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The anecdote

Birth of Microbiology
Session of August 8th, 1857 at the Sience, Agriculture and Arts Society, Lille, France





Elías Metchnikoff (1845, Ucrania – 1916, France).

Inmunologist, microbiologist, physician.

Mobel Prize in Medicin 1908.

¨The regular intake of
fermented milks is associated
with an enhanced health state
and longer longevity. Aging is
due to putrefactive bacteria in
the gut, and can be delayed
by lactic acid¨



Why is it necessary to consume live bacteria?

Modern life gradually reduced our natural contact with
microbes…

4600 million years 

Earth

3600 million years

Bacteria

4 million years 

Australophithecus

200 000 years

Homo sapiens

Desinfectants Antiseptics Antibiotics
Urban life Pasteurization Western diet

https://www.onlinefarmacia.es/agua-oxigenada-acofar-p-266.html?osCsid=aiclsjm7n0l854c5b8kijl97v5


The effect of infections on susceptibility to autoimmune and allergic
diseases. Bach JF. N Engl J Med. 2002 Sep 19;347(12):911-20.

This review examines the evidence in support of the hygiene hypothesis and
offers a number of mechanisms that could explain the relation between
sanitary conditions and susceptibility to allergic and autoimmune diseases.



First come, first served: early colonization shape
the immune response of our gut (oral tolerance).



Milani et al. 2017, Microbiol Mol Biol Rev. 81(4)



Microbes put the gut immnune system
to work

Germ free mice Conventional mice



People that consume FF (> 5 times/week), when
removed from diet, a diminution in the phagocytic
activity and the concentration of SCFA is observed.
Restored activity when yoghurt or yoghurt with
probiotics are incorporated in the diet.



How many microbes do we get every day in our food?

The microbes we eat: abundance and taxonomy of microbes consumed in a day's
worth of meals for three diet types. Lang et al., Peer J. 2014 Dec 9;2:e659. doi:
10.7717/peerj.659.



of live microbes

1,000,000,000

A yoghurt every day provides





By the end of the last Ice Age (20,000-

12,000 years ago) milk was still

essentially a toxin to human adults.

As farming started to replace hunting and gathering in the

Middle East (11,000 years ago), cattle herders learned how to

reduce lactose to tolerable levels for adults by fermenting milk.



The mutation gave adults the ability to produce lactase

beyond childhood and drink milk. That adaptation

opened up a source of nutrition that could have

sustained communities when harvests failed.

A single nucleotide mutation 7500 years ago: a cytosine changed

to thymine in a genomic region not far from the lactase gene.



The trait of lactase persistence

emerged in the fertile plains of

Hungary.



Fermented milks evolved to different
varieties around the world



Diversity of microbes in the different fermented
milks

Animal containers

Plant containers



From artisanal fermented milks to commercial yoghurt

Streptococcus thermophilus

Lactobacillus bulgaricus

Lactobacillus plantarum

Lactobacillus acidophilus

Streptococcus thermophilus

Lactobacillus bulgaricus

Lactobacillus reuteri

Lactobacillus casei

Bifidobacterium

Lactococcus lactis

Leuconostoc mesenteroides

Lactobacillus rhamnosus

Selected cultures (1970)

probiotics



What is yoghurt?
What is fermentation?

Who ferments milk?
How is yoghurt produced?

What happens to milk
components?



Artículo 576 - (Resolución Conjunta SPRyRS y SAGPyA N° 33/2006 y N°
563/2006)

1) Definiciones: Se entiende por Leches Fermentadas los productos,
adicionados o no de otras sustancias alimenticias, obtenidos por
coagulación y disminución del pH de la leche o leche reconstituida,
adicionada o no de otros productos lácteos, por fermentación láctica
mediante la acción de cultivos de microorganismos específicos. Estos
microorganismos específicos deben ser viables, activos y abundantes en
el producto final durante su período de validez.

1.1) Se entiende por Yogur o Yoghurt o Iogurte, en adelante Yogur, el
producto incluido en la definición 1) cuya fermentación se realiza con
cultivos protosimbióticos de Lactobacillus delbrueckii subsp. bulgaricus y
Streptococcus salivarius subsp. thermophilus (fermentos) a los que en forma
complementaria pueden acompañar otras bacterias acidolácticas
(probióticos?) que, por su actividad, contribuyen a la determinación de las
características del producto terminado.

Argentinian Food Code



Lactic acid fermentation of milk
Metabolic process carried out by Streptococcus thermophilus and

Lactobacillus bulgaricus in pasteurized milk. Partial consumption of

certain milk nutrients, breakdown of proteins, increase of biomass (100-

1000 folds), production of bioactive metabolites y transformation of

reological (clotting, viscosity) and sensorial properties.

43°C , 4– 5 h

Lactose
Casein
106 CFU/mL

< Lactose, > peptides, lactic acid, bacteriocins,
aroma compounds, exopolysaccharydes.

108-9 CFU/mL



Protocooperation: unique symbiosis between S.

thermophilus and L. bulgaricus in milk.



How is yoghurt manufactured?

1) Mixture of ingredients (total solids).

2) Heat treatment and homogenization.

