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INTRODUCTION

Poultry farming is one of the most profitable produc-
tion sectors in the world. Its main task is to increase the
production of meat and eggs. Livestock breeders and
consumers are interested in food products that contain
plenty of wholesome bioactive components. In recent
decades, a promising branch of poultry farming - quail
farming - has been successfully developing. Quails have
several advantages over other poultry species, one of
which is that their growth rate is considerably higher
than that of chickens (Khvostik & Bondarenko, 2021;
Shelton & Southern, 2006). Therefore, to ensure this bi-
ological characteristic, they must be provided with nu-
tritious food, and quite high requirements are imposed
on poultry diets.

In Ukraine, poultry farmers breed quails of special-
ised egg and meat breeds. In terms of the efficiency of
using feed in meat production, quails of meat breeds are
not inferior to broilers. In the production of poultry prod-
ucts, safety and quality are important. Poultry meat is
characterised by high nutritional, dietary, culinary, and
technological value (Orkusz, 2015). Quail meat is a source
of complete animal protein, low in fat and cholesterol
(Moawad et al., 2018). Quail meat is considered a valu-
able source of protein due to its good amino acid com-
position (Genchev et al., 2008). Poultry meat contains an
increased amount of polyunsaturated fatty acids, and it
is more nutritious than chicken meat due to the content
of various vitamins (B, A, E) (Khalifa et al., 2016). Various
minerals have also been found in quail meat, including
calcium, phosphorus, sodium, potassium, magnesium,
iron, copper, and zinc (Genchev et al., 2008; Cullere et al.,
2018). In sufficient quantities, these minerals contribute to
the formation of the skeletal system and animal health,
given that various elements are involved in metabolism
and maintaining the body’s acid-base balance (Ravin-
dran, 2014). Quail meat is also characterised by aroma
and taste, it is tender and juicy (Genchev et al., 2008).

Feeding is a vital component of livestock produc-
tion technology, which provides animals and poultry with
energy, nutrients, and biologically active components
(Skoromna et al., 2019). The availability of full-fledged
feed, balanced in all nutritional indicators, largely de-
termines the level of development of poultry farming.
Among the main factors of nutrition, trace elements play
a vital role, which take part in all physiological processes
and are considered indispensable substances (Lemesheva
& Yurchenko, 2016). Partial mineral deficiency causes
particularly great losses to poultry farming, and the op-
timal content of trace elements in the diet ensures the
normal state of poultry health, safety, and high produc-
tivity (Kyryliv et al., 2017; Gutyj et al., 2019). During the
growth and development of birds, the content of mineral
elements in their body increases, the mineralisation of
skeletal bones increases, and the need for macro- and
microelements increases (Shelton & Southern, 2006;
Dozier et al,, 2003). Recently, animal husbandry has begun
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to use a variety of feed additives to enrich the diets of
animals with mineral elements, which should enter their
bodies in optimal quantities and proportions (Chudak et al.,
2019; 2020; Poberezhets et al,, 2021). They regulate the
body’s metabolism, provide optimal conditions for the
activity of digestive enzymes in various parts of the gas-
trointestinal tract, and contribute to improving produc-
tivity and product quality (Yefimov & Masiuk, 2016; Nys
et al., 2018; Vargas-Sanchez et al., 2019). Trace elements
such as copper, iron, zinc, and manganese are essential
for poultry growth and are involved in many digestive,
physiological, and biosynthetic processes in the body
(Milanovic, 2008; Sunder, 2008). additiveation of the ba-
sic diet of broilers with trace elements affects the colour
and moisture retention of the pectoral and thigh mus-
cles (Yang et al., 2011).

Given the above, there is a constant need to
search for new feed additives. In many countries, numer-
ous non-conventional feeds with low biological useful-
ness and nutritional value are used for feeding poultry.
Non-conventional feed additives of natural origin are
of considerable interest to scientists and practitioners.
The use of feed additives from non-conventional plant
raw materials in feed increases the slaughter weight
of broiler chickens, provides an increase in the content
of zinc, manganese, and iron in muscle and bone tissues
(Gunchak et al., 2016). Scientists and practitioners are
interested in non-conventional feed additives of natural
origin, which are by-products of industry, to replenish
feed resources for animals and poultry (Plyska & Ibatullin,
2020; Bittencourt et al.,, 2019). Among non-conventional
feed additives, beekeeping waste is of particular interest,
namely bee podmore, which is unique in its biochemical
composition (Razanova, 2018). In beekeeping, its reserves
are still completely unused. Bee podmore is a source
of protein (up to 50%), fat, fibre, vitamins, and mineral
elements. It also includes a chitosan-melanin complex,
which, due to its radioprotective and sorption properties,
can bind and remove toxic substances (Razanova et al,,
2018).

