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Abstract

This article presents a trophological approach to the development of nutrition. The evolution of human views on nutrition from
antiquity to the present time, including issues of perfect nutrition, is considered. The main concepts of nutrition theories are formu-
lated. The systematized reasoning is useful for new rationale for solutions of challenges related to optimization of nutrition. Within
the scope of the development of nutrition theories, the problem of perfect food plays a special role. The article presents a modern
vision of perfect nutrition. The designing of trophological nutrition algorithm is based on scientific approaches that both to justify
the correct consumption of food products, and also define the most reasonable way of their production, storage, distribution and
disposal of food waste. The implementation of the trophological approach in theories of nutrition is also reflected in the concept of
the state policy of the Russian Federation in the field of healthy nutrition among the population. This topic is also relevant in light
of the sharp increase of food allergies among the various groups of population, because people who suffer from food allergies must
follow a special diet to prevent the risk of allergic reactions, which can be managed using a nutritional approach.
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Introduction

Trophology is the science of food that studies the im-
pact of the alimentary factor on the condition of a human
body, studies the development and creation of methods for
improving health through the alimentary factor. For exam-
ple, the health can be improved through rational human
nutrition, as well as through the improvement and man-
agement of food quality. The trophological approach has
two bases: biological and evolutionary [L1,2].

The founder of the concept of trophological food chains
is the Russian scientist Ugolev A. M. Whole range of his
works are devoted to fundamental and applied aspects of
the problems of nutrition and food digestion, the theory of
adequate nutrition and trophology [2-5].

The scientist Lipatov N. N. also contributed to the de-
velopment of the trophological approach. Lipatov N. N.
was the creator of a scientific school that considers the
problems of improving the quality of food products as ob-
jects of a single exotrophic chain of their production, con-
sumption and digestion of the food nutrients by the hu-
man body [6-9].

In scientific works [10-12], a systematic analysis was
run. It resulted to defining the main links (operations) of
the trophological chain of meat products from the field to
the consumer. Through the ongoing collection and analysis

of data on the state of raw materials and ready-to-consume
food products, their traceability shall be ensured. The
traceability is possible via the introduction of a unified in-
formation and applying the analytical computer system to
identify potentially dangerous or harmful conditions dur-
ing production and circulation of raw materials and food
products; via monitoring the composition and quality of
raw materials in their resource zones, as well as monitoring
of food products at all stages of its production till their sale
to the consumer. The monitoring is especially important
when creating functional and specialized food products,
since it is necessary to trace the accumulation and preser-
vation of both nutritional elements and xenobiotics.

For formation of this science it is necessary to develop
the issue of nutrition. With the help of trophology;, it’s pos-
sible to overcome many difficulties that arise due to differ-
ent approaches, non-congruence of estimates and experi-
mental methods used in different sciences which study the
trophological processes [4,5].

Trophology covers a range of areas: cell trophism and
tissue trophism, gastroenterology, nutritional science, di-
etetics, food production and food turnover. Immunology,
microbiology, ecology, assimilatory aspects of almost all
biological and medical sciences, as well as many chemical
and technological sciences, and certain scientific issues of
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agriculture are also closely related to trophology. Tropho-
logy combines many links of a single assimilatory chain,
artificially broken and divided between different fields of
knowledge [4,5,13-17].

Trophology, to a certain extent, is already able to answer
the question of what human food should be, taking into ac-
count the features of trophic processes in a body that were
formed by evolution. Trophological analysis creates more
reliable criteria for the formation of optimal agricultural
and industrial food technologies. It should be noted that
any theory of nutrition is necessarily an important part of
trophology [5]. The purpose of the article is to systematize
the main concepts of nutrition theories using a trophologi-
cal approach to substantiate new solutions to issues and
challenges related to improvement of nutrition.

In general the evolution of views on the principles
of nutrition is presented below in the form of a diagram
(Figure 1) [5,18,19].

Basic concepts of nutrition theories

The very first theory of nutrition arose far back in an-
tiquity and was associated with the names of Aristotle
and Galen. According to the antique theory, the body is
nourished by blood, which is continuously formed from
the consumed food substances as a result of some kind of
fermentation-type process. In the liver, the blood is puri-
fied and then used to nourish organs and tissues. Thus,
using our modern terminology, digestion was originally
viewed as the process of transforming nutrients into other
substances that serve as a source of energy for body and
components for tissue building. On this basis, numerous
therapeutic diets were created, thus providing an easier
conversion of nutrients into the blood [4,5].

