
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”.

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.

Nanomaterials
(NMs)



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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Nanomaterials
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Nano-objects
Nano-particles

Nanoformulations

Micelle Nanofiber

Nanoplate

Nanocomposite

Nanomaterials



Metal based Nanoparticles



Metal Nanoparticles application fields 



Nanoparticles in food technology, an overview



Commercial low-density polyethylene (LDPE) films coated using a layer-by-layer (LbL) technique
by alternating the deposition of polyethyleneimine (PEI), poly(acrylic acid) polymer (PAA)
solutions and antimicrobial silver nanoparticles (Ag).

2 different LbL condition

Modified pH
(MpH)

PEI pH 9
PAA pH 6,5

Non-Modified pH
(NMpH)

PEI pH 10,5
PAA pH 4

PEI PAA

LDPE

(d) LbL coated (3 coating) immersed in 0,5% AgNO3, (e) LbL coated (3

coatings) immersed in 2% AgNO3; and (f) LbL coated (3 coatings) immersed in

5% AgNO3. Scale bar = 500nm

The colour changes of a) LDPE films and b) LDPE LbL

coated (3 coatings) films without Ag and c) AgNPs presence

on LDPE LbL coated (3 coatings) films immersed in 0,5%

AgNO3, or d) AgNPs presence on LDPE LbL coated with (3

coatings) film immersed in 5% AgNO3 and UV/ozone

treated for 20 min.

Inibition zone
(mm2)

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

Nanoparticles application in food technology



(Inhert)

MNPs

Advantages of metal nanoparticles for analyitical purposes





Localized Surface Plasmon Resonance (LSPR)

GÉRARD, Davy; GRAY, Stephen K. Aluminium plasmonics. Journal of Physics D: Applied Physics, 2014, 48.18: 184001.

CHEN, Huanjun, et al. Shape-and size-dependent refractive index sensitivity of gold nanoparticles. Langmuir, 2008, 24.10: 5233-5237.

LOUNIS, Sebastien D., et al. Defect chemistry and plasmon physics of colloidal metal oxide nanocrystals. The journal of physical
chemistry letters, 2014, 5.9: 1564-1574.

Principle



Metal nanoparticles optiocal key feature 

Localized Surface Plasmon 
Resonance



Plasmonic-active nanostructured materials for sensing and biosensing

Colloidal
metal nanoparticles

based assays

Localized Surface Plasmon Resonance



Metal nanoparticles
formation



Metal nanoparticles formation.

Main strategy



LSPR

Metal nanoparticles formation

Reducing compounds evaluation trough Au and AgNPs formation



Metal nanoparticles formation

… Nanomaterial-based method for estimating the
antioxidant activity relies on the polyphenol-mediated
growth of MNPs (AuNPs and AgNPs), and optical
monitoring of the corresponding plasmon absorption
bands…

SCAMPICCHIO, Matteo, et al. Nanoparticle-based assays of antioxidant activity. Analytical chemistry, 2006, 78.6: 2060-2063.

Phenolic content and antioxidant capacity evaluation trough Au and AgNPs formation



- Total polyphenols determination (40C°)

- Extraction free: directly applicable in fat

sample matrix

- Low amount of sample is required (30 µL)

- Rapid and robust

- Sensitive

Total assay time: 10 min

- AoC evaluation

- The pH (8) avoid sugar interference

- High correlation with classical

methods for antioxidant

determination

- Sensitivity to intrinsic antioxidant

power (o-diphenols most reactive)

Total assay time: 25 min

DELLA PELLE, Flavio, et al. Gold nanoparticles-based extraction-free

colorimetric assay in organic media: an optical index for determination of

total polyphenols in fat-rich samples. Analytical chemistry, 2015, 87.13:
6905-6911.

DELLA PELLE, Flavio, et al. Development of an Optical Sensing Strategy Based on Gold

Nanoparticles Formation Driven by Polyphenols. Application to Food Samples.
In: Sensors. Springer, Cham, 2015. p. 39-46.

Polyphenols sensing



Metal nanoparticles formation

Epicatechin concentration:
2, 4 and 6 μM

Epicatechin concentration:
70, 90, 110 μM

AuNPsAgNPs

R

Phenolic content and antioxidant capacity evaluation trough Au and AgNPs formation



Metal nanoparticles formation

Phenolic content and antioxidant capacity evaluation in teas and infuses

MNPs spectra obtained with AgNPs-RT (A), AgNPs-HT (B) and AuNPs (C) assays using increasing volume of the sample ‘RE’ (‘relax’)



Metal nanoparticles formation

Sugars content evaluation trough AgNPs formation

LSPR max 430 nm

Monosaccharides Polyols

Diosaccharides



Samples challenged

• Soft drinks n° 6 

• Apple extracts n° 6

* mean value n= 3

Rel. error between 

-14.9 and + 9.9 %

R = 0.994
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Ion chromatography (g 100mL-1)

