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Silva, Bruna & Schmiele, Marcio. (2021). From olive to 
olive oil: a general approach. Research, Society and 
Development. 10. e32210313408. 10.33448/rsd-
v10i3.13408. 

According to the International Olive Council (IOC),
VOO is the olive oil “obtained from the fruit of the
olive tree (Olea europaea L.) solely by mechanical
or other physical means under conditions,
particularly thermal conditions, that do not lead to
alterations in the oil, and which have not undergone
any treatment other than washing, decantation,
centrifugation and filtration”.
It has a standardized protocol for commercial
classification based on sensory attributes. This
protocol is officially regulated by European
legislation and, together with 26 chemical
parameters, is used for classifying olive and olive
pomace oil

Bruna and Marcio, 2021
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Olive Oil Classes

Extra virgin olive oil (EVOO)
Virgin olive oil (VOO)
Ordinary virgin olive oil
Lampante virgin olive oil
Refined Olive Oil (ROO)
Olive oil (ROO+VOOs)

Crude olive pomace oil
Refined olive–pomace oil
(ROPO)
Olive Pomace Oil (ROPO+VOOs)



Kritsakis et al., 20202

51. Quality Criteria

1.1.Organoleptic Characteristics

Olive Oil Classes Odour and 
taste

Median defect Median 
fruity

Colour Aspect at 20 0C for 
24h

Extra virgin olive oil Me=0 Me>0

Virgin olive oil 0<Me≤3.5 Me>0

Ordinary virgin olive oil 3.5<Me≤6.0

Lampante virgin olive oil Me>0

Refined Olive Oil Acceptable Light yellow limpid

Olive oil (ROO+VOOs) Good Light yellow to green limpid

Crude olive pomace oil

Refined olive–pomace oil Acceptable
Light yellow to brownish 

yellow
limpid

Olive Pomace Oil 
(ROPO+VOOs) Good Light yellow to green limpid
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Quality Criteria (continued)

Olive Oil Classes 1.2.
Free Acidity
% m/m 
expressed in 
oleic acid

1.3. 
Peroxide value
in milleq. 
peroxide
oxygen per 
kg/oil

1.4. 

Absorbance 
in

ultra-violet

(270 nm 232 
nm*

1.5. 
Moisture 
volatile 
matter

1.6. 
Insoluble 
impurities
in light
petroleu
m % m/m 

1.7. 
Flash 
point 

1.8. 
Trace
metals
mg/kg 
Iron
Copper 

1.9. 
Fatty acid
ethyl esters
(FAEEs) 

1.10. 
phenol 
content

Extra virgin olive 
oil

≤0.8 ≤20 ≤0.22
≤0.01
≤2.5

≤0.2 ≤0.1 - ≤3.0
≤0.1

≤ 35 
mg/kg

Virgin olive oil ≤2.0 ≤20 ≤0.25
≤0.01
≤2.6

≤0.2 ≤0.1 - ≤3.0
≤0.1

Ordinary virgin 
olive oil

≤3.3 ≤20 ≤0.30
≤0.01

≤0.2 ≤0.1 - ≤3.0
≤0.1

Lampante virgin 
olive oil

>3.3 No limit ≤0.3 ≤0.2 - ≤3.0
≤0.1

Refined olive oil ≤0.3 ≤5 ≤1.25
≤0.16

≤0.1 ≤0.05 - ≤3.0
≤0.1

Olive oil 
(ROO+VOOs)

≤1.0 ≤15 ≤1.15
≤0.15

≤0.1 ≤0.05 - ≤3.0
≤0.1

Crude olive 
pomace oil

No limit No limit ≤1.5 ≥120°C

Refined olive–
pomace oil

≤0.3 ≤5 ≤2.00
≤0.20

≤0.1 ≤0.05 - ≤3.0
≤0.1

Olive pomace oil 
(ROPO+VOOs)

≤1.0 ≤15 ≤1.70
≤0.18

≤0.1 ≤0.05 - ≤3.0
≤0.1
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Other requirements

