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1 Introduction to Foodomics. 

Nowadays, boundaries among the different research disciplines are becoming diffuse giving 

rise to impressive possibilities in the emerging interdisciplinary areas. In food science and 

nutrition, this trend has given rise to the development of new methodologies in which 

advanced analytical methodologies, mainly “omics”, and bioinformatics -frequently together 

with in-vitro, in-vivo and/or clinical assays- are applied to investigate topics considered 

unapproachable few years ago. As a result, researchers in food science and nutrition are being 

pushed to move from classical methodologies to more advanced strategies usually borrowing 

methods well established in medical, pharmacological and/or biotechnology research.  

 

One of the main goals in modern food science and nutrition is to improve our limited 

understanding of the roles of nutritional compounds at molecular level (i.e., their interaction 

with genes and their subsequent effect on proteins and metabolites) for the rational design of 

strategies to manipulate cell functions through diet, which is expected to have an 

extraordinary impact on our health. The problem to solve is huge and it includes the study of 

the individual variations in gene sequences, particularly in single nucleotide polymorphisms 

(SNPs), and their expected different answer to nutrients. Moreover, nutrients can be 

considered as signalling molecules that are recognized by specific cellular-sensing 

mechanisms. However, unlike pharmaceuticals, the simultaneous presence of a variety of 

nutrients, with diverse chemical structures and concentrations and having numerous targets 

with different affinities and specificities increases enormously the complexity of the problem. 

It is therefore a necessity to look at hundreds of test compounds simultaneously and observe 

the diverse temporal and spatial responses.  
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Another good example of the application of advanced approaches in food science is the 

development of new transgenic (also called genetically modified, GM) foods in which 

molecular biology, chemistry, agriculture and food science are put together in order to 

adequately develop these new foods. Moreover, monitoring the composition, traceability and 

quality of these GM foods (e.g., discarding the existence of unintended modifications or for 

labelling issues) has been recommended using advanced analytical techniques (EFSA 2006) 

including omics techniques able to provide a broad profile of these GM foods (Garcia-Villaba 

at al. 2010, Levandi at al. 2008, Simó at al. 2010). 

 

This trend has generated the emergence of new areas of research, which usually try to dissect 

the research problem into smaller and more feasible challenges, and with them, a completely 

new terminology. Thus, terms as nutrigenomics, nutrigenetics, nutritional genomics, 

transgenics, functional foods, nutraceuticals, GM foods, nutritranscriptomics, 

nutriproteomics, nutrimetabolomics, systems biology, etc., are nowadays frequently used in 

food science (Powell 2007, Rezzi et al. 2007, Rist et al. 2006, Subbiah 2006, Trujillo et al. 

2006). Interestingly, in practically all these new areas, it is observed that the number of papers 

dealing with opinions, comments and revisions are much higher than the expected number of 

papers showing real experimental data, indicating the interest on these hot topics, but 

demonstrating the complexity of these approaches and the long way to go. 

 

The number of opportunities (e.g., new methodologies, new generated knowledge, new 

products, etc) derived from these multidisciplinary approaches are, therefore, impressive and 

it includes the possibility to account for food products tailored to promote the health and well-

being of groups of population identified on the basis of their individual genomes. However, to 

achieve these goals, researchers involved in modern food science need to account on an 
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adequate background on several advanced tools (genomics, transcriptomics, proteomics, 

metabolomics, bioinformatics, etc) and multiple disciplines (chemistry, microbiology, 

biotechnology, nutrition, medicine, etc) in order to extract all the potential from these new 

technologies. In this way, researchers will be able to adequately understand and put together 

all the information and data that can be generated by these approaches. Usually, a sine qua 

non condition is to work within multidisciplinary teams in order to be able to face the huge 

complexity of the problem and to handle the generated results in a rational way.  

 

In this context, we have recently defined for the first time Foodomics as a new discipline that 

studies the Food and Nutrition domains through the application of advanced omics 

technologies (Cifuentes 2009, Herrero et al. 2010). Thus, Foodomics is intended to be not 

only an useful concept able to cover in a simple and straightforward way all the 

abovementioned new terminology, but more importantly, it is intended to be a global 

discipline that includes all the emerging working areas in which food (including nutrition), 

advanced analytical techniques (mainly omics tools) and bioinformatics are put together. A 

representation of the areas covered by Foodomics and its main goal (i.e., to improve 

consumers well-being and confidence, fulfilling legislation) can be seen in Figure 4.1. For 

instance, Foodomics would cover e.g., the development of new transgenic foods using 

molecular tools, the genomic/transcriptomic/proteomic and/or metabolomic study of foods for 

compounds profiling/authenticity and/or biomarkers analysis related to food quality, new 

investigations on food bioactivity and its effect on human health following nutrigenomics 

and/or nutrigenetics approaches, development of global omics strategies to explore food 

safety issues, etc. Moreover, the interest in Foodomics coincides with a clear shift in medicine 

and biosciences toward prevention of future diseases through the adequate food intake, 

improving well-being and confidence of consumers while fulfilling the legislation. 
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  <Insert Figure 4.1 near here> 

 

In the following sections we will provide a description on the fundamentals of Foodomics, 

including the main tools that are used, the subdisciplines that Foodomics integrate, some 

representative applications and its direct interaction with systems biology. The chapter 

finishes discussing the future challenges and foreseen developments of this emerging 

discipline in the new food era.  

