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On estem? 

Facultat de Farmàcia, 
Barcelona 

Campus de l’Alimentació de 
Torribera,  

Sta. Coloma de Gramenet 

http://www.polyphenolresearch.com/ 

Pàgina web 

Informació actualitzada 
sobre: 
 
• Membres del grup 
• Línies d’investigació 
• Notícies 
• Projectes I+D 
• Publicacions 
• Serveix que oferim 
• Informació de 

contacte 
• Galeria d’imatges 
• Beques 
• ... 
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Què fem? 

 

Estudis nutricionals 
Estudi de 
biomarcadors 

Estudi de compostos 
bioactius en aliments 

Què fem? 

 

Estudis nutricionals 
Estudi de 
biomarcadors 

Estudi de compostos 
bioactius en aliments 
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• We analyzed the beer polyphenolic profile by High Ressolution Mass 
Spectrometry (LC-LTQ-Orbitrap)  

• 3 types of Beer: Marzen Bier, Pilsen and Lager.  
• Full Scan Mode and Tandem MS/MS experiments with accurate mass 

measurements of the ions and the fragments 
• 47 phenolic compounds were detected, 7 of them were reported for the 

first time 

Beer Polyphenols by LC-
LTQ-Orbitrap MS 

Estudis de compostos bioactius en aliments 

Hydroxybenzoic acids 

Gallic acid 
Protocatechuic acid-O-hexoside 
Dihydroxybenzoic acid 
Protocatechuic acid 
Hydroxybenzoic acid 
Vanillic acid 

Hydroxycinnamic acids 

Caffeic acid O-hexoside 
Caffeic acid 
1-caffeoylquinic acid 
3-caffeoylquinic acid 
4-caffeoylquinic acid 
5-caffeoylquinic acid 
Coumaric acid O-hexoside 
Feruoylquinic acid 
Sinapic acid-O-hexoside 
Sinapic acid 
Ferulic acid 

Alkylmethoxyphenols 
 4-vinylguaiacol 
 

Hydroxyphenylacetic acids 

Hydroxyphenylacetic acid  

                             Malt Polyphenols 
70-80% of the 
beer 
polyphenols 
come from 
malt 
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Flavanols 

Catechin 
Catechin-O-hexoside 
Catechin-O-dihexoside 
Epicatechin 
 

Flavones 
Apigenin-C-hexoside-O-
hexoside 
Apigenin-C-hexoside-
pentoside 
Apigenin-C-hexoside 

Miscellaneous 
Indole-3-carboxylic acid 
 

                         Malt Polyphenols 

Flavonols 

Quercetin-3-O-glucoside 
Kaempferol-O-hexoside 
3,7-dimethylquercetin 

α-acids and β-acids 

co-Humulone 
ad-Humulone  
n-Humulone 
Iso-α-cohumulone 
Iso-α-adhumulone 
Iso-α-nhumulone 
Lupulone 
 

Prenylflavanoids 

Isoxanthohumol 
Xanthohumol 
Desmethylxanthohumol 
8-prenylnaringenin 
6-prenylnaringenin 

Hop Polyphenols 

30-20% of 
the beer 
polyphenols 
come from 
hops 
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 Els polifenols i la salut 

 Estudis nutricionals i 
biomarcadors 

 Estudi de la cohort 
PREDIMED 

 

 

Index 

ELS POLIFENOLS 
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Polifenols 

• Compostos bioactius 
• Metabolits secundaris de les plantes 
• Es troben principalment en fruites, verdures i 

cereals 
• Principal font d’antioxidants de la nostra dieta 

Estructura i classificació 

Flavonoids (C6-C3-C6) 

• Flavones 

• Flavonols 

• Flavan-3-ols o flavanols 
– Proantocianidines 

• Flavanones 

• Antocianidines 

• Isoflavones 

• Xalcones 

• Cumarins 

• … 

No flavonoids 

• Àcids fenòlics 

• Estilbens 

• Lignans 

• Fenols simples 

• Altres 

Mínim: Anell aromàtic + grups hidroxil 

C6 

C6 C3 
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Distribució dels polifenols en els aliments 

