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Outline of my talk

Infroduction :

* Part I: Olive Oill Processing‘
Technologies

» Organic Olive oil Processing

« New emerging Non thermal

Olive QOil Processing Methods
* Part Il. Quality Control of

|

Olive oil with Chemometric |
Methods
Conclusions
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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, - Cold extraction |- == = === == === ===~~~ .
particularly thermal conditions, that do not lead to E : ' E
alterations in the oil, and which have not undergone [:j : iy
any treatment other than washing, decantation, scnll! S "““‘"‘"9"‘*‘“"[ s o
centrifugation and filtration™. IS i - — . ! :
It has a standardized protocol for commercial (Y oo T LS N
.o . . o Extra virgin Virgin Ordinary virgin Refined Extraction and
classification based on sensory attributes. This | oiveon )L oliveoil | | olive ol J olive ol J refining method
protocol is officially regulated by European NS >20% L <03% \____;
legislation and, together with 26 chemical ; AR
parameters, is used for classifying olive and olive 3 : ! Rﬁf:a:‘i:g?'fj

£03%

pomace oll Olive Oil Classes

Extra virgin olive oil (EVOO)

Virgin olive oil (VOO
Ordinary virgin olive oil
Lampante virgin olive oil
Refined Olive Qil (ROO
Olive oil (ROO+VOOs

By

-

Crude olive pomace oil
Refined olive—-pomace oil
[{e]{e]

Olive Pomace Oil (ROPO+VOOs)

Bruna and Marcio, 2021



A -
1. Quality Criteria

1.1.0rganoleptic Characteristics

Olive Oil Classes Odour and Median defect Median Colour Aspect at 20 °C for
taste fruity 24h

-
Extra virgin olive oil Me=0 Me>0

B . Virgin olive oil 0<Mes<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 Hrisid l
yellow

Olive Pomace Oil

i t
(ROPO+VOOs) Light yellow to green




N )7

|| Olive Oil Classes [IVA 1.3.
Free Acidity Peroxide value
% m/m in milleq.
expressed in peroxide
oleic acid oxygen per
kg/oil
Exira virgin olive  [0XS] <20
oil
Virgin olive oil <2.0 <20
|| Ordinary virgin <33 <20
} olive oil
Lampante virgin  [BSK] No limit
olive oil
Refined olive oil <0.3 <5
-
S Olive oil <1.0 <15
S8 (ROO+VOOs)
—’ Crude olive No limit No limit
pomace oil
- Refined olive- <0.3 <5
I pomace oil
Olive pomace oil EYK6] <15
(ROPO+VOOs)
= — ~ ..
—— e ———
[ ‘;‘ — ‘:j 2 el =
—— = - ==

1.4.
Absorbance
in
ultra-violet
(270 nm 232
nm*

<0.22

<0.01

<2.5
<0.25

<0.01

<2.6
<0.30

<0.01

<1.25

<0.16
<1.15

<0.15

1.5.
Moisture
volatile
matter

<0.2

<0.2

<0.2

<0.3

<0.1

e . LS 2

_ Quality Criteria (continued)

1.6.
Insoluble

impurities
in light
petroleu
m % m/m

<0.1

<0.1

<0.1
<0.2
<0.05

<0.05

<0.05

<0.05

1.7.
Flash
point

2120°C

1.8. 1.9. 1.10.
Trace Fatty acid  phenol
metfals  ethyl esters content
mg/kg  (FAEEs)
Iron

Copper

<3.0
<0.1

<35
mg/kg

<3.0
<0.1

<3.0

<0.1
<3.0

<0.1
<3.0

<0.1
<3.0

<0.1

<3.0

<0.1
<3.0

<0.1



A (o][\-Neol Ne{[-[3{XW Food
Additives

r SR NN None
- oil

None

olive oil

ollve oil

a-tocopherol

<200 mg/kg
0I|ve oil a-tocopherol
(ROO+VOOs) <200 mg/kg
5

pomace oil
Refined olive- a-tocopherol
pomace oil

<200 mg/kg
Olive Pomace a-tocopherol
Oil <200 mg/kg

(ROPO+VOOs)

Contaminants

Heavy
metals

Lead (Pb)

