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comply with several technological pre-requisites such as mechanical dur ...



Finanziato Ministero

dall'Unione europea dell’Universita aliadomani SUS'M"iRl.lT

NextGenerationEU e dElIa Ricerca D1 RIPRESA £ RESILIENZA

ISAPP Definitions for «Biotic» "’;’;;jj;‘_f’

International Scientific Association in probiotics, prebiotics, synbiotics, postbiotics and fermented
for PROBIOTICS and PREBIOTICS

° G o ISAPP  Aovanane scientiric excerience o
%% @

foods

1. Probiotic «Livemicrorganismavhich, when administeredin adequateamounts, confer health benefit on
theK2 a0 ¢

Prebiotic «Asubstratethat is selectivelyutilized by host microrganism&onferringa health benefit»
Synbiotic «a mixture comprising live microrganisms and substrate(s) selectively utilized host
microorganismshat confersa health benefit on the host»

4. Postbiotic «Preparationof inanimatemicrorganismsand/or their componentsthat confersa health benefit

onthe host»
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M i CrObes are eve rywhe = Microbial communities are essential Small numbers of potentially harmful

for food chain health, for food security microbes are a natural part of these

in the food system and climate change mitigation. communities.

The main challenges

Soil Microbes on food

. Soil microbial communities differ: Anim‘j'ls and disease Foods like yoghurt and sauerkraut
. fungi form spider webs in the soil Potentially harmful microbes are rich in beneficial bacteria that
' toconnect plants, bacteria are are often part of the natural outnumber those microbes which

near plant roots.

host microbial community and . . .
atockuhenimmuntylwedk. | oo e chemused o resdand b Producingmore and at the same

Aquatic animals ; 5
The animal food chain may also

cF(i]sgrt;i:eﬁr;;isctrg:tial ::3::, Plants spread anti-microbial resistances. H 1 1 1
Kokt il UL Mobesareonand time improving agricultural

4

i/ in plants, supporting
plant health.

practices to reduce
environmental impact,

Humans

% A H h beneficial
Microbes inphytoplankton e e g efficiently using scarce natural

gut bacteria is influenced by

the food we eat. resources

Humans and disease
Microbial infections are

St anddeae ' ey b —me ] W oo e Microbiomes found everywhere

accumulateinsheilﬁﬁi?‘lds \ Y ‘ﬁ_ ; e .
throughout the entire food

system

cause food poisoning.

Microbes in foods
‘Wrong food storage causes

food to go rotten as moulds Food waste

Single celled algae take over the microbial Rotting of food means

Single-cellad slga community. These microbes r‘mﬁs re‘;;':: fo;)d -
are afood source for us. » Plants and disease Animals often cause food poisoning. C'Zn be ::::ased hl;:kniﬁtas
Agriculture Some microbes can Animals have microbial the environment.
Some bacteria help crop cause plant disease and communities that are
growth and defend plants food losses, in the right supportive of the animal's
against diseases. environment. health.

e
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MICROORGANISMS and their NATURAL ENVIRONMENT

In nature, cells live in association with other cells

v

POPULATIONS

NUMEROUS ORGANISMS OF THE SAME SPECIES
Composed of groups of cells that derive from successive cell divisions starting from a single parental cell

A habitat is defined as the place where a microbial population lives

!

MICROBIAL CONSORTIUM

Several populations that occupy the same habitat and are metabolically related
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MICROBIAL COMMUNITIES

o .’.“h'

They are made up of different microbial populations (consortia) that interact with each other in a

given environment .

The components and the number of cells that make up a microbial community depend on the
resources and conditions present in that particular habitat

ECOSYSTEM

IS made up of living organisms together with the chemical and physical constituents of the
environment of which they are part

Over time, an ECOSYSTEM gradually changes, both CHEMICALLY and PHYSICALLY through microbial
transformations of nutrients



Finanziato Ministero : : Vi
- dall'Unione europea dell’Universita [taliadomani SUS-MIRRLIT
MextGenerationEU oa dE"a Hil:erl:a IR editiEnza

Food microbial ecosystem

The increasingfocus on packagedand ready-to-eat products has enhancedthe risks associatedwith foodborne illness, demandingthe
developmentof innovative and eco-friendly antibiofilm solutionsandadvancedmicrobiologicalmonitoring systems

Food Natural
microbial antimicrobial

ecosystem compounds

Active
Packaging

Food waste Improvement

Quality _reduction and of quality and
Safety improvement of shelf -life
Sustainability organoleptic

Consumer haracteristics

approval
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Microbial Biofilm

A biofilm is an aggregate of associated microbial cells to a surface and embedded in
a polymer matrix extracellular produced by them.

Once a biofilm has formed and the
exopolysaccharide matrix is was secreted by
the sessile cells, the resulting structure is

highly viscoelastic with characteristics  of
rubbery material
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Caracteristic of the biofilm

Microbial biofilms exhibit :

[J a distinct phenotype

[J] a gene transcription

[ a growth rate different from microorganisms in
planktonic form.

Biofilms develop specific mechanisms :

[J for initial adhesion to the surface ,

[ for development in structured communities,
therefore small ecosystems microbial ,

[J and for detachment from the substrate .
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Carvacrol, or cymophenol, Whv Carvacrol ?
CoH(CH:)OH)C3H, y |

IS @ monoterpenoid phenol.

o A N ©

C | has th ity to selectivel ” s i

arvacrol has the capacity to selectively @ - * o
target biofilm-signaling pathways that )% ‘-".r,'gé’:'ﬁ&* i
regu Iate quoru m se nS| ng (QS) ’ “Immunomodulation \ { Antiviral effect
extracellular polymeric substance (EPS) I
synthesis, biofilm-related ene

y J 3@%

p—

‘4 Tissue protection \

Despite the potential, wider adoption in |
the food industry is limited due to the '

expression, microbial motility, adhesion,
and dispersion.

