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CONSUMPTION OF CHOCOLATE

Reports of ACNielsen, Euromonitor International and Caobisco. Association of the 
Chocolate biscuit and confectionery industries of the EU. http://www.caobisco.com
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g/person/year

CONSUMPTION OF COCOA POWDER

1256
1074

973
852 790 750 695 687 668 588 529 521

14761486

504 437 433

Source : Nielsen, Euromonitor, Procter & 
Gamble, Nestlé

CONSUMPTION OF FLAVONOIDS 
IN INFANTILE POPULATION

Percentage of flavonoids in Spanish infantile diet

54%

17%

14%

12% 3%

Cocoa

Fruits

Vegetables Others

Juices

- 54% come from cocoa consumption (13,13 mg/day)

TOTAL FLAVONOID CONSUMPTIONTOTAL FLAVONOID CONSUMPTION: 24,2 mg/day

CONSUMPTION COCOA PRODUCTS: 33,82 g/day

Fruits

Zamora-Ros et al. 
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POLYPHENOLS:
FLAVONOIDS
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flavan-3-ols

Procyanidins

Monomers (Epicatechin catechin)5-10%

Andres‐Lacueva, C.; Medina‐Remon, A.; Llorach, R.; Urpi‐Sarda, M. et al. 2009. Phenolic compounds. Chemistry and 
occurrence in fruits and vegetables. 

COCOACOCOA
Monomers (Epicatechin, catechin)
Oligomers
Polymers (proanthocyanidins)
Andres-Lacueva et al. J Agr Food Chem. 2008

> 90% 

5-10%

Proanthocyanidins may account for a major fraction of the 
total polyphenols ingested in Western diets (Scalbert, 2000)
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COCOA AND HEALTHCOCOA AND HEALTH

Health relevant effects of chocolate

Bood Pressure 
Reduction

Other:
Anti-inflammatory

chocolate

Corti et al. (2009) Circulation

Improved
Vascular Function Reduced Platelet

Activity

Improved Insulin 
Sensitivity
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PREVENTION CARDIOVASCULAR DISEASES

SUBJECTS  POLYPHENOL SOURCE INTERPRETATION REFERENCE

Human 

(N=45) 

Solid Dark Chocolate bar 

(containing 22 g cocoa powder) or 

a cocoa‐free placebo bar 

(containing 0 g cocoa powder). 

Improved endothelial function and 

lowered blood pressure in 

overweight adults

Faridi Z et al. 
Am J Clin Nutr. 

2008

Human 
(N=22)

40 g Flavonoid‐rich Dark 
Chocolate

Significant reduction of serum 
oxidative stress. 

Flammer AJ et al. 
Circulation.

2007 

Human
(N=44)

6.3 g/day of dark Chocolate 

containing 30 mg of Polyphenols

or matching Polyphenol‐free 

White Chocolate

Efficiently reduced blood pressure 
and improved formation of 
Vasodilative Nitric Oxide. 

Taubert D et al. 
JAMA.
2007

Human

(N=173)
Cocoa and Tea (Meta Analysis)

Consumption of foods rich in cocoa 

may reduce blood pressure, while 

tea intake appears to have no effect

Taubert D  et al. 

Arch Intern Med. 

2007 

Reduction of Blood Pressure and Increase of Insulin Sensitivity 
in Glucose-Intolerant and Hypertensive Subjects

19 individuals with essential hypertension and impaired glucose tolerance
Age: 44 + 8 yearsAge: 44 + 8 years 

15 days consumption of:
-100 g dark chocolate (polyphenol-rich)(147 mg flavan-3-ols)
- 100 g white chocolate (polyphenol-free)

A/ Improvements in Insulin resistance and -cell function

Grassi et al., J Nutr (2008)
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B/ Decrement of Blood pressure C/ Endothelial function

Reduction of Blood Pressure and Increase of Insulin Sensitivity 
in Glucose-Intolerant and Hypertensive Subjects

No changes in glyceryl trinitrate induced vasodilation

Grassi et al., J Nutr (2008)

No changes in glyceryl trinitrate-induced vasodilation
D/ Lipid profile

Total cholesterol
LDL cholesterol

Baseline

No changes HDL cholesterol and TG

E/ Other variables

No changes in:
-CRP
-Serum electrolytes
-Fibrinogen
-Homocysteine
-Uric acid

Polyphenols amount in
different kind of chocolates

Visioli et al., Crit Rev Food Sci Nutr (2009)
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BIOAVAILABILITY OF POLYPHENOLS FROM COCOA 
POWDER AND THEIR BENEFICIAL EFFECT IN 

