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Introduction

ACCURATE MEASUREMENT
OF FOOD INTAKE

health/
disease

(Bingham Public Health T, 2002; Livingstone & Black J 2003; Tucker Nutr Metab Cardiovasc Dis, 2007)
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Introduction

ACCURATE MEASUREMENT
OF FOOD INTAKE

A

FOOD SURVEYS

FFQ
R24h
DIETARY RECORDS

<

Misreport of intake

Limitation of the food list

Errors derived from the conversion food >
compounds by composition tables

Underestimation of daily and seasonal variability

(Bingham Public Health Nutr, 2002; Livingstone & Black J Nutr, 2003; Tucker Nutr Metab Cardiovasc Dis, 2007)

Introduction

ACCURATE MEASUREMENT
OF FOOD INTAKE

FOOD SURVEYS

i

NUTRITIONAL
BIOMARKERS

Biochemical, functional or clinical index
measured in a biological specimen which reveals
the nutritional status of intake or metabolism of

a dietary constituent, and the biologic

consequences of dietary intake.

Joint Programming Initiative
° A Healthy Diet
vl’l for a Healthy Life
e (JPIHDHL), 2014

(Potischman & Freudenheim J Nutr, 2003; van Ommen et al. Mol Nutr Food Res, 2009; Raiten et al. Am J Clin Nutr, 2011)
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Introduction

NUTRITIONAL
BIOMARKERS

Known relation to the exposure

Sensitivity and specificity

. . Dose-response

Biological

validation —— —
Inter-individual variation

Time of exposure

Type of population

. | Type/conditions biological specimen I
Analytical
validation
| Precision and accuracy from defined measure I

(Andersen 2013, from Spencer et al. Br J Nutr 2008, Jenab et al. Hum Genet 2009, Manach et al. Mol Nutr Food Res 2009)

Introduction

NUTRITIONAL
BIOMARKERS

METABOLOMICS

Studies the set of low molecular weight compounds

(metabolites) present in a biological system (cell, tissue or
fluid) in order to evaluate the biochemical processes that

are associated with specific phenotypes.

(Nicholson et al. Nature, 2010; Patti et al. Nat Rev Mol Cell Biol, 2012)
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Introduction

DIET EXPOSOME
| FOODS & )
— ﬁ CONTAMINANTS {t‘;’

SUPPLEMENTS I ADDITIVE! I
1 i i 1 i i
Digestion

Microbial Metabolism
Host Metabolism

ahé?_ggg[lgaé FOOD DRUG POLLUTANT
METABOLOME METABOLOME _J METABOLOME

|
HUMAN METABOLOME

(Bouatra, ..., Wishart. The human urine metabolome. Plos One, 2013; Wishart et al. Nucleic Acids Res, 2013; Scalbert et al. Am J Clin Nutr, 2014)

FOOD METABOLOME: COMPLEXITY & VARIABILITY

(>25.000 compounds in foods)

Carbohydrates -

Proteins

. ' Tissue & Microbial
Lipids -~ b

Vitamins ) o Lo - Biotransformations
Ju‘n.ﬁfJT R Oxidation,
Minerals b i
Ty Reduction,
Polyphenols ; 7., ! i
AL v Hydrolysis,
Alkaloids i Iy )
o Dehydrogenation,

Carotenoids
Phytosterols < /41
Natural Volatiles

| Methylation,
“ Sulfation,
Acetylation,

Artificial Colorants e = o
i Glucuronidation,

Flavoring Additives  +—~ — ; ) . )

) Amino acid conjugation,
Food Contaminants . : .

Glutathione conjugation,
Maillard Reaction Products
e —

(Bouatra, ..., Wishart. The human urine metabolome. Plos One, 2013; Wishart et al. Nucleic Acids Res, 2013; Scalbert et al. Am J Clin Nutr, 2014)
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FOOD METABOLOME: APLICATIONS

h Analysis of food metabolome

Food
surveys
. Age, gender, BMI, lifestyle,
physical activity...
Dietary assessment = New metabolites = Segmentation of poor or high
= Food intake = New potential food bioactives absorbers & metabolizers

= Nutritional exposure

(Manach, Glasgow 2013; Scalbert et al. Am J Clin Nutr, 2014)

RIMETABOLOMICS: APPROACHES

Nutritional Consumption
Intervention Stratification
d 4 Non-Consumers
). versus .

A High Consumers

Metabolomic
analysis

Clinical phenotyping
Genetic phenotyping
Microbiota phenotyping
etc.

Markers of Intake

Markers
of Effect Hypotheses

(Llorach R et al. J Agric Food Chem, 2012)




Introduction

RITIONA

ACUTE INTERVENTION
STUDY

CHRONIC INTERVENTION

STUDY

OBSERVATIONAL STUDY

(Llorach R et al. J Agric Food Chem, 2012; Pujos-Guillot et al. J Proteome Res, 2013)

Introduction

Narrative Review

The food metabolome: a window over dietary exposure'™

Augustin Scalbert, Lovraine Brennan, Claudine Manach, Cristina Andves-Lacueva, Lars O Dragsted, Jokn Draper
Stephen M Rappaport, Justin 11 van der Hooft, and David § Wishart

1 FOOD <>

(>) 1 BIOMARKER
INDIVIDUALLY ASSESSED

The American Journal of Clinical Nutrition

TABLE 3
Tentative dietary biomarkers identified through untargeted metabolomic approaches in human dietary intervention studies and cross-sectional studies’
Dietary factor and No. of Dietary assessment Analytic
study type subjects  Comparison tool Biospecimen technique Biomarker Reference
Citrus fruit
cs 499 Consumers/ 24-h dietary record U (24-h) NMR Proline betaine (80)
s
cs 12 FFQ U (fasting) FIE-FTICR-MS  Proline betaine, 4-hydroxyproline betaine (4dy
Orange juice
Al 4 Consumers/ NA U (kinetics) LC-Q-Tof, Proline betaine, limonene-8,9-diol-glucuronide,* nootkatone-13, 49y
control LTQ-Orbitrap 14-diol ide,* hesperetin-3'- i
SMTI 12 Consumers/ NA U (24-hy LC-Q-Tof, betaine. N- lfate,* nge 7-0-
control LTQ-Orbitrap
Citrus fruit
cs 80 HIL FFQ and 24-h U (spot) LC-Q-Tof,
dietary record LTQ-Orbitrap
cSs 107 Consumers/ 24-h dietary record U (24-h) LC-Q-Tof Proline betaine. hesperetin-3-glucuronide® (81)
p—
Orange Proline betaine

(Scalbert et al. Am J Clin Nu

1286-1308)

