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Italian PDO cheeses
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Specificity and peculiar sensory characteristics of traditional 
cheeses are strictly related to milk quality and to the 

traditional cheese making processes, but also to the high 
level of biodiversity of the indigenous microbiota

Over the centuries the technologies of these cheeses have 
selected complex bacterial ecosystems accounting for 

more than 400 of species

Microbial diversity in milk provides diversity 
in cheese sensory characteristics



Biodiversity
“Variety of living organisms that coexist and 
interact within the same environment”.
(1988 - Edward O. Wilson)

Morelli, 2017

MILLIONS OF MICROORGANISMS IN EACH GRAM



Differents factors are involved in microbial
quality of raw milk

• Environment (stable and the milking
parlour)

• Teat skin
• Hygienic conditions of livestock
• Feed (corn silages and herbage 

silages, pasture, hay….)
• Milking practices
• Storage conditions

MICROBIAL BIODIVERSITY STARTS AT FARM LEVEL



MICROBIAL BIODIVERSITY IN MILK

A CB

Microbial relative abundances at genus level for 16 milk samples from 3 different farms 
similar for herd composition and management

EACH FARM POSSESSES ITS OWN MICROBIAL BIODIVERSITY!

A CB



MICROBIAL BIODIVERSITY



MILK ENVIRONMENTSTARTER

ORIGIN OF CHEESE MICROBIAL BIODIVERSITY 



Raw milk cheese Pasteurized milk cheese

BIODIVERSITY OF THE MICROBIOTA



THE LEADING ACTOR: LACTIC ACID BACTERIA

UP TO NOW  evaluated on technological basis

• LAB provide the fast acidification of the milk through the production 
of organic acids mainly lactic acid

• They produce also acetic acid, ethanol, and aromatic compounds

• They can have and proteolytic and lipolytic activity

• Exopolysaccharides (EPS) produced naturally by LAB have the ability to 
bind water, interact with proteins, and to increase the viscosity of the 
medium

• They can produce CO2 contributing to eyes formation



• These bacteria possess inherent, functional properties, aiming 
at improving the quality of the end product by offering 
technological, sensory, safety, nutritional and health 
advantages

• Multifunctional strains are present in complex microbial 
populations and in particular in raw milk fermented products

More recently….
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Acidifying activity

Redox activity

Proteolytic activity

Lipolytic activity

CO2 production

Aroma production

TECHNOLOGICAL CHARACTERIZATION



FIRST EVIDENCE

METABOLIC ACTIVITIES ARE SPECIES DEPENDENT

METABOLIC ACTIVITIES ARE STRAIN DEPENDENT



PRODUCTION OF AROMATIC COMPOUNDS

et
ha

no
l

di
ac

et
yl

2-
no

na
no

ne

2-
he

pt
an

on
e

2-
3-

4-
5 

te
tr

ah
yd

ro
 p

yr
id

az
in

e

ac
et

ic
 a

ci
d

ac
et

oi
n

bu
ty

ri
c 

ac
id

2-
un

de
ca

no
ne

ca
pr

on
ic

ac
id

ca
pr

ili
c 

ac
id

ca
pr

ic
 a

ci
d

be
nz

oi
c 

ac
id

SPME  extraction



Enterococcus Lactobacillus

Leuconostoc Streptococcus

Lactococcus

diacetyl acetoin 3-methyl-1-butanol 3-methylbutanal acetic acid



Lu13
Lu14

Lu15

Lu16

Lu20

Lu21
Lu24/X

Lu41
Lu42

Lu46

Lactococcus lactis subsp. lactis

diacetyl acetoin 3-methyl-1-butanol 3-methylbutanal acetic acid



Ingestion of fermented dairy products can 
exert health promoting activities

Linares et al. (2017). 

Beneficial bacteria present in cheese can exert beneficial effects



PROBIOTICS

According to the Food and Agricultural Organization/World 
Health Organization probiotics are 

– live microorganisms that, when supplied in adequate amounts, may 
confer a health benefit on the host (FAO/WHO, 2006). 

– the vitality and viability at high cell densities (at least 107 cfu g-1 of 
end product) is an essential requirement for probiotics (EFSA 2010; 
Health Canada 2009)

– Adhesion to the intestinal surface and the subsequent colonization 
of the human gastro-intestinal tract are further, important 
prerequisite for probiotic action



FUNCTIONAL

Functional Foods: whole foods and fortified, enriched, or 
enhanced food including dietary components, that may reduce 
the risk of chronic disease and provide a health and physiological 
benefit

Functional microorganisms and health benefits:

–direct interactions of ingested live microorganisms with the 
host (probiotic effect)

– ingestion of microbial metabolites synthesized during 
fermentation (biogenic effect) 

There is consistent evidence to support the immunoregulatory 
activity of dead probiotic cells, intact or broken.



