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With the continued progression of the “omics” era, bioin-

formatics, a discipline concerned with the curation and inter-

pretation of biological data by computational means, has seen

widespread integration across life sciences. However, despite

becoming very data rich disciplines in the past number of

years, the role of bioinformatics in food and nutritional sci-

ences is less appreciated. In this review, we present the current

state of bioinformatics in food and nutritional sciences and

offer exemplar templates from other fields where bioinformatic
analyses have become an integral feature. Additionally, we

propose the concept of a wiki-like food database that could

greatly advance the capabilities of bioinformatics in food

and nutritional research.
Introduction
Biology is a knowledge based discipline, now more so

than ever, with various integral techniques producing data
at an inexorable rate. For example, as of June 2013, Gen-
Bank, which is the main genetic sequence repository, has
approximately 164 million gene sequence records and
approximately 110 million genome sequence entries (hiip://
www ncbi nlm.nih.gov/genbank/statistics ). Further to this,
Uniprot Knowledgebase (Uniprot), which is the primary pro-
tein sequence and function resource, has over 13.5 million
entries as of January 2011 (Magrane & Consortium, 2011).
With the accumulation of such volumes of data, the use of
computers has become imperative for its curation and inter-
pretation. This has given rise to new field of research, namely
bioinformatics, where computer science and statistics are
applied to analyse biological data with the aim of expediting,
ameliorating, and diversifying biological research.

Bioinformatics has been established as an important sci-
entific discipline, bringing about a paradigm shift in various
disciplines including molecular medicine, comparative ge-
nomics, molecular evolution, microbial genome applica-
tions, drug discovery and biotechnology. However, its
applicability in the food science arena is less appreciated,
despite the recognised potential for a significant contribu-
tion to this field (Desiere, German, Watzke, Pfeifer, &
Saguy, 2001). In this review, we highlight instances where
bioinformatics has been successfully applied in food and
nutrition sciences to advance and expand research. Various
factors, such as allergenicity, flavour, functionality, probiot-
ics and prebiotics, influencing both food scientists and in-
dustry alike, are outlined. Additionally, we will discuss
how the use of bioinformatics in food is still in its infancy,
and therefore propose the concept of a Food-Wiki database
(FoodWikiDB). In this new database, food and nutritional
information will be stored in a consensus style, making
the utilisation of this immense amount of data possible
and easily managed by bioinformatic strategies and proto-
cols. We feel such a resource will advance and develop
food and nutritional sciences, with a view to improving
the quality and nutritive value of food sources.
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Bioinformatics e general applications and
implementations

Bioinformatics can essentially be defined as the applica-
tion of computational resources to biological data. It is
largely concerned with data types such as DNA and protein
sequences, as well as protein domains and structures.
Owing to this very general definition and diverse data spec-
trum, it follows that bioinformatics has an equally broad
and varied remit within life sciences.

There have been many success stories attributed to the
use of bioinformatics approaches and here we outline but
two of the most notable areas, specifically comparative ge-
nomics and drug discovery. Learnings from these areas
have the potential to be valuable in a food and nutritional
science setting.

Comparative genomics
Considerable advancements have, and continue to be

made in genome sequencing technologies. Accordingly,
this, coupled with marked improvement in compute power,
has contributed greatly to advancements in comparative ge-
nomics. As the name suggests, comparative genomics is
simply the analysis of similarities and variations between
genomes, meaning the applications of this field are unsur-
prisingly extremely diverse. Such approaches can reveal in-
formation about the structure and size of genomes across a
domain of life (Bentley & Parkhill, 2004; Rubin et al.,
2000), elucidation of important genetic elements (Khaldi
& Wolfe, 2008; Khaldi & Wolfe, 2011; Ma et al., 2010;
Wassarman, Repoila, Rosenow, Storz, & Gottesman,
2001), modes of evolution (Ogura et al., 2009), genetic
components involved in capacities such as pathogenicity
(Carlton et al., 2008; Chun et al., 2009; Fedorova et al.,
2008; Khaldi, Collemare, Lebrun, & Wolfe, 2008; Khaldi
et al., 2010; Khaldi and Wolfe, 2008) and environmental
adaptations (Omelchenko et al., 2005).

