Biol. Stud. 2023; 17(4): 63—72 ¢ DOI: https://doi.org/10.30970/sbi.1704.737 Qﬁ

www.http://publications.Inu.edu.ua/journals/index.php/biology

UDC: 591.05:620.3:661.8'074.5:577.118:636

IMMUNOBIOLOGICAL REACTIVITY OF CALF BODY DURING
THE COMPATIBLE APPLICATION OF NANOTECHNOLOGICAL CITRATES
OF TRACE ELEMENTS IN THE RATION

Vasyl Vlizlo ©', tRostyslav Fedoruk ©?, Iryna Kovalchuk ©'2, Mariia Tsap ©®?,
Mariia Khrabko ©3, Mykhailo Khomyn ©2, Dmytro Ostapiv ©?

' Stepan Gzhytskyi National University of Veterinary Medicine and Biotechnologies of Lviv
50 Pekarska St., Lviv 79010, Ukraine

2 Institute of Animal Biology NAAS, 38 Vasyl Stus St., Lviv 79034, Ukraine

3 Separated Structural Department Vlyshnia Professional College
of Lviv National Environmental University
1 Naukova St., p. Vyshnia, Sambir district, Lviv region 81540, Ukraine

Vlizlo, V., Fedoruk, R., Kovalchuk, I., Tsap, M., Khrabko, M., Khomyn, M., & Ostapiv, D. (2023).
Immunobiological reactivity of calf body during the compatible application of nanotechnological
citrates of trace elements in the ration. Studia Biologica, 17(4), 63—72. doi:10.30970/sbi.1704.737

Background. Nanotechnology in animal husbandry is an important area of
research and development, which includes environmental sustainability, human health
and food security. Nanotechnology has the potential to solve many questions related
to animal health, production, reproduction, good hygienic practices during rearing and
maintaining of animals. Therefore, the research aimed to find out the biological effect of
separate and combined feeding of nanotechnological citrates that show high physiologi-
cal activity in doses much lower than their mineral salts.

Materials and Methods. The research was conducted on 15 heifers and bulls
divided into three groups five days after birth: control (I) and experimental (11, 11l) ones,
five animals in each. Calves of group | received 240 kg of natural milk with the addition
of a mineral-concentrate supplement (MCS) and grass hay for 60 days. Calves of group
Il were fed similar feed to that of group | with the replacement of MCS with a nutritionally
equivalent quantity of cereal grains and soybeans and the introduction of nanotechno-
logical citrates of microelements (NTC ME) I, Se, Cr, Cu, Co, Mn, Zn, Fe into milk in
the proportion of 10 %. Calves of group Il were fed with a complex of feeds of group I,
adding 10 % of NTC ME. Physiological and biochemical indicators of blood and wool of
calves were studied on the 10th, 40th and 70th days of growing period.
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Results. Statistically significant changes in the immunobiological indicators of the
blood of calves of group Il were found with an increase in the concentration of circu-
lating immune complexes, haptoglobin, and sialic acids in the blood on the 40th day
and ceruloplasmin, sialic acids, hexoses bound to proteins and chromium on the 70th
day. An increase in the detoxification function of the calves’ liver was recorded, with an
increase in the blood level of phenol sulfates by 11.2 % and phenol glucuronides by
18.8% during this period. The combined use of 10 % NTC microelements and MCS in
feeding calves of group Il led to a statistically significant increase in the blood content
of circulating immune complexes, phenol sulfates, phenol glucuronides, and zinc on the
40th and 70th days compared to their level in animals of the control group. Body weight
gain in calves of group Il was higher by 7.7 %, and in group lll — by 4.3 % compared to
the control.

Conclusion. The addition of NTC ME in the amount of 10 % of the rationed food for
these elements to the milk for calves of group I, with the exclusion of the mineral-con-
centrate supplement from the feeding scheme, led to the activation of the immunobio-
logical reactivity of the organism. The combined use of 10 % of NTC ME and mineral-
concentrate supplement in the diet of calves of group Il resulted in a lesser immunobio-
logical reactivity of the organism, and strengthened the detoxification ability of the body.