 

2 Foodomics tools 

 

Foodomics involves the use of multiple tools to deal with its different subdisciplines and 

applications. Thus, the use of omics tools such as genomics, transcriptomics, proteomics and 

metabolomics is a must in this new discipline. Although a detailed description on these tools 

is out of the scope of this chapter (readers interested on these topics can find useful 

information elsewhere (Dettmer et al. 2007, García-Cañas et al. 2010, Griffiths and Yang 

2009, Raqib and Cravioto 2009) including other chapters in this book), some fundamentals 

about these techniques are provided below. 

 

Regarding genomics and transcriptomics, for years, the expression of individual genes has 

been determined by quantification of mRNA with Northern blotting. This classical technique 

has gradually been replaced by more sensitive techniques such as real-time PCR. It has to be 

considered that both techniques can only analyse gene expression for a limited number of 

genes at a time. This can be very useful to monitor the up- or down-regulation of a given gene 

for a specific problem. However, it is an important limitation for many Foodomics 
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applications since it only provides the analysis of a reduced number of genes, while the global 

analysis of gene expression may offer better opportunities in Foodomics (e.g., for the 

identification of the effect of bioactive food constituents on homeostatic regulation and how 

this regulation is potentially altered in the development of certain chronic diseases (Hu and 

Kong 2004)). Two conceptually different analytical approaches have emerged to allow 

quantitative and comprehensive analysis of changes in mRNA expression levels of hundreds 

or thousands of genes. One approach is based on microarray technology, and the other group 

of techniques is based on DNA sequencing (Morozova and Marra 2008). 

 

In proteomics, the huge dynamic concentration range of proteins in biological samples causes 

many detection difficulties due to many proteins are below the level of sensitivity of the most 

advanced instruments. For this reason, fractionation and subsequent concentration of the 

proteome is often needed (Fang and Zhang 2008, Pernemalm et al. 2008). Besides, the use 

and development of high-resolving separation techniques as well as highly accurate mass 

spectrometers is nowadays essential to solve the proteome complexity (Chen 2008, Han et al. 

2008). Currently, more than a single electrophoretic or chromatographic step is used to 

separate the thousands of proteins found in a biological sample. This separation step is 

followed by analysis of the isolated proteins (or peptides) by mass spectrometry (MS) via the 

so-called “soft ionization” techniques, such as electrospray ionization (ESI) and matrix-

assisted laser desorption/ionization (MALDI), combined with the everyday more powerful 

mass spectrometers. Two fundamental analytical strategies can be employed: the bottom-up 

and the top-down approach. Both methodologies differ on the separation requirements and the 

type of MS instrumentation (Bogdanov and Smith 2005, Motoyama and Yates 2008, Wiesner 

at al. 2008). New proteomic approaches based on array technology are also being employed. 

Protein microarrays can be composed by recombinant protein molecules or antibodies 
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immobilized in a high-density format on the surface of a substrate material. There are two 

major classes of protein micro- (or nano-) arrays: analytical and functional protein 

microarrays, being the antibody-based microarray the most common platform in proteomic 

studies (Borrebaeck and Wingren 2007). 

 

Regarding metabolomics, there are three basic approaches that can be used here: target 

analysis, metabolic profiling and metabolic fingerprinting. Target analysis aims the 

quantitative measurement of selected analytes, such as specific biomarkers or reaction 

products. Metabolic profiling is a non targeted strategy that focuses on the study of a group of 

related metabolites or a specific metabolic pathway. It is one of the basic approaches to 

phenotyping, because the study of metabolic profiles of a cell gives a more accurate 

description of a phenotype (Lee and Go 2005). Meanwhile, metabolic fingerprinting does not 

aim to identify all metabolites, but to compare patterns of metabolites that change in response 

to the cellular environment (Fiehn 2002). Unlike nucleic acid or protein-based omics 

techniques, which intend to determine a single chemical class of compounds, metabolomics 

has to deal with very different compounds of very diverse chemical and physical properties. 

Moreover, the relative concentration of metabolites in the biological fluids can vary from 

millimolar level (or higher) to picomolar, making it easy to exceed the linear range of the 

analytical techniques employed. As no single technique can be expected to meet all these 

requirements, many metabolomics approaches can employ several analytical tools (Koulman 

and Volmer 2008), being nuclear magnetic resonance (NMR) and mass spectrometry (MS, 

usually combined with a separation technique) the two most common techniques used so far 

in metabolomics. The large amount of Metabolomic data is normally studied using principal 

component analysis (PCA) or other related techniques. PCA is a tool for exploratory data 

analysis that determines correlation differences among sample sets, which can be caused by 
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either a biological difference or a methodological bias. It is usually used as a first step to have 

information about the quality of the data. After data reduction a multivariate analysis is 

usually performed. The most common is partial least square discriminant analysis (PLS-DA). 

The aim of PLS-DA is to discriminate the complete data list and reduce it with the most 

relevant ones (Koulman and Volmer 2008).  

