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Abstract

Main problem: The article examines promising directions in the production of fortified food
products in Kazakhstan and Russia. The authors carried out an analytical review of the current state of
production of fortified bakery products on the territory of the Russian Federation and the Republic of
Kazakhstan. Anemia has been described as one of the most common consequences of micronutrient
deficiencies. The problems associated with anemia lead to serious complications for the health and
well-being of people. Lack of folic acid and vitamins in the diet is the cause of cardiovascular disease,
maternal and child mortality.

Purpose: The article considers the problem of significant deviations in nutrition of almost all
groups of the population of Russia and Kazakhstan, regardless of lifestyle, habits or income level,
which have an extremely negative effect on the health of the nation: the average life expectancy
decreases, the productivity of the working-age population and resistance to diseases decrease.

Methods: Based on the studied domestic and foreign technical literature, patent information,
an analytical review of the current state and prospects of the production of fortified food products in
the Russian Federation and the Republic of Kazakhstan was carried out.

Results and their significance: The authors have shown that food fortification is the practice of
purposefully increasing the content of vitamins and microelements in food to improve the nutritional
quality of food and have a positive effect on human health. The authors considered the question of
how the problem of micronutrient deficiency, including iron, is currently being effectively solved in
many countries by enriching food products of mass consumption with vitamins and minerals.

Key words: fortification, trace elements, vitamins, premix, folic acid, bakery products, iron
deficiency anemia.

Introduction

In Kazakhstan, as in the rest of the world, the goals of the state policy in the field of healthy
nutrition are to preserve and strengthen the health of the nation, as well as prevent diseases associated
with malnutrition of all segments of the population. In the scientific field, fundamental, complex and
interdisciplinary research is carried out in the field of nutritional science and related fields, scientific
projects, applied research and development work are carried out to create the latest technologies for
the production, processing, storage and transportation of food raw materials and food products.

One of the common problems that threaten human health is a lack of vitamins and minerals in
the diet, including iron and folic acid. One of the most common consequences of micronutrient
deficiencies is anemia. The problems associated with anemia lead to serious complications for the
health and well-being of people. Lack of folic acid and vitamins in the diet is the cause of
cardiovascular disease, maternal and child mortality. A 2019 national study by the Kazakh Academy
of Nutrition found that anemia is widespread among women of reproductive age (39 %) and children
under 5 (35 %). The solution to the problem of vitamin and mineral deficiency in many countries was
the fortification-enrichment of food products of mass and regular consumption with the missing
components. Today, most of the food, as a result of technological processing, loses its useful
properties. The best way to restore them is enrichment [1].

Flour fortification is recognized by international organizations (WHO, UNICEF, International
Food Fortification Initiative) as a widely approved, highly effective, easily implemented and
inexpensive method of preventing and controlling iron deficiency anemia, vitamin and micronutrient
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deficiencies. According to the WHO, no more than 15 % of health interventions can be carried out
within the health system. 70 % of the health of the nation depends on the way of life, first of all, on a
balanced diet. Anemia, lack of folic acid and vitamins in the diet are the cause of cardiovascular
diseases, maternal and child mortality, disability, which leads to a decrease in Kazakhstan's ranking in
the global competitiveness index. According to the Kazakh Academy of Nutrition, 6,5 million people
in Kazakhstan suffer from anemia, which is one of the reasons for the high rate of maternal and child
mortality.

In Kazakhstan, up to 90,000 people die a year from anemia, which occurs in 45 % of women,
47 % of children and 26 % of men in Kazakhstan. Moreover, it was said that up to 1000 young
children die each year or are at risk of dying after birth due to severe anemia in their mothers, and up
to 22,6 % of mothers die during or after childbirth due to severe anemia. They also told reporters that
every second child in Kazakhstan at the age of 6 months to 2 years has a lag in growth and
development. Also, 5 % of children have reduced school performance and about 2,000,000 children
will not be able to realize their abilities after they reach 20 years of age. And due to the deficiency of
folic acid, up to 80 % of women of reproductive age and children are susceptible to the development
of atherosclerosis, heart attacks, strokes, as well as a number of oncological diseases [2].

At the meeting, the National Commission on Women Affairs and Family and Demographic
Policy under the President of the Republic of Kazakhstan raised the issue of fortification (fortification
with vitamins) of food products. Due to the lack of fortification in food, 40 % of Kazakhstanis suffer
from a serious disease - iron deficiency anemia, the meeting participants reported with reference to the
Kazakh Academy of Nutrition. Kazakhstanis daily consume flour in the form of bakery and pasta, it is
a staple product. The consumption of fortified foods affects human health. The most important
element that foods should be enriched with is iron.

