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Background. Some of the humanity’s problems in the 21st century are related to
insufficient mineral nutrition according to the World Health Organization. The reason
for this conclusion is not in the amount of mineral substances supplied with food, but in
their bioavailability in the body. The problem of rabbit high-quality mineral nutrition is not
solved during industrial maintenance. Research on the impact of organic compounds
of trace elements on the human and animal body has intensified over the last decade.
Studies show the effectiveness of the use of organic compounds of microelements with
unique physiological properties to penetrate the cell and exert an activating effect on the
course of biochemical reactions, which positively affects the whole organism. However,
the physiological effect occurs under the condition of receiving and assimilation of
organic compounds of trace elements in optimal amounts. Therefore, the main task of
this research was to study the effect of the investigated doses of zinc citrate, which was
fed in rabbits for 36 days after weaning to assess the change in the content of minerals
in the tissues of their body.

Materials and Methods. Studies were conducted on 16 rabbits that were close
by clinical and visual indicators aged 40 days from birth, kept in a laboratory room of
a research institution equipped with mesh industrial cages for rabbits. Rabbits of the
control group were kept with free access to complete nutrient and mineral supplemen-
tation in feed and water. The animals were kept separately in cages and an appropri-
ate amount of zinc citrate was added to the daily amount of water (100 mL) every day.
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Rabbits of this age drink an average of 100 mL of water per day. Rabbits of study groups
I, I, and Il used the same feeding as in the control, in addition, for 24 hours, zinc citrate
was additionally used with water in the amount of: | — 0.25; Il — 0.50; 11l — 0.75 mg Zn/kg of
body weight. The comparative period was 10 days, the experimental period was 36 days.
On day 36 of the study, animals of all groups were euthanized; their blood and tissues:
liver, kidney, ribeye, spleen, and hair from the thigh area of rabbits were taken to deter-
mine the content of mineral elements using an atomic absorption spectrophotometer.

Results. Feeding zinc citrate with water in the amount of 0.25 mg Zn/kg of body
weight was marked by a probable increase in the content of Co and Cu (P <0.05) in the
blood. Administration of zinc citrate in the amount of 0.50 mg Zn/kg of body weight was
characterized by a probable increase in Zn (P <0.001), Co (P <0.001), Fe (P <0.05), Cu
(P <0.05) in the blood; the level of Z (P <0.05), Cr (P <0.05), Co (P <0.01), Fe (P <0.05),
Cu (P <0.01) in the liver; Fe (P <0.05) and Cu (P <0.05) in the spleen, Zn (P <0.05)
in muscle and hair compared to control. The use of zinc citrate at the rate of 0.75 mg
Zn/kg of body weight induced the most probable changes: the content of Zn (P <0.01)
in the blood, liver (P <0.05), spleen (P <0.01), muscle (P <0.05) and hair (P <0.01),
Crin the liver (P <0.05), Co in the blood (P <0.01), liver (P <0.01), spleen (P <0.01), Fe
(P <0.01) and Cu (P <0.05) in the blood, liver (P <0.05-0.01), kidneys (P <0.05-0.01),
Fe in the spleen (P <0.01) and muscle (P <0.05) compared with the control group.

Conclusions. Additional administration of zinc citrate (0.25 mg Zn/kg body weight)
with water for 36 days was marked by the smallest changes in the studied mineral
substances concentration of rabbits’ tissues, with the exception of an increase in the
Co and Cu blood content. With an increase in the daily amount of zinc citrate (0.50 and
0.75 mg Zn/kg body weight), the concentration of Zn, Co, Fe, and Cu in the blood and
liver tissue mainly increased, while less prominent changes were noted in the tissue of
the spleen and kidneys compared to the control group. Macro- and microelements con-
centration changes may indicate a more pronounced effect of zinc citrate depending on
the applied amount, in particular, a larger amount (0.75 mg Zn/kg body weight) induced
the greatest probable increase in the studied microelements, with the exception of Mg
and Mn in the rabbits’ body tissues.