BIOAVAILABILITY OF POLYPHENOLS FROM COCOA 
POWDER AND THEIR BENEFICIAL EFFECT IN POWDER AND THEIR BENEFICIAL EFFECT IN 

HEALTH
POWDER AND THEIR BENEFICIAL EFFECT IN 

HEALTH

Subproject 1:
Bioavailability of cocoa powder 
polyphenols in humans (intestinal
and colonic absorption) Milk effect

Subproject 2:

Scientific bases of phenol and 
Inflammatory biomarkers 

and colonic absorption). Milk effect

IP (1) : Dr. Cristina Andres-Lacueva
interaction in atherosclerosis

IP (2) : Dr. Ramón Estruch

Lactalis – Leche de Galicia (President)

Hypothesis

METABOLISM

OH

HO O

OH

OH

O

OH

OH

OH

O

O

HO

Biomarker 
consumption

Biomarker 
effect

New mecanism of action
(Biomarkers of effect)

FOOD METABOLOME
New markers of food intake
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LONG-TERM Study: 
REGULAR COCOA INTAKE

STRATEGY: 2 STRATEGY: 2 studiesstudies x 3 x 3 approachesapproaches

SHORT-TERM  Study:
SINGLE COCOA INTAKE

LONG-TERM Study: 
REGULAR COCOA INTAKEREGULAR COCOA INTAKE
With high risk CVD volunteers

SINGLE COCOA INTAKE
With young/healthy volunteers

REGULAR COCOA INTAKE
With high risk CVD volunteers

TARGETED TARGETED 
APPROACHAPPROACH

METABOLOMIC ORMETABOLOMIC OR

AIM:

-Determination of metabolic profile after

CLINICAL CLINICAL 
APPROACHAPPROACH

METABOLOMIC OR METABOLOMIC OR 
NONNON--TARGETED  TARGETED  

APPROACHAPPROACH

Determination of metabolic profile after

cocoa consumption

-Evaluate the effect of milk

-Bioavailability

-Clinic

21 +
Healthy, 25.7 ± 6.9 y

SHORT-TERM  Study:
SINGLE COCOA INTAKE
With young/healthy volunteers

+ +

7 7 7

3 crossover interventions (40 g cocoa powder + W or M) (62.4 mg flavan-3-ols)

Blood

0h
2h
6h

0h

Urine

0h

0h
0-6h
6-12h
12-24h

+

+

+

+

Prospective, aleatorized, crossover and controlled clinical trial

0h
2h
6h

0h
2h
6h

0h
0-6h
6-12h
12-24h

0h
0-6h
6-12h
12-24h
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FLAVONOID METABOLISMFLAVONOID METABOLISM
CocoaCocoa PolyphenolsPolyphenols

(FLAVAN(FLAVAN--33--OL MONOMERS, OLIGOMERS AND POLYMERS)OL MONOMERS, OLIGOMERS AND POLYMERS) TISSUESTISSUES

Collaborations

COMT,UDPGTCOMT,UDPGT

-Glucuronides

-O-Methyl glucuronides

-O-Methyl derivatives

monomersmonomers

BilisBilis
COMT,UDPGT, COMT,UDPGT, 

SULTSULT

POSTERIOR METABOLISMPOSTERIOR METABOLISM

-Glucuronides

-Sulfates

-O-Methyl derivatives

Small Small 
intestineintestine LiverLiver

Collaborations
-Dra Castell
-Dr Santos-Buelga

Phase II

Phase II

OligomersOligomers (DP>3) and (DP>3) and 
polymerspolymers (DP>5)(DP>5)

URINEURINEINTESTINAL INTESTINAL 
MICROBIOTAMICROBIOTA

Valerolactones 

Phenolic acids

ColonColon

KidneyKidney

Microbiota metabolites

TARGETED PROFILINGTARGETED PROFILING
METHODOLOGYMETHODOLOGY

CocoaCocoa PolyphenolsPolyphenols
(FLAVAN(FLAVAN--33--OL MONOMERS, OLIGOMERS AND POLYMERS)OL MONOMERS, OLIGOMERS AND POLYMERS)