In a more practical context, comparative genomics has
been applied to attenuated strains of bacteria in existing
vaccines in an attempt to develop improved vaccines
(Behr et al., 1999). Additionally, this field has helped ascer-
tain the genes involved in biofuel production in fungi
(Wohlbach et al., 2011), while in plants the exploration
of their potential in this regard is ongoing (Paterson
et al., 2009; Rubin, 2008). Many food pathogens, and
indeed food and food-related sources, have been the focus
of sequencing, and consequently comparative genomic pro-
jects (Choi et al., 2004; Doumith et al., 2004; Makarova
et al., 2006; Mayer et al., 2011; Paterson, Bowers, &
Chapman, 2004). It is perceived that such studies may
contribute to the prevention of crop diseases (Qian et al.,
2005) and food poisoning (Abee, Van Schaik, & Siezen,
2004), in addition to augmenting the knowledge of impor-
tant processes and properties such as ripening (Fei et al.,
2004), flavour formation (Liu, Nauta, Francke, & Siezen,
2008) and crop improvement (Mochida & Shinozaki,
2010; Varshney, Graner, & Sorrells, 2005).
Drug discovery
In the last number of years, bioinformatics has been es-

tablished as a major player in the drug discovery process
(Buchan et al., 2011; Butte & Ito, 2012; Taboureau,
Baell, Fern�andez-Recio, & Villoutreix, 2012). It is now be-
ing utilised as standard practice in both academic and in-
dustrial settings, significantly reducing the duration of
many stages of the lengthy drug discovery process. With
the wealth of sequencing data accrued from the genomic
era, there is great potential for detecting novel drug targets.
Indeed, it is estimated that there is approximately 3000 po-
tential drug targets encoded in the human genome alone
(Hajduk, Huth, & Tse, 2005; Hopkins & Groom, 2002).
Accordingly, bioinformatic approaches have been devel-
oped to determine targets within “the druggable genome”,
as well as in additional sources such as biomarkers
(Colburn, 2003), pathways (Demir et al., 2002) and genetic
elements such as miRNA (Mazi�ere & Enright, 2007). Struc-
tural bioinformatics has also been successful for the identi-
fication of drug targets based on protein structure homology
and comparative modelling procedures (Blundell et al.,
2006).

Similarly, bioinformatics has been used for the identifi-
cation of lead compounds in drug discovery. For example,
bioinformatic techniques are used to improve high
throughput screening (HTS) techniques of thousands of
compounds (Makarenkov et al., 2007). Further to this,
structural bioinformatics approaches such as docking
methods (Taylor, Jewsbury, & Essex, 2002) and pharmaco-
phore searching are proving to be both companion, and
potentially alternative, tools to high throughput screening
(Mcinnes, 2007). The scope of bioinformatics in both target
and lead identification may well be attributed to the
numerous centralised resources (Berman et al., 2000;
Gaulton et al., 2012; Wishart et al., 2006) at the disposal
of the community. The successful application of bioinfor-
matics in the area of drug discovery is particularly pertinent
to food and nutritional industry, demonstrating very well
the transition from an in silico to applied setting.

Why bioinformatics for food?
Food plays a vital role in maintaining wellbeing by regu-

lating metabolic, hormonal, physical and mental processes.
Moreover, there is an ever-increasing appreciation of the
role played by nutrition in the progression of various
chronic diseases. Great efforts are now being focused to
promote and augment the quality and nutritive potential
of various food sources. The concept of food as means of
preventing or alleviating medical conditions has evidently
translated to the spending habits of consumers, with the
global nutraceutical market expected to reach US$243
billion by 2015 (Global Industry Analysts Inc., 2012). In
line with this, food science has evolved significantly,
embracing many emerging techniques such as the “omics”
suite of technologies for example. With such a movement
towards diversification, this discipline is now facing the
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challenge of interpreting and integrating many varied data
types. In the subsequent section of this review we describe
a number of ways in which bioinformatics is being incorpo-
rated into food and nutrition sciences.

Although there has been a definite and concerted adop-
tion of bioinformatics in these fields, there are a number is-
sues outstanding as the shift towards computation
continues. Firstly, we feel there is a need for education
on the potential and capabilities, as well as an awareness
of the limitations, of the applications of bioinformatics in
food and nutrition. Secondly, we suggest the introduction
of a common and unified language to provide researchers
with disparate backgrounds a common platform to commu-
nicate from. Finally, we feel it is necessary to establish an
integrative database to store and curate the wide range of
biological data and resources that are important to food
and nutritional sciences. We, like others (Lemay,
Zivkovic, & German, 2007), consider these measures vital
to the current progression of bioinformatics in food as they
will provide for a simple and expedient way for researchers
to embrace a new discipline. A more detailed outline of
these proposals can be found in the ensuing sections.