Mass surveys of the population, regularly conducted in Kazakhstan, indicate significant
deviations in the nutrition of almost all groups of the population, regardless of lifestyle, habits or
income level. This fact has an extremely negative effect on the health of the nation: the average life
expectancy is reduced, the productivity of the working-age population and resistance to diseases
decrease. One of the most optimal ways to solve the problem of micronutrient deficiency is: food
fortification.

Food fortification is the practice of purposefully increasing the vitamin and trace element
content of food in order to improve the nutritional quality of food and have a positive effect on human
health. About 30 % of people around the world lack vitamins and trace elements in food. Therefore, in
many countries at the state level there are special programs - more than 75 countries on the mandatory
fortification of flour with microelements. Fortification has absolutely no effect on the organoleptic and
other properties of flour and does not cause side effects. Flour is subject to fortification only of the
highest and first grade, during the production of which the grain is cleaned from the shell containing
the maximum amount of micronutrients (vitamins). Fortified flour has a shelf life of six months.

Baking wheat flour of the highest and first grades produced for sale in the Republic of
Kazakhstan is subject to mandatory enrichment (fortification) with iron-containing vitamins, minerals,
amino acids, fatty acids and other substances. According to medical indications in 2019, 12,300
residents of Pavlodar region have iron deficiency anemia - such data are provided by the Department
of Public Health with reference to the Republican Center of Electronic Health. Slightly less than half
of this figure is children and adolescents. In general, the incidence rate in the country was 1812,6 cases
per 100 thousand of the population, and in Pavlodar region — 708,2 per 100 thousand. Therefore, the
Pavlodar medical community calls on millers to more actively enrich flour with special impurities.

The problem of providing the population with fortified food products in order to eliminate
iodine deficiency, reduce iron deficiency anemia and folate deficiency is one of the most urgent in
Kazakhstan. The deficiency of these micronutrients has a serious impact on the learning ability and
performance of large groups of the country's population, creates tension in the health and education
systems, reduces labor productivity and can increase poverty. For the prevention of diseases and
improving the quality of life of the population of the Republic of Kazakhstan, the development of
fortified bakery products is promising. The need for flour fortification is spelled out in the legislation
of Kazakhstan. Moreover, Article 160 of the Code of the Republic of Kazakhstan «On the health of the
people and the health care system» approved the mandatory fortification with iron-containing
vitamins, minerals and other substances of the highest and first grade wheat flour sold in the country.
The same is stipulated by the Rules for fortification (fortification) of food products subject to sanitary
and epidemiological supervision, which are approved by order and. about. Minister of National
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Economy of the Republic of Kazakhstan dated February 24, 2015. Thus, the creation of fortified food
products is a relevant direction.

Materials and methods

On the basis of the studied domestic and foreign technical literature, patent information, an
analytical review of the current state and prospects of the production of fortified food products in the
Russian Federation and the Republic of Kazakhstan was carried out.

Results

Today, there are 322 flour mills in Kazakhstan, of which 252 are large-scale industries, of
which 90 are fortification (fortification) with vitamins and microelements. Flour is the most affordable
product for all segments of the population. Before milling, whole wheat grains contain a significant
amount of protein, carbohydrates and fiber, many vitamins and minerals. And after this process, only
pure white endosperm remains. So, the final product is less nutritious. And only leads to higher quality
and nutritional value of products.

Fortification has absolutely no effect on the organoleptic and other properties of flour and does
not cause side effects. Flour is to be fortified only of the highest and first grade, during the production
of which the grain is cleaned from the shell containing the maximum amount of micronutrients
(vitamins). Fortified flour has a shelf life of six months.

Baking wheat flour of the highest and first grades produced for sale in the Republic of
Kazakhstan is subject to mandatory enrichment (fortification) with iron-containing vitamins, minerals,
amino acids, fatty acids and other substances. Data on the fortification carried out will necessarily be
reflected by the manufacturer on the labeling of goods in accordance with the requirements of
Technical Regulations of the Customs Union 022 / 2011 «Food products in terms of their labelingy.

Such products are appearing in an increasing range on the Kazakhstani market, and are
represented mainly by consumer products (flour, milk and dairy products). The content of vitamins
added to them is calculated in such a way as to cover 30-50 % of the body's daily need for these
substances.

