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(1) Q&S markers

UNITE

Pesticides
 Control insects and other pests

 Application in terms of dose, timing and frequency
» Regulation (EC) No. 396/2005 and No. 1107/2009 of the European Parliament and the Council

« Maximum Residue Limit /_\/\/\/_\
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(2) Q&S markers
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Heterogeneous class of chemical compounds of considerable interest in the food industry:
Sugars and Phenolic compounds...
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> Foods nutritional value/energy intake

Rheological properties
(physical and structural attributes)

Consumer perception and sensory character:
taste and flavour

key role in shelf-life (reducent ability,

Wit ’ /" hygroscopicity/water control...)

Indicators of quality and ripening degree of
horticultural product

Process indicators and substrate (e.g.
fermentative process)

@nal property / functi@

Sensory characteristics definition
(bitterness, astringency, etc...)

2

‘%’ key role in shelf-life
b
| @OFS oy

Process indicators

Anti-microbial property
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(3) Q&S markers
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Phenolic compounds in food

Phenolic acids in food Flavonoids
Fruits, vegetables, grains, seeds... Flavones, Flavonols, Flavanones and Flavanonols
0 (4]
. 4 H@ﬂH ) / Brightly coloured fruits and vegetables: blueberries, plums, apples,
OH B o cherries, oranges, strawberries, spinach...
Protocatechuic acid, R =H; p-coumaric acid H Eﬁﬂii”# 5-quinoyl,
Vanillic acid, R = OCH, cmmﬁgﬁr acid x—&mm;
(8] HaCO OH Ri
H @ﬂ H OH
OH . . Hi
Emm gt N .
Benzoic acids Cinnamic acids R é H H
Flavanols

Kaempferol R;=HR,=H
Quercetin R;=H.R,=0H
Myricetin R;=0H, R;=0H
Tangeretin R=H Isothamnetin R, =OCH; R,=H
- Nobiletin R=0CH, L

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

pears, strawberries

OH OH Flavones Flavonols

o iy
HO\Q/\D).\J R, HO 0 ,,i]:(ﬂ
2 R, H
3 ‘(PJW
¢

OH H
(+)-Catechin: Ry =R» = H; )-Epicatechin: Ry =R, =H;
(+)-Catechin gallate: R = gallyl, R, =H; (-)-Epicatechin gallate: R) = gallyL R, =
(+)-Gallocatechin: R; = H, R, = OH: (-)-Epigallocatechin: Ry = H, R, = OH; Maringenin R;=H. R,=0H .
. B _ Taxifolin
(+)-Gallocatechin gallate: Ry = gallvl, R» = OH; (-)-Epiallocatechin gallate: R = gallyl, R, = OH; Hesperetin R, =O0H, R,=0CH;

Flavanones Flavanonols

Tsao, R. (2010). Nutrients, 2(12), 1231-1246.
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(4) Q&S markers
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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

Anthocvanidin Ry R>

Cyanidin -OH -H
H Delphinidin -OH -OH

OH Pelargomdin -H -H
OH 0 Malvidin -OCH3; -OCH;

OH Peonidin -OCH; -H
“OH H Petunidin -OH -OCHj;

H
(1]

Other important polyphenols...

Procvanidin B1

Procyanidins: n = 0;
Oligomeric procvanidins: n= 0-7

o HC” o
Secoislariciresinol o,
Tsao, R. (2010). Nutrients, 2(12), 1231-1246.

Neveu, V., Perez-liménez, J., Vos, F.,, Crespy, V., Du Chaffaut, L., Mennen, L., ... & Scalbert, A. (2010). Database, 2010.
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HOW TO DETECT AND GUARANTEE FOOD Q&S?

Quality and Safety Markers

HOW TO DETECT ??7?

SENSORS
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Sensor e e

... Is a device able to catch a physical, chemical or
VARIATION biochemical variation in a system...