14-Apr-16



DIET COMPLEXITY TO DISCOVERY
NUTRITIONAL BIOMARKERS

Distribu f compounds into v us foods

(+)-Catechin

Procyanidin B2

Pedunculagin

Confluence of various compounds
in common metabolites

ELLAGITANNINS:

e A A

Digestion
Microbial Metabolism
_ Host Metabolism

Sanguiin H6

Punicalagin

ik
g
E ’l{’,ﬂ
Pag Byt
o :
\ 'df.:-'iwm - A
\ ) 1 L
X 1
PRl iN :
~ Sa i
%%//” %
Ly -V\AVQ Urolithins
7:<\| ‘ = H},AID % o
TN, - = e e
e ) )
Hydroxyphenyl- Hydroxyphenyl- . 'J:;‘ILT Garcia-Mufioz & Vaillant.
valerolactones valeric acids Crit Rev Food Sci Nutr, 2014

(Llorach R et al. J Agric Food Chem, 2012; Scalbert et al. Am J Clin Nutr, 2014)

Introduction

ELAGITANINOS:

Erenol-Exploiel

(Llorach R et al. J Agric Food Chem, 2012; Scalbert et al. Am J Clin Nutr, 2014)

DIET

14-Apr-16
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Objectives

HYPOTHESIS

Since metabolomics offers a new approach for the determination of
biomarkers of dietary exposure, we will observe differences in meta-
bolic fingerprints associated with the consumption of food, which will
allow us to predict its intake.

MAIN OBJECTIVE

Identify biomarkers related to the intake of certain foods (markers
of consumption) and its possible association with health (markers
of effect) by the application of an HPLC-QToF-MS nontargeted
metabolomic strategy in nutritional studies with different designs .

Objectives

SPECIFIC OBJECTIVES

Characterize urinary metabolic fingerprint associated with the intake
of widely consumed foods: bread, nuts, cocoa.

Replicate characterized biomarkers of exposure in controlled clinical
trials in a free-living population.

Develop predictive models for determining usual intake and compare
its predictive ability with respect to the ability of the metabolites
evaluated individually.
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Methodology

HPLC-QToF-MS UNTARGETED METABOLOMIC ANALYSIS

Biological Data Data Biomarker Biological
>>> CSucaon > ETEE e

Urine HPLC- Data lon
QToF-MS processing Characterization
5= » Marker Metabolite
—J detection Identification
: « Alignment @ 2
Iu LY
ESI+ Multivariate hmp
_ analysis Metabolome.jp T CIOTTRHEE
El , s
* Unsupervised ," MassBank @—
techniques O i i
(PCA)
+ Supervised
techniques
(PLS-DA)

Quality Control Analysis

of Critical Points: ' ' '

L ] L ] L ]
Robustness Validation of Multistep
analysis multivariate procedure
models

(Llorach et al. J Pharm Biomed Anal, Want et al., Nature Protocols, 2010; Dunn et al. Nature Protocols, 2011; Llorach R etal. J Agric Food Chem, 2012)

Methodology

HPLC-QToF-MS UNTARGETED METABOLOMIC ANALYSIS

Biological ta > Data > Biomarker > Biological
Samples Acquisition Analysis Identification Interpretation

HPLC-QToF-MS

ESI o Quadrupola SN Time.of-Flight Mass Spoctrum

',:'.'. m

L oy

HPLC

Y0 12 3 4 65 6 T 8
2
2 S )
g | -
£ -
ot = s
" e S e—— -
nt2 0 1 2 3 4 6 7 8 .
2 R p—
a ! e
c
] J -
€ s
- = L \JLL .
e | \“L | on| | ossumpen
WZ " ‘ T i £ £ o w0

retention time

(Llorach-Asuncion et al. J Pharm Biomed Anal, 2010)

10



14-Apr-16

Methodology

HPLC-QToF-MS UNTARGETED METABOLOMIC ANALYSIS

Biological > Data > Data > Biomarker > Biological
Samples Acquisition Analysis Identification Interpretation

o= 1 Molecular Ion
Metabolite A') — IPETTET AT

Isotopes
g { e

Fragments

glucuronide / sulfate /
)3)}5( H,0 / COOH / etc.
Mass spectrum
\_J'd

COELUTION & CORRELATION

Chromatogram .
g (RT = 3.98 min) Adducts e

- - |
4 (o 2\ |- Molecular 1
. e Metabolite B olecular Ton
- T i g [M -+ HI*/ [M - H]
et ‘ 5 <= Isotopes
= il i > | : e
| i H B
%\ - r‘ b 1 B ..,OiI_tS: Fragments
S =y A & < glucuronide / sulfate /
2 - h 28 <= ))')-EC H,0 / COOH / elc.
= YL s 5 X
- ' H < o Adducts
- ' : > @ ) Na* / K* / NH,* / etc.
g I 385.1838)
by - " I - I;ss.mt)l Ton
wl : i 5 i w rumbnllua]—m e T -
(R I §EEEEES - M+ H]= /[ I

o0

ooy

-0 o e
rp— [Tp——

miz -

Intensity d}xﬁ fronyieis
- ,Difﬁ ]’ Fragments

C’ glucuronide / sulfate /.
e

Time (min)

H;0 / COOH / etc.

Adducts
MNa* / K* / NH,* / etc.

(Llorach-Asuncion et al. J Pharm Biomed Anal, 2010; Fernandez-Albert et al. Anal Chem, 2014)

Methodology

HPLC-QToF-MS UNTARGETED METABOLOMIC ANALYSIS
Biological Dat Dat: Biomark Biological
- - - I

| Quality control |

« QC1: Milli-Q water

« QC2: pool of phenolic compounds

+ QC3: pool of endogenous compounds Distribution of samples & QCs in plates
+ Qo eecionfopposesampies | | IR N R N KN KN ENE
. s1 s2 s3 s4 S5 s6 S7 S8 s9 [0 su s

Equilibration between plates

—
-543 S44 545 546
Randomizationin plates n

(Llorach et al. J Proteome Res, 2009; Llorach et al. J Proteome Res, 2010; Llorach-Asuncion et al. J Pharm Biomed Anal, 2010)
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Methodology

HPLC-QToF-MS UNTARGETED METABOLOMIC ANALYSIS

Biological Data Data Biomarker Biological
Samples Acquisition Analysis Identification Interpretation

| Data processing Multivariate analysis |
| Marker detection & Alignment | Unsuper\nsed & supervlsed technlques (PCA; PLS-DA)
. ;§ R?
} P B
1 ? «
HPLC-q-ToF-MS List of markers (cross-validation / permutation test)

SUS plot V-plot 3
] H § “ il
1 g i
d : - .
M £ - g
| 8 § 4 by
i ‘ Culoffin
w“ . “ , - metabolomic studies
BABAL 1 COCOA WTAKE pcomtt
control s grupo A Eae e -

