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Important knowledges/ requirment

1- Conoscenze di base
2- Attrezzature di laboratorio

3- Come utilizzare le attrezzature di laboratori
4- Preparazione della soluzione madre

1) Preparazione della soluzione da un substrato solido

2) Preparazione della soluzione mediante diluizione di una
soluzione madre

3) Preparazione della soluzione tampone

4) Diluizione vl/v, diluizione seriale

5- Principio di estrazione degli analiti

6- Elementi costitutivi di un’analisi

7- Strategie analitiche



Conoscenze di base

Formulario v
SI Base Units
Physical Quantity Name of Unit Abbreviation
Mass kilogram ke
Length meter m
Time second 5
Temperature kelvin K
Amount of substance mole muol
Electric current ampere A
Luminous intensity candela od
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Legenda
© )10 [ x10

“ )08 x103

Moles and [C]

massa del campioneg

(q)
numero "
di mali =
M massa maolare
igfrmol)
Nsoluto (mOl)

molarita = M =
‘/soluzionc (L)

The Dilution Equation
M,V; = M,V,

M, = initial molarity (“stock solution”)
V, = initial volume (Liters)

M, = final (desired) molarity

V, = final volume (Liters)

This equation is used when you have a “stock solution” of higher
molarity than you need and you need to dilute it to a lower
molarity by adding additional solvent.

Sample

*Dilution tubes begin with 9mL. 1mL is added, mixed then 1mL is
transferred to next tube. The ending volume in last tube would be 10mL
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VETRERIA
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_—""
Erlenmeyer flask Filtering flask Florence Seek
Aﬁ
Llll
' ' Crystallising dish
F I
| e Test tubes
A
| -(‘ewmwowmm@jn ovlinder
Allihn condenser
Volumetric
pipette
Watch glass Burette

Bell jar [ S—
3 Dl Vial Separatory funne
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ATTREZZATURAIN PLASTICA
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spruzzetta

Eppendorf

Vassoio porta provette

Falcon

8
A
A

=~ 5 g
~ 14 — :

= 18 & & =5 Y
= 12 — = 0
=8 = —
;10 — 35 — 35
=9 — a0 —— 30
=8 — =

=7 — =
g° — 20 -
=40 =0 =

S Sals s
=V —

3 — =
e 21 5 — 7



Lab glassware

Essiccatore

(a)

Ground-glass

surfaces plate

Desiccant

Figure 2-8 (a) Components of a typical desiccator. The base contains a chemical drying agent, which
is usually covered with a wire screen and a porcelain plate with holes to accommodate weighing bottles or
crucibles. (b) Photo of desiccator containing weighing bottles with dry solids.

(b)

Charles D. Winters

UNITE
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Precise or accurate?

UNITE

Cosa significa accuratezza?
Cosa significa precisione?

High accuracy, low precision High accuracy, high precision
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Bilancia tecnica e analitica




MISURA DEL VOLUME
PALLONE
500ml
250ml
100ml
50ml
FARE ks

ATTENZIONE!!! &Ly I

" 2650m vV..YVY
Parallasse error! 7 /‘&ewm&m

=100™ .
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BURETTA

) @

T/ O @

(I T T T T T

=

(a) (b)

Figure 2-19 Burets:
(a) glass-bead valve,
(b) Teflon valve.
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BURETTA Fare attenzione all’errore di parallasse
A Tg—/Bunatta
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Measuring volume

Color
code

Pipette

Disposable
(c) P d)

(b)

Figure 2-17 Typical pipets:

(a) volumetric pipet, (b) Mohr pipet,
(c) serological pipet, (d) Eppendorf
micropipet, (e) Ostwald—Folin pipet,
(f) lambda piper.

