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Influence of water deficit on 

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

Prof. Dr. Ángel Carbonell
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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
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Olea europaea L.
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Olea europaea L.
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FI: full irrigated         RDI: regulated deficit irrigation          SDI: sustained deficit irrigation

#�
�����������
����
���>�����
?�������������������� ������

�+����
���
���+���������+���������
�������� �>���
�>����(�
�(���
��������
��
�������
��#�
��D�(�����$�
�
������4���� ���<

�+����
��������
���+�����������������
�����
� ������
�����

�+����
�
>���
��
����������
���+�������
������
�>����������� ?
�>
�������
�����
��(�
��
������
�������
�����;��� ��/�����
���4�������
<

�+����
���
����������

�+���
+������
��
�������� ����>�������(�
����������
����������
+����
�C��
��� �����
�
������
��
��+���
��+��������������
���
(���
����

!�



!���!���!���!����

3����7����1� �����
������ ������� 7

!�



Hypothesis

�������������������������������������������������
� 
������
�����C������������������������
�(��������
� ����������������
����%���������
(���
�������������

�+����
���
������
+�
���������� ���
�����
���
����?�
����������(��7

!)



• PUFAs CONTENT

• INTENSITY OF SENSORY 
ATTRIBUTES

• CONSUMER ACCEPTANCE
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Stage I

Stage II

Stage III

Olea europaea L.

< <<

<<<

;��
?�

"
;��

?�
�

;��
?�

�
;��

?�
&

;��
?�

��
;��

?�
�"

;��
?�

��
;��

?�
��

;��
?�

�&
;��

?�
"�

;��
?�

""
;��

?�
"�

;��
?�

"�

����("�&���')������)�

4�
�
+�����+
�>�����������
�����!����
���+��������� �����
���������
+������ 
�� >��������������
�D�(���������>��?���
��+�����
�(� ���������
+���������
�����
����������
��
�
+������� ���
����+�
�
"� >��������
����
����)�>��?���>������
������������� 
��
�
+����������
���
������+
�>������������,������ ����
���������
!� �����
���������>��
����
���)�>��?����
����������� �����������(���
����
��
������(������
������������� ���
��
+��
�������
������

�����������������>���������
�����������
���
�����
�

��



*�	�+	�


	,��

���

<�>������+�
�����D����
�
+�����(���
������
��(����� ��������
���������������������������Y��
,�
����Y��� 
�����

�)



����("�&���')������)�
*�	�+	�


	,��

���

Experiment AExperiment A

A0: Full irrigated.
A1: RDI moderated (-2 MPa stage II).
A2: RDI severe (short time) (-3 MPa half period ofstage 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 ofstage 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).
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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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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
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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 reductionsustained).

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 reductionsustained).

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 duringstage II).

D0: Full irrigated.

D1: RDI moderated (-2 MPa stage II).
D2: RDI medium (- 3 MPa stage II).
D3: RDI severe (No irrigation duringstage II).
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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

PI'9'4'� � $'�-P*I<M'I
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ANOVA
Tukey’s 
multiple 
range test

*: p<0,05
**: p < 0,01

***: p< 0,001

Pearson 
correlations

Software
XLSTAT
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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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SI 

(MPa × day)

Min � stem

(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
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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
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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
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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
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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
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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
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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
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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
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TM: test matrix;      SF: soluble fraction;       RF: residual fraction;         Total: SF+RF;        % var: % variation
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B0: Full irrigated.
B1: RDI moderated (short time) (-2 MPa from september toharvest� stage III).
B2: RDI moderated (long time) (-2 MPa from half august to harvest� stage III).
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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)
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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
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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
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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
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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
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TM: test matrix;      SF: soluble fraction;       RF: residual 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 produced rounder, harder,

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

pulp proportion was maintained.

� Regardingmineral 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.

!�'!&%�"�'�

RDI: regulated dficit irrigation;      TPC: total phenolic content;       MUFA: Monounsaturated fatty acids;         SI: stress integral
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� With respect tohydroSOStainable olives oil, both experiments showed anincrease of

MUFAs and decreased SFAs, improved, balancedvolatile profiles and sensory

attributes when the water restriction was applied during pit hardeningin a 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 improved when trees were submitted

to a moderate stress in both experiments. HydroSOStainableTO are healthier for

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

� Affective sensory analysiswas carried out with TO of Experiment A in three locations.

Consumers preferred TO withhydroSOStainable logoand 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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� 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 thefunctional quality of

olives.

!�'!&%�"�'�
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� Study the effect of the irrigation treatments studied in this thesis inmore 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 ofthe 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 .
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Plan complementario AGROALNEXT. Componente 17 «Reforma in stitucional y fortalecimiento de las
capacidades del sistema nacional de ciencia, tecnología e i nnovación». Plan de recuperación,
transformación y resiliencia (PRTR).
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