Contaminants
Olive Oil Classes Food 

Additives
Heavy 
metals
Lead (Pb)
Arsenic (As)

Pesticide 
residues

Halojenated 
solvents

Hygiene Packaging Container 
tolerance

Labelling

Extra virgin olive 
oil

None ≤0.1 mg/kg
≤0.1 mg/kg

maximum 
residue limits 
established 
by the 
Codex 
Alimentarius 
Commission

each
halogenate
d solvent ≤
0.1 mg/kg

sum of all
halogenate
d solvents ≤
0.2 mg/kg

General
Principles of Food
Hygiene (CAC/RP

1-1969), and
other relevant
Codex texts such
as Codes of
Hygienic Practice
and Codes of
Practice.
Microbiological
criteria
established in
accordance with
the Principles for
the
Establishment
and Application
of
Microbiological
Criteria (CAC/GL
21-1997).

Olive oils and olive pomace
oils shall be
packed in containers 
complying with the General 
Principles of Food Hygiene
recommended by the 
Codex Alimentarius
Commission (CAC/RCP 1 -
1969), and
other relevant texts such as 
Codes of Hygienic Practice 
and Codes of Practice.
The containers used may be:

1. tanks, containers, vats, 
which permit the 
transportation in bulk of olive 
oils and olive pomace oils;

2. metal drums, in good 
condition, hermetically-
sealed, 

3. metal tins and cans, 
lithographed, new, 
hermetically-sealed, 

4. demi-johns, glass bottles 

The volume
occupied by
the contents
shall under no
circumstances
be less than
90% of the
capacity.

Codex General 
Standard for
the Labelling of Pre-
packaged Foods 
(CODEX STAN 1-1985) 
On containers 
intended for direct sale 
to consumers
Name of the product 
Designations of olive 
oils Net contents Name 
and address
Country of origin 
Geographical 
indications 
designations of origin
Lot identification

Date marketing and 
storage conditions

Virgin olive oil None
Ordinary virgin 
olive oil

None

Lampante virgin 
olive oil

None

Refined Olive Oil α-tocopherol
≤ 200 mg/kg

Olive oil 
(ROO+VOOs)

α-tocopherol
≤ 200 mg/kg

Crude olive 
pomace oil

None

Refined olive–
pomace oil

α-tocopherol
≤ 200 mg/kg

Olive Pomace 
Oil 
(ROPO+VOOs)

α-tocopherol
≤ 200 mg/kg



As a natural product that is produced using
‘only mechanical means’ from olive drupes,
olive oil quality and purity parameters and
saftey issues are set by various regulations
and institutions such as the EU Regulations

Authenticity of olive oil is described adequately
in the legislations. The top two qualities of
olive oil are the extra-virgin and the virgin
olive oil on their unique physical, chemical and
sensorial parameters.

Olive oil

(Commission Regulation EEC, 2016, Regulation UE, 2011, Regulation UE, 2016), International olive
Council and Codex Alimentarius (Codex Stan, 2015).
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Olive oil could be an item which
created and consumed since
ancient times. It has been observed
that there has been an increasing
interest in this oil, which has been
identified with the Mediterranean
diet, in recent years Turkey positions
among the world’s greatest makers
of olive oil like other leading
Mediterranean nations (Olive
Times, 2019).

According to the FAO 2017 data,
although only 5% of the oil produced
in the world is olive oil, its consumption
has doubled in the last two decades
Öner, 2021.
Although Spain is the biggest oil –
producing country,
Greece (20 l per capita) is the biggest
oil–consuming country.
Other countries are
Spain (14.2 l per capita),
Italy (11.3 l per capita),
Portugal (8 l per capita),
Syria (4.9 l per capita), Morocco (4.7 l
per capita), Tunisia (3.8 l per capita)
and Turkey (2.2 l per capita)



IOC, 2022
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IOC, 2022
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World production of olive oil at 3 010 000t, for the 2020/21 crop year which is 8 %
less than the previous year.



