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ABSTRACT

In the Russia beverage market, functional beverages are increasingly popular with the population due to their
intensive lifestyle and worsening environmental situation. Of great importance is the shelf life of drinks, since
they determine the presence in the composition of useful nutrients that affect the various systems of functioning

of the human body. The main groups of functional compounds are given. Ways to increase the shelf life of bever-
ages, all aspects and their impact on the safety of the functional components of beverages are considered. The
role of flavonoids as one of the groups of functional compounds has been evaluated. Recent studies on the effect
of certain functional compounds on each other are given.

1. Introduction

Drinks are the most accessible food form relative to nutrients
entering the human body, providing the body’s needs for various
compounds. This is explained by the possibility of having nutrients
in a dissolved state for their better absorption.

There are many types of beverages and this is related to the
production technology (carbonated / non-carbonated, fermented
beverages / non-alcoholic beverages obtained by blending ingre-
dients, etc.), raw materials (vegetable / animal origin), functional
orientation (content in its composition ingredients responsible
for the biological value of the product), etc.

Recently, in connection with the deteriorating environment
it has become more significant to lead a healthy lifestyle. This is
due, inter alia, to the consumption of beverages enriched with
compounds, which allow maintaining body functions and level-
ing the negative effect of negative environmental factors on the
whole on health.

An important issue regarding the quality of such beverages
is the shelf life. The trading network is more willing to work with
manufacturers who guarantee sufficiently long storage periods
for their products. Therefore, there is a reasonable problem of
preserving functional compounds quantity and quality in bever-
ages during long periods of beverages storage.

The purpose of the work is to analyze the market of beverages,
including functional ones, with regard to ways to increase shelf
life without affecting the quantitative and qualitative composition
of functional compounds.

2. Main part

It is known that functional drinks are enriched with useful
nutrients groups of general or directed action product for various
groups of the population, which make it possible to improve the
human body immunoresistance to diseases arising from either
unfavorable ecological conditions or related to the failure of physi-
ological processes [1].

This group of drinks owes to vitamins, microelements, dietary
fibers, probiotics, amino acids, volatile compounds, organic ac-
ids, antioxidants, etc. presence in its composition for functional
properties [2].

The beer and soft drinks industry regulatory documents spell
out clear requirements as to whether a drink can be attributed to a
functional group: this is possible if one or more functional compo-
nents are present in an amount from 10 to 50% of the daily intake [3].

There are various functional beverage divisions [4,5]. This is
due to the direction of particular product useful nutrients action
for different groups of the population.

However, in our opinion, the functional drinks division can be
supplemented with fermentation and blending beverages produced
by mixing the ingredients in the prescribed manner.

Plant material is a rich source of useful nutrients, it is enriched
with such biologically active substances as anthocyanins, poly-
phenols, carotenoids, vitamins, oligosaccharides, amino acids [6]

The presence of the fermentation as technological stage makes
it possible to enrich the drink with the vital activity products of
microorganisms that are also related to functional compounds —
these are alcohols, ethers, carbonyl compounds, organic acids,
vitamins, amino acids, etc., which can also enhance the beneficial
effect of each other.

Table 1 presents functional food compounds main categories,
obtained either directly from vegetable raw materials, or during
fermentation [7].

Table 1

Dietary Fiber Vitamins

Oligosaccharides Choline

Sugar alcohols Bifidobacterium

Amino acids, peptides, proteids Mineral components

Polyunsaturated Fatty Acids,

Glycosides Antioxidants

Alcohols Cytamines

Organic Acids Vegetable Enzymes

Among listed above functional nutrients, almost all are ther-
mally unstable and undergo chemical changes associated with
oxidation under the influence of various factors (elevated tem-
perature, changes in the acidity of the environment, the presence
of oxygen, ultraviolet, etc.) [8,9,10,11,12,13,14].

Therefore, it is very important, especially in the case of enriched
with useful nutrients beverages production, to apply technological
methods that allow to keep functional compounds in an active
form for the longest possible time.

There are several ways that solved the biological stability
problem of the beverage composition in the classical technology
of beverages production, including functional ones:
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[ pasteurization (processing temperature not higher than
70 °C);

hot bottling;

the safety compounds use (benzoic, sorbic acids and their
salts — sodium benzoate and potassium sorbate, as well
as hydroxy derivatives 1,4 naphthoquinone — juglone and
plumbagin) [15]. All of them are aimed to suppressing the
extraneous microflora development, due to which stability of
the physicochemical beverage composition is achieved.

In addition to the classical methods of enhancing the biologi-
cal beverages stability, there are other, that including innovative
methods associated with vacuum evaporation, the use of pulsation,
ultrafiltration, cryopreservation, etc. [16,17,18,19].

The concentration method is acceptable because it comfort-
able to beverage producers under conditions of mini-production,
when large production areas are not required. However, from the
point of view of biological stability, this technique is very doubtful,
because it connected with impact on useful nutrients, leading to
their inactivation or loss of functional properties [10].