Arsenic (As)
<0.1 mg/kg
<0.1 mg/kg

Pesticide
residues

maximum
residue limits
established
by the
Codex
Alimentarius
Commission

i |

Other requirements

Halojenated Hygiene Packaging Container Labelling
solvents folerance
each General Olive oils and olive pomace  The volume Codex General
halogenate  Principles of Food oils shall be occupied by Standard for
d solvent < Hygiene (CAC/RP ,qcked in containers the contents ihe Labelling of Pre-
0.1 mg/kg 1-1969), and complying with the General ~ shall under no nqckaged Foods
sum of all other relevant Principles of Food Hygiene circumstances  (CODEX STAN 1-1985)
halogenate  Codex texts such recommended by the be less than . - ;ntqiners
d solvents < as  Codes  of codex Alimentarius e 9f e intended for direct sale
0.2 mg/kg Hygienic Practice commission (CAC/RCP 1 - cepeel: to consumers
o . Codes  of 19¢9), and Name of the product
Freeiies: other relevant texts such as Designations of olive
Microbiological  codes of Hygienic Practice oils Net contents Name
cri’rerig ~and Codes of Practice. and address
es’roblzhed ’rIE The containers used may be: Country of origin
;Jhcecc;rrir::lcr;;leesw;or 1. tanks, containers, vats, .Ge.ogrc.:tphicol
the which permit the |nd|.co’r|o.ns o
. transportation in bulk of olive designations of origin
SRl oils and olive pomace oils; Lot identification
and Application
o 2. metal drums, in good Date marketing and
Microbiological condition, hermetically- storage condifions
Criteria (CAC/GL S€9led.
21-1997). 3. metal tins and cans, —
lithographed, new, r—
hermetically-sealed, fu——
4. demi-johns, glass bottles e
—_—
o T MR T COSTRY AT ERe e N L S



PHENOLIC Phenolic alcohols \
COMPOUNDS s L
Phenolic acids s L I A T / Pa'milc =
; Tyrosol Hyd;:xytyrosol Oleic acid
As a natural product that is produced using O ‘ .
‘only mechanical means’ from olive drupes, LA S e o
: : : : i ' et PHYTOSTEROLS
olive oil quality and purity parameters and gy N YN B :
saftey issues are set by various regulations . = ;ﬂ;.c . e L 06 e
and institutions such as the EU Regulations SN " pSitosterol  Campesterol
Secoiridoids Rutin
Authenticity of olive oil is described adequately - ~o] | X Lignans TmTERPENO!DS
in the legislations. The top two qualities of M- BB o (+)Pinoresinol " squalene
olive oil are the extra-virgin and the virgin e e B Pentacyclic acids
olive oil on their unique physical, chemical and TtocopHEROLS I OCC ), S
sensorial parameters. Wy Wt ermeeno | Zo0UgIvO 6L
a-Tocopherol B-Tocopherol &Tocopheri) | Oleancic acid  Maslinic acid

( EXTRA VIRGIN OLIVE OIL /%; )

Generalities
<0,8% free acidity

No sensory defects ) al No light exposition
Mechanic production [ - 2 Card ctive

23°C

Health-promoting | ARSAES Anti-inflammatory 2%"‘;/!&5[:;:&?88"

dient of the MED \ ST
ingredien i‘] e ) o "\ Gut modulator Bag-in-box or glass
1ol AN\ Q E

(Commission Regulation EEC, 2016, Regulation UE, 2011,
Council and Codex Alimentarius (Codex Stan, 2015).
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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
Oner, 2021.

Although Spain is the biggest oil —
producing country,

Greece (20 | per capita) is the biggest
oil-consuming country.

Other countries are

Spain (14.2 | per capita),

ltaly (11.3 | per capita),

Portugal (8 | per capita),

Syria (4.9 | per capita), Morocco (4.7 |
per capita), Tunisia (3.8 | per capita)
and Turkey (2.2 | per capita)

Olive oil could be an item wh
created and consumed

ancient times. It has been obse
that there has been an incre
interest in this oil, which has
identified with the Mediterra
diet, in recent years Turkey po:
among the world’s greatest m
of olive oil like other lec
Mediterranean natfions (Olive
Times, 2019).
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ammount of olive

90 91 92 93 94 95 9 97 98 99 00 OL 02 02 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18
year

Figure 1. Olve o1l production leaders by years (Olive Oil Times. 2019).



Production (x1000tn)

EU, of which: 1752
SPAIN 1201
GREECE 195
ITALY 182
PORTUGAL 69
Other IOC countries, of which: 620
TUNISIA 100
TURKEY 178
MOROCCO 110
ALGERIA 63
EGYPT 30
ARGENTINA 24
Non-10C producers: 190

TOTAL 2561

2016/2017 2017/2018 2018/2019 2019/2020 2020/2021(p.) Average 2021/2022(e.) %variation rates

l L

2188 2264 1920 2051 2035 1974 428

1262 1790 1125 1389 131 1300 + -6.4°
346 185 275 275 255 225 $-18.2
420 174 366 274 285 315 t 152
135 100 140 100 109 120 2

1007 808 1188 758 870 936 T 235
325 140 440 140 229 240 t714
263 194 230 210 215 228 t



PRODUCTION

EU COUNTRY MEMBERS
NON I0C MEMBERS
OTHER |IOC MEMBERS
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Crop Year

Source: International Olive Councll

World production of olive oil at 3 010 000t, for the 2020/21 crop year which is 8 %
I0C, 2022 less than the previous year.