 

The development of genomics, transcriptomics, proteomics and metabolomics (Ferguson et 

al. 2007) has given rise to extraordinary opportunities for increasing our understanding about 

different issues that can be addressed by Foodomics. This includes: (i) to understand the 

biochemical, molecular and cellular mechanisms that underlies the beneficial or adverse 

effects of certain bioactive food components; (ii) to know the identity of genes that are 

involved in the previous stage to the onset of the disease, and therefore, possible molecular 

biomarkers (Greenspan 2001); (iii) to determine the effect of bioactive food constituents on 

crucial molecular pathways (Muller and Kersten 2003); (iv) to carry out the investigation on 

unintended effects in genetically modified crops (García-Villalba et al. 2008, Levandi et al. 

2008, Simó et al. 2010); etc. 

 

Due to the huge amount of data usually obtained from omics studies, it has been necessary to 

develop strategies to convert the complex raw data obtained into useful information. Thus, 

bioinformatics has become also a crucial tool in Foodomics. Over the last years, the use of 

biological knowledge accumulated in public databases by means of bioinformatics, allows to 

systematically analyse large data lists in an attempt to assemble a summary of the most 

significant biological aspects (Waagmeester 2008). Also, statistical tools are usually applied 

e.g., for exploratory data analysis to determine correlations among samples (which can be 

caused by either a biological difference or a methodological bias), for discriminating the 



 11 

complete data list and reduce it with the most relevant ones for biomarkers discovery, etc.  

 

Moreover, the use in Foodomics of other more classical approaches, such as toxicity studies, 

in-vitro or in-vivo assays and/or clinical trials, can provide an important added value to the 

results achieved by this new discipline. Some examples and applications of these 

combinations will be discussed below in section 4 of this chapter. 

 

3. Foodomics and Systems Biology. 

 

Foodomics has to face important difficulties derived, among others, from food complexity, 

the huge natural variability, the large number of different nutrients and bioactive food 

compounds, their very different concentrations and the numerous targets with different 

affinities and specificities that they may have. As described above and in other chapters of 

this book, transcriptomics, proteomics and metabolomics represents powerful analytical 

platforms developed for the analysis of genes, proteins and metabolites. However, ‘omics’ 

platforms need to be integrated in order to understand the biological meaning of the results on 

the investigated system (e.g., cell, tissue, organ) giving rise to the growing of a new discipline 

called Systems Biology (Hood et al. 2004). Thus, Systems Biology can be defined as an 

integrated approach for studying biological systems, at the level of cells, organs, or 

organisms, by measuring and integrating genomic, proteomic, and metabolic data (Panagiotou 

and Nielsen 2009). Thus, Systems Biology approaches may encompass molecules, cells, 

organs, individuals, or even ecosystems and it is regarded as an integrative approach of all 

information at the different levels of genomic expression (mRNA, protein, metabolite).  
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However, in Foodomic studies biologic responses may be subtle and, therefore, careful 

attention will need to be given to the methodologies used to identify these responses. Unlike 

any reductionist approach that would take these techniques individually, Systems Biology 

exploits global data sets to derive useful information (Feng et al. 2008). Each large data set 

contains sufficient noise to preclude the identification of multiple minor but relevant changes 

that could be unnoticed without adequate statistical tools since the researcher is focused on 

the changes that are really significant within the whole data set. Systems Biology, however, 

by confining the information can provide a filter for “distracting” noise generated in each 

individual platform and minimize the data to be interpreted by focusing on only those 

endpoints common between the various experimental platforms (Mutch et al. 2005). To 

achieve this, appropriate statistical models have to be used in order to filter through the large 

data sets and highlight only those important changes. Although Systems Biology has been 

scarcely applied in Foodomic studies, its potential is underlined by its adoption by other 

disciplines. For instance, a Systems Biology approach has been applied to investigate 

carbohydrate metabolism in yeast (Weston and Hood 2004). In a recent work, Kohanski et al. 

(2008) used the context likelihood of relatedness (CLR) algorithm (gene network analysis) in 

combination with gene expression microarrays and Gene Ontology-based enrichment analysis 

to construct and filter gene connectivity maps of bacteria under antibiotic treatment (Kohanski 

et al. 2008). The gene networks were further enriched with data derived from antibiotic 

growth high-throughput screening to provide insight into the pathway whereby the antibiotic 

under study triggers its bactericide action.  

 

4. Applications of Foodomics. 
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The use of omics technologies in food science and/or nutrition research has given rise to the 

emergence of several specialities within the area covered by Foodomics as shown in Figure 

4.1. This is the case of nutritional genomics that includes (a) nutrigenetics, whose main goal is 

to understand the gene-based differences in response to a specific dietary pattern, a functional 

food, or a supplement for a specific health outcome; and (b) nutrigenomics, which deals with 

the interactions between dietary components and the genome as well as the resulting changes 

in proteins and other metabolites  (Cortesy-Theulaz et al. 2005). Foodomics intends to enable 

the identification of biomarkers that can guide the assessment of the health status of humans 

and/or provide quantitative measures for diet-derived effects on human health (Kaput 2008, 

Hood et al. 2004). Within nutrigenomics, the fields of nutritranscriptomics, nutriproteomics, 

and nutrimetabolomics study -using the respective transcriptomics, proteomics and 

metabolomics tools- the dependence of gene transcription, protein expression, and metabolite 

generation, respectively, on dietary changes. As a result, the number of successful examples 

of transcriptome, proteome, and metabolome profiling, as stand-alone tools for capturing the 

cellular responses to nutrients and identifying their molecular targets, has grown significantly. 

