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Human nutrition is a multifaceted, complex, and broad scien-
tific field, demonstrating how food components, ingredients and 
flavors present required nourishment for the life-sustaining [34]. 
Since the dawn of civilization, food and nutrition components have 
been obligated to maintain human life by releasing energy [11]. 
However, over the decades, human nutrition has been widely con-
sidered as a promising resource to treat and/or prevent diseases 
[21]. Recently, the application of modern research in nutrition 
and food science has been shifted from classical technologies and 
equipment to advance analytical methodologies [4]. To achieve the 
mentioned goal, a new discipline, namely called foodomics, was 
introduced as the global strategy through using the application of 
advanced omics in the food science domain [17].

The history of using foodomics dates back to 2009 when this 
term was introduced by Cifuentes in the first international confer-
ence at Cesena, Italy [2]. Foodomics is an analytical and interdisci-
plinary strategy that offers a comprehensive vision into the food 
and nutrition area [2,8]. Foodomics domain focuses on the food 
ingredient using qualitative and quantitative data [4,8]. Addition-
ally, foodomics can help researcher to identify the specific effects 
of foods on human body, health and diet [1,5]. In foodomics, un-
derstating the interaction of food with human’s body using genetic, 
protein, and metabolic profiles can be one of the most important 
achievement [6,35]. Additionally, applying foodomics can assist re-
searchers to identify the effects of allergens and food-borne patho-
gens, thus control the negative impacts of ingredient on health 
[11].

Generally, foodomics includes 5 main subsets: epigenomics, ge-
nomics, transcriptomics, proteomics, and metabolomics [18]. In 
the epigenomics domain, the expression of gene (s) are analyzed 
through evaluating the effect of foods on the modifications and 
changes in the genetic pathways and histone activities of human’s 
cell [33]. Epigenomics domain of foodomics can also interpret DNA 
-methylation, -phosphorylation, -acetylation as well as histone tails 
methylation of humans’ cell [22,36]. Furthermore, the regulation 
of miRNAs expression by food in different diseases pathways, like 
cancer cells, have been identified as an advance achievement of 
epigenomics in foodomics. Epigenomics shows how some nutri-
ents such as choline, vitamin C, and omega-3 fatty acids control 
the expression and activity of miRNAs in apoptosis and metastasis 
through changes in the DNA- methylation [20,22]. In the genomics 
domain, researchers examine all genetic profiles and the details of 
genome like structure, function, etc. The application of genomics in 
the nutrition investigation is a broad topic with focusing on the re-
lationship between hereditary, genes and the nutritional pattern is 
the matter of concern [19]. Furthermore, genetic disorders that can 
be controlled and/or treated with proper nutrition, such as type 1 
diabetes, are the most interesting topics in the genomics [10]. Tran-
scriptomics in foodomics technology focuses on the various aspects 
of food’s effect on the RNA transcription inside the human’s cells 
[16]. Additionally, using transcriptomics can help scholars to evalu-
ate the influence of hazardous substances, toxic food components 
as well as healthy food on the transcription process [23]. On the 
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other hand, transcriptomics shows how nutritional substances can 
alter gene transcription and expression [24]. In the proteomics 
area of foodomics, researchers examine protein profiles qualita-
tively and quantitatively [10]. Likewise, proteomics can identify 
the food effect on the translation rate of proteins, their post-trans-
lation changes, and the enzyme activity [25]. In the metabolomics 
domain, the function of food, the activity of secondary metabolites, 
and their interaction with the metabolic pathways of human’s cells 
are discussed [12]. For example, by examining the metabolic profile 
of urine through metabolomics in foodomics domain, it is possible 
to understand the changes in the metabolic pathways of cells in dif-
ferent tissues of the body due to a specific diet [26].

Epigenomics, genomics, transcriptomics, proteomics, and me-
tabolomics are parts of foodomics that researchers with using from 
bioinformatics and cheminformatics databases can study these 
techniques. Metabolic profiles, which include all lipids, amino ac-
ids, nucleotides, and sugars, creates the phenotypes [8]. Creating 
a link between nutrition and health through foodomics, promotes 
food safety, food bioactivity, food quality and food traceability [5].