Tablsau 2: IMPORTATION

Tableau 3: EXPORTATION

—“ 201718 201819 201820 | 2020721 | 2021722 2017/18 201818 2018v20| 202021 2021722
(prov.} | (prev.) (prov.) | (prev.)
@8 28)  (30) 31) 32) | ) 29 130 21 132
e Albania 1.5 10 1.5 15 15 Albanie Albaria 0.0 0.0 00 00 0.0
e Algeria c.c c.c a0 c.c a0 Algarie Algeria 0,0 0.0 00 0s 0.0
Argertina co 1.5 cs e o= Argentine Argentina s s 230 230 230
Chypre Cypruz Chypez Cyprus
Croatie Croatia Croate Croasa
Egyoee Egyot 25 3s 45 0.0 a0 Egypte Egyet 25 0= 10 0.0 0,0
Gaorge Gaorgla oS as 0s as Gecrge Georgla 0,0 00 0.0 0,0
Iran Iran S el 30 e 20 ran ian LY 0.0 00 00 0.0
Irak g 1.5 1.5 15 1.5 15 irak Iraq 00 0.0 0 00 0,0
Israti Israed 40 105 125 10,0 120 [ lzrael 00 0,0 00 0.0 0.0
Jordanie Jordan o0 0.0 00 0.0 00 Jordanie Jorgan 0.0 0s 0s 35 30
Lben Lebanon ss 0,0 a0 0,0 a0 Lban Lebancn 30 65 55 50 €0
Loy Loy c.o oo 0 oo oo Loye Loye 00 0.0 00 00 0.0
Maroc Morocco 120 55 65 8.0 40 Maroc Morocco 110 280 10,5 10,0 280
Montenegro  Montenegro 0.0 0,0 00 0,0 0.0 Montenegro  Montenegro 0,0 0.0 00 00 0,0
Ougpexiztan  Uzbedizian 2.5 0s 2z Ouzbébizian  Uzbexiztan 00 00 0,0
Paestine Paestine 0,0 0,0 a0 0,0 a0 Faezire Pakstne 4z 25 80 50 55
Tunizie Tunizia 00 0,0 0o 0,0 gg Tunizie Tunizia 2050 1800 3550 1700 200,0
Turquie Turkey 0,0 0,0 0.0 0,0 Tussas T 2
E—— pom v oy s (| ~— o o e
Uruguay Uruguay 1.0 1.0 1.0 1.0 0.0 Uruguay Uruguay 0,0 C, 10 0z 0,0
TOTAL A 2196 1730 2826| 1825 2330 TOTAL A 883,0 822,56 11870 |1.0835 | 1.1415
A Sacudne  Saudl Arabia EETR 385 280 300 A Zacudte  Saud Arabia 0.5 0.5 00 0s 0=
Auztralie Auztralia 3110 20 380 %0 355 Auztraile Auztrala 30 30 25 40 40
Erezil Erazl 765 8.0 0 1062 0= Erszll Brazi (=1:] 0,0 00 =] 0.0
Canada Canada 470 465 575 2.0 850 Canada Canada
chul Chie 25 15 1.5 20 15 chil Chile 14z 120 155|130 14,0
China China 80 450 50,5 45 525 chima China
‘m—uus USA 305 Mes 30| 3I7es 4010 Snatz-Unis uzA 83 65 35 40 30
Jagan 55 &80 533 2.0 500 |Japen Japan
Meraue Mexico 150 165 205 13,0 143 Meaxique Mexco 0.0 1.5 15 35 0.0
Norvége Norway 40 a0 45 40 40 Norvege Norway
Russie Russia 205 240 27, 2.0 350 Ruzzie Russzia
Syrie Syra 0,0 0,0 as 0.0 0o Syre Syra 200 18,0 150 150 15,0
' Suzze Switzerand 1@s 150 180 155 150 Suzze Swizeriand
Tatean 75 20 35 20 80 Talwan Talwan
P.prod. Other pr.coun. 2, 2, 20 2, 20 Autres P.prod.  Other pr.coun. 50 50 s0 0 s0
Punimp. Othnon-prod. 735 705 2rao| 13Ep 1450 Aur.P.unimp. Omnon-prod.
TOTAL B 76 2020 8676| 30,0 878.6 TOTALB 6156 485 430| 450 475
TOTAL MONDIAL WORLD 8430 8750 1.2800 | 11226 | 12116 TOTAL MONDIAL WORLD 8445 9890 1.240,0 |1.108,5| 1.189,0