Some examples are listed in Table 4.1. The ultimate goal of these high-throughput studies is 

to enable scientists to make recommendations for personalized health maintenance based on 

molecular signatures of food-derived nutrients and non-nutrients that lead to a specific 

phenotype and subsequently to prevent the onset and progression of disease (Fay and German 

2008, Kaput 2008). 

 

< Insert Table 4.1 near here > 

 

In last years, interesting examples of gene expression microarray applications in Foodomics 

have been reported for transcriptome analysis. Early applications of microarray to this new 
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field were related to the effects of caloric restriction on aging (Kayo et al 2001, Lee et al 

1999). Soon, the technology was extended to study other interesting aspects in Foodomics 

including the effects of dietary protein in the gene expression of cells (Kato and Kimura 

2003), the mechanisms of dietary long chain polyunsaturated fatty acids in molecular function 

cancer and normal cells (Narayanan et al. 2003) and the effects on transcriptome of a high- or 

low-carbohydrate intake (van Erk et al. 2006). The molecular mechanisms of certain bioactive 

food constituents have also been investigated by microarray technology. More specifically, 

research has been focused on the study of the expression of lipid or energy metabolism-

related genes by anthocyanins (Tsuda et al. 2006), the induction of changes in the expression 

of estrogen-responsive genes by genistein (Niculescu et al. 2007), the modulating action on 

the expression of genes involved in cell-cycle arrest and apoptosis of cultured colon cancer 

cells by quercetin (Murtaza et al. 2006), the anticancer and chemopreventive molecular 

mechanisms induced by epicatechin and epigallocatechin-3-gallate in human colon carcinoma 

and bronchial epithelial cells (see Figure 4.2) (McLoughlin et al. 2004, Vittal et al. 2004, 

Wang and Mukhar 2002), the chemopreventive action by sulforaphane in model animals 

(Thimmulappa et al. 2002) and, the effect on the expression of diabetes-related genes by the 

natural carotenoid astaxanthin (Naito et al. 2006).  

 

  < Insert Figure 4.2 near here> 

 

The number of studies on the effect of specific natural compounds, nutrients or diets on the 

proteome, is also continuously increasing. Most of them are based in the bottom-up approach, 

more precisely in classical combination of 2-DE and MS, although also LC-MS has been 

applied with this purpose. As an example, the potential beneficial effect (atherosclerosis 

prevention, vascular protection) of isoflavones from different food matrices has been studied 



 15 

by using several differential Proteomic approaches (Fuchs et al. 2007, Wong et al. 2008). 

However, most of the research in this field is carried out on the activity of food ingredients 

using in vitro and in vivo tumor models for a deeper knowledge of their mechanisms on 

disease prevention. Some examples (Lu et al. 2007, Mouat et al. 2005) are given in Table 4.1.  

 

One of the objectives of metabolomics within the frame of Foodomics is to investigate the 

metabolic alterations produced by the effect of nutrients or bioactive food constituents on 

different metabolic pathways. Its importance lays not only on the information obtained on the 

molecular events involved and how the body adapts the metabolic pathways to different 

nutrient fluxes, but also on the identification of certain metabolites as biomarkers for health or 

disease status (Kussman et al. 2008). Many applications of metabolomics in this area focus on 

the study on the potential health benefits derived from the ingestion of functional compounds 

or foods, such as fravonoids (Grün et al. 2008), polyphenols (Jacobs et al. 2008), isoflavones 

(Solanky et al. 2005). 

 

Regarding the possibilities of other more global Foodomics approaches, they have still a long 

way to go. The combination of Systems Biology with a subdiscipline as Nutrigenomics 

should provide a holistic view of the molecular mechanisms underlying the beneficial or 

adverse effects of certain bioactive food components. Also, it should help in other Foodomics 

subdiscipline such as Nutrigenetics in the discovery of key genes and proteins that function to 

regulate metabolic pathways and whose expression is affected by specific bioactive food 

compounds. This will aid in rapidly identifying new biomarkers for nutritional status and 

disease progression, and designing a novel concept for dietary prevention and intervention of 

disease (van Ommen and Stierum 2002). 
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As mentioned above, Foodomics tools offers enormous potential to study the molecular basis 

of biological processes with agronomic interest and economic relevance, such as the 

interaction between crops and its pathogens, as well as physicochemical changes that take 

place during fruit ripening. In this line, successful examples of transcriptome analysis are 

based on recently developed microarray chips covering the genome of important crop species 

such as watermelon (Wechter et al. 2008), citrus (Martinez-Godoy et al. 2008), melon 

(Mascarell-Creus et al. 2009), and canola (Xiang et al. 2008).  