IOC, 2022
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IOC, 2022
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Consumption reached 2 054 000t in IOC member countries and
1 071 000t in non-member countries. Total consumption is expected at 

around 3 125 000t (-4.4%)



Vossen, 2020; Kritsakis et al., 2020
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1. Harvest, transport, storage
2. Washing olive crushing, milling
3. Mixing of the olive paste (malaxation)
4. Oil separation from the paste
4.1. Pressure (Traditional systems)
4.2. Centrifugation (three-phase or two-
phase decanter)
4.3. Selective filtration
5. Oil filtration, storage and packaging

Part Ia. Olive Oil Procesing Technologies

Olive oil processing steps



Fernandes et al., 2016, Kritsakis et al., 2020, Jimenez-Lopez et al., 2021
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Fernandes, Maria Conceição & Torrado, Ivone & 
Carvalheiro, Florbela & Dores, Vânia & Guerra, Vera
& Lourenço, P. & Duarte, Luís. (2016). Bioethanol
production from extracted olive pomace: dilute acid
hydrolysis. Bioethanol. 2. 10.1515/bioeth-2016-0007. 

Usually, olive oil is obtained
mechanically by pressure or
by two or three-phase
centrifugation systems or by
selective filtration. There are
approximately 12 000 olive oil
mills in the world, more than
80 per cent of which are
centrifugal shown in Figure .
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Olive Fruit Delivery

and Scaling

Defoliation

Olive Pomace
and

Waste Water

Washing

Waste Water

Olive leaves

Olive Oil Moisture Residues+

Crushing (Milling)

Vertical
Centrifugation Separation-

Malaxation (Mixing)

Pressure or Centrifugation
or Sinolea Process

Clean Olive Oil

 
 

 

Figure 1. Flow chart of the olive oil extraction process in systems using 3-phase (a) 
and 2-phase (b) decanters (Centrifugal systems)



Kalogini et al., 2019; Kritsakis et al., 2020

17
Factors Affecting Olive Oil properties

Olive oil quality depends on several factors related to the
production
• in the primary sector (Geographic region, the climate, the

crop season, the tree age, the operations and treatments
in the field, and the time and operations applied for olive
harvesting),

• to the processing technology and
• process variables as well as to
• the storage conditions.

primary sector variables that affect the olive oil
characteristics such as the fatty acid profile, the composition
of phenolic compounds and the sensory attributes.
Unfortunately, many of the variables related to the primary
sector cannot be controlled (e.g. weather, climate).

On the other hand, olive oil-processing variables can be
controlled. A fine control of these variables can lead into an
optimization of oil quality production yield, economy, and
environmental impact



Factors affecting olive oil quality (milling, system used and packaging), Vossen, 2020
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EC, 2020
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Part 1b. Organic Olive oil Processing

“Organic farming is an
agricultural method that
aims to produce food
using natural substances
and processes” (EC, 2020).
EU introduced the organic
logo and a strict system of
control and enforcement
in order to guarantee that
organics rules and
regulations.
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The organic logo gives a coherent visual identity to EU produced
organic products sold in the EU, and since it can only be used on
products that have been certified as organic by an authorised
control agency or body, it represents a useful tool for consumers
to recognise certified organic products and for farmers interested
in marked them across all EU countries (EC, 2020).

National and regional products with PDO certification are
preferred mainly for their higher perceived quality and
respondents’ interest.
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Businesses do not have to drop their prices to compete with non-
organic products, because the information on the product label is
becoming increasingly important, influencing the quality perception
and the social consciousness.

Consumers will increase their willingness to pay (WTP) a price
premium, as well their purchase frequency of organic products.

Consumers perceive organic farming as an effective way to
improve environmental quality and they prefer organic food,
because it presumably contains fewer chemical residues and
veterinary drugs compared to conventional food. Most of them
express more and more anxiety on agrochemicals, hormones and
medicine in animal production and GMO and artificial additives in
fruits and vegetables.



Öner, 2021

22There has been a growing
concern for human health and
safety, which is a key factor that
influences consumer preference
for organic food, which is
motivating consumers to buy
organic food as insurance and/or
investment in health.
It was highlighted that the
fundamental role of the health
attribute to generate consumers’
preferences for organic EVOO.