... the sensor devices response is able to give a qualitative
and/or quantitative detectable response in an analytical way...

lectrochemical
varaTion  OPtical
Mass

Thermal

TRANSDUCER SIGNAL
SENSOR

lass of compounds

Selectivity

Single analyte



(1) Sensors
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SIGNAL
SENSOR [\/W
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(3) Sensor TRANSDUCER

Working electrode (WE)
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Ag wire

KCl solution

Electrode
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Pathway of surface processes involved in a general electrode reaction

Current (pA)

Electrochemical devices Ri:

to potentiometer
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Counterelectrode (CE)

11 0.9 0.7 0.5 0.3
Potential (V vs AglAgCl)
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(3) Sensor TRANSDUCER Electrochemical devices

DISPOSABLE SCREEN-PRINTED CARBON
ELECTRODES

-|‘+ ( )
E RE _CE_

[mj
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« Nanomaterial is defined by the European Commission Communication* of 7 June 2005 like :

‘means a natural, incidental or manufactured material containing particles, in an unbound state or as an aggregate or as
an agglomerate and where, for 50 % or more of the particles in the number size distribution, one or more external
dimensions is in the size range 1 nm-100 nm’

g Inm=<d<100nm )

d

Nanoparticles
e &

1A Tnm 10nm 100nm Twum 10wm 100uwm Tmm 1Tcm

| ] | ] i | | [ 5
| [ | | | | | [ |
10 10> 108 107 108 107 10 103 102 meter

o e Ml &S

atoms molecules DNA viruses bacteria human
hair

k
\

[*] 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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Starting from Romans... ...till Today... looking towards the future...

Nanotecnologia romana

| colori cangianti della Coppa di Licurgo, datatalV secolo a.C., sono
dovuti a nanoparticelle di oro e argento disperse nella matrice vetrosa.

—_———
50nm

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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(2) Nanomaterials

UNITE
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Nanomaterials-based Sensors and sensing strategies

12000

:

8000

MIXED APPROACH

Synergistic combination of Analytical Chemistry (AC) and Nanoscience and
Nanotechnology (N&N)

2008
B ANALYT* AND NANO* 020 201 g0
B SENSOR* AND NANO*

/’E«Qnm B SORBENT* AND NANO*
N&N
Normeneamoumso J Optical Electrica

AC

Nanomaterials are widely used in various fields of analytical Catalytic Magnetic
chemistry, because of their unique properties potential

Biological Mechanical
Soriano, M. L., Zougagh, M., Valcércel, M., & Rios, A. (2018). Talanta, 177, 104-121.



(3) Nanomaterials

v' Different chemical nature

Pros

v" Different morphologies

v" High surface/volume ratio

&

) T

v" High functionalizability

v’ Easy interfaceability
v" Size/morphology dependent

properties = tunability )

-
Interconnected
0 (i
. @ architecture 3 D
High carrier mobility
Sheet Smooth surface
High adhesion
- 1D
Fiber Light scattering
Nonwowven mat
Sphere 0 D
High specific surface area
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Figure 1: Schematic illustration of structural dimensionality of

nanomaterials with expected properties.
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Nanomaterials used in electrochemical sensors [

Carbon based nanomaterials:

- Nanotubes
_ g v S - Fullerenes Nanoparticles:
’/f,’,:\;}\;}:““‘ 3 e l® - Graphene - Metal nan_opartlcles _
i . Etc - Metal Oxide nanoparticles

Graphene-like nanomaterials:
- e.g. Transition Metal Dicalchogenides (TMD)

Ld

i
NN NENAN

100x

PERFECT
seoncer | i ] | i f L

T N AN ? N 2N 2 N P conoueron

STEEL

A CRYSTALLINE ALLOTROPE OF CARBON
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Carbon based nanomaterials (Carbon Black, CB)

Carbon black is a material produced by the incomplete combustion of

heavy petroleum products. Itis mainly used as a reinforcing filler in tires and other rubber
products. In plastics, paints, and inks, carbon black is used as a color pigment