3) Inoculation of starters (S. thermophilus y 
L. bulgaricus).

4) Incubation 43°C for 4-5 h (↓pH).

5) Cooling and packaging.

6) Distribution to retailers.



What happens to milk components?

Some vitamins are consumed by LAB, mainly those of the B group.

However, there is are small changes in overall content.

Minor changes en mineral content: possible increased Ca

availability due to lower pH (high absorptive rate).

Lactose is hydrolized and sugars consumed (from 4.5% to 3-3.5%),

and further hydrolized during GIT transit (microbial lactase).

Antimicrobial agents produced: organic acids, hydrogen peroxide,

bacteriocins. Exopolysaccharides (inmmunomodulator).

Desnaturalization/Hydrolysis of allergenic proteins. Enhanced

digestibility of total protein. Release of bioactive peptides.



➢ Caseins harbor > 20.000 different peptides sequences.

➢ The OTS allows the entry of peptides < 11-18 aa.

➢ < 25% of the peptides released are used for growth.

Yoghurt is an important reservoire of 

bioactive peptides

Milk as a source of bioactive peptides

26



Multiple biological activity of milk peptides

27



Survival of LAB starter in the gut



PROBIOTICS

Live microorganisms which when

administered in adequate amounts

confer a health benefit on the host

(FAO/WHO, 2002).

ftp://ftp.fao.org/es/esn/food/wgreport2.pdf



Major species from where probiotic
strains come from:

Lactobacillus casei, L. paracasei, L. rhamnosus, L. 
acidophilus, L. gasseri, L. fermentum, …

Bifidobacterium lactis, B. longum, B. bifidum…

Less used in foods:
Saccharomyces boulardii
Bacillus coagulans, B. clausii



Three aspects to be considered…

Natural inhabitants of the GIT or naturally
present in artisanal fermented foods.

Lactobacilli and bifidobacteria can be
produced at large scale for their
incoorporation into foods.

They are safe (QPS-Europe, GRAS-USA).





From thepoint of view of the
technology of fermented milks

Starters: S. thermophilus and L. bulgaricus
transform milk into yoghurt (fermentation,
acidification, viscosity, hydrolisis, aroma).

Adjuncts: in general probiotics (L. casei, L.
rhamnosus, L. acidophilus, bifidobacteria) are
added before or after fermentation. They have
little or no participation during fermentation..



Is it the same to consume a probiotic
in a capsule or in a yoghurt?

Development of Fermented Milk Products Containing Probiotics. Claude P. Champagne. Dairy 
Microbiology and Biochemistry. Recent Developments (2015). CRC Press, Taylor and Francis.

4000x

60x



L. rhamnosus GG survival: 4000 higher than  the starters

Comparative survival of LGG and LAB 
starter in the gut



Control

Yoghurt

Bifidobacterium longum 51A

Yoghurt + B. longum 51A





Trans-galactosilation during fermentation

GOS



Commercial yogurts containing bifidobacteria showed higher

amounts of GOS (0.36–0.58%) than ready-to-drink yogurts

containing L. casei (0.29–0.44%) and traditional yogurts (0.22–

0.25%). Since GOS are recognised as prebiotic, information about

their content in fermented milks would help to estimate the potential

prebiotic activity of commercial products manufactured under

different conditions.



Understanding Metchnikoff to the

light of the knowledge today

(NGS, metagenomics).







Increaseof Odoribacter in aged-mice

Yoghurt prevent aging may delay
aging of the microbiota.



Are probiotics worth from an
economical point of view?

The cost-benefit issue



U$S 24/individual (30 days horizon), 
allowed U$S 518 saving/patient



Is it worth ? The cost-benefit issue

U$S 430 saving/patient





In France, the use of probiotics would avoid 2.4 millions
of common infections of the respiratory tract, 291.000
doses of atb and 581,000 days of absenteeism from
work. Saving 14.6 millions euros.





In Canada, the use of probiotics would avoid 573,000 to
2.3 millions of common infections of the respiratory
tract, 52,000 to 84,000 doses of atb and 330,000 to
500,000 days of absenteeism from work. Saving 1.3 to
8.9 millions eurosin Public Health and 61.2 to 99.7
millions euros in the Private Sector.





Nutri-economy

Potential economical and nutritional impact of the
intake of dairy products.

N° of hip fractures that could be avoided every year:

2023 in France, 129 millions euros
455 in Sweden, 34 millions euros
132 in Holland, 6 millions euros



Take-home messages…
1) We, Homo sapiens, have been living in contact with live bacteria

(mainly through food) for more than 99% of our existence.

2) The loss of contact (C-section, reduced lactation, excessive atb
and sanitization, western diet) led to an increase of autoimmune
and inflammatory diseases.

3) We need microbes to educate our immune system and to
keeping it working.

4) Yoghurt is one of the very few foods that are healthy and that
can provide large amount of friendly bacteria at the same time.

5) Fermentation changes milk composition for good. New
metabolites appear.

6) Probiotics can enhance the health impact of yoghurt itself.

7) Dairy products and probiotics may have a significant impact in
saving money in Public Health and in the Private Sector.
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Thank you !Thank you !