Scientists have investigated the beneficial prop-
erties of bee podmore on rabbits, gobies, pig breeding,
and beekeeping (Razanova et al, 2018; Gevlich et al,
2013). The introduction of preparations and feed addi-
tives from the bee podmore contributed to an increase
in metabolic processes, animal productivity,an increase
in the number of red blood cells, haemoglobin content
within the physiological norm,and an increase in the total
protein level.

Recently, there has been an increase in poultry
meat consumption all over the world. The growing level
of demand for meat is affected by the quality of products.
The use of various additives in poultry farming contrib-
utes not only to increased production of meat products,
but also affects their quality, which requires monitor-
ing the safety and quality of meat (Nawaz et al., 2016;
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Satek et al,, 2020). Therefore, research on the impact of
new additives in poultry feeding on the meat qualities
and chemical composition of quail meat is relevant and
of practical importance.

The purpose of this study was to investigate the
effect of the Apimin mineral additive based on bee pod-
more on the content of zinc, copper, magnesium, and
iron in quail meat and liver.

MATERIALS AND METHODS

When conducting research on quails, international and
national biotic provisions on animal experiments were
observed - the European Convention for the protection
of vertebrates used for research and other scientific
purposes of 1986, and the Law of Ukraine No. 3447-1V
“On the Protection of Animals from Ill-Treatment”.

200 meat quail (Coturnix coturnix Pharaoh) aged
1 day, including males and females, were used for the
study. Poultry was divided into 2 groups of 100 heads
using the method of balanced groups (Ibatullin et al,, 2017).
When forming the groups, the age and live weight of
the bird were considered. Quail were raised from one
day to 56 days of age. For the further influence of the
additive under study, at the age of 60 days, 2 groups of
quail (25 heads each) were selected, which were raised
until the age of 120 days. In the first series of quail
studies, the duration of the experiment was 56 days
(from 1 to 56 days), in the second - 60 days (from 60 to
120 days). Experimental studies were conducted by using
a mineralized additive from bee podmore — Apimin - in
feeding quails. Birds of the control group were fed the
basic diet. Experimental quail of the second group were
added to the diet with the addition of Apimin at a dose

of 1.1 g/kg of mixed feed. The additive was thoroughly
mixed with compound feed.

The maintenance and care of experimental quails
during the experiment were the same. The parameters
of the microclimate of the room corresponded to zoohy-
gienic standards adopted for poultry. The quails were fed
with a full-fledged compound feed, which was complete
in terms of the content of macro- and microelements.
The frequency of feeding was twice a day (morning and
evening). After the end of the experimental periods, 4 birds
from each group were slaughtered according to the meth-
ods of T. Polivanova (1988) and A. Genchev et al. (2008).
Live weight of quail at slaughter, at 56 days of age, av-
eraged 285.0 g in the control group and 297.5 g in the
experimental group.

To obtain the Apimin mineralised additive, win-
ter bee podmore was used, which was harvested in the
spring in apiaries of the Vinnytsia Oblast. During the
conducted research, an innovative method for solving
the scientific problem of justification for the use of
beekeeping waste to produce feed additives was pro-
posed, which consisted in developing an appropriate
technological solution for its production (mineralised
additive) and an experimental study of its use in poul-
try feeding. To obtain the Apimin mineral additive, the
bee podmore was first selected, then it was burned in a
muffle furnace at 300°C.As a result, the Apimin additive
was obtained. The yield of Apimin was 27 g per 100 g
of bee podmore.

Apimine, according to the results of its mineral
composition, contains macronutrients: calcium, mag-
nesium, phosphorus, silicon, and trace elements - iron,
magnesium, selenium, copper, and zinc (Table 1).