20% of organic agricultural lands in the world are used for olive
cultivation.
According to 2017 data, 8.3% of olive production was provided from
organic production. 70% of organic olive production is made in
Europe and 30% in Africa (Tunisia).
The world leader in organic olive production is Tunisia (629000 acres).
Other countries are Italy (570000 acres), Spain (480000 acres), Turkey
(202 000 acres) and Greece (124,000 acres). The organic field used in
olive cultivation has increased almost three times
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Organic farming is of importance in the agricultural sector of many
countries. Organic olive is one of the most important products in the
world as well as in Turkey. 8% of the olive orchards are managed
organically in Turkey.
Organic cultivation in Turkey is being validated by Control and
Certification private bodies according to the Organic Farming
Regulation no. 5262/2004). The Turkish Ministry of Food, Agriculture and
Livestock accredited control and Certification private bodies.

Many advantages, both from an environmental and social-economic
point of view, are offered through the organic cultivations of olive trees.

• protection of the environment,
• protection of the health of producers and consumers and
• economic advantages.
In addition, both cooperatives entered in the organic olive and olive oil
market. Tariş has already been producing organic virgin olive oil and
Marmarabirlik introduced organic table olives in the market starting from
2015.



Öner, 2021
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Some projects of Cooperatives and Unions
for Organic Olive in Turkey



Baydar, 2018; Kritsakis et al., 2020
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Researchers working on the
development of food technology are
making great efforts to develop and
implement “minimal processing”
strategies to remove the negative
effects of traditional food processing
methods.

Part I c. New emerging Non thermal Olive Oil Processing Methods

In the production of EVOO, these
techniques are based on rupturing the
cell walls and membranes of the olive fruit
and promoting pore formation and
membrane permeability, which leads to
water influx, swelling, and deflation. A
variety of methods have been explored to
enhance the oil extraction including

• enzymatic pretreatment to degrade
cell walls coadjuvants to avoid oil–
water emulsions and

• new emerging technologies.
As a result, oil extraction during
malaxation is improved and higher yields
are obtained.



Perez et al., 2021
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Considerable efforts have been dedicated to finding
alternative processes that can reduce malaxation time,
preserve the quality attributes of foods, while being
environmentally friendly and low in cost In recent years, novel
emerging technologies such as
• microwave energy (from 300 MHz to 300 GHz), 
• mechanical vibrations (under 200 Hz), 
• pulsed electric field (PEF), 
• ultrasounds (US), 
• heat exchangers and flash thermal conditioning. 
have been adopted in olive oil extraction because of their
positive effects including
• enhanced extraction efficiency,
• reduced extraction time,
• increased yield, and
• low energy consumption,
• satisfying the growing consumer demand for more natural

products with fewer additives and preservatives
• offer convenience, freshness, and safety.



(Kritsakis et al., 2020)

27This new emerging technology could give
more flavor and aroma, lower bitterness,
higher yield, higher antioxidant content
and longer shelf life. The extraction
process assisted by PEF, HPP, US, and MW
technologies has proved tobe very
efficient on olive pastes, leading to a
significant increase of the oil yield.

The oil yield as well as the quantity and quality
of the oil produced can also be improved by
using enzymes with pectinolytic and cellulolytic
activity mineral talc and use of
microorganisms. All these may significantly
increase oil yields. However the use of
coadjuvants is not in accordance with the
legal definition of virgin olive oil



Baydar , 2018
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Ultrasound can be applied to the olive
paste due to its mechanic effect on the
cell membranes, which induces them to

• When applied before malaxation, US
release oil easily from vacuoles with a
lower malaxation time, production cost
and higher oil quality and yield. Freeing of soluble compounds trapped in the oily 

phase after cell wall disruption by ultrasound. US, 
ultrasound

HPU improved oil extraction yield, 
shorter malaxation time



Clovedo, 2013
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Scaling up of ultrasounds application in VOO industry



