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FOOD QUALITY AND SAFETY, CSA

FOOD QUALITY FOOD SAFETY

> Effects of UNIT OPERATIONS (e.g., drying) Q Occurrence  of
& FARMING PRACTICES on quality
(functionality, consumer, ...) of fruits &

chemical
pollutants (arsenic) in foods:

vegetables: 1. Vegetables from
polluted areas (India).
1. Pomegranate juice.
2. Infantfoods.
2. Nuts: pistachios, almonds.
3. Food for celiac
3. Table olives, olive oil. consumers.
4. Turrén/nougat/torrone.
» Application of sensory evaluation of food
in the agro-food industry: L -
1. Wine and rum.
Chocolate, and confections. SensoFood
solutions
. Ice-creams.
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. Vegetables & fruits (juices).
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Nueva etapa continuista en la UMH

»La Junta Electoral defa a Juan José Ruiz, que




In my modest opinion, ...

Research must be MULTIDISCIPLINARY,
PRACTICAL with INTERNATIONAL
cooperation, and with the aim of being of
EXCELLENCE in terms of economic & social
impact




... Excellence, based on
working with friends

520 CO-AUTHORS

129 CO-AUTHORS (>3 ms)

This concept is reflected in my CV and history. As you can see in this slide, | have written and published international manuscripts with
more than 500 researchers, ...



... from 42 centers

[p—

. Multi-center

IF\'OUWA\HTOGO
ASTIALONE
YOU WANT TO GO
GOFARITOGETHER
<

- umh -

r—

e A
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... International
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Let’s start with the introduction

18



Let’s think

Which olives jar would you buy?

HioRoSOSTewiBLe

Before | start even with the Introduction section, | would like you to share with you an idea. Imagine you go to the supermarket

and you have these two options for table olive:
1. You have this jar of 200 g of olives cultivated under “conventional” conditions and it cost you 1,35 euros.

2. Besides, you have a second option. This jar of 200 g of olives cultivated with a “lower amount of irrigation water”, the quality
is similar but it cost you 1,75 euros.

Which jar would you take home? ... Why? Please, just think about it and we will answer these two questions at the end of the
presentation.



Let’s start with the introduction
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Do we need to make an efficient use of irrigation
water?

Is it compulsory??
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WATER SCARCITY AND CLIMATE CHANGE

Water Scarcity — One of the
greatest challenges of our time

e ' changs aur habies maw, ghobal demand for wates could incraase by $0 percant by 230

“if we don’t change our habits now, global demand of water
could increase 50 % by 2030”
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Transformative vision towards @€cOnomic,
X ° Significantly increase
social and environmental the efficient use

sustainability of water

@ OBJETIV S Ssiviaie ) WOSANTA

Ensure the
sustainability of
extraction and supply of
sweet water

Significantly reduce the
number of people
lacking water

Then, the United Nations launches us in 2015 The 2030 Agenda for Sustainable Development that establishes a transformative
vision towards economic, social and environmental sustainability until the year 2030.

By 2030, significantly increase the efficient use of water resources in all sectors and ensure the sustainability of freshwater
extraction and supply to address water scarcity and significantly reduce the number of people suffering from lack of access water.
https://www.fao.org/sustainable-development-goals/indicators/641/es/

Luego, las Naciones Unidas nos lanza en 2015 La Agenda 2030 para el Desarrollo Sostenible que establece una vision
transformadora hacia la sostenibilidad econédmica, social y ambiental hasta el afio 2030.

De aqui a 2030, aumentar considerablemente el uso eficiente de los recursos hidricos en todos los sectores y asegurar la
sostenibilidad de la extraccion y el abastecimiento de agua dulce para hacer frente a la escasez de agua y reducir
considerablemente el nimero de personas que sufren falta de agua. https://www.fao.org/sustainable-development-
goals/indicators/641/es/



WATER SCARCITY AND CLIMATE CHANGE
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World Resource Institute

France?

According to World Resource Institute water scarcity affects every continent and this graphic represents the most affected
countries. As we can observe, Spain is one of these affected countries. France fortunately is not included here, but ...
desertification is going north and all countries must be aware of this enormous problem.



WATER SCARCITY AND CLIMATE CHANGE

Big opportunity!

t 942C

And the situation is not getting better, but worst,
-due to the global population growth and

-the climate change which involves an increase in average air temperature
-and a decrease of precipitations.
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WATER SCARCITY AND CLIMATE CHANGE

As a result,
-world food demand will rise

-and unfortunately, water, which is the basis for our food production, it is currently under

heavy restrictions.

Average calorie consumption is rising.
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Big opportunity!
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AGRICULTURE

the largest consumer of fresh water (70-95 %)

40 % of world food is produced under irrigated areas

All these aspects guided us to the other reason to develop this research which is the
Agriculture.

-This sector is the largest consumer of fresh water by far (70-95 %)
-because more than 40 % of world food is produced under irrigated areas.
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TAMN Food and Agriculture
/0) Organization of the

2
United Nations

Did you know that, depending on the diet, we need from 2,000 to 5,000 liters of water to produce the food a person consumes

daily?
Evidence suggests that two-thirds of the world's population could be living in water-scarce countries by 2025 if current

consumption patterns continue.
To achieve a #ZeroHunger world by 2030, we must act now.

https://www.fao.org/fao-stories/article/en/c/1185405/



So, how can we do an efficient use of water?
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ALTERNATIVES TO COMBAT WATER SCARCITY

Plant materials should be:
= Less water demanding.
= More resistant to water stress.
= Susceptible to improve water productivity.

So, what agriculture can do to save water? We propose two alternatives,
-first of them is the plant material which should be

-less water demanding,

-more resistant to water stress and

-susceptible to improve the water productivity.
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ALTERNATIVES TO COMBAT WATER SCARCITY

And the second alternative is the use of deficit irrigation strategies which can save water,
with minimum impact on yield.
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Olea europaea L.
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Spain
65 %
production

Due to this increase in population and demand, the olive tree has experienced an exponential increase in recent decades to

supply market consumption, with Spain being the main producer in the world with a production of 9.8 million tons, followed by
Italy, Morocco and Turkey.



2nd largest irrigated crop in Spain

Olea europaea L.
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EXPECTED BENEFITS

34



Fi RDI

FI: full irrigated RDI: regulated deficit irrigation SDI: sustained deficit irrigation

For all these reasons, we think that the use of deficit irrigation strategies is a good option to save water with minimal
losses in production. For example, Controlled Deficit Irrigation is a strategy that is based on the reduction of irrigation
water in those phenological periods in which it is known that trees are more resistant to stress. While Sustained Deficit
Irrigation consists of irrigating the entire cycle below the demand of the crop but using a frequency of contributions
high enough to achieve uniform stress.
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But, ... let’s be carefully because ...

But ...
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Hypothesis

L0

@Carbon secondary @ Carbon secondary Carbon secondary
metabolites metabolites metabolites

SECONDA RY METABOLITES LEVEL

The hypothesis of all these studies is that the increase in the quality of table olives from olive trees that have been subjected to
moderate deficit irrigation can be dangerous if the conditions are taken to the limit...



#voroS0SrminmgLE

*  PUFAs CONTENT
* INTENSITY OF SENSORY
ATTRIBUTES

*  CONSUMERACCEPTANCE

The University of Seville has carried out deficit irrigation strategies in various crops, which are almond, pistachio and
pomegranate.

The quality of the fruits of these crops have been evaluated by the Miguel Hernandez University, finding that, in general terms,
with a MODERATE DEFICIENCY IRRIGATION, the total PUFA content increases, the intensity of some sensory attributes increases,
and the acceptance by of consumers. From the union of these two concepts, the HidroSOStenible brand was born
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Now, | Will explain all these sections using the Results generated by one of the PhD dissertations conducted within our research
team, Dr. Lucia Sanchez
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Irrigation Treatments
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Reduction of the volume of the

’7—> irrigation water
ing

Vegetative Growth Hardeni

HHHHHHH

Fruit Length /

It is important to describe the different stages of the develop-
ment of the olive fruit: (1) stage Ijwhich starts at the beginning of
the fruit growth and ends at the beginning of the massive pit hard-
ening; (2) stage [I: the period in which the pit hardens; and finally,
(3) stage lll:the period of oil accumulation and maturation. The irri-
gation treatments under study were:

The olive development consists of three periods:

(i) stage I: it starts at the beginning of the fruit growth ending at the beginning of
massive pit hardening;

(ii) stage Il: period in which pit hardens; and finally,

(iii) stage Ill: period of oil accumulation and maturation.

42
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« | Control (TO){Irrigation was applied to supply the estimated crop

evapo-transpiration (ETc); this means that a full replenishing
of all the extracted soil water was conducted by addition of

irrigation water.
o |RDI-1 (T1, soft stress)] (1) Olive trees were under low water deficit

conditions; in this way, trees were only irrigated when the TGR
(trunk growth rate) was lower than 10 um day~" (this is half the
value found in trees under fully irrigated conditions); (2) the
same conditions as in stage |; and (3) finally at stage lll, enough
water was applied to reach a water status similar to that of TO
trees.

. [RDI-Z (T2, moderate stress):](1) During stage |, olive trees were
under low water deficit conditions; trees were only irrigated
when the TGR was lower than 10 um day~'; (2) trees were not
irrigated during stage II; and (3) finally at stage lll, enough water
was applied to reach a water status similar to that of TO trees.
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Irrigation Treatments

Control (TO): Irrigation to supply the estimated crop evapotranspiration (ETc),
i.e., based on fully replenishing all the extracted soil water.

RDI-1 (T1): (i) stage |, trees irrigated under non-limited conditions; (ii) stage II,
trees under moderate water deficit conditions, they were no irrigated during this
period; and, (iii) stage IlI,

water applied in order to provide a water status similar to TO treatment.

RDI-2 (T2): (i) stage |, trees under low water deficit conditions. Trees were

44



irrigated only when TGR was lower than 10 mm day1; this is half of the TGR in fully
irrigated conditions (ii) stage Il, trees under moderate water deficit conditions, they
were no irrigated during this period; and, (iii) stage Ill, water applied in order to provide
a water status similar to TO treatment.
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Manzanilla olive

n southern
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2.2. Sample processing

All ‘Manzanilla’ olives from the three RDI treatments were
completely hand-harvested at their mature-green stage in mid-
September. The fruit of all trees for each of the three RDI treat-
ments were systematically mixed and a sample of around 45 kg per
treatment was used in the industrial processing. Fruits were
transported next day to Cooperativa Nuestra Seiora de las Virtudes
(La Puebla de Cazalla, Seville, Spain), to be processed as table olives
according to thThis delay between harvest
and processing (1 day) is common in order to prevent the skin from
sloughing or bursting during alkaline treatment (I00C, 1990).
Initially, raw olives were treated with a solution of NaOH
(0.6 mol L") until the lye penetrates three quarters through the
flesh to remove oleuropein and increase the permeability of the
fruits. Later, olives were washed with water to remove completely
the NaOH residues. Finally, the fermentation was carried out for 4
months using different concentration of brine; it started with
0.17 mol L~! NaCl and ended with 0.09 mol L™"; the pH used was
4.5.