Table 1. Mineral composition of Apimin

Indicator Content Indicator Content
Silicon, g/kg 27.705 Iron, g/kg 8.059
Calcium, g/kg 22.164 Magnesium, mg/kg 302.24
Magnesium, g/kg 25.186 Selenium, mg/kg 11.08
Phosphorus, g/kg 47.854 Copper, mg/kg 151.12
Sodium, g/kg 16.623 Zinc, mg/kg 50.37

Apimine contains a considerable amount of sili-
cone, which plays an important role in the absorption
of mineral elements such as calcium, phosphorus, mag-
nesium, sulphur, potassium, and sodium.

The research materials were samples of meat,
bones, liver, feed, and droppings. Samples of average
muscle, bone, and liver tissue were taken during ana-
tomical disassembly of quail carcasses.

In the samples under study, the content of magne-
sium, copper, zinc, and iron was determined by atomic ab-
sorption spectrophotometry (Lebedev & Usovych, 1976).

Biometric processing of the obtained research
data was performed using MS Excel software with built-in
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statistical functions. Conventional symbols are used in
the tables to show the level of probability: " - p<0.05;
" - p<0.01; ™ - p<0.001.

RESULTS AND DISCUSSION

One of the priority tasks of poultry farming is to increase
poultry productivity and expand the range of feed prod-
ucts with the use of mineral additives in feeding. In world
practice, a considerable number of studies have been
conducted on the use of additives in feeding various poul-
try species and areas of productivity (Bao et al., 2007,
Gutyj et al., 2019; Nys et al., 2018).

Y. Nys et al. (2018) analysed the role of essential




trace elements (zinc, copper, iron, manganese, iodine,
and selenium) in feeding broilers and laying hens, de-
termined the need for trace elements, bioavailability of
trace element sources. The data obtained are consistent
with the results of Y. Bao et al. (2007), who investigated
the use of copper,zinc,iron,and manganese from organic
sources in broiler diets. B. Kyryliv et al. (2017) obtained
positive results in increasing the productivity of quail
and improving the products obtained by introducing
the “Belo-Akt” additive with minerals of copper, man-
ganese, and zinc into the poultry diet. They established
that when the supplement was introduced into the diet
of quail, the live weight increased by 12.67%, the laying
capacity by 7.37%, and the content of mineral elements
in the eggs increased. Studies by P. Satek et al. (2016)
confirm the feasibility of introducing organic zinc addi-
tives with amino acids into the broiler diet, which im-
proved the quality of the carcass and pectoral muscles.
J. Shelton & L. Southern (2006) did not establish the
effect of mineral additives on the growth rate of chick-
ens, but the removal of trace element additives from
the diet adversely affected the bone strength of poultry.
G. Kim et al. (2011) investigated the effect of copper
chelate supplementation on productivity, blood param-
eters,and mineral content in the liver of broiler chickens.
They found that the concentration of copper in the liver
increased with increasing levels of supplementation of
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this element. B. Gutyj et al. (2019) found that feeding
laying hens with cadmium sulphate contributed to a
decrease in the number of red blood cells, haemoglobin
levels, and an increase in the number of white blood
cells. The use of the Apimin feed additive in the diet of
young quail contributed to an increase in their lifetime
indicators of meat productivity. The bird of the exper-
imental group grew more intensively and at the end
of the experiment the live weight was 277.9 g against
267.2 g in the control group. That is, the advantage in
the group of quail that were given the Apimin mineral
additive in the diet was 4.0%.

The content of mineral elements in the bird’s body
depends on the intensity of metabolic processes (Kim et
al, 2011; Dozier et al, 2003). Mineral mobilisation de-
pends on the amount of food intake, the level of assimi-
lation and distribution in the body (Bao et al., 2007).

The highest level of assimilation of certain min-
eral elements was found in quail when feeding the Api-
min mineral additive as part of the diet. In quail of this
group, the absorption of copper was higher, compared
with poultry of the control group, by 21.7%, zinc - by 5.9%,
iron - by 8.9% and magnesium - by 12.9% at (p<0.001)
(Table 2).

The mass of edible parts of quails increased most
in the group of quails when they were fed the Apimin
mineral additive as part of the diet (Table 3).