I0OC, 2022

* szansies échanges intracomm




Tableau 4: CONSOMMAT}

W 201718
(prov.) (prev.)
ey e ey | @) B2
Abanie Albana 125 135 130 145 130
Algérie Algeria 825 22,0 1150 800 74
Argentine Argentina 80 7.5 7.5 7.5 75
Chypez Cyprus
Croatie Croatia
Egypte Egypt 400 450 430 300 205
Géorgle Georgla 0s 0.5 05 05
an Iran 105 145 1.0 125 120
nk Iraq 15 1.5 1.5 1.5 1.5
lsradi Izrael 210 25,0 280 230 230
Jordanie Jordan 20 21,0 40 215 130
Lban Lebanon 200 11,0 7.5 20,0 155
Lbye Lbya 180 15,5 17,0 15.0 150
Marcc Morocco 1200 150,0 1400 1400 1500
Montenegro Montenegro 0s 05 0.5 05 05
Ouzbékistan  Uzbexistan 0.5 05 05
Paestne Palestne 150 12,5 7.0 1.0 165
Tunizie Tuniza 400 400 38,0 300 300
Tukey
=
TTooTSY
TOTAL A
A. Saoudte Saudl Arabia 335 37s 415 330 335
Australle Auztrala 40 50,0 a2z s30 s00
Brezl Brazi 785 85,0 1040 1055 1095
Canada Canada 470 455 £7.5 S50 850
Cha Chile 75 9.0 -%3 S0 80
Chira China 40 515 s7.s 530 60,5
Etats-Unis USA 3150 3510 4025 38350 4010
Japon Japan 555 83,0 69,5 $8.0 50,0
Mexique Mexico 150 150 17.0 17.5 145
Norvége Norway 40 40 4z 40 40
Russie Ruszia 205 240 270 320 350
Syrie Syra 800 1350 1035 850 935
Susse Switzerand 4= 150 18,0 155 150
Talwan Tawan 75 80 9.5 80 80
Aures Fprod.  Other pr.coun. 125 125 125 125 125
Aur.P.un.mp. Oth.non-prod. 735 705 1270 1350 1450
TOTAL B 8545 8866 11025 | 10710 11160
TOTAL MONDIAL WORLD 30390 31100 32885 | 3.1260 32145
IOC, 2022

CONSUMPTION

=== EU COUNTRY MEMBERS
=== NON |OC MEMBERS

3000 == OTHERIOC MEMBERS
w— WORLD CONSUMPTION
g
& 2000
x
c
o
-
Qo
£
3
7]
8
1000
N ] ) o A Nel o) O N ) De el © A Nl S QS N > U “ o A > ) O N
SN v@m o \\&h & F F FF @@m & F S S S <»°0 S & &S &S
SN M R PN M AN AR AR AP S A - R N AN OO M SN A N NG AN
LI FFIFFI LT TP T T F T T T TS S
Crop Year

Source: International Olive Council

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%)



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

Vossen, 2020; Kritsakis et al., 2020

Olive OII@

Extraction

PR e
‘Manipulat | transport
Gra o and wacl N
ading and washing

[ Crushing, milling and pitting ]

Separation

- —— -

1 omece |

{- Other oils |




Virgin olive oil extraction

USUO”y, olive oil is obtained Milling Crushing/grinding Crushing/grinding
mechanically by pressure or —no |
by two or three- @) hase Pressing Horizontal centrifugation Horizontal centrifugation
centrifugation systems or by 1__|_1 l
selective filtration. There are . ' v ' Cr*})"m" '
. . . Oily M i . u

approximately 12 000 olive oll I e P""“‘i"‘ °; Crude Oliveoil  Olive Pomace l

. . rocess water v
mills in the world, more than Sy I—I_l Washing
80 per cent of yvh[ch are — T T l
cenftrifugal shown in Figure . Wase  Olive oil -

§ . water ‘ ‘
\ ‘ \ Waste Olive oil

Distillation

Fernandes et al., 2016, Kritsakis et al., 2020, Jimenez-Lopez et al., 2021



Olive Fruit Delivery
and Scaling

L T

&=

@

Olives.
3-Phase separaion
+ EZ ZS l
Waste

udmmnl-m wasshing water
e [ Crushing (Milling) ]

‘o

Washing ]

&=

water

®) Crushing
Olives

i
=

[ Malaxation (Mixing) ]

Verical
centrifugation

Leaf removal and washing Welpomace

=

water
Pressure or Centrifugation Olive Pgmace
or Sinolea Process - 20

Waste Water

Vertical
< Centrifugation —Separation >- Waste Water

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




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 oll
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 conftrolled (e.g. weather, climate).

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




MILLING MACHINERY EFFECT ON

OLIVE OIL QUALITY
: . POSITIVE NEGATIVE
MACHINE Werrrer EFFECT
e - Sweetness
Hammermill | * S + Pungent
+ Green .
+ Bitter
+ Sweetness :
Stone mill - Pungent ) 2::1:;
- Bitter
+ - Sweetness o
Disc mill + - Pungent T F,l uity
. + - Green
+ - Bitter
+ Sweetness :
Pitter mill - Pungent sl
= - Green
- Bitter

p—

PRINCIPLE ADVANTAGES and DISADVANTAGES of the PRESS, SELECTIVE FILTRATION,
2-PHASE, and 3-PHASE SYSTEMS

SYSTEM

ADVANTAGES

Press

The old way romance factor, uses less energy,
less cost to establish, produces relatively dry
pomace