Wheat flour of the highest and first grades, sold in the territory of the Republic of
Kazakhstan, is subject to mandatory fortification. The reasons:

1. Flour is consumed by almost the entire population of the country;

2. There is a very high probability of state control of the price of flour, which makes it
affordable for low-income groups of the population;

3. The bulk of flour is produced in large mills and can be supplied centrally to all regions of
the country;

4. It is quite easy to determine the exact amount of micronutrient intake (on average, adults
consume 250-270 g of flour per day);

5. When grinding grain, 70-95 % of micronutrients are lost with bran.

Fortified Kazakh flour has the SAPALY AZYK logo on the label or bag. Flour is enriched
with a complex of vitamins and microelements specially developed for our country by the Kazakh
Academy of Nutrition. In addition to iron, the premix contains folic acid, zinc and B vitamins. Iron
and folic acid will help protect us and our loved ones from anemia, maternal mortality, congenital
malformations, heart attacks and strokes.

Also in Kazakhstan for many years there is a special complex of vitamins, which is called a
premix, which includes - Bi, B,, iron, zinc, folic and niacin. It was specially developed for flour
fortification. About 150 grams of premix is added to a ton of flour, because with the transition to fine
grinding for the production of the first and highest grade flour, many vitamins began to be lost during
the technological process. Thus, the proposed combination is a kind of replenishment of the lost
valuable qualities of the product.

The cost of fortification of flour per capita per year is only 40 tenge. It is assumed that the
effect of the use of fortified flour will come in 1-2 years, when the hemoglobin level in the blood of
fans of fortified bakery products will return to normal. Kazakhstan is almost ready to launch such a
product. More than 20 large flour- grinding enterprises of the country are already equipped with the
necessary equipment and have positive experience. Moreover, for several years now this flour has
been produced in the country and more than 500,000 tons of it have already been sold [3].

Currently, in many countries, the problem of micronutrient deficiency, including iron, is being
effectively solved by enriching food products of mass consumption with vitamins and minerals (flour,
bakery, pasta, confectionery, dairy products, juice drinks).
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Scientists of the Pacific State Economic University and the Pacific Institute of Bioorganic
Chemistry (Vladivostok) E.S. Smertina, T.K. Kalenik, L.N. Fedyanina, N.M. Shevchenko,
Zvyagintseva developed bakery products for therapeutic and prophylactic purposes from brown algae.
The possibility and expediency of enrichment of bakery products with dietary supplements to food
fucol, developed on the basis of brown alga F. Evanescens [4].

Russian scientists of the southwestern University AG Belyaev, AE Kovaleva, EA Pyanikova,
AG Kaluzhskikh studied the macroelement composition of bakery products enriched with narrow-
leaved fireweed products using scanning electron microscopy [5].

N.L. Naumova, A.E. Vashetskaya, V.F. Druzhkova (Chelyabinsk State University), in the
course of comprehensive studies to study the effect of the food additive «Seleksen» and vitamin
premixes 986 and H30305 on the quality of bakery products, established regulated quality indicators
for fortified bakery products, developed and approved technical documentation for production:
selenium "enriched with vitamins Bs, B2, E, PP, H, By, B,, Bs, and bun «Selena» enriched with
vitamins A, Bs, Bi2, E, PP, H, By, B2, Bg [6].

Scientists of the South Ural State University (Chelyabinsk) A.V. Paimulina, N.V.
Androsov,

N.V. Naumenko studied and analyzed the prospects for the use of fortifying additives in the
technology of bakery products [7].

Scientists from the Federal State Budgetary Educational Institution of Higher Professional
Education

«State University — Educational Research and Production Complex» (Orel c.) and the Federal
State Budgetary Educational Institution of Higher Professional Education «North Caucasus Federal
University» (Pyatigorsk c.) jointly conducted research and presented the results of the effectiveness of
the use of fortified bakery products in the diet of schoolchildren 7-18 years, and also developed
recipes and technology for fortified bakery products [8].

Employees of the Department of Metrology, Standardization and Certification of Orenburg
State University are conducting research to expand the range of indicators of food quality, to develop
formulations and technologies for enriching them with organic compounds of scarce bioelements. At
the Orenburg State University, scientists L. N. Tretyak. And D.I. Yavkina. They have developed
additional requirements for the quality and safety of food products fortified with additives [9].

