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Water Scarcity — One of the
greatest challenges of our time
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Experiment A

AQ: Full irrigated.

Al: RDI moderated (-2 MPstage II).

A2: RDI severe (short time) (-3 MPa half periodstége I1).
A3: RDI severe (long time) (-3 MPstage ).

Experiment B

BO: Full irrigated.

B1: RDI moderated (short time) (-2 MPa from Septembenaovest
stage IlI).
B2: RDI moderated (long time) (-2 MPa from half August t
harvest  stage Ill).
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Weight Depitering Size Color
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(Magness-Taylor)
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Minerals

Atomic Emission-absorption

Fatty acid
profile

GC-Ms

Antioxidant

activity and

total phenol
content

Colorimetric

Polyphenolic
profile

UPLC-PDA-MS-QTof

In vitro
digestion
simulation

Colorimetric

Organic acids
and sugars

HPLC

Volatile
compounds

GC-Ms
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Descriptive sensory analysis Affective sensory analysis Willingness to pay
L1: El Esparragal (Murcia)

Olive ail council lexicon L1: El Esparragal (Murcia) L2: Elche (Alicante) ‘

3 Training sessions L2: Elche (Alicante) L3: Los Desamparados (Alicante)

. . . Same sample labeled as
3 Sessions (each sample in L3: Los Desamparados (Alicante) “conventional” and
triplicate) Hedonic and JAR scale “hydroSOStainable”
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Experiment C

CO0: Full irrigated.
C1: RDI (stage Il 58 % of water reduction).

C2: RDI confederationdtage Il 66 % of water
reduction).

C3: SDI confederation (66 % of water reducti&ustained.

Experiment D

DO: Full irrigated.

D1: RDI moderated (-2 MPstage Il).

D2: RDI medium (- 3 MPatage lI).

D3: RDI severe (No irrigation duringtage II).
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Analytical
parameters

Volumetric and colorimetric

Fatty acid
profile

GC-FID

Antioxidant

activity and

total phenol
content

Colorimetric

Descriptive
sensory
analysis

Trained panel

Volatile
ccompounds

Laboratorio
Agroalimentario
de Granada
(Spain)

GC-MS

Acredited Trained panel
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Tukey’s * p<0,05
ANOVA multiple = p<0,01
range test =+ p<0,001

Pearson Software
correlations X STAT
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AO: Full irrigated.

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

A2: RDI severe (short time) (-3 MPa half period afos I1).
A3: RDI severe (long time) (-3 MPa stage II).
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Min Sl
Treatment sem
(MPa) (MPa x day)
ANOVA
2015 - -
2016 ok *
Multiple range test Tukey
2015 A0 -1.76 a 14b
Al -1.96 ab 2.7ab
A2 -1.84 ab 1.2b
A3 -2.4b 4.7a
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 87.4%
( > Z
>
Z n
> +
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DMC Texture ‘Colour
Fritweight P Fruigpix  EQuatorial  Longitudinal or
) weight P diameter diameter (¢ gy kgt M - .
(@ (mm) (mm) w) L)
ANOVA
Irrigation RO b b b b * - bl b * b NS
Irfigation TO - - - N . . - - - . -
Spanish-style NS . . . e - - - -
processing
Multiple range test Tukey Raw Olives
A0 443b 076a 583b  193b  213a 328b  128b 13.1b 57.3ab -129a 383
AL l.us.gl 073a 609ab 192b 213a 34la  135b 129b 569b -125a 38.0
A2 4.66 074a 629ab _195a 215a 321b  144b 102c 57.2b -124a 379
A3 413c  064b 645a | 19.7a  204b 34la  254a 191a 599a -191b 382
Multiple range test Tukey Table Olives
A0 20a 075a 560a 19.0ab 195a 330b  1.07b 652b 556b 0.64ab 36.4ab
AL 402a 073a 55la  187b 192a 338a  128b 595b 553b 054b 369a
A2 2.07-0—0:72a—5.44-a; 188ab__189a 332b  1.40b 492c 554b 070a 36.2b
A3 281b _06lb _460b | 192a 149b 34la  185a 7.25a 56.4a 0.62ab 37.0a
g
Raw olives 4422 072 [6.14 194a 21la 317a  165a 13.53 57Ba 38la
Table olives _|3.75b] 071|528 189b 181D 309b  1.40b 16034 557b|0.62al 36.7b
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Macro-elements

