Phenolic compounds

Polyphenols are ubiquitous secondary metabolites
present in plant foods

!

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

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)
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Common food sources

Selected Food sample

Chacko et al. Cfvinese Medicine 2010, 5:13 .
http://www.cmjournal.org/content/5/1/13 @ CHINESE MEDICINE for Iab_practlcals
REVIEW Open Access Green tea contains polyphenols, which include flavanols, flavandiols, flavonoids, and phenolic acids; these

Bene flCIaI e ffec ts o f g reen tea: A || terature reVieW compounds may account for up to 30% of the dry weight. Most of the green tea polyphenols (GTPs) are

Sabu M Chacko'", Priya T Thambi', Ramadasan Kuttan?, lkuo Nishigaki' in liquid or powder form that vary in the proportion of polyphenols (45-90%) and caffeine content (0.4-

flavonols, commonly known as catechins. Products derived from green tea are mainly extracts of green tea

10%). The major flavonoids of green tea are various catechins, which are found in greater amounts in green
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Phenolic compounds and the biotechnologies
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General effects

Antiallergic activities CVD protective effects Antidiabetic activities
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In vitro effects

STEEPED WITH POTENTIAL

Tea is rich in epigallocatechin gallate

(EGCG), a compound with anticancer
properties. Although researchers have
proposed several mechanisms of b 4

action for EGCG, it remains unclear EGCG Ci';ﬁer
whether any has clinical potential.

DNA damage
Heightened metabolic
activity in cancer
cells leads to the
production of
molecules known

as reactive oxygen
species (ROS), which
damage DNA and
promote tumour
formation. EGCG
might limit such
damage by helping
to neutralize ROS.

Neutralized
ROS

Nucleus Mitochondrion

UNIVERSITA
DEGLI STUDI
DI TERAMO

UNITE

Cell proliferation
EGCG might
bind to various
proteins, either
inside cancer
cells or on their
surface, to halt
cell proliferation
or trigger signal-
ling pathways
that promote
cell death.

Tumour growth
EGCG might
help to starve
cancer cells of
oxygen and
nutrients by
inhibiting the
growth of
blood vessels.



In vivo effects

Biotechnology Reports 24 (2019) eD0370
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Biotechnology Reports

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

Phenolic acids: Natural versatile molecules with promising
therapeutic applications

Naresh Kumar?, Nidhi Goel"*

* Discipline of Biosciences and Biomedical Engineering, Indian Institute of Technology Indore, Simrol Campus, Indore, Madhya Pradesh-453552, India
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Dietary phenolic acids
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Polyphenolic compounds are bioactive substances widely distributed in the vegetable
kingdom. They act as natural antioxidants and their presence contributes to the color, flavor

and aroma of food. Therefore, they are considered dietary antioxidants with interesting
benefits to health.

Anti-
diabetic

microbial



Phenolic compounds, how many structures?
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Phenolic compounds in food

Phenolic acids in food
Fruits, vegetables, grains, seeds...

H 7 HO—@—/_<3H H /
OH

Protocatechuic acid, R =H; Caffeic acid, R=H;
Vanillic acid, R = OCH,

(8] 0 HaCO 0
H
OH HMH HD@J_(0H
Sulicadd, e ferulic acid simapic acid
Syringic acid, R= OCH, HiCO H3CO

Benzoic acids Cinnamic acids

Flavanols

Or flavan-3-ols or catechins.
Black and green tea, apples, blueberries, peaches,

_ pears, strawberries
™ oM
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SNoR,
(+)-Catechin: Ry = Ry = H; o (-}-Epicatechin: R; =R, = H;
(* 3 Cavechin gallate: R; = gallyl, R; ~ H;
(+)-Gallocatechin: R; = H, R: = OH;
(*)Gallocatechin gallate: R; = gallv]l, R: ~ OH;

(-} Epigallocatechin: R} = H, R, = OH;

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

(-»Epicatechin gallate: R; = galhvlL Ry ~ H;

(- FEpuallocatechin gallate: R = galhyl, Ry = OH;

Flavonoids
Flavones, Flavonols, Flavanones and Flavanonols

Brightly coloured fruits and vegetables: blueberries, plums, apples,
cherries, oranges, strawberries, spinach...