(Llorach-Asuncion et al. J Pharm Biomed Anal, 2010)

Methodology

HPLC-QToF-MS UNTARGETED METABOLOMIC ANALYSIS

Biological a ta Biomarker Biological
> > > > IERCHETD

Multi-step procedure

Metabolite lon Computational
characterization Annotation Analysis
e

<=

know-how
(UTAIMEHE0LOTITS
®-

Fragmentation

(Garcia-Aloy M et al
Llorach et al. Mol Nutr Food R Jof t 20

acueva JAMA Intern Med, 2014; Urpi-Sarda et al. Mol Nutr Food Res, 2014;

lorach et al. J Pharm Biomed Anal, 2010; Fernandez-Albert et al. Anal
J Proteome Res, 2010; Llorach et al. J Proteome Res, 2009)
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Methodology

HPLC-QToF-MS UNTARGETED METABOLOMIC ANALYSIS

Biological > Data Data > Biomarker > Biological
Samples Acquisition Analysis Identification Interpretation

Multi-step procedure Biomarker Identification
Metabol

M-HF Tridecadiencic/tridecynoic acid glucuronide
characteriz BCM -HF Tridecadienoic/tridecynoicacid glucuronide
M- H] Urolithin C sulfate
[M - H - sulfate]- Urolithin C sulfate
[M-HI Urolithin A sulfate
[M - H - sulfate]- Urolithin A sulfate
BCIM - H - sulfate]- Urolithin A sulfate
BC[M-Hl Urolithin A glucuronide
- Urolithin A glucuronide
M~ H — glucuronide] Urolithin A glucuronide
[M - H - glucuronide] Urolithin B glucuronide
[M-HI Urolithin B glucuronide
BC[M — H - glucuronide]~ Urolithin B glucuronide
[M-H-HO} Dodecanedioic acid
[M~-H-H,;0-CO;}- Dodecanedioic acid
BCM -H Dodecanedioic acid

L [M-HI Dodecanedioic acid
/0/ Co d::n't::ye ot Level of evidence
METABOLOMICS
S 1 Identified compounds Comparison of >2 orthogonal properties with an authentic
compound analyzed under identical experimental conditions.
5 Putatively annotated Based upon property similarity with public/commercial
compounds databases, without chemical reference standard.
3 Putatively characterized Based upon properties of known compounds of a chemical class.
compound classes
4 Unknown compounds Unidentified compounds.

(Sumner et al. Proposed minimum reporting standards for chemical analysis (CAWG-MSI). Metabolomics, 2007)

Methodology

HPLC-QToF-MS UNTARGETED METABOLOMIC ANALYSISQ

Biological ata Data Biomarker Biological
>>> BEmiEEon > i CEo

( ge}"e) e on g
(¥El)

MetaCore onS— W o e

ACOIREES
ronon g Tryptophan NOUTHIIE €0 it

b frr——

(Llorach-Asuncion et al. J Pharm Biomed Anal, 2010)

14-Apr-16
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DIET COMPLEXITY TO DISCOVERY
NUTRITIONAL BIOMARKERS
Digestion

Confluence of various co pounds bephialie i
Distribution of com nds into vari f | _ Host Metabolism
stribution of compounds into various foods i t lites :
.FDOD

Procyanidin B2 (+)-Catechin ELLAGITANNINS:
Lomn
e e Al - o #
e L S B 2 .
Ly T I .
5 47Nt g
Pedunculagin Sanguiin H6 Punicalagin
"]‘?’j R
wh AE o
w, -
:;_ir\_;

L S

]
Ly A Urolithins
¢ e AT
Hydroxyphenyl- Hydroxyphenyl- \ i _,E.;,'LW. r N Garcia-Mufioz & Vaillant.
valerolactones valeric acids Crit Rev Food Sci Nutr, 2014

(Llorach R et al. J Agric Food Chem, 2012; Scalbert et al. Am J Clin Nutr, 2014)

Methodology

DEVELOPMENT OF MULTIMETABOLITE BIOMARKER PANELS

Procyanidin B2 (+)-Catechin ELLAGITANNINS:

Punicalagin

Urolithins

Hydroxyphenyl- Hydroxyphenyl- Lo .
valerolactones valeric acids elrenolExplorel

Crit Rev Food Sci Nutr, 2014

14
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Methodology

DEVELOPMENT OF MULTIMETABOLITE BIOMARKER PANELS

PREDICTIVE CAPACITY OF BIOMARKERS: ROC CURVES

ROC curve with perfect predictive
capacity

o —_—

. \ AUCs

ROC curve with good
predictive capacity 90%-100% = EXCELLENT
80%-90% = GOOD
70%-80% = FAIR
‘\ 60%-70% = POOR
s ] 50%-60% = FAIL
° ROC curve without
predictive capacity

Sensitivity

T T T T T T
00 02 04 06 08 10

1 — Specificity

(Xia et al. Metabolomics, 2013)

NUTRIMETABOLOMICS: APPROACHES

Nutrit Consumption
Intervention

NVLn-Consumelgs

i Clinical phenotyping
43 Genetic phenotyping
{ 3 Microbiota phenotyping
etc.

versus | §

High Consumers |-

Nutritional
Consideration

Metabolomic
analysis

Markers of Intake ﬁ—qj‘:

Markers s {\:\
of Effect Hypotheses )_>_>_ ™

(Llorach R et al. J Agric Food Chem, 2012)
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BREAD

Prediined

Prevencion con Dieta Mediterranea

STRATIFICATION OF POPULATION:

CROSS-SECTIONAL ANALYSIS Gberobn

|n|ups"
VINIVERSITAT
DOVALENCIA

Uniersidac
§ de Navarra

BREAD consumption

stratification

%ﬁy

(Garcia-Aloy M et al. Metabolomics, 2015)

Multivariate analysis: OSC-PLS-DA

| - :.S ESI+ “'_tﬁ ESI-

-y T e B

15 - | .
£ s o 5 o s " = x 5 o ]
w w

RZY(cum)=0.934 ; Q*(cum)=0.733 R?Y(cum)=0.939 ; Q%(cum)=0.700

Permutation test

Permutation test

R?=0.566 ; Q?°=-0.226 R?=0.627 ; Q°=-0.219

(Garcia-Aloy M et al. Metabolomics, 2015)

14-Apr-16
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Prediined

RT MCTED

(min) MASS |ASSIGNATION
(m/z)

0.88 | 188.0049 |[M - H]-

1.48 | 328.1036 |[M + H]*
326.0851 [M - HI-

2.07 | 168.0609 [M + H]*

3.40 | 372.0925 [M + HI]*
370.0772 |[M - HJ-

3.68 | 326.0922 |[M - H]