Ground
rings
It
\
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Tolerances, Class A Transfer
Pipets
Capacity, mL Tolerances, mL
0.5 +0.006
1 +0.006
& *0.006
5 *0.01
10 +0.02
20 *0.03
25 *+0.03
50 *0.05
100 *0.08
TABLE 2-2
Characteristics of Pipets
Type of Available
Name Calibration® Function Capacity, mL Type of Drainage
Volumetric TD Delivery of fixed volume 1-200 Free
Mohr D Delivery of variable volume 1-25 To lower calibration line
Serological D Delivery of variable volume 0.1-10 Blow out last drop**
Serological D Delivery of variable volume 0.1-10 To lower calibration line
Ostwald-Folin D Delivery of fixed volume 0.5-10 Blow out last drop**
Lambda TC Containment of fixed volume 0.001-2 Wash out with suitable solvent
Lambda TD Delivery of fixed volume 0.001-2 Blow out last drop**
Eppendorf D Delivery of variable or fixed volume 0.001-1 Tip emptied by air displacement

*TD, to deliver; TC, to contain,

**A frosted ring near the top of pipets indicates that the last drop is to be blown out.
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MISURA DEL VOLUME

UNITE

PIPETTE IN VETRO PALLA DI PELEO O PROPIPETTA

() V1 Compressione

Aspirazione V2

| 33 Svuotamento




Measuring volume

Wy

] —  wausoN
—01-20 "
—— 0200

0.5-20l ! . BRI
1.0- 50l
2.0 - 200 pl

A —
5.0-300
50 - 1000 !

05-5m

1.0-10ml

Micropipetta

FARE

VRS SN

/2N

Free position Ratchet system
for fine adjustment

Range and Precision of Typical
Eppendorf Micropipets

Volume Standard
Range, pLL Deviation, nLL
1-20 <0.04 @ 2 pL

<0.06 @ 20 pL
10-100 <0.10 @ 15 pL
<0.15 @ 100 pL.
20-200 <0.15 @25 pL
<0.30 @ 200 uL
100-1000 <0.6 @250 uL
<13 @ 1000 pL
500-5000 <3 @1.0mL
<8 @5.0mL

c!

M8 MM S e

\/J ~

P

Lock position
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* Push button

* Large volume
adjustment knob

-«—— Tip ejector button

Thumbwheel
(also known as fine volume
adjustment ring)

Volumeter display

Shaft

{also known as tip holder)

-

mark

| ensal
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Stock solution preparation
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Two methods for Preparation of a
desired volume of a Molar Solution

o 1) Preparation from a o 2) Preparation by Dilution
of a Concentrated Stock

Solution.

solid solute.

Suppose you have

0.500 M sucrose stock

solution. How do you

prepare 250 mL of |

0.348 M sucrose How to solve?

<-Marker showing = g P 1 solution ?

known volume

of solution Concentratio ]
n0.500 M
Sucrose !
Sl (e
(a) (b) :
250 mL of 0.348 M —

sucrose
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PREPARAZIONE DELLA SOLUZIONE MADRE
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1) Preparation from a solid substrate

(1) (2) (3)

Mass — Moles — Moles — Mass

Divide by Multiply by Multiply by
molar mass stoichiometric molar mass
ratio

L D
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Preparazione della soluzione madre

UNITE

2) Preparazione mediante diluizione di una soluzione madre concentrata

before after adding solvent
a— V"
200 Dilution 200

50 CI°V1 — C2'V2 , =150

250 mi Casom | higher volume
) fw o0

[ lower volume

higher concentration lower concentration



Diluizione seriale
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Serial Dilution

X /3 /3 /73

Serum Serum Serum Serum Serum

1.0 mL 1.0 mL 1.0 mL 1.0 mL 1.0 mL
S G e g >

- W W W W

Saline Saline Saline Saline Saline
1.0 mL 1.0 mL 1 )L 1.0 mL 1.0l
152 1:4 1% 1:16 1 =32

Serial Dilution #
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Preparazione della soluzione tampone o

e Add H* from e
A An- strong acid " HAn  HAn
An- HANn HAN ATE
? HARN An HAn  Han
[ e e

pH=7 ' Add OH" from

strong base

""\-\._\_\_ -

solution A

\ 4 A 4

measure pH measure pH A
An-  An- AN
H,0 0
pH = pH = 12 o Han An
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METODI DI SEPARAZIONE
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Come costruire un filtro di carta

A) Hot solvent containing
insoluble material
. S - :
' by ] ~
A
|
Short-stem funnel