Alkaline treat.
NaOH 0.6 M

Washing

Fermentation
in brine, 0.17 ...
0.09 M
pH 4.5
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Table 2

CIEL*a*b* c i and texture parameters of
“ManzanillaCiable olives 3s affected by regulated deficit irrigation treatments.
Parameter* ANOVA"  TO T T2 Paoled std.
deviation
Fruit weight (g) = 430b 013
Longitudinal 200 01
diameter (mm)
Equatorial 19b 17¢ o1
diameter (mm)
r 5151b  54.62ab 193
a NS -194 182 187 057
b 2861b 3187b 316
Dry matter content ™" 268c  284b  [369a ) 17
(g dw kg ' fw)
Puncture test, PT(N) *** 0506b 0651a 0473b 0078
Magness—Taylor - 5401b  5135b 0871
test, MTT (N)

= Aslight reduction in the irrigation water (T1) increased the weight of the olives.
= This weight increase was mainly due to an increase in the equatorial diameter.
= The less water, the yellowness is intensified while the greenness is constant.




-

Table 3

0il content . weight, dw) and fatty acids profiles (% of total area) of
‘Manzanillé’ table olives 3s affected by regulated deficit irrigation treatments.

Parameter ANOVA® TO T1 T2 Pooled std.
deviation
Oil content (g kg 'dw) ** 278 b° 273b 51
C16:1 " 27a 185 23a 03
C16:0 NS 163 175 20
c18:2 54b 1.6
C18:1 e 68.1 ab 14
C18:0 NS 52 05
c20:1 NS 05 04
€20:0 NS 10 04
SFA" NS 236 11
MUFA” A 709ab 21
PUFA" = 54 ab 16
(MUFA + PUFA)/SFA">  * (343a) 330ab 323b 013
Linoleic acid, C18:2

0]
1
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Ethanol
Dimethylsulfide

Acetic acid

Heptane

Propionic acid

Ethyl propanoate

Propyl acetate

Octane
2-Methylbutanoic acid
Furfural

cis-3-Hexenol

1-Hexanol
cis-2-Heptenal

Hexanoic acid
Benzaldehyde
6-Methyl-5-hepten-2-one
B-Pinene

Octanal

Hexyl acetate

p-Cymene

4.04
3.50
9.59
430
0.28
0.11
0.09
3.25
0.32
0.85
5.9
0.82
0.24
0.95
7.71
0.18
0.10
0.43
0.27
0.14

3.70
7.35
11.70
7.63
0.46
0.19
034
4.63
0.43
0.70
233
0.83
0.13
0.68
0.57
0.29
013
0.39
0.23
0.19

7.14
9.17
15.90
5.06
0.60
0.17
0.14
5.73
0.40
0.15
4.76
0.52
0.25
0.91
0.48
0.41
0.25
031
0.33
0.10

1l

it

AhBEEeEARERLERENERRARY

Guaiconz Metmey perel
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Limonene
trans-B-Ocimene
Phenylacetaldehyde
1-Octanol

y-Terpinene
Guaiacol=2-Methoxy-phenol
Undecane

Linalool

Nonanal
4,8-Dimethyl-1,3,7-Nonatriene
Phenethyl alcohol
4-Ethylphenol

Ethyl octanoate
1,4-Dimethoxy-benzene
Tetrahydrogeraniol
o:Citronellol

Bornylene

2-Decenal
5-Hydroxymethylfurfural
2-Decenal

Tridecane

Anethole
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N Volatile Compounds

Ao

Content (%)

Green, vegetal, herbaceous, ...
woody and cheesy notes.

In general, alcohols (high in TO and T2) are associated with fruity and candy
flavor notes, aldehydes (highest in TO) with green, vegetable and herbaceous

notes,
terpenes (highest in T1) with citrus and pine notes,

organic acids (highest in T2) with herbaceous and vinegar notes, and phenolic
compounds with green, woody, and cheesy notes



N Volatile Compounds

“d‘ T1 soft RDI treatment
éhj

Content (%)

& L o ®

5 & & & & &

¥ v@* \bzx\* ¢ & @ S ey
W S

<
%,

Green, vegetal, herbaceous, ...
citrus and pine notes.

In general, alcohols (high in TO and T2) are associated with fruity and candy flavor notes, aldehydes (highest in TO)
with green, vegetable and herbaceous notes,

terpenes (highest in T1) with citrus and pine notes,

organic acids (highest in T2) with herbaceous and vinegar notes, and phenolic compounds with green, woody, and
cheesy notes



““ T2 moderate RDI treatment

. 70
[l
T2

Content (%)

herbaceous, vinegar ...
chemical notes.

In general, alcohols (high in TO and T2) are associated with fruity and candy flavor notes, aldehydes (highest in TO)
with green, vegetable and herbaceous notes.

terpenes (highest in T1) with citrus and pine notes.

organic acids (highest in T2) with herbaceous and vinegar notes, and phenolic compounds with green, woody, and
cheesy notes.



q PUNCTURE test

Treatment Force (N Statistics
Control 0.024 b
T 0.034 a
T 0.473 0.021 b

(Tukey

& Thistest is related to the hardness of the olive skin/peel.
#  Aslight reduction in the irrigation water results in a significant increase of the skin hardness.

MAGNESS-TAYLOR test

Treatment Force (N Statistics
0.348
5.401 0.253

5.135 0.314

@ Thistest is related to the hardness of the olive pulp.

# Areduction in the irrigation water results in significant decreases of the pulp hardness.




q T1 soft-RDI treatment

Saie Salty Bitter Sour  Sweet  Green-Olive Aftertaste
ANOVA * e NS e ** r
5.8ab 48b 1.6 19b 6.8a 6.5b

6.9a 6.8a 23 19b 7.1a 7.9a
T2 5.5b 4.4b 2.7 29a 5.7b 6.1b

@ T1samples have the most intense salty, bitter, green olive notes and aftertaste.

Sample

Hardness  Ci i i ion pulp-stone
ANOVA ** NS NS *

: 630 6.5 0 7.9a
‘ “ 7.8a 6.0 01 6.9b ]
T2 6.0b 5.4 01 6.9b

‘ ‘ ‘ @& T1samples are the hardest, agreeing with results from the puncture test, while the control

Q ,l i samples have easy to remove stones.
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Satisfaction degree

T1 soft-RDI treatment

ANOVA NS * NS NS NS NS
6.1 6.3ab 6.1 6.0 6.5 6.2ab 6.5

(67 6.9a 6.7 6.7 6.8 69a 63 ]
T2 6.2 5.8b 5.9 6.1 6.3 6.0b 5.8

Consumers were, in general, very satisfied by the attributes of the T1 samples. This satisfaction for specific

attributes was reflected in the highest GLOBAL satisfaction degree:

S0P 99

% T0=6.5ab
*(T1=6.9a

% T2=6.0b

Like it extremely

Like it very much

Like it moderately

Like it slightly
Neither like it nor dislike it

Dislike it slightly

Dislike it moderately




Table olive grown under SOFT water stress, RDI-T1:

Fruits: had highest weight,

had intermediate yellow color,

had the highest content of linoleic acid,

highest skin hardness and intermediate pulp firmness,

descriptive sensory: had the highest intensities of saltiness, bitterness,
green olive note and aftertaste, and hardness, and

consumers: had the highest satisfaction degree of flavor, bitterness,
saltiness, hardness, crunchiness and global satisfaction degree.

re e

*

S0P 0
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LWT - Food Science and Technology 62 (2015) 19-26

Contents lists available at ScienceDirect

LWT - Food Science and Technology

ELSEVIER journal homepage: www.clsevier.com/locate/lwt

Quality attributes of table olives as affected by regulated
deficit irrigation

M. Cano-Lamadrid *, LE. Girén ™, R. Pleite ¢, F. Burl6 *, M. Corell °, A. Moriana “,
A.A. Carbonell-Barrachina **

* Universidad Miguel Hernandez de Eiche (UMH), Department of Agro-Food Technology, Ctra. Beniel, ki 3.2, 03312, Orihuela, Alicante, Spain
®Instituto de Recursos Naturales y Agrobiologfa (CSIC). PO. Bax 1052, E-41080, Sevilla, Spain

< Unidad Asociada al GIC suelo y el agua en la agri Carretera de Utrera, an 1, 41013, Sevlla Spain
“ Global Olive Consulting, 7 Contador Street, 41530, Moron de la Frontera, Sevilla, Spain

“Departamento de Gencias Agroforestales, ETSIA, Universidad de Sevilla Carretera de Utrera, kim 1, 41013, Sevilla, Spain
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q Next year, 2014

C
Research Article SCI
Received 26 September 2015 Revived: 25 February 2016 10May 2016

(wileyonlinelibrary.com) DOI 10.1002/jsfa. 7744

Antioxidant capacity, fatty acids profile, and
descriptive sensory analysis of table olives as
affected by deficit irrigation

Marina Cano-Lamadrid," Francisca Hernandez,” Mireia Corell,“ Francisco
Burlé,? Pilar Legua,” Alfonso Moriana“? and Angel A Carbonell-Barrachina®

I
15ci Food Agric 2017; 97: 444451

S0P 0
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« | Control (TO){Irrigation was applied to supply the estimated crop

evapo-transpiration (ETc); this means that a full replenishing
of all the extracted soil water was conducted by addition of

irrigation water.
o |RDI-1 (T1, soft stress)] (1) Olive trees were under low water deficit

conditions; in this way, trees were only irrigated when the TGR
(trunk growth rate) was lower than 10 um day~" (this is half the
value found in trees under fully irrigated conditions); (2) the
same conditions as in stage |; and (3) finally at stage lll, enough
water was applied to reach a water status similar to that of TO
trees.

. [RDI-Z (T2, moderate stress):](1) During stage |, olive trees were
under low water deficit conditions; trees were only irrigated
when the TGR was lower than 10 um day~'; (2) trees were not
irrigated during stage II; and (3) finally at stage lll, enough water
was applied to reach a water status similar to that of TO trees.
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Table 1. lIrrigation and tree parameters [applied water (AW, mm),
yield (tha="), and trunk growth rate (TGR, pm day~")] of ‘Manzanilla“
olive trees as affected by regulated deficit irrigation treatment

Stage
Irrigation parameter 1 I i
ETc (mm) 308° 181° 70°
Irrigafion treatment

Parameter and stage To T T2
AW (mm)

Stage | 108* 720 620

Stage ll 193 89b [

Stage Il 682 460 440
TGR (pm day~")

Stage | 15.10 190° 6.2

Stage Il 16° 47 55

Stage ll 3.8° 745 98°
Yield (tha™") 82 67°

Values (mean of six replications) followed by the same letter, within
the same row, were not significantly different (P < 0.05), according to
Tukey's least significant difference test.