At this point, bioinformatics is poised to significantly
help the growing focus of academics, industry and con-
sumers on improving the quality and functionality of food
sources. This field can ameliorate many established proce-
dures and protocols in food and nutrition sciences, as well
as provide a means for the development of novel and inno-
vative interdisciplinary techniques.

Food bioinformatics: the story to date
Despite the limited availability of integrative databases

and dedicated resources, many bioinformatic approaches
have, and continue to be established in food and nutrition
sciences. In the sections below, we outline some of the
ways bioinformatics has been successfully integrated into
these disciplines.

‘Omics’ technologies
As is the case in many other biological domains, the

need for the development of specific bioinformatic strate-
gies has largely stemmed from the advent of high
throughput “omics” techniques. Such “omics” technolo-
gies, which include genomics, proteomics, metabolomics,
and more recently metagenomics, have contributed signifi-
cantly to the amassment of biological data. Suitably, many
have turned to bioinformatic approaches to manage and
interpret the volumes of data accrued from these so-called
“foodomics” technologies (Cifuentes, 2009; Herrero,
Garc�ıa-Ca~nas, Simo, & Cifuentes, 2010).

Proteomics and bioinformatics have become intrinsi-
cally linked fields of research, and so it is not surprising
that they are emerging as strong partners in the foodomics
era also. Proteomics, in a food and nutrition context, is fast
becoming an invaluable tool to allow for the study of pro-
tein concentrations of important foods, as well as their
associated post-translational modifications (Amiour,
Merlino, Leroy, & Branlard, 2002). By adopting a com-
bined proteomic and bioinformatic framework it has been
possible, for example, to elucidate more comprehensive
protein compositions (including functional information)
of food sources (D’Alessandro, Zolla, & Scaloni, 2011),
and to develop novel approaches for the characterisation
of foodborne micro organisms (Fagerquist et al., 2010;
Fagerquist et al., 2009).

In the field of metabolomics, which studies the entire (or at
least a substantial amount of the) metabolite profile of a cell,
bioinformatics is becoming an equally valuable tool. Unsur-
prisingly, metabolomics has the potential to produce consider-
able data sets, particularly in its “un-targeted” form (Ore�si�c,
2009). Bioinformatic tools, designed for the management, cu-
ration, analysis and visualization of metabolic data include
Mzmime (Katajamaa, Miettinen, & Ore�si�c, 2006), MetAlign
(Lommen, 2009) and MetExtract (Bueschl et al., 2012). In
addition to software development, bioinformatics is being
applied in a more direct fashion, for example, in the discovery
ofmetabolites associatedwith diabetes (Altmaier et al., 2008).
Recently, bioinformatics has additionally aided in the integra-
tion of metabolomics into a genome wide association study
(GWAS) context, where metabolite ratios are used in combi-
nation with single nucleotide polymorphisms (SNPs) to deter-
minegenetic variants that are related to certainmetabolic traits
(Gieger et al., 2008; Illig et al., 2010).

Bioactive peptides
It is now known that various food-derived peptides exhibit

a range of functional activities that exceed their fundamental
nutritional role. Consequently, there has been increased aca-
demic and commercial interest in the use of foods enriched in
bioactive peptides for the promotion of health and alleviation
of various conditions (Hartmann & Meisel, 2007; Khaldi,
2012; Korhonen & Pihlanto, 2006). For the most part, bioac-
tive peptides of food origin are released from their precursor
proteins either by bacterial fermentation or through the ac-
tion of gastrointestinal or other proteolytic enzymes. While
many methods have been developed to detect and character-
ise peptides produced in this manner (Gibbs, Zougman,
Masse, & Mulligan, 2004; Matsui, Li, & Osajima, 1999;
Mullally, Meisel, & Fitzgerald, 1997; Vermeirssen, Van
Camp, & Verstraete, 2002), it has become apparent that the
use of bioinformatics can serve as a valuable strategy in the
discovery of novel bioactive peptides (for review see
Khaldi, 2012).