 

Also, proteomics and metabolomics represent powerful analytical platforms to acquire more 

detailed and complete information on food composition even beyond the traditional food 

component analysis. This comprehensive knowledge of biochemical composition of foods 

will provide a better understanding of metabolic networks allowing food research community 

for a better insight of the molecular basis of important food characteristics such as flavour, 

colour, texture, aroma, added-value nutrition, as well as the discovery of novel bioactive 

compounds in foods. As an example, rice is an important food crop plant that has been 

extensively studied using multiple proteomic approaches and also used in many cases as an 

excellent model plant in cereal crop research (Agrawal et al. 2009). In a recent paper, Shu et 

al. (2008) used GC-MS to analyze a broad spectrum of low molecular weight rice constituents 

for the investigation of time-dependent metabolic changes in the course of the germination of 

rice, establishing the basis of the research of the potential advantageous nutritional properties 

of germinated rice. 

 

The ability of different transcriptomic, proteomic and metabolomic approaches may be also 

important to assess food safety and quality at every stage of production to ensure food safety 

for human consumption. It is also a valuable tool to distinguish between similar food products 
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and to detect food frauds (adulteration, origin, authenticity, etc), food-borne pathogens, toxic 

species, food allergens, etc.  

In the context of food safety, several DNA microarray chips have been developed for the 

detection of food-borne pathogens (Kim et al. 2008, Wang et al. 2007) and toxigenic 

microorganisms (Liu et al. 2007).  Also, DNA microarray technology has found many 

practical applications in GMO analysis. In spite of the controversy of whether GMOs are 

beneficial or harmful for humans, animals and environment, there is an increasing number of 

GMOs developed every year. Many countries have already established regulations regarding 

their development, authorization, as well as the labelling and traceability of the authorized 

GMOs in food. To date, DNA microarray technology has demonstrated to have impressive 

multiplexing capabilities for GMO analysis and many examples can be found in the literature 

(Hammels et al. 2009, Tengs et al. 2007, von Götz 2010, Zhou et al. 2008). 

 

In addition to the aforementioned applications, DNA microarrays for gene expression analysis 

have also demonstrated to be helpful on detecting mycotoxins in foods. This approach offers 

new possibilities to study the influence of environmental and technological parameters like 

pH, temperature and water activity on the activation of mycotoxin biosynthesis (Schmidt-

Heydt and Geisen 2007). The effect of the consumption of hypoallergenic wheat flour on the 

expression of a wide spectrum of genes is another example on the use of gene expression 

microarray technology in food safety. This technique can be applied in animal and cellular 

models demonstrating to be an efficient strategy for evaluating different aspects concerning 

food safety (Narasaka et al 2006).  

 

A particular case on the application of “omics” approaches to guarantee food safety is the 

biomarker discovery in body fluids and tissues regarding prion diseases (Huzarewich et al. 
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2010). In this sense, big effort is being carried out by scientific community to achieve early 

detection of prion diseases in animals which have not only a known risk of transmission to 

humans, but and economic impact on animal production.  

 

Proteomic and metabolic changes also occur during crops growing conditions, food 

processing/preparation (fermentation, baking, boiling, etc), food conservation/storage 

(freezing, smoking, drying, etc). These tools are, therefore, very useful for getting a deeper 

understanding of molecular details of foods and food related matrices. Thus, it has been 

demonstrated the utility of metabolomic studies to improve quality control of beverage 

production. In this sense NMR was successfully employed for the detection of adulteration of 

orange juices by the addition of lower-cost grapefruit juices (Cuny et al. 2008), and for 

monitoring beer production, studying the effect on beer metabolic composition of site- and 

time-related variables during brewing process (Almeida et al. 2006). In a recent work, 

microbial spoilage of beef was studied by analyzing the release of volatile organic compounds 

by GC-MS (Ercolini et al. 2009). 

 

The usefulness of Foodomics for achieving a complete characterization of genetically 

modified organism (GMO) has also been mentioned (Herrero et al. 2010), following the 

corresponding European regulations on GMO labeling and traceability in food and feed. A 

scheme of this approach can be seen in Figure 4.3.  

 

  < Insert Figure 4.3. near here > 

 

For instance, gene expression microarray has shown to be a valuable profiling method to 

assess possible unintended effects of genetic transformation in plants. With this technology 
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detailed information has also been obtained on nontargeted effects of transgenes in several 

plant species including potato, rice, wheat and maize. In these cases, the genetic modification 

did not considerably alter overall gene expression that falls within the range of natural 

variation of landraces and varieties (Baudo et al. 2006, Coll et al. 2009, Dubouzet et al. 2007, 

Gregersen et al. 2005), supporting the possibility of producing transgenic plants that are 

substantially equivalent to non-transformed plants at transcriptomic level. 

 

Also, MS-based technologies have wide possibilities to evaluate GM crops based on their 

proteomic and metabolic profiles, as demonstrated through the large number of applications 

that use GC-MS, LC-MS, CE-MS, or MS as a stand-alone technique. Thus, proteomics can be 

applied to study potential alterations in the GM crop proteome. For this purpose comparative 

proteomics strategy is mainly used. Representative examples to the study of substantial 

equivalence of GM are given in Table 4.2. For instance, the expression of recombinant 

antibodies in two transgenic crops (tomato and tobacco), as a strategy to confer self-protection 

against virus attack, did not significantly alter the leaf-proteome profile (Di Carli et al. 2009). 