Keywords: rabbits, body tissues, zinc citrate, macroelements and microelements

INTRODUCTION

Zinc is an important trace element for the overall functioning of the animal body. It
performs three main biological functions, namely it plays the catalytic role in the func-
tioning of more than 300 enzymes, as well as the structural and regulatory role (Reda
et al., 2020). In addition, it affects the immune system, nucleic acid synthesis, cell pro-
liferation, protein synthesis, protein and carbohydrate metabolism, as well as activates
the enzyme activity of the body (Geetha et al., 2020). Studies have established a dose-
dependent effect of organic compounds with zinc oxide on the growth rates and physi-
ological status of cattle and poultry (Mahmoud et al., 2020). Zinc deficiency affects the
secretion of thymulin and the formation of T cells in the thymus, which leads to a violation
of its physiological function and adversely affects the immune system (Mohamed et al.,
2019). Zinc, as an antioxidant involved in important mechanisms of protection against
reactive oxygen species, it is a cofactor of the superoxide dismutase enzyme which per-
forms an important function of protecting the body from free radicals (Nabi et al., 2020).
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It should be noted that zinc deficiency in animals leads to low circulation of insulin-like
factor-1, which is the most important endocrine mediator of somatotropic hormone and
is synthesized in the liver. It is produced by liver hepatocytes in response to stimulation
of their somatotropin receptors depending on the physiological level of zinc in the body
(Li et al., 2021).

Innovations in animal feeding involve the introduction of advanced technologies
aimed at increasing the efficiency of animal husbandry by improving the health of ani-
mals and hence the quality of their products (Alagawany et al., 2018; Alagawany et al.,
2020). The diet and the type of feed and additives used play an important role in the
development of animal husbandry technology (Al-Nuairi et al., 2020). Currently, modern
methods of bioengineering and genetic engineering are used in animal husbandry to
develop organic compounds of trace elements, including the essential element zinc
(Attia et al., 2019). Modern technologies for the production of organic additives offer
new solutions for the transformation of biosystems and a wide potential for improving
animal husbandry systems (Soren et al., 2018).

Recently, the development of methods for developing organic additives has pro-
gressed in various scientific fields (ElI-Saadony et al., 2020). Organic trace elements
interact more effectively with inorganic substances in the animal body due to high cata-
lytic efficiency and strong adsorption capacity. Organic compounds of trace elements
can actively penetrate through the microvilli of the small intestine, and then spread into
the blood and internal organs (El-Rayes et al., 2019; EI-Moghazy et al., 2019).

A study on New Zealand white rabbits evaluated the modulating effects of zinc oxide
organic additives on performance, blood biochemical parameters, and meat quality. The
results showed that the use of zinc oxide at a dose of 80 mg/kg in the diet improved the
performance and the quality of rabbit meat. The obtained results indicate an increase in
bioavailability and improved absorption of zinc oxide, compared with inorganic sources
of zinc. It was established that zinc oxide can change the amount of minerals due to its
high bioavailability (Abdel-Wareth et al., 2022).

The addition of zinc to the diet of rabbits contributes to its deposition in meat, which
improves its quality characteristics and increases the biological value of muscle tissue
and better satisfies human needs in Zn. In addition, a balanced content of trace ele-
ments in the muscle tissue of rabbits can increase the shelf life of meat (Luis-Chincoya
et al., 2021). Most studies have shown minor positive results of the application of zinc
oxide, however, the zinc oxide supplement in the diet in an amount of 100 mg/kg of feed
improved rabbit performance, meat quality, and antioxidant capacity during heat stress
(Hassan et al., 2021).

The addition of zinc oxide to the diet increased (P <0.05) the performance parame-
ters of serum lipids, high-density lipids, and immunoglobulins in rabbits. The study con-
cluded that the use of zinc oxide improved the performance, blood lipid profile, immunity,
and antioxidant status (P <0.05) of young rabbits under heat stress (Kamel et al., 2020).