There have been many approaches developed for the
prediction of bioactive peptides (see Fig. 1) which,
although designed for a more general scope, have shown
some success in food sources. Examples include computa-
tional methods devised for the prediction of antimicrobial
peptides (Torrent, Andreu, Nogu�es, & Boix, 2011;
Torrent, Nogues, & Boix, 2009). Others have used a
sequence homology based approach to identify peptides
with various properties in chicken (Lynn et al., 2004;



Fig. 1. Representation of three different methods used to find new bioactive peptides (figure from (Khaldi, 2012)).
(A) Alignment of the region 128e143 of bovine a-S1-casein between related species. The blue box surrounds the region that is conserved relatively
to the surrounding region in the protein. (B) Example of amino acid preference underlining the functionality of a set of peptides shown to reduce a

given disease. (C) Mimicking a region of interaction between two proteins, the new peptides can inhibit the interaction of both proteins.
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Lynn, Lloyd, & O’Farrelly, 2003), while some have adop-
ted a phylogenetic approach, combined with in silico inhi-
bition analyses, to develop an computational screen for the
detection of angiotensin converting enzyme (ACE) inhibi-
tory peptides (Vercruysse et al., 2009).

Quantitative structureeactivity relationship (QSAR)
models, which are a type of regression model, have also
been used in the prediction of bioactive peptides, specif-
ically antithrombotic peptides in egg (Majumder & Wu,
2010). Recently, using a combined bioinformatics and pro-
teomics platform, a number of bioactive peptides display-
ing a range of activities, including antioxidant,
cytomodulatory and cardiovascular, have been isolated in
herring (Pampanin et al., 2012). Finally, it has been shown
that machine learning techniques are proficient at predict-
ing bioactive peptides from precursor food proteins
(Mooney, Haslam, Holton, Pollastri, & Shields, 2013).
Indeed, machine learning has also been applied in the
development of software which, given a list of peptides,
will rank them according to the likelihood that a peptide
is bioactive (Mooney, Haslam, Pollastri, & Shields, 2012).

Food quality, taste, and safety
Bioinformatics is also impacting on food science and nutri-

tion in a more applied manner, playing a role in areas such as
taste and flavour, food safety and food quality. In relation to
taste, bioinformatics, in the context of molecular evolution,
has been important in determining the evolutionary history
of receptors for various tastes (Dong, Jones, & Zhang, 2009;
Shi & Zhang, 2006; Wooding et al., 2006). GWAS studies
have also been conducted with a focus on taste receptors,
where a link has been established between bitter taste recep-
tors and glucose regulation (Dotson et al., 2008).

Applied in a more functional framework, structural bio-
informatics and docking strategies have been used to
discern the mechanisms behind agonist binding to taste re-
ceptors (Biarn�es et al., 2010; Brockhoff, Behrens, Niv, &
Meyerhof, 2010; Levit et al., 2012), while recently elec-
tronic databases detailing the chemical properties pertain-
ing to the taste and flavour of various compounds have
been established (Ahmed et al., 2010; Dunkel et al.,
2009; Wiener, Shudler, Levit, & Niv, 2012). Additionally,
bioinformatic sequence similarity algorithms have been
used in relation to taste to determine homology between
sweet taste receptors and brain glutamate receptors
(Talevi, Enrique, & Bruno-Blanch, 2012), as well as in
the identification of sour taste sensors in mammals
(Huang et al., 2006). Finally, through the study of the ge-
netic sequences of lactic acid bacteria, which play a role
in flavouring of various fermented foods, specific flavour
forming potentials are being uncovered (Liu et al., 2008;
Van Kranenburg et al., 2002).
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As many foodborne pathogens have been the focus of
genomic sequencing projects, there is a growing apprecia-
tion for the potential of bioinformatics in the area of food
safety and quality (Brul et al., 2006). For example, the
Food and Drug Administration (FDA) have recently devel-
oped a bioinformatics based tool for detecting and identi-
fying bacterial food pathogens (Fang et al., 2011).
Further to this, the onset of next generation sequencing
technologies has provided for a novel way to bio-
informatically determine the source of outbreaks of food-
borne illness (Lienau et al., 2011). Other computational
applications in this area have included the use of neural net-
works with the aim of predicting microbial growth within a
given food source (Garc�ıa-Gimeno, Herv�as-Mart�ınez, & De
Sil�onizc, 2002). With regard to food quality, great progress
continues to be made in the area of computer vision which
allows for the automated appraisal of various food proper-
ties (Mery, Pedreschi, & Soto, 2012).