Flavonols 

Cacau 

Te 

Nabius… 

Flavanones Cítrics 

Isoflavones Llegums 

Estilbens 
Raïm 

Vi 

Àcids 
fenòlics 

Cafè 

Lignans Pa 

El contingut fenòlic depèn de múltiples factors: tipus 
d’aliment, maduresa, clima, manipulació, etc. 

Els polifenols i la salut 

Biodisponibilitat 
L’absorció depèn de: 
- Matriu alimentària 
- Dosi 
- Trànsit intestinal 
- Tipus de polifenols 
- Edat i sexe 
 
 
Alguns necessiten ser 
metabolitzats 
- Hidrolització 
- Reactions de conjugació: 

- Metilació 
- Sulfatació 
- Glucurunidació  

Fetge 
Intestí prim 

Viatgen per la sang units a proteïnes 
transportadores (albúmina) 
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Polyphenols and health 

Biodisponibilitat 
Concentracions plasmàtiques: 
 
- De 0 a 4 µmol/L amb una ingesta de 

50 mg 
 

C max: 
 

- De 1-6 h després de la ingesta 
 

Excresió: 
 
- Via biliar (els més pesats i 

conjugats) 
- Orina (els més lleugers) 

 

Polifenols i salut 

Malalties cardiovasculars 
Síndrome metabòlic 
Malalties 
neurodegeneratives 
Càncer 
Resistència a la insulina 
Obesitat 
Estrès oxidatiu 
Envelliment  
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Polifenols i salut 

Malalties cardiovasculars 

Principal causa de mortalitat i morbilitat en els països desenvolupats 

Aterosclerosis 

Infart agut de miocardi 

Embòlia 

Hipertensió 

Polifenols i salut 

Malalties cardiovasculars 

Factors de 
risc 

modificables 

Tabac 

Obesitat 

Hipertensió 

Diabetes 
tipus II 

Dislipidèmia 

Baixa 
activitat 

física 

Dieta pobra 

Estrès 

Factors no 
modificables 

Edad 

Sexe 
Antecedents 

familiars 
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Polifenols i salut 

Malalties cardiovasculars 

Polifenols i salut 

Malalties cardiovasculars 

Polifenols 
Disfunció 
endotelial 

Aterosclerosi 

Colesterol 
LDL 

Agregació 
plaquetària 

NO 

Invasió i 
proliferació de 

cèl·lules 
musculars 

llises 

Marcadors 
d’inflamació 
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Polifenols i salut 

Malalties cardiovasculars 
Síndrome metabòlic 
Malalties 
neurodegeneratives 
Càncer 
Resistència a la insulina 
Obesitat 
Estrès oxidatiu 
Envelliment  

Polifenols i salut 

Síndrome metabòlic 
According to the International Diabetes 
Federation (IDF) and the American Heart 
Association/National Heart, Lung, and 
Blood Institute (AHA/NHLBI) criteria 

Hipertensió 
>130/85 
mmHg 

Triglicèrids 
≥150 

mg/dL 

Glucosa en 
dejú 

≥100 
mg/dL 

Obesitat 
abdominal 

≥102 
cm 

≥88 cm 

Colesterol 
HDL 

<40 
mg/dL 

<50 
mg/dL 
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Polifenols i salut 

Síndrome metabòlic 

 Els polifenols i la salut 

Estudis nutricionals i 
biomarcadors 

 Estudi de la cohort 
PREDIMED 

 

 

Index 
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Epidemiologia nutricional 

Objectiu: avaluar els efectes de la dieta sobre la salut de la 
població i el risc de patir alguna malaltia. 
 