However, Rocco et al. (2008) observed that a tobacco transformed with the tomato 

prosystemin gene affected the expression of a number of proteins involved in protection from 

pathogens and oxidative stress and in carbon/energy metabolism (Figure 4.4). Zhou et al. 

(2009) reported the combined use of GC-FID and GC-MS to investigate possible unintended 

effects on the metabolome of a transgenic line of rice that expressed two genes that confer 

distinct insect resistance. In addition to GC-MS, LC-MS has been demonstrated a useful 

methodology for the metabolomic analysis of GM crops, enabling the separation and 

detection of polar/non-volatile, large, and/or thermolabile compounds, without the need of 

chemical derivatization. Tesniere et al. (2006) provided complementary and interesting data in 

the investigation of metabolism alterations in transgenic grapevine by LC-MS. Systems 
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Biology can be applied to deeply analyze GMOs in order to exclude any unintended effect by 

monitoring possible translocation in the foreign genes inserted in the GMO, possible proteins 

generated as response to this modification and the possible metabolites pathways that can be 

influenced by the activity of the new synthesized proteins. The application of Foodomics 

following a Systems Biology approach should allow to detect and to identify these unintended 

modifications, providing in this way more sounded data on the equivalent nature of GMOs 

compared to their natural counterparts. 

 

  < Insert Table 4.2. near here > 

  < Insert Figure 4.4. near here > 

 

Functional wine-omics has also been defined and involves research partners in viticulture, 

oenology, food science and chemistry (Moore et al. 2008). This functional wine-omics would 

use a Systems Biology scheme to wine-related organisms. Data generated within the 

programme is proposed to be integrated with other data sets from viticulture, oenology, 

analytical chemistry and the sensory sciences through chemometrics and other statistical 

tools. The aim of the programme is to model aspects of the wine making process, from the 

vineyard to the finished product. More information on this hot topic can be found in the 

chapter 16 of this book. 

 

5. Foodomics: future challenges and developments. 

 

There are a large number of challenges in food science and nutrition to be faced in the near 

future. The production of new functional foods with scientifically proved claims. The 

assessment of food safety, quality and traceability as a whole using omics approaches. The 
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development, production and monitoring of new transgenics foods (including the so called 

second generation GM crops). The understanding of the effects of gene-food interaction on 

human health (Nutrigenomics). The explanation of the different answers from individuals to 

food, including the long-distant achievement of recommending personalized diet 

(Nutrigenetics). Below we provide a detailed discussion on these topics. 

 

Foodomics approaches can help to overcome the important limitations detected by several 

regulatory institutions, including the European Food Safety Authority (EFSA), related to the 

controversial demonstration about the health claims on different foods and food ingredients. 

Thus, as discussed in a recent article (Daniells 2010) the announcement by the Panel on 

Dietetic Products, Nutrition and Allergies (NDA) at the EFSA (EFSA 2010) indicates that no 

evidence has been provided to establish that a food ingredient having antioxidant 

activity/content and/or antioxidant properties can have a beneficial physiological effect on 

human health. This decision will not only have important economical impact on an 

antioxidants market that is calculated to move billions of euros per year but also will have a 

negative influence on the consumers confidence about the possibility to promote health 

through foods. Therefore, more sophisticated approaches than the ones used so far will be 

required to demonstrate with strong scientific evidences the positive health effect derived 

from the intake of determined foods and food ingredients. In this regard, Foodomics applied 

to study the in vitro and in vivo mechanisms of these compounds (including if required 

Foodomics of biological samples from randomized clinical trials) are the right way to prove 

that antioxidant activity is indeed associated with a beneficial physiological effect. Moreover, 

this approach can be extended to better prove (or not) the health claims linking health benefits 

to many other different compounds, most of them rejected by EFSA so far. Just to describe a 

few: melatonin does not benefit sleep; xanthan gum does not boost satiety; green and black 
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tea extracts do not protect DNA, proteins and lipids from oxidative damage; C12-peptide does 

not help to maintain normal blood pressure; Lactobacillus plantarum BFE 1685 does not 

decrease potentially pathogenic intestinal microorganisms; Lactobacillus rhamnosus LB21 

NCIMB 40564 does not decrease potentially pathogenic intestinal microorganisms; 

Lactobacillus plantarum 299v (DSM 9843) does not support the immune system 

(insufficiently defined effect); linoleic acid does not maintain normal neurological function; 

vitamin D does not benefit cardiovascular health; etc. (EFSA 2010, Starling 2010).   

 

In this regard, it has been mentioned that it is probably too early to conclude on the value of 

many substances for health, and the same can apply to other health relationships that are still 

in the process. Thus, Foodomics could help to overcome the main limitations detected by 

EFSA to reject these proposals, namely: lack of information to identify the substance on 

which the claim is based; lack of evidence that the claimed effect is indeed beneficial to the 

maintenance or improvement of the functions of the body; lack of human studies with reliable 

measures of the claimed health benefit. However, it is also interesting to mention that the 

traditional medical world has often noted that although many of the omics tools and 

Foodomics approaches provide academically interesting research (Breikers et al. 2006, Fardet 

et al. 2007, Griffiths and Grant 2006, Narasaka et al. 2006, Rezzi et al. 2007, Smolenski et al. 