Antiquity theory of nutrition

The concept of rational nutrition was formulated in
1930 by Professor M. N. Shaternikov in the following form:
“In the dynamics of life processes the dominant role be-
longs to the exchange of substances and forces between
the human organism and the external environment. That
is the nutrition processes in the broad sense of the word.
Growth, development, working capacity and even the very
existence of a human being and animals is dramatically
dependent on the sufficiency and rationality of nutrition.
In other words, the theoretical basis for the development
of nutritional standards should be the study of the state of
metabolism in the body, depending on the quantity and
quality of nutrients consumed by a person [4, 5].

The concept of a balanced diet was set forth in 1964 by
academician A. A. Pokrovsky. It is based on six basic pos-
tulates as follows (Figure 2) [5,20].

The theory of balanced nutrition enabled to scientifi-
cally substantiate the norms of nutrient intake, as well as to
overcome many nutritional defects and diseases associated
with a lack of vitamins, lack or shortage of essential amino
acids, fatty acids, and trace elements. On its basis, various
food rations have been created for all groups of the popu-
lation, taking into consideration the level of their physi-
cal activity, environmental climate and other living condi-
tions. All industrial, agro technical and medical measures
are based on this theory, which come down to the fact that
the improvement of the properties of food products can be
achieved by extracting nutrients against the background of
a decrease in ballast substances [4,5,20].

However, the balanced approach and the resulting
idea of refined, artificially enhanced, ballast-free food also
brought significant harm to health. Researchers began
to record a surge of diseases — atherosclerosis, diabetes,

The concept of rational nutrition

The concept of a balanced nutrition

The concept of
perfect nutrition

The concept of
optimal nutrition

Personalized nutrition

The concept of
functional nutrition

The concept
of adequate
nutrition

Personalized nutrition

Digital nutrition

Figure 1. The evolution of views on human nutrition
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1) nutrition maintains the molecular composition of abody and compensates for its
energy consuption and plastic needs;

2) nutrition is considered to be perfect when the intake of food substances is maximally
adequate (in terms of time of consumption and composition of food) to their consumption;

3) the intake of nutrients into the blood is ensured as a result of the destruction of food
structures, digestion and absorption of nutrients necessary for metabolism, energy and
plastic needs of the body;

4) food consists of several components, different in physiological significance —
nutrients, ballast substances and harmful (toxic substances);

5) the value of a food product is determined by the content and ratio of amino acids,

monosaccharides, fatty acids, vitamins and some salts in it;

C

6) food is digested by a body
— ]

d

Figure 2. The main postulates of a balanced diet concept

osteochondrosis, osteoarthritis, etc. The production of re-
fined, highly-purified food products turned into emerging
of gastrointestinal tract diseases. The dietary regime hap-
pened to be no less important. One or two meals a day en-
tailed not only a partial loss of food due to the difficulty of
digesting a large amount of food per one intake, but also
contributed to emerging of dramatically profound meta-
bolic disorders [4,5,20].

Thus, the main drawback of this theory of nutrition is
ignoring the role of dietary fiber and other factors that are
not related to nutrients. The theory of balanced nutrition
has been re-evaluated. The crisis of this theory stimulated

a new scientific research in the field of physiology of diges-
tion, biochemistry of food and microbiology [4,5,20]. All
this led to the emergence of a new theory of adequate nutri-
tion. It included every valuable element from the theory of
balanced nutrition, but new provisions also appeared [4,5].

In the 80s of the 20™ century the Russian physiologist
academician A. M. Ugolev formulated the theory of ad-
equate nutrition, which is actually a development of the
theory of balanced nutrition, taking into account the latest
data on the role of dietary fiber and intestinal microflora in
physiology of nutrition [4,5]. The concept of adequate nu-
trition is based on six basic postulates as follows (Figure 3):

1. Nutrition maintains the molecular composition and compensates for the energy and
plastic costs of the body for basic metabolism, external work and growth (this postulate
is the only one common to the theories of balanced and adequate nutrition).

2. Normal nutrition is not due to a single flow of nutrients from the gastrointestinal tract
into the internal environment of the body, but to several flows of nutritional and
regulatory substances that are of vital importance.