Control (TO): No stress.
RDI-1 (T1): SOFT stress.

RDI-2 (T2): MODERATE stress.
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2.2. Sample processing

All ‘Manzanilla' olives from the three RDI treatments were
completely hand-harvested at their mature-green stage in mid-
September. The fruit of all trees for each of the three RDI treat-
ments were systematically mixed and a sample of around 45 kg per
treatment was used in the industrial processing. Fruits were
transported next day to Cooperativa Nuestra Senora de las Virtudes
(La Puebla de Cazalla, Seville, Spain), to be processed as table olives
according to thThis delay between harvest
and processing (1 day) is common in order to prevent the skin from
sloughing or bursting during alkaline treatment (100C, 1990).
Initially, raw olives were treated with a solution of NaOH
(0.6 mol L") until the lye penetrates three quarters through the
flesh to remove oleuropein and increase the permeability of the
fruits. Later, olives were washed with water to remove completely
the NaOH residues. Finally, the fermentation was carried out for 4
months using different concentration of brine; it started with
0.17 mol L' NaCl and ended with 0.09 mol L™"; the pH used was
4.5.

Alkaline treat.
NaOH 0.6 M

Washing

Fermentation
in brine, 0.17 ...
0.09 M
pH 4.5
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Table 2. nd CIE L* a* b*

Parameter ANOVA To m T2
Fruit weight (g) wee 4200 aob
Longitudinal diameter (mm) NS 203 193
Equatorial diameter (mm) NS 166 169

] = 508 5010

a* = 175 1913

b NS 264

DMC (g DW kg~' FW) o aEe

The number of replications for the analysis of weight, size, instrumen-
tal colour, oil content, and dry matter content (DMC) were 100, 100,75,
3and 5, respectively.

NS, not significant at P < 0.05;%, *, and ***,significant at P < 0.05, 0.01,
and 0.001, respectively.

Values followed by the same letter, within the same row, were not
significantly different (P < 0.05), according to Tukey’s least significant
difference test.

= Aslight reduction in the irrigation water (T1) increased the weight of the olives.
= This weight increase was mainly due to an increase in the equatorial diameter.
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Table 3. il content (g kg~ DW) and fatty acids (% of total area) of

Parameter ANOVA To n T2
Oil content (gkg~' DW) e 261° 278%
C16:0 (%) NS 171 164 16.7
C16:1 (%) NS 154 169 153
C18:0 (%) NS 366 365 427
C18:1 (%) = 691> caed

C18:2 (%) i 6.10°

€183 (%) NS 125

€200 (%) NS 081

€20:1 (%) NS 053

SFA (%) NS ns

MUFA (%) . ralid

PUFA (%) - 7.34%

(MUFA + PUFA)/SFA NS 364 381 359

Linoleic acid, C18:2
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Table 6. Antioxidant

activity (mmol Trolox kg~! FW) and total
s content (mg GAE kg~ DW) of ‘Manzanilla’ table olives
deficit imigation treatment.

as affected by

Parameter ANOVA To mn T2
ABTS+ (mmol Trolox kg—! FW) NS 134 132 134
DPPH* (mmol Trolox kg=' FW) NS 136 131 13.2
FRAP (mmol Trolox kg~ FW) NS 291 221 286
H-AA (mmol Trolox kg=! FW) NS 102 861 914
L-AA (mmol Trolox kg=! FW) NS 261 257 256
TPC (g GAE kg~' FW) NS 529 528 5277

NS, not significant at P <0.05.
Values are the mean of three replications.

Is this good or bad?

Table 7. Affective sensory analysis of Manzanilla’ table olives as
by

affected by deficit irrigation treatment

Parameter o To T n
Fresh table olive flavour 65 68 64
Bitterness 63 64 6.1
Saltiness 6.0 64 62
Hardness 74 73 69
Crunchiness 75 73 69
After-taste 6.4 64 62
GLOBAL 6.5 68 63

Consumers used a 9-point hedonic scale, where 1 = dislike extremely,

5= neither like nor dislike, 9 = like extremely.
NS, not significant at P <0.05.
Values are the mean of 100 consumers.
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DEVELOPMENT OF THE hydroSOStainable INDEX

SUSTAINABLE LABELING
At the United Nations Conference on Environment and Development, it was recognized that

sustainable labeling is useful for creating incentives for those products and processes that are

friendly to the environment.
® ®
uTZ
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FSC
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DEVELOPMENT OF THE hydroSOStainable INDEX
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DEVELOPMENT OF THE hydroSOStainable INDEX

HYDROSOSTEINABLE INDEX

| \ AGL2013-45922-C2-1-R
R | (e-50S-agua)

TR Aol
\ 1)
4 v ¥og AGL2016-75794-C4-1-R
(HidroSOS mark)

CEBAS-CSIC

El desarrollo de este indice ha sido posibles gracias a la investigacién llevada a cabo por el grupo de investigacion de
Calidad y Seguridad Alimentaria de la UMH, y sus colaboradores (Universidad de Sevilla, Centro de Edafologia y
Biologia aplicada del Segura (CEBAS-CSIC), Universidad Politécnica de Madrid e Instituto de Investigacidon y Formacion
Agraria y Pesquera (IFAPA)), a través de los proyectos AGL2013-45922-C2-1-R (e-SOS-agua
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Scientia Horticulturae 257 (2019) 108661

Contents lists available at ScienceDirect

Scientia Horticulturae

I journal homepage: www.elsevier.com/locate/scihorti

Evaluation of growers’ efforts to improve the sustainability of olive m
orchards: Pevelopment of the hydroSOStainable index T
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DEVELOPMENT OF THE hydroSOStainable INDEX, ORCHARD

HYDROSOS INDEX, ORCHARDS

The key concept in the hydroSOS irrigation index is the

irrigation scheduling based on RDI.

Hydraulic

Horticultural
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Hydraulic indicators

DEVELOPMENT OF THE hydroSOStainable INDEX, ORCHARD

HYDROSOS INDEX, ORCHARDS

Type of irrigation
Number and flow of drips/micro sprinklers.
Irrigation frecuency.

Water distribution uniformity.
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DEVELOPMENT OF THE hydroSOStainable INDEX, ORCHARD

HYDROSOS INDEX, ORCHARDS

Horticultural indicators

* Not directly related with irrigation scheduling.
* Indicators of the moment when the water stress occurs.

* Indicators of water stress.

72



DEVELOPMENT OF THE hydroSOStainable INDEX, ORCHARD

HYDROSOS INDEX, ORCHARDS

Hydraulic

* Not directly related to the irrigation scheduling

Source of irrigation water.
Soil management.
Water quality.

Water use efficiency.
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DEVELOPMENT OF THE hydroSOStainable INDEX, ORCHARD

HYDROSOS INDEX, ORCHARDS

Horticultural

* Indicators of the moment when the water stress occurs.

Water restriction period (Rapoport et al., 2013)

Water saving.
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DEVELOPMENT OF THE hydroSOStainable INDEX, ORCHARD

HYDROSOS INDEX, ORCHARDS

Horticultural

* Indicators of water stress.

Indicators used.
Measurement frequency.
Sampling.

Water stress level.
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Table3

DEVELOPMENT OF THE hydroSOStainable INDEX, ORCHARD

Horticutural indicatoes of the bydroSOS index which evaluste when (grey.) ad huow (vwhite) the water stress s performed. Levels and masks.

benween -2 1a -3.9MPa

INDICATORS LEVEL MARK
Approaches to detcrmine pit Yes 5
hardening
Duration of irrigation restriction  Until last woek Aug/Feh E
Unitil second week Aug/Feb 2
Until last week Julydan 1
Water saving in pit hardening 507 10
30-50% 7
30-40% 5
10-20% 2
Approaches for irrigation Plant and soil measurements 5
scheduling
Crop models 2
Measurements frequency Continuous 10
Discrete 3
Sampling 1007 surface 10
75-100% surface 8
50-75% surface 4
25-50% surface 2
Number of data All surface 10
10 data for cach zoncorai 8
least 80% surface
Water stress level Midday siem water potential 5

Los diferentes indicadores se traducen en una puntuacion cuya suma genera un sistema de 4 etiquetas.
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DEVELOPMENT OF THE hydroSOStainable INDEX, ORCHARD

v v

0000
>

v

Important effort but Poor management or Water wasteful
not HYDROSOS yet. important issues. orchard. No interest

HiDRoSOSTENIBLE

Labels of the hydroSOS index

in water
sustainability

LABEL  POINTS  COMMENTS

=85 HYDROSOS

50649 Poor mansgmant or i

cams

65549 Important effort but not MYDROSOS yet

ssues:

%< Water wastoful orchard. No interest in water sugtainability.
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DEVELOPMENT OF THE hydroSOStainable INDEX, QUALITY

HYDROSOS INDEX, QUALITY

The quality index includes chemical and sensory
changes.

The quality and the organoleptic properties of the
olives and its oil content are influenced by the

implementation of good agronomic practices.

Los métodos sefialados como iddneos para el analisis de los indicadores fueron aquellos ampliamente utilizados por
los miembros expertos de los grupos de investigacidn participantes en los proyectos anteriormente mencionados y los
comunmente utilizados en la bibliografia (Cano-Lamadrid et al., 2015; Fernandes-Silva et al., 2013; ISO-12966-2, 2017;
ISO-12966-4, 2015).

Sin embargo, se pueden utilizar otros métodos estandarizados, proporcionando resultados similares y validos. La

calidad y propiedades organolépticas de las aceitunas y su contenido en aceite estan influenciadas por la
implementacién de buenas practicas agrondmicas
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DEVELOPMENT OF THE hydroSOStainable INDEX, QUALITY

HYDROSOS INDEX, QUALITY

Total phenolic compounds ]
Folin-Ciocalteu method il ““lll.'"
Fatty acids ]

NORM 150-12966

GC-FID
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DEVELOPMENT OF THE hydroSOStainable INDEX, QUALITY

HYDROSOS INDEX, QUALITY

Descriptive sensory analysis ]

0.

8 trained panelists.

100 mL of oil or 15 g of olives

Numeric scales (0.5 increments)

: Extremely low intensity

10:Extremely high intensity
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DEVELOPMENT OF THE hydroSOStainable INDEX, QUALITY

1. Indicators, levels, and marks of the hydroSOS quality index in extra virgin clive oils,

Level

ives§ MUFAs, mono-
unsaturated fatty acids; PUFAs, poly-unsaturated fatty acids.

Indicators Level Mark

10
Green-olive flavor and 7.5
aftertaste

Fatty acids

Al igual que en el indice hidroSOS de Riego, los indicadores se traducen en una puntuacidén que genera 4 etiquetas. La suma
TOTAL es de 20 puntos para el Aceite de oliva virgen extra.