Keywords: blood, biochemical parameters, calves, nanotechnological citrates of
trace elements

INTRODUCTION

The regulation of animal micronutrient nutrition is based on using mineral salts
of biotic elements synthesized by chemical methods (lbatullin & Zhukorskyi, 2016).
However, the low level of assimilation, safety, and biological effectiveness do not meet
the physiological needs of the body and environmental requirements (Antonyak & Vlizlo,
2013; Koleshuk et al., 2020; Lesyk et al., 2022). Therefore, active scientific research is
conducted for new safe and ecological sources of obtaining and ways of using biologi-
cally active additives in animal husbandry based on biotechnological and nanotechno-
logical synthesis (Borisevich et al., 2010; Iskra, 2012).

Nanotechnology holds promise for animal health, veterinary medicine, and other
areas of animal production (Kuzma, 2010). Nanotechnology is no longer a concept or
theory of the new world, but has become a new enabling technology over the years,
with enormous potential to revolutionise agriculture and livestock development over the
world (Patil et al., 2009). Nano-sized minerals, vitamins or supplements developed for
food application in human beings can also be used for animal feed. Nano-sized addi-
tives have also been specifically developed for animal feed. Nano-sized liquid vitamin
mixes are available for use in poultry and livestock feed (Manuja et al., 2012). The
Cu (Il)-exchanged montmorillonite nanoparticles (MMT-Cu) have been used to investi-
gate the effect on growth performance, digestive function and mucosal disaccharidase
activities of weaned pigs (Manuja et al., 2012). The addition of MMT-Cu to the pigs diet
increased the average daily weight gain, feed efficiency, and digestibility as compared
with those of the control and copper sulphate groups (Manuja et al., 2012).

In Ukraine, an innovative method of obtaining organic compounds of microelements
in nanotechnological citrates (NTC ME) has been developed (Kosinov & Kaplunenko,
2009; Kaplunenko & Kosinov, 2017; Stoika, 2017), which shows high biological activity
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in doses much lower than their mineral salts and is relevant in animal husbandry (Manuja
et al., 2012; Vlizlo et al., 2018; Iskra et al., 2017; Fedoruk et al., 2021). However, the
study of the physiological activity of a mixture of biotic elements in nanotechnological
citrates on calves during the milk feeding period was performed for the first time. The
research aimed to determine the physiological activity of separate and combined feed-
ing of nanotechnological citrates and mineral salts of trace elements, which are stand-
ardized in the nutrition of calves during the milk feeding period.

MATERIALS AND METHODS

The research was conducted on bulls and heifers that were divided into three
groups five days after birth; each group containing five animals. Calves of the first
(control, 1) group received 240 kg of natural milk in 60 days according to the drinking
scheme and were fed with a mineral-concentrate supplement (MCS) and grass hay
(Ibatullin & Zhukorskyi, 2016). Animals of group Il received concentrates in the form
of crushed grains of cereals and soybeans with milk containing NTC ME in the 10 %
proportion (Kosinov & Kaplunenko, 2009; Kaplunenko & Kosinov, 2017) of their content
in the MCS, mg/animal/day, instead of MCS during the growing periods: | — 0.25 -0.5;
Se — 0.075-0.15; Cr — 0.1-0.2; Cu — 3.0-6.0; So — 0.30-0.45; Mn — 18.0-30.0; Fe —
23.0-40.0; Zn — 20.0-33.0. Calves of group lll were fed fodder included in the diet of
group | combined with administration of NTC ME with milk according to the scheme of
group II. Equal amounts of NTC ME were added to one-time portions of milk in indi-
vidual bowls. For the study, blood was taken from the jugular vein, and wool was cut
from the dorsal area at the end of adaptation on the 10th, 40th, and 70th days of the
experiment. The intensity of growth of calves was controlled by body weight indicators
twice a month and average daily growth during the period of research, morbidity, and
survival of animals. The content of circulating immune complexes, CIC (according to the
description Hrynevych, 1981); ceruloplasmin, sialic acids, hexoses bound to proteins
(according to the description Anasashvili, 1968); haptoglobin (according to the descrip-
tion Hariachkovskyi, 2005); free phenols, phenol sulfates, and phenol glucuronides
(according to the description Palfii et al., 1974) was determined in the blood. Chromium,
copper, zinc, and manganese content in blood and wool was determined by dry ashing
with photometry of ash dissolved in HCI on an atomic absorption spectrophotometer SF
115-PK Selmi, 1995 (according to the description Vlizlo et al., 2012).

