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To ensure normal functioning of the organism of animals, the maintenance of their vital functions, the growth
and development of the young animals, their productive and reproductive capacities, it is necessary to ensure
their full nutrition. Unbalanced mineral nutrition in the diet of the animals leads to the impairments of mineral
metabolism in their body. One of the most promising way of obtaining micronutrients with guaranteed safety
and bioticity is the use of the achievements of nanotechnology and bioorganic chemistry for the synthesis of
organometallic biocomplexes, in particular, citrates. The Institute of Animal Biology of the National Academy
of Agrarian Sciences of Ukraine conducts studies to find out the physiological and biochemical mechanisms
of the action of nanoaquacitrate minerals in the organism of animals in different periods of ontogenetic devel-
opment and productive use. It has been established that the trace elements of microelements are biologically
active and safe for health, and their use in livestock breeding leads to increased animal vitality and productivity.
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The health condition of animals, their performance
and reproduction features are considerably defined by
the degree of supplying the organism with the energy
and a number of chemical elements, first and fore-
most, the essential, irreplaceable, ones. Any devia-
tion from the balanced diet leads to the impairment
of organism functions, especially if these deviations
are rather clearly expressed and longstanding. Thus,
the rationing of their content for animals, especially
highly productive ones, is a relevant condition for the
manifestation of a high level of genetic potential of
performance [1, 2].

Modern studies in the animal breeding industry
show (prove) established that the most promising way
of obtaining micronutrients with guaranteed safety
and bioticity is the use of achievements of nanotech-
nology and bioinorganic chemistry for the synthesis
of metalloorganic biocomplexes. Nanobiomaterials,
used in animal breeding, should correspond to such
main requirements as ecological purity, biocom-
patibility with this biological object (including the
compatibility on the cellular level) and programmed
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productive effect [3]. It is clear that obtaining such
nanobiomaterials is a complicated task, but only then
it is possible to qualify them as functional nanobioma-
terials. Their further successful application in animal
breeding is also manifested by the fact that these ma-
terials should be obtained at sufficient amount and at
the affordable cost.

The functional nanobiomaterials, currently of most
immediate interest for animal breeding, are, first and
foremost, microelement compositions, as microele-
ments are incomparable to all the elements, present
in various biological objects, including the cells of
humans, animals, microorganisms by the ratio of “el-
ement content — its effect on vital functions of the bio-
logical object” [3].

A group of researchers in Ukraine [4] developed a
nanotechnology method to obtaine carboxylates of
super purity of the main food acids and biotic ele-
ments (Zn, Mg, S, Mn, Fe, Cu, Co, Mo, Cr, I, Se). The
method elaborated, aimed at, aimed at enriching food
additives with microelements in the form of citrates
of biotic elements, obtained using nanoaquatechno-
logy [3, 5, 6].
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The Institute of Animal Biology of the National
Academy of Agrarian Sciences of Ukraine conducts
the studies in determining physiological-biochemical
mechanisms of the effect of nanoaquacitrates of micro-
elements in the organism of animals in different peri-
ods of ontogenetic development and productive use [7,
8]. The toxic doses of nanoaquacitrates of 18 elements
were determined (Cr, Cu, Fe, Zn, Se, Mn, Mo, I, V,
Bi, Ni, Mg, S, Ge, Al, Ag, Ce, Si) along with those of
their combinations, which were found to be 6—8-fold
lower than their mineral salts. This information was
used to elaborate food additives, veterinary medici-
nal products and preparations based on the citrates of
microelements with high biological activity [9]. The
introduction of different amounts of nanoaquacitrates
of microelements to the diet of animals allowed deter-
mining the minimal physiologically active and opti-
mal doses for cattle, pigs, rabbits, bees. The impact of
these compounds was studied in terms of the content
of macro- and microelements in the tissues and fluids,
the formation of immunobiological reactivity of the or-
ganism, the condition of antioxidants, disintoxication,
reproductive and immune systems, the growth and de-
velopment of calves, piglets and infant rabbits as well
as the role of citrates in treatment and prevention of mi-
croelementosis in animals. The impact of nanoaquaci-
trates of specific elements on the biological value of
animal breeding products was studied in terms of in-
dices of the chemical composition of milk, meat, con-
tent of fatty acids, microelements and proteins. These
results promoted the elaboration of the methodology of
studying the biological effect of nanoaquacitrates in the
organism of animals as well as their impact on the bio-
logical value and quality of animal breeding products.
Some differences in the effect of nanoaquacitrates were
revealed for Se, Ge, Cr, Fe in the organism of animals
compared to other compounds of these microelements
which are conditioned by their increased physiological
activity and absorption intensity in the digestive tract.