Perez et al., 2021
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Effect of pulsed electric fields (PEF) treatment 
on cell membrane

Pulsed electric field (PEF), another non-
thermal technology, is effective for
reversible or irreversible permeabilization of
cell membranes without significant
temperature increase. PEF technology is
based on exposing olive paste to an
electric field causing pores in cell
membranes. PEF applications have the
potential

• to increase extraction yield and lower
malaxation time

• EVOO phytonutrient content such as
bioactive and antioxidant compounds
and health-giving properties.
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Cellular membrane deformation and damage 
caused by HPP (High pressure processing)

High pressure processing (HPP) and
pulsed electric fields (PEF) can
disintegrate the cell membranes,
enhancing the mass transport thus
improving the extractability of
intracellular bioactive compounds from
olive paste. HPP treatment when
applied to improve EVOO extraction.
The process increased the oxidative
stability of olive oils without any negative
impact on their flavor, color, and
consistency.



Perez et al., 2021
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Effect of microwave heating (MW) at the cellular 
level.

Microwave-assisted extraction (MAE) is an
alternative oil extraction method in recent
years. Microwave localised heating causes
the rupture of cell wall materials through the
formation of internal vapour pressure flow,
facilitating the release of cell wall
components.
• it is a more efficient extraction method

than conventional processes.
• high-quality oil and low energy

requirement, which cause a significant
reduction in environmental impact and
financial costs.



Bioactive Compounds and Quality of Extra
VirginOlive OilCecilia Jimenez-Lopez1,2, Maria 
Carpena1, Catarina Lourenço-Lopes1,Maria 
Gallardo-Gomez3, Jose M. Lorenzo4, Francisco J. 
Barba5, Miguel A. Prieto1,*andJesus Simal-
Gandara
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Part II. Quality Control of Olive oil with Chemometric Methods



IOOC, 2018, EU 1991; United States Standards for Grades of Olive Oil and Olive-Pomace Oil, 2010
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EVOO marketing is more demanding in terms of quality assurance.
The olive oil sector is subject to compliance with regulations that
affect its commercialization. Regulations establish the
categorization of the olive oil according to numerous physico-
chemical characteristics that are analyzed in accredited
laboratories, as well as to organoleptic evaluation by accredited
tasting panels.
The quality of olive oil is defined on the basis of the free acidity, the
peroxide value, the absorption in the ultraviolet region (K232,K270,
and Δκ), and sensory analysis.
Besides these parameters, which constitute the basis for olive oil
quality grading, other attributes such as the concentration of
bioactive compounds and specific sensory characteristics define
olive oil quality.
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Determination of Quality Criteria
1. Free fatty acids (acidity)
2. Peroxide value
3. UV Specific extinction 
coefficients of K232, K270 and ∆K 
4. Fatty acid methyl and ethyl 
esters
5. Sensory evaluation

Determination of purity criteria
1. Sterols, erythrodiol and uvaol 

determination
2. Wax content 
3. Trans isomers 
4. Stigmastadiene content: 3.5-

stigmastadiene
5. 2.glycerol monopalmitate

Determination of other constituents of olive oil
1.Unsaponifiable fraction 
2.Tocopherols 
3. Phenols
4. Volatiles



Extra virgin olive oil (EVOO) is a premium food
product requiring a relatively high price,
Authenticity covers many aspects, including
adulteration,
mislabeling,
mischaracterization, and
misleading origin.
Therefore, the detection of quality and
adulteration is crucial in quality and safety
control, and the vegetable oil product trade.

36



The rapid and reliable detection of quality is a very
challenging issue in the field of virgin olive oil
authentication and mainly adulteration.
The analytical procedures (including sample
preparation, analysis, data acquisition and processing)
have been developed and proposed to quality control
of virgin olive oil are as follows:
§ Vibrational spectroscopic techniques
§ Nuclear magnetic resonance (NMR) spectroscopy:
§ Mass spectrometry
§ Chromatographic techniques:
§ Other analytical approaches

37
Detection of Quality of 
Extra Virgin Olive oil



The produced analytical data (spectroscopic,
chromatographic, isotopic, sensorial, etc.) are often
multivariate data matrices which demand
appropriate chemometric analysis. In
chemometrics, mathematical and statistical
methods are used for processing and capturing the
most important and relevant content within the
multivariate data.