Etiqueta A (> 17 puntos). HidroSOStenible.

Etiqueta B (entre 13-16,9 puntos). Resultados interesantes, pero no HidroSOS.

Etiqueta C (entre 10-12.9 puntos). Importantes deficiencias en las caracteristicas del aceite de oliva por una incorrecta gestion
del riego.

Etiqueta D (< 10 puntos). Muy baja calidad. EL RDC no ha sido aplicado correctamente.




DEVELOPMENT OF THE hydroSOStainable INDEX, QUALITY

\)
A 4

/a Interesting Important Very low
results but deficiencies in Quality. RDI

o not yet table ollives. was not
hydroSOS characteristics properly
duetoan applied.
incorrect
management.

HioR0SOSrnIeLE

Las etiquetas para el caso de las aceitunas son exactamente iguales a las del aceite y lo Unico que varia es la puntuacién para
obtener cada una de ellas, ya que el total en este caso es de 25 puntos.

Puntuacion TOTAL de 25 puntos

Aceitunas de mesa:

Etiqueta A (> 21 puntos). HidroSOStenible.

Etiqueta B (entre 16-20,9 puntos). Resultados interesantes, pero no HidroSOS.

Etiqueta C (entre 12,5-15.9 puntos). Importantes deficiencias en las caracteristicas de las aceitunas de mesa por una incorrecta
gestion del riego.

Etiqueta D (< 12,5 puntos). Muy baja calidad. EL RDC no ha sido aplicado correctamente.




DEVELOPMENT OF THE hydroSOStainable INDEX, QUALITY

SUMMARY

—

/a ;’mesos e
o WO — i —— 0Oy,
b 4

. HoRoS{STaINRBLE roRoS0SaABIE

LT .
Hydros0S B
Irrigation Index x - ==_ HydroSOS

2 Quality —v—
= Index * »

HiIROS{STAINAELE - HyoRoSOSTamaBLE

Figure 1. HydroSOStainable index: two pl indices.
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hydroSOS products

Big opportunity!
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QY0 HydroSOStainable Ta6le OCives and

; m Olive 0il: Quality, Functionality and
e, H'e.afb Acceptance in the European Market

>
Hﬁﬁﬁﬁf

Lucta Sanchez Rodriguez

Agradecer a los miembros del tribunal por haber aceptado formar parte del mismo y por su DEDICACION PARA EVALUAR M
TESIS DOCTORAL, LA CUAL VOY A PASAR A EXPONER
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oBjecrves

OBJECTIVE 2
Polyphenolic profile of
OBJECTIVE 1 hydroSOStainable raw o .
Morphological, and table olives. NEC| IVE
nutritional, functional "‘mein ;msu
d sensory quality of: "'dyhﬂ*l lochauq .
anc ives for hN pay
. Rawolt mwsos; i
. Tableolives b ble
. Oliveol

e
)

HvoRoSOStaINABLE

For which, the specific objectives are:

* To determine the morphological, nutritional, functional and sensory quality of raw and seasoned hydro-sustainable olives and
olive oil.

* To study the polyphenolic profile of raw and seasoned hydro-sustainable olives.

* To analyze consumer acceptance of hydroSUSTAINABLE olives in different locations.

* To study the bioaccessibility of phenols and antioxidant activity after simulating an in vitro digestion of hydro-sustainable
olives
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7 publicaciones cientificas publicadas en JCR que dan respuesta a los objetivos planteados en esta tesis
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PUBLICATIONS

PUBLICATION 1

Sanchez-Rodriguez, L., Corell, M., Herndndez, F., Sendra, E. i A., Carbonell-Barrachina,
A.A. 2019. Effect of Spanish-style processing on thQ quality attributes of JHydroSOStainable

GREEN _OLIVES. Journal of Science of Food and Agriculture. 99(4):1804-1811. DOI:
10.1002/jsfa.9373.

Published: 31 October 2018
Publisher: Wiley, 111 River St, Hoboken 07030-5774, NJ USA
ISSN: 0022-5142

Research Domain: Agriculture, Multidisciplinary; Chemistry. Applied; Food Science &

Technology
Quartile in S-year impact
JCR® category Rank Impact Factor
Category factor
Agriculture,
Q1 9/57 2422 2.733
Multidisciplinary
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PUBLICATIONS

PUBLICATION 2

Sanchez-Rodriguez, L., Lipan, L., Andreu, L., Martin-Palomo, M.J., Carbonell- china, A.A.,
Herndndez, F., Sendra, E. 2019. Effect of regulated deficit irrigation on tke quality of/raw and

TABLE OLIVES. Agricultural Water Management. 221:415-421. DOL:
10.1016/j.agwat.2019.05.014

Published: 20 July 2019
Publisher: Elsevier Science BV, PO Box 211, 1000 AE Amsterdam, Netherlands
ISSN: 0378-3774

Research Domain: Agriculture; Water Resources

Quartile in
JCR® category Rank Impact Factor
Category factor

5-year impact

‘Water Resources Q1 10/94 4.021 4.469




PUBLICATIONS

PUBLICATION 3

Sanchez-Rodriguez, L.

Hernandez, F. 20

deficit during specific phenological stages and Spanish-style processing. Journal of Agricultural and

Food Chemistry. 67: 661-670. DOI: 10.1021/acs.jafc.8b06392.

Published: 20 December 2018

Publisher: ACS Publications 1155 Sixteenth St NW hi DC 20036

ISSN: 0021-8561

Research Domain: Chemistry, applied; Foods Science & Technology; Agriculture,

Multidisciplinary.
Quartile in 5-year impact
JCR® category Rank Impact Factor
Category factor
Food Science &
Q1 28/135 3.571 3.991

Technology
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PUBLICATIONS

PUBLICATION 4

Published: 10 October 2019

Publisher: MDPI St. Alban-Angale, 66 Basel, Switzerland 4052
ISSN: 2304-8158

Research Domain: Food Science & Technology.

Quartile in 5-year impact
JCR® category Rank Impact Factor
Category factor
Food Science &
Q1 27/139 4.092 n/a

Technology
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PUBLICATION 5§

Séanchez-Rodriguez, L., Cano-Lamadrid, M., Carbonell-Barrachina, A.A., Sendra, E., Hernandez, F.
2020. Impact of gastrointestis deficit irrigation on antioxidant activity and
phenolic content bi i "T.\BLE OLIVES. Journal of Food Quality.
Volume 2020, Article ID 6348194, 6 pages DOIL: 10.1155/2020/6348194

Published: 10 October 2019
Publisher: Wiley, 111 River St, Hoboken 07030-5774, NJ USA
ISSN: 2304-8158

Research Domain: Food Science & Technology.

Quartile in 5-year impact
JCR® category Rank Impact Factor
Category factor
Food Science and
Q3 83/139 1.763 1.781

Technology
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MATERTALS AND METHODS

Olea europaea L.

quququququququ
HHHHHHHHHHHHH

During the growth of the fruit, 3 phenological states can be distinguished:

1.
2.
3.

which lasts approximately 10 weeks and goes from the setting of the fruit until the hardening of the bone begins

with a duration of 7 weeks, which includes the hardening of the bone and the growth of the size of the fruit stops

it can last between 9 and 17 weeks since it is the phase of maturation and accumulation of oil, so depending on the final use
of the olive, it will be harvested before or after.
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“Manzanilla’” olives

| will begin by explaining the materials and methods used in the case of olives of the "Manzanilla" variety.
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MATERTALS AND METHODS

“Manzanilla” olives
Experiment A

AO0: Full irrigated.

A1l: RDI moderated (-2 MPa stage II).

A2: RDI severe (short time) (-3 MPa half period of stage IT).
A3: RDI severe (long time) (-3 MPa stage II).

Experiment B

! BO: Full irrigated.
B1: RDI moderated (short time) (-2 MPa from September to harvest
- stage I1I).

B2: RDI moderated (long time) (-2 MPa from half August to
harvest -> stage III).

NERS/,

ggsrn

BT

A - stage 2 because it is the least likely to affect production since fruit growth is paralyzed

B - stage 3 because it is the most sensitive phase and we wanted to know what the effects on quality were, even thinking that it
would surely affect productivity in some way.



MATERTALS AND METHODS

“Manzanilla’” olives processing

Alkaline treat.
NaOH 0.6 M

2.2. Sample processing

All ‘Manzanilla’ olives from the three RDI treatments were
completely hand-harvested at their mature-green stage in mid-
September. The fruit of all trees for each of the three RDI treat-

ments were systematically mixed and a sample of around 45 kg per Fermentation
treatment was used in the industrial processing. Fruits were in brine, 0.17 ...
transported next day to Cooperativa Nuestra Senora de las Virtudes 0.09 M

(La Puebla de Cazalla, Seville, Spain), to be processed as table olives

according to thhis delay between harvest pH 4.5
and processing (1 day) is common in order to prevent the skin from
sloughing or bursting during alkaline treatment (100C, 1990).
Initially, raw olives were treated with a solution of NaOH
(0.6 mol L") until the lye penetrates three quarters through the
flesh to remove oleuropein and increase the permeability of the
fruits. Later, olives were washed with water to remove completely
the NaOH residues. Finally, the fermentation was carried out for 4
months using different concentration of brine; it started with
0.17 mol L' NaCl and ended with 0.09 mol L™"; the pH used was
4.5.

The first analyzes that were carried out were the morphological ones, the weight of the whole olive and the bone, the equatorial
and longitudinal diameter, the color, the texture analyzed by two different methods to differentiate the texture of the pulp and
the skin, and also Part of the olives were freeze-dried to preserve them for further analysis.



MATERTALS AND METHODS

“Manzanilla’ olives

Morphiologic analysis

Texture Texture
(Magness-Taylor)

Lyophilized

The first analyzes that were carried out were the morphological ones, the weight of the whole olive and the bone, the equatorial
and longitudinal diameter, the color, the texture analyzed by two different methods to differentiate the texture of the pulp and
the skin, and also Part of the olives were freeze-dried to preserve them for further analysis.
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MATERTALS AND METHODS

“Manzanilla’ olives

iaasy

Antioxidant

activity and

total phenol
content
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Colorimetric

Atomic Emission-absorption

[
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and sugars

Volatile
compounds

GC-MS

101



MATERTALS AND METHODS

“Manzanilla’ olives
Sengory analysis

Affective sensory analysis ‘Willingness to pay

HionoS0Srenite

L1: El Esparragal (Murcia)
Olive oil council lexicon L1: El Esparragal (Murcia) L2: Elche (Alicante)
L3: Los Desamparados (Alicante)

Sa ample labeled a
3 Sessions (each sample in L3: Los Desamparados (Alicante) ﬁgfnz:?llt}i)oiai{’ z:d *

triplicate) Hedonic and JAR scale “hydroSOStainable™

3 Training sessions L2: Elche (Alicante)

Regarding the sensory analysis, a descriptive analysis was carried out with a trained tasting panel and the lexicon of the
international olive oil council was used, an affective analysis was carried out in three locations, two of them representing the
population that lives in the countryside and the other to the city population. In the same way, the study of willingness to pay was
carried out in order to study the effect of the hydroSOStainable logo. For this, the same olives were used and labeled differently,
some with the hydroSOStainable logo and others as Conventional, and information was given to consumers on the
hydroSOStenible concept.
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“Arbeqguina” olive oil

Next, | will explain the tests that have been carried out on olive oil.

| know that this conference is about “table olives” but | want to highlight few results on olive oil, and need to explain what has

been done.
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MATERTALS AND METHODS

‘Arbequina’ olive oil

Experiment C

C0: Full irrigated.
C1: RDI (stage IT - 58 % of water reduction).