Micro-elements

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
Spanish-style . -
processing NS NS NS
Multiple range test Tukey Raw Olives
A0 4.96 0.13 2.07 1.72
Al 0.51 4.84 0.14 217 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 0.14 212 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 essing
Raw olives 0.525 4.813 0.13 215 179
Table olives 0.36 1.06 0.14 2.03 1.74

&# #
# 3 #F

1
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/

(mmol Trolox kg fw)

DPPH

FRAP

(mmol Trolox kg fw)

TPC

(g GAE kg fw)

ABTS*
(mmol Trolox kg fw)
ANOVA
Irrigation RO NS
Irrigation TO NS
Spanish-style processing bl
Multiple range test Tukey Raw Olives
A0 27.1
Al 26.3
A2 26.3
A3 26.3
Muttiple range test Tukey Table Olives
A0 6.67
Al 6.88
A2 6.70
A3 6.87
Multiple range test Tukey [Spanish-Style processing
Raw olives
Table olives

NS
NS

48.7
48.9
48.1
49.2

9.55
9.38
9.71
9.75

48.7 &
9.60 bj

NS
NS

24.8
251
245
247

155
15.2
15.2
153

NS
NS

19.4
19.6
20.4
19.6

5.77
5.81
574
5.82

#
3 3#

# 3
N
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(2
\migation  Citric acid  Tartaric acid  Malic acid S‘:;:j”‘c Sucrose  Glucose  Fructose
treatment o kgitw
ANOVA
NS NS NS NS NS NS NS
Multiple range test tukey
A0 0.25 012 0.43 014 159 255 134
AL 0.30 011 0.48 015 183 3.07 154
A2 0.27 0.11 0.45 0.16 175 184 1.30
A3 0.27 0.11 0.47 0.20 171 2.75 139
imgation __Phyticacid __Lacticacid ___Acefic acid Mannitol Giycerol
treatment (akaiiw)
ANOVA
NS NS NS NS NS NS
Multiple range test Tukey
A 753 164 053 2.30 315 123
AL 6.44 157 0.63 210 252 0.91
A2 6.82 161 0.66 214 258 0.89
A3 6.73 159 0.64 210 2.55 0.90
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(2
Hydrootyosol  Caffeoy 6~ (" Flenolicacid  Olewropein _ Querceting-
glucoside glucoside ___aglycone __ O-rutinoside
(mg eq quercetin-30-rutinoside 100 g* fw)
ANOVA
Irrigation RO NS . - . . .
Tukey Multiple Range Test
Irrigation RO
A0 3.88 4.00b 119b 294b 842a 255a
AL 374 3.96ab 164a 294 815a 207a
A2 2.96 527a 917¢ 138¢c 68.1c 148D
A3 304 3.32bc 124b 301a 7485 2742
Gleuropei _Caffeoy- 7"
L“‘E("}""'3' Verbasco- O'Z‘f‘“ Dihydro- n 6- Oleuro-  Comselo- Luteo- Ligstro Hydrox
winside S guepsge Oleuopein digucosid secologan  pein  goside  in  side yoleuro
e oside pein
(mg eq luteolin-30-ruinoside 100 g fw)
ANOVA
Irrigation RO . . . - . . . . . EE
Tukey Multiple Range Test
Irrigation RO
A0 36.2a 264a 435a 1.26 b 3.27ab 6.22a 211ab 452a 9.14a 148a| 6.84c
Al 382a 3l5a 36.0a 6.36a 3.83a 4.65b 230a 175¢ 8.17ab 129b| 8.10b
A2 267b _274a _294b  649a  29lab  453b  187b  266b _ 7.03b 13.9abl 9.55a
A3 _320ab | 158b| | 316b| 204b  178b  537ab  224a |20lbc| 648b| 13.2b 9.09ab
11} n