A Fueloil

ture

Wasle tyres Pyrolysis plant

NODULE AGGREGATE AGGLOMERATE
15.300 nanometers 85-500 nanometers 1-100+ micrometers
Electrocatalysis ‘ Selectivity CB compared with other nanomaterials:
High surface mmmmm)  Sensitivit Very low cost
y No synthesis
Resistance to fouling == Reproducibilit No impurities due to synthesis
J P y Easily dispersible
Faster eletron transfer ™=  |mproving separation performance Large number of defect sites
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(1) Carbon based nanomaterials (CB)
SPE CBNPs for direct analysis of carbamates in grain samples




SPE-CBNPs electrochemical behaviour for ferrycianide

Carbon SPE

' T T — T T T T
06 -04 -0.2 0.0 0.2 0.4 0.6 0.8

E vs. Ag/AgCl, V

Carbon-CB SPE

i

T T T T T T T T
06 -04 -0.2 0.0 0.2 0.4 0.6 0.8
E vs. Ag/AgCl, V

A
[
f
i 2D
10

3,0E-04
2,0E-04
1,0E-04
i (A)-40E-18
-1,0E-04
-2,0E-04

-3,0E-04

i

f

0,1 0,2 0,3 0,4 0,5
S. R. scan rate
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Graphene/Carbon SPE
(DS110-GPH)

T T T T T T T T 1
06 04 -02 00 02 04 06 08 1.0
E vs. Ag/AgCl, V

Graphene/Carbon-CB SPE

(DS110-GPH)

T T T T T T T T 1
06 04 -02 00 02 04 06 08 1.0
E vs. Ag/AgCl, V

CB modified SPE demonstrates a better electron transfer
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(2) SPE CBNPs for direct analysis of carbamates in grain samples

CM R Hyd ronS|s

S
R, o NH NaOH
DETECTION
60 mM
o T 25°C

15 minutes

SPE-CBNPs

SPE-CBNPs vs. CMs

Isoprocarb Carbofuran Carbaryl

NH

g bd 0
A <)

Fenobucarb Metolcarb

T T T T T T 1 Z "
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 // N T T T T T 1
WY [ -0.4 -0.2 0.0 0.2 0.4 0.6 0.8

sl <o

N[:S/k/ ﬁ@\
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SPE-CBNPs CMs Calibration, Reproducibility and Fouling resistance

5,0E-06 - ] . Isoprocarb
(reaction medium: MEPS eluate Fenobucarb
after hydrolysis, 33 % ACN) Metolcarb
4,0E-06 -
Carbaryl
Carbofuran
3,0E-06 -
i (A)
2,0E-06 -
1,0E-06 -
0,0E+OO T T T T T 1
0 200 400 600 800 1000
UM
(" Coefficient ) ( )
Linear Regression o¢ Olfuen Detection | Quantification
Analyte range equation . limit limit
det t
(mol L) (Y=am +b) ¢ e"(':;';a N Y umol Ly | umol LY
Isoprocarb 0.1-100 y=3E-08x+5E-09] 0.9971 0.6 0.7
Carbofuran 0.1-100 y=6E-08x - 1E-08 0.9999 0.4 0.5
Carbaryl 0.1-100 y=6E-08x+2E-08]  0.9983 0.4 05
Fenobucarb 0.1-100 y=3E-08x - 8E-09 0.9996 0.6 0.7
Metolcarb 0.1-100 = 6E-08x + 4E-08 0.9980 0.3 0.4
/ \ J \ J

Peak intensity (RSD, n=7): < 0.9 %

Peak potential (RSD, n=7):<4,8 %

Inter electrode reproducibility (RSD, n=10): < 6.6 % p.i and < 3,4 % p.E.
Fouling (peaks RSD):

DPV (n =30, 250 uM) 96 % v.s.32 %
CV (n=20,500 uM) 94 % v.s 15 %

Contents lists available at Sciencelvirect

Talanta

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

a

Nano carbon black-based screen printed sensor for carbofuran, isoprocarb, |

Chack for

carbaryl and fenobucarb detection: application to grain samples |

Flavio Della Pelle, Claudia Angelini, Manuel Sergi, Michele Del Carlo, Alessia Pepe,
Dario Compagnone’