R
OH Ry
H OH
Apigenin R=H R,
Luteolin R =0H
R OH
Kaempferol R,=H. R,=H
Quercetin R;=H.R,=0H
Mynicetin R;=0OH R.=0H

Tangeretin R =H

Isorhamnetin R, =0OCH; R,=H
s Nobiletin R = OCH, '

Flavonols

Flavones

Naringenin R;=H R,=0OH

Taxifolin
Hesperetin R, =OH. R, = OCH,; e

Flavanonols

Flavanones
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Phenolic compounds, how many structures? e

Phenolic compounds in food

Procyanidins Anthocyanidins
Grapes (seeds and skins), apples, chocolate and cocoa, red wines, blueberries, Blue and purple pigments food
cranberries, pecans, pistachios ‘
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Other Important polyphenols...
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Procyanidins: n = 0;
Oligomeric procvanidins: n = 0-7

Theaflavin

AMatairesnol cH,

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.
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Optical-based method
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Optical-based method

Antioxidant capacity evaluation

jAnthX.ldal'lt Principle of the method End.pn')duS:t
‘capacity assay R determination
1 Spectrometry &
{ ‘Antioxidant reaction with an organic .
'DPPH = Colonimetry | Q ON
'Antioxidant reaction with an organic z
ABTS) cation radical Oy | IR NO; | + AOX ——> -N
FRAP ‘Antioxidant reaction with a Fe(lll) Colorimetry d
: complex | O,N O.N
'Potassium ferricyanide reduction by
PFRAP ‘antioxidants and subsequent reaction |Colonmetry DPPH radical (2,2-diphestyl-1-picrylhydrazyl) DPPH
.of potassium ferrocyanide with Fe3+ | intense purple color
'CUPRAC qu _(II)_ reduction to Cu (1) by Colorimetry
‘ ‘antioxidants
‘Antioxidant reaction with peroxyl | T —
ORAC radicals, induced by AAPH Loss:of Suorescence of | Vi '

(2,2"-azobis-2-amidino-propane) fluorescein

J ‘Antioxidant capacity to quench OH
'HORAC radicals generated by a Co(ll) based
'Fenton-like system

‘Antioxidant capacity to scavenge PR i
TRAP luminol-dernived radicals, generated .
quenching

- S SO; _ S SO;
from AAPH decomposition __ - |os S. N :@’ 05 SN ﬁ :
'Emission of light by a substance ' \©:® =N =<}\1 +AOX—> S\g NN =</N +AOX
N N

Loss of fluorescence of
fluorescein

‘that has absorbed light or other ::gg;’égag R H,C¢
‘electromagnetic radiation of a CaoHs C,Hs

different wavelength ST By

Fluorimetry

ABTS radical (2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) ABTS
blue green color
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Nanomaterials

Metal nanoparticles

Nanoparticles

a O Metal NPs

> -
1A Tnm 10nm 100nm Twm 10wm 100um 1Tmm 1cm A
l l l l l l ] l l (1])) c
| | I | | | | | el Nanospheres
10 107 10°® 107 10 107 10" 107 10? meter J
G - B 1 clusters
ot A ™0
atoms molecules DNA viruses bacteria human
hair

Materials with one external dimension in the range of
1'100 nm Quantum dots

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

Absorbance

Fullerenes

Regulatory Toxicology and Pharmacology 65 (2013) 119-125

Regulatory Toxicology and Pharmacology

Contents lists available at SciVerse ScienceDirect r

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 H.W. Heugens, GOId nanopamclcs

Marjorie Koers-Jacquemijns, Dik van de Meent, Jan R. Popma, Anton G. Rietveld, Susan W.P. Wijnhoven,
Flemming R. Cassee, Agnes G. Oomen




UN\\JLRSI
‘ “\ |

DI TERAMO

Nanomaterials

UNITE
Metal nanoparticles

= .
Radiazione
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Nanotecnologia romana
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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.