Allergen detection
Since allergens from very diverse and disparate sources

have high sequence and structural similarity, often causing
comparable IgE responses, it is not surprising that bioinfor-
matics poses an increasingly important resource in the
study of food allergens. Many dedicated allergen databases
with a specific focus on food exist, for example AllerMatch
(Fiers et al., 2004), Informall (hiip://foodallergens.ifr.ac.
uk), FARRP Allergen database (hiip://allergenonline.org)
and SDAP (Ivanciuc, Schein, & Braun, 2003; Mari et al.,
2006), which has greatly facilitated the applicability of bio-
informatics in this area.

Common bioinformatic homology searches, in addition
to structural bioinformatics approaches, are routinely
executed to establish the potential allergenicity and cross
reactivity of proteins (Baderschneider et al., 2002;
Hileman et al., 2002; Jenkins, Griffiths-Jones, Shewry,
Breiteneder, & Mills, 2005). Indeed, the utility of such ap-
proaches has prompted the World Health Organisation
(WHO) to include sequence similarity searches as part of
the guidelines for assessing allergenicity of genetically
modified foods (FAO/WHO, 2001). Other bioinformatic
research interest in this area includes the development of
tools to predict allergenicity using support vector machines
(Saha & Raghava, 2006), common sequence based motifs
(Ivanciuc, Garcia, Torres, Schein, & Braun, 2009) and
amino acid properties (Dimitrov, Flower, & Doytchinova,
2013). Differently, bioinformatics techniques have recently
been implemented in the development of allergen diagnos-
tics where machine learning was applied to the prediction
of peanut allergy (Lin et al., 2012).

Pro and prebiotics
Greater insight into the diverse microbial flora present in

the human gastrointestinal tract (GIT), which are respon-
sible for healthy intestinal function and resistance to
numerous diseases (Fuller, 1989), has led to considerable
marketing of pro and prebiotic foods. In a similar manner
to many of the topics discussed above, the advent of the
genomic era has greatly propelled the use of bioinformatics
in the mechanistic study of pro and prebiotics. For example,
genome sequencing of probiotic intestinal bacteria has
helped identify genes potentially involved in GIT interac-
tions and highlight various adaptations to the GIT environ-
ment (Pridmore et al., 2004). Additionally, genome analysis
of various strains of Bifidobacteria has revealed specific
evolutionary adaptations to the human oral cavity
(Ventura et al., 2009) and distal gut (Turroni et al., 2009).
Combined with mass spectroscopy and molecular technol-
ogies, recent bioinformatic applications have enabled the
study of gut microbiota providing insights into metabolites
present due to interaction with the host (Rath et al., 2012).
Through the advances in high throughput sequencing in the
area of probiotics, some researchers can now propose the
selection of probiotics based on a subjects age
(Dominguez-Bello, Blaser, Ley, & Knight, 2011).

Similarly, prebiotics are an area of great interest owing
to their associated benefits in health, including cancer inhi-
bition, obesity and cholesterol reduction. Despite this, there
appears to be little bioinformatic research solely dedicated
to the study of prebiotics, with most studies focussing on
pro and prebiotics collectively (see for example, Collison
et al., 2012). Nevertheless, a recent study using various bio-
informatics techniques, such as phylogenetic microarrays,
has been published where the gut microbia was investigated
after prebiotic administration in obese and diabetic mice
(Everard et al., 2011).

Food composition databases
Although not explored extensively by the bioinformatics

community to date, it would be remiss of us not to discuss
the various, notable, food composition database (FCDB) ef-
forts that are ongoing globally. Such databases are impor-
tant tools for nutritional assessment by health
professionals (Pennington et al., 2007) and are typically
compiled on a national or regional basis (Scrimshaw,
1997). In the United States, the major food composition
resource is the USDA National Nutrient Database for Stan-
dard Reference (NNDSR; hiip://www.ars.usda.gov/ba/
bhnrc/ndl), which is a free, open access resource. The
NNDSR is regularly updated and curated, and currently fea-
tures data for more than 8000 foods making it one of the
most comprehensive FCDBs. Accordingly, the NNDSR is
utilised globally for nutritional assessment (Merchant and
Dehghan, 2006). In Europe, EuroFIR (hiip://www.eurofir.
org/) provides standardised FCDBs for food and nutritional
scientists. Moreover, EuroFIR lists software developers
among its target users, demonstrating the progression to-
wards computational based research in this area. Although
run by a non-profit organisation, this resource does require
a membership subscription to gain access to data. Finally,
the FAO/INFOODS Analytical Food Composition Database
(hiip://www.fao.org/infoods/infoods/tables-and-databases/
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faoinfoods-databases/en/) provides food composition data
for foods that are commonly consumed globally.