Russian scientists at the Kemerovo Technological Institute of the Food Industry are
conducting research on the technology of using secondary resources of berry raw materials in the
technology of confectionery and bakery products. Thus, scientists I.A. Bakin, A.S. Mustafina, E.A.
Vechtomova, A. Yu. Kolbin in their studies proved that the extraction of biologically active
substances from the berry culture black currant (Ribes nigrum L.), with the right processing methods,
allows you to obtain butter biscuits and bakery products with a high composition of active substances
using secondary plant materials [10].

At the Department of Applied Biotechnology of the Faculty of Food Technologies of the
South Ural State University, scientists M.B. Rebezov, N.L. Naumova et al. Carried out a number of
research works on enrichment of bakery products with essential micronutrients, the deficit of which is
due to the biogeochemical conditions of the Ural region (Russia, Chelyabinsk c.) [11].

V.L. Kudryashov (All-Russian Research Institute of Food Biotechnology, Federal State
Budgetary Institution of Science «Federal Research Center for Nutrition and Biotechnology») created
the concept of creating a production of supplements for enriching bakery products with vitamins in
schools and hospitals within the framework of the program «Fundamentals of State Policy in the Field
of Healthy Nutrition until 2020» and has developed a vitamin and mineral complex «Profitin», which
corresponds to Russian state standard No. 57106-2016 «Products for dietary, medical and preventive
dietary nutrition. Vitamin and mineral complexes in nutritional care». «Protifin» is intended for
enrichment of bakery products, and the biologically active substances contained in it provide from 50
to 100 % of the body's daily need for vitamins and minerals [12].

In LLP «Kazakh Academy of Nutrition» of the Kazakh National Medical University
named after

S.D. Asfendiyarov, Almaty, scientists G.A. Tarakova, M.A. Bakirova, S.A. Bykybaeva,
G.N. Serzhanov,

R.B. Yergeshbaeva conducted research and obtained results on the fortification of flour of the
highest and first grades with a vitamin and mineral complex in the Kyzylorda region in the target
groups of the population in terms of preventing deficiency of iron, zinc and folic acid [13].
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Joint research was carried out by Kazakh and Russian scientists S. K. Mizanbekova (Non-
commercial joint-stock company «Kazakh National Agrarian University», Almaty), as well
as [.P. Bogomolova,

N.M. Shatokhina, A.V. Bogomolov (Federal State Budgetary Educational Institution of
Higher Education

«Voronezh State University of Engineering Technologies») developed innovative tools in
resource efficiency and quality management as a tool for the balanced development of flour mills. The
developed management decisions are aimed at increasing the competitiveness of flour mills that
operate using flour fortification and fortification methods in Kazakhstan, Altai Territory, Kemerovo,
Tomsk, Ryazan and Leningrad regions, as well as Bashkiria and Tatarstan [14].

With the support of international organizations in Kazakhstan, in 2003, a program of
fortification of first and highest grade wheat flour began with six micronutrients: iron, zinc and
4 vitamins (B;, B,, folic and niacin). Premix, a mixture for enriching flour with these six
micronutrients, was developed by the Kazakh Academy of Nutrition.

The advantages of this strategy are its low cost and the ability to reach the entire population.
Wheat flour is an optimal product for fortification for the following reasons:

— is a mass food product consumed in large quantities by all age and social groups of the
population;

— small daily dosages of vitamins and minerals are used to ensure their optimal absorption by
the body;

- safety, since it is impossible to consume the product in an amount dangerous to health;

— added vitamins and microelements are natural components of grain, most of which are lost
during the grinding process, i.e. new elements are not introduced;

— rationality and low cost, which determine the availability for the most needy segments of
the population;

— simple adaptation to the existing technological process (other food products do not have
such advantages);

— no negative effects that could affect the appearance, baking quality or shelf life.

In 2012, at the Almaty Technological University, scientists A.N. Zhakataeva, R.U. Uazhanov
conducted a study of bread with the addition of A. Cruentus Amaranth flour for sanitary and
microbiological condition [15]. In 2013, at the Kazakh Research Institute of Processing and Food
Industry, scientists Batyrbaeva, S.T. Zhienbaeva, Zh.S. Alimkulovs proposed a solution to the
problem of enrichment of bakery flour with biologically active substances [16].

At present, scientists of the Almaty Technological University are conducting research on the
use of grain additives in bread production, innovative technologies have been developed for the
production of bread in an accelerated way with and without the use of sourdough and yeast [17].