However, some studies did not show differences in the bioavailability of zinc between
organic and inorganic sources used in the diet of meat breeds rabbits. According to
some researchers, this may be due to individual doses of the supplement not being suf-
ficiently calculated for their diet. The conducted study showed a positive impact of some
indicators and triggered new interest to performing in-depth studies using organic and
inorganic additives depending on the optimal dose in the diet (Cobanova et al., 2018).
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Previous studies on weaned rabbits feeding on the diet of silicon citrate (Lesyk
et al., 2020) and zinc citrate at different doses (Boiko et al., 2020a; Boiko et al., 2020b),
have demonstrated a positive effect on the hematological (Lesyk ef al., 2019) and bio-
chemical parameters of blood and the performance of their body. Given the above, the
main task of the experiment was to analyze the changes in the content of individual
minerals in the rabbit body after drinking water with zinc citrate for 36 days.

MATERIALS AND METHODS

The study was performed in a laboratory room of a research institution equipped
with mesh industrial cages for keeping rabbits. All the manipulations with animals were
carried out in accordance with the International Convention on the Protection of Animals
and the Law of Ukraine “On Protection of Animals from Cruelty” (the Minutes of the
bioethical examination commission meeting of the Institute of Animal Biology NAAS
No. 75/a dated April 10, 2019). Young rabbits aged 40 days, which were physiologically
healthy in terms of clinical and visual indicators with the same body weight ranging
from 1.2 to 1.4 kg, were selected for the experiment. They were then divided by gen-
der (equal number of females and males) into separate groups of 4 rabbits each. The
animals were kept separately in cages and an appropriate amount of zinc citrate was
added to the daily amount of water (100 mL) every day. Rabbits of this age drink an
average of 100 ml of water per day. The young rabbits in the control group consumed
balanced nutrient and mineral granular compound feed, and water without restriction.
Rabbits of study groups |, Il, and Ill consumed the same feed as in control, in addition,
for 24 hours, zinc citrate was added to water at doses | — 0.25; Il — 0.50; lll — 0.75 mg
Zn/kg of body weight. The zinc citrate solution was obtained from the manufacturer
“Nanomaterials and Nanotechnologies”, Kyiv, with the main parameters — 1.0 g/L;
pH 1.38. The pH level was examined in the water provided to the rabbits; it remained
unchanged due to the small amount of the additive introduced to the daily norm. The
comparative period was 10 days, the experimental period was 36 days. On day 36 of
the study, animals of all groups were euthanized. Their blood and tissues, namely liver,
kidneys, ribeye, spleen, and hair were taken to determine the mineral elements content
using an atomic absorption spectrophotometer (Vlislo et al., 2012). The selection of the
listed tissues of the rabbit body will show the effect of zinc citrate on the concentration of
the studied macro- and microelements at the level of the whole body, and will determine
the organs most sensitive to the introduction of the microelement. All manipulations with
experimental animals were carried out in compliance with the rules of the European
Convention for the Protection of Vertebrate Animals used for Experimental and Other
Scientific Purposes (Official Journal of the European Union L276/33, 2010).

Sampled tissues — blood in the amount of 20 ml and tissues of parenchymal organs,
muscle, and hair cover from 5 to 20 g — were dehydrated in dry heat at a temperature
from 100 to 105 °C. Then in a muffle furnace at high 500-550 °C stepwise temperatures,
the organic amount in tissue samples was isolated until white or pale pink ash was
obtained. The obtained sample was then adsorbed into 20 mL of 10% hydrochloric acid,
after which it was purified from the precipitate by filtering in the prepared tubes. After that,
the spectrum of the corresponding element was determined in the fire flame, depending
on the wavelength, similarly to the lamp introduced into the atomic absorption spec-
trophotometer SF-115 PC with a computer program that calculated the concentrations
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of the element in mg/kg of tissue, taking into account the weight of the tissue and the
degree of dilution.