Nano carbon black-based screen printed sensor for carbofuran, isoprocarb,
carbaryl and fenobucarb detection: application to grain samples
(Hard wheat, organic hard wheat soft wheat, organic soft wheat, maize) UNITE
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Recoveries : 78-102%

Pesticide recoveries in grain samples Correlation: r= 0.952
Accuracy: relative error between 9.0% and -7.8%

r- N\

Analyte Spiked L UHPL C-MS/MS recovery (%)* CB-SPE recovery (%)" J Relative error (%) \
(mgKg™ ")

HW HWO SwW SWoO ME HW HWO SW SWO MZ HW HWO SwW SWO ME
CA
0 = LOD = LOD = LOD = LOD = LOD = LOD = LOD = LOD = LOD = LOL
0.25 82 6 87 =3 83 +9 B89 x12 B2x15 88 =1 B4+4 76 x7 93x8 B8 x12 -—-68 31 9.0 -41 -38
0.50 85 +2 B84 +13 83 +2 8 =8 g3 + 7 BB +3 B8 +11 BOx5 B8 +x6 90 + 4 - 34 —47 34 0.6 31
0.75 82 =10 78 = 7 84 + 1 82 + 7 80+4 B8 +5 8BO+9 B8 B8l +9 84 + 7 -37 —-23 =30 1.2 - 5.6
CF
0 = LOD = LOD = LOD = LOD = LOD = LOD = LOD = LOD = LOD = LO[
0.25 80 =14 102 =10 83 10 82 14 81 8 B9 977 8B x6 7910 80 =49 - 7.8 48 — 37 34 1.9
0.50 787 96 x 6 78+ 5 T8 +5 79 +13 81 +4 100+ 2 81 3 8 +5 83 +11 -33 —-48 —-36 -—-29 -56
0.75 799 100 x9 84 =11 99 x 131 79 x 16 B2 x5 100x5 & =7 100x8 84 = 49 -34 —-06 -—-31 -07 -—-64
IC
0 = LOD = LOD = LOD = LOD = LOD = LOD = LOD = LOD = LOD = LOL
0.25 82 +5 80 8 78+ 8 B84 +5 79+ 8 82 +5 B8l+6 B82+2 8 +9 80 <5 -10 -05 —-53 -24 -12
0.50 82 =7 B85 x4 792 T8 x8 795 B8l 8 8x4 B8l x4 B82x6 78 x5 1.3 -02 —-30 -45 16
0.75 9 =2 96 x 6 80 x 3 95 x 2 92 x 14 95 x4 98 =x9 BOx3 9 x4 97 =11 0.0 -20 —49 —-18 -56
FB
0 = LOD = LOD = LOD = LOD = LOD = LOD = LOD = LOD = LOD = LOI
0.25 83 x9 87 7 83 15 80 = 4 87 9 B84 x5 92x4 BOx13 79 x4 88 = 3 -09 -53 8.0 4.5 - 0.9
0.50 79 =12 78 £ 9 97 = 2 T8 x 5 80 x9 7J8x8 B82=x11 102 x0 78x2 78 = 7.7 —-57 —52 47 5.1
0.75 89 =11 78 = 8 102 7 94 =13 7913 84 =11 81 =10 99 =3 96 £ 9 B84 = 11\ 5.6 -41 3.3 -25 —-0.8

? Mean value (n = 3) of three different extracts were employed for the recovery and relative error calculation for both CB-SPE and UHPLC-MS/MS methods.
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Carbon based nanomaterials (Carbon nanotubes, CNTs)
Flow injection analysis (FIA) of olive oil polyphenols

UNITE

The -NH, functionalized CNTs exhibited also improved reversibility with
respect to the -COOH functionalized CNTs

i Tk MWCNT-MNH;-Mo 700805 - SWCNT-NH;-Mo
'. EOOE-03 A B
a0 - r
5,00E-03 5 poE-03 4 _r"' 3
4,00E-03 4.006-0 4 ‘
3,00E-03 - i o
-NH, bear z g M
= 2,00E-03 A i = 0003 o
— Catechol 100E-G3 | 1L00e-03 |
= - XEE 0.00E+00 S ot~ - -
=== Tyrosol LT T > e