3.72 | 152.0671 |[M + H]*

4.78 | 196.0596 |[M + H]*
194.0410 [M - H]-

2.85 | 357.0791 [M - H]

3.12 | 233.0118 [M-H]

5.75 | 289.0412 |[M - H]-

3.67 | 313.0558 |[M - H]

4.72 | 275.0219 [M - H]-

6.32 | 299.1278 |[M + H - GIcA]*
473.1447 [M - HI

2.73 | 255.1345 [M + H]*
253.1172 |[M - H]-

3.25 | 338.0871 [M + H]*
336.0697 |[M - HI-

4.65 | 377.1475 |[M + H]*

0.63 | 218.1140 |[M + HI*

4.20 | 338.0882 |[M + H]*
160.0382 |[M - H - GIcA]"

(Garcia-Aloy M et al. Metabolomics, 2015)

IDENTIFICATION

2-Aminophenol sulphate

HPAA glucuronide

HHPAA

HMBOA glucuronide

HBOA glycoside
HPPA
HMBOA

DHPPA glucuronide

3,5-Dihydroxyphenylethanol sulphate

DHPPTA sulphate

Hydroxybenzoic acid glucuronide
Dihydroferulic acid sulphate
Enterolactone glucuronide

Pyrraline

3-Indolecarboxylic acid glucuronide

Riboflavine

N-a-Acetylcitrulline

2,8-Dihydroxyquinoline glucuronide

— —

(=Y S NI S

=\ A | \ R

S S S S S | > —

I N = e A B

Prediined

zvs/ zm‘ S s S

73.5% (63.8%-83.2%)

|

AUCs
HPAA glucuronide |
HHPAA
HMBOA glucuronide
HPPA
HMBOA
I Enterolactone glucuronide I
Pyrraline

3-Indolecarboxylic acid glucuronide
Riboflavin I

68.2% (57.8%-78.7%)

68.4% (57.8%-79.0%)

64.2% (53.4%-75.0%)

64.0% (53.3%-74.6%)
67.8% (57.7%-77.9%)

69.9% (59.8%-79.9%)
66.3% (55.6%-77.0%)
69.6% (59.7%-79.5%)
65.8% (55.6%-76.0%)
67.2% (57.0%-77.4%)

69.7% (59.3%-80.1%)

73.0% (63.0%-83.1%)

73.2% (63.7%-82.8%)

65.5% (54.6%-76.5%)
62.9% (51.5%-74.4%)

2-Aminophenol sulphate
HPAA glucuronide
HMBOA glucuronide

I HBOA glycoside I
HMBOA

| bHPPA glucuronide |
3,5-Dihidroxifeniletanol sulphate

| DHPPTA sulphate |
Hydroxybenzoic acid glucuronide

I Dihydroferulic acid sulphate I
Enterolactone glucuronide
Pyrraline
3-Indolecarboxylic acid glucuronide

66.4% (56.0%-76.7%)
66.1% (55.9%-76.3%)
69.2% (59.2%-79.3%)

64.9% (54.4%-75.4%)

67.4% (57.2%-77.6%)

68.9% (59.0%-78.9%)
62.0% (51.7%-72.4%)
61.0% (50.5%-71.5%)

73.0% (63.6%-82.4%)

66.8% (56.8%-76.7%)

78.4% (69.8%-87.1%)

67.0% (56.8%-77.2%)

63.4% (52.6%-74.2%)

65.1% (54.5%-75.8%)

76.7% (67.6%-85.7%)

76.1% (67.1%-85.1%)

61.3% (50.8%-71.7%)

74.3% (65.0%-83.6%)

74.6% (65.0%-84.2%)

65.6% (55.4%-75.7%)
64.8% (54.7%-75.0%)
66.8% (56.9%-76.7%)

62.8% (52.2%-73.4%)
62.5% (51.6%-73.3%)
63.0% (52.3%-73.7%)

90%-100% = excellent; 80%-90% = good; 70%-80% = fair; 60%-70% = poor;y 50%-60% = fail

(Garcia-Aloy M et al. Metabolomics, 2015)

14-Apr-16
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MULTIMETABOLITE z Vs @

COMBINED MODELS

Coef. Err. Est. P -
1,565 0,542 0,004 |

| HPAA glucuronide
HHPAA
HMBOA glucuronide
HPPA
HMBOA 1,639 0,556 0,003
Enterolactone glucuronide
Pyrraline

®

Sanstvty (%)
0

3-Indolecarboxylic acid glucuronide =
Riboflavin 0,842 0,340 0,013 we o m e w E [
2-Aminophenol sulphate 1,359 0,401 0,001 e

HPAA glucuronide
HMBOA glucuronide
HBOA glycoside #
HMBOA 1,816 0,445 <0,001
DHPPA glucuronide

3,5-Dihidroxifeniletanol sulphate

DHPPTA sulphate

Hydroxybenzoic acid glucuronide =
Dihydroferulic acid sulphate

100

Sanstvty (%)
0

90%-100% = excellent
80%-90% = good

Enterolactone glucuronide W m w o om N 70%-80% = fair
Pyrraline Spectiony (%) 60%-70% = poor
50%-60% = fail

3-Indolecarboxylic acid glucuronide
(Garcia-Aloy M et al. Metabolomics, 2015)

MULTIMETABOLITE z Vs ‘
COMBINED MODELS s
Coef. Err. Est. P
HPAA glucuronide B
[ HHPAA [ 1,750 0,787 0,026 |

HMBOA glucuronide £%
HPPA 1,361 0,579 0,019 HR
HMBOA 1,362 0,674 0,043 o
Enterolactone glucuronide 1,642 0,559 0,003 2
Pyrraline 1,436 0,636 0,024
3-Indolecarboxylic acid glucuronide 1,617 0,556 0,004 =
Riboflavin 1,921 0,524 <0,001 R

2-Aminophenol sulphate

HPAA glucuronide

HMBOA glucuronide

HBOA glycoside

HMBOA

DHPPA glucuronide
3,5-Dihidroxifeniletanol sulphate
DHPPTA sulphate
Hydroxybenzoic acid glucuronide

100

1,856 0,659 0,005 |
1,289 0,439 0,003 |

Sanstvty (%)

1,685 0,481  <0,001 |

" : ; | 90%-100% = excellent
Dihydroferulic acid sulp.hate 0,911 0,438 0,037 80%-90% = good
Enterolactone glucuronide 1,157 0,581 0,047 - 70%-80% = fair
Pyrraline 1,397 0,502 0,005 W m M - - 60%-70% = poor
3-Indolecarboxylic acid glucuronide 0,980 0,449 0,029 comotiny ) 50%-60% = fail

(Garcia-Aloy M et al. Metabolomics, 2015)
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Prediined.