38



Based on both infrared and midinfrared absorptions (FT-IR, FT-
MIR, NIR, and MIR) and Raman scattering have great
potential as promising tools to determine quality and olive oil
adulteration.

İmportant advantages
• the needed volume of reagents,
• rapid measurements and
• fast data acquisition,
• relatively low cost,
• samples handling and
• their nondestructive nature (analysis is performed directly

on intact samples or with only minimal sample preparation).

The application of statistical data evaluation allowed
establishing approaches with high capability and great
potential to detect EVOO’s adulteration and identify the
adulterants nature

39
Vibrational spectroscopic techniques



VI
BR

A
TIO

N
A

L 
SP

EC
TR

O
SC

O
PI

C
 TE

C
HN

IQ
UE

S

Methods Determinations Data Processing References

FT-IR firmness, oil content and 
colour (chroma, hue)

PLS Kavdir et al., 2009

Near-NIR Vis-NIR sensory charecteristics LDA and SIMCA Sinelli et al., 2010

MIR, Vis NIR UV Spesific Coeffcient 
indexes, Fatty acids

PLS Maggio et al., 2011

FT-NIR total SFA, monounsaturated 
FA (MUFA), polyunsaturated 
FA (PUFA), and trans FA 
contents

PLS Mossoba et al., 2013

FT-NIR the kind and amount of an 
adulterant in EVOO

PLS Azazian et al. 2015

FT-MIR ATR and FT-NIR Oxidation level PCA Wojcicki et al., 2015

FT-NIR evaluating authenticity SIMCA Karunathilaka et al., 2016

Raman Spectral data PCA McReynold et al., 2016

FT-NIR evaluating authenticity PCA Mossoba et al., 2017

Vis-NIR Chlorophylls and carotenoids PCA, LDA Ferreiro et al., 2017
NIR, H NMR Finger prints cultivar 

classification
Artificial neural 
netwrks (ANN)

Binetti et al., 2017

FT-NIR Olive fruit ripenning indices 
(noisture, oil, sugar, phenolşc 
compounds)

PLS Trapani et al., 2017

FT-NIR Volatiles OPLS-DA Jolayemi et al., 2017

FT-NIR FFA PLS Tarhan et al., 2017
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Methods Determinations Data Processing References

FT-MIR evaluating geographic origin sterols and 
fatty acids  

PLS Ozdemir et al, 2018

FT-NIR 1,2 DAG and 1,3 DAG PLS Azazian et al., 2018

FT-NIR Adulterant determination PLS Jiang and Chen, 2019

NIR Geographic origin (FA, TAG) PCA, LDA, k-nearest 
neighbor tool (kNN)

Gertz et al., 2019

NIR Moisture content in Oil PLS, correlation test Fardin-Kia et al., 2019

NIR Moisture content in Oil PLS Karınathilaka et al., 
2020

Vis- NIR Olive ripeness evaluation PLS-DA Tugnolo et al., 2021

FT-NIR Adulterants in olive oil PLS-DA Vieiara et al., 2021
FT-NIR Olive ripenning degree PLS-DA Alemprese et al., 2021

FT-NIR Authencity (FA, DAG, FFA) PLS Azizian et al., 2021
NIRS, Vıs/NIR Quality Prediction of Intact Olives PLS Grassi et al., 2021
FT-NIR Quality and Authencity of olive oil (FFA, PV, 

K270, Chlorophyll)
PCA, Factorial- DA, 
PLS

Zaroual, et al., 2021

fluorescence and FT-
Raman

Geographic seperation of PDO olive oils PCA, PLS-DA Fort et al., 2021

NMR and MS Geographic seperation of PDO olive oils PCA, LDA, KNN Calo et al., 2021



Advances of both HPLC and GC
• sample preparation,
• instrumental analysis,
• data processing and
• interpretation for the efficient control

of olive oil adulteration.