In addition, the concentration of Cr, Co, Zn, Fe, Cu, Mg, Mn was determined in the
granulated compound feed. For the study, 10 average feed samples of 10 g each were
selected, dried in an oven at a temperature of 100 to 105 °C, then heated in a muffle
furnace at a high temperature of 500-550 °C until white or coarse ash was obtained.
Then the obtained sample was adsorbed in 20 ml of 10% hydrochloric acid, after which
it was cleaned of sediment by filtering into prepared test tubes. After that, the spectrum
of the corresponding element in the flame of the fire was determined depending on the
wavelength, similar to the lamp inserted into the atomic absorption spectrophotometer
SF-115 PC with a computer program that calculated the concentration of the element
in mg/kg. tissues, taking into account the weight of the feed and the degree of dilution.
The mathematical processing of the study results was developed statistically using the
software package Statistica 7.0 software (Stat Soft, Tulsa, USA). Differences between
values in the control and experimental groups were determined using ANOVA, where
the differences were considered significant at P <0.05.

RESULTS AND DISCUSSION

Many researchers noted that providing the body of modern fast-growing breeds of
rabbits with easily available and optimal amounts of minerals will increase the profitabi-
lity of industrial rabbit farming. Recently, there has been an increasing interest in the use
of the newest methods to raise the effectiveness of micronutrients in rabbit diets, which
can be used as a substitute for traditional inorganic sources of minerals in animal feed
(Mohamed et al., 2019; Nabi et al., 2020; Li et al., 2021).

Although the micronutrient zinc plays an important role in the synergy of other mine-
rals and is involved in the activation of many enzymes, its action depends on the amount
used in the diet, in addition, its digestibility through the mechanisms of transport in the
mucous membrane of the small intestine is important. Determination of the macro- and
microelements concentration in the granular feed testifies the sufficient physiological
level of most of the studied elements, namely chromium, cobalt, copper, and magnesium
(Table), in contrast to the slightly lower level of zinc, iron, and manganese.

The concentration of mineral elements in granulated feed,
mg/kg of natural mass (Mxm, n = 10)

Mineral elements Composite feed

Cr 0.24+0.18
Co 0.32+0.02
Zn 35.1+0.46
Fe 88.3+1.10
Cu 10.1£0.22
Mg 3.0+0.18

Mn 10.2+0.19
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Obviously, the additive used does not fully provide the needed amount of these trace
elements in granular feed. Besides, over time they get oxidized and their effectiveness
decreases, which is discussed in various forums. Thus, the application of new organic
compounds containing trace elements is relevant and necessary to solve this problem
in industrial livestock. It is very important in rabbit breeding, especially when breeding
hybrids, where a full balance of mineral nutrition significantly affects the development of
an organism and livestock preservation.

Generalization of the obtained concentration of the studied minerals indicates their
decrease or increase depending on the amount of zinc citrate used, which was fed in
rabbits. Macro- and microelements concentration in rabbit blood and some organs of
the body under the action of zinc citrate are presented in Figures 1-7.

60

*

I Control group

B Experimental
group |

50
#x

*
40
30 A
I I
20 A *
*%
10 |
*****

Blood (mg/L) Liver Kindey Spleen Rib eye Hair

B Experimental
group Il

Experimental
group Il

Concentration of Zn, mg/kg

Fig. 1. Concentration of Zn in rabbit blood and some organs
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Fig. 7. Concentration of Mn in rabbit blood and some organs
Note: C — control group; E-I, E-ll, E-lll — experimental groups

It should be noted that the application of the minimum amount of zinc citrate
(0.25 mg Zn/ kg of body weight) in the study caused a significant increase in the con-
centration of Co and Cu only (P <0.05) in the blood of rabbits after 36 days of use of
the supplement compared to the control. Experimentally, there was an increase in other
test elements in the tissues of the rabbits’ bodies in group I, but these differences were
not indicated in the parameters of changes to the control, which would be determined
by the probability.