MULTIMETABOLITE
COMBINED MODELS

s S

Coef. Err. Est. P

HPAA glucuronide
[ HHPAA

HMBOA glucuronide

HPPA

HMBOA
| Enterolactone glucuronide
Pyrraline
3-Indolecarboxylic acid glucuronide
Riboflavin

2,923 0,924 0,002 |

<0,001 |
0,020 |

2,009 0,500
1,248 0,536

2-Aminophenol sulphate
HPAA glucuronide
HMBOA glucuronide
HBOA glycoside
HMBOA
DHPPA glucuronide
3,5-Dihidroxifeniletanol sulphate
DHPPTA sulphate
Hydroxybenzoic acid glucuronide
| Dihydroferulic acid sulphate
Enterolactone glucuronide
Pyrraline
3-Indolecarboxylic acid glucuronide

(Garcia-Aloy M et al. Metabolomics, 2015)

[ 1,159 0,327 <0,001 |

[ 1,077 0,355 0,002 |

Sanstvty (%)

Sanstvty (%)

Spactioty ()

90%-100% = excellent

80%-90% = good
70%-80% = fair
60%-70% = poor
50%-60% = fail

wo om w ow om
Spactioty ()

Prediined.

ABSTRACT

FFQ

rine. HPLO-
o ToFMS,

1,

&l

+ Unsupenvissd
tschnigues
(PCA)

+ Supenised
technigues
(PLS-DA}

(Garcia-Aloy M et al. Metabolomics, 2015)

Benzoxazinoid-related
compounds

Alkylresorcinol
metabolites

Microbial-derived
metabolites

Markers of heat-
treated food products

Metabolites related with
bread composition

Endogenous
metabolites

14-Apr-16
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Methodology

INTERVENTION STUDY

WOTEH TS

o

UIFMEIREnLis
UnaveRsiaT
® ROVIRA | VIRGIL
RANDOMIZATION [ JErsrerre—— Crherobn

INTERVENTION PERIOD

(12 weeks)

WO w12

CONTROL
GROUP

NUTS & WALNUTS

OBSERVATIONAL STUDY

AGL2009-13906-C02-01

dowoniirs
Nl renomics
PREDIMED COHORT

(n=7447)

t e

10sars’

10lsars’

VINIVERSITAT

DEVALENCIA
Uriversidzed VIIVERSITAT
e Newarra EEVALENCIN

Subsample 2 (n=327)

Subsample 1 (n=275)
[cross-sectional analysis]

[cross-sectional analysis]

WALNUT consumption stratification

Excluded

Excluded
(n=141)

Non- Habitual Non- Habitual

(n=128) (n=67) (n=104) : (n=82) :

(Tulipani S et al. J Proteome Res, 2011; Garcia-Aloy M et al. J Proteome Res, 2014)

INTERVENTION STUDY

NUTS & WALNUTS

OBSERVATIONAL STUDY

Prediii

Multivariate analysis:

“l " 7 T ""\\ ‘Sw : Consumers
// ‘.\ wf * R oot o8
‘/ ‘\ £ Xy e
. J: b Lob k] Sl
e Edice B test
T B e
s-plot SEE==ssae N
- BES v SOR N V-plot 3
& : (vIP) e
-
: g .,

Gmmmm:
256 401 400 02 401 090 A5 002 053 404 0G6 006 067 008 005 010
st

Cutoff in
metabolomic studies

(Tulipani S et al. J Proteome Res, 2011; Garcia-Aloy M et al. J Proteome Res, 2014)
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NUTS & WALNUTS
INTERVENTION STUDY OBSERVATIONAL STUDY 7=t

DETECTED — MASA | |
MASS ASSIGNATION IDENTIFICATION (min) DETECTADA| ASIGNACION IDENTIFICACION
(m/z (m/z)
257.0085 [[M - H]~ 10-Hydroxy-decene-4,6- _HI- 10-Hydroxy-decene-4,6-diynoic|
177.0545 |[[M - H - sulfate]- diynoic acid sulfate ' 4.62 257.0149 |[M - H] acid sulfate
385.1844 |[M - H] Tridecadienoic/tridecynoic 6.20 | 385.1838 |[M-H]" Tridecadienoic/tridecynoic acid
6.25 | 386.1880 |[I3C[M - H]- acid glucuronide 386.1899 [13C[M - H]- glucuronide
387.2011 |[M + H]* 387.1995 |[M + H]*
193.1576 |[M + H - GIcA - H,0]* - —Glc
6.72 | 229.1403 [[M-H] z Dodecanedioic acid 5.22 | 419.0618 |[[M -H]" Urolithin C glucuronide
230.1441 |13C[M - H]- 5.25 :gzgg% QEI:[—MH]'H]. Urolithin A glucuronide
211.1314 |[[M-H - H,0]- d =
167.1433 FM —H-H o]— COl- 227.0398 |[M - H - GlcAl
2.55 | 204.9827 |[M-H]- Pyrogallol sulfate 228.0425 | *°C[M - H - GlcAl-
233.0118 |[HSO, - HI- 405.0830 _|[M+ H]"__
5.10 325.0890 |[[M - H]" p-Coumaryl alcohol gggé}‘gg m : de]GI AT
326.0987 |13C[M - H]- lucuronide . - Gl
403.0627 |[M [_ HI- 1 ngroIithinA glucuronide 5.35 483.0227 M - H]- Urolithin A sulfoglucuronide
5.28 13 - 6.25 387.0770 M - H]- Urolithin B glucuronide
: gg‘;'ggg‘; p,fEMH 7H(]5| AT 211.0381 [[M-H - GIcA]-
d L Al 212.0436_|°C[M - H - GICAT
2050817 M+ HIL 389.0864 |[M + HI*
229.0495 |[M + H - GIcA]* 1 2'0;24 [M+ H = GIcA]"
5.30 483.0195 |[M - H]- Urolithin A sulfoglucuronide 6.34 473.1491 |[M - H]- EnterolactonelgGeimonide)
6.55 229.0197 |[M-H] p-Coumaryl alcohol sulfate N 474'1525 T3CM - HI- 9
13 - - -
230.0221 | C[M - H] - 297.1127 |[M - H - GICAT"
149.0615 |[[M - H - sulfate] +
150.0646 |3C[M - H - sulfate]- 492.1842 |[M + NH,]
- = o 6.67 | 243.0295 |[[M - H - sulfate] | Urolithin C sulfate
6.75 | 306.9885 [[M - H] Urolithin A sulfate T "
2 6.72 | 306.9915 |[M - H] Urolithin A sulfate
4.30 | 297.0560 [[M - H]- N-Acetylserotonin sulfate 227.0348 |[M - H — sulfatel”
4.62 | 190.0505 I[M-H" Hydroxy etic acid 3.23 | 336.0751 |[M-HI" 3-Indolecarboxylic acid
146.0614 |[M-H ’+C0 1 338.0854 |[M + H]* glucuronide
192.0648 |[M + H] = 3.83 | 270.0081 |[M - H]" Hydroxyindoleacetic acid sulfate
174.0539 [M +H - H,0] 4.20 | 297.0561 |[M - HI" N-Acetylserotonin sulfate
146.0592 [[M + H - CH.O.]*