Discussion. According to data from the Kazakh Academy of Nutrition, 92,8 % of the country's
population has a daily diet that includes the consumption of bread. Wheat and rye, the most common
grains, are themselves good sources of vitamins B, B,, B, E, niacin, as well as iron and zinc [18].

However, the processing of grain for flour, baking and other types of technological processing
in the preparation of bakery, flour confectionery and grain products are accompanied by significant
losses of vitamins and minerals. Since most of the micronutrients are concentrated in the outer shell
and in the germ of the grain, the main losses occur during the flour grinding process. Most of the
vitamins and minerals are lost in the production of white flour. Thus, when preparing high-grade flour,
together with the bran, up to 75-90 % of the micronutrients contained in the original grain are lost.
The iron content decreases 4 times, the amount of such trace elements necessary for the full
assimilation of iron and the synthesis of hemoglobin as copper (3 times), zinc (35 times), magnesium
(3,7 times) and manganese (3 times , 8 times).

Highly refined flour (premium grade) contains 9 times less vitamin B, 2 times less
vitamin B,, 6,8 times less vitamin PP (niacin) than wallpaper flour (it turns out when wheat is milled,
but not sifted into As a result, such flour retains all the nutrients contained in the whole grain of
wheat).

Fortification of wheat flour with iron compounds is the best long-term strategy to improve iron
consumption in Kazakhstan's population. Fortification of wheat flour with iron in combination with
other trace elements and vitamins has a number of obvious advantages over other strategies to prevent
IDA and micronutrient deficiencies. The flour fortified with the premix satisfies 30-50 % of the
average daily requirement for vitamins and microelements at the usual level of flour consumption. The
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process of fortification of flour with iron and vitamin-mineral complexes is carried out directly at flour
mills with the help of special installations, which allow achieving a uniform distribution of the
introduced premix in specified dosages.

When choosing the form of iron and the composition of the vitamin-mineral complex
(premix), the following factors are taken into account:

— compatibility of the ingredients included in the premix;

— the complex should not change the organoleptic properties of wheat flour;

— the fortification should be as stable as possible during long-term storage;

— the fortification should not lead to a significant increase in the price of fortified flour.

With the achievement of mass and regular use of fortified flour and products from it by all
segments of the population, it is possible to significantly reduce the prevalence of anemia and improve
people's health.

In Pavlodar region, 21 grain processing enterprises are under the control of the department of
sanitary and epidemiological supervision and territorial divisions, including 18 flour mills, which
produced 16,176 tons of flour of the first and highest grades in 2019. Flour fortification was carried
out at 7 enterprises, with dispensers installed at 2, and the remaining 5 fortification by accompanying
each bag with packaging of a premix. In 2019, 16 thousand tons of Pavlodar flour, only 254 tons were
fortified, which is only 1,5 %. Doctors believe that this is too little, because even educational and
health care facilities are provided with such flour only by 27 % of the need.

In 2019, a round table was held in the Maysky District Department of Public Health on the
topic «On the state of providing the population of the Maysky District with fortified (fortified) flour».
The heads of rural districts were invited to the meeting: Baskol, Koktobe, Maysk where food industry
facilities operate and bread is sold. Individual entrepreneurs and interested departments also took part.
The issues of food safety, rules of fortification (fortification) of food products subject to sanitary and
epidemiological supervision were considered. Fortification of food products of mass demand,
primarily flour, iron preparations and much more. The sanitary requirements for the maintenance of
the food industry were explained and the problems of individual entrepreneurs with food industry
facilities were discussed. Prevention of iron deficiency anemia is the use of mass-market products,
primarily bread and bakery products, iodized salt, iodized yeast, mineral water, milk containing
minerals, iron, iodine. According to medical indications in 2019, 12,300 residents of Pavlodar region
have iron deficiency anemia - such data are provided by the Department of Public Health with
reference to the Republican Center of Electronic Health. Slightly less than half of this figure is
children and adolescents. In general, the incidence rate in the country was 1812,6 cases per 100
thousand of the population, and in Pavlodar region — 708,2 per 100 thousand. The local medical
community calls on millers to more actively enrich flour with special impurities. According to
technologists of Pavlodar region, fortified flour in bakery products will help to overcome anemia and
prevent diseases of the digestive system.

