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Introduction
The development of “4P” concept (product, place, 

price, promotion) in healthcare and the modern level of 
“omics” technologies led to the emergence of personalized 
nutrition [1]. The relevance of this idea is ensured by the 
fact that nutrition is an environmental factor that directly 
and constantly affects the consumer’s health. Regulation 
of nutrition is capable to change the state of health of the 
body [2]. Personal nutrition takes into account the entirety 
of the individual consumer’s characteristics, helps pre-
vent the development of a range of chronic diseases, and 
therefore it features prophylactic function [3,4]. The gen-
eral goal of the authors’ research is to form an integrated 
approach to nutrition, including the selection of personal 
dietary recommendations and the development of individ-
ual functional food products (FFP) and biologically active 
additives (BAA) to prevent diseases [5–7]. In particular, 

for the prevention of atherosclerosis, as the root cause of a 
number of cardiovascular diseases, which occupy a leading 
position in the structure of human mortality throughout 
the world [8]. To achieve this goal, in their previous works 
the authors [9–11] emphasize the importance of a personal 
approach to nutrition to prevent development of chronic, 
multifactorial diseases, and draw their attention to:
• identified genes whose mutations affect nutrient me-

tabolism and are associated with a predisposition 
to the development of a number of socially important 
diseases;

• identified genes influencing the development of athero-
sclerosis and associated with nutrition;

• presented an algorithm for developing a personalized 
diet;

• highlighted the strengths and weaknesses of personal 
nutrition.
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Abstract
Atherosclerosis (the main cause of a wide range of cardiovascular diseases) and other multifactorial diseases depend on several 
nutrition factors, defined in general by lifestyle that directly and constantly affects the human body. The modern level of science and 
technology development is able to form a diet, taking into account all personal characteristics in such a way that makes nutrition 
an effective preventive measure against diseases in order to keep a person healthy. The purpose of this article is to define and study 
all the limitations (the scope of its coverage in the scientific literature) that arose in the process of research aimed to formation of 
an integrated personal approach to designing of nutrition to prevent atherosclerosis. The object of the study was scientific literature, 
which is available in open source and free access databases: PubMed, ScienceDirect, eLIBRARY.RU, www.fips.ru, Patentscope. The 
language of search is Russian and English, search depth is 12 years. In the course of the research two food design concepts were 
found that affect process of digitalization in the food sector: the concept “FoodTech” (food technology) and digital nutritiology. 
It was established that in Russia only one company — LLC “City Supermarket” (Moscow), that works with the brand “Azbuka 
Vkusa” — acts in the sphere of “FoodTech” on the Russian market. This company selects personalized food, taking into account 
the results of personal nutrigenetic tests, in cooperation with LLC “Genotech” (Moscow). There is a need to use biological informa-
tion, statistical information processing (nutrigenetic studies, nutrigenomic research) and machine-aided data processing (machine 
learning) for further generation of automatic algorithm that compiles personal recommendations. The relevance of generation of a 
national domestic database on chemical composition of food products (presented in the market) to simplify the preparation of indi-
vidual personal diets is observed. We underline the necessity to use the test-organisms, i. e. dorio fish / zebrafish (Danio rerio) and 
nematodes (Caenorhabditis elegans)), which were used to determine the activity of candidate substances — the biologically active 
substances that feature antiatherosclerotic properties. In the future the authors plan to conduct a nutrigenomic and nutrigenetic 
study, using digital achievements. To collect information about consumers, it is necessary to apply digital devices, and use biological 
informatics to process the results; after that it is necessary to generate the algorithm for automatic selection of personalized dietary 
recommendations.
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In the course of the study, a number of limitations arose 
that hindered the formation of an integrated approach 
to personal nutrition. For example, to form personal di-
etary recommendations, it is necessary to process a huge 
amount of information about the consumer: history data, 
family diseases, nutritional characteristics (intolerance, 
dependence, preference), body composition data (anthro-
pometry, etc.) and nutrigenetic tests data [12]. Therefore, it 
is necessary to turn to the field of mathematical and bioin-
formatic data processing, etc. It’s possible also to use mod-
ern gadgets to collect the necessary data. In the course of 
the research it became clear that is necessary to consider 
digitalization in personal nutrition planning.

The purpose of this work was to study and work out the 
limitations that arose during the study; in particular, during 
the study of the role of digital nutritionology in the modern 
concept of personalized nutrition. The research was con-
ducted by analyzing scientific literature on this issue.