Tulipani S et al. J Proteome Res, 201

NUTS & WALNUTS

INTERVENTION STUDY OBSERVATIONAL STUDY 7=
s RN AT ION RT m/z | ASSIGNATION |IDENTIFICATION
403.0627 Urolithin A __
5.28[404.0654 |13C[M - H]" glucuronide 5.251403.0662 | i Urolithin A
227.0357 5 404.0677 |3C[M - H glucuronide
405.0817[[M + H]*+ 227.0398 L Al
229.0495|[M + H - GIcA]* | 228.0425 |13C[M - H - GlcA]
1 i e +0405.0830{[M + HI*
| AR CSIC00|[M + NH,*
o [M-H- glucuronlde]’@ STANDARD (5 ppm) or2¢.E9n 90][M + H —AGIcA]+

1 <

0|

) 13028
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NUTS & WALNUTS

OBSERVATIONAL STUDY

AUCs

10-Hydroxy-decene-4,6-diynoic acid sulfate

Tridecadienoic/tridecynoic acid glucuronide

Urolithin C glucuronide

Urolithin A glucuronide

Urolithin A sulfoglucuronide

Urolithin B glucuronide

Enterolactone glucuronide

Urolithin C sulfate

Urolithin A sulfate

Subsample 1

74.4% (66.4%-82.5%)

85.1% (79.8%-90.4%)

75.4% (67.7%-83.0%)

82.0% (75.7%-88.4%)

70.4% (62.0%-78.7%)
59.1% (50.6%-67.7%)
62.3% (54.1%-70.5%)
69.7% (61.5%-78.0%)

78.7% (71.3%-86.1%)

Subsample 2

72.6% (65.0%-80.3%)

77.2% (70.4%-84.0%)

71.4% (63.8%-79.0%)

83.2% (77.3%-89.1%)

79.0% (72.1%-85.9%)
67.7% (59.6%-75.8%)
66.3% (58.4%-74.2%)
73.3% (65.7%-80.9%)

79.2% (72.5%-85.9%)

3-Indolecarboxylic acid glucuronide

Hydroxyindoleacetic acid sulfate

N-Acetylserotonin sulfate

73.7% (66.2%-81.3%)
61.0% (52.5%-69.6%)

64.5% (56.2%-72.8%)

60.2% (52.0%-68.4%)
68.8% (61.2%-76.3%)

64.5% (56.5%-72.5%)

90%-100% = excellent; 80%-90% = good; 70%-80% = fair; 60%-70% = poor; y 50%-60% = fail

(Garcia-Aloy M et al. J Proteome Res, 2014)

NUTS & WALNUTS

OBSERVATIONAL STUDY
AGL2009-13906-C02-01
doioris. o ..
NUTHEIRCOONIS @) woversio demaroskns PREDIMED COHORT predi'med‘ - i
- (n=7447) revencion con Dreta sscvernanes ¥ b 106N
TRAINING SET I VALIDATION SET
\',:!,fl"_’ Subsample 1 (1=275) Subsample2 (n=327) | toferrs’
[cross-sectional analysis] [cross-sectional analysis] ?é;b‘i‘.‘ﬁbt\i

WALNUT consumption
stratification
Excluded
(n=80)

v

Excluded
(n=141)

v

My

Non- Habitual Non- Habitual
consumers consumers consumers consumers
(n=128) (n=67) (n=104) (n=82)

(Garcia-Aloy M et al. J Proteome Res, 2014)
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NUTS & WALNUTS

2 OBSERVATIONAL STUDY B .

STEPWISE LOGISTIC REGRESSION

. Standard
l TRAINING SET ] Coefficient Error

10-Hydroxy-decene-4,6-diynoic acid sulfate

Tridecadienoic/tridecynoic acid glucuronide

Urolithin C glucuronide

Urolithin A glucuronide 0,778 0,305 0,011
Urolithin A sulfoglucuronide

Urolithin B glucuronide

Enterolactone glucuronide

Urolithin C sulfate

Urolithin A sulfate

3-Indolecarboxylic acid glucuronide

Hydroxyindoleacetic acid sulfate
N-Acetylserotonin sulfate

(Garcia-Aloy M et al. J Proteome Res, 2014)

| Resuts
NUTS & WALNUTS

MULTIMETABOLITE COMBINED MODELS PrECe .

Training set Validation set

=1 =1
S o S o
o | o |
< <
= o | s |
£ @ 2
=
=
2z [ — [ —
o o | = Ac. 3-indolcarboxiico GicA o | = Ac. 3-indolcarboxiico GlcA
@ s — Ac. hdroxindolacéico Sulf ¥ — Ac. hdroxindolacéico Sulf
Aceiserotorina Suff Aceiserotorina Suff
— e, 0-hidroxidecene-4,5-dinoico Sulf — e, 0-hidroxidecene-4,5-dinoico Sulf
Uroitna C GicA Uroitna C GicA
o | — Uroltna A GicA o | — Uroltna A GicA
] Uraitina A sulfoglucurénido ] Uraitina A sulfoglucurénido
— Ac. tridecadienoicoftridecinoico GicA — - Ac tridecadienoicoftridecinoico GicA
— - Uroltina B GlcA — - Uroltina B GlcA
~ - Enterolactona GicA ~ - Enterolactona GicA
— - Uroltna C Suf — - Uroltna C Suf
o = - Uroltina A Sulf o — Uroitina A Sulf
T T T T T T T T T T T T
100 80 60 40 20 0 100 80 60 40 20 0
Specificity (%) Specificity (%)

AUC = 93.45% (90.08%-96.81%) AUC = 90.22% (85.87%-94.57%)

90%-100% = excellent; 80%-90% = good; 70%-80% = fair; 60%-70% = poor;y 50%-60% = fail

arcia-Aloy M et al. J Proteome Res, 2014)
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RANDOMIZATION