H'H2 1 !
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2 2
Hydrowiyrosol  Caffeoy-6= o Elenolicacid  Oleuropein  Quercetin-3-
glucoside glucoside aglycone __ O-rutinoside
(mg eq quercetin-30-rutinoside 100 g* fw)
ANOVA
Irrigation TO NS . - * NS NS
Tukey Multiple Range Test
Irrigation TO
A0 0.68 0.08 ab 0.22b 0.10 b 0.09 0.24
AL 067 015a 017 020
A2 0.60 004b 011 017
A3 056 005b 024b 014a 011 023
Oleuropei _ Caffeoyl- 2
L“‘E("}""'3' Verbasco- O'Z‘f‘“ Dihydro- n 6- Oleuro-  Comselo- Luteo- Ligstro Hydrox
wtinoside 99 gucoside  Oleuropein  diglucosid secologan pein goside lin  side yoleuro
e oside. pein
(mg eq luteolin-30-utinoside 100 gt )
ANOVA
Irrigation TO NS NS - NS NS NS * * * - *
Tukey Multiple Range Test
Irrigation TO
0.14 0.12 0.16 0.08 0.07 0.12b 0.10a 0.12a 0.13a
Al 0.09 0.12 0.10 0.10 0.08 0.20a 0.02b 0.1l1a 0.13a
A2 010 008 0.06 0.08 0.08 0.19bc _ 0.11b 002b_012a_017a
A3 0.09 0.08 0.02 0.04 0.06 0.09¢ 0.03¢c 0.05b 0.06b 0.07b

$$
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Hydroxytyrosol  Caffeoyi-6- oo Ele‘:(é\lcacld Oleuropein _ Quercetin-3-

dlucoside oside __agycone _O-rufinoside
(mg eq quercetin-30-rutinoside 100 g* fw)
ANOVA
Processing - - - - - -
Tukey Multiple Range Test
Processing
RO 362a 414a 125a 257a 77.1a 243a
T0 062 0.08b 0250 012b 012b 021b
Oleuropei _Caffeoy- 2
"“‘E‘C’ﬂ”'} Verbasco- O'Z‘f‘de Dihydro- n 6- Oleuro-  Comselo- Luteo- Ligstro Hydrox
wimsde S guepsge Oleuopein dighucosid secologan  pein  goside  in  side yoleuro
e oside pein
(mg eg luteolin-3O-rutinoside 100 g* fw)
ANOVA
Processing - . - . . - - . e
Tukey Multiple Range Test
Processing
Ro [355a  253a  3sla  426a  295a 519a  213a  273a 770a 137a 839a|
1o |o10b _ 010b _214b _ 008b ___007b _ 007b _ 028b _ 0.04b 004b 0.0b 0.12D)
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Willingness to pay

* @
40

30
20
-
o 4%

Market 1352009 135-175€/200g  1,75-250€/200g  More than 2,50 €/ 200 g

price
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TM: test matrix; ~ SF: soluble fraction; FResidual fraction;

i

i

Total: SF+RF; % var: % variation

D
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BO: Full irrigated.
B1: RDI moderated (short time) (-2 MPa from septembéreivest  Stagedll).
B2: RDI [figdéfated (long time) (-2 MPa from half august anvest ~ stage |lI).
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2015 2016