Objects and methods
The object of the research was scientific literature (arti-

cles, patented inventions), that covers the role of the digital 
approach in science of nutrition. The scientific literature 
was analyzed in the following databases: PubMed (United 
States National Library of Medicine), ScienceDirect, Sco-
pus (Elsevier publishing house), eLIBRARY.RU electronic 
library, www.fips.ru search systems (Federal Institute of In-
dustrial Property), Patentscope (World Intellectual Prop-
erty Organization). The search covered the literature in 
English and Russian. The depth of search was 12 years.

Results and discussion
Digitalization is the introduction of modern digital sys-

tems and technologies into various spheres of human life 
[13]. In the course of a literature analysis, it was found that 
digital technologies are used in nutrition in “FoodTech” 
sphere, and in the field of nutrition directly.

“FoodTech” (Food technology) is a new branch of nu-
trition science associated with the new innovative tech-

nologies, namely biotechnology, information and digital 
technologies. This is an aggregate set of operations and 
activities, starting from growing of raw materials, process-
ing, food production, packaging, storage till the moment 
of sale and disposal of waste [14]. Consequently this indus-
try branch is subdivided into two components:
1. Orientation towards the end consumer (B2C), towards 

the production of traditional food products, towards 
personalized nutrition.

2. Orientation towards businesses (B2B).
The world market of FoodTech consists of five areas of 

activity: development of technologies for obtaining alter-
native sources of protein (insects, algae, microorganisms-
protein producers) [15,16] and innovative food products 
(lactose-free, gluten-free food products, food with a low 
sugar content, etc.) [17], table 1; development and appli-
cation of biotechnology in the field of agriculture (appli-
cation of synbiotic additives for normalizing the digestive 
system of livestock, producing strains, strains for plants 
growth stimulation, etc.) [18]; application of digital tech-
nologies in the field of agriculture (application of machine-
aided data processing algorithms, automation, introduc-
tion of unmanned technologies, etc.) [19,20]; development 
of “smart packaging” (environmentally friendly and sus-
tainable packaging, packaging that displays shelf life of the 
food products, etc.); development of personalized nutri-
tion (nutrigenetic testing, study of the microbiota of the 
gastrointestinal tract, individual FFP) [14]. FoodTech pro-
vides for not production of food only, but also for their 
delivery (from catering businesses, shops) [21], which is in 
a great demand now due to the spread of coronavirus in-
fection [22,23].

The Russian market for innovative products is mainly 
represented by functional drinks and food additives pro-
duced from alternative sources of nutrients by the compa-
nies located in the European part of the country. There is 
only one competitor on the market today that selects per-
sonalized food products based on genetic tests results. This 
information proves that it is possible to enter the market 

Table 1. The example of a number of domestic companies engaged in innovative nutrition in FoodTech sphere
Category Food product Producer, city reference

Innovative food products
“NEORON” drink LLC “SINCOR”, Moscow [24]
“Octa” milk drink LLC “Dairy Naro-Fominsk Plant”, Moscow [25]
Chlorella drink “Be. Live.Organic” LLC “Holdingvest”, Tver [26]

Nutritional supplements

Fine powders LLC “EVOFOOD”, Perm [27]
Wolffia-based food additive “BIOVOLF” LLC “BIOVOLF RUS”, Moscow [28]
Sweetening proteins “Hi-Protein” JSC “EFKO”, Alekseevka [29]
Vegetable salt replacement LLC “SALICORNIA NUTRITION”, Astrakhan [30]

Alternative protein source Protein product from sunflower kernel “SFP-60” LLC “ECO PRODUCT”, Moscow [31]

Alternative meat products
Herbal food products “Greenwise” CJSC “PARTNER-M”, Maloyaroslavetz [32]
Vegetable meat “Hi!” JSC “EFKO”, Alekseevka [29]

Personal food
Range of food products from the private supermarkets 
chain “Azbuka Vkusa” (“Alphabet of Taste”) based on 
nutrigenetic tests conducted by the company “Genotech”

LLC “City Supermarket”, Moscow [33]

http://www.fips.ru
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with individually selected dietary supplements and pro-
duced FFP. However this process is quite costly, which is 
explained by various difficulties in the field of food per-
sonalization. It is important that some of these difficulties 
(i. e. restrictions) will be eliminated by the introduction of 
digitalization in nutrition and preclinical researches.