Conclusion

Thus, having studied the scientific research of domestic and foreign scientists on the
development of fortified (fortified) bakery products, we can conclude that one of the rational ways to
solve this problem in Russia and Kazakhstan is to expand the range and develop technologies for
fortified products of everyday and mass demand for all groups of population.
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I1.B. Iyoposun'’
! BopoHesk MeMIIEKETTIK yHUBEpCHTETIHIH Bopucorne6ek Gpumians, Peceit

Han-toxkam enimaepin popruduxanusiiay npouecrepin zeprrey

Makajnana

Kazakcran men Peceiine goprudukanusiianran (OalbITEUIFaH) TaMaK OHIMICPIH OHAIpYAETi
NEePCICKTUBANBIK OarbITTap KapacTblpbiiansl. ABTopnap Peceit ®enmepamumsicet Men Kaszakcran
PecrryOnmkacsl aymarbiHAaFel GOpTH(QHUKANMSIIAHFAH HAH-TOKAII OHIMIEpl OHIIpPiCiHIH Ka3ipri jkai-
KYWiHE TaiJaMallblK IIONy KYPTi3ai. MHKpOdJIEeMEeHTTep KETiCIIeYIITTiHAeTi €H KOIl TapairaH
cayJap/ibiH Oipi — aHEMUsI KCHJIIT CUTIATTalIFaH. AHEMHUSIMEH OalIaHBICTBI MACEJIeNIep aamIap IbiH
JICHCAYJIBIFBI MEH OJI-ayKaThl YIIiH ayblp acKbIHyJapra okenexi. Jueramarbl (onuii KbIIKBIIBI MEH
JOpYMEHIEPIIH JKETICIEYIIUNri JXKYpeK-KaH TambIpiapbl aypyJlapblHBIH, aHa MeH Oama eJiMiHIH
ce0ebi 0o TaOblIa kL.

¥IT neHcaynbIFbIHA TEPIiC ocep €TETiH eMip calTblHa, 9JeTTepiHe Hemece TaObIC JeHreiine
KapamacTaH, Peceii mMen KasakcTaH XaiKbIHBIH OapJiblK TONTApBIHBIH TaMaKTaHYBIHAAFBl €Jeyi
ayBITKYJIap TypaJibl Moceje KapacThIPhUIAIbl: OpTamia eMip Cypy Y3aKTBIFBI KbICKapaibl, eHOEKKe
KaOUIeTTi XaJbIKThIH OHIMIUIIT MEH aypyJapra TO3IMIUIIrT ToMeHACH .

3epaeneHTeH OTaHABIK KOHE IIETEIIK TeXHUKAJBIK 91eOueTTep, MATEHTTIK aKmapaT HEeTi31Hae
Peceii denepanusicel Men Kazakcran PecnyOsvkachinma (oprudukanysiianrad TaMak eHIMIEPiH
OHJIPYIiH Ka3ipri xai-Kyii MEH MepcreKTHBaIapbiHA TAIAaMaIIBIK IOy JKYPTi3ii.

