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Regulation (EU) 2015/2283 of the European Parliament and of the Council of 25 November 2015 on novel foods, amending Regulation (EU) No 1169/2011 of the European Parliament and of the Council
and repealing Regulation (EC) No 258/97 of the European Parliament and of the Council and Commission Regulation (EC) No 1852/2001 (Text with EEA relevance)



Is this Nano?

Nanoparticles

UNITE

e &

Nanotechnology (N&N)

1A 1nm 10nm 100nm 1Tum 10um 100um Tmm 1cm
-10 -9 -8 -7 -6 -5 -4 -3 -2
10 10 10 10 10 10 10 10 10” meter
= | w0
i 3 - ‘j / = Y
S B = | e &
"4 ; [ T \ ' -
atoms molecules viruses bacteria human
hair
&k,
& 2%, W 12000
4:?o'l‘\":).\$¢'l" 4"?4’ 00%99,’4 . -g.)
& & o’} %jjo‘% g 10000
¥ o %, %, =
S8 & Y, %%, @ 8000
N 0. %4 "
EF o ‘ S % O 6000
6«?“ \a?@ \(? ‘ C}( % 0 .-
& ﬂ;@?’ § AN&N Yo, 400,%'0;_ _8 4000
& % %9, =
£ ‘ q’o 5 S ol
é‘? L3 & H'Dfﬁa
véb MIXED APPROACH 4,{.’;0?6 = 0 - - gn ‘-
Synergistic combination of Analytical Chemistry (AC) and Nanoscience and
006 2007 5

GROWING THE CAPABILITIES OF

AC

European Commission, Commission Recommendation of 18 October 2011 on the definition of nanomaterial, Official Journal of the European Union. 2011/696/EU: 38-40, 2011
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Metal

Metal NPs NMs classification based on dimensionality
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Metal based Nanoparticles
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Metal based Nanoparticles
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Advantages of metal nanoparticles for analyitical purposes

- High
Nano r g. .
v conductivity
, v
/ \\
II \
: \
Easy preparation 2
:&;‘ (tunable) MNPs Robugt / stable
[
| | l (Inhert)
‘b ‘ Aptamers . :
\) ‘ ) . ,“ E" ‘ ’ o Dendrimers
= = \ ] ——
Nanorod  Manoclust \ Surface o Antibodies
- Good (Bio)functionalization
biocompatibility i o
- Fluorescent Carbohydrates

“--ﬂ‘* dyes



UNIVERSITA
DEGLI STUDI
DI TERAMO

Metal Nanoparticles application fields
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Nanoparticles in analytical chemistry and food analysis
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Plasmonic-active nanostructured materials for sensing and biosensing
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Surface plasmon resonance (SPR) is a phenomenon where the electrons in the metal surface layer are excited by photons of
incident light with a certain angle of incidence, and then propagate parallel to the metal surface (Zeng et al., 2017)
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MNPs and (L)SPR

SPR

Surface plasmon

Light

Light

Surface plasmons on planar
thin film-dielectric interface

Reflectance

Angle / Wavelength

Figure 1. A) Prism coupling configuration of SPR, where a light beam impinges on a thin metallic film deposited on a prism. P-polarized light absorbed by
the surface plasmon is seen from a minimum in the reflection spectra. B) Representation of the localized surface plasmon on nanoparticles and

absorbance spectra obtained for binding events on nanoparticles.
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Nanotecnologia romana

| colori cangianti della Coppa di Licurgo, datata IV secolo a.C., sono i aslinalire
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Novoselov, K. S., Geim, A. K., Morozov, S. V., Jiang, D. A., Zhang, Y., Dubonos, S. V., ... & Firsov, A. A. (2004). science, 306(5696), 666-669.
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Localized Surface Plasmon Resonance (LSPR)
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Localized Surface Plasmon Resonance (LSPR)
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MNPs and LSPR

Metal nanoparticles: their camaleontic features
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MNPs and LSPR

Metal nanoparticles: their camaleontic features
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Plasmonic-active nanostructured materials for sensing and biosensing e
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Plasmonic-active nanostructured materials for sensing and biosensing
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Sintesi nanoparticelle

3. coalescence of clusters and nanoparticles
2. formation of first clusters
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Metal nanoparticles formation.
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Metal nanoparticles formation.

