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 The work focuses on the study of the microbiota of cooked 
ham and fresh sausage in MAP. 

 
 A further understanding of the evolution of the endogenous 
microbiota of meat products during the shelf-life is a critical point 
to prevent premature spoilage and meet both safety and 
preservation standards. 
 
 An exhaustive overview about bacteria taxa other than LAB 
(Lactic Acid Bacteria) is still missing. 
 
In this context, the research work investigates both the 
microbiological and chemical aspects of the products, combining 
culture-dependent and independent approaches. 
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FRESH PORK SAUSAGE
 

 

10 lots 

7°C Analyzed at 
the start and 
at the end of 
the shelf-life 

 
S
  

(CO2 30% - O2 70%), produced in the same plant  
over 7 months 

12 days 



 
   
 
 
 
 

  
 
  
 
  
 
 
 
 

 

 

  



RESULTS 

 
   
 
 
 
 

  
 
  
 
  
 
 
 
 

 

  

Spoilage assessment 

3 E samples out of 10 were still acceptable. 

FRESH PORK SAUSAGE
 



RESULTS 

 
   
 
 
 
 

  
 
  
 
  
 
 
 
 

 

  

Culture-dependent enumerations 

S E 

PCA 4.7 ± 0.6 6.6 ± 0.8 

MRS 3.7 ± 0.5 8.1 ± 1.0 

BPA 3.7 ± 0.5 5.5 ± 1.5 

MAC 3.0 ± 0.4 4.8 ± 1.6 

CET 1.7 ± 0.3 3.0 ± 0.7 

On average, bacterial 
counts (log10 cfu/g) 

increased as follows: 

FRESH PORK SAUSAGE
 

P < 0.01  
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RAPD-PCR isolates at the end of the shelf-life 

 
   
                            

FRESH PORK SAUSAGE
 



RESULTS 

 

  

RAPD-PCR isolates at the end of the shelf-life 

 
   
                            

FRESH PORK SAUSAGE
 



RESULTS 

 

  

16S rRNA gene profiling 

A total of 792,402 quality-trimmed 16S rRNA gene sequences were  
obtained from 20 samples. 2041 OTUs net of singletons were identified. 

α-diversity β-diversity (Weighted UniFrac) 

PCoA plot 
 
 
  S samples  
  E samples 

FRESH PORK SAUSAGE
 

P < 0.05  



 

  

 
 
                            



RESULTS 

 

  

pH, organic acids, and biogenic amines 

 
 
                            

FRESH PORK SAUSAGE
 

P < 0.01  P < 0.01  
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VOCs 

 
 
                            

FRESH PORK SAUSAGE
 



RESULTS 

 

  

Conclusions 

 
 
                            

 Data obtained using both cultural and not cultural methods 
are consistent.  

 
 The 16S rRNA gene profiling revealed that initial 
microbiota was mainly composed of bacteria associated to 
the gut of slaughtered pigs (Firmicutes and Bacteroidetes). In 
E samples, although the presence of oxygen in MAP, 
facultative anaerobes such as Brochothrix and 
microaerophilic LAB dominated other taxa. 

 
 The isolation and identification of cultivable strains 
highlighted the presence of a core microbiota recurrent in the 
different batches, suggesting a cross contamination of the 
meat within the production facility. 
 

 
 

 
 

FRESH PORK SAUSAGE
 



 
   
 
 
 
 

  
 
  
 
  
 
 
 
 

 

19 lots 

14 lots delivered 
at packaging 

5 rejected 

7°C Analyzed at 
the start and 
at the end of 
the shelf-life 

 
S
  

R 

COOKED HAM
 

(N2 :CO2 80:20 – 50:50) 
 with no O2 

 
from 10 producers  

in 6 European countries 

(Analyzed on 
average 30 
days after 

production) 

(Analyzed on 
average 30 
days after 

production) 

(Analyzed on 
average 5 
days after 

production) 



 
   
 
 
 
 
 
 
 
 

  



 
   
 
 
 
 
 
 
 
 

RESULTS 

Spoilage assessment 

COOKED HAM 



 
   
 
 
 
 
 
 
 
 

RESULTS 
Culture-dependent enumeration and pH 

No relationship could be established between the LAB charge in S samples and  
the days elapsed from the date of packaging (R2=0.019).  
 
 

COOKED HAM 

S E R 

MRS 2.9 ± 1.4 7.7 ± 0.8 7.7 ±0.9 

PDA - 3.6 ± 1.9 

MRS 
 
 

On average, bacterial 
counts (log10 cfu/g) 

increased as follows: 

S E R 

6.26 ± 0.28 5.74 ± 0.30 5.65 ± 0.20 

pH 



 
   
 
 
 
 
 
 
 
 

 
 
7 genera 

• 45% isolates (22 biotypes) 
L.sakei. 

• 30% isolates (16 biotypes) 
L.carnosum. 

• Other common species (<6% 
each one): L.curvatus/graminis , 
W.viridescens, E.faecalis/gilvus, 
L.fuchuensis). 

• Streptococci and Staphylococci 
were limited to S samples. 
 

 
• The most common yeast isolate 

was C.sake. 
 
       
 
 

 

RESULTS RAPD-PCR isolates 

COOKED HAM 

• Carnobacterium 
• Enterococcus 
• Lactobacillus 
• Leuconostoc  
• Staphylococcus 
• Streptococcus 
• Weissella 

19 species  
(17 in S and 9 in E) 

 
 
Yeast species 
 
• Candida sake 
• Cryptococcus curvatus 
• Yarrowia lipolytica 
• Kazachstania servazzii 

 



 
   
 
 
 
 
 
 
 
 

RESULTS RAPD-PCR isolates 

COOKED HAM 



RESULTS 

 

  

16S rRNA gene profiling 

α-diversity 

β-diversity (Weighted UniFrac) 

COOKED HAM 

A total of 415,225 quality-trimmed 16S rRNA gene sequences were 
obtained, clustered into 828 bacterial OTUs.  
 
   

S    samples 
EG samples 
EB  samples  
R    samples 





RESULTS VOCs 

COOKED HAM 



RESULTS 
Conclusions 

 
 This paper provides new knowledge on evolution of CH 
microbiota.  
 
 LAB dominated the microbiota, coherently with literature 
data, especially L.sakei and L. carnosum, which are here 
confirmed as relevant in lots from different countries.  

 
The microbiota of EG and EB samples didn’t show specific 
taxon that could be surely associated to spoilage, suggesting 
that it may be due to strain specificity or subdominant bacterial 
groups. 

 
 Consistently, it was not possible to associate specific 
patterns of VOCs to peculiar microbial groups or taxa. 

 
 Data resulting from the culture dependent and independent 
approaches are consistent. 
 
 

COOKED HAM 



 
The research works were published 

in the International Journal of Food Microbiology 
 
 
 

 
   
 
 
 
 
 
 
 
 



 
 

Thanks for your 
attention 
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