While not specifically driven by bioinformaticians,
FCDBs do subscribe to one of the central tenants of integra-
tive bioinformatics in that there is a major concerted effort
to standardise and assimilate data appropriately. Drivers of
such initiatives include collaborative networks like IN-
FOODS (Scrimshaw, 1997) and EuroFIR (hiip://www.
eurofir.org/), while important historical initiatives include
Eurofoods (Cheung, Wang, Ondetti, Sabo, & Cushman,
1980) and the European Food Consumption Survey Method
(for more information see Vermeirssen, Van Der Bent, Van
Camp, Van Amerongen, & Verstraete, 2004). The
commendable work in this area serves as an important
reference for food and nutritional sciences. Extension of
these practices beyond food composition data could serve
to greatly advance bioinformatic research in these domains.

FoodWikiDB: a consensus food information storage
platform to facilitate bioinformatics

Bioinformatics is a powerful means of quickly and accu-
rately handling multiple data sources in high volume. How-
ever, a pre-requisite for the use of bioinformatics is the
definition of data in a useable and uniform manner. Typi-
cally, data needs to be stored in a precise, fixed format or
configuration in order for its expedient investigation by
computational biology. Formatting and integrating food
and nutritional data in such a manner allows for compara-
tive analysis, which is essential for the discovery of new di-
rections and opportunities.
Fig. 2. Representation of the flow of information in the FoodWikiDB.
The centre part of each piece of information in the database is represented b
semi-transparent grey boxes contain examples of what can be stored for a give

can be known or not, and in some cases c
The big picture: from a database structure to a user-
friendly interface

One of the major problems preventing the use of bioin-
formatics in food and nutritional research is the absence of
a consensus language or lexicon. For instance, the reporting
of experimental data, detailing certain effects of a particular
food, can be very disparate between different research lab-
oratories, and can also vary greatly from food to food.
Creating a uniform language is not an easy task but it is
an achievable one, as we discuss below, and requires the
initial step of arranging the data in an intuitive database-
like representation. This will allow all types of food data
to be deposited in a homogenous format, predefined in
the database, facilitating the use of computational tools
(see Fig. 2).

A brief examination of global monthly Google (conduct-
ed in January 2013) searches shows that searches for sen-
tences containing the words food and cholesterol together
amass to 5.1 million, while sentences containing the terms
diabetes and food or blood sugar and food together
accrue an incredible 12.5 million searches. Notably, these
numbers are restricted to only English based searches.
Accordingly, users are faced with the arduous task of
filtering through thousands of websites to obtain accurate
and reliable data. While a considerable amount of the infor-
mation may be factual, there is currently no system in place
to assess the credibility of the information retrieved. It is
therefore necessary to define a common language and data-
base structure that provides for user-friendly searches,
while assuring the accuracy of the information retrieved.
y the name(s) of the food source(s) shown in a circle on the figure. The
n disease lowering effect of a given food source. The active ingredients
an be represented by an entire food.
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Further to this, a wiki-like food database will provide a
suitable platform for bioinformaticians to undertake compar-
ative approaches between different data types and the predic-
tion of novel experimental outcomes. For example, one can
predict the result of an experiment where ingredient A is
tested for activity against a given disease by simply deducing
the results from another experiment where ingredient B,
which is structurally homologous to A, was tested.

What is a ‘common language’?
While there is pressure on the drug industry to adopt

consensus methods and have global databases (such as
PDB for 3-D structures), it is not the case for the food indus-
try, where methods are free to vary from lab to lab. Conse-
quently, it is difficult to arrive upon a generic consensus or
database structure. This is demonstrated by the noticeable
shortage of core databases for utilisation by the food industry
and academics alike. To define a common language, a set of
rules and attributes to classify an entity needs to be assem-
bled. In our case, a food source is the entity, and the attri-
butes that classify it could include, for example, structural
and molecular information. Each defining element of the
food should be stored separately, but all would be linked
to the food source, as shown in Fig. 2.

While great strides in relation to a common language
have already been made in the areas of food description
and composition using lexicon systems such as LanguaL�
(Pennington & Butrum, 1991), AGROVOC (www fao org/
agrovoc/) and INFOODS tagnames (Klensin, 1992), there
is an apparent need for standardisation of these schemes
(EFSA, 2011). Having a consensus language for all food
and nutrition data will allow bioinformaticians to mine
and compare information, to predict new leads, to detect
inherent errors in data, and importantly, to guide experi-
mental protocols required to validate concepts.