C2: RDI confederation (stage IT > 66 % of water
reduction).

C3: SDI confederation (66 % of water reduction sustained).

o

A
g
X

w

Experiment D

DO: Full irrigated.

D1: RDI moderated (-2 MPa stage II).

D2: RDI medium (- 3 MPa stage II).

D3: RDI severe (No irrigation during stage II).

Q\\‘E RS/,?V
> w
5 %
] B
K;

- Heis®

In experiment C, located in Seville, we have 4 treatments, first with a control, then C1 in which a 58% reduction in irrigation was
applied during stage 2. In C2 the reduction was 66%. in stage 2 and in C3 the irrigation water was also reduced by 66 % but this
time during the entire cultivation period.

In experiment D, which was carried out in Ciudad Real, there was also a control and 3 deficit irrigation treatments. In D1 a water
stress of -2 Mpa was applied in stage 2, in D2 the stress was -3MPa and in D3 irrigation was directly eliminated in stage 2.

-]

)
oy
R §

't
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GRANADA -> CATEGORIZAR

MATERTALS AND METHODS

“Manzanilla’ olives

S Sply T
AR WENN]
= ey

Antioxidant

activity and

total phenol
content

Analytical

Volatile
parameters .

compounds

—

Volumetric and colorimetric Colorimetric GC-MS

Laboratorio

Fatty acid D:Zf"s‘(l)"“e Agroalimentario
profile b de Granada
ysis (Spain)
GC-FID Trained panel Acredited Trained panel
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MATERTALS AND METHODS
Statisgtical analysis

Tukey’s *: p<0,05
ANOVA multiple 5 p < 0,01
range test ek p< 0,001

Pearson
correlations

Software
XLSTAT

Data were analyzed using a one-way analysis of variance using Tukey's multiple range test. Significant differences were
considered at these 3 levels. Pearson correlations were also performed to study the correlations between variables. All statistical
analyzes were performed using the XLSTAT software.
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RESULTS AND DISCUSSION
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“Manzanilla’” olives
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RESULTS AND DISCUSSION

“Manzanilla’ olives

Experiment A

AO0: Full irrigated.

A1: RDI moderated (-2 MPa stage II).
: A2: RDI severe (short time) (-3 MPa half period of stage II).
A3: RDI severe (long time) (-3 MPa stage II).
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two campaigns

A3 was the one that registered the highest stress values. The differences that are observed between both years may be due to

RESULTS AND DISCUSSTON
“Manzanilla’ olives — Experiment A
Trrigation treatments

Min yy, SI
Treatment
(MPa) (MPa x day)
ANOVA
2015 sk seslesie
2016 sk *
Multiple range test Tukey
2015 A0 -1.76 a 14b
Al -1.96 ab 2.7 ab
A2 -1.84 ab 1.2b
A3 -24b 47a
Multiple range test Tukey
2016 A0 -2.34a 29.6b
Al -2.76 ab 62.6 ab
A2 -2.74 ab 50.4 ab
A3 3.52b

Sy 4
ur e

5l

Fruit load in 2015 was 15 % that of 2016.

the load of the trees, since in 2015 the load was 15 % than in 2016.

The results do not show both years because the differences were not significant and the average of the two years of cultivation

was made.
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RESULTS AND DISCUSSTON
“Manzanilla’ olives — Experiment A
Morphological analysis

Fruitweight P Fraigpy Eduatorial  Longitudinal bMC PT“"'“'* . Colour
® weight LY diameter diameter (g g MTT e - e
@ (mm) (mm) fw) ~N) N)
ANOVA
Irrigation RO NS
Irrigation TO -
Spanish-style NS
processing
Multiple range test Tukey Raw Olives
443b 0.76 a 5.83b 193b 213a 328b 1.28b 13.1b 573ab -129a 383
Al riLAS.h] 0.73 a 6.09 ab 19.2b 213a 341a 135b  129b 569b -125a 380
A2 4.66 a 0.74 a 6.29 ab 19.5a 215a 321b 144b  102¢ 572b -124a 379
A3 413c  064b  645a 1972 204b 3la 254a 19.01a 599a -19.1b 382
Multiple range test Tukey Table Olives
Al 420a 0752  5.60a 190ab 1952 330b 1.07b  652b 55.6b 0.64ab 36.4ab
Al 4.02a 0.73 a 55la 18.7b 19.2a 338a 128b 595b 553b 054b  369a
A2 207 c— 0T SA4 o 188ah 1892 332b 140b  492¢ 554b 0702 362b
A3 2.81b 0.61 b 4.60 b 19.2a 149 b 341a 1.85a 725a 564a 062ab 370a

Multiple range key Spanish. rocessing
Raw olives 442a 0.72 6.14a 194 a 21.1a 317a 1.65a | 13.8a] 57.8a [-142b] 38.1a
Table olives 375b 071 528 b) 189b 181b 309b 140b | 603bf 557b | 062a) 367b

The moderate stress caused the larger size of the olives and, on the other hand, the severe stress reduced the size and produced

rounded-shape olives.
Previous studies also reported similar results, with a tendency to decrease the size of "Manzanilla" olives with severe

irrigation treatments.
The effect of processing led to a decrease in all the morphological parameters analyzed, which is due to the osmotic effect of

sodium chloride and the LEACHING of the compounds to the fermentation liquid and brine.
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RESULTS AND DISCUSSTON
“Manzanilla’ olives — Experiment A

Mineral analysis

Mac Micro
Ca(gkg! K(gkg! Mg(gkg' Zn(mgkg' Cu(mgkg!
fw) fw) fw) fw) fw)
ANOVA
Irrigation RO NS NS NS NS NS
Irrigation TO NS NS NS NS NS
o Spanish-§tyle s s NS NS NS
processing
Multiple range test Tukey Raw Olives
A0 0.47 4.96 0.13 2.07 1.72
Al 0.51 4.84 0.14 2.17 1.87
A2 0.54 4.70 0.12 2.29 2.06
A3 0.54 4.75 0.13 2.07 1.62
Multiple range test Tukey Table Olives
A0 0.40 0.95 0.15 2.01 1.98
Al 0.27 1.07 0.14 2.12 1.72
A2 0.40 1.10 0.13 1.83 1.45
A3 0.37 1.12 0.14 2.19 1.80
Multiple range test Tukey ish-Styl sing
Raw olives 0.52a 4.81a 0.13 2.15 1.79
Table olives 0.36b 1.06b, 0.14 2.03 1.74

The mineral composition of the olives was not affected by the water deficit, although a decrease in Calcium and Potassium could
be observed when going from raw to seasoned olives. Other authors also observed this decrease, specifically they observed
that the greatest loss occurred during the washings in the Spanish-style dressing, due to its great solubility.
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RESULTS AND DISCUSSTON
“Manzanilla’ olives — Experiment A

Antioxidant activity and
total phenol content

ABTS* DPPH* FRAP TPC

(mmol Trolox kg'! fw)  (mmol Trolox kg fw)  (mmol Trolox kg fw) (g GAE kg fw)

ANOVA
Irrigation RO NS NS NS NS
Irrigation TO NS NS NS NS
. ik ok P

Spanish-style processing *
Multiple range test Tukey Raw Olives
A0 27.1 487 248 19.4

AL 26.3 489 251 19.6
A2 26.3 48.1 245 204
A3 26.3 492 247 19.6

Multiple range test Tukey Table Olives
A0 6.67 9.55 155 577
AL 6.88 9.38 ' 152 581
A2 6.70 9.71 152 574
A3 6.87 9.75 . 153 5.82

Multiple range test Tukey Spanish-Style processing

Raw olives 26.5a 48.7a 248a 198a
Table olives 6.78 b 9.60 b, 15.3 b 579b

The antioxidant activity and the total content of polyphenols were not affected by the irrigation treatments applied in stage 2
either. High concentrations were found in the raw olives, which decreased after processing. The antioxidant activity and total
phenols can be affected by the state of ripeness of the olives and the production method used. In fact, other authors found
that the acid medium causes the diffusion of various polyphenols, such as hydroxytyrosol or the degradation of some others.
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RESULTS AND DISCUSSTON
“Manzanilla’ olives — Experiment A
Organic acids and sugars

Raw olives

‘Suc cinic

Irrigation  Citric acid  Tartaric 263 Malie acid il Sucrose  Glucose  Fructose
treatment @ iy
ANOVA
NS NS NS NS NS NS NS
Multiple range test tukey
5 012 043 014 159 255 134
AL 030 011 048 015 183 307 154
A2 027 0.11 043 01g 175 184 130
A3 027 011 0.47 020 171 275 139
Table olives
Irrigation __ Phytic acid Lactivacid  Acetic acid Mannitol Glycerol
treatment gl tw)
ANOVA
NS NS i S NS NS
Multiple range test Tukey
Al 5 164 053 230 315 123
Al 644 157 063 210 252 091
A2 682 L61 066 214 2.58 089
A3 673 L59 064 210 255 090

The profile of organic acids and sugars found in raw olives was totally different from that found in seasoned ones, but in both
cases, water stress had no effect on the concentrations of these compounds. Changes in these profiles are due to fermentation.
In the bibliography, similar profiles can be found in different olive varieties, both for raw and seasoned ones.
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RESULTS AND DISCUSSTON
“Manzanilla’ olives — Experiment A
Polyphenolic profile

Raw olives

Hydroxytyrosol  Cabfeoylt- o ™ Flemlicacid  Oleuropein  Quercetin-3-
glucoside i ghicoside aglycone ___O-rutinoside
(mg ey yuercetin.3-Crutinoside 100 21 fw)
ANOVA
Irrigation RO NS * o * * *
‘Tukey Multiple Range Test
Irrigation RO
A0 388 400b 119 294b 842a 2554
Al 374 3.96ab 1642 294b 81.5a 297a
A2 296 527a 917¢ 138¢ 68.1¢ 148b
A3 394 332be 1241 301a 748b 274a

P

Oleuropei _ Caffeayl- -
6- Oleuro-  Comselo- Luteo- Ligstro Hydrox

Luteolin3- g pasco-  O1081¢ g
0- ? di- AL " > . &
rutineside 9 gucoude  Oleuropein  diglucosid secologan  pein goside lin side  yoleuro
e oside pein
(mg eq luteolin-3-O-rutinoside 100 ¢ fw)
ANOVA
Irigation RO . . . - . . . . . . .
Tukey Multiple Range Test
Irrigation RO
A0 362a 2640 435a 126b 32746 6224 2llab 4522 9l4a  148a | 684c
Al 382a 3154 3604 636 3832 465b 230a 175c 817ab 129b | 8.10b
A2 2670 274a 2940 6494 291ab  453b 1870 2666 7.03b 139 | 9554
A3 39ab 1580 | | 3160 294b 178b  537ab 2040 [201be |_648b | 132b_ 9.09ab |

HYDROXYTYROSOL NS
All irrigation treatments increase 2-hydroxyoleuropein, which may be due to decreased concentration of oleuropein aglycone.

