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European food products enjoying a 
“recognition of quality” in 2018 

protected designation of origin (PDO) 
 

protected geographical indication (PGI) 

traditional specialty guaranteed (TSG) 

Source: Rapporto ISMEA-Qualivita 2018 



PDO, PGI and TSG foods in Europe (2018) 

17% cheeses 
 

Source: Rapporto ISMEA-Qualivita 2018 



PDO, PGI and TSG foods in Italy (2018) 

Source: Rapporto ISMEA-Qualivita 2018 



Producers of PDO, PGI and TSG foods in Italy 
(2018) 

Source: Rapporto ISMEA-Qualivita 2018 



Traditional PDO cheeses produced in     
South Italy 

Only 13 PDO cheeses 

Pecorino Siciliano 

Pecorino Sardo 

Pecorino Romano 

Provolone del monaco 
Pecorino di Filiano 

Pecorino Crotonese 

Canestrato Pugliese 



Traditional PDO cheeses produced in Sicily 

Vastedda della valle del Belìce  

Pecorino Siciliano Piacentinu Ennese 

Ragusano 

4 PODs 



Traditional cheese making in Sicily 

A food is considered traditional when an age-old process 
handed down from the past is applied  (Settanni and Moschetti 2014, 
Trends Food Sci Technol) 

raw milk animal rennet paste wooden vat 

Without starter addition! 



bacteria yeasts moulds viruses 

Cheese associated microorganisms  

Aggregate of casein micelles forming a gel 
containing all solid components of milk 

 
 
 

MICROORGANISMS are trapped 



Evolution of LACTIC ACID BACTERIA 
during cheese production 

LAB may play different roles in cheese-making:  
 - starter LAB (SLAB) perform the fermentation process 
 - non starter LAB (NSLAB) are implicated in the ripening (Settanni and 
Moschetti, 2010, Food Microbiol).  

fermentation ripening 

days ……years 



Sources of microbial contamination of 
traditional Sicilian cheeses 

Franciosi et al., 2009, Int Dairy J 
Franciosi et al., 2011, World J 
Microbiol Biotechnol 

Licitra et al., 2007, Appl 
Environ Microbiol 
Lortal et al., 2009, Int J 
Food Microbiol 
Settanni et al . , 2012, 
International Journal of Food 
Microbiology 
Scatassa et al., 2015, Food 
Microbiol. 

Cruciata et al., 2014, 
Applied and Environmental 
Microbiology 

LACTIC ACID BACTERIA 



Legislation regarding the use od wooden 
equipment in cheese making 

•  The Commission Regulation (EC) No 2074/2005 allows 
derogation from Regulation (EC) No 852/2004 for foods 
with traditional characteristics “as regards the type of 
materials of which the instruments and the equipment used 
specifically for the preparation, packaging and wrapping of 
these products are made”  

•  Regarding the materials in contact with cheese, the rule CE 
n. 1935/2004 reports the “principle of no contamination”  

•  However, no limitations to the use of wooden equipment 
are specifically indicated 

•  Italy (especially Sicily) and France take advantages of this 
derogation 



Wooden equipment in traditional cheese 
making 

A BIOFILM is an "aggregate of 
microorganisms in which cells that 
are frequently embedded within a 
s e l f - p r o d u c e d m a t r i x o f 
extracellular polymeric substance 
(EPS) adhere to each other and/or 
to a surface" (Vert et al., 2012 Pure 
Appl Chem)  



Roles of wooden vat biofilms 

• do they produce enough actic acid 
product ion and par tecipate to the 
acidification of curd? 

 
• i n h i b i t m o s t o f t h e u n d e s i r e d 
microorganisms? 

 
• ensure high aromatic complexity and almost 
constant organoleptic characteristics over 
time? 



Microbiological characterization of wooden 
vats used in cheese making in Western Sicily 

Didienne et al., 2012. Int J Food Microbiol 156:91–101 

Biofilm collection 

Scatassa et al., 2015. Food Microbiol 52:31–41 



Microbiological counts of LAB 

Wooden vat 
biofilms 

Bulk milk after 5 
min contact 

Bulk milk at arrival 
in dairy farms 



The levels of milk lactic acid bacteria are consistently 
influenced by wooden vat biofilms when their levels at 
arrival to the dairy farms are lower than 6 Log CFU/mL 

Effects of wooden vat biofilms on milk 
microbiology 



Microbiological counts of undesired groups 

Staphylococcus aureus, L. monocytogenes and 
Salmonella spp.  