The term “digital nutritiology” was presented for the 
first time in the Russian scientific literature in the paper of 
Yu. N. Orlov and his colleagues [34]. The paper developed 
an automatic algorithm for calculating the size of helping 
(food portion), taking into account the data on the daily 
intake of essential nutrients. There are three blocks that 
enable software implementation in the field of nutritional 
science:
• the first block — an aggregate set of models of food di-

gestion by a body, that is taking into account all body’s 
basic features (gender, age, weight, level of physical ac-
tivity, etc.) and data on the health of the consumer, as 
well as his / her cultural and religious preferences;

• the second block — an aggregate set of data on chemi-
cal composition of food product (before and after its 
cooking by various cooking methods);

• the third block — an aggregate set of computational al-
gorithms compiled for analysis of information from the 
first two blocks. Those algorithms select the composi-
tion and size of helping based on individual data about 
the consumer, and are able to evaluate the menus made 
according to consumer preferences, etc.
The role of digitalization in this case is that the collec-

tion and aggregation of information on the consumer (i. e. 
the first block) is possible thanks to modern gadgets used 
in real time mode (cell phones with special applications, 
wearable technologies devices — smart watches, etc.) [35–
38]. On the modern market there is a huge variety of mo-
bile applications that assist in weight management, con-
trol the therapeutic diets and give advice for people with 
diabetes, gastrointestinal tract issues, allergic reactions to 
certain food components, etc. [39,40]. To calculate the al-
gorithms that define helping sizes and so on, statistical and 
bioinformatic data processing is required. Traditional ele-
ments of statistical analysis of nutritional data include: t-
tests, analysis of variance (ANOVA), analysis of covariance 
(ANCOVA) [41,42], chi-square, regression [43], etc. These 
operations play an important role in describing nutritional 
information; they are able to transform the received data 
into analytical variables. But they cannot interpret the 
large amount of data collected during the formation of 
personal dietary recommendations, when analyzing the 
relation between intake of nutrients and the health of a 
consumer. Therefore it is necessary to supplement tradi-
tional statistical methods with machine-aided processing 
of data[44,45]. Machine-aided processing of datarefers to 
a computer system capable of describing the solution to 
a given problem and creating an algorithm based on this 
solution. More details about machine-aided processing of 
datamethods are presented in the work of L. Khorramine-

zhad, [46]. You also need to use programs like Python (Py-
thon), R, RStudio, Statistics, etc. to process the collected 
data.

For the formation of an individual diet for the preven-
tion of both atherosclerosis and any other disease, it is 
important to create a domestic database on the chemical 
composition of food products. The demand for this data-
base is caused by the fact that its availability will simplify 
the development of personal dietary recommendations by 
specialists and individual dietary supplements, food ad-
ditives and FFPs for prevention of diseases. This topic is 
considered in more detail in the paper of V. V. Bessonov 
and his colleagues [47]. For a detailed study of the chemi-
cal composition of food products, it is necessary to im-
prove the methods used in the “Foodomics” approach. 
This approach is the discipline of studying food, using 
“omics” technologies (that is genomics, transcriptomics, 
proteomics and metabolomics) to improve the quality of 
food, functional food activity and assessment of the food 
safety [48]. Due to necessity to process a large amount of 
information this area is also closely related to bioinformat-
ics [49]. Methods of analytical chemistry play a significant 
role in Foodomics technologies, namely chromatographic 
analysis, mass spectrometry, nuclear magnetic resonance, 
as well as methods of sample preparation, extraction and 
purification of biologically active substances (BAS) from 
the researched raw materials [50], methods of genetic anal-
ysis to detect food pathogens [51].

In order to organize an experiment in silico, the ini-
tial data from experiments in vivo and / or in vitro are re-
quired. So an important problem is to assess the efficiency 
of the developed FFP and dietary supplements assigned to 
prevent atherosclerosis. During the review of the scientific 
literature it was noted that it was possible to evaluate on 
model test systems the following parameters in in vitro 
conditions:
1. The ability of cell lines to accumulate cholesterol. Cellu-

lar models are presented in the work of A. N. Orekhova 
and his colleagues [52]. Thus, to assess the anti-athero-
sclerotic potential of the studied biologically active sub-
stance, it is necessary to cultivate human aortic cells un-
der conditions of gradual adding atherogenic serum / 
atherogenic serum plus biologically active substances.

2. The ability to transform foam cells on human mono-
cytes (THP-1). Monocytes were transferred into mac-
rophages, then into foam cells (using oxidized lipo-
protein of low density) in the presence / absence of the 
studied BAS. The technique is described in the paper of 
X. W. He [53].

