
�

Influence of water deficit on 

debittering and fermentation
of green and black table olives in 
organic and conventional

Prof. Dr. Ángel Carbonell

dhc Ángel A. Carbonell Barrachina
Director group Food Quality and Safety
Full Professor

Centro de Investigación e innovación Agroalimentaria y 
Agroambiental
Universidad Miguel Hernández de Elche
Ctra. de Beniel, km 3,2
03312 Orihuela, Alicante

1



MIGUEL HERNÁNDEZ 
UNIVERSITY

• Public University founded in 1996.

• More than 14,500 students.

• Total personnel: 1,632.

• Faculty: 1,063.

• Contracted to projects: 182.

• Administration and services personnel: 387. 

• Organized in 4 Campus locations: 
Altea, Elche, Orihuela & Sant Joan d’Alacant.
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Miguel Hernandez University of Elche
Four campuses in a privileged Mediterranean Location

Altea Elche

San JuanOrihuela
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ACADEMIC OFFERING

• 24 Bachelor degrees.

• 40 Master degrees.

• 16 Doctoral /PhD programs.
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 Effects of UNIT OPERATIONS (e.g., drying)
& FARMING PRACTICES on quality
(functionality, consumer, …) of fruits &
vegetables:

1. Pomegranate juice.

2. Nuts: pistachios, almonds.

3. Table olives, olive oil.

4. Turrón/nougat/torrone.

 Application of sensory evaluation of food
in the agro-food industry:

1. Wine and rum.

2. Chocolate, and confections.

3. Ice-creams.

4. Vegetables & fruits (juices).

 Occurrence of chemical
pollutants (arsenic) in foods:

1. Vegetables from 
polluted areas (India).

2. Infant foods.

3. Food for celiac 
consumers.

FOOD QUALITY FOOD SAFETY
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Flavor chemistry laboratory

7



Flavor chemistry laboratory
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Sensory analysis center
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WORKING LINES: service to companies and partners
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Research must be MULTIDISCIPLINARY, 
PRACTICAL with INTERNATIONAL

cooperation, and with the aim of being of 
EXCELLENCE in terms of economic & social 

impact

In my modest opinion, … 



… 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, I have written and published international manuscripts with 
more than 500 researchers, …



… Multi-center

42 RESEARCH CENTERS/UNIVERSITIES

… from 42 centers 



… International

32 COUNTRIES

and 32 countries, 
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ÍNDEX

Let’s start with the introduction
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Let’s think

Which olives jar would you buy?

1,35 €

CONVENTIONAL

200 g

CONVENCIONAL

200 g

1,75 €

HIDROSOSTENIBLE

Before I start even with the Introduction section, I 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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ÍNDEX

Let’s start with the introduction
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DoDoDoDo wewewewe needneedneedneed totototo makemakemakemake anananan efficientefficientefficientefficient useuseuseuse ofofofof irrigationirrigationirrigationirrigation

waterwaterwaterwater????

IsIsIsIs itititit compulsory??compulsory??compulsory??compulsory??
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WATER SCARCITY AND CLIMATE CHANGEWATER SCARCITY AND CLIMATE CHANGEWATER SCARCITY AND CLIMATE CHANGEWATER SCARCITY AND CLIMATE CHANGE

“if we don’t change our habits now, global demand of water 
could increase 50 % by 2030”
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AGENDA 2030AGENDA 2030AGENDA 2030AGENDA 2030

Transformative vision towards economic, 
social and environmental 
sustainability

Significantly increase 

the efficient use 
of water

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 visión 
transformadora hacia la sostenibilidad económica, social y ambiental hasta el año 2030. 
De aquí a 2030, aumentar considerablemente el uso eficiente de los recursos hídricos en todos los sectores y asegurar la 
sostenibilidad de la extracción y el abastecimiento de agua dulce para hacer frente a la escasez de agua y reducir 
considerablemente el número de personas que sufren falta de agua. https://www.fao.org/sustainable-development-
goals/indicators/641/es/
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WATER SCARCITY AND CLIMATE CHANGEWATER SCARCITY AND CLIMATE CHANGEWATER SCARCITY AND CLIMATE CHANGEWATER SCARCITY AND CLIMATE CHANGE

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. 
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WATER SCARCITY AND CLIMATE CHANGEWATER SCARCITY AND CLIMATE CHANGEWATER SCARCITY AND CLIMATE CHANGEWATER SCARCITY AND CLIMATE CHANGE
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Big opportunity!

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 CHANGEWATER SCARCITY AND CLIMATE CHANGEWATER SCARCITY AND CLIMATE CHANGEWATER SCARCITY AND CLIMATE CHANGE

Big opportunity!

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.
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AGRICULTUREAGRICULTUREAGRICULTUREAGRICULTURE

40 % of world food is produced under irrigated areas

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

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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The 'water we eat' daily through food is much more than what we drink

2000 - 5000 L × × person × day

AGRICULTUREAGRICULTUREAGRICULTUREAGRICULTURE

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

DEFICIT IRRIGATION STRATEGIES

able to save water

with minimum impact on yield

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

production

Olea europaea L.

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.
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Olea europaea L.

2nd largest irrigated crop in Spain
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EXPECTED BENEFITSEXPECTED BENEFITSEXPECTED BENEFITSEXPECTED BENEFITS
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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 But But But …

But, … let’s be carefully because …
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Hypothesis

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…
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• PUFAs CONTENT

• INTENSITY OF SENSORY 

ATTRIBUTES

• CONSUMER ACCEPTANCE

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 Hernández 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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ÍNDEX

Now, I Will explain all these sections using the Results generated by one of the PhD dissertations conducted within our research
team, Dr. Lucía Sánchez
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Table Olives
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Irrigation Treatments

Vegetative Growth

Fruit Length

Harvest

Fruit 

volume

RehydrationHardening

Reduction of the volume of the 
irrigation water

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 II: period in which pit hardens; and finally, 

(iii) stage III: period of oil accumulation and maturation.
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Irrigation Treatments
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Irrigation Treatments

Control (T0): Irrigation to supply the estimated crop evapotranspiration (ETc), 
i.e., based on fully replenishing all the extracted soil water.

RDI-1 (T1): (i) stage I, 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 III,
water applied in order to provide a water status similar to T0 treatment.