SEVERE STRESS LOW —>
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HYDROXYTYROSOL NS

RESULTS AND DISCUSSTON
“Manzanilla’ olives — Experiment A
Polyphenolic profile

A1 RDI moderate treatment
TabCe olives

Hydroxytyrosol  Cabfeoylt- o ™ Flemlicacid  Oleuropein  Quercetin-3-
glucoside i ghucoside aglycone O-rutinoside
(mg ey yuercetin.3-Crutinoside 100 21 fw)

ANOVA

Irrigation TO NS * - * NS NS
Tukey Multiple Range Test
Irrigation TO
A0 0.68 0.08ab 022b 0.10b 0.09 024
Al 067 015a 017 020
A2 0.60 0.04b 0236 T8 0.11 017
A3 0.56 005b 024b 01da 011 023
N - Oleuropei _ Caffeoyl- 2
"“'e(';l'"’s' Verbasco- 0':’."“* Dihydro- 6- Oleuro-  Comselo- Luteo- Ligstro Hydrox
O side b oleuropein  diglucosid  secologan pein goside lin side  yoleuro
rutinoside glucoside A "
e oside pein
(mg eq luteolin-3-O-rutinoside 100 g fw)
ANOVA
Irrigation TO NS NS - NS NS NS
ultiple Range Test
Irrigation TO
A0 014 012 167¢ 0.16 0.08 0.07 027b 012b  0.10a  012a 013a
Al 009 0.12 0.10 0.10 0.08 020a  002b Odla  0.13a
A2 010 0.08 0.06 0.08 0.08 0.19bc  011b  002b _012a _017a
A3 009 0.08 T38¢ 002 0.04 0.06 0.09¢ 003c | 005b| 006b | 0.07b

Moderate stress = increase in some compounds

Same trend as raw olives = severe stress = decreased concentration = other authors also found that severe stress caused a
drop in the concentration of some polyphenols and reported that it may be due to increased activity of PHENYLALANINE in

the trees
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RESULTS AND DISCUSSTON
“Manzanilla’ olives — Experiment A

Polyphenolic profile

Processing

Hydraxytyrasel Caffeayl6™-

Elenolic acid Oleuropein Quercetin-3-
glucoside

glucoside aglycone O-rutinoside
(mg eq quercetin-3-O-rutinoside 100 g fw)

Oleoside

rocessing

‘Tukey Multiple Range Test

Processing
RO 3.62a 4.14a 125a 257a 77.1a 243a
TO 0.62b 0.08b 0250 0.12b 0.12b 021b
) - Oleuropei _ Caffeoyl- .
Luteolin Verpaseo. V09 pinyaro- n - Oleuro-  Comselo- Luteo- Ligstro Hydrox
O e side e oleuropein diglcosid sccologan  pein  goside I side yoleuro
rutinoside glucoside N v
oside. pein
(mg eq Tuteolin-3-0-rufinoside 100 g7 fw)
ANOVA
rocessing e
Tukey Multiple Range Test
Processing
Ro [3s5a 2530 351 4260 2952 5094 213a 2734 770a 137a 839
10 [010b __ 010b _ 204b___008b _ 007n  007h _ 028b _ 004p  004b_0.10b_0.12b

When comparing the total content of the raw olives with the seasoned ones, as occurred in the previous determinations, a great

decrease is observed due to the osmotic effect, the treatment with soda and salt, and lactic fermentation.
LEACHING
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RESULTS AND DISCUSSTON
“Manzanilla’ olives — Experiment A

Volatile compounds
Total of 38 compounds.
8 chemical families.
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Regarding the volatile profile, a total of 38 compounds were identified, which are summarized in 8 families.

The content of esters and terpenes stand out compared to the others and also the great variation of the control in the case of
esters, since in this sample it is the predominant family, while in the rest, in hydro-sustainable olives, the predominant family is
that of terpenes.

Other authors found some changes in the volatile profile in table olives of the Kornoiki and Manzanilla variety but with
different irrigation treatments.

In general, alcohols (high in TO and T2) are associated with fruity and candy flavor notes, aldehydes (highest in TO)
with green, vegetable and herbaceous notes,

terpenes (highest in T1) with citrus and pine notes,

organic acids (highest in T2) with herbaceous and vinegar notes, and phenolic compounds with green, woody, and
cheesy notes
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RESULTS AND DISCUSSTON
“Manzanilla’ oliveg — Experiment A

Sensory analysis

Descriptive sensory analysis

Appearance Havor Texture
Sample  Col G”‘E‘:’l "¢ Saltiness Bitterness ~ Sourness Swectness  Aftertaste  Off-flavor Hardness Crunchiness Fibrousness
ANOVA
NS Ns Ns Ns
Multiple Range Tukey Test
A0 65a 65ab 59 58a 24b 29 59ab 00 78 3a 03
Al 54b 69a 50 38ab  30b 21 59ab 00 66 6a 08
a2 59ab 6Aab 59 10ab  26b 22 56b 00 2 6la 03
A3 57ab 62b 19 28b | [69a | 17 00 35D 17b 04
Alfective gengory analysis
Color Flavor _Bitterness _ Sall Sourn Hardness  Crunch, Fibros Aftertaste_ Overall
ANOVA
Ns  Ns Ns Ns Ns Ns Ns Ns Ns Ns
Multiple Range Tukey Test
A0 62 66 63 62 63 70 67 65 66 65
AL 67 66 63 60 60 67 66 66 62 64
A2 65 63 57 63 8 65 66 65 62 64
A3 65 59 57 59 8 63 65 65 59

A previous study carried out with Ascolana olives also showed a decrease in bitterness with water stress and in Nocellara del
Belice olives the intensities of green olive aroma, acidity and sweetness were reduced.

Regarding the affective study, the consumers did not show significant differences in any locality between the irrigation
treatments, although it should be noted that on a scale of 1 to 9, the general scores obtained were quite good.

In a price study with Manzanilla olives, consumers rated deficit irrigation olives with better aroma, crunchiness and aftertaste
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L1 and L3 rural environment
L2 urban environment

RESULTS AND DISCUSSTON
“Manzanilla’ olives — Experiment A
Sensory analysis

Congumer willingness to pay

Green-olive
Saltiness ~ Hardness ~ Overall

flavor
ANOVA Test
Logo effect NS NS =
Location NS NS M
Logo effect vs Location NS NS &
Multiple Range Tukey Test Logo effect

Conventional 67b

64 66
HydroS0S logo 80a 7.4 7.0

Multiple Range Tukey Test Location

Location L1 77a 66 69 69b
L2 7.0b 71 7.2 73a
L3 73ab 7.0 63 6.0b
Multiple Range Tukey Test Logo effect vs Location
Conventional L1 7.1ab 59 65
L2 7.0ab 66 73
L3 9c 67 59
HydroS0S logo L1 7.2 7.3
L2 7.7 7.0
L3 7.2 68

S
NOp

HioRoSOSTENIBLE
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Now it is the moment to tell me your choice

Which olives jar would you buy?

ol <3

HioRoSOSTewiBLe

‘ CONVENCIONAL HIDROSOSTENIBLE

2009
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88% indicated that they would be willing to pay more than the market price (€1.35 per 200g)

52% between 1.35 and 1.75
32% between 1.75 and 2.50
4% more than 2.50

RESULTS AND DISCUSSTON
“Manzanilla’ olives — Experiment A

Market
price

60

40

30

20

Sensory analysis

Congumer willingness to pay

1,35 €200 g

Willingness to pay

52 % 52+32+4=88%

32 %

4%

1,35 - 1,75 €/ 200g 1,75-2,50€/200 g  More than 2,50 € /200 g
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RESULTS AND DISCUSSTON
Manzanilla’ olives — Experiment A

Descriptive and affective sensory analysis correlation

This analysis makes it possible to identify the purchase drivers, which are the ones that are grouped at this extreme.
FUTURE ACCEPTANCE OF WATER SUSTAINABLE OLIVES
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RESULTS AND DISCUSSTON
“Manzanilla’ olives — Experiment A
Penalty analysis
A0 AL
H e Sarn H oo w2
H F o
; . + e e o ®
A2:s A3
o e R |
H s e | i [P
Brutere B r NI o 15 Aoy »

A penalty analysis was also carried out with the four samples WHICH GIVES US INFORMATION ON WHETHER THERE IS SOME
POINT OF IMPROVEMENT ACCORDING TO THE TASTES OF THE CONSUMERS It can be seen that no attribute was marked as

improvable, which coincides with the previous results of the affective study. In a previous study with hydroSUSTAINABLE
almonds, the same thing happened and consumers did not highlight any changes.
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RESULTS AND DISCUSSTON
“Manzanilla’ olives — Experiment A
In vitro digesgtion gsimulation

Antioxidant activity (mmol Trolox eq kg')
DPPH

TM  SF RF  Total %var

EXPERIMENT A

TPC (g GAE kg")

SF RF Total %var

NS ¥ NS N
070b 042 113 |8L7
0722 033 105 |-837

590 0720 028 099 |-832

7 0728 030 102 |-814

In the antioxidant activity of the ABTS and DPPH trials, small changes were observed in the deficit irrigation treatments.

The percentage of variation showed a great decrease in concentration compared to the matrix extracted in the laboratory, which
may be due to the acidic conditions of digestion that can cause the degradation of antioxidants and polyphenols. Previous
studies determined that only 25% of oleuropein and 20% of comselogoside are stable during digestion.

Regarding the percentage of bioaccessibility, no significant differences were found between samples. Previous studies also
showed a low bioaccessibility of polyphenols and antioxidants in "Cornecuelo" olives.
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RESULTS AND DISCUSSION

“Manzanilla’ olives

Experiment B

BO: Full irrigated.
| I 3 B1: RDI moderated (short time) (-2 MPa from september to harvest > -)A

B2: RDI [lioderated (long time) (-2 MPa from half august to harvest > stage III).
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In this experiment, the results of both campaigns will be shown due to the great difference between them.
In this experiment, the large variabilities caused by external factors such as soil, climate, rain, etc., caused the stress in 2016 to
be higher than in 2015. Although, due to this variability, statistically significant differences are not shown , the stress of

treatment B2 was the highest.