Experimental data from different groups were expressed as mean values (M) +
standard error (S.E.M.). Statistical comparison between groups (the control and experi-
mental (I, II; 1, 1ll) and experimental (Il, 1ll) was calculated through ANOVA (followed by
Scheffe post hoc test) using Microsoft Excel statistical package. Confidence level of P
values <0.05 was statistically significant in all cases.

Apermission to conduct the research was obtained from the Committee on Bioethics
of the Institute of Animal Biology NAAS of Lviv (Protocol No. 131; of March 20, 2023). All
international, national and institutional guidelines for the care and use of animals were
followed (European convention, 1986).

RESULTS AND DISCUSSION

The biological influence includes the growth and development of the organism,
the state of the detoxification capacity of the liver and the body (free and conjugated
phenols), homeostasis, energy (hemoglobin, haptoglobin), mineral (ceruloplasmin, the
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content of manganese, copper, zinc in the blood and chromium in the blood and wool),
carbohydrate-protein metabolism (hexoses bound to proteins, sialic acids), immunobi-
ological reactivity (circulating immune complexes). The studied indicators are informa-
tive regarding the possible toxic effect of the applied nanotechnological compound of
microelements, their influence on immunobiological reactivity, growth and development
of the organism.

Studies of the immunobiological reactivity of the body based on the content of
glycoproteins and CIC revealed an increase in ceruloplasmin in the blood of the calves
of the experimental groups during the first month by 8.0 and 5.0 %, and in the second
month by 10.2 (P<0.05) and 2.5 % (Table 1).

A similar trend towards a higher level of haptoglobin — 11.1 % (P <0.05), sialic acids
(6.1 and 17.1 % (P <0.05), hexoses, bound with proteins (during the second month of
life (P <0.05)), in the blood of calves of the experimental groups was noted. The level of
CIC in the blood increased during the first month of administering NTC ME in calves of
groups Il and Il (P <0.01) and during the second month — for group Il (P <0.05).

Table 1. Content of glycoproteins and circulating immune complexes in the blood of calves

(Mtm, n = 4)
Periods of the research
Indicators Groups The experlmerjtal month
Preparatory of feeding
1 2

| 163.3£5.04 297.849.24 302.849.42

Ceruloplasmin, s.u. Il 162.3+6.77 321.5£11.44 334.0+£8.88*

] 159.3+6.49 313.0£7.23 310.54£8.05

| 1.38+0.090 1.26+0.045 1.41+0.033

Haptoglobin, g/L Il 1.37£0.035 1.40£0.033* 1.56+0.059

] 1.341£0.020 1.32+0.029 1.50+0.089

I 340.0+£11.24 150.5+7.24 177.4+10.89

Sialic acids, s.u. Il 340.34£9.06 172.3+5.23* 207.846.75*

] 332.446.33 159.7+6.17 191.5+3.66

I 3.31+£0.08 2.24+0.041 2.07+0.046

Hexoses bound to proteins, g/L 1l 3.20+0.14 2.40+0.057 2.43+0.151*

] 3.30+0.09 2.30+0.052 2.29+0.113

Circulating immune complexes | 126.0£0.02 120.0+0.88 135.0+0.88

S ug P [ 128.0£0.88  129.7+0.35**  135.0+0.96

2 S ] 122.0£0.88 126.7+0.40** 139.0+0.62*
Note: statistically significant difference in groups I, Il compared to group | (control): * — (P <0.05), **—

(P<0.01)