RDI-2 (T2): (i) stage I, trees under low water deficit conditions. Trees were 
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irrigated only when TGR was lower than 10 mm day1; this is half of the TGR in fully 
irrigated conditions (ii) stage II, trees under moderate water deficit conditions, they 
were no irrigated during this period; and, (iii) stage III, water applied in order to provide 
a water status similar to T0 treatment.
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Irrigation Treatments

45



Olives processing

Green olives

Alkaline treat. 
NaOH 0.6 M

Washing

Fermentation
in brine, 0.17 … 

0.09 M 
pH 4.5

Table olives
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Weight, Size & Color

A slight 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. 
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Fatty Acids

Linoleic acid, C18:2
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Volatile Compounds

Control T1 T2

1 Ethanol 4.04 3.70 7.14

2 Dimethylsulfide 3.50 7.35 9.17 →→→→

3 Acetic acid 9.59 11.70 15.90 →→→→

4 Heptane 4.30 7.63 5.06

5 Propionic acid 0.28 0.46 0.60 →→→→

6 Ethyl propanoate 0.11 0.19 0.17

7 Propyl acetate 0.09 0.34 0.14

8 Octane 3.25 4.63 5.73 →→→→

9 2-Methylbutanoic acid 0.32 0.43 0.40

10 Furfural 0.85 0.70 0.15 ←←←←

11 cis -3-Hexenol 5.99 2.33 4.76

12 1-Hexanol 0.82 0.83 0.52

13 cis -2-Heptenal 0.24 0.13 0.25

14 Hexanoic acid 0.95 0.68 0.91

15 Benzaldehyde 7.71 0.57 0.48 ←←←←

16 6-Methyl-5-hepten-2-one 0.18 0.29 0.41 →→→→

17 β-Pinene 0.10 0.13 0.25 →→→→

18 Octanal 0.43 0.39 0.31

19 Hexyl acetate 0.27 0.23 0.33

20 p -Cymene 0.14 0.19 0.10

Area (%)
Compound

Control T1 T2

21 Limonene 3.94 2.45 3.50

22 trans -β-Ocimene 0.28 0.05 0.09

23 Phenylacetaldehyde 0.30 0.46 0.36

24 1-Octanol 2.64 0.67 1.73

25 γ -Terpinene 0.46 1.86 0.34

26 Guaiacol=2-Methoxy-phenol 2.53 1.71 0.47 ←←←←

27 Undecane 0.62 1.05 0.06

28 Linalool 0.23 0.19 0.50

29 Nonanal 1.62 1.77 1.71

30 4,8-Dimethyl-1,3,7-Nonatriene 3.97 6.35 5.97 →→→→

31 Phenethyl alcohol 1.75 0.82 2.33

32 4-Ethylphenol 1.09 0.63 0.28 ←←←←

33 Ethyl octanoate 0.66 1.17 0.72

34 1,4-Dimethoxy-benzene 7.97 6.25 8.07

35 Tetrahydrogeraniol 8.58 13.72 6.61

36 α-Citronellol 0.82 0.51 0.57

37 Bornylene 0.41 0.20 0.55

38 2-Decenal 9.97 11.76 6.20

39 5-Hydroxymethylfurfural 0.72 0.99 1.13

40 2-Decenal 0.54 1.58 0.48

41 Tridecane 1.49 0.12 4.91

42 Anethole 6.25 2.83 0.69 ←←←←

Compound
Area (%)
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Volatile Compounds
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woody and cheesy notes.

T0 control treatment

In general, alcohols (high in T0 and T2) are associated with fruity and candy 
flavor notes, aldehydes (highest in T0) 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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Volatile Compounds
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citrus and pine notes.

T1 soft RDI treatment

In general, alcohols (high in T0 and T2) are associated with fruity and candy flavor notes, aldehydes (highest in T0) 
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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Volatile Compounds
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herbaceous, vinegar …   
chemical notes.

T2 moderate RDI treatment

In general, alcohols (high in T0 and T2) are associated with fruity and candy flavor notes, aldehydes (highest in T0) 
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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Texture

PUNCTURE test

This test is related to the hardness of the olive skin/peel.

A slight reduction in the irrigation water results in a significant increase of the skin hardness.

MAGNESS-TAYLOR test

This test is related to the hardness of the olive pulp.

A reduction in the irrigation water results in significant decreases of the pulp hardness.

Treatment Statistics
Control 6.533 0.348 a

T1 5.401 0.253 b
T2 5.135 0.314 b

**
(Tukey)

Force (N)

Treatment Statistics
Control 0.506 0.024 b

T1 0.651 0.034 a
T2 0.473 0.021 b

***
(Tukey)

Force (N)
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Descriptive Sensory

Salty Bitter Sour Sweet Green-Olive Aftertaste

ANOVA * ** NS ** ** ***

T0 5.8 ab 4.8 b 1.6 1.9 b 6.8 a 6.5 b

T1 6.9 a 6.8 a 2.3 1.9 b 7.1 a 7.9 a

T2 5.5 b 4.4 b 2.7 2.9 a 5.7 b 6.1 b

FLAVOR
Sample

Hardness Crunchiness Fibrousness Separation pulp-stone

ANOVA ** NS NS *

T0 6.3 b 6.5 0 7.9 a

T1 7.8 a 6.0 0.1 6.9 b

T2 6.0 b 5.4 0.1 6.9 b

TEXTURE
Sample

T1 samples have the most intense salty, bitter, green olive notes and aftertaste.

T1 samples are the hardest, agreeing with results from the puncture test, while the control 
samples have easy to remove stones.

T1 soft-RDI treatment
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Affective Test

Sample Color Flavor Bitter Salty Hardness Crunchiness Aftertaste

ANOVA NS * NS NS NS * NS

T0 6.1 6.3 ab 6.1 6.0 6.5 6.2 ab 6.5

T1 6.7 6.9 a 6.7 6.7 6.8 6.9 a 6.3

T2 6.2 5.8 b 5.9 6.1 6.3 6.0 b 5.8

Satisfaction degree

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:

T0 = 6.5 ab

T1 = 6.9 a

T2 = 6.0 b 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

Dislike it very much

Dislike it extremely

T1 soft-RDI treatment
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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.

Descriptive Sensory
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Descriptive Sensory
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Descriptive Sensory

Next year, 2014

59



Irrigation Treatments
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Irrigation Treatments

Control (T0): No stress. 

RDI-1 (T1): SOFT stress.