ANOVA 2015 2016
ANOVA B0 B1 B0 B1 |

ABTS' (mmol Troloxkg) 24.9b 252b [288a] Ns 272 272

DPPH (mmol Trolox kg?) ks 48.9b 47.70b [ 53.944] 4858b| 495b 50.1a

FRAP (mmol Trolox k) ke 243b  237c - 236b  232b | 27.9af 255a 249b

TPC (g GAE k) o 324a) 21.4b | 3224 i 326a| 216b | 334af 286b  292a

Table olives

ABTS' (mmol Troloxkg®) NS 904 910 9.9 NS 874 941 934 NS 911 9.16

DPPH (mmol Trolox kg?) = 7.41b * 731¢ NS 815 852

FRAP (mmol Trolox kg) . - NS 191 1873

TPC (g GAE kd) i il 583b) NS 572 573

n

n 1
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Organic  Phytic acid: 6.42 g kg 1 fw
acids

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
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Hydrootyosol  Caffeoy 6~ (" Flenolicacid  Olewropein _ Querceting-
glucoside glucoside ___aglycone __ O-rutinoside
(mg eq quercetin-30-rutinoside 100 g* fw)
ANOVA
Irrigation RO NS . . . NS NS
Tukey Multiple Range Test
Irrigation RO
BO 4.99 104 a 94.7b 4.92 70.6b 6lla
BL 5.28 6.33b 999 3.70 804aE| 512D
B2 521 701b 166a 473 89.0a) 55.9ab
Gleuropei _Caffeoy- 7"
L“‘E("}""'3' Verbasco- O'Z‘f‘“ Dihydro- n 6- Oleuro-  Comselo- Luteo- Ligstro Hydrox
winside S guepsge Oleuopein digucosid secologan  pein  goside  in  side yoleuro
e oside pein
(mg eq luteolin-30-ruinoside 100 g fw)
ANOVA
Irrigation RO . . . . NS . . - . EE

Tukey Multiple Range Test
Irrigation RO
80

BL
B2
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Fydioyiyrosol  Caffeoy6- - " Flenolicacid  Oleuropein _ Quercetin-3-
glucoside glucoside __aglycone __ O-utinoside
(mg eq quercetin-30-rutinoside 100 g* fw)
ANOVA
Irrigation TO NS NS . B NS NS
Tukey Multiple Range Test
Irrigation TO
80 077 019 088a 019b 018 0.39
B1 072 016 054ab lggg_g;i 012 0.39
B2 0.70 0.23 0.39b 0.38 3] 012 0.40
Oleuroper _Caffeoyl- 7-
L“‘E("}""'3' Verbasco- O'Z‘f‘“ Dihydro- n 6- Oleuro-  Comselo- Luteo- Ligstro Hydrox
wimside S gueeside OleUropein  diglucosid  secologan pein goside I side  yoleuro
e oside pein
(mg eq luteolin-30-rutinoside 100 g fw)
ANOVA
Irrigation TO . NS . B NS NS . B NS NS NS
Tukey Multiple Range Test
Irrigation TO
80 b 009  _7i7ab  0ilab 015 014  045ab 005 018 034
Bl 0.09 008h 0.11 0.09 025b 004 017 0.35
B2 018D 011 B 013 013 053 0086 003 018 030
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Hydrootyosol  Caffeoy 6~ (" Flenolicacid  Olewropein _ Querceting-
glucoside glucoside ___aglycone __ O-rutinoside
(mg eq quercetin-30-rutinoside 100 g* fw)
ANOVA
Processing e e e - - -
Tukey Multiple Range Test
Processing
RO 5.16a 791a 120a 4.44a 80.0a 56.1a
T 073b 0.19b 060 0.28b 014b 0.39b
Gleuropei _Caffeoy- -
L“‘E("}""'3' Verbasco- O'Z‘f‘“ Dihydro- n 6- Oleuro-  Comselo- Luteo- Ligstro Hydrox
wineside S guesge Oleuopein diglucosid secologan pein goside I side  yoleuro
e oside pein
(mg eq luteolin-30-ruinoside 100 g fw)
ANOVA
Processing - . - - . - - - -
Tukey Multiple Range Test
Processing
RO 528a 149a 29.2a 26la 274a 269a 219a 174a 685a 964a 6.34a
10 0.24b 0.09 b 7.27b 0.12b 0.13b 0.12b 0.41b 0.12b 0.04b 0.17b 0.33b