Ring for support

Filter paper cone

Air space

Clean Erlenmeyer flask

Solution with no
insoluble impurities



Sistema di separazione

Filtrazione sottovuoto

large enough particles of solid
cannot fit through tiny holes in
filter paper, so remain here
Buchner moistened

funnel filter paper

porous plate
(plate with holes in)

rubber bung

Buchner
flask

\

suction from aspirator creates
partial vacuum in flask

/

filtrate (liquid that passes through
filter paper) collects here

rubber tubing '

il
To

Yacuum

Trap

Vacuum system
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\\\\\\\\ \ ' p
, ! YWY e W



UNIVERSITA
DEGLI STUDI
DI TERAMO

Sistema di separazione
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Centrifuga

Fig.3. Assembly of angle rotor
4

o S Ny
: Supernatam
(hquid)
1
1. Motor axie
2. Rotor
i: m clamp Pellet

Image sources: handling-solutions.eppendorf.com & labnetinternational.com
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Principio di estrazione degli analiti

UNITE

Estrazione solido-liquido. Estrazione forma campione solido.

A) Pesata del campione B) Estrazione del campione

Molecules
of intereast

FLUID:
solvent

SOLID OBJECT:
plant-based
raw material

SOLID/LIQUID
SEPARATION PROCESS

Solid tailings

of the plant Extract
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Principio di estrazione degli analiti
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Estrazione liquido-liquido. Estrazione da campione liquido.

Organic compound

2 ° b in Organic Solvent
Organic compound Yoo @
L .
in Water 90— Aqueous Phase ~@
i % a T 1
o | g |
BeFore extraction ——= Shal(e — AFter extraction
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Analytes’ extraction principle
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Solid phase extraction (SPE). Extraction form liquid sample.

How to use SPE

Key to Processes

Typical SPE Tube and Disk s
o o "
SPE Tube [— i} <D < - meun
— - EE a - = Compound of interest
w &
s < ) O = solvent A
S}nl‘iba'rel-llhehudy e g o { = soent B
| LISL; r p-ulyl[uup‘_lyiene. —_— 8 o o 0 = Solvent C
sometimes 9355 - G000019
nu¢:
- P
~ Doowew g F o
- w @ O Solve s ©
Frits, 20um pores &;};E-‘;E g o a
(sl by L} sPerasing u S e
or stainless steel) BT <D
T oo
. i Luer Tip
SPE ENVI-Disk o @
- > e
- *é T Stong H o o
@ : > Stslu-emlE £
w «
E o o < )
E o o < g
SPE packing embedded in glass fiber matrix & <
o}
7130470, GO00007 1 o @
G000018A




SOLID PHASE

EXTRACTION OF
PHOLYPHENOLS
FROM OLIVE OIL
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Antioxidants
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Antioxidants could be defined as sacrificial molecules.
Antioxidants are natural or synthetic molecules able to scavenge reactive species, such as reactive
oxygen and nitrogen species (ROS and RNS), contributing to oxidative homeostasis.

Phenolic compounds

Contents lists available at ScienceDirect

Maturitas

MEDITERRANEAN DIET 5

DAILY AN

SERVINGS journal homepage: www._elsevier.com/locate/maturitas

Beneficial effect on human health

ﬁ Anti-microbial property
7N

(O

Y

The Mediterranean diet: A historical perspective on food for health

i»

ALY Juan José Hidalgo-Mora®, Alicia Garcia-Vigara®, Maria Luz Sanchez-Sénchez",
SERVINGS Miguel-Angel Garcia-Pérez’, Juan Tarin’, Antonio Cano™"

Coatents lists availsble at ScicrceDirect p—
$ T"I;;,); Molecular Aspects of Medicine
__'L.&;k
journal homepage: www elsevier com ate/ma:

Benefits of the Mediterranean diet: Epidemiological and molecular aspects | M)

MONTHLY
OR SMALL
AMOUNTS

PHYSICAL
= ACTIVITY
S260 AND WALKING

Additives in biomedicine practices

Lluis Serra-Majem , Blanca Romén-Vifias™“'“, Almudena Sanchez-Villegas™, —

DAILY Marta Guasch-Ferré™, Dolores Corella™*, Carlo La Vecchia

T0 WEERLY

Received: 10 April 2019 | Revised: & June 2019 | Accepted: 17 June 2019
DO, 10.1111/bph 14775