RDI-2 (T2): MODERATE stress.
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Olives processing

Green olives

Alkaline treat. 
NaOH 0.6 M

Washing

Fermentation
in brine, 0.17 … 

0.09 M 
pH 4.5

Table olives

62



Weight, Size & Color

A slight 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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Fatty Acids

Linoleic acid, C18:2
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Antioxidant Activity and consumer acceptance

Is this good or bad?
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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.
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DEVELOPMENT OF THE hydroSOStainable INDEX

67



HYDROSOSTEINABLE INDEX

AGL2013-45922-C2-1-R 
(e-SOS-agua) 

AGL2016-75794-C4-1-R 
(HidroSOS mark)

DEVELOPMENT OF THE hydroSOStainable INDEX

El desarrollo de este índice ha sido posibles gracias a la investigación llevada a cabo por el grupo de investigación de 
Calidad y Seguridad Alimentaria de la UMH, y sus colaboradores (Universidad de Sevilla, Centro de Edafología y 
Biología aplicada del Segura (CEBAS-CSIC), Universidad Politécnica de Madrid e Instituto de Investigación y Formación 
Agraria y Pesquera (IFAPA)), a través de los proyectos AGL2013-45922-C2-1-R (e-SOS-agua
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PUBLICATION 1
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The key concept in the hydroSOS irrigation index is the

irrigation scheduling based on RDI.

HYDROSOS INDEX, ORCHARDS

Hydraulic

Horticultural

DEVELOPMENT OF THE hydroSOStainable INDEX, ORCHARD
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Hydraulic indicators

• Type of irrigation

• Number and flow of drips/micro sprinklers.

• Irrigation frecuency.

• Water distribution uniformity.

HYDROSOS INDEX, ORCHARDS

DEVELOPMENT OF THE hydroSOStainable INDEX, ORCHARD
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Horticultural indicators

• Not directly related with irrigation scheduling.

• Indicators of the moment when the water stress occurs.

• Indicators of water stress.

HYDROSOS INDEX, ORCHARDS

DEVELOPMENT OF THE hydroSOStainable INDEX, ORCHARD
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Hydraulic

• Not directly related to the irrigation scheduling

HYDROSOS INDEX, ORCHARDS

Source of irrigation water.

Soil management.

Water quality.

Water use efficiency.

DEVELOPMENT OF THE hydroSOStainable INDEX, ORCHARD
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Horticultural

• Indicators of the moment when the water stress occurs.

HYDROSOS INDEX, ORCHARDS

Water restriction period (Rapoport et al., 2013)

Water saving.

DEVELOPMENT OF THE hydroSOStainable INDEX, ORCHARD
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Horticultural

• Indicators of water stress.

HYDROSOS INDEX, ORCHARDS

Indicators used.

Measurement frequency.

Sampling.

Water stress level.

DEVELOPMENT OF THE hydroSOStainable INDEX, ORCHARD
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DEVELOPMENT OF THE hydroSOStainable INDEX, ORCHARD

Los diferentes indicadores se traducen en una puntuación cuya suma genera un sistema de 4 etiquetas.
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Important effort but 
not HYDROSOS yet.

> 85 65-85 50-65 < 50

Poor management or 
important issues.

Water wasteful 
orchard. No interest 

in water 
sustainability

DEVELOPMENT OF THE hydroSOStainable INDEX, ORCHARD
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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.

HYDROSOS INDEX, QUALITY

DEVELOPMENT OF THE hydroSOStainable INDEX, QUALITY

Los métodos señalados como idóneos para el análisis de los indicadores fueron aquellos ampliamente utilizados por 
los miembros expertos de los grupos de investigación participantes en los proyectos anteriormente mencionados y los 
comúnmente utilizados en la bibliografía (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 válidos. La 
calidad y propiedades organolépticas de las aceitunas y su contenido en aceite están influenciadas por la 
implementación de buenas prácticas agronómicas
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HYDROSOS INDEX, QUALITY

Total phenolic compounds

Folin-Ciocalteu method

Fatty acids

NORM ISO-12966

GC-FID

DEVELOPMENT OF THE hydroSOStainable INDEX, QUALITY
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HYDROSOS INDEX, QUALITY

Descriptive sensory analysis

• 8 trained panelists.

• 100 mL of oil or 15 g of olives

• Numeric scales (0.5 increments)

0: Extremely low intensity

10:Extremely high intensity

DEVELOPMENT OF THE hydroSOStainable INDEX, QUALITY
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DEVELOPMENT OF THE hydroSOStainable INDEX, QUALITY

Al igual que en el índice hidroSOS de Riego, los indicadores se traducen en una puntuación 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 características del aceite de oliva por una incorrecta gestión
del riego.
Etiqueta D (< 10 puntos). Muy baja calidad. EL RDC no ha sido aplicado correctamente.

82



A B C D
16-20,9> 21 12,5-15,9 < 12,5 

Interesting 
results but 

not yet 
hydroSOS

Very low 
Quality. RDI 

was not 
properly 
applied.

13-16,9> 17 10-12,9 < 10 

Important 
deficiencies in 

table ollives
characteristics 

due to an 
incorrect 

management.

DEVELOPMENT OF THE hydroSOStainable INDEX, QUALITY

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

Puntuación 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 características de las aceitunas de mesa por una incorrecta
gestión del riego.
Etiqueta D (< 12,5 puntos). Muy baja calidad. EL RDC no ha sido aplicado correctamente.
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SUMMARY

DEVELOPMENT OF THE hydroSOStainable INDEX, QUALITY
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hydroSOS products

Quality

Water

Big opportunity!
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HydroSOStainable Table Olives and

Olive Oil: Quality, Functionality and

Acceptance in the European Market

Lucía Sánchez RodríguezLucía Sánchez RodríguezLucía Sánchez RodríguezLucía Sánchez Rodríguez

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

86



OBJECTIVES

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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OBJECTIVES

O1

O1

O1

O1

O2

O1 and O3

O4

7 publicaciones científicas publicadas en JCR que dan respuesta a los objetivos planteados en esta tesis
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PUBLICATIONS

4 Q1
1 Q2
2 Q3
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Sánchez-Rodríguez, L., Corell, M., Hernández, F., Sendra, E., Moriana, A., Carbonell-Barrachina,

Á.A. 2019. Effect of Spanish-style processing on the quality attributes of HydroSOStainable

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

5-year impact 
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Impact FactorRank
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JCR®  category
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Agriculture, 

Multidisciplinary
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PUBLICATIONS

PUBLICATION 2

Sánchez-Rodríguez, L., Lipan, L., Andreu, L., Martín-Palomo, M.J., Carbonell-Barrachina, Á.A.,

Hernández, F., Sendra, E. 2019. Effect of regulated deficit irrigation on the quality of raw and