Nanomaterials

Metal nanoparticles: their camaleontic features
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Gold nanoparticles
Diameter

9

10 nm

Gold nanorods
Nanorods i ratio -
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50 nm

MNPs can interact in different ways with

VIS-electromagnetic radiation depending
“’ on their shapes, sizes, and composition.
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Silver nanoparticles
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Optical-based method

Metal nanoparticles-based spectrophotometric method. Main strategy
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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., Gonzalez, M. C., Lo Sterzo, C., Compagnone, D., Del Carlo, M., & Escarpa, A. (2015). https://doi.org/10.1016/j.foodchem.2015.01.045
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Plasmonic-active nanostructured materials for sensing and biosensing

AuNPs from polyphenolic extract to fat matrix
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MNPs formation is proportional to polyphenols content

Food Chemistry 178 (2015) 70-75

Contents lists available at ScienceDirect

FCOOD

. CHEMISTRY
Food Chemistry
journal homepage: www.elsevier.com/locate/foodchem T
Analytical Methods
Antioxidant capacity index based on gold nanoparticles formation. @c,m_\,_“k

Application to extra virgin olive oil samples

Flavio Della Pelle ", Diana Vilela?®, Maria Cristina Gonzilez ?, Claudio Lo Sterzo ®, Dario Cumpagnune".
Michele Del Carlo ™, Alberto Escarpa®”

* Departamento de Quimica Analitica, Quimica-Fisica ¢ ngendenia Qudmicg, Faculiad de Quimica, Uhiversidad de Alcald, 28871 Akmld de Henones, Madrid, Spain
® Faraltd di Bissdenre e Tecnologie Agro-Alimentari # Ambientali, Universitd degli Snidi 8 Teramo, 54027 Mosciano Sant'Angels, Taly
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Paper-based colorimetric sensor
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Extraction-free olive oil phenolic compounds evaluation trough a seed growth strategy

Dose-response curve
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Analyte selection

C. R. Chimie 20 (2017) 1072—1082

Contents lists available at ScienceDirect
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Full paper/Mémoire

Antioxidant properties |of several caffeic acid derivatives: @Gmm .
A theoretical study

Alicja Urbaniak 2, Jacek Kujawski °, Kornelia Czaja °, Malgorzata Szelag ©*
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Why we use the caffeic acid
as standard to perform
the calibration curve?
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1) Stock solution preparation
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CAFFEIC ACID SOLUTION PREPARATION

L D

Perform the
calculation
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Sample extraction
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Lab-experience Step n.2

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

A) Sample Weight B) Sample Extraction

Molecules
of interest

SOLID OBJECT: FLUID;

plant-based solvent
raw material
SOLID/LIQUID
SEPARATION PROCESS

Solid tailings

of the plant Extract
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Antioxidant capacity assay

Lab-experience Step n.3

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

.:;a .
SOCEE Sa A :
Water bath (45°C)

400 450 500 550 600 650 700 750 800

Capping agent Metal Reducing agent:
(CTAC) Source Standard/ * Spectrophotometer "
[Gold(lll)] Sample extract

o

1 A |
0 A j =

UV-Visible Shit Monochromator Sample Light Absorbance
light source to select correct Cell Dectector meter
wave length




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

1) Take a picture of the reacted calibration curve using the
COLORIMETERAPP =1 | white sheet as background

:I 2) Take a picture of the reacted sample using the white sheet
GooglePlay | I

as background
3) With the downloaded app, take the analytical signal in the
Dose-response curve

RGB colorimetric space
4) Try to build up the calibration curve using the RGB and the
single hue (R, G, and B) as signal

HUE vs. [Standard] SAMPLE and sample analysis
: ‘ 1,4 ] o o
é > 1,2 i N .
= 21 11 =
w 0,8 A - (e
:) .
I 0,6 i
0,4 ! d
0,2 i
0 T+————7T————T1—+—
0 20 40 60

[Caffeic Acid] / uM