1,2 O
100603 " -LI0E-03

-2,00E-02 -2,00E-03 - P
E [V]vs Ai/iC]
35006 - 300606 -
004 MWCNT-COOH-Ma c SWCNT-COOHMo D
00805 1 o 250606 1 Az
25[E-06 A "o
2,00F-06
2,006-05 -
— 1L50E-0& 1,50E-06
1
” 100606 T LODOEE |
-COOH bear - -~ o
DLOOE+00 st
— CateChOI -5, DOE-O7 l:l. . . i L2 006400 |
1,3
LOE- _ !
=== Tyrosol 1.00E-0 € V] us Ag/ageL 5,006-07
-1,50E-06 - E V] ws Ag/AgCl

-1LODE-0E

Comparison of the mediated electrochemical response of CNTs chemically
modified nanosensor to catechol and tyrosol



(1) Flow Injection analysis

sample
injection

a1
18
a8
(-]
T

a2

[-T-

Catechol

calibration curves

v & 002x + 0045

-
R = 0,998

llﬂﬂnn

puTuul

60 sec

54

T

512

[_H

Amperometric FIA record of catechol standards and two
replicates (S2, S4, and S12).

Full Paper
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ELECTROANALYSIS

Selective Voltammetric Analysis of o-Diphenols from Olive Oil

Using Na,MoO, as Electrochemical Mediator

M. Del Carlo.** A. Amine” M. Haddam." F. della Pelle' G. C. Fusella," D. Compagnone**
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Selectivity of the FIA amperometry method
using a potential of + 380 mV; standard
concentration was 20 umol Lt
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Microfluidic LAB on CHIP strategy

Why CE microchips? Why Electrochemical Detection?

High speed of separation Inherent miniaturization without lossing of

(seconds to few minutes!) performance

High efficiency & sample processing High compatibility with microfabrication

Low sample/reagent consumption technologies (easy to integrate)

(from nL to pL!)

Extremely low waste generation High compatibility with nanotechnologies

(“enviromental friendly”) (“easy “to integrate, and creativity!)

Portability High sensitivity

(point of care testing) (some times approaching to fluorescence)

Disposability Independence of optical path lenght and
sample turbidity

Highly multiplexed systems

“Lab-on-a-chip” Not expensive!
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Microfluidic LAB on CHIP strategy

Microfluidic chips for reliable analytical determinations
integrating a simplified calibration protocol

CALIBRATION ANALYSIS

Standard Sample

oV




Microfluidic LAB on CHIP strategy UNITE
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a- /ii \ Is CB press transferable?

:
"y

* CBNPs @ <30 nm

Fabrication strategy

PRESS Few nanomaterials can be
[ = transferred to pressure v

(SWCNTSs) on plastic supports !!

PMMA

CBNPs CBNPs

‘n!"ll‘“l'llll:! II:|r|$nSS'TranSfer
CBNPs ‘ ‘
qﬁlﬂ!’iﬁ“m" W lll&hlm » ‘r@ y

._.._--"

PMMA

Filtration Press Transfer Detection
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(5) Microfluidic LAB on CHIP strategy o

CBNPs Press-transferred transducer characterization

FE-SEM Raman spectroscopy AFM at the interface

(Field emission scanning electron microscopy ) CBNPs (Red) CBPTE-5 surface (black). (contact mOde)

Morhological map Resistance map
B D G _jUL [ B | ‘

1GQ
100 MQ
10 MQ
1MQ

100 KQ
10 KQ
1KQ

T 1560

Raman intensity (a.u.)