TABLE OLIVES. Agricultural Water Management. 221:415-421. DOI:
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Published: 20 July 2019

Publisher: Elsevier Science BV, PO Box 211, 1000 AE Amsterdam, Netherlands
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PUBLICATIONS

PUBLICATION 3

Sánchez-Rodríguez, L., Cano-Lamadrid, M., Carbonell-Barrachina, Á.A., Wojdyło, A., Sendra, E.,

Hernández, F. 2019. Polyphenol Profile in “Manzanilla” TABLE OLIVES as affected by water
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Published: 20 December 2018
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ISSN: 0021-8561
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Food Science & 
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Research Domain: Food Science & Technology.
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Food Science & 

Technology
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PUBLICATION 5
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MATERIALS AND METHODS

During the growth of the fruit, 3 phenological states can be distinguished:
1. which lasts approximately 10 weeks and goes from the setting of the fruit until the hardening of the bone begins
2. with a duration of 7 weeks, which includes the hardening of the bone and the growth of the size of the fruit stops
3. 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

I will begin by explaining the materials and methods used in the case of olives of the "Manzanilla" variety.
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MATERIALS AND METHODS
“Manzanilla” olives

Experiment AExperiment A

A0: 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).

A0: 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).

Experiment BExperiment B
B0: Full irrigated.

B1: RDI moderated (short time) (-2 MPa from September to harvest 
 stage III).

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

B0: Full irrigated.

B1: RDI moderated (short time) (-2 MPa from September to harvest 
 stage III).

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

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.
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MATERIALS AND METHODS
“Manzanilla” olives processing

Green olives

Alkaline treat. 
NaOH 0.6 M

Washing

Fermentation
in brine, 0.17 … 

0.09 M 
pH 4.5

Table olives

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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MATERIALS AND METHODS

Weight Depitering Size Color

Texture Texture 
(Magness-Taylor)

Lyophilized

Morphologic analysis

“Manzanilla” olives

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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MATERIALS AND METHODS
“Manzanilla” olives

MineralsMinerals

Antioxidant
activity and 
total phenol

content

Antioxidant
activity and 
total phenol

content

Organic acids
and sugars

Organic acids
and sugars

Fatty acid
profile

Fatty acid
profile

Polyphenolic
profile

Polyphenolic
profile

Volatile
compounds

Volatile
compounds

In vitro 
digestion

simulation

In vitro 
digestion

simulation

Atomic Emission-absorption Colorimetric
HPLC

GC-MS UPLC-PDA-MS-QTof GC-MS

Colorimetric
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MATERIALS AND METHODS

Sensory analysis

“Manzanilla” olives

Olive oil council lexicon

3 Training sessions

3 Sessions (each sample in 
triplicate)

Descriptive sensory analysis

L1: El Esparragal (Murcia)

L2: Elche (Alicante)

L3: Los Desamparados (Alicante)

Hedonic and JAR scale

Affective sensory analysis

L1: El Esparragal (Murcia)
L2: Elche (Alicante)
L3: Los Desamparados (Alicante)
Same sample labeled as 

“conventional” and 
“hydroSOStainable”

Willingness to pay

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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“Arbequina” olive oil

Next, I will explain the tests that have been carried out on olive oil.
I know that this conference is about “table olives” but I want to highlight few results on olive oil, and need to explain what has 
been done. 
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MATERIALS AND METHODS
“Arbequina” olive oil

Experiment CExperiment C
C0: Full irrigated.

C1: RDI (stage II  58 % of water reduction).

C2: RDI confederation (stage II  66 % of water
reduction).

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

C0: Full irrigated.

C1: RDI (stage II  58 % of water reduction).

C2: RDI confederation (stage II  66 % of water
reduction).

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

Experiment DExperiment D
D0: Full irrigated.

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

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

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

D0: Full irrigated.

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

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

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

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.
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MATERIALS AND METHODS
“Manzanilla” olives

Analytical 
parameters 
Analytical 
parameters 

Antioxidant 
activity and 
total phenol 

content

Antioxidant 
activity and 
total phenol 

content

Volatile 
compounds

Volatile 
compounds

Fatty acid 
profile

Fatty acid 
profile

Descriptive 
sensory 
analysis

Descriptive 
sensory 
analysis

Laboratorio 
Agroalimentario 

de Granada 
(Spain)

Laboratorio 
Agroalimentario 

de Granada 
(Spain)

Colorimetric GC-MS

GC-FID

Volumetric and colorimetric

Trained panel Acredited Trained panel

GRANADA  CATEGORIZAR
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MATERIALS AND METHODS
Statistical analysis

ANOVA
Tukey’s 
multiple 

range test

*: p<0,05

**: p < 0,01

***: 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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“Manzanilla” olives

RESULTS AND DISCUSSION

Experiment A

A0: 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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“Manzanilla” olives – Experiment A

RESULTS AND DISCUSSION

Irrigation treatments

SI 

(MPa × day)

Min ψstem

(MPa)
Treatment

ANOVA

******2015

****2016

Multiple range test Tukey

1.4 b-1.76 aA02015

2.7 ab-1.96 abA1
1.2 b-1.84 abA2
4.7 a-2.4 bA3

Multiple range test Tukey

29.6 b-2.34 aA02016

62.6 ab-2.76 abA1
50.4 ab-2.74 abA2
87.4 a-3.52 bA3

Fruit load in 2015 was 15 % that of 2016.

two campaigns
A3 was the one that registered the highest stress values. The differences that are observed between both years may be due to 
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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“Manzanilla” olives – Experiment A

RESULTS AND DISCUSSION

Morphological analysis

ColourTextureDMC 

(g dw kg-1

fw)

Longitudinal 

diameter 

(mm)

Equatorial 

diameter 

(mm)

Fruit/pit 

ratio

Pit 

weight 

(g)

Fruit weight 

(g) b*a*L*
MTT 

(N)

PT 

(N)

ANOVA

NS************************Irrigation RO

**********************Irrigation TO

***************
***

NS***
Spanish-style 

processing

Multiple range test Tukey Raw Olives
38.3-12.9 a57.3 ab13.1 b1.28 b328 b21.3 a19.3 b5.83 b0.76 a4.43 bA0

38.0-12.5 a56.9 b12.9 b1.35 b341 a21.3 a19.2 b6.09 ab0.73 a4.45 bA1

37.9-12.4 a57.2 b10.2 c1.44 b321 b21.5 a19.5 a6.29 ab0.74 a4.66 aA2

38.2-19.1 b59.9 a19.1 a2.54 a341 a20.4 b19.7 a6.45 a0.64 b4.13 cA3

Multiple range test Tukey Table Olives
36.4 ab0.64 ab55.6 b6.52 b1.07 b330 b19.5 a19.0 ab5.60 a0.75 a4.20 aA0