ABToOpiap a3pIK-TYJIKTI (opTUduKanusiay — Oyl TaFaMHBIH KOPEKTIK CalachblH JKaKCapTy
JKOHE aJlaM JICHCAYJIbIFbIHA JKarbIMJIIBI OCep €Ty YIUIH a3bIK-TYJIKTErl BHUTaMHHACDP MEH
MHUKPORJIEMEHTTEPAIH KYpaMblH MaKCaTTbl TYpAE apTTHIpy TIKipuOeci eKeHiH KepceTTi. ABTopiap
Ka3ipri yakpITTa KeNTEreH enAepAe MHUKPOHYTPHUEHTTECPAiH, OHBIH iminae TeMmipIiH TambUIbIFbI
MOCEJIECIH JKammai TYTHIHBIIATBIH TaMaK ©HIMJIEpIH IopyMEHAECp MEH MHUHepajjapMeH OaubITy
apKBUIBI KaJlai THIMJII TIenryre 0OJIaThIHIBIFEl Typalibl MOCENICH] KapacThIpAbl. bunait yHbIH TeMipMeH
(dhoprudukanusiay mporeci 0acka MUKPOIIEMEHTTEPMEH JKOHE TOpyMEHJIEpMEeH Oipre TajaKbLUIaH/IbI,
Oyl TeMip TaNIbUILIFBl aHEMHSCHI MEH MHKPOHYTPHEHTTEP/iH JKETICIEYIIUIriH OoapIpMayFa
apHanraH Oacka CTpaTeTHsJIapMEeH CajbICThIpFaHaa Oipkartap alKbIH apTHIKIIBUIBIKTapFa He.
[Mpemukcnen QoprudukanmsIanrad YHAB TYTBIHYABIH ONETTEri JeHreliHae BHUTAMHUHICD MeEH
MHUKPOIJIEMEHTTEpre  OpTalla TOYNIKTIK  KakeTTutiktiH  30-50 %-bIH  KaHaFaTTaHIIBIPAJIbI.
doprudukanys YHHbIH OpPraHOJICITHKAIBIK XKoHE 0acka Jla KacHeTTepiHe acep eTIeHIi dKoHe KaHama
acepiep TyablpMaiinel. Ockl mpodiaeMa OOMBIHIIA MaTepUalIbl 3ePTTEY OAphICHIHIAa MaHbI3/IbI ACTIEKT
TEK YKOFaphl JKoHe OipiHII CYPHINITH YH OaiibITyFa JKaTaThIHABIFBI aHBIKTAIBI, OHBI JABIHIAY Ke3iHe
aCThIK MHKPOHYTPHEHTTEDIH (IopyMEHACP/AiH) €H Kem Mesimepi Oap KaObIKTaH Ta3apThUIabI,
OalbITBIIFAH YHHBIH CakTay Mep3iMi anTel aiipl Kypainel. ABtopnap Peceit men Kaszakcranma ockl
MMPOOJIEMaHBI MIETTy 1Tl YTRIMABI KOIIAPBIHBIH Oipi - XaJBIKTHIH OapiIblK TOMTAPHl YIIiH KYHJIENIKTI
JKOHE  JKammail  CypaHbBICTBIH  OaWBITBUTFAH  OHIMJEPIHIH  aCCOPTUMEHTIH KEHEUTy  JKOHE
TEXHOJIOTHSIIAPBIH 93ipJiey 00BN TaOblIaIbl AETeH KOPBITHIH/ABI Kaca bl
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Tytiin ce30ep: GopTUPHUKAIS, MUKPODJIEMEHTTEP, BUTAMUHAED, TIPEMHUKC, (HOTMI KBIIKBLIEI,
HaH- TOKAIl OHIMAEPi, TEMip TalIIbUIBIFbI AaHEMUSICHI.

I1.B. Ily6poBun'"
! Bopucorne6ekuii gpunnan BopoHekCKOro rocy1apcTBEHHOTO yHHBEpCcUTeTa, Poccus

HccaenoBanne npoueccoB popTudUKAIMU X1€000yTOUHBIX H3TeTUit

B cratee  paccmaTpuBaroTCs ~ NEpPCHEKTUBHBIE  HANpaBiI€HHs B MPOU3BOJACTBE
dhotudunmpoBanHol (oborameHHoOW) TuUIIeBod mponaykiuu B Kaszaxcrane m Poccum. ABTopamm
MPOBEJICH aHAIUTHYECKUH 0030p COBPEMEHHOTO COCTOSHHUS TMPOM3BOJCTBA (HOPTHUHUITMPOBAHHBIX
x71e000ynouHbIX u3aenuil Ha Ttepputopun Poccuiickoit ®demepaumun m PecrnyOnmmkm Kaszaxcran.
OnucaHo, 4TO OJHUM W3 HaWOOJee PaCHpPOCTPAHCHHBIX MOCIEACTBUH Ie(UIIMTa MHUKPOIJIEMEHTOB
sBlsieTcst aHemus. [IpoOsieMbl, CBsI3aHHBIC C aHEMHUEH, MPUBOISAT K CEPHE3HBIM OCIIOKHEHHSIM IS
300pOBbs M Onaromosyuusi jroaed. HemocraTok ¢onmeBod KHUCIOTBI M BUTAMHHOB B PALMOHE
SIBJISIETCS] IPUUMHOMN CEPJICUHO-COCYJUCTHIX 3a00JIeBaHUi, MATEPUHCKOM U IETCKON CMEPTHOCTH.

PaccmoTpena npobiiema o CyIecTBEHHBIX OTKJIOHEHUSIX B MUTAHUU MPAKTUYECKH BCEX TPYIII
Hacenenus: Poccun m Kaszaxcrana, HezaBUCHMMO OT 00pasa >KHU3HHM, NMPUBBIUEK MM YPOBHS J0XO0.A,
KOTOpbIC KpailHe OTpHLATENBbHO CKa3blBACTCS HA 3[J0POBbE HALMU: COKPALIACTCS CpemHss
MPOJIOJDKUTENBHOCTh JKU3HU, CHIDKAETCS IMPOU3BOAMTEIHHOCTh TPYAOCTIOCOOHOTO HACEIeHHUS H
YCTOMUYMBOCTH K 3200JI€BAHUSIM.