In foodomics, there are many analytical techniques that use 
in food analysis including (i) biological techniques (such as poly-
merase chain reaction (PCR)), (ii) spectroscopic techniques (such 
as mass spectrometry (MS)), (iii) separation techniques (such as 
high performance liquid chromatography (HPLC)), (iv) electro-

Figure 1

chemical techniques, (v) sample preparation techniques (such 
as purge and trap (PAT)), and (vi) hyphenated techniques [5]. 
The efficiency of genomics in foodomics aspect is highly depen-
dent on the microorganism types and products [15]. For example, 
PCR can identify DNAs and RNAs of pathogens in food and detect 
unwanted components in food and food allergens [30]. Electro-
chemical is new technique in food analysis that can increase the 
speed and accuracy of analysis [5]. Compared to other methods, 
applying electrochemical biosensors can help to overcome on the 
limitations such as low speed, high cost, large size of systems and 
sample preparation. Electrochemical biosensors can demonstrate 
the changes in food quality due to contaminants or pathogens by 
altering signals [29]. Reportedly, sample preparation, separation, 
and spectroscopic techniques are the main phases of foodomics 
[5]. In sample preparation techniques, a small amount of food can 
be prepared for more complicated arrays of analysis [13]. This 
technique has advantages like increasing selectivity, saving time, 
reducing environmental damages, reducing the costs, etc. For in-
stance, to have a better proteomics study, a high-yield protein and 
peptide substances should be prepared from the smaller amount of 
food for further analysis [13]. Additionally, to have a high- efficacy 
purge and trap method, the high-concentration and enrich volatile 
organic compounds should be separated [11]. In separation tech-
nique, the sample is divided into two or more components that 
at least in one of these components the target matter is enriched. 
HPLC is one of the separation methods that is used for both quali-
tative and quantitative analysis of raw materials and products. 
This method can be applied for the most food ingredients such as 
carbohydrates, phospholipids and amino acids [28]. Spectroscopic 
techniques should be applied based on interactions between light 
and matter and give us information about the structure of matter, 
qualitative and quantitative analyses [7]. Mass spectrometry has a 
wide range of applications in the analysis of water and food toxins, 
food contaminants and proteins in food [5]. This technique is also 
used to analyze genetically modified food products and gives an 
overview about the presence or absence of a specific compound, 
their chemical structure and amount in food [5]. Hyphenated tech-
nique is a combination of separation and spectroscopic techniques 
that allows the desired food to be well separated and purified by 
the separation and chromatography, and immediately identified 
and analyzed by the spectroscopic techniques [31].
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As mentioned, foodomics play an important role in improving 
food quality, understanding the food’s effect on chemical pathways 
in the body, detecting and controlling of foodborne illness, study-
ing of genetically engineered product’s effects and studying of ag-
ricultural research [5,9]. Foodborne illnesses are usually caused by 
improper storage and transportation of food [5] Although many 
foodborne illnesses have been controlled by different foodomics 
strategies, lots of foodborne illness have not yet controlled around 
the world [32]. For example, “listeriosis”, which is caused by “Lis-
teria monocytogenes”, is transmitted through contaminated meat 
and dairy products. It is expected that in the near future, foodo-
mics strategies can help to control and prevent foodborne illness 
[27]. Over the years, by developing the industries sectors, the lev-
els of food’s toxins have been significantly increased [5]. The de-
velopment of industry leads to the widespread distribution of food 
worldwide, which in turn transmits food toxins to most parts of 
the world [27]. Therefore, Fodomics analysis techniques must be 
developed to be able to qualitatively examine food in the shortest 
time and with the greatest accuracy to determine the presence of 
food toxins [2,5].

Despite the mentioned advantages of foodomics, a few bottle-
necks have been addressed during the application of this omics. 
It has been reported that the application of analytical techniques 
in foodomics are costly, time-consuming, and somewhat new [5]. 
Analyser systems require large space, specialized equipment and 
specialized technicians which are expected to be resolved in the fu-
ture. The techniques used in foodomics should be more green and 
environmentally friendly [14]. Many of these problems and limita-
tions have been addressed in electrochemical biosensors [29].

All the mentioned aspects suggest that by proper use of foodo-
mics researchers are able to make an accurate bridge between diet, 
environment, and human’s genetics [11]. This structural health 
bridge can also prevent many diseases through a proper nutritional 
diet, which can be achieved through the analysis of genetic, protein 
and metabolic profiles of the patient through omics strategies and 
with the help of bioinformatics database [3,11]. Because there are 
so many different chemical compounds in a meal that can have a 
positive and negative effect on each other, food safety, cell function, 
and molecular tests cannot provide integrated results separately. 

Therefore, the use of foodomics in achieving these comprehensive 
results is important [6]. Although foodomics has made significant 
advances in food analysis, this omics strategy needs a lot of prog-
ress and promotion in the future [3].
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