The use of potent detection systems
such as MS for the structural and
quantitative analysis of some VOO
purity criteria has represent one of the
growing areas.

42

Chromatographic techniques
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Methods Determinations Data Processing References

HPLC-APCI MS/MS TAGs
PCA Fasciotti and Pereira 

Netto, 2010

HPLC UV-Vis
TAGs LDA Lerma-Garcia et al., 

2011

HTGC (High temperature Gas
Chromatography)

TAGs SIMCA, PLS Ruiz-Samblas et al., 2012

RP-HPLC
TAGs EC42 therotical value PCA Jabeur et al., 2014

HPLC-Quidrapole DAD Chlophyll ANOVA Fang et al., 2015

HPLC, DAD and Fluoerescence (FLD) Fingerprints phenolic fraction PCA, PLS-DA, SIMCA 
and KNN

Bajoub et al., 2017

Flourescence Spectroscopy Acidity, Peroxide value, K232, 
270, ∆K

PLSR Baltazar et al., 2020

HPLC -DAD Charecterization of olives 
(biphenolic profile)

PCA, AHC Irmak and Dıraman, 
2022

Front-Face Flourescence Spectroscopy Chemical Changes at 
storage at 60 C

PLS-DA Botosoa et al., 2021

UHPLC-UV/Vis polar fraction of different 
olive oil samples

PLS-DA, SIMCA Perez-Beltran et al., 
2022
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Methods Determinations Data Processing References

SPE solid phase extraction GC-FID FAAEs ANOVA Perez-Comino et al., 2008

GC-FID Fattty acid methyl esters FAMEs PCA, target factor 
analysis [TFA], 
SIMCA, PLS

Monfread et al., 2014

GC-FID Fattty acid methyl esters FAMEs ) ANOVA Jabeur et al., 2016

GLC Campasterol stigmastenol ANOVA Al-Ismail et al., 2010

GC, TLC ∆-7-stigmastenol ANOVA Mariani & Bellan, 2011

GC 
∆-7-stigmastenol LDA Jabeur et al., 2014

Method COI/T.20/Doc. No. 30/Rev. 
1 of the IOC, total sterol

desmethylsterols
and triterpene dialcohols

ANOVA Srigley et al., 2016

GC 3,5-stigmastadiene LDA Jabeur et al., 2016, 2017

Flash gas chromatography volatile fraction fingerprints of 
virgin olive oils

PLS-DA Barbieri et al., 2020



various MS methodologies not requiring prior separation to be
applied for virgin olive oils adulteration control be obtained in a
short analysis time. In the studies employing direct infusion MS in
this field,
• electrospray ionization (ESI),
• atmospheric pressure photoionization ion sources (APPI),
• matrix-assisted laser desorption/ionization (MALDI)
• fingerprinting method based on MALDI-TOF MS
for the effective determination of FAs and TAGs composition in
virgin olive oil samples without any required derivatization. The
application of chemometric treatments to the obtained data,
allowed for the detection of quality and identification of the
most common EVOO’s adulterant vegetable oils.
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Mass spectrometry
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Methods Determinations Data Processing References

GC-MS PUFAs, MUFAs 
MUFAs/PUFAs

PLS, DA Yang et al., 2013

GC-MS 3,5-stigmastadiene PLS Crews et al., 2014

GC-MS 3,5-stigmastadiene PLS Jabeur et al., 
2015

MALDI-TOF/MS TAG ANOVA Jergovic et al., 
2017

LC-MS TAGs PCA Pace et al., 2017

Headspace
solid-phase (HSSP) 
microextraction–GC-MS

quantification of the 
volatile profile

PCA, LDA Cechi et al., 2019

gas chromatography-ion 
mobility spectrometry (GC-
IMS)

individual signals
(markers) from the 
topographic plots of the 
olive oil samples