Selective
Filtration

Extracts more oil in conjunction with
decanter systems than decanter system alone,
produces unique quality oil

3-phase
Decanter

Produces relatively dry pomace, easier to
monitor extraction efficiency than the 2-
phase system, continuous flow

2-phase
Decanter

No fruit-water effluent, oil has higher
polyphenol content, uses less water, needs
only one vertical centrifuge, continuous flow

DISADVANTAGES
Less capacity, requires more labor, difficult to
maintain cleanliness of mats, more paste and oil
contact with oxygen
Difficult to keep clean, greater maintenance,
extracts only half of the oil, greater quality may
not be worth the extra effort
Uses more water, needs more power to heat extra
water, washes out too many polyphenols in some
oils, produces a lot of waste water, needs 2 vertical
centrifuges

Produces very wet pomace, more difficult to
determine extraction efficiency

Factors affecting olive oil quality (milling, system used and packaging), Vossen, 2020

CONTAINER CHARACTERISTICS FOR OLIVE OIL BOTTLING
ITEM ADVANTAGES DISADVANTAGES
Customer can see the oil color, Greale.s * Bghtexpoaure; c‘an
Clear Glass G R e see sediments, breaks easily,
ag i b size limitations, heavy
Excludes some light, image of Customer can’t see product,
Colored Glass high quality, and can’t see breaks easily, size limitations,
sediments heavy
Excludes all light, does not (l:“'”.“" RS S0 p"":"‘f'r‘
Tin break, can’t see sediments, can T o BTG
A flavors during long term
be used for larger containers
storage
Light weight, unbreakable, ; Does not exclude }ight. cheap
Z image, can see sediments, some
Plastic customer can see color, can be 2
used for larger containers SXygeu passage; passible
migration of pvc’s into oil
Gt Excludes all light, can be used Unknown in the marketplace,
pa!():m_bdk;ed for frozen oil, unbreakable, can’t | can’t see the oil color, may be
see sediments, light weight cheap image, size limitations
Cotattic Image of high quality, excludes Fewer closure choices,
light, can’t see sediments breakable, heavy
By 2 o Difficult to open, drips, leaks,
Cork — wine type Image of high quality $t niuer xvaewatcleiion
Cotk with wide top Image of quality Diips;fesiey anc poct s2yyen
exclusion
Screw- top : %
wiplastic Easy to open, drip less, excludes Cheap image
: oxygen, no leaks
no drip
Spout or spigot Image of quality Leaks, difficult to package
X =, Difficult to package and store
Tall narrow shape Elegance and image of quality e iha Kitchen
Short wide shape Elegance and image Difficult to handle
Round shape Same Same
Angular shape Same Same
Box enclosure Image of high quality EReseea s pr.oduct R
opening
Cylinder enclosure Image of high quality CHat ite tt:’m“d mithent
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“Organic farming is an
agricultural method that
aims to produce food
using natural substances
and processes” (EC, 2020).
EU infroduced the organic
logo and a strict system of
control and enforcement

@ regulations.

EC, 2020

in order to guarantee that |
organics rules and s

Pa
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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.

i
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Businesses do not have to drop their prices to compete with non- = "J
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 wilingness 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.

=
-




- There has been a growing
concern for human health and
safety, which is a key factor that
influences consumer preference
for organic food, which s
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 (6292000 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

Oner, 2021
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Organic 100% NATURAL
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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. Taris has already been producing organic virgin olive oil and
Marmarabirlik intfroduced organic table olives in the market starting from
2015.




Some projects of Cooperatives and Unions
for Organic Olive in Turkey

Oner, 2021

Union/Cooperative Supporter Project

Marmarabirlik TUBITAK TEYDEB Process development for olive by-
product management and energy
production using by-products

Marmarabirlik/ iznik BEBKA Development | Sustainable clean production in olive

Coop. Agency sector

Marmarabirlik/ BEBKA Development | Table olive production with environment

Orhangazi Coop. Agency friendly clean technologies

Marmarabirlik/ GMKA Development | Application of clean production

Orhangazi Coop. Agency technologies in pickled olive production

Tarig/ Ayvalik Coop. GMKA Development | Treatment of olive oil bagasse with

minimization of environmental impacts




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

- 4 .
Researchers working on the In  the production of EVOO, these g
development of food technology are techniques are based on rupturing fthe
making great efforts to develop and cell walls and membranes of the olive fruit
implement “minimal processing” and promoting pore formation and
strategies to remove the negative membrane permeability, which leads fo
effects of traditional food processing  water influx, swelling, and deflation. A
methods. variety of methods have been explored to

Y, enhance the oil extraction including

—_

W' -« enzymatic prefreatment 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.