És necessari determinar amb exactitut la ingesta d’aliments i 
nutrients 

Eines 

Enquestes 
dietètiques 

Biomarcadors 
nutricionals 

- Mètode per quantificar-lo 
- Conc. sensible als canvis 
- Especific de l’aliment estudiat 

Epidemiologia nutricional 
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Què fem? 

 

Estudis nutricionals 
Estudi de 
biomarcadors 

Estudi de compostos 
bioactius en aliments 

Alguns dels nostres estudis 
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Plasma  Orina 

0 - 4 h 

4 - 8 h 

8 – 12 h  

12 –24 h 

15 min    

30 min 

1 h 

2 h 

3 h 

4 h 

6 h 

8 h 

24 h 

0 h 0 h 

Sanos, 33 ± 6 años;  
IMC = 23 ± 0.9 kg/m2 

Tomate 
Polifenoles 

3 Días previos: 

DISEÑO ESTUDIO SALSAS 

   n = 4                      n = 4 

3.5g/

KgB

W 

3.5g/

KgB

W 

3.5g/

KgB

W 

Día del estudio: 

250g/70kg 500g/70kg 

250g/70kg 250g/70kg 500g/70kg 

250g/70kg 250g/70kg 500g/70kg 

Wash-out 
1 mes 

Wash-out 
1 mes 

250g/70kg 

AOR 

AOR 

AOR 

PILOTO Sanos, 29 ± 11 años;  
IMC = 23.3 ± 3.8 kg/m2 

   n = 21            n = 19 

AGUDO 

Plasma  

Orina 

0 - 3 h 

15 min    

30 min 

1 h 

2 h 

3 h 

4 h 

5 h 

6 h 

24 h 

0 h 

0 h 

3.5g/

KgB

W 

3.5g/

KgB

W 

3.5g/

KgB

W 

Sanos, 27± 5 años;  
IMC =  23.2 ± 2.3 kg/m2 

Tomate 
Polifenoles 
Carotenos 

3 Días previos: 

Día del estudio: 

DISEÑO ESTUDIO ZUMOS 

3 - 6 h 

6 - 9 h 

9 - 12 h 

12 - 15 h 

15 - 24 h 

   n = 5                   n = 6 

250g/70kg 250g/70kg 

250g/70kg 250g/70kg 

Wash-out 
1 mes 

http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
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Study Design 

Plasma  24h Urine 

0 - 4 h 

4 - 8 h 

8 – 12 h  

12 –24 h 

15 min    

30 min 

1 h 

2 h 

3 h 

4 h 

6 h 

8 h 

24 h 

0 h 0 h 

ROO 

Wash-out 

Randomized controlled cross-over study  

Wash-out 

3.5g/
KgBW 

ROO 

ROO 

3.5g/
KgBW 

3.5g/
KgBW 

3.5g/
KgBW 

3.5g/
KgBW 

7g/KgBW 

Healthy, 27-46 y;  
BMI = 23 ± 0.93 

7g/KgBW 

7g/KgBW 
3.5g/
KgBW 

SHORT-TERM  Study I 

Què fem? 

 

Estudis nutricionals 
Estudi de 
biomarcadors 

Estudi de compostos 
bioactius en aliments 

http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
http://www.teacherfiles.com/clipart/xsigns/clip_art_toilet_women.gif
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J. Nutr. 144: 484–488, 2014. 

Biomarcador de consum de cervesa 

     0 mL 
330 mL 
660 mL 
990 mL 

0mL 
330 mL 
495 mL 
660 mL 

8 hours after 

20 male 
volunteers 

20 female 
volunteers 

5 days washout period 
before each intervention 

Dose-response, 
randomized, cross-
over clinical trial 

Biomarcador de consum de cervesa 
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Urinary excretion of Isoxanthohumol in male and female 
volunteers 8 hours after the intake of different volums of beer 

*+ 

* 
* 

*# 
* 

*+ 

A B 

Biomarcador de consum de cervesa 

In Free Living Population in PREDIMED 

0

1

2

3

4

5

6

7

8

No beer consumers Beer consumers

µ
g 

IX
/g

 c
re

at
in

in
e 

IX is really a good 
boomarker  that can be 
used in epidemilogical 

studies to evaluate beer 
health outcomes. 