Ha ocHoBanmM W3y4eHHOW OTEYECTBEHHOW U 3apyOeXHOW TEXHHUYECKOW JIHUTEPaTyphl,
MAaTEeHTHOH MH(OpMaMK MPOBEIEH aHAJUTUYECKUI 0030p COBPEMEHHOI'O COCTOSIHHMS U NEPCHEKTHB
MPOU3BOJACTBA (POPTUPHUIIMPOBAHHBIX MUILEBBIX MPOAYKTOB B Poccuiickoit denepanmu n Pecniyonuke
Kazaxcran.

ABTOpaMH IMOKa3aHo, 4TO (opTHUUKALUS NPOLYKTOB NHUTAHUS — O3TO IPAKTHKA
L[EJICHAIIPABJIEHHOTO YBEIMYEHHs COJIepKaHUsI BUTAMUHOB M MUKPOAJIEMEHTOB B MPOAYKTAaX MUTaAHUA
JUIsl yAYYIICHHUs MUTATENbHBIX KayecTB MHIMU M IMOJOXKHTEIBHOTO 3PQeKTa i 3A0POBBS JIIOJCH.
ABTOpaMH pacCMOTPEH BONPOC O TOM, KakuM OOpa3oM B HACTOSILEE BPEMs BO MHOI'MX CTpaHax
¢ dexTrBHO pemraeTcs npodiieMa AedUIMTa MUKPOHYTPHEHTOB, B TOM 4YHCJE JKele3a, 3a CueT
oOoraieHrs BATAMUHAMHA ¥ MHHEpalaMd NPOAYKTOB MUTaHUS MaccoBoro notpednenus. OOCyxIeH
npouecc GopTUPHUKAIMN MIISHHYHOH MYKH JKEJIE30M B KOMIUIEKCE C APYTMMH MHKPOJIEMEHTaMH U
BUTAMHUHAMHM, KOTOPBIH UMEET Psii OUEBUIHBIX IPEUMYILECTB 10 CPABHEHUIO C IPYTHMHU CTPATErUsiMHU
M0 MPEAOTBPAILCHHUIO Kee304ePUUUTHON aHeMUn u Ae)UIUTa MUKPOHYTPHEHTOB.

QopTudunupoBaHHas TPEeMUKCOM MyKa ynoBietBopseT 30-50 % cpenmneit cyTouHOU
HOTPEOHOCTH B BHTAMHUHAX M MHKPOAJIEMEHTaX IpPH OOBIYHOM YpPOBHE IOTPEOJICHUS MYKH.
doprudukanys COBEPIICHO HE BIMAET HA OPraHOJICNTHYECKHE W JpPyrde CBOHCTBA MYKH M HE
BBI3BIBACT MMOOOYHBIX sBJIEHMH. Takke BBISIBICHO, YTO BaXKHBIM aCHEKTOM SIBISIETCS TO, 4YTO
00OTaIlEeHHIO TTO/JICKUT MyKa TOJBKO BBICIIETO W TIEPBOTO COPTA, MIPU U3TOTOBJICHUH KOTOPO 3€pHO
OuHInaeTCs OT 000JI0YKH, COACPIKAIICH MAaKCUMaJIbHOE KOJIMYECTBO MUKPOHYTPUEHTOB (BUTAMUHOB),
CPOK XpaHEHHs 00OTalllCHHOM MYKH COCTaBIISICT ILIECTh MECALIEB. ABTOPaMH C/IEIaH BBIBOJA O TOM, UTO
OJTHMM W3 PAlMOHAIBHBIX TMyTeH pelieHus aaHHoH npobiembl B Poccnn m Kazaxcrane sBisiercs
pacipeHne acCopTUMEHTa M pa3padOTKa TEXHOJOTWH 00OTalleHHBIX MPOIYKTOB TMOBCETHEBHOTO U
MaccoBOTO CIIpOca JUIs BCEX TPYIIT HACETICHUSI.

Kniouesvie cnosa: GoptuduKanus, MHKPOIIEMEHTHI, BHTAaMHHBI, TNPEMHKC, (omueBas
KHCII0Ta, XJ1€000yIOUHBIEC U3/IeNNs, JKeIe30/IehUITUTHAS AHEMHSL.
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