2600
w]C
500

T / PMMA
z

21000

=

Dashed line

1000 1200 1400 1600 1800

Raman shift (cm‘1)

oH ” /tﬂ:

0 100 200 300 400
t (s)

- 8

distance (um)

\

[ Detection potential +0.40 \V !! J

¢ N

Mo

2
- e
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Microfluidic LAB on CHIP strategy
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OH CHs
CHs 1 peak: Isprocarb 8
(2-i1sopropylphenol) ;
CHS (nA) s4 =
CLon j
OH N
OH .
3 peak: Carbaryl ’ 0 25 50 ?IS 100 125
(1-napthol)
{umol L'1)
Linear Regression Coefficient (" Detection Quantification )
Analyte range equation of determination limit limit
(umol L) (Y=am + b) (r?) (umol L) (umol L)
w Isoprocarb (1) 25-125 Y =0.0726x—0.830 0.993 26 32
' 25-125 Y =0.0760x—0.632 0.996 22 28
ar //
Carbaryl (3) 25-125  Y=0.0555x —0.876 0.992 L 34 32 )




Microfluidic LAB on CHIP strategy

CBNPs Press-transferred microfluidic carbamates real samples analysis
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Lake water!? River water?! Irrigation water?!
Pesticide Spiked Determined Recoveryw RSD Spiked Determined N Recover\) RSD | Spiked Determind [ Recover? RSD
(uM) (1M) (mean) | (%) (uM) (kM) (mean) | (%) | (uM) (uM) (mean) (%)
0 <LOQ - 0 <LOQ 0 <LOQ -
Isoprocarb 50 44.28 87 8 50 52.62 105 8 50 44.97 90 8
100 90.43 90 5 100 95.94 96 10 100 94.15 94 5
0 <LOQ ) 0 <LOQ ) 0 <LOQ B}
50 45.87 92 11 50 53.04 106 9 50 52.97 106 11
100 89.09 89 9 100 90.61 91 8 100 97.18 97 9
0 <LOQ ) 0 <LOQ ) 0 <LOQ 3
Carbaryl 50 44.74 90 11 50 45.73 92 9 50 44.83 90 10
100 88.88 89 ) 9 100 8753 | 88 ) 7 100 879 | g9 ) 8

1 Tests carried out in triplicate.



Graphene-like nanomaterials
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Graphene-like two-dimensional layered nanomaterials, transition metal dichalcogenides (TMDs)
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Tan, C., & Zhang, H. (2015). Two-dimensional transition metal dichalcogenide ¢ Tunable e|ectrocata|ytic properties /intercalatable morphok)gies

nanosheet-based composites. Chemical Society Reviews, 44(9), 2713-2731.
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« TMDs nanosheets Easy to prepare

 Unique electrical, optical , and mechanical properties

* Large surface area, low cost, stability

» Metallic and semi-conducting electrical capabilities

» Widely in employed in hydrogen evolution reaction (HER) and energy storage

 Few applications in (bio)sensors employed in food analysis
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(2)Graphene-like nanomaterials

TMDs and TMDs-based nanocomposite for sensor and biosensors

2D NMs can form heterostructures with layers of varied materials and with a thickness of one or two atoms, and thus
synergistically improve their physicochemical properties.

Explosives

=<2 N9
EEA

== ox
L2,

n\l\l\l\.

N
/ I
lnorgamc Ving

‘ 2
2]
@ MoS,

TMDs-based nanocomposites/
Hybrid nanoarchitectures

TMDs-based sensors and biosensors

Exfoliation using intercalating materials/ These strategies avoiding
: appropriate solvent restacking, narrow potential window, low
(single- or few-layer TMDs nanosheets) ductivity fouli X )3-0a
_ conductivity, Touling, etc. growing field and holds great promise
improving the general electrochemical
performance

Alarcon-Angeles, G., Palomar-Pardavé, M., & Merkoci, A. (2018). 2D Materials-Based Platforms for Electroanalysis Applications. Electroanalysis, 30(7), 1271-1280
Sinha, A., Tan, B., Huang, Y., Zhao, H., Dang, X., Chen, J., & Jain, R. (2018). MoS 2 Nanostructures for Electrochemical Sensing of Multidisciplinary Targets: A Review. TrAC Trends in Analytical Chemistry
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Graphene-like nanohybrids materials
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Effective nanocomposite carbon black(CB)-molybdenum disulphide (MoS,) as
novel screen-printed electrodes modifier for sensing applications

CB = 20- 30 nm

£ AP A

i WS AT

HuA)

EDS spectra of SPEs modified with A) Exfoliated MoS,, B) CB-
MoS, composite at 75:25. The small peak of Cl is associated
with external contamination.