Accurate scientific information presented in an
accessible format

One can imagine a FoodWikiDB resource, which will
allow searches using a user-defined number of search terms
of interest. The user will be provided with a webpage with
the requested information linked to other pages containing
a more detailed explanation of each point. For example, the
webpage of a food source will contain information about
this food, but will also link to all the ingredients (e.g., hy-
drolysates) that have been derived from this food, be they
commercial or not. Each ingredient will in turn link to a
separate page defining and describing its properties, which
will additionally link out to other pages. The key feature of
all this information is that the myriad of pages that a food
source may link to is all nested under the same search term.
These pages may also inter-link to the pages of other food
sources if they share a common feature, for example, they
were tested in the same assay.

The user can then choose to select only information sup-
ported by peer-reviewed sources. The user can refine or
broaden searches by entering exactly, or in more approxi-
mate terms, the information they require. Results could
be presented in various drop box menus, where the user
could choose all, or a more refined selection, depending
on their needs.

Logistics: structuring, populating, and querying the
FoodWikiDB

The wiki-like food database we are proposing here will
address many of the above points. The FoodWikiDB should
be accessible by all credible users (see ‘Policing the
content’ section below), be it for adding information, or
for querying its content. We propose the following structure
as an initial framework for the FoodWikiDB:

Structure outline for the data
Fig. 2 shows an example of the FoodWikiDB layout for

a given food source. Each food source (represented as a
circle in Fig. 2) is identified by one or multiple names
(i.e., scientific name or various common appellations) to
allow for a broad user search scope, but these will be
related to a single FoodWikiDB entry with a unique iden-
tifier. Each food source entry is linked to a number of el-
ements. These include, for example, available data about
the allergenicity of this food or its components, its
genome sequence or that of its closest relatives, its taste
and texture characteristics, its possible effects on probiot-
ics, its potential prebiotic content, its enzyme content, and
its implication in different diseases. Where possible each
of these categories will be populated by links to estab-
lished external websites and resources. This structure
can be organised as displayed in Fig. 2. The food source
will link out to a number of diseases that it has been
shown to impact upon, with links provided to all pertinent
experimental and clinical trial data (see Fig. 2). Here,
there can be an option for the user to include widely
used anecdotal remedies, should they wish, to supplement
the scientifically proven data routinely returned in a
search. In each case, known structures and properties of
the ingredients or food can be retrieved (again where
possible linking to established external resources). Refer-
ences to papers that discuss these results should also be
provided. We believe that unpublished data can equally
contain valuable information that may validate some
experimental findings, therefore, this data should addi-
tionally be included under a non-published tag.

Very often, independent studies of the same ingredient
or food show varying results, claiming a positive effect in
one case, and conversely a negative in another. The Food-
WikiDB would have the capacity to connect these studies
together and highlight the major experimental differences
between them (not shown in Fig. 2 for clarity reasons).

Adding information to the database
The FoodWikiDB, in line with the definition of a wiki,

would be a dynamic database. Users around the world
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would be free to submit information about food and ingre-
dients in the format specified above. New fields can be
added to a food if they do not already exist or are not a pre-
defined field. The user can fill out a form that will populate
Fig. 2 or parts of it. Fig. 3 shows a schematic of how infor-
mation can be added. When adding a particular ingredient,
or an experimental assay, users will be required to relate
these to a relevant pre-existing food source entry or entries.
If an appropriate food source entry does not yet exist, the
user will be prompted to create a new food source instance
before adding any further information. This will ensure that
new information will be linked to existing information in
the database. We feel that the facility to add data, combined
with the incorporation of links to information from external
sources, will provide users with a truly comprehensive
resource. Similar to integrative bioinformatic efforts for
molecular data, novel data entered in the FoodWikiDB by
a user would be subject to data integration protocols for
Fig. 3. Representation of the different users and database administration in
Red arrows indicate a user’s entry or query; blue arrows indicate additions m
exchange within the database. (For interpretation of the references to colour

article)
other relevant resources in order to uphold a culture of uni-
fied access.