A higher amount of zinc citrate (0.50 mg Zn/kg body weight) fed to group Il rab-
bits contributed to slightly greater likely differences with control, in particular, increased
concentrations of Zn (P <0.001), Co (P <0.01), Fe (P <0.05), and Cu (P <0.05) in rabbit
blood. The obtained results of the more pronounced synergistic effect of bioavailable zinc
may indicate the features of organic compound of a trace element exposure in the body
of rabbits after weaning. Generalizations support the hypothesis of more active action
of a greater amount of supplement in the diet, compared to a lesser one. In addition,
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the concentration of zinc in the blood did not change significantly as a result of the
application of a higher and lower doses of zinc, which can indicate a balance of the
processes of absorption of this trace element in the body of rabbits and a significantly
higher need for its diet.

In our opinion, the results regarding the trace elements concentration found in the
blood of rabbits that were given the highest dose of zinc citrate under study (0.75 mg
Zn/kg of body weight), are interesting. In particular, significantly higher changes in the
blood of rabbits were in the content of Zn (P <0.01), Co (P <0.01), Fe (P <0.01), and
Cu (P <0.05). The obtained probable differences in the effect of zinc citrate affected the
same trace elements as in group Il compared to the control. The results obtained may
suggest the same reinforcing, and therefore the synergistic effect of the applied com-
pound on the increase in the concentrations of Zn, Co, Fe, and Cu in the body of rabbits.

Statistical calculation of the research results of the micro- and macroelements con-
centration in vital parenchymal organs, the ribeye, and hair cover of rabbits convincingly
indicate a pronounced activating effect of the supplement, depending on the dose, on
the studied levels of microelements. The liver in rabbits is the central organ of metabo-
lism and a marker of nutrient intake in their body, and the content of minerals in its tis-
sue may indicate the activity of metabolism in this parenchymal organ. Zn (P <0.05),
Cr (P <0.05), Co (P <0.01), Fe (P <0.05), and Cu (P <0.01) concentrations significantly
increased in the liver of rabbits fed with zinc citrate at the medium dose (0.50 mg Zn/kg
body weight) compared to rabbits that did not receive supplements. In another paren-
chymal organ — the spleen, a higher level of Fe (P <0.05) and Cu (P <0.05) was noted, in
addition, the concentration of Zn (P <0.05) in the tissues of the ribeye and hair was likely
to increase. The application of a higher dose of zinc citrate compared to the first group
of animals showed a higher concentration of zinc in the liver tissue, muscle, and hair,
which can indicate the accumulation of this element in them due to better digestibility in
the body and the stimulating effect of the level of Cr, Co, Fe, and Cu.

The use of the highest dose of zinc citrate (0.75 mg Zn/kg body weight) in the
diet of rabbits showed the most significant changes in the blood and, as a result, in
the studied organs, muscle tissue, and hair of rabbits. Significant concentrations of
Cr (P <0.05), Co (P <0.01), Fe (P <0.05) and Cu (P <0.01) were observed in liver tissue
compared to the control. In the spleen, the activating effect of zinc citrate on the con-
tent of Co (P <0.01) and Fe (P <0.05), in the kidney tissue Fe (P <0.01), and the ribeye
(P <0.05) was recorded compared to rabbits that were not fed the organic supplement.