Graphene-like nanohybrids materials
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*Dopamine and Catechol showed an

intesities.

«Coumaric acid and ascorbic acid showed a negative shift and improved peak intensities.
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SPE

CB
— MoS,
— CB-MoS,

CVs of 1 mmol L of
each compound at a

scan rate of 50 mV s1.

improvement in the peak-to-peak separation and increased peak

*SPE-CB-M0S2 anodic peak intensity decrease was in the <2 % and < 10% for Catechol/Dopamine and

Uric acid/Coumaric acid, respectively, after 10 scans



(6) Graphene-like nanohybrids materials

A case of study: Cocoa polyphenols

Post-measure
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Graphene-like nanohybrids materials
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CATECHIN EPICATECHIN EPIGALLOCATECHIN

e O
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Anti-Fouling properties




Graphene-like nanohybrids materials

i (uA)

Standard calibration curve
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Fortified cocoa samples

0.25 A

— + 0,25 uM catechin
— + 0,5 JM catechin

—  COocoa miXx

0?1
E (V)

T
0.2

U
0.3

EPICATECHIN CATECHIN EPIGALLOCATECHIN
304 304 30
201 g 20 E 204
104 - 10, 10-
) S —— R v ——— o] % o
02 04 00 04 02 03 o4 02 01 00 01 02 03 04 02 01 00 01 02 03 o4

Y

Analytical characteristics of the SPE-CB/MoS, sensor employed for CT, EP, and EG detection.

Linear Range R? Sensitivity LOD

(umol L1) (A L pmol?) (umol L1)
CT 0.2-25 0.998 1.12 0.18
EP 0.2-25 0.998 1.18 0.17
EG 0.2-25 0.998 1.10 0.18

1ILODs were calculated as 3o/slope ratio, where o is the standard deviation of the mean value for 10
voltammograms of the blank. Analytical characteristics calculated using the mean value of three calibration
curves.

E (V)

0.3

Low polyphenols content
Medium polyphenols content

High polyphenols content

n=5 repetition after n°® 59
cocoa measurement




Graphene-like nanohybrids materials

CB-MoS, ( Epi. Eq. mg g%)
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y =0.188x + 4.0441

R=0.970
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60 90 120 150
Folin-Ciocalteu (mg g-1)

Optical assay vs. Electrochemical

CB-MoS, (Epi. Eq. mg g?)
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Data correlation

n=59 sample

y = 0.1474x + 3.9108

R=0.945

60 90 120 150
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180

CB-MoS, ( Epi. Eq. mg g1)
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y =0.2072x + 4.3642 .
R =0.966
HHTHT T
o m @ @ o i

AuNPs (mg g-1)
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Molecular imprinted polymer (MIP) based sensing

A molecularly imprinted polymer (MIP) is a polymer that has been processed using
the molecular imprinting technique which leaves cavities in the polymer matrix with an
affinity for a chosen "template" molecule.

{:}. {3 Template
- Washing B - Probe KR,
CHEMICAL
. . REBINDING & MEASURE
THERMAL MECHANICAL
STABILITY STABILITY

S HIGH
VERSATILITY SELECTIVITY
3.
1
LOW Tc}?Esr OF FACILITY OF
PREPARATION .

POLYMERS
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(1) MIP based sensing

MIP-MEPS based sensing strategy for the selective assay of
dimethoate. Application to wheat flour samples

DIMETHOATE MONITORING
IN WHEAT FLOUR

SAMPLE ANALYTE
PREPARATION DETECTION

MICROEXTRACTION MIP-GLASSY
BY PACKED CARBON
SORBENT (MEPS) ELECTRODE




(2) MIP based sensing

Strategy e DIMETHOATE REBINDING

(WASHING)
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(3) MIP based sensing

Repeatability Reproducibility
Alpa (%) RSD % RSD %
0.7 2.7

0.5 nM dimethoate (n=3)

1 nM dimethoate (n=3) 0.9

Alpa (%)
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20+
104

0-

MIP vs NIP

NN\ PR

o@
QQ’ 0. 0.