The introduction of citrates of Cr, Se, Co and Zn to
the diet of cows improved their liver function, the ex-
change of Ca, P and vitamin E [10]. The introduction of
citrates of these elements promoted the activation of ex-
change processes in the organism, enhancing the cata-
lase, superoxide-dismutase and glutathione-peroxidase
activity and the decrease in the number of leukocytes,
the content of hydroperoxides of lipids and TBA-active
products during the 1% and 2™ months of feeding with
the additive. The mineral additive stimulated the secre-
tory activity of the mammary gland, increasing the av-
erage daily milk yield of cows by 3.3-7.8 % [11].
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It was established that the capability of males to pro-
duce functional sperm depends on the content of mi-
croelements, which belong to the active centers of nu-
merous enzymes of glycolysis, pentose phosphate way
and antioxidant protection. For instance, the effect of
citrates of Mn?*, Cu**and Zn** on the intensity of oxi-
dative processes in sperm and survival of sperm cells
of bulls was investigated. It was established that mi-
croelements in the form of citrates penetrate the germ
cells and have their regulatory impact on the intensity
of oxygen consumption and the restoring capability of
sperm, the activity of succinate dehydrogenase and the
survival of sperm cells in diluted ejaculates of bulls.
To balance the composition of the diluting agent to the
physiological boundaries of native ejaculates, the nor-
malization of oxidative metabolism, and the provision
of long survival of sperm cells, the researchers recom-
mend adding 10-20-fold lower doses of Mn-, Cu- and
Zn-citrates into the dilution environment compared to
their analogues in the form of salts. The optimal concen-
trations, at which the intensity of oxidative processes
normalized in the diluted sperm of bulls, are as follows:
0.01 mg/l Mn-, 0.004 mg/l Cu- and 0.06 mg/l of Zn-ci-
trates. At the abovementioned concentrations of citrates
of microelements the survival of sperm cells of bulls at
the temperature of 0—4 °C was 127.2—132.0 hours. The
increase in the concentrations of microelements in the
form of citrates exceeding the optimal values resulted
in the inhibition of the respiratory activity of sperm and
the accumulation of protons in the extracellular envi-
ronment, and in case of the maximal dose of Cu-citrate
(0.4 mg/l) — in the activity of succinate dehydrogenase
and the survival of sperm cells as well [12].

