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Is this Nano?

Nanotechnology is a “system of innovative methods to control and manipulate
matter at near-atomic scale to produce new materials, structures, and devices”.

Nanomaterials
(NMs)

Materials in the range of 100 nm are considered to be nanoparticles. They exhibit a
wide range of properties, including optical, electrical, catalytic, magnetic, and
biological activity.

Regulatory Toxicology and Pharmacology 65 (2013) 119-125

Contents lists available at SciVerse ScienceDirect

Regulatory Toxicology and Pharmacology

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

Considerations on the EU definition of a nanomaterial: Science to support
policy making

Eric AJ. Bleeker *, Wim H. de Jong, Robert E. Geertsma, Monique Groenewold, Evelyn HW. Heugens,
Marjorie Koers-Jacquemijns, Dik van de Meent, Jan R, Popma, Anton G. Rietveld, Susan W.P, Wijnhoven,
Flemming R. Cassee, Agnes G. Oomen
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Nanomaterials
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Metal based Nanoparticles
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Metal based Nanoparticles
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Metal Nanoparticles application fields
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Nanoparticles application in food technology
- UNITE
(EHZV 1 ? _ |
<:>Hz } LDP ] Commercial low-density polyethylene (LDPE) films coated using a layer-by-layer (LbL) technique
o Bk w—ciocilon—on,— DY alternating the deposition of polyethyleneimine (PEl), poly(acrylic acid) polymer (PAA)
A RO 'C:IH - solutions and antimicrobial silver nanoparticles (Ag).
CHs
2 different LbL condition 5 |
! | Layer by [Layer
Modified pH T Non-Modified pH
(MpH) syt Ao, (O (NMpH) : : £ :
H The c(:jozgur cthang)ei_lof a) 'It_hDPtEAﬁlmsd ar)uL b|)\|I|:;DPE LbL
n coate coatings) Tiims without Ag and c) AgINFS presence
PEI pH 9 HN TSN, PEI pH 10.5 on LDPE LbL coated (3 coatings) films immersed in 0,5%
PAA pH 6.5 PAA pH 4 AgNO;, 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
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MNPs as antimicrobial agent
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Colloids and Surfaces B: Biointerfaces 199 (2021) 111533
Contents lists available at ScienceDirect

Colloids and Surfaces B: Biointerfaces

journal www.elsevier.cor rfb
L)
Effect of phenolic compounds-capped AgNPs on growth inhibition of ki

Aspergillus niger

Annalisa Seroccarello **, Bernardo Molina-Herndndez Junior * !, Flavio Della Pelle **,
Johnny Ciancetta”, Giovanni Ferraro °, Emiliano Fratini b, Luca Valbonetti?,

Clemencia Chaves Copez ™, Dario Compagnone *
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Metal nanoparticles formation
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Phenolic content and antioxidant capacity evaluation trough Au and AgNPs formation

ﬁ Sensors MbP1)
N R
Review

OH
T Ry
Nanomaterial-Based Sensing and Biosensing of HOL A~ 0L fj/ A om
Phenolic Compounds and Related Antioxidant

Capacity in Food

Flavio Della Pelle’~ and Dario Compagnone *

. ~OH
. . . ! HO_~__-Oy .-‘i\;/]\ :)H
Nanomaterial-based method for estimating the \j L .
. . . . . . * = 0
antioxidant activity relies on the polyphenol-mediated Ag) o > Ag -
growth of MNPs (AuNPs and AgNPs), and optical ‘ mm@m
monitoring of the corresponding plasmon absorption 1 .
bands...
SCAMPICCHIO, Matteo, et al. Nanoparticle-based assays of antioxidant activity. Analytical chemistry, 2006, 78.6: 2060-2063. HO\HE B C )
Stable molecule Antioxidant \ ®
L_ I BN
2 i i iii
Free radical - T
(unstable molecule) k g
<

300 400 500 600 700 800
unpaired

electron b . (P\d ‘
Secobalariciresinel | o, \Otureasal «c»g



UNIVERSITA
DEGLI STUDI
DI TERAMO

MNPs as antimicrobial agent: AgNPs’ antifungal performances
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Advantages of metal nanoparticles for analyitical purposes
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Nanoparticles in analytical chemistry and food analysis
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MNPs and (L)SPR
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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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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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Plasmonic-active nanostructured materials for sensing and biosensing
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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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Localized Surface Plasmon Resonance (LSPR)
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MNPs and LSPR

Metal nanoparticles: their camaleontic features NS
(u y /| " Y, | \'\ ‘(
.~ MNPs can interact in different ways f L X7\ {
VIS-electromagnetic radiation depen /[ \aJ 'J.:b,.-’ "
p on their shapes, sizes, and compositi( 1.0 i u@ |ﬂmn .l:’q'.,',,\,,";;.,, .

