
Phenolic compounds

Polyphenols are ubiquitous secondary metabolites 
present in plant foods

In food matrices, antioxidants have a broad action that 
include, for example, prevention of rancidity of fats, as 

well as decreasing the adverse effects of reactive 
species, such as reactive oxygen and nitrogen species 

(ROS and RNS)

Antioxidant is a natural or synthetic substance added to 
products to prevent or delay their oxidative deterioration

Beneficial effect on human health

Potential tools for

functionalization of materials

Anti-microbial property

Food supplements (sensory and

nutritional properties, shelf-life)

Additives in biomedicine practices

Quality and process indicators



Phenolic compounds

Common food sources

Selected Food sample

for lab-practicals



General effects

Phenolic compounds and the biotechnologies



Phenolic compounds

In vitro effects



Phenolic compounds

In vivo effects



Phenolic compounds in food

Flavonoids

Flavones, Flavonols, Flavanones and Flavanonols

Phenolic acids in food

Flavanols

Or flavan-3-ols or catechins. 

Fruits, vegetables, grains, seeds...

Brightly coloured fruits and vegetables: blueberries, plums, apples, 

cherries, oranges, strawberries, spinach...

Black and green tea, apples, blueberries,  peaches, 

pears, strawberries

Tsao, R. (2010). Nutrients, 2(12), 1231-1246.

Phenolic compounds, how many structures?



Procyanidins Anthocyanidins

Grapes (seeds and skins), apples, chocolate and cocoa, red wines, blueberries, 

cranberries, pecans, pistachios
Blue and purple pigments food

Other important polyphenols…

Tsao, R. (2010). Nutrients, 2(12), 1231-1246.
Neveu, V., Perez-Jiménez, J., Vos, F., Crespy, V., Du Chaffaut, L., Mennen, L., ... & Scalbert, A. (2010). Database, 2010.

Phenolic compounds in food

Phenolic compounds, how many structures?



SPECTROPHOTO- -METRY

Phenols content evaluation

Optical-based method



Antioxidant capacity evaluation

Optical-based method



Materials with one external dimension in the range of 
1-100 nm 

They exhibit a wide range of properties, including 
optical, electrical, catalytic, magnetic, and biological 

activity.

Nanomaterials

Metal NPs

Localized surface
plasmon resonance

Metal nanoparticles



From Romans…

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.

Nanomaterials

Metal nanoparticles

(Coppa di Licurgo, British Museum)



Gold nanorods

Silica-gold core-shell nanoparticles

Gold nanocages

Gold nanoparticles

10 nm

Diameter

Silver nanoparticles
Shape

size

Metal nanoparticles: their camaleontic features

MNPs can interact in different ways with

VIS-electromagnetic radiation depending

on their shapes, sizes, and composition.

Nanomaterials



Metal nanoparticles-based spectrophotometric method. Main strategy

Della Pelle, F., & Compagnone, D. (2018). https://doi.org/10.3390/s18020462

Della Pelle, F., Scroccarello, A., Sergi, M., Mascini, M., Del Carlo, M., & Compagnone, D. (2018). https://doi.org/10.1016/j.foodchem.2018.02.141

Della Pelle, F., Sergi, M., Del Carlo, M., Compagnone, D., & Escarpa, A. (2015). https://doi.org/10.1021/acs.analchem.5b01489

Della Pelle, F., Vilela, D., Gonzàlez, M. C., Lo Sterzo, C., Compagnone, D., Del Carlo, M., & Escarpa, A. (2015). https://doi.org/10.1016/j.foodchem.2015.01.045

Optical-based method



- Antioxidant capacity evaluation (AoC):
(AuNPs-based AoC index)

- It works on aqueous/hydroalcoholic solutions

Total assay time: 15-25 min

MNPs formation is proportional to polyphenols content

Plasmonic-active nanostructured materials for sensing and biosensing

AuNPs from polyphenolic extract to fat matrix 



Paper-based colorimetric sensor

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

Dose-response curve

EVOO samples’ phenolyc compounds content

Low Mean High



LAB-EXPERIENCE 

INTRODUCTION

Simple and rapid gold nanoparticles (AuNPs) based antioxidant capacity assay



Analyte selection

Why we use the caffeic acid

as standard to perform

the  calibration curve?

Catechin Epigallocatechin

Caffeic acid



1) Stock solution preparation

Perform the 

calculation

CAFFEIC ACID SOLUTION PREPARATION



Sample extraction

Solid-liquid extraction. Phenolic compounds extraction form solid sample.

Sample ExtractionA) B)Sample Weight

Lab-experience Step n.2



Antioxidant capacity assay

Simple and rapid gold nanoparticles (AuNPs) based antioxidant capacity assay AuNPs

*

* Spectrophotometer

Capping agent
(CTAC)

Metal 

Source
[Gold(III)]

Reducing agent:

Standard/
Sample extract

Water bath (45°C)

Lab-experience Step n.3
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4.1) Caffeic acid evaluation in food sample 

Experimental dose-response curve construction
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4.6) Caffeic acid evaluation in food sample 
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Colorimetric approach

SAMPLE and sample analysis 

1) Take a picture of the reacted calibration curve using the

white sheet as background

2) Take a picture of the reacted sample using the white sheet

as background

3) With the downloaded app, take the analytical signal in the

RGB colorimetric space

4) Try to build up the calibration curve using the RGB and the

single hue (R, G, and B) as signal