4. In metabolic and especially trophic terms, the assimilating organism is a
supraorganismal system.

5. There is an endoecology of the host organism, formed by the intestinal microflora,
with which the host organism maintains a complex symbiotic relationship, as well as the
intestinal, or enteral, environment.

6. The balance of nutrients in the body is achieved as a result of the release of nutrients
from food structures during the enzymatic breakdown of its macromolecules due to
cavitary and membrane digestion, and in some cases intracellular (primary nutrients), as
well as due to the synthesis of new substances, including essential ones, by bacterial
flora intestines (secondary nutrients). The relative role of primary and secondary
nutrients varies widely.

Figure 3. The main postulates of the theory of adequate nutrition
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The concept of perfect nutrition is theoretically based
on the apparent observance of the laws of nutrition, and
in a generalized form it was proposed in 1991 by academi-
cian A. M. Ugolev [4]. The main postulate of this concept
is as follows: nutrition is primarily a process of maintain-
ing and balancing the molecular composition of a body,
i. e. the process of compensating of losses that occur in the
body. This concept served as the basis for development of
the so-called elemental nutrition, which expediency was
not confirmed during the tests [5].

The concept of optimal nutrition is a derivative of the
concept of balanced nutrition. This concept converts the
recommended norms for energy consumption and nutrient
requirements from group values to individual values [5].

Thus, according to the provisions of previous concepts,
food was considered mainly as a source of energy and nu-
trients. Using the deep study of the chemical composition of
food raw materials and ready food products and the iden-
tification of correlations between the content of individual
micronutrients and biologically active substances, as well as
the state of public health, a new view of food was formulated
as a means of preventing and curing certain diseases.

The concept of functional (healthy, positive) nutrition
was first formulated in the early 1980s in Japan [21]. The
term “functional nutrition” implies the foods which in case
of systematical consuming, benefit human health, increase
its resistance to diseases, and can improve many physiologi-
cal processes in the body, thus allowing a person to main-
tain an active lifestyle for a long time. Positive nutrition
food contains ingredients that provide them with functional
properties: dietary fiber, oligosaccharides, amino acids, pep-
tides, polyunsaturated fatty acids, vitamins, antioxidants,
minerals, bifid bacteria, and others elements [22,23].

Healthy food products are not medicines and cannot
cure; but they help prevent diseases and aging of the body
in the current environmental situation. The place of func-
tional nutrition is defined by researchers as an average be-
tween the usual way of nutrition, when a person eats what
he wants in order to satiate, and the therapeutic nutrition
assigned for sick people [22, 24-27].

The basic idea behind perfect food and perfect nutrition
is to achieve the best possible manifestation of all the capa-
bilities of the body and its optimal functioning. However,
this goal appears to be unrealistic. In fact, some types of food
are favorable for high physical exertion, in the same cases
where there are significant psychological stresses, a different
diet is needed. Moreover, emotional background changes
also require corresponding changes in the diet. The types of
nutrition in hot and cold climates also differ significantly,
and the differences in the nutrition of North and South
peoples cannot be reduced down to economic factors only
[28]. Finally, to increase life expectancy, low-calorie diets are
recommended. At the same time, intensive work requires a
sufficiently high level of nutrition. Thus, there are a number
of patterns of adequate food and nutrition for different con-
ditions. But none of them are completely perfect [5, 29-33].

First of all modern perfect nutrition is the nutrition
of an individual that takes into consideration his/her age,
type of build, major and side diseases. That is the personal-
ized nutrition [5, 29, 30, 34-36].

Personalized nutrition is a scientific approach to the in-
dividual health of each person. In order to make a person’s
nutrition really correspond to his personal characteristics,
it is necessary to constantly collect and process a large
amount of information about his/her body, condition and
habits. The study of personalized nutrition is engaged in
the science of nutrition [34-37].

Nutrition in its most generalized form can be defined
as a part of biology that studies human nutrition and hu-
man development, taking into account the conditions and
the environment [37]. Nutrition is one of the intensively
developing sciences of an integrative nature.

The integration of nutrition with engineering sciences,
in particular with food technology, opens up the develop-
ment of new modern digital methods and techniques for
developing products with a specified chemical composi-
tion, specialized products, as well as the food for personal-
izing of diets [18,19].

