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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.



FRESH PORK SAUSAGE

(CO, 30% - O, 70%), produced in the same plant
over 7 months

PN

Analyzed at

7°C

12 days the start and
at the end of
the shelf-life

7




EXPERIMENTAL DESIGN =

Fresh sausage processing - Workflow
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FRESH PORK SAUSAGE
RESULTS

Spoilage assessment

3 E samples out of 10 were still acceptable.
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Viable count, cfu/g

FRESH PORK SAUSAGE

RESULTS .
Culture-dependent enumerations
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FRESH PORK SAUSAGE
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RAPD-PCR isolates at the end of the shelf-life
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RESULTS

FRESH PORK SAUSAGE

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

Biotypes

01E
02E
03E
06E
07E
08E
09E

Erochotrix thermosphacta 6
Brochotrix thermosphacta 9
Carnobacterium divergens 12
Carnobacterium divergens 13
Carnobacteriim gallinarum 18
Carnobacterium gallinarum 19
Enterococeus faecaliz 20
Lactobacillis curvatus/graminis 24
Lactobaciling curvatis/oraminis 25
Lactobactllus sakei 28
Leticonostoc cariosum 32
Leuconastoc mesenteroides 37
Macrococcus caseolyiicis 41
Serratia liquefaciens 45

Serratia proteamaculans/orimesii 50

Serratia guinivorans 51
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A total of 792,402 quality-trimmed 16S rRNA gene sequences were
obtained from 20 samples. 2041 OTUs net of singletons were identit
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FRESH PORK SAUSAGE

pH, organic acids, and biogenic amines
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FRESH PORK SAUSAGE
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FRESH PORK SAUSAGE

RESULTS .
Conclusions

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

» The 16S rRNA gene profiing 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.




COOKED HAM
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EXPERIMENTAL DESIGN

Cooked ham processing - Workflow

| CULTURE DEPENDENT APPROACH
Af thee of delfvery [$and &) S —————

Az the end of the shelfLife (£)
e

BIOTYPES ANALYSIS

Incubotion Colonies selection (X 48)
’,I
. MRSAgar 7
we L
o 72

DNAextraction

PN

<7

RAPD-ACR S 2

“

s N PDA :
3 trays from s Homegenizingand (o S (reasts) s&ngl::;‘miu profiling
the same batch — 1:10 dilutions S _ vl . (tnszagenc) l Biotypes ‘
N~ e cheice
‘ Flate counting
Sensorial
| analysis
7N = 165 rDNA [Bacteria) ITS sequences (Yeasts)
DNA extraction ampiification amplification
from raw
sample l
METAGENOMIC -
ANALYSIS INDEPENDENT
APPROACH
i"umlna‘ \ aa.!lfaucvq.c,u_‘}a!.r! T€E
“':r';’;:; Lf;’:"' — COMPLEMENTARY Sequencing
(Mumina) = 1 INFORMATION FROM

DATA INTEGRATION

Ot B3 LN EDY
el BE1 A1 &
— s et 1es em
i hea EON EEZ EOW
OTU tables " "
2 Extimmation i -
generation p z Estimation
of microbial taxo 2 = :

diversity and of cultivabile stroins

[—E prevalence and Taxonomc

A
Qualitycheck L4 Jurti
anddata analysis s | '_{: < ki evolution tdentification
(QUIMEZ) 1 o (BLASTN)
—_—t

Phylogenetic
tree generation




=)
-
(b)
=
)
)
QO
7))
%)
@®
()]
(@)

IS
o
Q.

7))

)
—
-
D)
)
LL
o

= ngEAEAArIas) | o Al U & Al I
M oy fouss mog e ot st | ue
Joud usgpomng i
= uoywIofoom(]
v sofuofopyou] § a o M
O Avpmsqeny | & 7 [ R AT A S A
2% oB|2 Y H|gg|ee|gyld
poa(n
b | _
nogeaEAdraas) | fi R fi fi i fi 0 U
SYRELf[[NLEINOL ) v v v v v Moo
yoedusjong | (]
WOLELO[ 008 | o " i
LEL BV R B w ¥ W W
S L L T T I A I R ) [
woar |28 B BB E|EREEEEERIEYEE R




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 (R%=0.019).
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COOKED HAM

RESULTS o ApD-PCR isolates

19 species
(17 in Sand 9 in E)

7 genera B Weissella viridescens
Streptococcus oralis

: » 45% isolates (22 biotypes)
e Carnobacterium

e ENterococcus Streptococcus infantis . L.soak_ei. .

) Streptococcus australis 30% isolates (16 biotypes)
» Lactobacillus = Staphylococcus hominis L.carnosum.
* LeuconostoC g s.ohyiococcus epidermidis *  Other common species (<6%
 Staphylococcus . jeyconostoc rapi eacr'I 'one): L.curvatus/gran?/
« Stre PtOCOCCUS  m Leuconostoc mesenteroides WVIfId&SC&?S, E.faecalis/gilvi
 Weissella M Leuconostoc carnosum L.fuchuensis).

e Streptococci and Staphylococ

W Lactobacillus sakei ..
were limited to S samples.

B Lactobacillus fuchuensis

Yeast species _
W Lactobacillus curvatus
e Candida sake W Enterococcus raffinosus « The most common yeast i
. Cryptoc_oc_cus cgrvatus B Enterococcus pseudoavium was C.sake.
* Yarrowia lipolytica W Enterococcus gilvus

* Kazachstania servazzii g gnterococcus faecium

Enterococcus faecalis

B Carnobacterium sp.
B Carnobacterium maltaromaticum




COOKED HAM

RESULTS RAPD-PCR isolates

Producer 01 Producer 02
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RESULTS 16S rRNA gene profiling COOKED HAM

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

» 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_ine
approaches are consistent.
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