Analyzing the results of the experimental work, we found a different effect of zinc
citrate on the change in the concentration of the studied macro- and microelements
in rabbit tissues. It should be noted that an increase in the dose of zinc citrate had
a greater effect on the activation of trace elements in the studied rabbit tissues. On the
one hand, this may be due to the wide range of inorganic zinc introductions into the diet
of rabbits, thus, a greater number had a higher modeling effect. In addition, the results
obtained indicate an increase in bioavailability and an improvement in the absorption
of organic zinc, compared with its inorganic sources, since the organic compound
can change the accumulation of microelements due to its high bioavailability. Zinc is
a vital element playing an important role in the metabolism of carbohydrate and protein
synthesis, as well as lipids, because of its important role in the action of enzymes as
a component of several metalloenzymes that are involved in digestion and absorption
of nutrients (De Blas & Wiseman, 2020).
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The application of zinc citrate depending on the dose was marked by the synergis-
tic effect of most of the studied trace elements, but we observed no typical changes in
our work. This applies to the established antagonism between copper and zinc (De Blas
& Wiseman, 2020), we have not confirmed such an impact, since the application of
zinc citrate at a dose of 0.50 and 0.75 mg Zn/kg of body weight contributed to a likely
increase in the content of Zn and Cu in the blood and liver. This is obviously due to the
action of the bioavailable zinc compound on the course of mineral metabolism pro-
cesses in the digestive system and the transport system and cells of the studied rabbit
organs. Therefore, organic zinc is supposed to be efficient in small quantities, provide
better bioavailability, and constantly interact with other elements when fed as an alter-
native to conventional sources (Hassan et al., 2017).

Unlike the synergism of copper and zinc, it is known from literature about manga-
nese’s antagonism regarding the concentration of iron and zinc (De Blas & Wiseman,
2020). It should be noted that the statistical calculation of the results showed a higher
content of iron and zinc and a lower content of manganese. The partial change of the
obtained research results due to synergism and antagonism can be associated with the
peculiarities of the action of the organic compound which enhances their effect through
transport pathways in the biological membranes of the cell (EI-Saadony et al., 2020).

Thus, from the obtained results of the mineral elements concentration in the body
tissues of rabbits under the influence of zinc citrate, some differences in the effect on
the studied elements were revealed. A special effect was noted, depending on the dose
of zinc citrate used, which was more pronounced in rabbits of study group lll, to which
the largest amount of the studied mineral substances was applied. In addition, zinc
citrate effect on the concentration of Cr, Co, Fe, and Cu in rabbit tissue was established
compared to the control group of animals in which their levels were lower.

CONCLUSIONS

1. Additional administration of zinc citrate to water for 36 days at the rate of 0.25 mg
Zn/kg body weight was marked by the smallest changes in the studied mineral
substances concentration in the rabbits’ body tissues, with the exception of the
Co and Cu content increase in the blood.

2. With an increase in the daily amount of zinc citrate (0.50 and 0.75 mg Zn/kg
body weight), the Zn, Co, Fe, and Cu concentration in the blood and liver tissue
most likely increased, while less prominent changes were noted in the spleen
and kidneys tissue, muscle and bones compared to the control group.

3. Changes in the individual macro- and microelements concentration may indicate
a more pronounced effect of zinc citrate depending on the applied amount, in
particular, a larger amount of 0.75 mg Zn/kg of body weight induced the greatest
probable increase of the investigated microelements, with the exception of Mg
and Mn in body tissues of rabbits.
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BMNUB LUNHKY LIMTPATY HA KOHLUEHTPALIIKO OKPEMUX
MAKPO- | MIKPOEJNIEMEHTIB Y TKAHUHAX OPIrAHI3MY KPOJTUKIB