SOLID-PHASE EXTRACTION
HLB (30 mg)

(Waters)

COMT,UDPGTCOMT,UDPGT

monomersmonomers

Small Small 
intestineintestine Phase II

-Glucuronides

-Sulfates

-O-Methyl derivatives

API 3000, triple quadrupole,
Applied Biosystems

PE Sciex (Ontario, Canada)

Support of Dr Olga Jauregui and Dr Isidre Casals

Urpí-Sarda et al. 2009. J Crom A
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TARGETED PROFILINGTARGETED PROFILING
METHODOLOGYMETHODOLOGY

Phase II

(Epi)catechin
glucuronides

Epicatechin sulfates

ConfirmationConfirmation byby PISPIS

Urpí-Sarda et al. 2009. J Crom A

Methyl‐epicatechin
glucuronides

Methyl‐epicatechin
sulfates

MCX (30 mg) (Waters)Enzymatic 
Hydrolysis
l id /

TARGETED PROFILINGTARGETED PROFILING
METHODOLOGYMETHODOLOGY

Microbiota metabolites

-glucuronidase/
sulfatase

OligomersOligomers (DP>3) and (DP>3) and 
polymerspolymers (DP>5)(DP>5)

INTESTINAL INTESTINAL 
MICROBIOTAMICROBIOTA

Phenolic acids

Valerolactones

ColonColon

Urpi-Sarda et al. 2009. Anal Bioanal Chem

API 3000, triple quadrupole,
Applied Biosystems

PE Sciex (Ontario, Canada)

Support of Dr Olga Jauregui and Dr Isidre Casals
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TARGETED PROFILINGTARGETED PROFILING
METHODOLOGYMETHODOLOGY

Microbiota metabolites

Urpi-Sarda et al. 2009. Anal Bioanal Chem
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SHORT-TERM  Study:
SINGLE COCOA INTAKE
With young/healthy volunteers

Negatively Negatively 
affected by affected by 
milk intake milk intake 

* *
*

TARGETED METABOLIC TARGETED METABOLIC 
PROFILINGPROFILING

Differences

Microbiota metabolites
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Appeldorn, MM; et al. 
J Agric Food Chem; 2009.

57, 1084‐92
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4‐Hydroxybenzoic acid (4‐HBA)

4‐Hydroxyhippuric acid (4‐HHA)

* * *

Cocoa with water (CW)

Cocoa with milk (CM)

Urpi-Sarda et al., 2010 J Agric Food Chem

28 72%

30-72%
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3,4‐dihydroxyphenylpropionic acid

Negatively Negatively 
affected by affected by 
milk intake milk intake 

SHORT-TERM  Study:
SINGLE COCOA INTAKE
With young/healthy volunteers

TARGETED METABOLIC TARGETED METABOLIC 
PROFILINGPROFILINGMicrobiota metabolites

Ferulic acid
Caffeic acid

Methylation

N‐phenylpropenoyl‐L‐amino acids

Chlorogenic Acid Rios, LY; et al.  Am J Clin Nutr; 2003. 77 (4), 912‐8

HO
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80 %50 %
Cocoa with water (CW)

Cocoa with milk (CM)

Urpi-Sarda et al., 2010 J Agric Food Chem

250,00

PositivilyPositivily
affected by affected by 
milk intake milk intake 

Phenylalanine

SHORT-TERM  Study:
SINGLE COCOA INTAKE
With young/healthy volunteers

TARGETED METABOLIC TARGETED METABOLIC 
PROFILINGPROFILINGMicrobiota metabolites

Phenylacetic acid (PAA)
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Cocoa amino acids

Roasting  of 
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OXIDATION
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Vanillic acid (VA)

Vainillina
Flavoring product

Panoutsopoulos; et al. In vivo; 2004. 18 (6), 779‐86
Anklam, E; et al. Food Chem; 1997. 60 (1), 43‐51 Urpi-Sarda et al., 2010 J Agric Food Chem

Cocoa with water (CW)

Cocoa with milk (CM)

y y g
aldehyde oxidase
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15 studied compounds

SHORT-TERM  Study:
SINGLE COCOA INTAKE
With young/healthy volunteers

TARGETED METABOLIC TARGETED METABOLIC 
PROFILINGPROFILINGMicrobiota metabolites

+ Intake

7 phenolic acids       excretion

2 phenolic acids     excretion

3,4-Dihydroxyphenylacetic acid, protocatechuic 
acid, 4-hydroxybenzoic acid, 4-hydroxyhippuric 
acid, hippuric acid, caffeic acid and ferulic acid. 