Extensions to the database

a. Data integration with external databases

There are many credible online resources that contain
significant amounts of information about different food
sources, as well as details about their genomes, proteins,
sugars, structures, composition and other types of molecu-
lar data (Fig. 3). The FoodWikiDB would interact with
these different resources to populate its content and would
allow users to directly link to these external websites. Infor-
mation about a given search item can be obtained from
other databases using its associated attributes (e.g., acces-
sion number) as keys to perform indexing functionalities
to retrieve the required information. Communication with
teractions within the FoodWikiDB.
ade by the database administrators. Double-headed arrows indicate an
in this figure legend, the reader is referred to the web version of this
.
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external databases can be facilitated through an Application
Programming Interface (API).

b. Software additions

Enabling comparisons of the data stored in the FoodWi-
kiDB and predicting new information would be of great in-
terest to the community. To achieve this, various
established software applications should be integrated into
the database (Fig. 3). For example, a user may enter the
sequence of a structure of interest and want to search the
FoodWikiDB for similar structures associated with a partic-
ular health benefit. This would be possible with tools such
as 3D-SURFER (La et al., 2009). Another use of the Food-
WikiDB could be to search for peptides similar to one pro-
vided by the user, where homology searches, such as
BLAST (Altschul et al., 1997), could be used to achieve
this. Finally, a user could predict the enzymes used to
create a particular hydrolysate of interest and further pre-
dict the different activities within this hydrolysate using
tools such as EnzymePredictor (Vijayakumar et al.,
2012). Many programs can be added to the FoodWikiDB
to allow intelligent mining of the data. It is this feature
that, we feel, will allow the use of bioinformatics to greatly
advance food and nutritional research.

Policing the content
The data added to the FoodWikiDB needs to originate

from a reliable source. It is thus important to police entries
so that users can have confidence in the information they
retrieve from the FoodWikiDB. One way to do this would
be to require contributors to register a valid institutional
email address as a means of authentication. Additionally,
all users can be given the option to rate entries based on
a similar rating scale to the Wikipedia article feedback tool.

Querying the content
To demonstrate some of the potential applications of the

FoodWikiDB, we present the following select examples
(represented in Fig. 3):

- A user can select a disease and query the database for
associated relationships with food sources. The query
could be tailored to limit results to only foods con-
taining ingredients that have been clinically validated
with published data. Further to this, the query can be
tailored to select the subset of the returned food sources
that have no related allergen effects, or the least amount
of fat content.

- A user can choose to upload a structure and query the
database for similar food ingredient structures with
known, published, functions. They can also query the
database to see if these similar structures have any in-
formation regarding their allergenicity.

- A user can search for foods with high oligosaccharide
content.
- One can use known features of a given molecular
function to predict novel potentially functional pep-
tides. For example, the characteristics of angiotensin-
converting enzyme (ACE) inhibitory peptides are
known and well documented in the literature (Cheung
et al., 1980; Vermeirssen et al., 2004). A user can
choose to use this information to predict new bioactive
peptides from a given food of interest found in the
FoodWikiDB. By selecting a food and a prediction
software implemented in the FoodWikiDB, the user can
obtain a set of novel, predicted ACE-inhibitory peptides
in this food.

The above examples of queries show how simple or
complex the range of queries can be. This is provided for
by the structure of the FoodWikiDB, which links the infor-
mation together in an efficient and clear way.
Conclusion
Food and nutritional research, not unlike many other

branches of life science, is fast becoming a very data rich
discipline. As the move towards high throughput “omics”
technologies perpetuates, the necessity of having appropriate
means to curate and analyse such data volumes is para-
mount. The integration and implementation of bioinformat-
ics is suitably poised to achieve this end. In this review,
we have briefly outlined how the adoption of bioinformatics
has impacted upon various field of research. By following
this model, we feel that the capacities of food and nutritional
research can be greatly enhanced. While undoubtedly, as
detailed in this review, great strides have been made in
computational based research in food and nutrition, we
feel there is much scope for development in this area.

We feel that establishment of a centralised, comprehen-
sive food and nutrition database is crucial to the progres-
sion of bioinformatics in this area. Here, we have
specified the structural framework for this wiki-like food
database, namely FoodWikiDB, as well as the intended
content and functionality. Central to the formation of
such a database will be the food and nutritional research
community. This resource will depend heavily on the
contribution of such researchers, and to ultimately succeed
it will require their widespread adoption and utilisation.
While this imposes a great challenge upon the members
of these disciplines, we feel the outcome will not only
enhance current research, but may also drive a paradigm
shift in these sciences.
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