Today the phenomenon of the emergence of a new sci-
entific direction of “digital nutrition” is being considered,
which direction provides for the digital transformation
of data on the physiological needs of a person for food,
biological substances and energy, as well as the chemical
composition of basic foods. It became possible to create
software for the development of personalized diets both
for a healthy diet and for the prevention and treatment of
alimentary-dependent diseases [18,19,38].

It should be noted that merely sufficient food production
does not ensure the optimal level of human health. Con-
scious high culture of food is necessary. Moreover, it is neces-
sary to provide more comprehensive culture, which should
be called trophological. In addition to the culture of nutrition
the food culture should include the culture of food produc-
tion (including agriculture, ecology, industrial technology),
food distribution and storage. Food culture is a consciously
organized, possibly more optimal (adequate) satisfaction of
nutritional needs based on achievements of trophology, hu-
manity within the limits of economy and ecology [5,29,30].

The term “trophological culture” means the under-
standing and using the basic laws of metabolism and nu-
trition patterns in the daily life of each person and soci-
ety as a whole. That can ensure the optimal functioning
of a body, taking into consideration the actual conditions
of life, climate, work, etc. The trophological culture of nu-
trition includes an understanding not only of the rules of
food consumption, but also of all stages of work on food
products in agriculture and the food industry (at food in-
dustry enterprises) and, of course, in trade. Trophological
culture can only be based on the scientific approaches that
allow not only justify the correct consumption of food, but
also define food production, processing, storage and dis-
tribution. Food culture is part of trophology. This is true,
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since without a certain level of food culture it is extremely
difficult to solve a number of global problems, including
the problem of defeating hunger and many diseases (ath-
erosclerosis, cardiovascular diseases, certain malignant
neoplasms, diabetes, gastrointestinal tract disorders, food
allergies and many others), as well as the problem of strug-
gling against aging of a body [4,5,29-31].

Food allergen management concept

One of the major nutritional problems of the modern
world is food allergy, which affects approximately 3 to
10% of adults and 8% of children worldwide [39]. Food
allergens affect the health and quality of life of people with
hypersensitivity caused by some food components, and
such allergens are considered to be serious threat to food
safety [40]. To reduce the risk of adverse allergic reactions
in food consumers it’s necessary to put out certain food
allergens from the diet [41,42]. However, the elimination
diet like this won't be efficient if food manufacturers fail
to inform their consumers reliably on the presence of al-
lergens in food.

The concept of managing food allergens as a food safety
threat emerged in the last decade of the 20™ century and
since then has expanded significantly. Food allergens man-
agement has been evolving along with increasing knowl-
edge and understanding of this issue. Initially, little was
known about key determinants of risk, such as sensitivity
and speed of an allergic reaction in susceptible individuals
in response to an allergen. There was virtually no infor-
mation on the number of affected consumers, even for the
most studied allergenic foods such as peanuts [43-47].

As you know, today there is no cure for allergies that
guarantees a complete recovery. Until an effective treat-

Technical regulation of the Customs
Union 022/2011 “Food products
in part of their labeling”

Regulation No 1169/2011 of the
European Parliament and of the Council
of the European Union on providing
the food information to consumers,
amending Regulations (EC) 1924/2006
and (EC) 1925/2006 of the European
Parliament and of the Council and
repealing Directive 87/250 /EEC of the
European Council. European Council
Directive 90/496/EEC, European
Council Directive 1999/10/EC. Directive
2000/13/EC of the European Parliament
and of the Council, Directives 2002/67/
EC and 2008/5/EC of the European
Council and Regulation (EC) 608/2004
of the European Council”

GOST R54762-2011 “Programs
of preliminary requirements
for food safety. Part 1.
Food production”

General standard for labeling
of prepackaged food products
(CODEX STAN1-1985)

ment for food allergy becomes available, sensitive con-
sumers should avoid food allergens to prevent an allergic
reaction [48]. Successful prevention of consumption of al-
lergenic substances by food allergenic people depends on
availability of reliable information among the population
about the content of allergens in certain food products. In
a number of countries, regulations have been adopted that
regulate the requirements for labeling food products con-
taining allergens. Since more than 200 products have been
shown to cause allergic reactions in sensitive individuals,
regulators in many countries have acknowledged the need
to develop labeling rules for food products containing pri-
ority allergens. The priority allergens are able to cause the
most severe allergic reactions that can lead to significant
harm to health and even to death (Figure 3).