Food supplements (sensory and

Themed Section: The Pharmacology of Nutraceuticals

o [l
I . = INVARIABLE
nutritional properties, shelf-life)
PERVIEEK
\ - . - . . Xirontiers s
@ Quality and process indicators B rurienss -
\ g b ScienceDirect Pi:‘!’:l’:l‘;::l Review 2019 -
FISEVIER o o el Bty 26 (2019 50-258 Biochemistry The Fluid Aspect of the Mediterranean Diet in the Network Meta-Analysis of Metabolic
> PDr_evenﬁondag! lratnageTl:er;{ 1f C;rl;ii;’va:culalr Effects of Olive-Oil in Humans Shows
A . s g 2 : isease and Diabetes: The Role of Polypheno : :
< 9@ Potential tools for e R < Content n Moderate Consumption of Wineand  Goncl ot With Moderate
‘ . . . . cn’, Clra D Germaria, ria Vitria idon i Boraventra’, | Polyphenol Levels as Part of the
\m fu nction a| Ization Of madteri a| S i Maccarone 7, o DO Feele Dlmo-Viagoes 4ok Derd v et 134 el Glewmo Ville 1450, Mediterranean Diet

Niki Katsiki *, Javier Delgado-Lista *** and Luis A. Alvarez-Sala-Walther 45 Evangella Tsartsou', Nikolaos Proutsos’, Ellas Castanas ' and Marilena Kampa ™




Antioxidants

Classification
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DIETARY
POLYPHENOL
l l l SUBCLASSES I 1 1
r N " Y {H\i: N A
Hyh. =™
ﬁ | FLAVONOIDS | PHENOLIC ACIDS w7 LIGNANS % STILBEMES
‘\F'-\g/ [} L3 ;'__::!!-m“
Y N L AN OH N r
('_ . Flavanols it /'_ & Hydroxybenzoic at:it:lﬂ'"'\1 '/' Secoisolariciresinol ‘\I ' ™ Resveratrol N
o Epicatechin = o Protocatechuic acid wa, ~{ s-on PliNOresino ”“\(;/vg Pterostilbene
Catechin g Gallie acid {?' ‘-r-fu oo Lariciresinol I
Epigallocatechin-gallate 18 Vanillic acid (<™ syrigaresinol v
' ‘ Ellagic acid e Matairasinol \. * * ﬂ &
Lx J Salicyclic acid Hydroxymatairesino F
Sesamin
Flavanones ) # b “ . e : Q
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Phenolic content evaluation in Extra Virgin Olive Oil. Main strategies

Extraction
(LLE / SPE)

UNITE

Solvent evaporation and phenols

concentration

Separative / Chromatographic strategies

Plant Foods Hum Nutr (2012) 67:326-336
DOI 10.1007/s11130-012-0315-2

ORIGINAL PAPER

Comprehensive Analysis of Polyphenols in 55 Extra Virgin Olive
Oils by HPLC-ECD and Their Correlation with Antioxidant
Activities

Banu Bayram - Tuba Esatbeyoglu - Nicole Schulze -

Beraat Ozeelik - Jan Frank - Gerald Rimbach

Contents lists available at ScianceDirsct

Journal of Chromatography A

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

and the assessment of the related health claim

Gianni Sagratini‘, Roberto Ballini", Dennis Fiorini "

Olive oil polyphenols: A quantitative method by high-performance @mw
liquid-chromatography-diode-array detection for their determination

Massimo Ricciutelli®, Shara Marconi”, Maria Chia}'a Boarelli”, Giovanni Caprioli‘,

Sample bands separate with flow 4

eog /

Detection
-

Voltage Response
&

] I
0

Time

TTT T T T T T T T LT T T T T [T T T TTT

Electrochemical-based strategies

Microchimica Acta (2019) 186: 363
hittps/doi.org/10.1007/500604-019-3418-5

ORIGINAL PAPER

Nanohybrid carbon black-molybdenum disulfide transducers { pcaies’

for preconcentration-free voltammetric detection of the olive oil
o-diphenols hydroxytyrosol and oleuropein

Daniel Rojas '~ - Flavio Della Pelle' - Michele Del Carlo - Emiliano Fratini® - Alberto Escarpa®* « Dario Compagnone '

Food Research International 54 (2013) 2075-2082

Contents lists available at ScienceDirect !

