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El sufijo “-oma” tiene origen griego y 

significa “conjunto de”; el empleo de este 

sufijo define las nuevas aproximaciones 

masivas hacia las que están derivando 

distintas disciplinas científicas en el campo 

de Ciencias de la Vida (p.ej., el estudio del 

genoma, proteoma, metaboloma…), esto 

incluye: 

- Perfeccionamiento y desarrollo de nuevas técnicas y metodologías en el 

campo de la biología, bioquímica, química analítica, bioinformática, etc.   

 

- Nuevas formas de entender y manejar la información disponible.  

 

- Nueva aproximación a las cuestiones que se plantea la humanidad.  

 

OBJETIVO: EL BENEFICIO GLOBAL (OPEN DATABASES) 

 

La era –ómica  



Proyecto Genoma Humano: El principio 



El objetivo del Proyecto Genoma Humano fue 

mejorar nuestro conocimiento de la fisiología y salud 

humanas, ayudando a combatir de forma más eficaz 

enfermedades infecciosas y no-infecciosas. 

 

El trabajo de interpretación de los genomas 

secuenciados está aún en desarrollo y se considera 

que un conocimiento pormenorizado de los mismos 

proporcionará importantes avances en medicina, 

farmacología, biotecnología, etc. 

Proyecto Genoma Humano: El objetivo 



La era postgenómica  



La (mala) salud en la era postgenómica    

-Cuatro enfermedades no transmisibles son hoy las 

responsables del 80% de las muertes en el mundo: cáncer, 

enfermedades cardiovasculares, diabetes y enfermedades 

respiratorias crónicas. 

  

-La población mundial alcanzará los 9.6 billones en 2050, de 

los cuales un 19% (2 billones) serán mayores de 60 años, 

mucho más susceptibles a padecer las 4 enfermedades no 

transmisibles mencionadas (United Nations, 2014).   

 

-Existe una creciente población con sobrepeso (mención 

especial a la población infantil), con riesgo de padecer 

obesidad y diabetes tipo 2.   



Cómo pueden los alimentos 

contribuir a estos retos? 



“Somos lo que comemos” 

Hipócrates, siglos IV-V a.c. 

 

“Que el alimento sea tu mejor medicina y  

tu mejor medicina sea tu alimento”  

Hipócrates, siglos IV-V a.c. 

 

“Los jóvenes de hoy no parecen tener respeto alguno por el pasado  

ni esperanza alguna para el porvenir” 

Hipócrates, siglos IV-V a.c. 

 

Volvamos 2500 años atrás 

 

Los alimentos: Algunas frases de Hipócrates 



Otros retos importantes en el  

Área Agroalimentaria, p.ej.:    

1. To produce new functional foods with scientifically proved claims 

 

2. To detect food safety issues at early stage, before they become global! 

 

3. To develop, produce and monitor new transgenic foods 

 

4. To understand the effects of gene-food interaction on human health 

(Nutrigenomics) 

 

5. To explain the different answers from individuals to food (Nutrigenetics) 

 

6. To establish the global role and functions of gut microbiome 

 

7. To reduce through diet the impact of cardiovascular diseases, obesity and 

cancer (discovering the molecular mechanisms behind).  

 

8. To get a personalized nutrition: How far we are? 

 



To get a personalized nutrition: How far we are? 



9. To reduce food allergy and food allergens 

 

10.  To confirm food quality and traceability 

 

11.  Understand the stress adaptation responses of food-borne pathogens 

 

12.  To understand the molecular basis of biological processes essential for 

improving agronomic and farm animal production 

 

13.  To understand postharvest phenomena through a global approach 

(genetics linked to environmental responses: biological networks) 

 

14.  To carry out pangenomics of industrial starter cultures and probiotics 

 

15.  Bioinformatics (including data processing, clustering, dynamics, or 

integration of the various ‘omics’ levels) will have to progress. 

Nuevos retos normalmente requieren nuevas respuestas…. 