SIMCA, two binaries and a ternary OPLS-
DA

Contreras et al., 
2019

Headspace
solid-phase (HSSP) 
microextraction–GC-MS

Volatile organic 
compounds

PCA, AHC, LDA, KNN Gerhardt et al., 
2019

Flow Injection Analysis-
Magnetic Resonance Mass 
Spectrometry FIA-MRMS

Biophenols SIMCA, PCA Nikou et al., 2020

GC-MS Lipid and Sensorial 
parameters

PCA, Pearson Correlation Coeffcients Dıraman et al., 
2020
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The production and consumption of
olive oils have increased in recent
years. Olive oil authentication are
important not only for consumers, but
also for suppliers, retailers, regulatory
agencies, and administrative
authorities.
Turkey is the fourth largest olive oil
producing nation in the world, with a
production of 228.000 tons expected
for the agricultural year 2021/22. 8% of
the olive orchards are managed
organically in Turkey. 2 % of whole
production is organic olive oil.

Olive oil contains a variety of both
lipophilic and hydrophilic compounds
having a special effect on its quality
and its functional properties.
organic extra virgin olive oil is preferred
by consumers because it is rich in
bioactive components that have a
beneficial effect on health.

Conclusions…
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• Olive oil are strongly related to the presence of large amounts of
monounsaturated fatty acids (MUFAs) such as oleic acid and
valuable minor components including aliphatic and triterpenic
alcohols, sterols, squalene, volatile compounds, tocopherols,
chlorophylls, carotenoids and phenolic antioxidants.

• The presence and the amount of these compounds are affected by
several factors including cultivar, soil management and agro
technical procedures, climatic conditions, health of the fruit, degree
of maturity, method of harvesting and transportation of fruit, handling
of fruit during storage prior to processing period and processing
methods and conditions applied
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The production process of extra
virgin olive oil is conducted, as
known, only with mechanical-
physical methods applied to the
treatment of the olive fruit.
Recently, organic olive oil
production Technologies and new
emerging strategies have been
developed to remove the negative
effects of conventional processing
methods.

Different technological solutions can
be adopted during the conditioning of
the olive paste:
microwave energy (MW),
pulsed electric field (PEF),
ultrasound (US).
Therefore, new technologies will
improve the quality, physicochemical
and nutritional properties of extra
virgin oils, reducing the processing
time and energy consumed during
extraction, compared to traditional
methods and all this will contribute to
greater economic growth in the olive
oil sector.
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The olive oils are which are regulated,
with precise chemical-physical
parameters, by regulatory bodies, such
as IOC and EU.
Quality criteria of olive oils include: free
fatty acids, peroxide value, ultraviolet
absorbance. Organoleptic (sensory)
properties can also be evaluated under
the head of quality criteria including
median of defects (negative attributes)
and median of fruity (positive attributes)

Purity criteria includes: detection of
olive oils adulteration with other
vegetable oils, detection of olive oils
adulteration with olive-pomace oils,
detection of virgin olive oils
adulteration with refined oils. In order
to ensure purity total sterol, erytrhodiol
and uvaol content, wax, trans fatty
acid content, maximum difference
between the actual and theoritical
ECN42, triacylglycerol content,
stigmastadiene content, content of 2-
glycerryl monopalmitate content (%)
and fatty acid methyl esters are
measured

Other constituents include: The
fractionation of the unsaponifiable
components of olive oil , into several groups
of constituents (squalene, tocopherols,
polyphenols, pigments, volatiles etc.)
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To detect olive oil quality, authenticity and
adulteration sensitive and specific tests
methods including chromatography, fourier
transform infrared, nuclear magnetic
resonance methods combined with
chemometric methods such as principal
component analysis, linear discriminate
analysis, cluster analysis, and response
surface methodology procedures should be
used.

These methods of more robust,
efficient, sensitive, rapid and cost-
effective analytical
methodologies to guarantee the
quality, authenticity, and
geographic and varietal origins
traceability of this valuable
matrix, promoting the recent
technological progress in the
analytical field
They allow online/inline/offline
detection systems, mainly for the
assessment of the quality, safety
and assurance of virgin olive oil.
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