Metal nanoparticles formation

Determination of total sugars in real samples: AgNPs method vs. ion chromatography

Recovery between 86 % and 118 %

Sample analysis
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Glucose Sucrose Xylitol

Metal nanoparticles formation

AgNPs Morphological study



Metal nanoparticle-based
seed-growth strategies 



Metal nanoparticles growth

Main strategy



Metal nanoparticles growth

Quercetin

Catechin

Caffeic acid

Gallic acid

Ascorbic acid

AgSD

AgSD@Gallic acidAgSD

Phenolic content and antioxidant capacity evaluation trough AgSD growth



Metal nanoparticles growth

Phenolic content and antioxidant capacity evaluation via AgSD growth
Standards evaluation ad sample analysis

Recovery study Methods reliability



Metal nanoparticles growth

Xylitol monitoring trough AuNPs growth

Seed formation and growth phenomena study Dose-response kinetic and curve



Xylitol monitoring  1 h of chewing-gum

Methods evaluation  for sample 
analysis

Recovery study

Xylitol decay

Xylitol monitoring in human saliva trough AuNPs growth

Metal nanoparticles growth



Metal nanoparticle
etching



Metal nanoparticles etching

Main strategy



Metal nanoparticles etching

H2O2 determination trough MNPs etching
PDDA- Poly(diallyldimethylammoniumchloride)



Metal nanoparticles etching

Etching phenomena study

No Etching phenomena



Metal nanoparticles etching

Etching phenomena study. H2O2 determination



Metal nanoparticles etching

Glucose and cholesterol evaluation trough MNPs etching



Metal nanoparticles etching

Glucose and cholesterol detrmination trough MNPs etching

Recovery study

Sample analysis

Etching

Dose-response curve



Metal nanoparticle
aggregation



Metal nanoparticles aggregation

Main strategy

Metal salts

Reductant

MNPs Analytes

Aggregated
MNPs

Functionalization



Metal nanoparticles aggregation

Immuno-based determination of HIgG



Metal nanoparticles integration onto solid substrates

!!! Lab-on-a-strip
Device !!!



Metal nanoparticles integration onto solid substrates

Main POC and PON requirements

ffordable
ensitive
pecific
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apid & robust
quipment-free
elivered
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Point of care/need devices

Cost performance

Manufacturing

Mass production



Paper as elective substrate



Paper as elective substrate

Kind of paper based substrates



Paper as elective substrate

Paper ca be tailored



Paper as elective substrate

From plasmonic… Towards colorimetric strategies

Localized Surface Plasmon
Resonance



Paper-based colorimetric sensor

Metal precursor

Capping agent

Buffer

Reaction mix
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Phenolic content and antioxidant capacity evaluation trough AuNPs formation



Paper-based colorimetric sensor

Phenolic content and antioxidant capacity evaluation trough AuNPs formation

Sample dose-response curve

Sample analysis



Uv-vis spectra of ceria nanoparticles dispersion (13 ppm) in the presence and abesence of selected antioxidants.

Trolox Ascorbic acid Gallic acid Vanillic acid

2 CeO2 + 3 C6H8O6 → Ce2O3 + 3 C6H6O6 + 2 H2O

+ CeO2
From dispersed

system

to paper support

[CeO2]

Caffeic acid (0,45 mM) reacted [CeO2]

0.0025, 0.005, 0.01, 0.1, 1, 2, and 4%

Optimization
[CeO2]= 4%

Paper-based colorimetric sensor

Phenolic content and antioxidant capacity evaluation trough NanoCeria formation



Common sugar presents in:

- juice,

- wine,

- commercial teas

Tested interfering compounds

Common lab solvent:

- water,

- ethanol,

- acetone

Paper-based colorimetric sensor

Phenolic content and antioxidant capacity evaluation trough NanoCeria formation
Dose-response curve

Interferents evaluation



Total assay volume: ~ 80 uL

Paper-based colorimetric sensor

Assay simulation with a colorimetric dyeAssay format

Lab-on-a-strip fabrication

Extraction-free olive oil phenolic compounds evaluation trough a seed growth strategy



Paper-based colorimetric sensor

Extraction-free olive oil phenolic compounds evaluation trough a seed growth strategy
Color analysis

GR B
R G B



Paper-based colorimetric sensor

Extraction-free olive oil phenolic compounds evaluation trough a seed growth strategy

Dose-response curve

No interterferences by compounds commonly present in EVOO

EVOO samples’ phenolyc compounds content

Low Mean High

Sample analysis, analytical performances



Paper-based colorimetric sensor

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

MNPs



Paper-based colorimetric sensor

Dose-response curve and analytical parametersAnalytes screening

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