36.9 a0.54 b55.3 b5.95 b1.28 b338 a19.2 a18.7 b5.51 a0.73 a4.02 aA1

36.2 b0.70 a55.4 b4.92 c1.40 b332 b18.9 a18.8 ab5.44 a0.73 a3.97 aA2

37.0 a0.62 ab56.4 a7.25  a1.85 a341 a14.9 b19.2 a4.60 b0.61 b2.81 bA3

Multiple range test Tukey Spanish-Style processing
38.1 a-14.2 b57.8 a13.8 a1.65 a317 a21.1 a19.4 a6.14 a0.724.42 aRaw olives

36.7 b0.62 a55.7 b6.03 b1.40 b309 b18.1 b18.9 b5.28 b0.713.75 bTable olives

A3 RDI severe long-time treatment

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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“Manzanilla” olives – Experiment A

RESULTS AND DISCUSSION

Mineral analysis

Micro-elementsMacro-elements

Cu (mg kg-1

fw)

Zn (mg kg-1

fw)

Mg (g kg-1

fw)

K (g kg-1

fw)

Ca (g kg-1

fw)

ANOVA

NSNSNSNSNSIrrigation RO

NSNSNSNSNSIrrigation TO

NSNSNS******
Spanish-style 

processing

Multiple range test Tukey Raw Olives

1.722.070.134.960.47A0

1.872.170.144.840.51A1

2.062.290.124.700.54A2

1.622.070.134.750.54A3

Multiple range test Tukey Table Olives

1.982.010.150.950.40A0

1.722.120.141.070.27A1

1.451.830.131.100.40A2

1.802.190.141.120.37A3

Multiple range test Tukey Spanish-Style processing

1.792.150.134.81 a0.52 aRaw olives

1.742.030.141.06 b0.36 bTable olives

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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“Manzanilla” olives – Experiment A

RESULTS AND DISCUSSION

Antioxidant activity and 

total phenol content

TPC 

(g GAE kg-1 fw)

FRAP 

(mmol Trolox kg-1 fw) 

DPPH●

(mmol Trolox kg-1 fw) 

ABTS+

(mmol Trolox kg-1 fw) 

ANOVA

NSNSNSNSIrrigation RO

NSNSNSNSIrrigation TO

************Spanish-style processing

Multiple range test Tukey Raw Olives

19.424.848.727.1A0

19.625.148.926.3A1

20.424.548.126.3A2

19.624.749.226.3A3

Multiple range test Tukey Table Olives

5.7715.59.556.67A0

5.8115.29.386.88A1

5.7415.29.716.70A2

5.8215.39.756.87A3

Multiple range test Tukey Spanish-Style processing

19.8 a24.8 a48.7 a26.5 aRaw olives

5.79 b15.3 b9.60 b6.78 bTable olives

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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“Manzanilla” olives – Experiment A

RESULTS AND DISCUSSION

Organic acids and sugars

Fructose GlucoseSucrose
Succinic 

acid
Malic acidTartaric acidCitric acidIrrigation 

treatment
(g kg-1 fw)

ANOVA

NSNSNSNSNSNSNS
Multiple range test tukey

1.342.551.590.140.430.120.25A0

1.543.071.830.150.480.110.30A1

1.301.841.750.160.450.110.27A2

1.392.751.710.200.470.110.27A3

GlycerolMannitolMaltoheptaoseAcetic acidLactic acidPhytic acidIrrigation 

treatment (g kg-1 fw)

ANOVA

NSNSNSNSNSNS
Multiple range test Tukey

1.233.152.300.531.647.53A0

0.912.522.100.631.576.44A1

0.892.582.140.661.616.82A2

0.902.552.100.641.596.73A3

Raw olives

Table olives

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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“Manzanilla” olives – Experiment A

RESULTS AND DISCUSSION

Polyphenolic profile

Quercetin-3-

O-rutinoside

Oleuropein 

aglycone

Elenolic acid 

glucoside
Oleoside

Caffeoyl-6’-

secologanoside

Hydroxytyrosol

glucoside

(mg eq quercetin-3-O-rutinoside 100 g-1 fw)

ANOVA

******NSIrrigation RO
Tukey Multiple Range Test

Irrigation RO
25.5 a84.2 a2.94 b119 b4.00 b3.88 A0
29.7 a81.5 a2.94 b164 a3.96 ab3.74 A1
14.8 b68.1 c1.38 c91.7 c5.27 a2.96 A2
27.4 a74.8 b3.01 a124 b3.32 bc3.94 A3

2”-

Hydrox

yoleuro

pein

Ligstro

side

Luteo-

lin

Comselo-

goside

Oleuro-

pein

Caffeoyl-

6’-

secologan

oside

Oleuropei

n 

diglucosid

e

Dihydro-

oleuropein

Oleoside

di-

glucoside

Verbasco-

side

Luteolin-3-

O-

rutinoside

(mg eq luteolin-3-O-rutinoside 100 g-1 fw)

ANOVA

************Irrigation RO
Tukey Multiple Range Test

Irrigation RO
6.84 c14.8 a9.14 a4.52 a211 ab6.22 a3.27 ab1.26 b43.5 a26.4 a36.2 aA0
8.10 b12.9 b8.17 ab1.75 c230 a4.65 b3.83 a6.36 a36.0 a31.5 a38.2 aA1
9.55 a13.9 ab7.03 b2.66 b187 b4.53 b2.91 ab6.49 a29.4 b27.4 a26.7 bA2
9.09 ab13.2 b6.48 b2.01 bc224 a5.37 ab1.78 b2.94 b 31.6 b15.8 b32.9 abA3

Raw olives
A3 RDI severe long-time treatment

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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“Manzanilla” olives – Experiment A

RESULTS AND DISCUSSION

Polyphenolic profile

Quercetin-3-

O-rutinoside

Oleuropein 

aglycone

Elenolic acid 

glucoside
Oleoside

Caffeoyl-6’-

secologanoside

Hydroxytyrosol

glucoside

(mg eq quercetin-3-O-rutinoside 100 g-1 fw)

ANOVA

NSNS****NSIrrigation TO
Tukey Multiple Range Test

Irrigation TO
0.240.090.10 b0.22 b0.08 ab0.68A0
0.200.170.18 a0.33 a0.15 a0.67A1
0.170.110.08 b0.23 b0.04 b0.60A2
0.230.110.14 a0.24 b0.05 b0.56A3