FUNCTIONAL PROPERTIES

Ghosh et al. 2019



MICROBIAL DIVERSITY TO COMBAT PATHOGENS
Against…

Pathogenic bacteria
Listeria monocytogenes
Staphylococcus aureus
Bacillus cereus
Escherichia coli

Spoilage bacteria
Clostridium spp. 
Pseudomonas spp.

Yeasts
Moulds



GABA (γ-Aminobutyric acid)
neurotransmission, 
induction of hypotension,
regulation of depression, sleeplessness, 
autonomic disorders 
prevention of diabetic conditions, 
stimulation of immune cells

Folate 
protective properties against:
megaloblastic anaemia, neurological
disturbances, neural tube defects, and 
other congenital malformations
cardiovascular diseases
several types of cancer

Functional peptides
Antihypertensive peptides 
Antioxidative peptides
Immune system affecting peptides

LAB CAN ENRICH CHEESE WITH BIOACTIVE 
COMPOUNDS PROMOTING HUMAN HEALTH

CLA (conjugated linoleic acid)
immune function with antilipogenic, 
antidiabetic, 
antiatherosclerotic
anticarcinogenic effects 

EPS (exopolysaccharides)
Prebiotics
antitumour effects
cholesterol level, 
blood pressure,
blood glucose
Immunostimulating activity

Oligosaccharides
Prebiotic effect: on calcium absorption and bone 
health, 
modulation of the human gut microbiota,
Immunomodulatory effect



BIOACTIVE COUMPOUNDS ARE PRODUCED 
DURING RIPENING

Cheese is a biologically and biochemically dynamic system in which bioactive
compounds are being constantly released

Several sudies have reported that the level of bioactive compounds in cheese is
dependent on ripening time

Aged cheeses are richer in bioactive molecules



Brasca, M., et al. (2016). Proteolytic activity and production of γ-aminobutyric acid by Streptococcus thermophilus 
cultivated in microfiltered pasteurized milk.
Journal of agricultural and food chemistry, 64(45), 8604-8614.

Production of γ-aminobutyric acid by wild 
strains of St. thermophilus in milk

Positive strains: 20 out of 191 
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Production of folate by 70  wild LAB strains in 
cultural medium

Positive strains: 47 out of 70 



Cholesterol reduction
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Positive strains: 26 out of 58 provided a reduction 



Cholesterol content in cheeses produced with 
cholesterol lowering LAB strains during ripening

30 days 60 days

mg /100g fat mg /100g fat P
Control_1 191.2 ± 1.7b 180.3 ± 2.2a ns
Lb. plantarum VS 166 168.4 ± 0.5a (12%) 170.7 ± 1.1a (5%) ns

Control_2 230.1 ± 13.1c 209.0 ± 12.0c **
Lb. plantarum VS 513 182.8 ± 0.8a (21%) 190.4 ± 0.1b (9%) ns
Lb. casei VC 199 193.2 ± 1.1a (16%) 187.3 ± 0.3b (10%) ns
Lb. paracasei subsp. paracasei SE 160 210.2 ± 0.8 b (9%) 186.5 ± 1.2 b (11%) ***
Lb. paracasei subsp. paracasei VC 213 187.9 ± 0.6a (18%) 174.7 ± 2.9a (16%) ns

Control_3 310.2 ± 2.7c 258.2 ± 8.1c ***
E. lactis BT 161 269.7 ± 0.3b (13%) 199.8 ± 1.0a (23%) ***
E. faecium VC 223 256.7 ± 2.4a (17%) 225.6 ± 0.6b (13%) ***

Strains able to reduce cholesterol in cheese were present in different cheeses



The model shows that some cheese can reduce significantly
CH levels and improve the antioxidant capacity

Health effects associated with consumption of 
cheese



Health effects associated with 
consumption of ripened cheese

The  use of animal and clinical studies indicates that consumption 
of cheese may contribute to reduced incidence of cardiovascular 
risk factors and other diseases



• Cheese represents an excellent natural and clean-labelled delivery system 
for functional microorganisms inclusion in the diet 

• Raw milk cheeses are a natural source of wide microbial biodiversity

• LAB strains with functional properties are naturally present in raw milk
cheeses

• Potential human health benefits associated with the consumption of 
traditional cheeses have been reported

• The results invite new studies on raw milk cheeses microbiome and  the 
beneficial impact of cheese consumption on health

Take home message