There was a study on the impact of analogous ci-
trates of microelements in the diluted ejaculates of
boars, diluted with phosphate-saline buffer, on the in-
tensity of oxidative processes and survival of sperm
cells. It was established that the increase in the content
of citrates of microelements in the diluted ejaculates
of boars leads to the reliable decrease in the respira-
tory activity of sperm as well as to the redistribution
of the flow of protons between sperm cells and the di-
luting agent towards their increase in the extracellular
environment. High survival rate of the sperm of boars
(132.7-141.2 hours in the phosphate-saline buffer at
the temperature of 2—4 °C is manifested at the same
concentrations of citrates of microelements, noted for
bulls: 0.01 mg/l Mn-, 0.004 mg/l Cu- and 0.06 mg/1 of
Zn-citrates [13].
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The experimental studies have proven that the ci-
trates of microelements affect the metabolism process-
es in the organism of sows. It was established that there
was an expressed complex impact of the citrates of
microelements (Fe, Zn, Mn, Cu, Co) in the concentra-
tion which was several times lower compared to their
inorganic salts, on the metabolism indices in the blood
of piglets during the weaning period [8, 14]. For in-
stance, the effect of the citrates of microelements was
found to induce the increase in the antioxidant activ-
ity of erythrocytes which conditioned the increase in
adaptive properties of the organism during the period
of stress-factor of weaning. The increase in the num-
ber of erythrocytes and the concentration of hemo-
globin at the effect of the citrates of microelements in
piglets during this period is of great relevance for the
prevention of iron-deficient anemia. The activation of
the hematopoietic system towards hemopoiesis process
intensification is likely to be the adaptive reaction of
the organism, ensuring the realization of the protective
function of blood and promoting the formation of the
immune status of animals during the early postnatal
period of development. The citrates of microelements
enhance this capability of the organism, and improve
the resistance of animals to diseases during the wean-
ing period. The consumption of the citrates of micro-
elements by piglets also affected the protein exchange
in the organism, in particular, promoted the increase
in the content of total protein and the decrease in the
activity of alanine aminotransferase in their blood. At
the same time, an insignificant decrease in the glucose
concentration in the blood of piglets at the effect of the
citrates of microelements on the 30" day of life is a
positive effect, caused by the increased use of this sub-
strate in their organism as energy material during the
period of action of the stress-factor of weaning. The re-
sults obtained are in good agreement with the literature
data on the fact that some microelements in the citrate
form affect the hormonal activity. As zinc regulates in-
sulin secretion, and chromium increases its effect, pro-
moting the binding of the hormone to the receptors on
the surface of the cells, these elements affect the whole
spectrum of insulin-dependent processes [1]. The in-
tensification of exchange processes in the organism
of piglets at the effect of the citrates of microelements
is conditioned by the better consumption of the latter,
compared to inorganic salts. It was determined that the
application of the citrates of microelements while feed-
ing piglets promoted the 33.6 % increase in the average
daily bodyweight gain which were 131 g in the control
group, and 175 g in the experimental one [14].
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There was a complex study of the impact of ferrum
citrate in the composition of the Nanoferotsyt prepa-
ration (TU U 21.2-30995014-009:2014), elaborated
at the Institute of Animal Biology NAAS, on ferrum-
and oxygen-transporting functions of blood and on
the metabolism processes in the organism of piglets.
It was established that this preparation was efficient in
preventing alimentary ferrum-deficient anemia. It was
determined that the introduction of ferrum citrate pro-
motes the increase in the number of erythrocytes and
hemoglobin concentration in blood, has positive effect
on ferrum-binding function of transferin, stabilizes
blood proteins, the content of Fe, Cu, Co, Mn, vitamins
A and E, lipid peroxidation products and the indices of
antioxidant system [15].

The citrates of microelements, consumed by female
animals during their pregnancy, may influence the me-
tabolism processes both in their organism and in their
fetuses and new-born progeny. It was found that citrate
chromium, fed to the sows 10-15 days prior to their
littering down and for 20 days after that in the doses of
0.5 and 2 pg Cr(Ill)/kg of bodyweight, stimulated the
erythropoietic function both in the sows and in new-
born piglets in the first days after their birth [16]. In ad-
dition, at the effect of citrate chromium in the amount
of 2 pug Cr(Ill)/kg, the functional activity of leukocytes
and the number of lymphocytes in the blood of sows
increased with the decrease in the level of segmented
neutrophils during the last month of pregnancy and in
the first days after birth. This testifies to enhancing the
cellular link of non-specific resistance, specific factors
of protection, the increase of reserve possibilities of re-
dox metabolic processes of leukocytes in the organism
of animals. Therefore, the changes in hematopoietic
and immunological indices of blood of the sows and
newborn piglets at the introduction of citrate chromium
to the diet are likely to be the adaptive reactions of their
organism during the period of action of the stress-fac-
tor — the birth.

The correction of different links of metabolism is
conducted for pregnant sows and doe-rabbits at the
effect of citrate chromium, in particular, involving
the stabilization of carbohydrate, lipid and protein ex-
change and normalization of antioxidant and immune
systems of the organism. Metabolically efficient
amounts of citrate chromium, which were addition-
ally introduced to the diet of animals, may be used as
recommended doses for the regulation of metabolism
processes and prevention of Cr(IIl) deficiency in the
organism [8].
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The effect of citrate chromium in the amount of
3 pg/kg of bodyweight on the indices of T- and B-cel-
lular immunity was studied in rats. It was established
that there was an increase in total T-lymphocytes, T-
active lymphocytes, T-helpers, B-lymphocytes and im-
munoregulatory index in their blood which testifies to
the activation of the functional activity of lymphocytes
and induces the increase in the cellular and humoral
links of the immunity of rabbits at the effect of citrate
chromium [17].

The experiments proved high efficiency of the ac-
tion of citrate chromium in the organism of animals
on the indices of carbohydrate, protein, and lipid ex-
changes, the activation of antioxidant, NO-synthase,
endocrine and immune systems [8]. It was determined
that the introduction of citrate chromium to the diet
of animals is accompanied with the regulatory impact
on the function of suprarenal, thyroid and pancreas
glands. For instance, the experiments proved that the
content of insulin in the blood serum at the effect of
citrate chromium in the amount of 5 pg Cr(Ill)/kg of
bodyweight tended to increase, with the reliable in-
crease in the content of triiodothyronine — by 53.1 %
and thyroxine — by 21.0 %, whereas the content of
cortisol decreased by 20.8 % [18].

