l'uovo o la gallina ?



Alterations to the composition 
and metabolic capacity of gut 
microbiota in obesity
promote adiposity and 
influence metabolic processes 
in peripheral organs, such as 
the control of satiety in the 
brain; the release of 
hormones from the gut 
(shown as PYY and GLP-1); 
and the synthesis, storage or 
metabolism of lipids in the 
adipose tissue, liver and 
muscle. 

Leptin regulates gut 
microbiota, through either its 
central effect or via the 
induction of obesity