Vanillic acid and phenylacetic acid

= 6 phenolic acids absorption

Milk has a partial effect on the phenolic acid 

excretion profile after consumption of cocoa powder. 

  6 phenolic acids absorption

Tecnología ómica Descripción 
biológica

Proceso celular

Nutrición y  “Nutrición y  “‐‐ÓmicasÓmicas””

biológica

Genómica (secuencia,  
regulación, epigenoma, 
SNPs)

ADN
Transcripción

Lo que podría pasar

Transcriptómica 
(MICROARRAYS)

ARNm
Traducción

Lo que parece que esta 
ocurriendo

Proteómica (identificación, Proteínas
función, modificaciones post-
traducción)

Ocurrencia
Actividad Lo que hace que ocurra

Metabolómica (perfil), 
Metabonómica (función)

Metabolitos
Lo que ha ocurrido o está 
ocurriendo

Respuesta fenotípica CONSECUENCIAS
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URINARY METABOLOME MODIFICATIONS 
OSC‐PLS

METABOLOMIC  ORMETABOLOMIC  OR
NONNON--TARGETED TARGETED 

APPROACHAPPROACH

SHORT-TERM  Study:
SINGLE COCOA INTAKE
With young/healthy volunteers

OSC‐PLS
scores
plot

OSC‐PLS 
loading 
plot

‐Kinetic evolution during the 24 h after test‐meal intake in the urine
fingerprint of both diets, suggesting influence of circadian rhythm of urine
‐Clear differences between nutritional interventions Llorach et al., 2009 J. Proteome Res.

Llorach et al., 2010.J Pharm & Biomed An

S‐PLOT

METABOLOMIC  ORMETABOLOMIC  OR
NONNON--TARGETED TARGETED 

APPROACHAPPROACH

SHORT-TERM  Study:
SINGLE COCOA INTAKE
With young/healthy volunteers

BIOMARKERS DETECTION AND 
IDENTIFICATION

Wiklund et al. Anal Chem. (2008)
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BIOMARKERS DETECTION AND
06 h

METABOLOMIC  ORMETABOLOMIC  OR
NONNON--TARGETED TARGETED 

APPROACHAPPROACH

SHORT-TERM  Study:
SINGLE COCOA INTAKE
With young/healthy volunteers

BIOMARKERS DETECTION AND 
IDENTIFICATION

The higher contributors were related with the host phytochemicals 
metabolites (food metabolome)

Llorach et al., 2009 J. Proteome Res.

BIOMARKERS DETECTION AND
12 h

METABOLOMIC  ORMETABOLOMIC  OR
NONNON--TARGETED TARGETED 

APPROACHAPPROACH

SHORT-TERM  Study:
SINGLE COCOA INTAKE
With young/healthy volunteers

BIOMARKERS DETECTION AND 
IDENTIFICATION

The higher contributors were related with the microbiota polyphenols 
metabolites (food metabolome)

Llorach et al., 2009 J. Proteome Res.
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METABOLOMIC  ORMETABOLOMIC  OR
NONNON--TARGETED TARGETED 

APPROACHAPPROACH

SHORT-TERM  Study:
SINGLE COCOA INTAKE
With young/healthy volunteers

Cocoa consumption causes important urinary metabolome modifications during the 

24 h after intake 

Phytochemical metabolites (food metabolome) are mainly responsible for these 

differences.  

The Metabolomics strategy is a powerful tool for identifying new markers of  

exposure and is useful for confirming the robustness of some expected metabolites 

such as polyphenol metabolites

Llorach et al., 2009 J. Proteome Res.