In the Russian Federation, the requirements for label-
ing of food products containing allergenic ingredients are
set forth in TR TS022/2011 “Food products in part of their
labeling”".

In 2020 TC226 “Meat and meat food products” devel-
oped the first edition of the draft national standard “Meat
industry: procedure for developing an allergen management
program’, which establishes the procedure for developing a
program of food allergen management, provides the gen-
eral requirements for arrangement and running the allergen
management process, describes the method of recording the
results of this activity, and method of their analysis at the
enterprises of the meat processing industry (Figure 4).

! Technical regulations of the Customs Union TR CU022/2011 “Food prod-
ucts in terms of its labeling” (Adopted by The decision of the Council of the
Eurasian economic Commission of December 9, 2011 Ne 881). Moscow, 2011.
Retrieved from https://docs.cntd.ru/document/902320347. Accessed May 24,
2021 (In Russian)

The first version of the draft
GOST R “Meat industry:
procedure for developing
an allergen management
program”

Code of Practice 1 on food allergen
management for food business
operators (CXC 80-2020)

International standards
for food safety management
systems (BRC, IFS, FSSC 22000,
ISO 22000)

Figure 4. Documents defining the requirements for allergens management, applicable in the Russian Federation and the EU
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Nutrition Development Legislation

Today, the practical implementation of the tropholog-
ical approach in the concepts and theories of nutrition is
recorded in legislative documents. The strategy for the
formation of a healthy lifestyle of the population, the
prevention and control of non-communicable diseases
for the period up to 2025% sets out the goals, objectives
and principles of the state policy of the Russian Federa-
tion in the sphere of public health. This state policy is
aimed at ensuring the national interests and implement-
ing national long term strategic priorities in the sphere
of promoting a healthy lifestyle and prevention of spread
of non-communicable diseases among the population of
the Russian Federation. The legal basis of the strategy is
set forth in a range of documents, one of which is the
Decree of the Government of the Russian Federation
dated from October 25, 2010 No. 1873-r, which defines
the foundations of the state policy of the Russian Federa-
tion in the sphere of healthy nutrition for the population
(Figure 5).

2 Strategy for the formation of a healthy lifestyle of the population, preven-
tion and control of non-communicable diseases for the period up to 2025. (Or-
der of the Ministry of Health of Russia No. 8 dated February 15, 2020). Re-
trieved from https://docs.cntd.ru/document/564215449 Accessed September
19, 2022. (In Russian).

Expansion of domestic production of

basic types of food raw materials that

comply with modern requirements of
quality and safety

Development and implementation
of innovative technologies in
agriculture and food industry,

including bio- and
nanotechnologies

The main objectives
of the state policy in
the field of healthy
nutrition

Conclusion

According to the requirements of the state policy of the
Russian Federation in the sphere of healthy nutrition for
the population, the modern scientific approaches to the
development of nutrition and food products designing are
based on the fundamental principles of rational nutrition,
reflected in the basic concepts of nutrition theories.

Taking into consideration all of the above specified, it
should be noted that each theory of nutrition makes an im-
portant part of trophology and significantly affects a num-
ber of criteria for this science.

Trophology provides an opportunity to solve applied
problems, which include the issues of perfect food and op-
timal nutrition in real terms; include development of new
criteria for technologies of food production and storage;
deal with protection and conservation of natural trophic
ecosystems based on trophological analysis; ensure har-
monization of natural and industrial food technologies.

The trophological approach in personalized nutrition
is a new scientific direction to ensure the normal devel-
opment of a human body and its vital activity. Individual
nutrition is a necessity of today, which sets the task for
food industry enterprises to create the food products, food
complexes and components that will satisfy not only the
basic needs of an individual organism, but will also con-
tribute to the regulation of metabolism in order to preserve
and develop the potential of a human body.

Development of the production of food products
enriched with essential components, specialized
baby food, functional food, dietary (therapeutic
and preventive) food and biologically active food
supplements, including ones assigned for nutrition
in organized groups of people

Development of educational
programs for various
population groups on

healthy nutrition

Improving the nutrition in organized groups, providing
good nutrition to pregnant and breast-feeding women,

as well as providing nutrition for the children under the
age of 3, including through special food outlets and

Monitoring the nutritional
status of the population

shops, improving dietary (therapeutic and preventive)
nutrition in medical institutions as an integral part

medical process

Flgure 5. The main objectives of the state policy in the sphere of healthy nutrition
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