2007), they have not been translated to methods or approaches with medicinal impact and 

value because the data integration when dealing with such complex systems is not 

straightforward. Definitely, one of the major challenges in the analysis and interpretation of 

these omic data from Foodomics will be to deliver models of causation from correlations 

(Hirai et al. 2004, Schnackenberg et al. 2006). 
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In the near future, nutritional genomics may be the answer to a personalized nutrition but: 1) 

it will be necessary to carry out more studies in terms of, for example, discovering more 

polymorphisms of one nucleotide, identifying genes related to complex disorders, and 

demonstrating a higher degree of evidence through epidemiological studies based in 

Foodomics that can lead to public recommendations; 2) it will be mandatory to support a 

better nutritional education and to extend the research on new food products. As a long term 

result, a personalized diet depending on a particular genetic profile will become possible.    

 

 Therefore, it is necessary to better analyze the interrelationship among genetic variants, 

nutrients and environmental factors. This knowledge can only be generated using 

multidisciplinary approaches, considering international consortia and working on Foodomics 

based on extensive populations. Foodomics can also be important in terms of public health 

considering two different approaches: at short term, involving the clinical application to treat 

metabolic alterations such as diabetes, etc., and at long term, more related to the public 

primary prevention, that means, inhibiting the development of disease before it occurs.  

 

Regarding the omics tools used in Foodomics, they will also have to overcome important 

limitations for optimal implementation in the non-distant future. Thus, limitations of DNA 

microarrays associated with the high background noise that specially hinders the detection of 

low signals (i.e., low signal-to-noise ratios) and the efficiency and specificity of the 

hybridization probes have to be addressed. Novel approaches focused on the use of 

electrochemical transducers in combination with either enzymatic, redox-active indicators, or 

nanoparticle labels, as well as with label-free hybridization strategies are being investigated as 

cheaper and sensitive alternatives to current optical detection systems (Privett et al. 2008). 

Also, some interesting alternatives to typical linear probes have been proposed such as 
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molecular beacon probes and peptide nucleic acids (Sassolas et al. 2008). These probes offer 

high specificity and appear as good candidates for mismatch discrimination. Next-generation 

methods in transcriptomics will undoubtedly continue to technically improve in several ways 

within the next years. New improvements will probably include the establishment of routine 

data analysis methods and increase in the numbers and lengths of sequence reads as well 

(Maricic and Paabo 2009, Quail et al. 2009). It is also expected that the cost of these analyses 

will continue decreasing in the near future, allowing new applications and extensive use of 

these technologies in Foodomics research. 

 

In proteomics, mass spectrometry alone or combined with 2D-electrophoresis, liquid 

chromatography and capillary electrophoresis have become the most used methodologies. 

There is an evident need of developing improved or alternative technologies (e.g., protein 

microarrays) to become into a reality the routine analysis for proteome research, including 

improvements in the resolution of peptides to provide increased protein coverage. Apart of the 

everyday more sophisticated sample treatments and separation techniques, MS will keep 

essential for the systematic investigation in proteomics. In this sense, conventional mass 

spectrometers are giving way to the more sophisticated and compact mass spectrometers, 

most of them hybrid instruments in a combination of two or more analyzers. As can be 

deduced from the low number of proteomic applications in Foodomics studies, it is expected 

that new innovations in proteomic technology will help proteomic profiling to become 

standard practice also in Foodomics.  

 

A great advance in metabolomics is expected with the incorporation of new MS interfaces for 

which nearly no sample preparation is needed (Chen et al. 2006, Feng et al. 2008, Huang et al. 

2007). Comprehensive multidimensional techniques, such as GCxGC or LCxLC, are also a 
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revolutionary improvement in separation techniques that will be implemented in 

metabolomics studies in the near future. They not only provide enhanced resolution and a 

huge increase in the peak number but also an increase in selectivity and sensitivity in 

comparison with conventional separation techniques. As an example, comprehensive GCxGC 

coupled to TOF-MS has demonstrated to be a promising tool for metabolic profiling 

(Pasikanti et al. 2008). Also, capillary electrokinetic techniques and their coupling to mass 

spectrometry (CE and CE-MS) are ideal tools for metabolomics, due to they do not require 

extensive sample preparation, their wide range of applications, great efficiency and resolution, 

and low sample consumption. Although CE and CE-MS have not been widely used in 

Foodomics (Herrero et al. 2010), they have already been identified as a very promising tool 

for metabolomic studies (Garcia-Villalba et al. 2008, Levandi et al. 2008, Oh et al. 2010). 

Interesting examples on the use of CE-MS in Foodomics can be found in very recent works, 

such as the study of substantial equivalence of transgenic and conventional soybean from 

their peptidic profiles using a shot-gun approach (see Figure 4.5) (Simó et al. 2010). 

 

  < Insert Figure 4.5. near here > 

 

The challenge in the combination of Foodomics and Systems Biology is not only at the 

technological level, where as mentioned above great improvements are being made and 

expected in the ‘omics’ technologies, but also on the bioinformatics side (data processing, 

clustering, dynamics, integration of the various ‘omics’ levels, etc.) that will have to progress 

for Systems Biology to demonstrate all its potential in the new Foodomics discipline 

(Gehlenborg et al. 2010).  
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FIGURE LEGENDS 

 

Figure 4.1. Foodomics: covered areas, subdisciplines, tools and goals.  