An increase in concentration of ceruloplasmin, haptoglobin, and sialic acids and
hexoses bound to proteins in the blood of the calves of the experimental groups com-
pared to the control indicates the activation of immunobiological reactivity of their body
both during the period of separate feeding of NTC ME in group Il and its combination
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with MCS in group Ill. Data from the literature indicate that the differences in the action of
NTC ME compared to inorganic salts are due to their increased physiological activity and
intensity of absorption in the alimentary canal (Borisevich et al., 2010; Vlizlo et al., 2018;
Iskra & Antonyak, 2018). In particular, adding Cr, Se, Co, and Zn NTCs to cows’ diet
stimulated liver protection, the exchange of Ca, P, vitamin E, and the secretory function
of the mammary gland (Khomyn et al., 2015). Under the conditions of the complex appli-
cation of Fe, Zn, Mn, Cu, and Co NTC in piglet feeding, the resistance of their organism
and adaptive capacity increased (Borisevich et al., 2010). Strengthening the detoxifica-
tion function of the body with an increase in the conjugation of free phenols in the liver
was also noted in other studies under the effects of NTCs of some trace elements in agri-
cultural and laboratory animals (Vlizlo et al., 2018; Iskra & Antonyak, 2018). This may be
related to the catalytic activation of the enzyme link of hepatocytes (Gulich et al., 2018;
Fedoruk et al., 2021; Lesyk et al., 2022). An increase in the level of Cr in the blood com-
bined with its decrease in the wool of calves in the second month of administering NTC
ME may indicate the regulatory influence of the limiting mechanisms of the absorption of
this element, which is 1-3 % of the entry into the alimentary canal (Iskra, 2012; Khomyn
et al., 2015; Vlizlo et al., 2018). Thus, the combined use of 10 % of nanotechnological
citrates of |, Se, Cr, Cu, Co, Mn, Zn, and Fe in the diet of calves of groups Il and Il of their
normalized need and mineral-concentrate supplement fed to the control group led to the
activation of the immunobiological reactivity of the organism, an increase in the intensity
of their growth, average daily weight gains, and total body weight.

The concentration of Zn (P <0.05) increased in the blood of calves of experimental
group Il during the first experimental period. Concentrations of Cr and Cu increased
in experimental group Il (P <0.05) during the second experimental period (Table 2).
However, the level of chromium in the wool of the calves of the experimental groups was
lower during the second month (P <0.05).

Table 2. The content of trace elements in the blood and wool of calves, mg/L (Mtm, n = 4)

Research periods
The experimental month of feeding
1 2

blood wool blood wool blood wool

Trace

dEmars Preparatory

Groups

| 0.80+0.07 1.76x0.10  1.90+0.04 1.66+0.24 1.16+0.01 1.89+0.06
Cr I 0.80+0.05 1.69+0.14  1.95+0.03 2.51+0.31 1.67+0.01* 1.61+0.09*
I 1.01£0.04  1.67+0.14 1.78+0.03*** 2.75+0.42 1.60+£0.02  1.70+0.09*

| 0.56+0.04  0.43+0.02 0.50+0.05 0.39+0.06 0.43+0.06  0.27+0.06
Cu Il 0.68+0.05 0.37+0.04  0.50+0.07 0.31+0.03 0.52+0.05* 0.24+0.04
] 0.55+0.02  0.34+0.05 0.51+0.09 0.37+0.03 0.69+0.07  0.30+0.07

| 3.84+0.57 15.5+0.36  3.19+0.56  11.0+2.93 4.30+0.92  16.2+0.57
Zn Il 3.82+0.36  16.0+0.32  3.68+0.25 13.6+2.61 4.42+0.70 17.2+1.08
1 4.00+0.33  14.6+0.37 4.23+0.25* 12.7+2.38 4.78+0.92  17.5+0.63

| 0.65+0.02  0.31+0.08  0.44+0.08 0.37+0.02 0.47+0.06  0.52+0.07
Mn Il 0.55+0.05 0.29+0.03  0.36+0.09 0.32+0.02 0.3840.02  0.54+0.04
Ml 0.66+0.01 0.36£0.04  0.43£0.04 0.42+0.02* 0.49+0.06  0.62+0.05