Table 2. Digestibility of feed trace elements by quails (M*m, n=4)

Indicator Group
Control Experimental
Copper 41.9+0.38 67.4%0.54™
Zinc 77.3%0.34 89.9+0.13™
Iron 69.2+1.84 78.1#1.33™
Magnesium 59.5+2.11 724127
Table 3. Quail meat qualities (M*m, n=4)
Indicator Group
Control Experimental
Output of edible parts, % 58.8+0.60 61.1+0.24
Including femoral and tibial muscles 9.2+0.13 9.5+0.14
Pectoral muscles 15.1%0.07 16.8+0.23™
Liver 2.01£0.11 2.48+0.1°
Meat content of the carcass, % 61.4+0.28 63.5+0.38
Breast meatiness, % 24.0+0.06 26.6%0.26
Meatiness of the thighs and lower leg, % 14.6%0.19 15.2+0.06

Quail of the experimental group fed with the ad-
ditive under study according to the results of the slaugh-
ter had a higher yield of edible parts of the carcass,
namely, by 2.3% (p<0.05) compared to the analogues of
the control group. Poultry of this group showed higher

indicators in building muscle mass. Thus, the output of
the femoral and tibial muscles was higher by 0.3%, and
the pectoral muscles - by 1.7% (p<0.001).

Higher indicators were found in the experimen-
tal group of quail in terms of meat content of carcasses
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by 2.1%, breasts - by 2.6%, thighs and shins - by 0.6%.
The most valuable thing in carcasses is muscle tissue.
Carcass in which the ratio of muscle tissue to bone is
4-4.5:1 is considered more valuable. According to the
results of studies in the experimental group, a slightly
higher indicator was obtained - 4.07:1 against 3.81:1
in the control group. That is, the difference between the
indicator in the experimental groups was 0.26 in favour
of the experimental group.

Minerals mainly accumulate in the muscles and
liver (Zakharenko et al., 2004). The liver is the main tis-
sue depot where most minerals accumulate. Therefore,
the liver plays an important role in the exchange of
bioelements. Through it, mineral elements enter the
blood and individual organs and tissues.

Analysis of the mineral content in the muscles
and liver of quails showed certain changes in the intro-
duction of Apimin into the diet (Table 4).

Table 4. Mineral composition of quail muscles and liver (M*m, n=4)

Trace elements

Group Copper, mg/kg Zinc, mg/kg Iron, mg/kg Magnesium, g/kg
Pectoral muscles

Control 5.56+0.017 10.95%0.144 24.33%0.687 0.57+0.014

Experimental 4.78+0.020™ 12.65%0.104™ 25.57%0.444 0.57+0.015
Femoral and tibial muscles

Control 3.86+0.025 18.03*0.125 21.17%0.147 0.44+0.019

Experimental 4.17+0.020™ 18.50%0.129 21.16*0.155 0.43+0.020
Liver

Control 8.96%0.091 103.0+0.18 543.1+10.11 54.0+0.08

Experimental 9.25%0.011 108.5+0.19 614.4+1.08 54.2%0.12

Zinc is an essential trace element for all living
organisms. This element performs vital functions in
the maintenance and development of the skeleton, is a
structural component, a catalytic factor of enzymes, and
part of vitamins and hormones (Bao et al., 2007; Zakha-
renko et al., 2004). The zinc content in the pectoral mus-
cles significantly increased in the experimental group
by 15.6% (p<0.001), in femoral and tibial muscles - by
2.6% (p<0.05), in the liver - by 5.3%.

Iron is an essential element for oxygen transport,
the respiratory chain of mitochondria and cell prolifera-
tion, facilitates the survival of young animals and con-
tributes to an increase in live weight (Bao et al.,, 2007;
Milanovic et al., 2008). Iron in the pectoral muscles of
experimental quails was 5.1% more, and the content
of this element in the femoral and lower leg muscles
was not affected by feeding Apimin as part of the diet.
The liver of quails of the experimental group contained
13.1% more iron (p<0.001). An increase in the content
of this element in the liver of the experimental group of
poultry indicates a high bioavailability of iron from the
Apimin mineral additive.

Copper is involved in haemogenesis and promotes
the formation of haemoglobin in the blood, is necessary

for the normal development of the skeleton and increas-
es meat productivity (Zakharenko et al, 2004). In the
femoral and tibial muscles of the poultry of the exper-
imental group, the copper content was higher by 8.0%
(p<0.001), in the liver - by 3.2%, and in the chest mus-
cles, on the contrary, less - by 14.0% at (p<0.001) com-
pared to the control group.

Magnesium is a calcium antagonist and is in-
volved in many processes that occur in the muscles. Feed-
ing quail as part of the diet of the Apimin mineral addi-
tive had almost no effect on the magnesium content in
the muscles and liver.