Another way to increase beverages shelf life is cold filtration
[20], ultrafiltration [21], the ultrasound use with the anthocy-
anogen raw material confirmed preservation [22], the radiation
technology use [23,24].

However, these methods, as already mentioned, will lead to
additional costs for the manufacturer in terms of energy consump-
tion, specialized personnel for equipment maintenance, as well
as will take away some of the production space.

Increasing shelf life research is also aimed at the use of nano-
structured particles based preservatives new types. Preservatives, as
is well known, suppress the development of extraneous microflora
in food products, in particular beverages. Thus, there are studies
on the use of lactic acid associates with silver nanoparticles [25],
as well as with lichen nanoparticles [26].

However, there is evidence of the microflora development sup-
pression by nanochayats duration, in particular silver, only for 8
months in the literature [27]. The researchers also noted that it is
important to take into account the dispersion medium (beverage)
nature and the nanoparticle suspensions storage time in order to
effectively use them as preservatives [28].

Researchers are trying to apply raw materials new types for
the functional compounds enrichment of products and the exten-
sion shelf life periods [29,30,31]. There is a technique when high
content of antioxidants plant materials are used as raw materials
in technology [2,32,33,39].

Among the plant antioxidants, phenolic compounds, in par-
ticular flavonoids, are widely represented. These compounds, in
addition to direct antiradical action, bind metals with a transi-
tion valence, due to which inhibition of free radical processes in
cells occurs [40].

It was also found that flavonoids also affect signaling processes
in living systems, due to specific interaction with proteins that
perform regulatory functions [41]. By binding to protein and non-
protein structures, flavonoids change the functional state of the
cell and the whole organism.

The mechanism of flavonoids and ascorbic acid interaction
has been discovered, which allows maintaining the flavonoid in a
reduced state, associated with a reciprocal reaction, and direction
of which reaction depends entirely on the ORP of the flavonoid
interacting with the ascorbate radical [42].

There is evidence that flavonoids are capable to oxidation in
the literature, that is, the manifestation of prooxidant properties
[43,44,45,46,47]. The intermediate products of the flavonoid oxida-
tion, which are formed during such reactions, appear practically
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in all oxidative processes with their participation. That is, flavo-
noids are capable of acting both antioxidants and prooxidants,
and the mechanisms of the course of these reactions have not
yet been clarified.

But the flavonoid presence in the drink is not enough, since
there are various factors affecting their bioavailability for the
human body (ability to be absorbed by the human intestine and
absorbed in the body), because fermentation drinks are character-
ized by a richer composition of functional compounds extracted
from raw materials. Such factors include daily intake, absorption,
biotransformation and excretion [48].

Scientists provide different information about the quantitative
native polyphenol absorption in the intestine — from 1% [49] to
50-70% [50,51] of the eaten polyphenols. In their opinion, it is the
small intestine that serves as a place of absorption, in particular,
of flavonoids. The degree of flavonoids absorption is different and
depends on their form — aglycones of flavonoids and isoflavones
are easily absorbed [52,53], and glycosides of flavonols, flavones
and isoflavones should be pre-hydrolyzed to aglycones.

In the colon, the polyphenols are further processed by bacterial
enzymes with cleavage of a heterocyclic ring containing oxygen,
dehydroxylation and decarboxylation [54,55,56].

It is also necessary to note the fact that the presence of con-
comitant other compounds in the drink can either enhance the
effect of polyphenols on absorption, or suppress.

Thus, proteins reduce the polyphenol adsorption capacity,
since they bind to them, and fats and alcohols intensify them [57].
Green tea catechins, grape seed oligomeric proanthocyanidins
and milk thistle silibilins have been shown to be better absorbed
in the form of phospholipid complexes [57]. In confirmation of
the better absorbability of polyphenols against the background
of the presence of alcohols, one can cite the fact that red wine
polyphenols are absorbed more intensively compared to soft
drinks [58,59,60].

Thus, the flavonoids, as substances with anti-radical activity,
are also labile and for their protection it is also necessary to choose
the modes of processing products.

3. Conclusion

The functional drinks market is developing in terms of raw
materials variety that enrich the drinks with useful nutrients;
technological practices that contribute to the extension of shelf
life, and related to the physico-chemical processes of processing of
finished products. Accumulated and conducted scientific research
aimed at clarifying the mechanisms of action and interaction of
compounds responsible for the functional profile of products;
on the development of technological methods that contribute to
the preservation of nutritional properties of compounds during
the storage period.

Thus, to solve the issue of creating a drink with the useful
properties of a long shelf life, it is necessary to solve a whole
range of tasks:

[ pick up vegetable raw materials that are rich in beneficial
compounds;

create a technology for processing raw materials that pro-
mote the extraction of useful compounds in easily digestible
bioavailable form;

have the concept of the presence of substances that can react
with antioxidants or other nutrients during the production
and storage of the drink;

to process finished products (using various methods) for the
prolonged action of useful nutrients in the composition of
beverages.
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