3. The ability of probiotics, synbiotics to change the level 
of cholesterol in the nutrient medium. The technique is 
thoroughly described in the work of D.K Lee [54].
To assess the efficiency of dietary supplements / food 

additives and FFP in vitro, Figure 1 below is compiled to 
show all test models being researched in comparison with 
the model of a human [55].
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The genetic information of all the test organisms, shown 
in the figure above, has been decoded. That made them 
suitable for research in the field of nutritional genetics. But 
zebrafish (Danio rerio) and nematodes (Caenorhabditis 
elegans) were of particular interest as they feature genetic 
similarity to the human genome, they feature rapid devel-
opment, high fertility; they are easy to conduct genetic ma-
nipulation on, as well as the costs of their keeping are rela-
tively low, as well as fewer ethical limitations in comparison 
with models of mammals and large amphibians [56]. In the 
scientific literature, zebrafish are the model organisms of 
scientific priority in studies related to nutritional genetics 
and development of obesity [57]. The zebrafish can also be 
used for researches related to cardiovascular diseases and 
metabolic syndrome [58,59]. Due to the fact that nematodes 
(Caenorhabditis elegans) have a transparent body, they can 
be used to study the accumulation of lipids — their body 
accumulates fats in the form of droplets in the subcutaneous 
and intestinal cells, which are clearly visible to the observer 
[60]. Nematodes are also used for research targeted to find-
ing candidate genes related with human obesity [61]. Con-
sequently, these test models can be used for further research 
targeted at finding the relation between nutritional genetics 
and development of atherosclerosis.

Conclusion
Nowadays the personalization in the healthcare system 

is an urgent preventive system; in particular, the personal-
ization is expressed in a way of individual nutrition. This 
article briefly summarizes the authors’ findings within the 
research conducted in the nutritional genetics, and repre-
sents the revealed limitations. Limitations are related to 

digitalization in the nutrition system and preclinical stud-
ies, which serve as a source of data for further machine-
aided processing of data, for statistical forecasting, etc. In 
this paper it was found that:
• all “omics” technologies are aimed at prevention of dis-

eases development and ensuring the normal well-being 
of the consumer;

• processing of data obtained via “omics” technologies is 
not possible without the introduction of digital tech-
nologies;

• the role of digitalization in the modern world keeps 
growing, and its achievements can be used to develop 
personalized nutrition;

• in the sphere of nutrition, digitalization is implemented 
in the form of “FoodTech” and in nutritional science 
directly;

• development of algorithms for the automatic selection 
of appropriate food, according not only to its compo-
sition and size of helping, but also for drawing of di-
etary recommendations for the prevention of diseases 
(in particular atherosclerosis) is of high relevance now;

• in order to develop these algorithms, it is necessary 
to involve data on basic characteristics of consumers. 
Some of that data can be collected via mobile applica-
tions, smart watches and other digital devices;

• in order to develop there algorithms, it is necessary to 
involve data on chemical composition of food products 
and its biologically active features;

• in order to study the chemical composition and safety 
of existing food products and developed FFP, dietary 
supplements, it is necessary to develop Foodomics 
technology;

Figure 1. Model test organisms suitable for Nutrigenetic Research
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• to assess the efficiency of the selected nutrition, FFP 
and dietary supplements, it is necessary to conduct pre-
clinical studies on the model test systems;

• nematodes (Caenorhabditis elegans) and zebrafish 
( Danio rerio) are the promising test organisms;

• the researches on cell models in vitro are of relevance 
too;

• bioinformatics methods are necessary to process the 
obtained data of “omics” (nutrigenomic and nutrige-
netic research) analysis;

• on the domestic market there is a service for selection 
of personal food products, taking into account the re-
sults of nutrigenetic testing. This service is provided 
by only one company, that is LLC “City Supermarket” 

(that operates under the brand “Azbuka Vkusa”) in 
 cooperation with LLC “Genotek”.
Within the course of further research the authors plan 

to form personal dietary recommendations, aimed at the 
prevention of atherosclerosis, on the basis of nutrigenetic 
tests; also to make a list of BAS-candidates which feature 
anti-atherosclerotic properties; to run preclinical tests — 
i.  e. nutrigenomic research; to evaluate the efficiency of 
the selected biologically active substances on the model 
systems in vitro, in vivo. The authors plan to conduct re-
search in silico, on the basis of the collected data; further 
to form an integrated approach to nutrition to prevent 
atherosclerosis, as well as to develop individual dietary 
supplements and FFP.
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