0. B. boliko', 51. B. Jlecuk?, M. I. BaweHko', O. ®. loH4ap',

I. I'. QeHuc?, O. C. Mpaboeckka?, I. B. Jlyuka®

" Yepkacbka docrniOHa cmaHuisi 6iopecypcie HAAH

syn. lNacmepiscbka, 76, Yepkacu 18036, YkpaiHa

2 [Hemumym 6ionoeii meapuH HAAH, eyn. B. Cmyca, 38, Jlbeie 79034, YkpaiHa

O6rpyHTyBaHHA. 3a AaHMK BcecBiTHLOI opraHisadii oxopoHu 30opos’s, y XXI cT.
npobrnema noacTBa noe’s3daHa 3 HegoCTaTHIM MiHepanbHUM XUBMNEHHsAM. [puynHa
TaKOro BUCHOBKY MOSMSArae He Y KiNbKOCTi HAOXOMKEHHSA MiHEepanbHMX PEYOBUH i3 Mpo-
OYyKTaMun XapyyBaHHS, a Yy ixHin 6iogocTynHOCTI B opraHi3ami. 3a NnpoMMUCOBOro yTpu-
MaHHS npobrema siKiCHOro MiHepanbHOro XXMBMEHHS KPOMNUKIB HEBMpIiLLEHa. 3a OCTaHHE
OEeCATUNITTA 36iNbLNANCSA AOCNIMKEHHS 3 BUBYEHHS BMNMBY OPraHiyHUX CNonyK Mikpo-
efeMeHTIB Ha OpraHiaM mMauHW W TBapuH. Pesynbratm ekcnepuMeHTiB LOBOAATb
e(EeKTUBHICTb 3aCTOCYBaHHS OPraHiYHMX CMOMYK MIKPOENEeMEHTIB, SKi MaloTb YHiKarbHi
isionoriyHi BMacTMBOCTI MPOHUKATK Y KNiTUHY Ta 3A4INCHIOBATM aKkTUBYHOYMIA BMNMMB Ha
nepebir GioxiMiYHMX peakLii, Lo NO3NTUBHO MO3HAYAETLCS Ha Linomy opraHiami. OgHak
disionoriyHa gis BigOyBaeTbCA 3a YMOBU HAOXOMKEHHS M 3aCBOEHHSA OMTMMAarnbHUX
IXHiX KinbKocTen. TOMy OCHOBHOIO 3afa4veto NpoBeaeHoro ekcnepumMeHTy 6yao BUBUNTH
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BM/MB OOCHIIKYBAHUX 003 LIMHKY LUUTpaTy, SKUA BUMOKOBanu Bnpoaosx 36 Aib kponu-
KaMm nicng BignyveHHs, 4ns aHaniay 3MiHM BMICTY Makpo- i MiKpoeneMeHTIB Y TKaHuHax
TXHBOTO OpraHiamy.

Matepianu Ta Metogu. [JocnigkeHHs npoBedeHi Ha 16 Kpomnuvkax, 6rnmsbkmx 3a
KNiHIYHMMKM Ta BidyanbHMMK NOKa3HMKamu Bikom 40 Oi0 Big HApOOKEHHS, SAKUX yTpu-
MyBanu B obriagHaHOMy CiTYaCTUMKM MPOMUCIIOBMMM KNiTKaMy Ansi Kponukis nabopa-
TOPHOMY MPUMILLIEHHI HAYKOBOI yCTaHOBU. KPONEHAT KOHTPOSbHOT rpynu yTpumyBanu
3 BiflbHUM JOCTYMOM [0 MOBHOPALOHHOIO 3a MOXMBHUMW Ta MiHEPanNbHUMWN PEYOBU-

Hamu kombikopmy 1 Bogu. Kponmkam |, I1'i 11l gocnigHmx rpyn BUKOPUCTOBYBAIM rOAiBITHO
TaKy sIK Y KOHTPOSi, KpiM LibOro, BNpOAoOBX 24 roanH 4OAATKOBO 3 BOAOK 3aCTOCOBYBanv
LUMHKY umTpart y kinbkocTi: | — 0,25; 1l — 0,50; 11l — 0,75 mr Zn/kr macu Tina. igrotoB4mnin

nepiog ctaHoBuB 10 gib, ekcnepumeHTanbHunm — 36 Ai6. Ha 36 goby gocnigkeHHs TBa-
PWH ycix rpyn niggaBanu eBTaHasii, npoBoannn 3abip KpoBi Ta TKaHWH (NMEYiHKK1, HUPOK,
HaNgOoBLLOIO M’AA3a CMUHK, CENE3iHKN Ta BONTOCSIHOTO NMOKPUBY 3i CTErHOBOI AiNsHKN) A5
BM3HAYEHHS BMICTY MiHepanbHUX eNleMeHTIB Ha aTOMHO-abcopOUiHOMY cnekTpodo-
TOMETPI.