Note: statistically significant difference in groups Il, lll compared to group I (control): * — (P <0.05); statisti-
cally significant difference in group Ill compared to group Il: # - (P <0.05), ## — (P <0.01)
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In the first month, the detoxification ability of the liver was pronounced only in
calves of group Ill, while in the second month it was noted in both experimental groups
(I'and 1l1), which was confirmed statistically. The concentration of phenol sulfates and
phenol glucuronides increased in the blood of calves of the Il and Ill groups, which
were given 10 % of NTC ME of their normative consumption in the form of mineral salts
(Table 3). The concentration of free phenols in the blood of the calves of the experi-
mental groups was not significantly higher — 5.2—4.5 % (1st month) and 6.9-9.5 % (2nd
month) compared to the control.

Table 3. Fractional composition of phenols in the blood of calves (Mtm, n = 4)

Research periods

Indicator Groups The experimental month of

Preparatory feeding
1 2

| 159+ 1.31 15.5+0.42 18.9+1.02
Free phenols, pmol/L Il 17.0£0.43 16.2£1.75 20.2+£0.74

1 17.5+0.87 16.3+0.74 20.6 + 1.04

| 19.2+1.03 22.1+1.03 24.2 + 0.62
Phenol sulfates, pmol/L 1] 20.9+1.13 20.1+£0.85 26.9 + 0.60*

1 21.6+1.30 26.9 + 0.72*# 28.5 + 1.04*

| 41.4 +2.38 45.6 £2.30 50.0 £ 0.55
Phenol glucuronides, pmol/L I 44.1 £ 1.96 51.3+£2.33 59.4 + 2.13**

1 441+410 58.1 + 2.86* 56.1 £2.83

Note: statistically significant difference in groups Il, lll compared to group | (control): * — (P <0.05), **—

(P <0.01); statistically significant difference in group Il compared to group II: ## — (P <0.01)
Analysis of changes in body weight of calves shows insignificant differences
between the control and experimental groups. The body weight of calves of groups Il
and Il at the end of the experiment was higher by 3.7 and 2.3 %, respectively (Table 4).

Table 4. The intensity of growth of calves aged 10-70 days (Mtm, n = 5)

. Groups
Indicator | 5 .

Body weight of animals in the preparatory

period, kg 35.6+1.61 35.54£2.40 35.8+£3.10
Body weight of animals at the end 68.2+2.20 70.7+1.45 69.8+3.47
of the experiment, kg A T T
Body weight gain during the period 32 641 43 35142 02 3404229
of the experiment, kg T T T
Average daily weight gain, g 543.3 585.0 566.7

The total body weight gain in groups Il and Il during the research period exceeded
that of the animals of the control group by 7.7 and 4.3 %, respectively. The average daily
weight gain during 60 days of the experimental period was 543.3 g (group 1), 585.0 g
(group 1), and 566.7 g (group Ill). Thus, feeding calves with milk containing 10 % NTC
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ME with the addition of dry grain concentrate to the diet (group Il) and under the condi-
tions of combined use of NTC ME and inclusion of MCS (group IIl) showed a signifi-
cantly pronounced biological effect and an increase in the intensity of growth of calves
compared with control.

CONCLUSIONS

1. The addition of NTC of I, Se, Cr, Cu, Co, Mn, Zn, and Fe in the proportion of
10 % of the normalized need for these elements to the milk of calves of group I,
with the exclusion of the mineral-concentrate supplement from the feeding
scheme, led to the activation of the immunobiological reactivity and resistance
of the organism.

2. The combined use of NTC ME and a mineral-concentrate supplement in the diet
of calves of group lll resulted in a less pronounced activation of the immunobi-
ological reactivity of the organism and strengthened the detoxification ability of
the body.