Summarising the obtained research results, it is
possible to state the positive effect of the Apimin addi-
tive based on bee podmore on the mineral composition
of pectoral, femoral and lower leg muscles and liver.

According to the degree of metabolism in the skel-
eton of the bird’s limbs, mineral metabolism can be traced
both in the bones themselves and in the body as a whole.
The bone tissue of tubular bones reacts to changes in the
mineral composition of poultry diets (Pasnichenko, 2017).

In the group of quails that were fed the Apimin
mineral additive as part of the diet, a higher yield of
tubular bone ash was found (Table 5).

Table 5. Dynamics of zinc and copper content in quail tubular bones

Poultry age
Indicator 60 days 120 days
ash, % Copper, mg/kg Zinc, mg/kg ash, % Copper, mg/kg Zinc, mg/kg
Control 43.73%0.15 1.38+0.036 23.50%0.255 39.49+0.175 1.64+0.031 25.05+0.222
Experimental 46.55+0.14™ 1.53+0.019" 23.78+0.293 42.68%0.20 1.810.02 30.3520.171
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Thus, in the bones of quail of the experimental
group at the age of 60 days, ash was 2.82% more, at
the age of 120 days - by 3.19%, compared to the con-
trol group. The ash content decreased with age in quail
of the control group by 4.24%, in the experimental
group - by 3.87%.

Copper andzincalso play a significant role in bone
development. Zinc is involved in the renewal of bones
and cartilage. Zinc and copper provide the strength of
collagen. Copper is essential for the formation and func-
tioning of elastin (Zakharenko et al, 2004; Shelton &
Southern, 2006).

Analysis of the content of copper and zinc in tu-
bular bones shows that the introduction of Apimin into
the poultry diet has a positive effect. Therewith, the
copper content in the experimental group of quails of
60 days of age increased by 10.8%, 120 days of age -
by 10.4% compared to the control group. With age, the
amount of copper in the bones increased in the control
group by 18.8%, the experimental group - by 18.3%.

There were also changes in the zinc content both
with age and with the action of the mineral additive.
Thus, zinc in the bones of quails of the experimental
group aged 60 and 120 days was higher by 1.2% and
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21.1%, respectively. In laying hens, the concentration of
zinc increases during egg-laying: in the control group
by 6.6%, in the experimental group - by 27.6%.

CONCLUSIONS

Studies have shown that the use of a mineral additive
based on bee podmore (Apimin) increases the body’s
absorption of copper by 21.7%, zinc - by 5.9%, iron -
by 8.9% and magnesium - by 12.9%.

Feeding young quail as part of the Apimin diet
increased their live weight by 4.0%, meat content of car-
casses - by 2.1%, breasts - by 2.6%, thighs and shins - by
0.6%, the ratio of pulp and bones - by 0.26.

The ash content of the pectoral muscles in the
experimental group of quails increased with a higher
content of some biogenic elements: zinc - by 15.6%,
iron - by 5.1%, and copper - less by 14.0%, femoral and
tibial muscles: zinc - by 2.6%, copper - by 8.0%, liver:
zinc - by 5.3%, iron - by 13.1%, copper- by 3.2%. The
additive had no effect on the magnesium content in
the muscles and liver. With age, the amount of copper in
quail bones increased in the control group - by 18.8%,
the experimental group - by 18.3%, and zinc - by 6.6%
and 27.6%, respectively.
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OnHaMiKa BMicTy aesaKuxX MiHepaJZibHUX eNNIeMeHTIB y M'930BiN,
KiCTKOBi¥ TKaHMHAX Ta NeJiHuUi nepeneniB 3a BN/IUBY aniMiHy

OneHa MetpieHa PasaHoBa!, Onekcanap CtenaHoBuu Apemuyk?, boraaH Bonoaumuposuu Mytuit?,
Tapac Bonoaumuposuu ®apioHik?, Hagis BonogumupisHa Hosropoacbkal

'BiHHMUbBKMI HALiOHANbHWUIA arpapHUiA YHiBepcUTeT
21008, Byn. CoHauHa, 3, M. BiHHnuS, YkpaiHa
2J1bBIBCbKMI HALiOHANbHWIA YHIBEPCUTET BETEPUHAPHOI MEAULUHM
Ta 6iotexHonorin iMmeHi C.3. BKuubKoro
79010, Byn. MNekapcbka, 50, M. JIbBiB, YKpaiHa