Otros retos importantes en el  

Área Agroalimentaria, p.ej.:    



Alimentómica 

MEJORAR EL BIENESTAR  

Y LA CONFIANZA  

DE LOS CONSUMIDORES Y 

ASEGURAR EL CUMPLIMIENTO  

DE LA LEGISLACIÓN 

Nuestro grupo ha acuñado el término Foodomics (Alimentómica) y lo ha definido por 

primera vez en una revista SCI como: una nueva disciplina que estudia los alimentos, 

incluyendo sus múltiples conexiones con la nutrición y la salud, mediante el empleo 

de técnicas ómicas con el fin de mejorar la salud y la confianza del consumidor.  
(Cifuentes et al.; J. Chromatogr. A 1216 (2009) 7109; Electrophoresis 31 (2010) 205;  

Mass Spec. Rev. 31 (2012) 49). 

 

El interés en Foodomics coincide con una clara tendencia en medicina y biociencias 

hacia la prevención de enfermedades futuras. 



Bioinformatics 

Toxicity assays 

In-vitro assays 

In-vivo assays 

Clinical trials 

 

Nutrigenomics 

Nutrigenetics 

Microbiomics 

Toxicogenomics 

Development of: 

Functional foods 

Nutraceuticals 

GM foods 

Food safety 

GM foods monitoring 

Epidemiological 

studies 

FOODOMICS 

Food quality 

Foodomics: A new omics for a new food era 

To improve consumers 

well-being and confidence  

fulfilling legislation 
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• Processing 

 

•Transgenic foods 
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μεταβολή 

es el conjunto de pequeñas moléculas en una muestra determinada: suero, orina, células, 

tejidos, órganos, organismo 

son los intermediarios y productos del metabolismo 



BIOMARKER IDENTIFICATION 

PATHWAY ANALYSIS AND CONFIRMATION 

DATA ANALYSIS AND MULTIVARIATE STATISTICS 

Peak finding, peak integration, time 
alignment, adduct removal, normalization, 
etc... 

METABOLOMICS/FINGERPRINTING MS 

LC-MS 

GC-MS 

CE-MS 

NMR… 

SAMPLE PREPARATION/METABOLITES EXTRACTION 

time, reproducibility, selectivity 



Toxicology 
Toxicity assessment 
Toxic effects of drugs 

Plant biotechnology 
Crop improvement 
Transgenic research 
Plant breeding 
Improve stress tolerance 

Systems Biology 
Dynamics in biological systems 
Explore metabolic networks 

Pharmacology 
Drug discovery 
Treatment 
Doses evaluation 

Human diseases 
Diagnosis 
Determination of disease state 
Prevention 
Biomarker discovery 
Risk determination 

Food technology 
Food safety, quality 
Nutrigenomics 

Microbial biotechnology 
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Fermentation 
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Enzyme discovery 
Discovery of biochemical pathways 
Link changes in metabolite levels to catalytic activity 
Improve catalytic efficiecy of enzymes 

Figure modified from: 



Traceability 

Substantial equivalence 

Adulteration 

Processing 

Health 

Legislation 

Contamination 
Toxicity Fuctional food 

Nutraceuticals 

Allergenicity 
Intolerance 

Int. J. Mol. Sci. 2016, 17, 1871 



Metabolomics was done using  UHPLC-

ESI/qTOF-MS.  

The metabolic differences among tissues 

within a plant provide another source of 

variance that can be harnessed in the 

quest to understand gene function. The 

workflow defines a framework for future 

evolutionary studies on plant tissue 

metabolic specialization. 

 

PNAS, published online Nov 7th, 2016 
www.pnas.org/cgi/doi/10.1073/pnas.1610218113 

 

http://www.pnas.org/cgi/doi/10.1073/pnas.1610218113


Recent advances in metabolomic and 

lipidomic technologies and analysis have 

increased our knowledge of the plant 

lipidome, its biosynthesis, regulation, 

adaptation, remodeling, functions, roles, 

and interactions. This paper discusses 

specific issues pertaining to lipidomic 

research in plants, and how lipidomics has 

helped elucidate key issues in plant cell 

biology, immunity, response to stress, 

evolution, crop enhancementd - to name 

but a few. 