Biomarcador de consum de cervesa 
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Biomarcadors d’ingesta de polifenols 

To review recent evidences on biomarkers of polyphenol intake 

Nutritional biomarkers are metabolites from external components such as foods, assessed in 
biological samples, that are used to determine the ingestion of a particular food or food group, or 
nutrient or non-nutrient constituent. 

 The Folin-Ciocalteu method 
 Analyses of total polyphenols in urine 

samples 

Oasis Max Plate 10mg 30µm 1/pkg Urine samples 

Interferences 

Dilution and acidification (HCl) Methanol Sodium acetate solution 

pH=7 

Conditioning 

Sample loading 

Sodium acetate solution pH=7 / 5% Methanol Methanol 

Cleaning Elution 

Biomarcadors d’ingesta de polifenols 

Sugar 
Sulfur dioxide 
Aromatic amines 
Ascorbic acid 
Organic acids 
Iron (II) 
Non phenolic organic substances 
 
 

Mixed-mode anion exchange  
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Biomarcadors d’ingesta de polifenols 

The colorimetric reaction takes place 
in 96-well plates. 

• 170 µL MilliQ water 
• 15 µL samples 
• 12 µL Folin-Ciocalteu reactive 
• 30 µL Na2CO3 solution 

 
 
 

• 73 µL MilliQ water 

λ=765 nm 

1 hour 

Biomarcadors d’ingesta de polifenols 

Excreció de polifenols 

Clinical trial 

r=0.48 
P<0.01 
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Biomarcadors d’ingesta de polifenols 

Correlació entre la ingesta de 
polifenols i el consum de F&V 

Cross-sectional 
study 

Total polyphenol intake 
r=0.26 P=0.04 

Fruit & vegetable intake 
r=0.34 P=0.008 

Biomarcadors d’ingesta de polifenols 

ALTRES EXEMPLES 

Chlorogenic 
acid 

Phloretin  Naringenin 

Hesperitin Resveratrol Isoxanthohumol 
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 Els polifenols i la salut 

Estudis nutricionals i 
biomarcadors 

Estudi de la cohort  

PREDIMED 

 

 

Index 

Intervention 
groups 

MD-EVOO MD-nuts Low Fat Diet 

Prospective, randomized, multicentric and controlled trial 

Aim: to determine the health benefits of the traditional Mediterranean Diet 
in the primary prevention of CV diseases. 

AHA 

7447 participants 
9 years of follow-up 

Age: 55-80 (men) 
       60-80 (women) 
Free of CV diseases 
With Type-2 diabetes or 3 of the 
following CV risk factors: 
• Smoking  
• Hypertension 
• Hypercholesterolemia 
• Overweighted or obese 
• Family history of early CVD 
Willingness to change eating habits. 
Not suffering any serious ilness. 
No addictions.  

Inclusion criteria 

The PREDIMED study 

Intervention 
groups 
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Intervention 
groups 

MD-EVOO MD-nuts Low Fat Diet 

Prospective, randomized, multicentric and controlled trial 

Aim: to determine the health benefits of the traditional Mediterranean Diet 
in the primary prevention of CV diseases. 