**m

L Neuroprotection ‘

Carvacrol

. . ay \"‘ &
characteristics (e.g. volatility and strong =/ ye ([
. ‘\ﬂ ) QU RS
aromas) of EOs and their components, wi . ! |
which can be addressed through advanced | , -5 _
\ Anticarcinogenic \ | Antibacterial 1 [ Antifungal J

techniques (e.g. encapsulation, spray

driini‘ and solid Iiiid nanoiarticles‘
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MICROORGANISMS INVOLVED IN THE PRODUCTION OF BIOACTIVE COMPOUNDS:
lactic acid bacteria and their multifunctional role in foods

PROBIOTICS

DIFIDOBACTERIUM — LACTORACILLUS Lacrococcus

LACTIC ACID BACTERIA

L7 /- & Food fermentations Alteration
j 4 \ \ / i .
STARTER CULTURES Unwanted changes in
Ensure the technological food products
STREPTOCOCCUS It of th d tg P
THERMOPHILUS ENTEROCOCCUS —— (ICETOBACTERIUM result of the production
process
& = @ ‘. ) -\ : : : :
. - Oy ‘;»‘ Biological conservation Diseases
L B o® Stock """" | PROTECTIVE CULTURES Some strains are
itiudrios Control of undesirable potential opportunistic
PROPIONIBACTERIUM PEDIOCOCCUS SACCHAROMYCES microorganisms pathogens in some
) o . clinical infections
SN r“‘ - \ Probiotic
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Why Lactic Acid Bacteria?

PROB|OT|C A feasibleapproachto reducingthis natural compoundconcentrationcould be the combination
i\ with other natural solutions Lacticacidbacteria(LAB)epresentone of the promisingpossibilities
@0 for the natural control of biofilms,composedof highantimicrobialresistanceand associatedisks

w for foodbornediseasespread

=

Pathogens and spoilage
microorganisms

the main responsible for their antagonistic activity
against pathogens, by acidifying intracellular pH, and

generatingan unfavourablelocal microenvironmentfor
pathogenicbacteria

Probiotic

\w v
Organicacidssynthesissuchaslacticand aceticacids,is ’ &
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A CASE STUDY: Lactiplantibacillus  plantarum
monolayer enhanced Dbactericidal action of
carvacrol : biofilm inhibition of viable foodborne
pathogens and spoilage microorganisms

This study aims to investigatethe in vitro efficacy of combined
effect of carvacrol and a pre-formed biofilm monolayer of the
probiotic Lactiplantibacillus plantarum DSM 20174 on both
planktonicand sessilecellsof food pathogenicand spoilagestrains
usingculture-basedand flow-cytometryapproaches
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Experimental Set -up

Single Treatment

Carvacrol effect on E. coli ATCC 25922,
P, fluorescens ATCC 13525, L. monocytogenes 56 LY

carvacrol
( 50-100-250-500 ppm)

Combined Treatment

Pre-formed L. plantarum biofilm combined with carvacrol:
effect on E. coli ATCC 25922, P, fluorescens ATCC 13525,
L. monocytogenes 56 LY

carvacrol
(100-250 ppm)

Il-llizi

5

Culture-based methods
R ' T

110

/\! 24 h of incubation

Crystal violet assay

Flow cytometry
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=& 0 ppm
@8 50 ppm
=3 100 ppm
&5 250 ppm
500 ppm

Planktoniccells Thehighestcarvacrolconcentrationtested
(500 ppm) promoted a total loss of cultivability.
Neverthelessthe FCMresults showedthat after carvacrol
500 ppm treatment, 42% of the cell population was still
viable despitewith no further ability to replicateon culture ¢
media, suggestingcells transition into the VBNC state
treatment-induced

—— Planktonic cells
- Sessile cells

Concentration [ppm]

100 ppm 250 ppm 500 ppm

Pl - Fluorescence H

Sessilecells L p. sessilefraction was less sensitive to e
carvacrol antimicrobial treatment, even at higher P
concentrations e

- Fluorescence H

$YTO24 - Fluorescence H

Poscente et al. 2023, Frontiers in Microbiologlfood Microbiology
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Carvacrol effect on E. coli, P. fluorescens, and L. monocytogenes
planktonic cells

A
[ 1 [ 1 [ 1
- e 0 ppm : g
E 500 ppm B
2 »
S §
R, =
- N
coli ATCC 2! ~“. PIrescens ACC525 noc Ol e@ c §
2 g g ytog %
. . >
A Carvacrol treatment had a significant 8
. . . . o
antimicrobial action orkE.c.,P.f.,andL.m. £

planktonic cells for all tested concentrations<
0.05), compared to the control E. colplanktonic cells: proportional damage degree up to 250 ppm carvacrol, with non

a total loss of culturability in each strain.

(P.f.) and (L.m.) showed relatively stable percentages of viable cells across different carve
concentrations.

Poscente et al. 2023, Frontiers in Microbiologlfood Microbiolog
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Carvacrol effect on E. coli, P. fluorescens, and L. monoc ytogenes
biofilm cells
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E.coli ATCC 25922 P.fluorescens ATCC 13525 L.monocytogenes 56 LY g
-

The 250 ppm carvacrol concentration demonstrated higher efficacy in inhibiting bifefitmng adherent cells, while the increasf
concentration (500 ppm) did not enhance the antimicrobial effect, significantly.

Poscente et al. 2023, Frontiers in Microbiologlfood Microbiolog
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Pre-formed L. plantarum biofilm combined with carvacrol against
E. coli, P. fluorescens, and L. monocytogenes . Planktonic cells

Poscente et al. 2023, Frontiers in Microbiologlfood Microbiolog
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