INTERVENTION PERIOD

(12 weeks)
ki

CONTROL / ‘
GROUP

NUTS
GROUP
i
BIOMARKER
Markers of PANEL
fatty acids
metabolism

Markers of
microbial-derived
metabolism of nuts

P i mm i ms Pk

wsf

AUC
>90%
[excellent]

Sammaa: Markers of the
95 404 43 02 401 040 051 002 038 9% 0ok 038 06 1rypmpha.n/serotonin
metabolic pathway

(Tulipani S et al. J Proteome Res, 2011; Garcia-Aloy M et al. J Proteome Res, 2014)

Methodology

COCOA

INTERVENTION STUDY OBSERVATIONAL STUDY
a .
i IRt LT T— PREDIMED COHORT
0 LiNIC N aoasn
(oo L b fr—
AGL2004-08378-C02-01 AGL2009-13906-C02-01 * IDI--"’
RANDOMIZATION VNIVERSITAT
INTERVENTION INTERVENTION ' - - EVALENCIA
PERIOD PERIOD i ubsample (n=275) it
(4 weeks) (4 weeks) l : [cross-sectional analysis]

w2 W6
COCOA consumption stratification

i CONTROL Excluded (n=120):
GROUP + not meet stratification criteria
WASHOUT WASHOUT * *
1 2
Non- Habitual
. consumers Consumers
CONTROL (n=192) (n=32)
GROUP
Excluded (n=120):
+ Case-control selection

Habitual
Consumers
(n=32)

Non-
5| g s

(Llorach R et al. Mol Nutr Food Res, 2013; Garcia-Aloy M et al. Mol Nutr Food Res, 201
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INTERVENTION STUDY

- OPLS-DA

o el

.

SUS-plot

Llorach R et al. Mol Nutr Food Res, 2013; G

.

COCOA

Multivariate

Aloy M et al. Mol Ni

EGEUE S

OBSERVATIONAL STUDY

Prediiied

.| OSC-PLS-DA

.
seo% e &
e v .

.

No consumidores
°

Consumi

idores Permutation

test
i~
ol ’

Cutoffin

Food Res, 2015)

metabolomic studies

COCOA

INTERVENTION STUDY OBSERVATIONAL STUDY 7=
RT | DETECTED MASS RT | DETECTED MASS
(min) ASSIGNATION IDENTIFICATION (min) (m/2) ASSIGNATION IDENTIFICATION
99.0832/197.0691[[M + H]*/[M - H]-| AMMU 0.63 [151.0259 M - H) Xanthine
83.049 + H]* 7-Methyluric acid
99.0844/197.0701[M + HI'/[M - HI-|_AMMU isomer Q7 |ERMTE M+ H]* ANHD
d 83.051 + H]* 3-Methyluric acid 0.87 [199.0785 M +H]* AMMU isomer
.g; ;gg; s o - T ;—l feti i 1.13 |183.0509/181.0325|[M + H]*/[M - H]-| 3-Methyluric acid
. . . + W - HI] -Met N -
[2.80 |197.0688/195.0526/[M + H1*/[M - HI | 3,7-Di icacid 37411 67:0568 [MERIH] 2 |
1071 £ HI* Theobromine. 1.62 |167.0597/165.0416|[M + H]*/[M - H]-| 3-Metilxanthine
3.068 —H]- Vanillic acid 1.85 | 197.0678/195.0500 [M + H]*/[M - H]| 3,7-Dimethyluricacid
26.0711/224.0592|[M + H]*/[M - H]"| Vanilloglycine q
Ko7t METR: (Eoi)catechin 2.75 [181.0707 [M + H]* Theobromine
M = HT- Vanillic acid 4.38 |230.9982 M - H Vanillin sulfate
M= HI (Epi)catechin I 4.48 |465.1013 [M + H]* (Epi)catechin glucuronide
s M= HI Methyl(epi)catechin sulfate 4.85 |167.0365 M- HI Vanillicacid
[[4.05 [401.1112 M= H]- HDHPVA 5.37 |369.0252 [M-H] (Epi)catechin sulfate
;%.éggg m = r’: nap\r;vA 3.73 [401.1072 M - H HDHPVA i
i T HI s
415.1270 M = H]- HHMPVA sulfate 3.90 |415.1237 [M - H] HHMPVA
4.87 |385.1143/383.0995([M + H]*/[M = H-| DHPV i 3.90 [223.0025 M +H]* MHPV.
g-gg 32;-;;23 m = :} g:::// 4.15 |287.0229 [M - H - GIcA] DHPV
5.12 289.0365 M+ H]* DHPV sulfate -200 13851005 [MEI]S DHEV]
5.13 [367.1025 M = H]- H i 4.30 |225.0736 M- H] HDHPVA
gz gg?ﬁg? m = : - nachA sulfate 4.37 [305.0291 M- HI- HDHPVA sulfate
253 [289.0379 MBS DHPV suifate 4.42 |385.1105/383.0972|[M + H]*/[M - H]-| DHPV glucuronide
5.72 [287.0221 M = H]- DHPV sulfate 4.60 |319.0495 M- H) HHMPVA sulfate
6.12 |289.0374/287.0188|[M + HI*/[M - H]-| DHPV sulfate 4.60 |397.1101 M- HT MHPV glucuronide
6.45 [271.0309 M - H]- HPVA sulfate . -
550 | 301°0416 MBS MHPV suifate 4.70 |367.0990 [M - H] HPV glucuronide
7.12 [289.0406 M = H]- DHPVA sulfate 5.22 |289.0343 [M + H]* DHPV sulfate
17 1273045 Mot - HPVA sulfate. 5.62 |191.0678 [M - H - sulfato] | HPV sulfate
ggg 140.0328 m : H Ir dro inicacid 6.54 |289.0391 [M-H] DHPVA sulfate
3.08 3,5-Diethyl-: i 6.64 |273.0454 [M - H] HPVA sulfate
4.67 NN-rM,’-'_"* z 3 i ]-L-aspartic a1cid | 1.88 [170.0449 [M + HI* Furoylglycine
| roxy-3"-mef _asparti
2022000702 4.72 |261.0872 M- HI Cyclo(asparty )
1.97 [232.1547 281.1135/27! [M -+ H]'"/[M - H]-|_Aspartyl-Phenylalanine
2.28 1290.1600

14-Apr-16
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LONG-TERM INTERVENTION

Metabolomic fingerprint in patients at high risk

An LC-MS-Based Metabolomics Approach for Exploring Urinary
ifications after Cocoa i

Aatanl 0

-, Mirwin
and Crting Ancros-Lscunva’

of cardiovascular disease by cocoa intervention

Urpr-Sord’, Sars Tulipan*”, My

14, Maria Manager’