Food Research International

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

Voltammetric e-tongue for the quantification of total polyphenol
content in olive oils

Irina Mirela Apetrei *, Constantin Apetrei ®*

@

Optical-based strategies

C
Research Article SCi

twileyen) ty.comm) DO1 1011002/jsf2.9461

Evaluation of total phenolic content in virgin
olive oil using fluorescence
excitation-emission spectroscopy coupled
with chemometrics

Giacomo Squeo,” Francesco Caponio,” Vito M Paradiso,” Carmine Summo,”
Antonella F 2o Igor K bo and Ewa :

Computers and Electronics in Agriculture 173 (2020) 105445

Contents lists available at ScienceDirect

Computers and Electronics in Agriculture

LSEVIER journal homepage: www.elsevier.com/locate/compag
Visible/Near Infrared (VIS/NIR) spectroscopy as an optical sensor for [ ]
evaluating olive oil quality SRy

Nawaf Abu-Khalaf**, Mohammed Hmidat”

Ultraviolet Visable Light 3 Infrared

Absorbance  Fluosescence

100

Absorbance or Fluorescence
Intensity (a.u.)

o

500 50 600 650

B L] 400 0 wavskngt o) Wavelength (nm)

2%4rm Pesi Ve eficency
Uow pressure W lamp)




UNIVERSITA
DEGLI STUDI
DI TERAMO

Phenolic content evaluation in Extra Virgin Olive Oil

Why the extraction is required?

COMPOSIZIONE CHIMICA
DELL'OLIO EXTRAVERGINE
DI OLIVA .

L'olio extravergine di oliva & costituit

*  98% gliceridi e acidi grassi monoinsaturi

(oleico, linoleico, linolenico)

n
BSOS Y

- . ~H_HC € _C  _C
HC” ﬂ_ﬁ xﬁ: xﬁ: - 'H_ﬁa aﬁz aﬁz i_m

]

* 2% componenti minori

(polifenoli, vitamine e sostanze minerali)

Lfﬂﬂf&i.: acid

B T o N
ﬂfejc acidx-t""

AL

i.ll I|
U031 Palmijc acig
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Phenolic content evaluation in Extra Virgin Olive Oil. Main strategies

Preparazione del campione

# Pesare 1.0 g di campione # Scioglierlo in 5 ml di esano.

H HH HH H
R VAR VAR
Ne” NG TN T

/N /N /\
H HH HH H

AR é




Polyphenols extraction
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Solid phase extraction (SPE). Extraction form liquid sample.

Figure B. Process Using
Applied Pressure

Positive Pressure

. - Positive Pressure
R e e P N from Syringe

from Air or N, Line

i_o/\s{_ Solid phase: silica beads@C18

g

10-100cc {f" ‘Elrr?f
Syringe = N

2

"
Tube
Adapter
Sample |
f | Solution
|

Sample e®
Solution

- (I

94-0143




Polyphenols extraction

Solid phase extraction (SPE). Extraction form liquid sample.

Condition the SPE
Tube or Disk

L ] L |

!

STEP 2

%.

o)

G000022A

10 mL Methanol

10 mL Hexane

STEP 3

Add the Sample

:

&

G000023A

STEP 4

Wash the Packing

{
:

i

=

GO000024A

10 mL Hexane

w
[+
w
-
7]

Elute the

Compounds of Interest

i

<
i

GO00025A

10 mL Methanol

UNITE
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Polyphenols extraction

Solid phase extraction (SPE). Extraction form liquid sample.

—

Chromatographic strategies

%0 ef X -".,u. :?"g P
ni&éé%
Electrochemical-based strategies
4

Voltage Resp:

Analysis

Optical-based strategies

uuuuuu let Visable Light | Tnfrared
"
2 Absarbance  Fluorescence
ke - 14
Vooum uve 13 F
2
58
2
8
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5
3
Ed
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