AHA 

YEARLY FOLLOW-UP 

Urine 
Blood 
Toenails 

Samples 

The PREDIMED study 

Intervention 
groups 

Inclusion 
General 
Follow-up 
FFQ 
Adherence to Med Diet 
Physical activity 

Questionnaires 

DIETARY ASSESSMENT 

The PREDIMED study 

30% less incidence of CVD in 
both Mediterranean Diet 

groups. 
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ESTUDI DE LA COHORT 

PREDIMED 
El paper de la ingesta de polifenols en la cohort PREDIMED 

QUANTS POLIFENOLS 

PRENEN? D’ON VENEN? 
Càlcul de la ingesta de polifenols i de les fonts 

principals 
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Metodologia 

7200 QFC basal 

502 polifenols 
452 aliments 

Ingesta de polifenols 
Principals fonts 

136 aliments 

Resultats 

0

100

200

300

400

500

600

700

800

900

m
g 

EA
G

/d
ay

 

Total polyphenols (mg/d)

Flavonoids (mg/d)

Phenolic acids (mg/d)

820±323 mg/dia 

443±218 mg/dia 

304±156 mg/dia 
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Resultats 

0

50

100

150

200

250

300
m

g 
EA

G
/d

 
Dihydroxalcones 
Dihydroflavonols 
Stilbenes 
Lignans 
Theaflavins 
Isoflavonoids 
Chalcones 
Other phenolic acids 
Other polyphenols 

Resultats 

Of the 290 polyphenols, 86 were 
consumed in amounts >1mg/day 

Polyphenol Subclass Intake 
(mg/day) 

Main 
contributor 

5-caffeoilquinic acid Hydroxycinnamic acids 112 Coffee 

Hesperidin Flavanones 90 Oranges 

3-caffeoilquinic acid Hydroxycinnamic acids 50 Coffee 
 

4-caffeoilquinic acid Hydroxycinnamic acids 43 Coffee 
 

Quercetin 3,4’-O-
diglucoside 

Flavonols 21 Onions 
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Results 

11% 

Polyphenols from olives and olive oil: the Mediterranean difference 

LA INGESTA DE POLIFENOLS 

ESTÀ ASSOCIADA A LA 

REDUCCIÓ DE MALALTIES? 
Estudi observacional i longitudinal del PREDIMED 
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Metodologia 

7200 QFCs 

502 polifenols 
452 aliments 

Ingesta de polifenols 
Principals fonts 

136 aliments 

Malalties i mortalitat 
cardiovasculars 

 
Mortalitat total 

FFQ 1 

Methodology 

FFQ 2 

FFQ 3 

FFQ n 

Polyphenol intake 1 

Polyphenol intake 2 

Polyphenol intake 3 

Polyphenol intake n 

7172 

Cumulative average 2 

Cumulative average 3 

Cumulative average n 

lo
n

gi
tu

d
in

al
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o Nonfatal AMI 
o Nonfatal stroke 
o Death from CV causes 
o All-cause mortality 

Metodologia 

Cumulative average 

Events 
Time-dependent Cox 
proportional Hazard 

regression 

Calories intake 
(residual method) 

Quintiles of cumulative 
polyphenol intake 

adjusted for calories 

o Age 
o Smoking 
o BMI 
o Alcohol 
o Energy 
o Family history of CVD 
o Diabetes 
o Medication 
o Diet (calories adjusted) 

 

 
o Sex 
o Recruitment center 
o Intervention group 

 

Stratified by Adjusted for 

Yearly 
updated 

Q5 vs Q1 

Resultats 

Total polyphenols 

Flavonoids 

   Anthocyanidins 

   Dihydrochalcones 

   Dihydroflavonols 

   Flavanols 

   Flavanones 

   Flavones 

   Flavonols 

Phenolic acids 

   Hydroxybenzoic acids 

   Hydroxycinnamic acids 

   Other phenolic acids 

Stilbenes 

Lignans 

Others 

0          0,5          1      1,5    2 

Total polyphenols 
HR 0.54; CI 0.33 to 0.91; P-trend=0.04 

 

Flavanols 
HR 0.40; CI 0.23 to 0.72; P-trend=0.003 

 

Hydroxybenzoic acids 
HR 0.47; CI 0.26 to 0.86; P-trend=0.02 

 

Lignans 
HR 0.51; CI 0.30 to 0.86; P-trend=0.007 

 

 

46% 
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Ingesta de polifenols i mortalitat 

Ingesta de polifenols i mortalitat 

Total polyphenol intake was significantly associated with all-cause mortality after 
adjusting for all confounders. 
The dose-response trend suggested an L-shaped relationship. 