Main strategy
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Metal nanoparticles formation
Phenolic content and antioxidant capacity evaluation trough Au and AgNPs formation
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Phenolic content and antioxidant capacity evaluation trough Au and AgNPs formation
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Metal nanoparticles formation

Sugars content evaluation trough AgNPs formation

journal homepage: www.elsevier.c

Contents lists available at ScienceDire

ect

Analytica Chimica Acta

om/locate/aca

Silver nanoparticles-based plasmonic assay for the determination of

sugar content in food matrices

Flavio Della Pelle , Annalisa Scroccarello *, Simona Scarano °, Dario Compagnone &7
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Metal nanoparticles formation

AgNPs Morphological study
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AgNPs Morphological study SURFACE FUNCTIONALIZATION!!!
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Metal nanoparticles formation

Sugars content evaluation trough AuNPs formation

Sensors and Actuators B 161 (2012) 366-371

Contents lists available at SciVerse ScienceDirect

SENSORS vy

Sensors and Actuators B: Chemical ACTUATORS

journal homepage: www.elsevier.com/locate/snb

Colorimetric detection of sugars based on gold nanoparticle formation

Gerardo Palazzo?, Laura Facchini?, Antonia Mallardi®*

STRATEGY 1

The “pink assay” is based on the sugar assisted
chemical synthesis of NPs and it represents a
simple one-step colorimetric approach to the
qguantification of all potentially reducing sugars
(sucrose included) with a LOD of 10 M.
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Sugars content evaluation trough AuNPs formation

sors and Actuators B 161 (2012) 366-371

Contents lists available at SciVerse ScienceDirect

Sensors and Actuators B: Chemical

= The “blue assay” is based on the Au-NP synthesis catalysed by the enzyme glucose oxidase
:“’i and it is specific for glucose, with a LOD of 5 M.
This enzyme catalyses the glucose oxidation to gluconic acid by a final electron acceptor,
Colorimetric detection of sugars based on gold nanoparticle formation usually molecular oxygen. Recently, the ability of glucose oxidase to reduce, in presence of
s P L e Antons Ml glucose, Au3*ions to Au® has been reported and proposed as a route to the synthesis of Au-
NPs of controlled size. Here we exploit this reaction to selectively quantify the glucose. Au-
STRATEGY 2 NP synthesis was achieved by adding the enzyme GOD to a buffered solution (pH = 7.0) of
HAuCl, and glucose, and incubating at 37 °C for 90 min. Blue NPs (see picture) were
obtained while the reaction does not take place in absence of glucose or glucose oxidase.

journal homepage: www.elsevier.com/locate/snb
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Metal nanoparticle-based
seed-growth strategies
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Metal nanoparticles growth

Main strategy
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Metal nanoparticles growth

Reducing sugars monitoring trough AgNPs growth
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Studies on Silver Nanoparticles )
Production Mediated by Sugars

Annalisa Scroccarello, Flavio Della Pelle, Simona Scarano
and Dario Compagnone
© Springer Nature Switzerland AG 2020

G. Di Francia et al. (eds.). Sensors and Microsystems, Lecture Notes
in Electrical Engineering 629, hitps://doi.org/ 10, 1007/978-3-030-37558-4_5
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Xylitol monitoring trough AuNPs growth

Seed formation and growth phenomena study Dose-response kinetic and curve
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Xylitol monitoring in human saliva trough AuNPs growth
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Metal nanoparticles etching
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H,0, determination trough MNPs etching
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Metal nanoparticles etching

UNITE

Etching phenomena study
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Etching phenomena study. H,0, determination
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Glucose and cholesterol evaluation trough MNPs etching

GOx . .
Glucose + O, + H>,0O gluconic acid 4+ H, 0O,
ChOx
Cholesterol + O, + H,O cholest-4-en-3-one + H-0O»
RSC Advances 5
PAPER Marlaitoariny
@g@;m‘w Sensitive colorimetric detection of glucose and

cholesterol by using Au@Ag core-shell
Cite this: RSC Adv., 2016, 6 35001 nanoparticles_;_

Xuehong Zhang,® Min Wei,® Bingjing Lv.? Yuanjian Liu,® Xu Liu® and Wei Wei*?

Gluconie acid/Cholest-4-en-3-one

lucose/Cholesterol

Ag' " H,0, Ag*
‘ p-AP @ etching " g
e N\

with analyte

00 400 500 600 700 800

o O @ oveengiom

AuNPs Agshell Au@Ag NPs

w

Scheme 1 Schematic illustration of the formation of Au@Ag NPs and
its application for the colorimetric detection of H,O, and glucose/
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Nickel determination
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Metal nanoparticles aggregation
UNITE
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Metal nanoparticles aggregation
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Immuno-based determination of HIgG
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Metal nanoparticles aggregation

Cd?* indirect determination trough AUNPs aggregation
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Metal nanoparticles aggregation
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Cd?* indirect determination assay format
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Cd?* indirectdetermination
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Colorimetric approach
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From plasmonic... Towards colorimetric strategies
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Optical-based method. SPECTROSCOPY PILLAR