It was proven that citrates of Cr, Zn, Mg and Va have a
normalizing effect on metabolism processes in animals
in the hyperglycemia conditions. It was established that
at the effect of these compounds in the blood of animals
with experimental hyperglycemia there was a decrease
in the levels of glucose, glycolized hemoglobin, prod-
ucts of peroxide oxidation of lipids, lactate, the activ-
ity of lactate dehydrogenase, inducible NO-synthase,
with the simultaneous increase in the activity of glu-
coso-6-phosphate dehydrogenase, the activity of AOS
enzymes (superoxide dismutase, catalase, glutathione
peroxidase, glutathione reductase) and the content of
reduced glutathione [19]. The obtained results may be
practically used while treating animals from hypergly-
cemia, which occurs at their excessive consumption of
easily digestible carbohydrates which simultaneously
leads to obesity, in case of insular hypofunction of the
gland in the newborn animals as well as during the
pregnancy of females. The application of Cr, Zn, Mg
and Va in the citrate form causes the normalization of
the functional state of animals due to the increase in
secretion and improvement in the binding of insulin to
receptors on the surface of cells.

The disintoxicating function and activity of enzymes
of antioxidant protection in blood and tissues of young
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rats was studied while feeding mothers-rats with the
solution of citrates of Cr, Se and Ge. It was established
that feeding citrates of these microelements for a long
time has a direct effect on the increase in the level of
phenols in liver tissues and skeletal muscles of the
progeny of female rats. Generally, these changes were
conditioned with the increase in the concentration of
phenol sulfates and phenol glucuronides. In addition,
while feeding with the solution of citrates of Cr, Se
and Ge there was an increase in the activity of anti-
oxidant protection enzymes — catalase and superoxide
dismutase in liver tissues and skeletal muscles of the
progeny of female rats [20, 21].

There was a remarkable positive dose-dependent (10,
20, 200 pg Ge/kg of bodyweight) impact of Ge citrate
on the growth and development of the organism of rats,
its hematological and immunophysiological indices
[22]. There was expressed impact of Ge citrate in the
dose of 20 pg Ge/kg of bodyweight on the growth and
development of the male organism. The effect of Ge ci-
trate stimulated the immunophysiological response of
the organism with the increase in the content of total Ig,
average weight molecules, sialic acids, the number of
leukocytes due to the lymphocytes and granulocytes at
the background of the decrease in the level of circulat-
ing immune complexes and hexoses, bound to proteins.

The scientists of the Bila Tserkva National Agrarian
University investigated the effect of the Ge aquachelate
solution on the level of peroxide oxidation of lipids, the
enzymatic link of the antioxidant system and the con-
dition of endogenous intoxication of quail embryos. It
was established that 5.0 png/kg of eggs of Ge aquache-
late had a positive effect on the activity of the enzymes
of antioxidant protection of embryos, not causing any
intoxication [23].

The studies on goslings which were fed with com-
bined feeds, enriched with Ge citrate in different doses
during the period of their growth, established the inten-
sification of the growth of young birds, improvement of
their vital functions and efficiency of using the feeds.
The dose of Ge of 0.20 mg/kg was found to be the most
efficient as its introduction to the combined feeds pro-
moted the growth of live weight of goslings by 2.3 %,
their survival — by 3.0 % and the decrease in the feed
amounts per unit of product gain by 2.5 % [24].

It was determined that local feeding of sows with Ge
citrate in the dose of 11.16 pg/kg from 1 to 9 days till
littering down led to obtaining a higher number of nor-
mally developed newborn piglets without any consid-
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erable changes in their bodyweight. In addition, feed-
ing with Ge citrate induced the tendency to the increase
in the weight of newborn male piglets [25].