2”-

Hydrox

yoleuro

pein

Ligstro

side

Luteo-

lin

Comselo-

goside

Oleuro-

pein

Caffeoyl-

6’-

secologan

oside

Oleuropei

n 

diglucosid

e

Dihydro-

oleuropein

Oleoside

di-

glucoside

Verbasco-

side

Luteolin-3-

O-

rutinoside

(mg eq luteolin-3-O-rutinoside 100 g-1 fw)

ANOVA

*****NSNSNS**NSNSIrrigation TO
Tukey Multiple Range Test

Irrigation TO
0.13 a0.12 a0.10 a0.12 b0.27 b0.070.080.161.67 c0.120.14A0
0.13 a0.11 a0.02 b0.20 a0.60 a0.080.100.103.14 a0.120.09A1
0.17 a0.12 a0.02 b0.11 b0.19 bc0.080.080.062.20 b0.080.10A2
0.07 b0.06 b0.05 b0.03 c0.09 c0.060.040.021.58 c0.080.09A3

Table olives
A1 RDI moderate treatment

A3 RDI severe long-time treatment

HYDROXYTYROSOL NS
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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“Manzanilla” olives – Experiment A

RESULTS AND DISCUSSION

Polyphenolic profile

Quercetin-3-

O-rutinoside

Oleuropein 

aglycone

Elenolic acid 

glucoside
Oleoside

Caffeoyl-6’-

secologanoside

Hydroxytyrosol

glucoside

(mg eq quercetin-3-O-rutinoside 100 g-1 fw)

ANOVA

******************Processing
Tukey Multiple Range Test

Processing
24.3 a77.1 a2.57 a125 a4.14 a3.62 aRO
0.21 b0.12 b0.12 b0.25 b0.08 b0.62 bTO

2”-

Hydrox

yoleuro

pein

Ligstro

side

Luteo-

lin

Comselo-

goside

Oleuro-

pein

Caffeoyl-

6’-

secologan

oside

Oleuropei

n 

diglucosid

e

Dihydro-

oleuropein

Oleoside

di-

glucoside

Verbasco-

side

Luteolin-3-

O-

rutinoside

(mg eq luteolin-3-O-rutinoside 100 g-1 fw)

ANOVA

*********************************Processing
Tukey Multiple Range Test

Processing
8.39 a13.7 a7.70 a2.73 a213 a5.19 a2.95 a4.26 a35.1 a25.3 a35.5 aRO
0.12 b0.10 b0.04 b0.04 b0.28 b0.07 b0.07 b0.08 b2.14 b0.10 b0.10 bTO

Processing

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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“Manzanilla” olives – Experiment A

RESULTS AND DISCUSSION

Volatile compounds
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Total of 38 compounds.
8 chemical families.

Esters: Fruity.
Terpenes: Citrus.

Phenolics: Woody.

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 T0 and T2) are associated with fruity and candy flavor notes, aldehydes (highest in T0) 
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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“Manzanilla” olives – Experiment A

RESULTS AND DISCUSSION

Sensory analysis

Descriptive sensory analysis

Affective sensory analysis

A3 RDI severe long-time treatment

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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“Manzanilla” olives – Experiment A

RESULTS AND DISCUSSION

Sensory analysis

Consumer willingness to pay

OverallHardnessSaltiness
Green-olive 

flavor

ANOVA Test

*NSNS***Logo effect 

*NSNS***Location

*NSNS***Logo effect vs Location

Multiple Range Tukey Test Logo effect

6.5 b6.66.46.7 bConventional

7.4 a7.07.48.0 aHydroSOS logo

Multiple Range Tukey Test Location

6.9 b6.96.67.7 aL1Location

7.3 a7.27.17.0 bL2

6.0 b6.37.07.3 abL3

Multiple Range Tukey Test Logo effect vs Location

6.3 ab6.5 5.97.1 abL1Conventional

7.6 a7.36.67.0 abL2

5.6 b5.96.75.9 cL3

7.5 a7.37.28.3 aL1HydroSOS logo

7.1 ab7.07.76.9 bL2

7.7 a6.87.28.7 aL3

L1 and L3 rural environment
L2 urban environment
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Now it is the moment to tell me your choice

Which olives jar would you buy?

1,35 €

CONVENCIONAL

200 g

CONVENCIONAL

200 g

1,75 €

HIDROSOSTENIBLE
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“Manzanilla” olives – Experiment A

RESULTS AND DISCUSSION

Sensory analysis

Consumer willingness to pay
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1,35 €/200 g 1,35 - 1,75 € / 200g 1,75 - 2,50 € / 200 g More than 2,50 € / 200 g

Willingness to pay

Market
price

52 %

32 %

4 %

52 + 32 + 4 = 88 %

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
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“Manzanilla” olives – Experiment A

RESULTS AND DISCUSSION

Descriptive and affective sensory analysis correlation

A1

A3

A2

A0

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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“Manzanilla” olives – Experiment A

RESULTS AND DISCUSSION

Penalty analysis

A0 A1

C DA2 A3

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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“Manzanilla” olives – Experiment A

RESULTS AND DISCUSSION

In vitro digestion simulation

TM: test matrix;      SF: soluble fraction;       RF: residual fraction;         Total: SF+RF;        % var: % variation

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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“Manzanilla” olives

RESULTS AND DISCUSSION

Experiment B

B0: Full irrigated.
B1: RDI moderated (short time) (-2 MPa from september to harvest  stage III).
B2: RDI moderated (long time) (-2 MPa from half august to harvest  stage III).
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“Manzanilla” olives – Experiment B

RESULTS AND DISCUSSION

Irrigation treatments

20162015ANOVA
20162015Stress 

parameter B2B1B0ANOVAB2B1B0ANOVA

-2.51 a-2.08 b***-2.66-2.44-2.44NS-2.20-1.99-2.07NSMin ψstem (MPa)

74.8 a31.5 b**85.5 a62.9 b75.7 ab*33.826.434.3NSSI (MPa x day)

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.
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RESULTS AND DISCUSSION

Morphological analysis
“Manzanilla” olives – Experiment B

20162015ANOVA
20162015

B2B1B0ANOVAB2B1B0ANOVA

Raw olives

3.17 b5.13 a***3.053.063.40NS5.075.275.03NSFruit weight (g)

0.63 b0.85 a***0.620.620.65NS0.850.820.89NSPit weight (g)