 

Biochimie 130 (2016) 91-96 



Interactions between roots and 

rhizosphere community members 

are mostly achieved via chemical 

communication. Root exudates 

contain an array of primary and sec- 

ondary plant metabolites that can 

attract, deter, or kill belowground 

insect herbivores, nematodes, and 

microbes, and inhibit competing 

plants. Metabolomics of root 

exudates can potentially help us to 

better understand this chemical 

dialogue. 

Trends in Plant Science 21 (2016) 256-265  
http://dx.doi.org/10.1016/j.tplants.2016.01.008 

 

 

http://dx.doi.org/10.1016/j.tplants.2016.01.008


Annu. Rev. Plant Biol. 2010. 61:463–89 

Metabolomics plays a significant 

role in fundamental plant biology 

and applied biotechnology. Plants 

collectively produce a huge array of 

chemicals, far more than are 

produced by most other organisms. 

Metabolomics applications include 

quantitative loci analysis, prediction 

of food quality, and evaluation of 

genetically modified crops. Systems 

biology driven by metabolome data 

will aid in deciphering the secrets of 

plant cell systems and their 

application to biotechnology. 





Figure 1. Metabolomic profiling of coffee samples using GC-TOF-MS. 

Chang KL, Ho PC (2014) Gas Chromatography Time-Of-Flight Mass Spectrometry (GC-TOF-MS)-Based Metabolomics for 

Comparison of Caffeinated and Decaffeinated Coffee and Its Implications for Alzheimer’s Disease. PLOS ONE 9(8): 

e104621. doi:10.1371/journal.pone.0104621 

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0104621 

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0104621


Principal Component Analysis (PCA) of these 
significant ions shows the dynamic evolution 
of the urine metabolome after ingestion of 
orange and grapefruit juice 

Control 

Grapefruit 

Orange juice 
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Bioactivity of food ingredients against: 
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 Transgenic maize (Bt corn) 

 A new CryIA(b) gene (encodes for a Bacillus thuringiensis protoxin) is 

inserted by recombinant DNA techniques into the maize genome.  

 The new protoxin acts as insecticide against lepidopters. 

 

 Transgenic soybean (RR soybean) 
 A new CP4 EPSPS gene from Agrobacterium (that encodes for a   

 CP4 5-enolpyruvylshikimate-3-phosphate sintase, CP4-EPSPS)  

 is inserted by recombinant DNA techniques into the soy genome.   

 The new CP4-EPSPS enzyme allows to the GM plant to resist  

 the effect of the herbicide glyphosate. 

 

 Can the new inserted genes give rise to other unintended effects? 

 The European Food Safety Agency (EFSA) recommends the 

 development of profiling techniques to study these unexpected effects.  



The score scatter plot underlines a different 

pattern for the transgenic (blue color)  

and wild maize lines (red color). The different 

properties of the discriminative masses  

(represented in blue and red in the loading plot) 

were investigated with MassTRIX.  

 

Statistical analysis of the data from non-target 

metabolomics (based on FT-ICR-MS and CE-

TOF-MS analysis) lead to the tentative 

identification of possible biomarkers specific of 

GM vs. wild organisms. 

NON-TARGET METABOLOMICS: FT-ICR-MS & CE-TOF-MS 

TRANSGENIC vs. CONVENTIONAL MAIZE 





Foodomics projects in our lab on: 

Alzheimer Colon cancer Leukemia 

Population study 

Biological sample: 

Cebrospinal fluid  

(CSF) 

Human cell lines 

Animal models 

Biological samples: 

DNA, RNA, 

proteins and  

metabolites 

Human cell lines 

Biological samples: 

DNA, RNA, 

proteins and  

metabolites 

In collaboration with 

Karolinska Institute  

(Stockholm, Sweden) 

In collaboration with 

Univ. Miguel Hernandez, Elche, Spain 

University of Granda, Granada, Spain 

Transgenic foods 

Other foods & ingr 

GM corn, GM soya,  

GM yeasts… 

DNA, proteins and  

metabolites 

In collaboration with 

GSF 

(Munich, Germany) 

Safety, quality and 

traceability of 
Bioactivity of food ingredients against: 



· Type of phenolic compounds abundantly found 
in vegetables. 
· Consumed in high amounts in diet. 
· Responsible for sensory properties: astringency, 
bitterness, aroma, colour. 
· Different bioactivities described: antioxidant, 
anti-proliferative, anti-inflammatory, among 
others. 