RESULTS AND DISCUSSTON
“Manzanilla’ olives — Experiment B
JTrrigation treatments

Stress 2015 2016
parameter ANOVA BO B1 B2 ANOVA BO B1 B2

ANOVA 2015 2016

Min Y., (MPa) NS -2.07 -1.99 -2.20 NS -2.44 -2.44 -2.66 HEx -2.08b __-2.51a
SI (MPa x day) NS 34.3 26.4 33.8 il 75.7ab 629b] 855a x 3156 74832

i,
»”
5 ‘{ .
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RESULTS AND DISCUSSTON

“Manzanilla’” olives — Experiment B
Morphiological analysis

2015 | 2016

]

ANOVA B0 B1 B2 | ANOVA B0 B1 gz | ANOVA 2015 2016

Raw olives
Fruit weight (g) NS 503 527 507 NS 340 3.06 3.05 | ***  513a 3.17b
Pit weight (g) NS 089 082 085 NS 065 062 062 | ***  085a 063b
Fruit/pit ratio NS 565 643  6.00 NS 524 490 489 | *** | 604a 503b
Equatorial diameter (mm) NS 194 197 195 NS 164 161 159 NS 195 195
Longitudinal diameter (mm) NS 235 236 235 NS 197 196 192 | ***  235a 161b
Texture  puncture Test (N) NS 267 236 285 NS 257 286 285 NS 271 275
MEQ"E(SS)TEV'W ** 19.2a 9.02b 10.7b| *** 173'7 103b 104b| NS 125 12.8b
Color L* NS 559 577 573 NS 599 586  59.9 NS 569  59.5
a* NS -188  -18.4 -18.3 NS -192 -178 -189 | NS 185  -18.7
b* NS 379 396 393 NS 411 395 413 NS 389 407

Table olives
Fruit weight (g) * 551a 4.75b 507ab] NS 287 298 282 | *** | 51la 289b
Pit weight (g) NS 087 079 083 NS 060 061 059 | *** | 083a 060b
Fruit/pit ratio NS 633 601 611 NS 476 487 476 | *** | _616a 4.79b
Equatorial diameter (mm) NS 184 189 182 NS 159 157 155 | ***  185a 157b
Longitudinal diameter (mm) ~ ***  224b 232a 221b| NS 200 194 194 | ***  226a 19.6b
Texture  puncture Test (N) NS 1.21 1.06 1.23 NS 1.24 1.10 1.22 NS 1.17 1.18
Mag"e(s,\f;ay"" NS 829 892 101 * 5'5’9 9.16b 10.5a| NS 9.10 944
Color L* NS 533 516 554 NS 546 557 579 NS 534 561
a* #%  117ab 1.65a 078b| NS 143 119  0.87 NS 120 116
b* * 342b 33.6b 37.6a| NS 333 338 362 NS 351 344
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RESULTS AND DISCUSSTON
“Manzanilla’” olives — Experiment B

Antioxidant activity and
total phenol content

2015 [ 2016 [

ANOVA 2015 2016
ANOVA __ BO Bl B2 | ANOVA B0 Bl 2 |
Raw olives
ABTS* (mmol Trolox kg™) * 2496 2526 NS 72 212
DPPH' (mmol Trolox kg') i 489 46.7 ¢ i 47.70b 48.58 b - 495b  50.1a
FRAP (mmol Trolox kg') * 243b  237c¢ * 236b  232b | 279a e 2552  249b
TPC (2 GAE ke'! v [ 304a] 214b [ 3224 hiid 326a | 21.6b | 3340 | = 286b  292a
Table olives
ABTS* (mmol Troloxkg') NS 904 9.10 9.19 Ns 874 941 9.34 NS 911 916
DPPH (mnol Troloxkg’) ~ ***  741b | 86la _ 842a * 731c | 9642 862b || NS 815 852
FRAP (mmol Trolox kg'!) * 20.1a * 193a ] Ns 190 1873
TPC (s GAE ke'! x+  546h | 587a 582 id sa6c | 590a  Ss3bll NS 572 573

When comparing these results with experiment A, it can be affirmed the importance of the stage in which deficit irrigation is
applied on the synthesis of antioxidant compounds, since when applying water stress in stage 2 no significant differences
were found. Other authors did find significant differences in the FRANTOIO variety in the concentration of POLYPHENOLS,
when applying irrigation during the bone hardening phase.
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RESULTS AND DISCUSSTON
“Manzanilla’” olives — Experiment B
Fatty acid profiCe
. 2015 | 2016 T
Fatty acid (%) oo oo 51 B2 | Anova B0 " Bz |ANOVA 2015 2016
Raw olives
Palmitic acid (C16:0) NS 162 169 168 NS 186 178 182 * 166b 18.2a
Stearic acid (C18:0) NS 272 259 285 #% 2.90b 3.01b 3.40a | ** 272b 311a
Oleic acid (C18:1) NS 734 707 705 * 68.8 b NS 71.5 69.7
Linoleic acid (C18:2) NS 508 682  6.69 NS 562 437 488 NS 6.19  4.95
Linolenic acid (C18:3) NS 094 094 111 NS 130 126 116 * 099b 1242
Araquidic acid (C20:0) NS 042 038 048 NS 044 056  0.60 NS 043 053
ISFA NS 193 199 201 NS 219 214 222 #*  198b 21.8a
SMUFA NS 734 707 705 * 68.8 b NS 715 69.7
SPUFA NS 601 775  7.79 NS 692 563  6.04 NS 718 620
(MUFA+PUFA)/SFA NS 411 394 3389 NS _ 345 357 340 NS 398 347
Table olives
Palmitic acid (C16:0) NS 169 168 165 *  187a [17.7b _17.0b| ***  167b 17.8a
Stearic acid (C18:0) NS 274 293 284 NS 273 262 _ 3.06 NS 284 2.80
Oleic acid (C18:1) NS 70.82  69.28  70.47 * 701b 703b * 702b 706a
Linoleic acid (C18:2) NS 641 7.87 7.23 NS 672 753 687 NS 717 7.04
Linolenic acid (C18:3) NS 102 094 099 NS 118 126 1.29 #  098b 124a
Araquidic acid (C20:0) NS 047 046 045 NS 048 049 046 NS 046 048
SSFA  **  201a 202a 197b| *  220a (20.8b 20.5h  ***  200b 2l.1a
SMUFA NS 70.82 69.28 70.47 = 701b 703b [71aa | = 702b 706a
ZPUFA NS 742 881 822 NS 790 879 816 #*  815b 8.28a
(MUFA+PUFA)/SFA__ **  3.89b 3.86b 3.99a *  357b 38la 3.87a| ** _ 391a 3.75b

2015 with less stress = NS
Something similar occurred in previous studies when deficit irrigation was applied in stage 2, therefore, water stress could
cause an improvement in the lipid profile of table olives.
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RESULTS AND DISCUSSTON
“Manzanilla’” olives — Experiment B
Organic acids and sugars

Raw olives

2015 2016

Organic acid or sugar
(g kg™ fw) ANOVA BO B1 B2 ANOY A BO B1 g2 |ANOVA 2015 2016
Organic Citric acid NS 0.255 0,255 0,230 NS 0.253 0.263 0.237 NS 0.247  0.251
acids Tartaric acid ** 1 0.140a 0'?’57 0'?’54 * 0.143a 0.066b 0083b| NS 0097 0.098
Malic acid NS 0.490 0.487 _ 0.432 NS 0.516. 0.487 0.450 NS 0.469 0.484
Succinicacia  * | 0.so0a Op* OB711 + lososa o014sb 01376 NS 0260 0.262
Sugars Sucrose NS 1.758 1.696 1677 NS 1.764 1.690 1.677 NS 1.710 1.710
Glucose NS 3.905 3.283 3482 NS 3.915 3.427 3.528 NS 3.556  3.623
Fructose NS 1455 _1.626 1334 | NS 1478 1,756 1,966 NS 1672 1.733

Ta6le olives

Organic  Phytic acid: 642 g kg1 fir
acids

Lastic acid 1.50 gkg-1 f

Acetic acid: 0.79 g kg-1 fw

Sugars  Maltoheptaose: 2.03 g k-1 fw

Mannitol: 2.46 g kg-1 fw

Glycerol: 0.77 g kg1 fw

Regarding the profile of organic acids and sugars, only tartaric and succinic were slightly decreased with deficit irrigation in raw
olives. In the case of table olives, as in experiment A, the profile changed due to the fermentation process and no significant

differences were found between samples.
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RESULTS AND DISCUSSTON
“Manzanilla’ olives — Experiment B
Polyphenolic profile

Raw olives

Hydroxytyrosol  Cabfeoylt- o ™ Flemlicacid  Oleuropein  Quercetin-3-
glucoside i ghucoside aglycone O-rutinoside
(mg ey yuercetin.3-Crutinoside 100 21 fw)

ANOVA
Irrigation RO NS * * . Ns Ns
Tukey Multiple Range Test
Irrigation RO
BO 499 1042 9471 492 706b 6l.la
BI 528 6.33b 9990 370 80.4ab 5126
B2 521 7.01b 1660 473 8904 559ab
N B Oleuropei _ Caffeoyl- 7
"“'e(';"“’s' Verbasco- O':’."d* Dihydro- n 6- Oleuro-  Comselo- Luteo- Ligstro Hydrox
O side b oleuropein  diglucosid  secologan pein goside lin side  yoleuro
rutinoside glucoside A "
e oside pein
(mg eq luteolin-3-O-rutinoside 100 ¢ fw)
ANOVA
ation RO . . . . NS . . - . . .