5.03 b6.04 a***4.894.905.24NS6.006.435.65NSFruit/pit ratio

19.519.5 NS15.916.116.4NS19.519.719.4NSEquatorial diameter (mm)

16.1 b23.5 a***19.219.619.7NS23.523.623.5NSLongitudinal diameter (mm)

2.752.71NS2.852.862.57NS2.852.362.67NSPuncture Test (N)Texture

12.8 b12.5 NS10.4 b10.3 b
17.7 

a
***10.7 b9.02 b19.2 a**

Magness Taylor 
(N)

59.556.9NS59.958.659.9NS57.357.755.9NSL*Color

-18.7-18.5NS-18.9-17.8-19.2NS-18.3-18.4-18.8NSa*

40.738.9NS41.339.541.1NS39.339.637.9NSb*

Table olives

2.89 b5.11 a***2.822.982.87NS5.07 ab4.75 b5.51 a*Fruit weight (g)

0.60 b0.83 a***0.590.610.60NS0.830.790.87NSPit weight (g)

4.79 b6.16 a***4.764.874.76NS6.116.016.33NSFruit/pit ratio

15.7 b18.5 a***15.515.715.9NS18.218.918.4NSEquatorial diameter (mm)

19.6 b22.6 a***19.419.420.0NS22.1 b23.2 a22.4 b***Longitudinal diameter (mm)

1.181.17 NS1.221.101.24NS1.231.061.21NSPuncture Test (N)Texture

9.449.10 NS10.5 a9.16 b
8.59 

b
*10.18.928.29NS

Magness Taylor 
(N)

56.153.4NS57.955.754.6NS55.451.653.3NSL*Color

1.161.20NS0.871.191.43NS0.78 b1.65 a1.17 ab**a*

34.435.1NS36.233.833.3NS37.6 a33.6 b34.2 b*b*
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RESULTS AND DISCUSSION

Antioxidant activity and 

total phenol content

“Manzanilla” olives – Experiment B

20162015ANOVA
20162015

B2B1B0ANOVAB2B1B0ANOVA

Raw olives

27.227.2NS28.8 a25.2 b27.6 ab*28.1 a24.9 b28.6 a***ABTS+ (mmol Trolox kg-1)

50.1 a49.5 b**48.58 b53.94 a47.70 b*46.7 c52.0 a48.9 b***DPPH· (mmol Trolox kg-1)

24.9 b25.5 a***27.9 a23.2 b23.6 b**28.4 a23.7 c24.3 b***FRAP (mmol Trolox kg-1)

29.2 a28.6 b***33.4 a21.6 b32.6 a***32.2 a21.4 b32.4 a***TPC (g GAE kg-1)

Table olives

9.169.11NS9.349.418.74NS9.199.109.04NSABTS+ (mmol Trolox kg-1)

8.528.15NS8.62 b9.64 a7.31 c*8.42 a8.61 a7.41 b***DPPH· (mmol Trolox kg-1)

18.7319.1NS19.3 a17.8 b19.1 a**20.1 a18.1 b19.2 a*FRAP (mmol Trolox kg-1)

5.735.72NS5.83 b5.90 a5.46 c**5.82 a5.87 a5.46 b***TPC (g GAE kg-1)

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 DISCUSSION

Fatty acid profile

“Manzanilla” olives – Experiment B

20162015ANOVA
20162015

Fatty acid (%)
B2B1B0ANOVAB2B1B0ANOVA

Raw olives

18.2 a16.6 b*18.217.818.6NS16.816.916.2NSPalmitic acid (C16:0)

3.11 a2.72 b**3.40 a3.01 b2.90 b**2.852.592.72NSStearic acid (C18:0)

69.771.5NS69.5 ab70.7 a68.8 b*70.570.773.4NSOleic acid (C18:1)

4.956.19NS4.884.375.62NS6.696.825.08NSLinoleic acid (C18:2)

1.24 a0.99 b*1.161.261.30NS1.110.940.94NSLinolenic acid (C18:3)

0.530.43NS0.600.560.44NS0.480.380.42NSAraquidic acid (C20:0)

21.8 a19.8 b**22.221.421.9NS20.119.919.3NSΣ SFA

69.771.5NS69.5 ab70.7 a68.8 b*70.570.773.4NSΣ MUFA

6.207.18NS6.045.636.92NS7.797.756.01NSΣ PUFA

3.473.98NS3.403.573.45NS3.893.944.11NS(MUFA+PUFA)/SFA
Table olives

17.8 a16.7 b***17.0 b17.7 b18.7 a*16.516.816.9NSPalmitic acid (C16:0)

2.802.84NS3.062.622.73NS2.842.932.74NSStearic acid (C18:0)

70.6 a70.2 b*71.4 a70.3 b70.1 b*70.4769.2870.82NSOleic acid (C18:1)

7.047.17NS6.877.536.72NS7.237.876.41NSLinoleic acid (C18:2)

1.24 a0.98 b**1.291.261.18NS0.990.941.02NSLinolenic acid (C18:3)

0.480.46NS0.460.490.48NS0.450.460.47NSAraquidic acid (C20:0)

21.1 a20.0 b***20.5 b20.8 b22.0 a*19.7 b20.2 a20.1 a**Σ SFA

70.6 a70.2 b*71.4 a70.3 b70.1 b*70.4769.2870.82NSΣ MUFA

8.28 a8.15 b**8.168.797.90NS8.228.817.42NSΣ PUFA

3.75 b3.91 a***3.87 a3.81 a3.57 b*3.99 a3.86 b3.89 b**(MUFA+PUFA)/SFA

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 DISCUSSION

Organic acids and sugars

“Manzanilla” olives – Experiment B

20162015ANOVA
20162015Organic acid or sugar 

(g kg-1 fw) B2B1B0ANOVAB2B1B0ANOVA

0.2510.247NS0.2370.2630.253NS0.2300.2550.255 NSCitric acid Organic 

acids
0.0980.097NS0.083 b0.066 b0.143 a*

0.084

b

0.067

b
0.140 a**Tartaric acid 

0.4840.469NS0.4500.4870.516NS0.4320.4870.490NSMalic acid 

0.2620.260NS0.137 b0.145 b0.505 a*
0.137 

b

0.144 

b
0.500 a*Succinic acid 

1.7101.710NS1.6771.6901.764NS1.6771.6961.758NSSucrose Sugars
3.6233.556NS3.5283.4273.915NS3.4823.2833.905NSGlucose 