\
O
o

Dimethoate concentration

5.5

I VP
I NP

UNITE

UNIVERSITA
DEGLI STUDI
DI TERAMO

Alpa (%) for malathion, parathion and paraoxon
after the rebinding step was negligible;
omethoate gave a response of 23%o.

Dimethoate

Omethoate

SELECTIVITY
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(4) MIP based sensing
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3

Wheat flour MEPS MIP-GCE
samples (HDVB) ) detection

MIP-MEPS based sensing strategy for the selective assay of dimethoate. @ P——
Application to wheat flour samples

D. Capoferri®, M. Del Carlo™', N. Ntshongontshi”, E.I. Iwuoha®, M. Sergi®, F. Di Ottavio®,
D. Compagnone™ ™"

* Faculry of Fissenes and Technoboagia fr Food, Agreun e and Emdronment, Dnierany of Terama, v £ Balrani 1, 64100 Terama, oy
™ S Lab, Department of Chemi sty University of the Wisrern Cape, Belulle 7535, South Afia

Wheat flour samples: MIP vs. UHPLC-MS/MS

MIP-GCE MIP-GCE

RELATIVE ERROR (%) of dimethoate SD of dimethoate
Samples

concentration (ng kg?) concentration (ng kg1)
Wheat flour spiked with dimethoate 0.5 MRL
Wheat flour spiked with dimethoate 0.5 MRL + mix
Wheat flour spiked with dimethoate MRL
Wheat flour spiked with dimethoate MRL + mix
Wheat flour spiked with dimethoate 1.5 MRL

Wheat flour spiked with dimethoate 1.5 MRL + mix

Wheat flour spiked with dimethoate MRL + omethoate (1:1)
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(5) MIP based sensing

Electrochromic Molecular Imprinting Sensor for Visual and

Smartphone-Based Detections

A—

FAST,IN
SITU AND

{{» Chromic Sensor.
COST N ELECTROCHR HIGH

EF'FECTI\' OMIC SENSITIVI '
ENESS and MOLECULAR TY AND

EASY OF IMPRINTING SELECTIV J§
USE ’ SENSOR ITY

NOVELTY




(6) MIP based sensing

Electrochromism

MiIp

Screen-printin
technology

Smartphones

Strategy

ELECTROCHROMIC MOLECULAR
IMPRINTING SENSOR for an
ORGANOPHOSPHATE PESTICIDE

é/

ITO
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MIP/IrOx NPs — ITO SPE
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(7) MIP based sensing
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WORKING PRINCIPLE
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VISUAL APPROACH SMARTPHONE APPROACH
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MIP vs NIP analytical oy —————

pubs.acs.org/ac

60~ A — B Electrochromic Molecular Imprinting Sensor for Visual and
— 1A 25, - Smartphone-Based Detections
504 -0 Denise Capoferri,”** Ruslan Alvarez-Diduk,”*® Michele Del Carlo,” Dario Compagnone,*
20 and Arben Merkogi* '
40+ "Nanobioel and Bi Group, Catalan Insti of N: ience and N hnology (ICN2), CSIC, The Barcelona
151 Institute of Science and Technology, Campus UAB, Bell 08193, Barcelona, Spain
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X . | Recovery values of chlorpyrifos in spiked
100 pM 200 pM 300 pM 400 pM 100 pM 200 pM 300 pM 400 pM drinking Water SampleS (n — 3) using the
Chlorpyrifos concentration Chlorpyrifos concentration

current response

SELECTIVITY (500 mV-1000 mV) Added (Spiked)

B 500 fM 517.19 fM 103.44 + 16.14 15.60
- - 500 pM 471.45 pM 94.29 +17.92 19.00

;{’? 8 1nM 0.99 nM 99.50 + 19.90 20.00

‘ ny 0.98 UM 97.55 + 25.87 26.52

:(;0““5000““ RN :00“"\5009““ RPN 1 mM 1.07 mM 106.57 + 15.30 14.36

Pesticides concentration Pesticides concentration
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