Optical spectroscopic methods/ Spectrochemical methods.
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COLORIMETRY PILLAR
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Metal nanoparticles integration onto solid substrates
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Paper as elective substrate
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MNPs as colorimetric probe
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MNPs as colorimetric probe: Device conceptualization and realization
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MNPs as colorimetric probe: Extraction-free phenolic compounds determination

Extraction-free olive oil phenolic compounds evaluation through a MNPs seed growth strategy
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Paper-based colorimetric sensor
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Extraction-free olive oil phenolic compounds evaluation trough a seed growth strategy
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Paper-based colorimetric sensor

Pesticides determination trough MNPs aggregation integrated in a paper-based device

Drawing

O]

Heating 1 00°C

Top view

O

Side view

— —— - =

Pa per

Microchimica Acta (2020) 187-621
https//doi.org/10.1007/500604-020-04596-x

Wax printing

Q-

Effect of wax after heating

Without heating

S-9

With heating

o-e

ORIGINAL PAPER

A paper-based colorimetric sensor array for discrimination
and simultaneous determination of organophosphate
and carbamate pesticides in tap water, apple juice, and rice

Mohammad Mahdi Bordbar' - Tien Anh Nguyen? - Fabiana Arduini® - Hasan Bagheri'

e

Injection Detection
Zone fone

MNPs

UNITE

UNI\/[RSITA
)EGLI STUDI
DI TERAMO




Paper-based colorimetric sensor
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Pesticides determination trough MNPs aggregation integrated in a paper-based device
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Paper-based colorimetric sensor
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H,0, determination trough MNPs etching integrated in a paper-based substrate
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Paper-based colorimetric sensor
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H,0, determination trough MNPs etching integrated in a paper-based substrate
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Advantages of metal nanoparticles for analyitical purposes
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Nanomaterials / metal nanoparticles
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Biological features
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Nanomaterials / metal nanoparticles

UNITE

Biological features

Aspergillus niger

Isotropic growth

Germination

Mycelia biomass reduction

Contents lists available at ScienceDirect

Colloids and Surfaces B: Bioinicifaces

ELSEVIER journal homepage: www.elsevier com/locate/colsurfb

e
L

Effect of phenolic compounds-capped AgNPs on growth inhibition of
Aspergillus niger

iovanni Ferraro®, Emiliano Fratini®, Luca Valbonetti ®,
opez ™, Dario Compagnone ™
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Phenolic content and antioxidant capacity evaluation trough Au and AgNPs formation
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Nanomaterials / metal nanoparticles

UNITE

Biological features

Hyphae interaction
HYPOTHESIS:

Control

- AgNPs adhesion
- Membrane damages
- Hyphae necrosis
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Nanoparticles application in food technology
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. CH Y ¢ '
'= (:3H2 } | | Commercial low-density polyethylene (LDPE) films coated using a layer-by-layer (LbL) technique
CHy | LDP ' . _ . . .
—CHZ—C%—J’JH‘ DEPTCY . by alternating the deposition of polyethyleneimine (PEl), poly(acrylic acid) polymer (PAA)

R R solutions and antimicrobial silver nanoparticles (Ag).
CHs
2 different LbL condition L 5
[ | ayer by Layer
Modified pH e o Non-Modified pH y ) i :
(I\/IpH) HoN Ny N~ NH, (NMPH) .
H H The colour changes of a) LDPE films and b) LDPE LbL
n coated (3 coatings) films without Ag and ¢) AgNPs presence
PEI pH 9 HaN >N, . PEI pH 10.5 on LDPE LbL coated (3 coatings) films immersed in 0,5%
PAA pH 6.5 PAApH 4 AgNQO;, or d) AgNPs presence on LDPE LbL coated with (3
PEI PAA coatings) film immersed in 5% AgNO; and UV/ozone

treated for 20 min.

Inibition zone
(mm?)

Film S. aureus P. fluorescens

LPDE films 0.00 0.00

LPDE + PEI/PAA (MpH) 350.4 +13.30 694.8 + 19.15

LPDE + PEI/PAA (NMpH) | 460.0 + 25.41 737.0 £15.08

(d) LbL coated (3 coating) immersed in 0,5% AgNO;, (e) LbL coated (3
coatings) immersed in 2% AgNO;; and (f) LbL coated (3 coatings) immersed in
5% AgNO; Scale bar = 500nm




UNIVERSITA

Nanomaterials / metal nanoparticles DL 2T

Biological features
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Optical/ biological features - Imaging Fe,0,-NPs
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Nanomaterials / metal nanoparticles

UNITE

Optical/ biological featiA
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