It was proven that “nanoaquacitrates” of mineral ele-
ments are both biologically active and safe for health,
permissible for the purpose of enriching the feeds, raw
materials and food products and demonstrate protec-
tive properties regarding heavy metals [4, 6]. For in-
stance, the use of citrates of Cr, Se, Co and Se to feed
bees demonstrated the decrease in the content of heavy
metals (Cd, Pb) both in the tissue of the whole organ-
ism and in separate anatomic areas of bees [26]. It was
determined that there was some dynamics in the con-
tent of lipids in the tissues of bees which promoted the
processes of metabolic accumulation of energetic and
plastic components. The obtained data confirm the rea-
sonability of using the additives of the citrates of micro-
elements while feeding bees. This ensures the increase
in their viability, the increase in the content of essential
microelements, lipid and carbohydrate components in
the organism and the products of bee-keeping.

The effect of separate and combined application of
different doses of Co and Ni citrates in spring feed ad-
ditives for honey-bees on the intensity of queen bee
laying eggs was investigated. The obtained results of
studies indicate a considerable stimulating effect of
separately applied Co and Ni citrates on the intensity
of egg laying of queen bees in spring [27].

The estimation of biological activity of citrates of Fe,
Cu, Zn, Mg, obtained by the nanotechnology method,
was conducted using in vitro conditions. Their impact
on cell cultures and blood proteins (albumins, immu-
noglobulins) was studied. It was established that the
highest cytotoxic activity regarding the cell culture was
demonstrated by Cu and Zn citrates and the lowest ac-
tivity — by Mg citrates. The highest denaturating activ-
ity regarding blood plasma proteins was determined for
Fe compounds and the lowest one — for Mg [28].

The specialists of the National Scientific Center “In-
stitute of Experimental and Clinical Veterinary Medi-
cine” of NAAS determined the dynamics and degree
of the effect of nanoaquacitrates of metals Ge, Se,
Mg, Cu and Ag in different doses on the factors of
non-specific resistance of the organism of birds [29].
The addition of nanoferrum citrate to the complex
preparation “metalloglobulin” facilitated obtaining an
improved “nanometalloglobulin” which allows using
it to treat anemia of newborn piglets and chickens.
It was established that there was a positive effect of
complex probiotic-metalloprotein preparation with
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the addition of nanoferrum citrate on the bodyweight
gain, the indices of congenital immunity and expres-
sion of genes, encoding cytokines IL-17a, IL-2, [FN-y
in chickens [29].

CONCLUSIONS

To preserve the health of animals, to improve pro-
ductive and reproductive features, their organism
should be supplied with a number of chemical ele-
ments, starting with the essential ones. The physio-
logical-biochemical mechanisms of the action of the
citrates of microelements, obtained using the achieve-
ments of nanotechnology, are studied at the Institute
of Animal Biology NAAS. It was established that
there was a positive effect of these compounds on the
formation of immunobiological reactivity of the or-
ganism, the condition of antioxidant, disintoxication,
reproductive and immune systems, the growth and de-
velopment of newborn animals as well as the role of
citrates in treatment and prevention of microelemen-
tosis in animals. It was proven that the application of
the citrates of microelements in animal breeding as
biologically active compounds, safe for health, leads
to the improvement of vital functions of animals and
to the increase in their performance.