AHoTauif. Y cuctemi NOBHOLIHHOI rofiBAi NTULI BXKIMBE 3HAYEHHS NPUAINSETLCS 3ab6e3nedYeHoCTi iX MiHepanbHUMK
peyoBMHaMWU. MeTa LOCNILKEHHS MONArana y BM3HAYEHHi BNAMBY MiHepanbHOi [00aBKM HAa OCHOBI OIXKONMHOIO
nigMopy aniMiH Ha BMICT UMHKY, Mifi, MarHito Ta 3anisa y MACi, nediHui, KicTKOBiM TkaHuHi nepenenis. [ig yac
BMKOHAHHS JOCNIOKEHHS BYNM BUKOPUCTAHI HAaCTyMHI METOAM: 300TEXHIYHI (419 aHani3y NpoAyKTMBHOCTI Nepenenis),
disionoriyHi (o9 BU3HAYEHHS NepeTpaBHOCTI MOXMBHMUX PEYOBMH paLioHy NTuLi), bioxiMiuHi (LN aHanisy BMicTy
MiHEpaNbHUX PEYOBUH Yy Ma3ax, MeviHui Ta TpybyacTux KicTkax), MOPMONOriyHi (415 BU3HAYEHHS MSICHUX SKOCTEN
nepenenie: Maca iCTiIBHUX YaCTUH, MACHOCTI TYLOK), CTaTUCTUYHI (BM3HAYaNM HasABHICTb ab0 BiACYTHICTb CYTTEBOI
Pi3HULI MiX 3HaueHHAMM). OBIpYHTYBAHHS ePEKTUBHOCTI 3rof0BYBaHHS LOOABKM aniMiH 34iMCHIOBANOCS Ha NiACTaBi
KOMMMAEKCHOro AO0CNIMKEHHS 3 BMBYEHHS XiMIYHOrO CKiady aniMiHy, peTeHuii MiHepanbHUX PeYOBMH, MSACHUX
MOKa3HMKIB, AMHAMIKM BMICTYy LIMHKY, Mifi, 3ai3a, MarHito y M'A30Bil, KiCTKOBIM TKaHMHax Ta MediHui nepenenis.
[ocnigykeHHs NpoBOAMAK HA Nepenenax MacHoi nopoau GapaoH 3 1 ao 56-aeHHoro Biky i nepeninkax 3 60 go 120 gHis.
Y cknagi aniMiHy MicTaTbCs KanbLii, MarHin, 3aniso, LMHK, MapraHeLb, pocdop, CUAiLin, ceneH. 3roaoByBaHHS aniMiHy
CNpUSE NiABULLEHHIO MeTaboni3My, 3aCBOIOBaHICTb Mifi Byna Buwow Ha 21,7 %, uMHKy — Ha 5,9 %, 3aniza - Ha 8,9 %
i MarHito - Ha 12,9 %. [lopaBaHHS 40 paLioHy BNAMHYO NiABULLYBAN0 HAPOCTaHHS M'I30BOi Macw, CMiBBiAHOLWEHHS
MSIKOTi [0 KiCTOK 6yno BuwMM Ha 0,26 %. Y rpyaHuMx mMa3ax BMICT UMHKY 36inbwumneca Ha 15,6 %, y cTerHoBux i
FOMINKOBMX M13aX — Ha 2,6 %, y neviHui — Ha 5,3 %, 3ani3a B rpyaHUx Ma3ax 36inbumecs Ha 5,1 %, neviHui — Ha 13,1 %.
Y M'3ax cTerHa Ta roMinku Bmict migi Ha 8,0 % Buwwmit, y neviHui — Ha 3,2 %, y rpyaHux ma3ax — Ha 14,0 %. He
BMSIBIEHO BM/IMBY aniMiHy HA BMICT MarHito. BMicT 3011 3 BikOM B KiCTKax nepeninok 3a rofisni aniMiHOM 3MeHLIMBCS
Ha 3,87 %, nigBULWMBCA BMICT Mifi — Ha 18,3 %, UMHKY - Ha 27,6 %

KniouoBi cnoBa: MonogHsK nepenenis, MikpoeneMeHTH, MiHepanbHa f06aBKa, MACHI IKOCTi, MiHepanbHWUIA CKNag,
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