1.7331.672NS1.9661.7561.478NS1.9341.6261.455NSFructose 

Organic
acids

Phytic acid: 6.42 g kg−1 fw

Lactic acid: 1.50 g kg−1 fw

Acetic acid: 0.79 g kg−1 fw

Sugars Maltoheptaose: 2.03 g kg−1 fw

Mannitol: 2.46 g kg−1 fw

Glycerol: 0.77 g kg−1 fw

Raw olives

Table olives

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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“Manzanilla” olives – Experiment B

RESULTS AND DISCUSSION

Polyphenolic profile

Quercetin-3-

O-rutinoside

Oleuropein 

aglycone

Elenolic acid 

glucoside
Oleoside

Caffeoyl-6’-

secologanoside

Hydroxytyrosol

glucoside

(mg eq quercetin-3-O-rutinoside 100 g-1 fw)

ANOVA

NSNS***NSIrrigation RO
Tukey Multiple Range Test

Irrigation RO
61.1 a 70.6 b4.9294.7 b10.4 a4.99B0
51.2 b80.4 ab3.7099.9 b6.33 b5.28B1
55.9 ab89.0 a4.73166 a7.01 b5.21B2

2”-

Hydrox

yoleuro

pein

Ligstro

side

Luteo-

lin

Comselo-

goside

Oleuro-

pein

Caffeoyl-

6’-

secologan

oside

Oleuropei

n 

diglucosid

e

Dihydro-

oleuropein

Oleoside

di-

glucoside

Verbasco-

side

Luteolin-3-

O-

rutinoside

(mg eq luteolin-3-O-rutinoside 100 g-1 fw)

ANOVA

*******NS****Irrigation RO
Tukey Multiple Range Test

Irrigation RO
4.98 b8.92 b6.48 b1.01 b209 b2.06 b3.212.93 a31.3 a13.9 b44.8 bB0
5.16 b10.6 a7.96 a3.89 a219 ab3.84 a2.501.77 b31.0 a12.0 b51.7 abB1
8.88 a9.45 ab6.12 b0.33 c228 a2.18 b2.513.13 a25.5 b18.9 a61.8 aB2

Raw olives

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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“Manzanilla” olives – Experiment A

RESULTS AND DISCUSSION

Polyphenolic profile

Quercetin-3-

O-rutinoside

Oleuropein 

aglycone

Elenolic acid 

glucoside
Oleoside

Caffeoyl-6’-

secologanoside

Hydroxytyrosol

glucoside

(mg eq quercetin-3-O-rutinoside 100 g-1 fw)

ANOVA

NSNS**NSNSIrrigation TO
Tukey Multiple Range Test

Irrigation TO
0.390.180.19 b0.88 a0.190.77B0
0.390.120.30 ab0.54 ab0.160.72B1
0.400.120.38 a0.39 b0.230.70B2

2”-

Hydrox

yoleuro

pein

Ligstro

side

Luteo-

lin

Comselo-

goside

Oleuro-

pein

Caffeoyl-

6’-

secologan

oside

Oleuropei

n 

diglucosid

e

Dihydro-

oleuropein

Oleoside

di-

glucoside

Verbasco-

side

Luteolin-3-

O-

rutinoside

(mg eq luteolin-3-O-rutinoside 100 g-1 fw)

ANOVA

NSNSNS**NSNS**NS*Irrigation TO
Tukey Multiple Range Test

Irrigation TO
0.340.180.050.13 ab0.45 ab0.140.150.11 ab7.17 ab0.090.20 bB0
0.350.170.040.16 a0.25 b0.090.110.08 b7.83 a0.090.34 aB1
0.300.180.030.08 b0.53 a0.130.130.18 a6.82 b0.110.18 bB2

Table olives

HYDROXYTYROSOL NS
There was also an increase in the concentration of some polyphenols DERIVED FROM TYROSOL
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“Manzanilla” olives – Experiment B

RESULTS AND DISCUSSION

Polyphenolic profile

Quercetin-3-

O-rutinoside

Oleuropein 

aglycone

Elenolic acid 

glucoside
Oleoside

Caffeoyl-6’-

secologanoside

Hydroxytyrosol

glucoside

(mg eq quercetin-3-O-rutinoside 100 g-1 fw)

ANOVA

******************Processing
Tukey Multiple Range Test

Processing
56.1 a80.0 a4.44 a120 a7.91 a5.16 aRO
0.39 b0.14 b0.28 b0.60 b0.19 b0.73 bTO

2”-

Hydrox

yoleuro

pein

Ligstro

side

Luteo-

lin

Comselo-

goside

Oleuro-

pein

Caffeoyl-

6’-

secologan

oside

Oleuropei

n 

diglucosid

e

Dihydro-

oleuropein

Oleoside

di-

glucoside

Verbasco-

side

Luteolin-3-

O-

rutinoside

(mg eq luteolin-3-O-rutinoside 100 g-1 fw)

ANOVA

******************************Processing
Tukey Multiple Range Test

Processing
6.34 a9.64 a6.85 a1.74 a219 a2.69 a2.74 a2.61 a29.2 a14.9 a52.8 aRO
0.33 b0.17 b0.04 b0.12 b0.41 b0.12 b0.13 b0.12 b7.27 b0.09 b0.24 bTO

Processing
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RESULTS AND DISCUSSION

Correlations

“Manzanilla” olive – Experiment B

y = -0,0373x + 6,1318
R² = 0,7668
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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 DISCUSSION

In vitro digestion simulation

“Manzanilla” olives – Experiment B

TM: test matrix;      SF: soluble fraction;       RF: residual fraction;         Total: SF+RF;        % var: % variation

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

i. General sustainability.

ii. Willingness to pay for different food categories

iii. Multiple aspects of the sustainability of the different food categories.

iv. Water sustainability in different food categories.

v. Identification and labeling of hydroSOStainable products.

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

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

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

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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• 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.

CONCLUSIONS
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ÍNDEX

Let’s start with the introduction
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 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.

 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.

 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.

CONCLUSIONS

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

 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.

 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.

CONCLUSIONS

MUFA: Monounsaturated fatty acids;         TO: table olives
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 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-1

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.

CONCLUSIONS
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 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.

 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).

 Following the study of phenols bioaccessibility, it would be interesting to study the phenols

bioavailability.

FUTURE RESEARCH
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Let’s think

Which olives jar would you buy?

1,35 €

CONVENTIONAL

200 g

CONVENCIONAL

200 g

1,75 €

HIDROSOSTENIBLE

Before I start even with the Introduction section, I 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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