Biosnoriuna eekTHBHICTH HUTPATIB MiKpoe1eMeHTIB
Yy TBAPUHHULTBI

P. 5. Ickpa, B. B. Baisno, P. C. ®enopyx
e-mail: Iskra r@ukr.net

IacrutyT Gionorii TBapun HAAH,
Byn. B. Cryca, 38, M. JIpBiB, 79034

Jis 3a0e3nedeHHs HOPMAIBHOTO (DYHKIIOHYBaHHS Opra-
Hi3My TBapHH, MiATPUMaHHS HOT0 KXUTTEBUX (PYHKIIIH, pocTy
i PO3BUTKY MOJIOJHSKY, MPOJIYKTHBHOI Ta PErpOayKTHBHOL
3aTHOCTI HEOOXiIHE 3a0e3IeueHHs TOBHOIIIHHOTO iX KWUB-
nenHs. HezbanancoBaHe MiHepaibHE >KUBJICHHS Y PallioHi
TBapuH IMPHU3BOJHUTH 0 MOPYLIEHb MiHEPaJbHOTO OOMIHY
B iIXHBOMY oprafi3mi. OTHUM 3 HaWOUIBII ITEPCIIEKTUBHIX
IISIXIB OJIep)KaHHS MIKPOHYTPIEHTIB 3 TapaHTOBAaHOIO Oe3-
MEYHICTIO Ta OIOTHYHICTIO € BHKOPHCTAHHS JOCSTHEHb
HAHOTEXHONIOTii Ta OiOHEOpraHiYHOl Ximil AN CHHTE3Y
METaJOOpraHiYHuX O10KOMIUIEKCIB, 30Kpema Iurparis. B
IacTrTyTi 6i0m0Tii TBapH HA AH IpOBOASITHCS 1O CITi IPKEHHS
i3 3’sicyBaHHA (i31070r0-010XIMIYHIX MEXaHI3MIB JIii HaHO-
aKBaIUTPATiB MIKpPOEJIEMEHTIB B OpPraHi3Mi TBapHH y Pi3Hi
Mepiofin OHTOTCHETHYHOTO DPO3BUTKY Ta IPOAYKTUBHOIO
BUKOPUCTaHHS. BcTaHOBIICHO, 1110 IUTPaTH MIKPOEIEMEHTIB
€ 010JIOTYHO aKTUBHUMH Ta OC3MCUHUMH JJIs1 370POB’s, a IX
3aCTOCYBaHHS Y TBAPHMHHHUILITBI IPU3BOIUTE A0 IMiIBHILCHHS
JKUTTE3JATHOCT] TBAPHH Ta IPOITYKTUBHOCTI.

Ki1ro4oBi ciioBa: muTpatu, MikpoeJIeMEeHTH, TBAPUHHUIITBO,
HAHOTEXHOJIOTII.
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Buonornyeckas 3¢p(peKTHBHOCTH HUTPATOB
MHKPOJIEMEHTOB B )KHBOTHOBO/ICTBE

P. 4. Uckpa, B. B. Bausno, P. C. ®enopyxk
e-mail: Iskra r@ukr.net

WucTuTyT 6nomorun xuBoTHEIX HAAH
Vm. B. Cryca, 38, 1. JIsBOB, 79034

Jnst obecrieueHnss HOPMaJIbHOTO (DYHKIIMOHMPOBAHUS Op-
raHu3Ma KMBOTHBIX, ITOJ/ICPXKAHUS €TI0 JKU3HEHHBIX (DYHK-
LM{A, pocTa U Pa3BUTUS MOJIOAHSKA, INPOLYKTHUBHOHM U
PENpOIyKTUBHOM CHOCOOHOCTH HEOOXOAMMO obecrieueHne
MIOJTHOLIEHHOTO nuTaHus. HecOanancupoBaHHOE MUHEpaIIb-
HOE IMHUTaHUE B PAIOHE XMBOTHBIX NPHUBOAUT K Hapylie-
HUSIM MUHEpalbHOro ooMeHa B ux opranusme. OnHUM U3
CaMbIX MEPCHEKTUBHBIX MyTel MOIyuyeHHs] MUKPOHYTPHEH-
TOB C TapaHTHPOBAHHON O€3011aCHOCTHIO M OMOTHYHOCTBIO
SIBIISICTCS MICTIOJIb30BAHUE JOCTIKEHUH HAaHOTEXHOJOTMU U
HEOPTraHUYeCKOW XHUMHHM I CHHTEe3a MeTalsIoOpraHudec-
X OMOKOMIUIEKCOB, B YaCTHOCTH HUTpaToB. B MHcTHTYTE
6uonornu xuBoTHEIX HAAH mpoBoasTcst ucciienoBaHus
10 BBISICHEHUIO (H3HOJIOr0-OMOXMMHUYECKHX MEXaHH3MOB
JIeMCTBUSL HAHOAKBALIUTPATOB MUKPOIIEMEHTOB B OpraHM3-
M€ JKMBOTHBIX B pa3Hble IEPUOAbI OHTOT€HETUYECKOro
Pa3BUTHS U MPOTYKTUBHOIO HCIOIb30BAaHUS. YCTAaHOBIIEHO,
YTO LUTPaThl MHKPOIIEMEHTOB SBISIFOTCS OMOIOTHYECKH
aKTHBHBIMH W O€30MAacHBIMHU JUIS 3[I0POBbS, @ MX IpPHMe-
HEHHE B )KUBOTHOBOJICTBE IIPHBOJHT K MOBBIIICHHIO KH3HE-
CIIOCOOHOCTH JKMBOTHBIX U ITPOYKTHBHOCTH.

KiawueBrbie ciioBa: OUTpaThl, MUKPODJIECMCHTBI, ) KUBOTHO-
BOJICTBO, HAHOTCXHOJIOTH.
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