STRATEGY: 2 STRATEGY: 2 studiesstudies x 3 x 3 approachesapproaches

SHORT-TERM  Study:
SINGLE COCOA INTAKE

LONG-TERM Study: 
REGULAR COCOA INTAKESINGLE COCOA INTAKE

With young/healthy volunteers
REGULAR COCOA INTAKE
With high risk CVD volunteers

TARGETED TARGETED 
APPROACHAPPROACH

METABOLOMIC  ORMETABOLOMIC  OR
NONNON TARGETEDTARGETED

AIM

CLINICAL CLINICAL 
APPROACHAPPROACH

NONNON--TARGETED TARGETED 
APPROACHAPPROACH To study the phenolic metabolic profile after 

regular consumption of cocoa and its effect in 
cardiovascular risk.
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LONG-TERM Study: 
REGULAR COCOA INTAKE
With high risk CVD volunteers

Crossover, randomized, controlled 

1st Intervention 2nd Intervention

Wash-out

15 days

1st Intervention

28 days

2nd Intervention
40 g/d solubles of 

cocoa with skimmed 
milk 

(93 mg flavan-3-ols)

Skimmed milk

28 days

40 g/d solubles of 
cocoa with skimmed 

milk 
(93 mg flavan-3-ols)

Skimmed milk

sugar-free
93 mg flavan-3-ol/day

Personal interview (monitoring diet)

15 days 28 days

• Age (men 45 years; women 55 years)
• Smokers
• Diabetes mellitus (glycemia 126 mg/dl)
• Hypertension (BP 140/90 mmHg)
• HDL cholesterol (< 35 mg/dl)
• LDL cholesterol ( 160 mg/dL)
• Familiar history of cardiovascular disease
• Obesity (IMC 25)

Inclusion criteria: risk factors

Control of diet and exercise

General analyses and nutritional valoration

Coagulation test

Serum lipids and lipoproteins

Immunologic studies

In vitro studies

28 days

24h 24h UrineUrine SamplesSamples

PhPh IIII t b litt b lit ff i t hii t hi

FastingFasting Plasma Plasma SamplesSamples

TARGETED METABOLIC TARGETED METABOLIC 
PROFILING: COMPLIANCEPROFILING: COMPLIANCE

LONG-TERM Study: 
REGULAR COCOA INTAKE
With high risk CVD volunteers

0
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*
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*
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*
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Urpi‐Sarda et al. 2009 J. Chrom. A

5-(3,4-dihydroxyphenyl)
--valerolactone

3-hydroxyphenylacetic 
acid

Vanillic acid

0

100

5-(3,4-dihydroxyphenyl)
--valerolactone

3-hydroxyphenyl-
acetic  acid
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METABOLOMIC  ORMETABOLOMIC  OR
NONNON--TARGETED TARGETED 

APPROACHAPPROACH

LONG-TERM Study: 
REGULAR COCOA INTAKE
With high risk CVD volunteers

Compliance was assessed measuring epicatechin metabolites derived

from phase II metabolism in 24-h urine samples.

Regular consumption of 40 g cocoa powder with milk per day resulted

in a urinary excretion of 18 38 µmol/d of total phase II metabolites ofin a urinary excretion of 18.38 µmol/d of total phase II metabolites of

epicatechin (global increment of 458%) in comparison with intake of

milk (3.29 µmol/L).

Urpi‐Sarda et al. 2009 J. Chrom. A

CLINICAL CLINICAL 
APPROACHAPPROACH

LONG-TERM Study: 
REGULAR COCOA INTAKE
With high risk CVD volunteers
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4 96

4,76

4,74
Triglycerids cLDL

3,98

3,97
p=0.016cHDL

Serum Lipids and serum proteins

CLINICAL CLINICAL 
APPROACHAPPROACH

LONG-TERM Study: 
REGULAR COCOA INTAKE
With high risk CVD volunteers
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It was observed a significant diminution of triglycerides and cLDL 
after cocoa consumption with respect to basal status

p=0.048
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after cocoa consumption with respect to basal status.

It was observed a significant increase of cHDL after cocoa 
consumption when compared with basal and with milk intake.

NO CHANGES IN:

-Total cholesterol
-Lipoproteins (including Apo A and Apo B) Monagas et al.,  (2009)AJCN

Inflammation and initial phases of atherosclerosisInflammation and initial phases of atherosclerosis

Q i i i

LEUCOCITOS

There is an increment of pro-inflammatory cytokines, which induce 
the expression of adhesion molecules on the endothelium and in 
leukocytes leading its accession to the artery endothelium and their
subsequent migration to the subendothelial layer. 