Peaynbratu. [logaTtkoBe 3aCTOCYBaHHSA 3 BOAOK LMHKY LUTpaTy Y KinbkocTi 0,25 mr
Zn/kr Macu Tina nosHadunocs BiporigHuM nigeuiLeHHam BMmicty Co Tta Cu (P <0,05)
Y KpOBi. 3acToCyBaHHs LMHKY UMTpaTy B KinbkocTi 0,50 Mr Zn/kr macu Tina xapakrepu-
3yBanocs BiporigHuMm nigsueHHst BMmicty Zn (P <0,001), Co (P <0,001), Fe (P <0,05),
Cu (P <0,05)y kposi; y neuviHui piHs Zn (P < 0,05), Cr (P <0,05), Co (P <0,01), Fe (P <0,05),
Cu (P <0,01); Fe (P <0,05) Ta Cu (P <0,05) y cenesiHui, y M’si3i Ta wepcTi Zn (P <0,05)
NMOPIBHSAHO 3 KOHTPONeM. BUKOPUCTaHHSA UMHKY uMTpaTy 3 po3paxyHky 0,75 mr Zn/kr macu
Tina nosHaumnocsa HambinbwumMmK BiporigHMMK 3MiHamu: BMicTy Zn (P <0,01) y kpoBi,
neviHui (P <0,05), cenesiHui (P <0,01), m’a3i (P <0,05) Ta wepcrTi (P <0,01), Cr y neuviHui
(P <0,05), Co y kposi (P <0,01), neyiHui (P < 0,01), cenesinui (P <0,01), Fe (P <0,01)
i Cu (P <0,05) y kposi, neyiHui (P <0,05-0,01), Hupkax (P <0,05-0,01), Fe y cenesiHui
(P <0,01) Ta Mm's13i (P <0,05) NopiBHSAHO 3 KOHTPOJILHOK PYMOH.

BucHoBku. 3a 0ogaTkoBoro BBeAEHHsI 40 BoAw uMTpaty umHky (0,25 mr Zn/kr macu
Tina) nporarom 36 Ai6 crnoctepiranu HaMMeHLUi 3MiHM KOHUEHTpaLii JOCMiaKyBaHMX
MiHeparnbHUX PEYOBMH Yy TKaAHMHAX KPOSUKIB, 3a BMHATKOM MigBuLLeHHs1 BMicTy Co Ta
Cu y kpoBi. 3a ymoBWU 30inbLieHHs 4o60BoT HopMu umuTpaTy LmMHKy (0,50 Ta 0,75 mr Zn/kr
Macu Tina) koHueHTpauist Zn, Co, Fe Ta Cu y KpoBi Ta TKaHWHi NeYiHKM LWBKUALLE 3a BCe
nigsuvLyBanacs, Togi K y TKaHWHI CenesiHKM, HUPOK CrocTepirany MeHLWi 3MiHW nopis-
HSAHO 3 KOHTPOJSIBbHOK TPYMnot. 3MiHM KOHUEHTpaLil Makpo- Ta MiKPOENEMEHTIB MOXYTb
CBigYMTM Npo Ginbll BUpaXeEHY Ail0 LUMTPaTy LUUHKY 3aneXxHOo Big 3aCTOCOBAHOI Kifb-
KOCTi, 30Kpema, binbLua Kinbkictb (0,75 Mr Zn/Kr macu Tina) cnpuymHsana MakcumarnbHe
BiporigHe 30inbLUeHHs JOCMioKYBaHUX MIKPOENeMeHTIB, 3a BUHATKOM Mg i Mn y TkaHu-
Hax opraHiamy Kponuka.

Knro4oei cnnoga: KpOnuKW, TKAHWUHW OpraHiamy, LUMHKY LUMTPAT, MakpoeneMeHTu,
MiKpoenemMeHTun
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