Rafaed Lioach. " Mireta Urpt-Sarda,'” Olgs Jauregul.** Marta Monagas.' and
Cristina Andres-Lacveva®"*

oA, A P

(AMMU

AMMU isomer

3-Methyluric acid R
Theobromine

7-Metilxanthine .
Metabolism

3-Metilxanthine
3,7-Dimethyluric acid
Qheobromine

Acute Intervention

FREE-LIVING POPULATION

Untargeted metabolomics approach to obtain a
metabolic footprintof regular dietary
ion by igning models of i
urinary biomarkers: Cocoaproductintakein free-
living subjects from the PREDIMED study

Mar Garcia-Aloy, Rafael Liorach, Mireia Urpi-Sarda, Olga Jauregui, Dolores
Corella, Miguel A. Martinez-Gonzélez, Jordi Salas-Salvado, Montserrat Fito,
Emilio Ros, Ramon Estruch, Cristina Andres-Lacueva. [submitted]

Long-term intervention

Free-living population

( Methoxyhydroxyphenylvalerolactone

(Garcia-Aloy M et al. Mol Nutr Food Res, 2015)

5-(3',4’-Dihydroxiphenyl)-valerolactone glucuronide Polyphenol metabolites

5-(3’,4’- Dihydroxiphenyl)-valerolactone sulfate produced by microbiota

>3

OBSERVATIONAL STUDY

(AMMU \

AMMU isomer
3-Methyluric acid
7-Metilxanthine
3-Metilxanthine
3,7-Dimethyluric acid

Qheobromine /

( Methoxyhydroxyphenylvalerolactone
5-(3’,4’-Dihydroxiphenyl)-valerolactone GlcA

COCOA

AUCs

88.18% (79.47%-96.90%)
76.66% (65.05%-88.27%)
82.23% (71.23%-93.22%)
88.28% (80.09%-96.48%)
85.16% (75.59%-94.72%)
83.59% (73.28%-93.91%)
69.82% (56.45%-83.20%)

) 73.44% (60.63%-86.24%)

68.26% (55.02%-81.51%)

\ 5-(3’,4’- Dihydroxiphenyl)-valerolactone sulfaj

£71.09% (58.27%-83.92%)

Prediined

Specifcity (%)

90%-100% = excellent; 80%-90% = good; 70%-80% = fair; 60%-70% = poor; y 50%-60% = fail

(Garcia-Aloy M et al. Mol Nutr Food Res, 2015)
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MULTIMETABOLITE COMBINED MODELS Breditied

STEPWISE LOGISTIC REGRESSION

TRAINING SET

Standard

Coefficient Error P

AMMU
AMMU isomer

3-Methyluric acid

[ 7-Metilxanthine 5,563 1,899 0,003 |

3-Metilxanthine
3,7-Dimethyluric acid

Theobromine

Methoxyhydroxyphenylvalerolactone

l5—(3’,4’—Dihydroxiphenyl)—valerolactoneGIcA 4,081 1,559 0,009 I

5-(3’,4’- Dihydroxiphenyl)-valerolactone sulfate

(Garcia-Aloy M et al. Mol Nutr Food Res, 2015)

| Reuts |
© T

MULTIMETABOLITE COMBINED MODELS Prediined,_
| TRAINING SET | | VALIDATION SET |

100
1

80
1

AUC = 95.69% AUC = 92.56%
1 (89.83%-100%) (81.92%-100%)

Sensitivity (%)

40

T T T T T T T T T T T T
100 80 60 40 20 0 100 80 60 40 20 0

Specificity (%) Specificity (%)

90%-100% = excellent; 80%-90% = good; 70%-80% = fair; 60%-70% = poor; y 50%-60% = fail

(Garcia-Aloy M et al. Mol Nutr Food Res, 2015)
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INTERVENTION PERIOD INTERVENTION PERIOD

2

ABSTRACT

RANDOMIZATION

(4weeks) (4 weeks)
W2 W6 w8 wi2

f' CONTROL GROUP
wASHOUT 1|
f' COCOA GROUP

COCOA GROUP FFQ
|| waskout2 ‘
CONTROL GROUP

Consumption
data ‘

= Biomarker
panel

Theobromine
metabolism

0

Polyphenol
metabolism

prw—
"

w0

g o g
HPLC- Data lon = -
q-ToF-MS processing Characterization L=
* Marker Metabolite
- L Sertfeaton Cocoa taste and
JE— @ hf-'i,’;, flavour

Multivariate wooow oW P ®
analysis Metabolome . 02 = .

* Unsupenised =
techniques “l Mossba

(PCA)

+ Supenised Endogenous
techniques
PLSOA markers

(Llorach R et al. Mol Nutr Food Res, 2013; Garcia-Aloy M et al. Mol Nutr Food Res, 2015)

1. Metabolic footprint of daily consumption of BREAD is characterized by compounds from

own cereal phytochemicals, such as benzoxazinoids and alkylresorcinols metabolites; by
compounds produced by the microbiota, as the metabolites of the enterolactones, hy-
droxybenzoic acid and dihydroferulic acid; as well as other compounds such as pyrraline
and 3-indolecarboxylic acid glucuronide. Furthermore, among consumers of whole-grain
bread showed increased and decreased excretion of 2,8-dihydroxyquinoline glucuronide
and acetylcitrulline, respectively, which might be involved in the beneficial effects

associated with the intake of bread previously observed in epidemiological studies.

2. Metabolic footprint of regular consumption of NUTS, particularly WALNUTS, is
characterized by markers of fatty acid metabolism, compounds derived from the
metabolism of ellagitannins by the microbiota, as well as compounds of tryptophan and
serotonin metabolic pathway. The importance of the identification of the latter class of

compounds is in the role of serotonin in the regulation of energy balance.

14-Apr-16
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Metabolic footprint of habitual consumption of COCOA is characterized by compounds
of theobromine and polyphenol metabolism, as well as metabolites related to the
processing of cocoa. Cocoa consumption has also been associated with reduced urinary
excretion of metabolites related to the metabolism of acylcarnitines and tyrosine
sulfation, which may be related to cardiovascular disease.

Many of the characterized biomarkers in clinical trials of nutritional intervention have

been replicated in free-living subjects evaluated in observational conditions.

Analysis of stepwise logistic regression allows the combination of different metabolites
with discriminatory capacity for consumption of certain foods that are characterized by
being formed by compounds of different nature that might provide additional
information.

The predictive ability of dietary exposure through the combined multi-metabolite models
is improved compared to the ability of these compounds evaluated individually. The
combined models could be useful in improving the accuracy in the assessment of dietary
intake.

The nutrimetabolomics allows us to reveal possible mechanisms of action to explain the
effect of diet observed in epidemiological studies and, thus, contribute to the generation of
new hypotheses in the field of food and health.
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