 

Figure 4.2. Scanned image of a microarray composed of a total of 250 kinases and 

phosphatases showing the expression profile obtained from human prostate carcinoma LNCaP 

cells treated with 12 mM EGCG or water-only for 12 h. From Wang and Mukhar 2002, with 

permission. 

 

Figure 4.3. Ideal Foodomics platform to analyze genetically modified foods. GMO: 

genetically modified organism. 

 

Figure 4.4. 2-DE proteomic maps of tobacco (N. tabacum) leaves from (A) untransformed 

tobacco plants (NN) and (B) transgenic tobacco plants overexpressing tomato prosystemin 

gene (MZ119). From Rocco et al. 2008, with permission. 

 

Figure 4.5. CE-TOF MS base peak electropherogram of the digested protein extract from 

conventional and transgenic soybean. CE-TOF MS analysis conditions: Bare silica capillary 

(50 µm id, 90 cm); BGE: 0.5 M formic acid; injection time: 20 s at 0.5 psi (34.5 mbar); 

separation voltage: 25 kV; sheath liquid: isopropanol-water (50:50, v/v) at a 3 µL/min flow 

rate; nebulizer gas: 0.4 bar; drying gas: 4 L/min N2 at 200 ºC; MS is used in positive ion 

mode; scan: 50-3000 m/z. Redrawn from Simó et al. 2010.  
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Table 1. Some Foodomics applications related to Nutrigenomics. 

 

Bioactive 

compound 

Food/beverage Studied model Issue 

“Omic” 

approach 

Analytical 

tool 

Ref. 

Sulforaphane 

Cruciferous 

vegetables 

Mice 

Chemopreventive 

agent in cancer 

Transcriptomics 

DNA 

Microarray 

Thimmulappa 

et al. 2002 

Omega-3 fatty acid Fish oil 

Human colon 

adenocarcinoma 

Caco-2 cells 

Chemopreventive 

agent in cancer 

Transcriptomics 

DNA 

Microarray 

Narayanan et 

al. 2003 

Quercetin Fruits and vegetables 

CO115 colon-

adenocarcinoma cells 

Chemopreventive 

agent in cancer 

Transcriptomics 

DNA 

Microarray 

Murtaza et al. 

2006 

Genistein Soybean 

Postmenopausal 

women (peripheral 

lymphocytes) 

Regulation cAMP 

signalling and cell 

differentiation 

Transcriptomics 

DNA 

Microarray 

Nicolescu et 

al. 2007 

Isoflavones Cereal bars 

Human peripheral 

blood mononuclear 

Atherosclerosis-

preventive activities 

Proteomics 

2DE, 

MALDI-

Fuchs et al. 

2007 
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cells TOF MS 

Isoflavones Soya foods Human serum Vascular protection Proteomics 

DIGE, LC-

MS/MS 

Wong et al. 

2008 

Polyphenols Green tea 

Human lung 

adenocarcinoma 

A549 cells 

Anticancer activity Proteomics 

2DE, nLC-

ESI-Q-TOF 

MS/MS 

Lu et al. 2007 

Quercetin - 

Human SW480 colon 

carcinoma cells 

Colorectal cancer 

prevention 

Proteomics 

2DE, 

MALDI-

TOF MS 

Mouat et al. 

2005 

Flavonoids/Phenolic 

compounds 

Red wine/Red grape 

juice/ Tea 

Human urine, plasma 

and feces 

Cardiovascular 

disease prevention 

Metabolomics 

GC-TOF-

MS 

Grün et al. 

2008 

Polyphenols Wine/Grape Juice Human feces 

Inflammatory bowel 

prevention 

Metabolomics 1H-NMR 

Jacobs et al. 

2008 

Isoflavones Soy Human urine 

Improvement kidney 

function 

Metabolomics 1H-NMR 

Solanky et al. 

2005 
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Table 2. Some Foodomics applications related to food safety and quality. 

 

Issue Food/beverage “Omic” approach 

Analytical 

tool 

Ref. 

Crop improvement Melon Transcriptomics 

Gene 

expression 

microarray 

Mascarell-

Creus et al. 

2009 

Monitoring mytocoxin 

production 

Wheat Transcriptomics 

Gene 

expression 

microarray 

Schmidt-Heydt 

and Geisen 

2007 

Study of substantial 

equivalence 

Maize Transcriptomics 

Gene 

expression 

microarray 

Coll et al. 2009 

GMO detection Maize Genomics 

DNA 

microarray 

Hammels et al. 

2009 

Food research Rice Proteomics Review Agrawal et al 
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2009 

Prion disease 

discovery 

Meat Proteomics Review 

Huzarewich et 

al. 2010 

Food research Rice Metabolomics GC-MS Shu et al. 2008 

Beverage authenticity Fruit juice Metabolomics 1H-NMR 

Cuny et al. 

2008 

Production monitoring Beer Metabolomics 1H NMR 

Almeida et al. 

2006 

Microbial spoilage 

detection 

Meat Metabolomics GC-MS 

Ercolini et al. 

2009 

 

 

 