'94 ;N' N'=- :- 2-'19-4K

C

(

+

>

(%& "))"1% "
o 1/ 0

’ A
.
a P
g LS
ol .
g 3 g
@ F ~2% .
’ et * 5 g
Q E ) .
2, . <
' ¢ « « (
Tiies 831@ "5




* 4

TM: test matrix;
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[]

SF: soluble fraction;  FRresidual fraction;

[]

Total: SF+RF; % var: % variation
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Morphological quality of hydroSOStainable olives showed some changes as
compared with control. In Experiment A, RDI strategies proedl rounder, harder,

lighter and greener olives while in Experiment B the size wlaghtly reduced but the

pulp proportion was maintained.

Regardingmineral composition, antioxidant activity, TPC and organic acids and
sugars of Experiment A, the hydroSOStainable olives showed theessaiues than
control, nutritional and functional quality was maintainand RDI strategies did not

affected olives quality.

Severalvolatile compounds were affected by the RDI treatments, as well as the
intensity of some sensory descriptors. As Experiment B, wRbDl was highest,
antioxidant activity, TPC and MUFA content were increasétdwas also found a
positive correlation between de S| and the FRAP assay to determine antioxidant

activity in several olive samples in both experiments.

RDI: regulated dficit irrigation;  TPC: total phafic content;  MUFA: Monounsaturated fatty acids ~ Sl: stress integral
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With respect tchydroSOStainable olives oil both experiments showed amcrease of
MUFAs and decreased SFAs improved, balancedrolatile profiles and sensory
attributes when the water restriction was applied during pit harderimg moderate

stress.

The Spanish-style processingproduced a decreased in the concentration of all
polyphenols due to the osmosis effect during fermentation and brining.
HydroSOStainable olives polyphenol profile was improveaew trees were submitted
to a moderate stress in both experiments. HydroSOStairiBDleare healthier for

consumers due to an increase of some polyphenols such asmééu

Affective sensory analysisvas carried out with TO of Experiment A in three locations.
Consumers preferred TO withydroSOStainable logoand were willed to pay a higher
price for them. The logo created an effect on consumers gsntiaeked these TO with

higher green-olive flavor and overall liking.

MUFA: Monounsaturated fatty acids; TO: tablives
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Antioxidant activity and phenolic content after in vitro gastrointestinal digestion
simulation showed different behavior in Experiment A andlBthe first (A), small
differences were found for TPC, ABT&nd DPPHassays between irrigation treatments
but in the latter, no differences were found. As a whole, altamount of 1 g GAE kg
was extracted after digestion, so ~12 % of bioaccessiblgppehols were found on
control and hydroSOStainable TO. Eating 10 hydroSOSt&ng0 per day involve the
daily intake of 40 mg of bioaccessible polyphenols for petite effect against chronic
diseases, which involves the 7 % of the daily recommendsition

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

olives
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Study the effect of the irrigation treatments studied irs thiesis inmore olive varieties and
locations It would be good to study different varieties at the samatfion and repeat the
study in other locations to be able to study the effect of watkess in the varieties and also
how the location affects.

It would be interesting to check the quality of the table efiafter each one ofie stages of
the production chain; this is, after the alkalinization, after the different \wasy steps, and

after each step of the fermentation (after each change oéori

Following the study of phenols bioaccessibility, it would mteresting to study the phenols

bioavailability .
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Plan complementario AGROALNEXT. Componente 17 «Reforma in  stitucional y fortalecimiento de las
capacidades del sistema nacional de ciencia, tecnologia e i nnovacién». Plan de recuperacion,
transformacion y resiliencia (PRTR).
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