37% 
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Ingesta de polifenols i mortalitat 

POLYPHENOL SUBGROUPS 

Isoflavones 
HR 0.49; CI 0.28 to 0.84; P-trend=0.009 

 
Stilbenes 

HR 0.48; CI 0.25 to 0.91; P-trend=0.04 
 

Lignans 
HR 0.60; CI 0.37 to 0.95; P-trend=0.03 

 

Polyphenols Cardiovascular 
risk 

All-cause 
mortality risk 

Food sources 
(examples) 

Total polyphenols 

Flavanols Cocoa, red wine, apples 

Hydroxybenzoic 
acids 

Pomegranate, berries, 
olives, red wine  

Lignans  Virgin olive oil, whole-
grain rye flour 

Stilbenes Red wine, lingonberry 

Isoflavones Soy, beans 

Resum 



24/03/2015 

33 

EL CONSUM MODERAT DE VI 

POT REDUÏR EL RISC DE SM? 
Estudi de l’efecte del consum moderat de vi 

Consum moderat de vi i SM 

Evaluar l’associació entre el consum moderat de vi i la SM 

Estudi transversal basal 
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Consum moderat de vi i SM 

0.00

20.00

40.00

60.00

80.00

100.00

120.00

Regular beer Red wine Rosé wine White wine

m
g 

EA
G

/1
0

0
 m

L 

Phenolic content of beer and wines 

Flavonoids

Other polyphenols

Phenolic acids

Stilbenes

Total

Per què el vi? 

330 mL 

300 mg 

150 mL 

92 mg 
48 mg 

150 mL 

Phenolic acids 9 mg 

Flavonoids  3 mg 

Phenolic acids 8 mg 

Flavonoids  5 mg 

Stilbenes  1 mg 

Flavonoids  124 mg 

Phenolic acids 26 mg 

Stilbenes  5 mg 

Consum moderat de vi i SM 
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Consum moderat de vi i SM 

What is a standard drink (SD)? 

10 g of pure alcohol 

100 mL of wine 

What is a moderate? 

<3 SD/day   <2 SD/day 
Flavonoids  124 mg 

Phenolic acids 26 mg 

Stilbenes  5 mg 

Consum moderat de vi i SM 

Non-drinkers 0.1-1 drink/d >1 drink/d 

Red wine 0 drinks/d 0.51 drinks/d 2.9 drinks/d 

N. subjects 3037 (52%) 2086 (36%) 678 (12%) 

MS 75% 61% 53% 

5801 participants 
baseline 
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Consum moderat de vi i SM 

Non-drinkers 0.1-1 drink/d >1 drink/d 

Multiple logistic regression analysis 
 
 

Odds ratio 
(OR) 

Consum moderat de vi i SM 

METABOLIC SYNDROME 

WAIST CIRCUMFERENCE 

TRIGLYCERIDES 

HDL-CHOLESTEROL 

BLOOD PRESSURE 

FASTING PLASMA GLUCOSE 

0,2     0,4      0,6       0,8         1,0 

Odds ratio, OR 

0.56 (0.45-0.68; P<0.0001) 
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Els polifenols i la PA 

Mecanismes d’acció: disminució de la PA a causa de l’augment de la producció de 
NO plasmàtic 

Estudi de la població PREDIMED al cap d’un any 

Els polifenols i la PA 
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Els polifenols i la PA 

Mecanisme d’acció 

endothelium 

Smooth muscle 

Arteria 
humana 

Estímuls 
físics 

Estímuls 
químics 

Lumen 
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Moltes gràcies!!! 