▪ Important natural source of procyanidins. 

▪ Combination of flavan-3-ols forming polymers. 

▪ Different structures formed by catechin, 

epicatechin and epicatechin-gallate. 

▪ Monomers may be linked two type of bonds. 

▪ Extremely great number of combinations 

(composition, degree of polymerization, degree of 

galloylation) 

Two bonds 
A-type procyanidins 

One bond 
B-type procyanidins 



» LC x LC –DAD-MS instrument. 

» Operated using a 10-port 2-position switching 

valve. 

» Interface using two identical injection loops 

· First dimension: microbore column – very low 
flow rates 
· Second dimension: fast separations 
· D2 separation time ≤ time to fill injection loop 
with D1 eluent. 





m/z 1017 m/z 891 m/z 849 m/z 729 
m/z 441 

m/z 577 



Catechin 
Epicatechin 

Dihydrochalcones Flavonols 
Procyanidins 

Caffeoyl quinic acid 

Phloretin-xylosyl-glucoside 

Procyanidin pentamer 



 Type of polyphenols only found in algae. 

 Polymeric forms. 

 Basic unit: phloroglucinol. 

 Important bioactivities in-
vitro: 

» Antioxidant 

» Anticancer 

» Anti-allergenic 

» Anti-inflammatory 

» Antimicrobial 

Phloroglucinol 



» Development of a LC x LC method to separate and identify the 

phlorotannins fraction in Cystoseira abies-marina brown algae. 

· Two different set-ups under study: 
HILIC x RP 

 

(diol x PFP) diol x C18 



DP5 

DP6 

DP7 

DP8 

DP9 

DP10 

DP11 

DP12 

DP13 

DP14 
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AD     Healthy 

• Most prevalent dementia among aged people. 

Increasing incidence (WHO):  

 >20% older than 64 years old. 

 

• Alzheimer’s disease (AD) description 100 

years ago; however origin and causes are 

unknown. 

 

• Progressive destruction and atrophy of brain 

cortex: neurofibrillary tangles and amyloid 

plaques. 

 

 

   

Amyloid plaques Neurofibrillary tangles 



90% advanced cases of AD 

We have developed a metabolomics approach    

for the early diagnosis of AD based on CSF analysis  

6000-10000 € / patient 

MCI: Mild cognitive impairment cannot be detected 
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Colon cancer and diet 

The most diagnosed cancer in Spain: 25000 new cases every year 

The 2nd cause of death by cancer in Europe and 4th in the world 

According to several studies, 80% of the cases are related to diet 

Can we reduce the proliferation speed of colon cancer through 

diet? This would be a great help since this cancer has a high 

percentage of recovery if intervention can commence before the 

period of tumor proliferation preventing the series of events 

leading to metastasis 



SFE 
Polyphenols 

enriched extracts  

characterized by 

LC-UV-MS 

HT29 colon cancer cells 

Treated  

Control 

Selection of the 

polyphenols 

enriched extract 

with the highest 

anti-proliferative 

activity at 10 µM 

RNAs. proteins 

and metabolites 

fractions obtained 

from control and 

treated HT29 cells 

(minimum x 3) 

Data processing 

 
Biomarkers identification and 

confirmation. Pathway analysis and 
biological process understanding 

 

Statistical analysis 

RNAs analysis by  

Human Gene 1.0 ST 

microarrays. Genes 

expressed differentially 

confirmed by RT-qPCR 

Transcriptomics 

Proteins analysis by  

2-D electrophoresis and 

identification of 

differential proteins by 

MALDI-TOF-TOF 

Proteomics 

Metabolites analysis by 

CE-MS. RP/UPLC-MS 

and HILIC/UPLC-MS. 

Identity confirmation 

using standards   

Metabolomics 

Foodomics evaluation of dietary ingredients  

vs. Human colon cancer cells proliferation 

Natural source 
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e.g., omics-approaches, 
electrodriven methods, liquid-
based separation methods… 
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