Tukey Multiple Range Test
Irrigation RO
BO _448b 139b 313a 293a 321 206b

Bl 1200 3104 177b 250 384a
B2 | o18al [igoa] osso 313a 251 2.18b

1.01b  648b _892b  4.98b
389a  796a [10.6a | 516b
033c  6.12b |945ab

HYDROXYTYROSOL NS
Other authors reported the increase in tyrosol and its derivatives as a consequence of deficit irrigation, which agrees with the

results of this experiment.
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HYDROXYTYROSOL NS

There was also an increase in the concentration of some polyphenols DERIVED FROM TYROSOL

RESULTS AND DISCUSSTON
“Manzanilla’ olives — Experiment A

Polyphenolic profile

Ta6le olives

Hydroxytyrosol  Caffeoylg™ oo™ Flerolicacid  Oleuropein  Quercetin-3-
slucoside : ghicoside aglycone ___O-rutinoside
(mg ey quercetin-3-Crutinoside 100 g fw)
ANOVA
Irrigation TO NS NS * . Ns Ns
Tukey Multiple Range Test
Irrigation TO
BO 077 0.19 0884 0.19b 0.18 039
Bl 072 0.16 0.54ab 0.12 039
B2 070 023 0390 0384 012 040
N B Oleuropei _ Caffeoyl- 7
L“'e(';"“’s' Verbasco- O":’.s'd“ Dihydro- n 6- Oleuro-  Comselo- Luteo- Ligstro Hydrox
T side - oleuropein  diglucosid  secologan pein goside lin side  yoleuro
rutinoside glucoside A .
e oside pein
(mg eq luteolin-3-0- ide 100 ¢ fw)
ANOVA
Irrigation TO * Ns . . Ns NS . . NS NS NS
Tukey Multiple Range Test
Irrigation TO
BO _020b 0.09 0.11ab 015 0.14 04sab  O13ab 005 018 034
Bl 0.09 008 0.11 009 0251 004 017 035
B) 0186 011 013 013 053a] 0086 003 018 030
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RESULTS AND DISCUSSTON
“Manzanilla’ olives — Experiment B

Polyphenolic profile

Processing
Hydroxyyrosol  Calleoykd= oo ™ Flemolicacid  Oleuropein  Quercetin=3-
glucoside i ghicoside aglycone ___O-rutin
(g eq yuercetin-3-Oirutinoside 100 £ fw)
ANOVA
Processin
Tukey Multiple Range Test
Processing
RO 516a 791 1200 444a 80.0a S6.1a
0 073b 0.19b 0.60b 028b 014b 039D
N - Oleuropei _ Caffeoyl- 2
L“'el';"“’s' Verbasco- O":’.S'd“ Dihydro- n 6- Oleuro-  Comselo- Luteo- Ligstro Hydrox
Tutineside side glm‘,;i de ©leuropein diglucosid secologan pein goside lin side  yoleuro
e oside pein
(mg eq luteolin-3-O-rutinoside 100 g fw)
ANOVA
Processing
‘Tukey Multiple Range Test
Processing
RO [ 528a 1494 2924 261a 2740 2694 2194 1742 685a 964a 634
10 | 024b 0.09b 727b 0.12b 0.13b 0.12b 041b 0.12b__ 004b_017b_ 033b
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RESULTS AND DISCUSSTON
“Manzanilla” olive — Experiment B

Correlations

meter (mm) )

AND WHAT HAVE WE LEARNED?

After all the trials shown, the correlations with the stress integral were studied, although no statistical differences were found in
the morphological parameters, a negative correlation was found between the weight of the olive, the stone weight and the
equatorial diameter and the integral. of stress. Therefore, the greater the stress integral applied in stage 3, the smaller the size of
the fruit, although the pulp/stone ratio will be maintained as a consequence of the decrease in the weight of both.Regarding
linoleic acid, MUFAs, and the ratio of unsaturated fatty acids to saturated ones, the correlation found was positive, therefore, the
higher the stress, the higher the content of linolenic acid, MUFAs, and the better unsaturated/saturated ratio.
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RESULTS AND DISCUSSTON
“Manzanilla’ olives — Experiment B
In vitro digesgtion gsimulation

Autioxidant ativity (mmol Trolox eq kg')
ABTS™ DPFE FRAP
TM  SF RF Tetal tevar  TM_ SF RF  Tetal %evar  TM  SFRF Tel Sevar  TM S RF Total %evar

EXPERIMENT B
NSNS

TPC (g GAE kg')

NSNS NS

_ANOVA_ NSNS NS NS
BO 129

— 2 SN NS NS NS
874 123 008 52| 73l 047 000 047 |-936 22 121 [ 937
Bl a1 15 0w 16 [s28| 9ss 034 o 034 |96 24 136 | o2a
Br 93 126 oo 13 |sso] serw o031 ow o031 |.e6s 136 | 930
TM: test matrix;  SF: soluble fraction;  RF: residual fraction; Total: SF+RF; % var: % variation

1

| | | I
3

8

6

4

2

o

B0 81 82

After in vitro digestion simulation, in this experiment no significant differences were found between irrigation treatments nor in
the percentage of bioaccessibility of polyphenols.

% bioaccessibility
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CONSUMER PERCEPTION OF hydroSOS products

UNIVERSITY Miguel Herndndez

KANSAS STATE ~3 M UNIVERSITAS

i.  General sustainability.

ii. Willingness to pay for different food categories

i. Multiple aspects of the sustainability of the different food categories.
iv. Water sustainability in different food categories.

v. ldentification and labeling of hydroSOStainable products.

Las preguntas se organizaron en 5 niveles:
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CONSUMER PERCEPTION OF hydroSOS products

IF y ”
-

The study was carried out using an online survey, run through the Qualtrics
platform (Provo, UT, USA). Six countries were selected (USA, China, Mexico,
Brazil, Spain and India) based on availability

of databases and to represent large population countries on 4 continents.

No specific criteria regarding food habits or behavior towards the environment
were used to qualify the respondents.

The survey was completed by 3600 consumers (50% self-identified men and
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women; 600 consumers per country). Four age ranges were selected (25% of
participants for each age

range), clearly dierentiated: 18—23 years (centennials); 24—-41 years (millennials); 42-52
years (gen X) and 53-73 years (baby boomers).
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PUBLICATIONS

Food Quality and Preference

foumal homepege:

# o~
agronomy MDPI|

Article

How Consumers Perceive Water Sustainability
(HydroSOStainable) in Food Products and How to
Identify It by a Logo

The study was carried out using an online survey, run through the Qualtrics
platform (Provo, UT, USA). Six countries were selected (USA, China, Mexico,
Brazil, Spain and India) based on availability

of databases and to represent large population countries on 4 continents.

No specific criteria regarding food habits or behavior towards the environment
were used to qualify the respondents.

The survey was completed by 3600 consumers (50% self-identified men and
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women; 600 consumers per country). Four age ranges were selected (25% of
participants for each age

range), clearly dierentiated: 18—23 years (centennials); 24—-41 years (millennials); 42-52
years (gen X) and 53-73 years (baby boomers).
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CONSUMER PERCEPTION OF hydroSOS products
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The study was carried out using an online survey, run through the Qualtrics
platform (Provo, UT, USA). Six countries were selected (USA, China, Mexico,

Brazil, Spain and India) based on availability
of databases and to represent large population countries on 4 continents.

No specific criteria regarding food habits or behavior towards the environment
were used to qualify the respondents.

The survey was completed by 3600 consumers (50% self-identified men and
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women; 600 consumers per country). Four age ranges were selected (25% of
participants for each age

range), clearly dierentiated: 18—23 years (centennials); 24—-41 years (millennials); 42-52
years (gen X) and 53-73 years (baby boomers).
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CONCLUSIONS

* In general, consumers associate sustainable production with organic products and, in

turn, associate organic products with higher quality and health benefits.

In all countries, consumers think that the food categories in which the most water can
be saved throughout their production and distribution chain are those related to
primary consumption, such as cereals and vegetables. This finding clearly shows that

consumers do not associate food processing with water consumption.

The logo proposed for the hydroSOStainable products was valued positively, especially
by the young generations, and it was considered useful for the identification of these

sustainable foods.
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Let’s start with the introduction
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CONCLUSIONS

v Morphological quality of hydroSOStainable olives showed some changes as
compared with control. In Experiment A, RDI strategies produced rounder, harder,
lighter and greener olives while in Experiment B the size was slightly reduced but the

pulp proportion was maintained.

v' Regarding mineral composition, antioxidant activity, TPC and organic acids and
sugars of Experiment A, the hydroSOStainable olives showed the same values than
control, nutritional and functional quality was maintained and RDI strategies did not

affected olives quality.

v Several volatile compounds were affected by the RDI treatments, as well as the
intensity of some sensory descriptors. As Experiment B, when RDI was highest,
antioxidant activity, TPC and MUFA content were increased. It was also found a
positive correlation between de SI and the FRAP assay to determine antioxidant

activity in several olive samples in both experiments.

RDI: regulated dficit irrigation;  TPC: total phenolic content;  MUFA: Monounsaturated fatty acids;  SI: stress integral
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CONCLUSIONS

v With respect to hydroSOStainable olives oil, both experiments showed an increase of
MUFAs and decreased SFAs, improved, balanced volatile profiles and sensory
attributes when the water restriction was applied during pit hardening in a moderate

stress.

v The Spanish-style processing produced a decreased in the concentration of all
polyphenols due to the osmosis effect during fermentation and brining.
HydroSOStainable olives polyphenol profile was improved when trees were submitted
to a moderate stress in both experiments. HydroSOStainable TO are healthier for

consumers due to an increase of some polyphenols such as oleuropein.

v’ Affective sensory analysis was carried out with TO of Experiment A in three locations.
Consumers preferred TO with hydroSOStainable logo and were willed to pay a higher
price for them. The logo created an effect on consumers as they marked these TO with

higher green-olive flavor and overall liking.

MUFA: Monounsaturated fatty acids; TO: table olives
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CONCLUSIONS

v’ Antioxidant activity and phenolic content after in vitro gastrointestinal digestion
simulation showed different behavior in Experiment A and B. In the first (A), small
differences were found for TPC, ABTS* and DPPH' assays between irrigation treatments
but in the latter, no differences were found. As a whole, a total amount of 1 g GAE kg™
was extracted after digestion, so ~12 % of bioaccessible polyphenols were found on
control and hydroSOStainable TO. Eating 10 hydroSOStainable TO per day involve the
daily intake of 40 mg of bioaccessible polyphenols for protective effect against chronic

diseases, which involves the 7 % of the daily recommendations.

Therefore, it could be concluded that, if the water reduction is applied during pit
hardening stage (Experiment A), fruit size and yield are maintained with no significant
differences in composition, and when the water deficit is applied during rehydration
stage (Experiment B), olive size is reduced but improved the functional quality of

olives.
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FUTURE RESEARCH

v Study the effect of the irrigation treatments studied in this thesis in more olive varieties and
locations. It would be good to study different varieties at the same location and repeat the
study in other locations to be able to study the effect of water stress in the varieties and also

how the location affects.

v" It would be interesting to check the quality of the table olives after each one of the stages of
the production chain; this is, after the alkalinization, after the different washing steps, and
after each step of the fermentation (after each change of brine).

v' Pollowing the study of phenols bioaccessibility, it would be interesting to study the phenols

bioavailability.
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Let’s think

Which olives jar would you buy?

HioRoSOSTewiBLe

Before | start even with the Introduction section, | would like you to share with you an idea. Imagine you go to the supermarket

and you have these two options for table olive:

1. You have this jar of 200 g of olives cultivated under “conventional” conditions and it cost you 1,35 euros.

2. Besides, you have a second option. This jar of 200 g of olives cultivated with a “lower amount of irrigation water”, the quality

is similar but it cost you 1,75 euros.

Which jar would you take home? ... Why? Please, just think about it and we will answer these two questions at the end of the

presentation.
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