Quimiocines

LFA-1
Mac-1 VLA-4

Glicoproteínas o 
Glicolípidos siliados

ACTIVACIÓN ADHESIÓN FIRMERECLUTAMIENTO

VLA-4

RODAMIENTO

ENDOTELIO

L-selectina

sLex

sLex

VCAM-1VCAM-1 ICAM-1E-selectina P-selectina

LEUCOCITO

ENDOTELIO

MCP-1

CD40
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RESULTS
l

Expression of adhesion molecules on the surface 
of T-lymphocytes and monocytes

CLINICAL CLINICAL 
APPROACHAPPROACH

LONG-TERM Study: 
REGULAR COCOA INTAKE
With high risk CVD volunteers

Monagas et al.,  
(2009)AJCN

Significant decrease in the expression of VLA-4, CD40 and CD36 on the surface of 
monocytes after COCOA intake compared with MILK intake. Monagas et al.,  (2009)AJCN

5,36 4,2 5,76

CHANGES IN CIRCULATING INFLAMMATORY MARKERSCHANGES IN CIRCULATING INFLAMMATORY MARKERS

Serum concentrations of soluble 
adhesion molecules 

CLINICAL CLINICAL 
APPROACHAPPROACH

LONG-TERM Study: 
REGULAR COCOA INTAKE
With high risk CVD volunteers
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It was observed a
significant diminution of
serum levels of P-
Selectin and ICAM-1 after
cocoa consumption.

Monagas et al.,  (2009)AJCN
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1,16

Serum concentrations of pro-
inflammatory cytokines

CLINICAL CLINICAL 
APPROACHAPPROACH

LONG-TERM Study: 
REGULAR COCOA INTAKE
With high risk CVD volunteers

IL
-6

1,14

1,12

1,10

1,08

1,06

IL-6

NO CHANGES in hs-CRP

LLC

1,04

It was observed a diminution in IL-6 levels after cocoa 
consumption although without significant difference.

NO CHANGES in hs CRP

Monagas et al.,  (2009) AJCN

SUBJECTS (n) INTAKE (flavanol/day) REDUCTION NO CHANGES REFERENCE

H lth (25) 36 9 d k h l t + IL 1 IL 6 CRP M th t l J

CONTRADICTORY RESULTS IN 
LITERATURE 

CLINICAL CLINICAL 
APPROACHAPPROACH

LONG-TERM Study: 
REGULAR COCOA INTAKE
With high risk CVD volunteers

Healthy (25) 36.9g dark chocolate + 
30.9g cocoa powder for 6 
weeks (651 mg/d) 

IL-1, IL-6, CRP, 
TNF-a, P-selectin

Mathur et al.  J 
Nutr (2002)

Individuals with 
CAD (30 male)

Flavanol-rich chocolate bar 
and cocoa beverage for 6-
week (444 mg/d)

ICAM-1, P-selectin, 
VCAM-1,

E-Selectin, 

Farouque et al. 
Clin Sci (2006)

Hypercholesterol

Subjects (49)

2 dark chocolate bars with 
sterol for 4 weeks 
(360mg/d)

cLDL, 

total chol

Hs-CRP,    ICAM-1, 
sCD40L

Allen et al. J Nutr 
(2008)

H h l t l Fl l i h VCAM 1 E S l ti W P l t tHypercholesterol

Women (32)

Flavanol-rich cocoa 
beverage for 6-weeks (446 
mg/d) 

VCAM-1 E-Selectin, 

P-selectin

Wang-Polagruto et 
al J Cardiovasc 
Pharmacol (2006)

Healthy women 
(49)

Dark chocolate for 6-week ICAM-1 VCAM-1,IL-6, hs-
CRP

Kurlandsly et al. 
Nutr Res (2006)

Individuals with 
CV risk factors 
(42)

Cocoa powder for 1-month 
(93 mg/d)

P-selectin 
ICAM-1, 

VCAM-1, E-
selectin, MCP-1, 
IL6, CRP

Monagas et al. Am 
J Clin Nutr (2009)

In accordance to our study
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CLINICAL CLINICAL 
APPROACHAPPROACH

LONG-TERM Study: 
REGULAR COCOA INTAKE
With high risk CVD volunteers

Our results suggest that regular consumption of nutritional 
doses of cocoa may have an effect on all initial phases of the 
atherosclerosis process in subjects at high‐risk of coronary 
heart disease .

Monagas et al.,  (2009)AJCN

Thanks for your
attention.

Courtesy of Llorach
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