 
 

not detected 



LAB biodiversity 

85 strains 
16 species 
6 genera 

High 
biodiversity of 
Enterococcus 

Lactobacillus 

Streptococcus 

Pediococcus 



Role of wooden vat starter LAB 

versus 

Traditional 
production without 

commercial 
STARTERS 

Standard 
production with 

commercial 
STARTERS 

The same RAW bulk milk in 
both productions  



Persistence and dominance of wooden vat 
SLAB 

Settanni et al., 2012. Int. J. Food Microbiol 155: 73–81 



Role of wooden vat non starter LAB 

Persistence of Enterococcus faecalis of wooden vat 
origin in cheese until 120 days of ripening  

Di Grigoli et al., 2015. Food Microbiol 46: 81–91 



Contribution of wooden vat biofilms to cheese 
aroma 

Wooden vat LAB in cheese based 
medium and their correlation with 

ripened cheese 

Sgarbi, et al. 2013. J Dairy Sci 96: 4223-4234 



Contribution of wooden vat biofilms to cheese 
aroma 

Guarrasi et al., 2017. Int. J. Food Microbiol 259: 35–42 



Characterization of dairy enterococci isolated 
along the entire cheese making chains 

Enterococci are responsible of several typicality 
traits of traditional cheeses (Folquié-Moreno et al., 
2006) 

Enterococci are also responsible for some health 
concerns due to their virulence. Furthermore, they 
can transfer antibiotic resistance genes 

No nosocomial infection due to the consumption of 
dairy products containing enterococci has been 
registered  



Origin of dairy Sicilian enterococci 

Fresh and ripened cheeses, raw milk, rennet 
pastes, wooden vat surfaces 



Grouping based on the antibiotic resistance 
and virulence 

Gaglio et al. 2016. Int. J. Food Microbiol 236: 107–114 



CTR SLAB 

Previous day acidifed 
whey (60 L) 

NWSC (60 L) 

Ad hoc biofilm activation 
Pre-Activation 
all four vats were treated daily with hot 
water (75 to 80°C) for 30 days, in order to 
remove the tannin components 

Activation 
•  Control vat: addition of previous day 

(acidified) whey  
•  Experimental vat: addition of a natural 

whey starter culture prepared with 3 
selected Lactococcus lactis subsp. cremoris 

Controlled conditions:  
Istituto Zooprofilattico 

PILOT PLANT 

Cheese factory conditions:  

DAIRY FARM 



Analysis of biofilms - Scanning Electron Microscopy 
SEM: rectangular (50 × 
35 mm) wood splinters 
(1- to 2-mm thickness) 

………….after overnight contact 

   Virgin vat               Control vat         Experimental vat    
Cruciata et al. 2016. Appl. Environ. Microbiol 82: 585–595 



Genotypic diversity of cheese LAB 

44 strains 

Lactococcus lactis subsp. 
cremoris 



In order to verify the inhibitory action exerted by 
compounds released by wood, the water extracts 
collected during the treatment with hot water were 
tested against the four pathogens 

Salmonella spp., L. monocytogenes,  E. coli e CPS 

NEGATIVE 

Absence of pathogenic bacteria in wooden 
vat biofilms 

……….…probably because the vats were new? 



Artificial contamination tests 

•  Four new (virgin) chestnut wooden vats were activated with 
previous day whey 

•  All vats were filled with pasteurised milk  
•  After 15 min, two vats were artificially contaminated with a cocktail 

of the four main dairy pathogenic bacteria (103 CFU/ml for E. coli 
O157 ATCC 35150 and S. aureus ATCC 33862, and 30 CFU/ml for L. 
monocytogenes ATCC 7644 and S. enteritidis ATCC 13076) 

 

BA C

control experimental 



LAB biofilms were able to inhibit the 
adhesion of the 4 pathogenic bacteria 

Artificial contamination tests 

Gaglio et al. 2018. Appl. Environ. Microbiol 84: e02107-17 



Influence of different woods on cheese 



Influence of different woods on cheese 

1.  Calabrian chestnut 2. Sicilian chestnut 3. Cedar 4. Cherry 

5. Ash 6. Walnut 7.  Black Pine 8. Poplar 

Before activation (No conctact with WHEY) 



Influence of different woods on cheese 

After activation (conctact with WHEY) 
1.  Calabrian chestnut 2. Sicilian chestnut 3. Cedar 4. Cherry 

5. Ash 6. Walnut 7.  Black Pine 8. Poplar 



Influence of different woods on cheese 
Culture-dependent analysis 

Culture-independent analysis 



Influence of different woods on cheese 

Gaglio et al. 2019. Int. J. Food Microbiol 291: 91-103 



Conclusions 

Ø Wooden vat biofilms host both SLAB and NSLAB 
Ø Enterococci denied of risk factors are often present 

at dominanting levels over undesired strains 
Ø The development of ad hoc biofilms with selected 

strains on «virgin» wooden vats determined the 
microbial stabilization of the final cheeses 

Ø Wooden vats are safe systems and determine 
a self-containment of the cheese making 
spoilage risks 

Use of wooden equipments in 
other Countries      



Agricultural Microbiology group – Dip. SAAF, 
University of Palermo 
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