Baydar, 2018; Kritsakis et al., 2020
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Considerable efforts have been dedicated to finding

alternative processes that can reduce malaxafion fime, § -

preserve the quality attributes of foods, while being x," = \

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),

« vultrasounds (US),

* heat exchangers and flash thermal conditioning.

have been adopted in olive oil extraction because of their

positive effects including

« enhanced exiraction 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. '

Perez et al., 2021

B fdatnamas




- This 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 oll 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 vyields. However the use of
coadjuvants is not in accordance with the .
legal definition of virgin olive oll

(Kritsakis et al., 2



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 vyield.

cavitation cell rupture
o

-_s?,g:? :

E ﬁb “ %

N N micro-bubble _Initial
- collapse
~ [ e ~ l i > ~ jet of iquid
. e ¢ £ s - - s
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Baydar, 2018

HPU improved oil extraction yield,
shorter malaxation fime

| |
Maceration —+* Sonication — Malaxation

The passage of US ina Formation, growth and R
liquid matrix generates subsequent collapse of S
mechanical agitation and vapor and/or gas-vapor Disrupting cell walls. i 'poha « af pp:.“ wall
shear forces through filled bubbles in the o -‘dl_’ l"" "l‘) :J . a
acoustic cavitation. liquid. tsruption by Us.

Freeing of soluble compounds frapped in the oily
phase after cell wall disruption by ultrasound. US,
ultrasound

Ultrasonic generator

OLIVE FRUIT

Ultrasound device

’ 14
0 r, e
Control HPU ==
OIL Extractability _ ﬂ
oiL OIL Settling CENTRIFUGAL THERMO-MIXER
FILTRATION MACHINE




treatment applied for treatment applied for

2,4, 6, 8 and 10 minutes 2,4, 6,8 and 10 minutes

Scaling up of ultrasounds application in VOO industry

temperature
values of olive

Clovedo, 2013




Pulsed electric field (PEF), another non- Pulsed electric field (E)  Pulsed electric field (E) I

| thermal technology, is effective for 5
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

Cellmembrane

Cell before PEF application Polarisation (E<Ec) Pore formation (E>Ec)

n
-
(B LB o e B ]

++++++++

« to increase exitraction yield and lower
malaxation fime

Accumulation of oppositely

|q f o . ides of the 3 ek 1 R ¢ Leakage of intracellular
h charged ions on both sides of the Formation of pores in weak arcas

L4 EVO O p yTOI | U Trl e I IT C OI lTeI IT S U C O S nonconductive cytoplasmic of the membrane ;::_"::’:d[;| e

. eases mass transfer,

membrane.

bioactive and antioxidant compounds
and health-giving properties.

@:@ L

Lles PEF Acvantage # system Sharfer mxaxation teme Improsed ol extracton
Borun -1 2 v qh yvield

ffect of pulsed electric fields (PEF) treatment
n cell membrane

LOWer Malaxaton temp

Perez et al., 2021




High pressure processing (HPP) and
pulsed electric fields (PEF) can
disinfegrate the cell membranes,
enhancing the mass fransport thus
improving the extractability of
infracellular 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.

Food Safety

noste % B7THIGHNY Shetfiife
PRESSURER . |.

Y o, N
R\ |

+ Cellular deformation.
+ Cellular membrane

* Enhanced solvent
permeability.
E d secondary
metabolite dillusion,

Vessel Hydrostatic pressure

damage.

Cellular membrane deformation and damage
caused by HPP (High pressure processing)
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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 oll and low energy
requirement, which cause a significant
reduction in environmental impact and
financial costs.

[e—t
o

Perez et al., 2021

Olive
l 32
Defoliator
l o
Mal -
Washing ssubicsyl alaxer
machine :.°
v : v \ o
Knives 8 | o esssediteeuase > > Olive oil
_________ MS L —.—.49_ _ _ 5 Decanter
crusher —> Pomace
T A A
' Id
i 4 1
__________ > ¢
< MW
>
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L

When dipole waler molecules attempt
to follow the electric field. they collide
and generate heat.

\ Uniform bulk heating /

Heats the food material at the
molecular level.

Perpendicnlar oscillating fields: an
cleetrie field and a inagnetic field.

Effect of microwave heating (MW) at the cellular
level.



Acidity

TPC and pigments

Free fatty acids
Absorption coefficients
(K232, K270)

Volatile profile

Peroxide value

Pari Il. Quality Control of Olive oil with Chemomeinc Meihods

} .

\
INTERNAL FACTORS (EXTERNAI. FACTORS
Composition Temperature of storage
Olive variety Time of storage
Genetic variability Oxygen presence
Olive maturation Light exposure
Production mechanisms Packaging material
\_ A )

9to 18
months +

headspace

2%

Chromatography
HPLC
l GC

Spectroscopy

= IR
Vibrational
! U\ll Raman

Thermal techniques

Bag-in-box

v
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EVOO marketing is more demanding in terms of quality assurance. ' 2 .
The olive oll sector is subject to compliance with regulations that e “
affect its commercialization. Regulations  establish  the 7 =53
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, K27O
and Ak), 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 characterisfics define ®

olive oil quality.