Gold nanoparticles
Diameter

Q
o
=
<
<::::) Ko
10 nm A = T > 3 ) agéregagd- 3
(>100 nm) E. <

Gold nanorods

Nanorods aspectratio -
11 I |

'\' ‘I |I "" 360 400 440 480 S20 S60 600 640
A (nm)

50nm



UNIVERSITA
DEGLI STUDI

Plasmonic-active nanostructured materials for sensing and biosensing DEGLI UL
UNITE

| nd Bioelectronics Y S ) o
e ) - Optical nanoprobes based on gold e
nanoparticles for sugar sensing N
I ng and growth of noble metal | ) Matieo Scampischio, Alessandra Areechi and Saverio Manaina " *:_‘x}-ﬁ&-*"
L - Dian
n Wang”, Jacbum C ™
Colloidal ¢
T SCIENTIFIC REPLIRTS RSC Advances -
° Contants lits at SclViorse SciencaDirect ' 3
’ Multicolor Colormetric Biosensor
I for the Determination of Glucose @f'n--~~<m Sensitive colorimetric detection of glucose and
based on the Etching of Gold I cholesterol h); using Au@Ag core-shell
-5 Nanorods nanoparticles
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N ] £k 30 july 2021, 12923
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Plasmonic-active nanostructured materials for sensing and biosensing
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Metal nanoparticles formation.
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Metal nanoparticles formation.

Main strategy
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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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Fig. 2. PCA of the ABTS, FC, AulNPs and the proposed AgNPs-based methods reactivity vs.
polyphenolic compounds. The biplot (Score and loading) of the first two principal com-
ponents showed 82.85% of the cumulative variance. Rows normalization were applied to
the dataset. Data were autoscaled before PCA.
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Metal nanoparticles formation

Sugars content evaluation trough AgNPs formation

Contents lists available at ScienceDire
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Analytica Chimica Acta

journal homepage: www.elsevier.com

/lo

cate/aca

Absorbance (430 nm)

Silver nanoparticles-based plasmonic assay for the determination of )

sugar content in food matrices

Flavio Della Pelle , Annalisa Scroccarello *, Simona Scarano ®, Dario Compagnone *

Monosaccharides
® Fructose
1.0 ® Glucose
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08 ® Xylose
0.6
04 O HO HO
0.2 H H H
HO HO
0.0 T T ]
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R?2 0.991
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Sample AgNPs assay RSD Ton chromatography RSD Rel. error
(100 mL", Glu. Eq) (%,n=35) (g100mL", Glu+Fm) (%, n=3) (%)
Peach tea 298014 4.74 313+ 008 27 +50
Black tea 356023 6.51 305011 3.56 -143
Coconut water 4.72=0.13 284 493+ 005 0.98 +44
Gaseous 31530x025 7.23 353+ 004 1.21 +09
Cedrata 936027 285 874078 8.9 -6.6
Tomc water  6.11+ 007 1.15 562+012 2.11 -8.0
Apple 1 1.67=0.02 1.12 1.50+0.02 11 -102
Apple 2 1.14x0.04 341 1.14+0.02 1.78 0.0
Apple 3 3272004 1.30 3.12+£010 3.10 -4.6
Apple 4 243023 9.42 267011 410 +99
Apple 5 2432002 0.74 23109 3.80 -5.0

Recovery: 86-118%



Metal nanoparticles formation

AgNPs Morphological study
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Metal nanoparticles formation

Sugars content evaluation trough AuNPs formation
Glucose sensing

Sensors and Actuators B 161 (2012} 366-371

Contents lists available at SciVerse ScienceDirect

Sensors and Actuators B: Chemical

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

Colorimetric detection of sugars based on gold nanoparticle formation

Gerardo Palazzo?, Laura Facchini?, Antonia Mallardi®*
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Metal nanoparticle-based
seed-growth strategies
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Metal nanoparticles growth

Reducing sugars monitoring trough AgNPs growth
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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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H,0, determination trough MNPs etching
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A self-referenced optical colorimetric sensor based on silver and gold @Cmst
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Etching phenomena study
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Metal nanoparticles etching

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

Immuno-based determination of HIgG
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Metal nanoparticles aggregation

Cd?* indirect determination trough AUNPs aggregation
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Cd?* indirect determination assay format
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Fig. 2. Detection process of smartphone based colorimetric reader system.



Metal nanoparticles aggregation

Cd?* indirectdetermination
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From plasmonic... Towards colorimetric strategies
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Optical-based method. SPECTROSCOPY PILLAR

Optical spectroscopic methods/ Spectrochemical methods.
WHICH COLOR | PERCEIVE?

The Visible Spectrum

Wavelength Region Color of Light Complementary Color
Absorbed, nm Absorbed Transmitted
400-435 Violet Yellow-green
435-480 Blue Yellow
480-490 Blue-green Orange
490-500 Green-blue Red
500-560 Green Purple
560-580 Yellow-green Violet
580-595 Yellow Blue
595-650 Orange Blue-green
650-750 Red Green-blue
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Metal nanoparticles integration onto solid substrates
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Paper as substrate
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MNPs as colorimetric probe

Analytica Chimica Acta 1183 (2021) 338971
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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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Extraction-free olive oil phenolic compounds evaluation trough a seed growth strategy
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Pesticides determination trough MNPs aggregation integrated in a paper-based device
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A paper-based colorimetric sensor array for discrimination
and simultaneous determination of organophosphate
and carbamate pesticides in tap water, apple juice, and rice
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H,0, determination trough MNPs etching integrated in a paper-based substrate
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H,0, determination trough MNPs etching integrated in a paper-based substrate
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