‘/(‘

'J




Determination of Quality Criteria
1. Free fatty acids (acidity)

2. Peroxide value

3. UV Specific extinction
coefficients of K232, K270 and AK
4. Fatty acid methyl and ethyl
esters

5. Sensory evaluation

2.
3.
4

S

Determination of purity criteria
1.

Sterols, erythrodiol and uvaol
determination

Wax content

Trans isomers
Stigmastadiene content: 3.5-
stigmastadiene

2.glycerol monopalmitate

Determination of other constituents of olive oil

1.Unsaponifiable fraction
2.Tocopherols

3. Phenols

4. Volatiles

NMR I




% Extra virgin olive oil (EVOOQO) is a premium food
- product requiring a relatively high price,
Authenticity covers many aspects, including
adulteration,
. mislabeling,
S— mischaracterization, and

== misleading origin.

Therefore ’rhe de’rec’rion

/

Absorbance




Detection of Quality of
Extra Virgin Olive oll

The rapid and reliable detection of quality is a very
challenging issue in the field of virgin olive oill
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
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All years
The produced analytical data (spectroscopic, - - ° gy
chromatographic, isotopic, sensorial, etc.) are often o . &0 ma i o
mulfivariote data maftfrices which demand % e ,-.-,.“;" 49
. . . = = b w | ot gt *
appropriate chemometric analysis. In 8 ""?;Q PR AT
chemometrics, mathematical and statistical " ] “"5;&,. X LS
methods are used for processing and capturing the TR - KT ,'::;o ..
most important and relevant content within the o Jzmorf ‘i
multivariate data. o - e
s "1 e 20"
' Anaty;;al— I Chemomemv i >Qualitative and . m’f ;. T T T
Methodology Quantitative -t -2 0 2 s
information R
Classifcaton /
Exploratory methods
ANOVA, PCA LDA HCA
Quanitative JEVOO0 lity parameto
PAARC -PRO er:lvcatlon &
- < > -Fraud detection
e Caal e Lo
! ess 23
‘ 5&2‘?”»-:»»; -Others
A iz
PARAFAC, MCR-ALS,
PLS-RBL
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Vibrational spectroscopic techniques v

Based on both infrared and midinfrared absorptions (FT-IR, FT- =

MIR, NIR, and MIR) and Raman scaftering have great o ;‘\,

potential as promising tools fo determine quality and olive oll IR A '
adulteration. j wo oY Ny

700

600
0 32 64 96 128 160 192
Frequency number

important 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

(9]

m g ‘ i
a
“

on intact samples or with only minimal sample preparation).
838 «(CM,). CL stretchil
. 950 RHC=CHR Eibenc?n:‘
The application of statistical data evaluation allowed R [
. . . . ope 1264 RAC=CHR  =C-H Scissoring
establishing approaches with high capability and great o sy
1443 Cd, CH Twisting

potential to detect EVOQO's adulteration and identify the
adulterants nature

1656 RHC-OR  C=C stretching
1745 RC=D0R =0 stretching
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_ Determinations Data Processing References

FT-IR

Near-NIR Vis-NIR
MIR, Vis NIR

FT-NIR

FT-NIR

FT-MIR ATR and FT-NIR

FT-NIR

Raman

FT-NIR

Vis-NIR
NIR, H NMR

FT-NIR

FT-NIR

FT-NIR

firmness, oil content and

colour (chroma, hue)
sensory charecteristics

UV Spesific Coeffcient
indexes, Fatty acids

total SFA, monounsaturated
FA (MUFA), polyunsaturated
FA (PUFA), and trans FA

contents

the kind and amount of an

adulterant in EVOO
Oxidation level

evaluating authenticity
Spectral data

evaluating authenticity

Chlorophylls and carotenoids

Finger prints cultivar
classification

Olive fruit ripenning indices
(noisture, oil, sugar, phenolsc

compounds)
Volatiles

FFA

LDA and SIMCA
PLS

PLS

PLS

PCA
SIMCA
PCA

PCA
PCA, LDA

Avrtificial neural
netwrks (ANN)

PLS

OPLS-DA

PLS

Kavdir et al., 2009

Sinelli et al., 2010
Maggio et al., 2011

Mossoba et al., 2013

Azazian et al. 2015

Wojcicki et al., 2015

Karunathilaka et al., 2016

McReynold et al., 2016

Mossoba et al., 2017

Ferreiro et al., 2017
Binetti et al., 2017

Trapani et al., 2017

Jolayemi et al., 2017

Tarhan et al., 2017




“ Determinations Data Processing References

FT-MIR evaluating geographic origin sterols and Ozdemir et al, 2018 41
fatty acids

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  Gertz et al., 2019
neighbor tool (kNN)

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

NIR Moisture content in Oil PLS Karinathilaka 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, Vis/NIR Quality Prediction of Intact Olives PLS Grassi et al., 2021

FT-NIR Quality and Authencity of olive oil (FFA, PV, PCA, Factorial- DA, Zaroual, et al., 2021
K270, Chlorophyl) PLS

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

Raman

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

VIBRATIONAL SPECTROSCOPIC TECHNIQUES



« sample preparation,

« insfrumental 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.

Chromatographic techniques

Absorbance (Norm.)
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_____

Fasciotti and Pereira

HPLC-APCI MS/MS TAGs Netto, 2010
TAGs LDA Lerma-Garcia et al.,
HPLC UV-Vis 2011
HTGC (High temperature Gas TAGs SIMCA, PLS Ruiz-Samblas et al., 2012
Chromatography)
o
I
. TAGs EC42 therotical value PCA Jabeur et al., 2014
L RP-HPLC
=
8 HPLC-Quidrapole DAD Chlophyli ANOVA Fang et al., 2015
(==
<
= HPLC, DAD and Fluoerescence (FLD) Fingerprints phenolic fraction PCA, PLS-DA, SIMCA Bajoub et al., 2017
o and KNN
6 Flourescence Spectroscopy Acidity, Peroxide value, K232, PLSR Baltazar et al., 2020
270, AK
HPLC -DAD Charecterization of olives PCA, AHC Irmak and Diraman,
(biphenolic profile) 2022
Front-Face Flourescence Spectroscopy  Chemical Changes at PLS-DA Botosoa et al., 2021

storage at 60 C

UHPLC-UV/Vis polar fraction of different PLS-DA, SIMCA Perez-Beltran et al.,
olive oil samples 2022




_ 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, targetf factor Monfread et al., 2014
analysis [TFA],
SIMCA, PLS
GC-FID Fattty acid methyl esters FAMEs ) ANOVA Jabeur et al., 2016
O]
O
>=
T GLC Campasterol stigmastenol ANOVA Al-lsmail et al., 2010
o GC, TLC A-7-stigmastenol ANOVA Mariani & Bellan, 2011
<
=
8 A-7-stigmastenol LDA Jabeur et al., 2014
T
3] GC
Method COI/T.20/Doc. No. 30/Rev. desmethylsterols ANOVA Srigley et al., 2016
1 of the IOC, total sterol and friterpene dialcohols
GC 3,5-stigmastadiene LDA Jabeur et al., 2016, 2017
Flash gas chromatography volatile fraction fingerprints of PLS-DA Barbieri et al., 2020

virgin olive oils




Mass specirometry

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 tfreatments to the obtained datq,
allowed for the detection of quality and identification of the
most common EVOQO's adulterant vegetable oils.
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m Determinations Data Processing References

GC-MS

GC-MS

GC-MS

MALDI-TOF/MS

LC-MS

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

gas chromatography-ion
mobility spectrometry (GC-
IMS)

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

Flow Injection Analysis-
Magnetic Resonance Mass
Spectrometry FIA-MRMS

GC-MS

PUFAs, MUFAs
MUFAs/PUFAs

3,5-stigmastadiene

3,5-stigmastadiene

TAG

TAGs

quantification of the
volatile profile

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

Volatile organic
compounds

Biophenols

Lipid and Sensorial
parameters

PLS, DA

PLS

PLS

ANOVA

PCA

PCA, LDA

SIMCA, two binaries and a ternary OPLS-
DA

PCA, AHC, LDA, KNN

SIMCA, PCA

PCA, Pearson Correlation Coeffcients

Yang et al., 2013

Crews et al., 2014

Jabeur et al.,
2015

Jergovic et al.,
2017

Pace et al., 2017

Cechiet al, 2019

Contreras et al.,
2019

Gerhardt et al.,
2019

Nikou et al., 2020

Diraman et al.,
2020







F & E

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 daliphatic and ftriterpenic
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 olive oils are which are regulated,
with precise chemical-physical
parameters, by regulatory bodies, such
as I0C and EU.

“ Quality criteria of olive oils include: free

fatty acids, peroxide value, ulfraviolet Purity criteria includes: detection of
absorbance. Organoleptic  (sensory) olive oils adulteration with other
properties can also be evaluated under vegetable oils, detection of olive oils
the head of quality criteria including adulteration with olive-pomace oils,

detection of virgin  olive oils
adulteration with refined oils. In order
to ensure purity total sterol, erytrhodiol
. and uvaol contenf, wax, trans fatty
" acid content, maximum difference
7 N\ between ’rhg actual and theoritical
include: The 18 ~E(;N42, .’rrlocylglycerol content,

t‘;ﬁ‘ stigmastadiene content, content of 2-

¢ fractionation of the unsaponifiable | | imital tent
components of olive oil, into several groups 1, s 9YCeryl monopalmitate confent (%) g

of constituents (squalene, tocopherols, ~and fOT;rjy acid methyl esters are 3
polyphenols, pigments, volatiles etc.) —JF‘? meo§tire |
) a pr= 7' -

" median of defects (negative attributes) .
and median of fruity (positive attributes)
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A
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 oll.

Y - e
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