3. The activation of the immunobiological reactivity of the calf organism led to an
increase in the intensity of their growth, average daily weight gains, and total
body weight, which indicates a higher physiological activity of the separate use
of nanotechnological citrates of trace elements in the diet in a dose of 10 % of
the recommended norms.
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IMYHOBIONTOIN4YHA PEAKTUBHICTb OPTAHI3MY TENAT Y PA3I
KOMMMNEKCHOIO 3ACTOCYBAHHA HAHOTEXHOJOMN4YHUX LIUTPATIB
MIKPOENEMEHTIB Y PALIOHI

Bacunb Bnisno', tPocmucnae ®edopyk?, IpuHa Koeanwuyk'?, Mapisi an?,
Mapis Xpabko®, Muxatno XomuH?, Qmumpo Ocmanie?

' Jlbsiecbkuli HaujoHanbHUl yHisepcumem eemepuHapHoi MeduyuHU ma 6iomexHosnoaill
imeHi C. 3. Nxuubkoeo, 8yrn. lNekapcbka, 50, Jibeie 79010, YkpaiHa

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

3 BidokpemneHutli cmpykmypHul niopo30in « BuluHsHCLKUU ¢haxosull Koneox
JIbgiecbK0O20 HayjioHanbHOo20 yHigepcumemy rnpupoOoKopUCMy8aHHS»
8yn. Haykoea, 1, c. BuwHsi, Cambipcbkull p-H, Jlbgiecbka 06r. 81540, YkpaiHa

Bctyn. HaHoTexHomorii y TBapuHHUUTBI € BaxnMBUMM cdpepamMy LOCHIIKEHb
i pO3pOOOK, BKITHOYAKUM E€KOSOriYHY CTINKICTb, 300POB’'S NMIOOMHN Ta NPOAOBONLYY 6e3-
neky. HaHoTexHomnorii MalTb MOTeHuian BupiWnTK GaraTo TaeMHULb, NMOB'A3aHUX 3i
3[00POB’AM TBApPWH, BUPOOHULTBOM, BiATBOPEHHSIM, HAIIEXHO FrEHIYHOK MPAKTUKO
nig Yac BMPOLLYYBaHHSA 1 YTPUMaHHS TBapuH. TOMy METO [OoChigpKeHb Oyno 3’scyBaTtu
GionoriyHMm eekT po3aifibHOro Ta KOMBIHOBAHOIO 3ro40BYBaHHA HAHOTEXHOMOTYHUX
UMTpaTiB, SKi BUSBNSAOTb BUCOKY OioNnoriyHy akTMBHICTb y A03aX, 3HAYHO MEHLUMX 3a
KiNbKICTb iXHIX MiHEpanbHUX COMen.

Marepianu Ta metogu. [locniopkeHHs npoogunu Ha 15 Tenuusax i Gyranusx, cgop-
MoBaHux Yepe3 3—5 fid nicna HapomkeHHs B koHTpornbHY (1) Ta gocnigni (I, 1) rpynu,
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no 5 TBapuH y KoxHin. TenaTa | rpynu npotarom 60 gi6 otpumysany 240 Kr HaTypanbHOro
MOJIOKa 3 A04aBaHHSAM MiHeparnbHO-KOHUeHTpaTHOI aobaskm (MKL) i Tpas’aHoro ciHa.
Tenartam |l rpynu 3rogoyBanu kombikopm, nogioHun go | i3 3amiHoto MKL, piBHOLHHO
3a MOXMBHICTIO KINIbKICTIO 3epHa 3MnakiB i COl 3 BBEAEHHSIM Y MOSTOKO HAHOTEXHOSTOMYHNX
uutpartiB mikpoenemeHntiB (HTL, ME) |, Se, Cr, Cu, Co, Mn, Zn, Fe y «kinbkocTti 10 %.
Tenat Il rpynu yTpumyBanu 3a Habopom kopwmiB | rpynu 3 gogasaHHsam 10 % HTL, ME.
HocnimkyBanu gisionoro-6ioximiyHi noKasHUKM KpOBi Ta LepcTi Tenat Ha 10-Ty goby, Ha
40-By i 70-Ty £OOW BMPOLLYYBaHHSI.

Pesynbratn. BcTaHOBNEHO BiporigHi 3MiHM iMYyHOGIONOriYHMX MOKA3HUKIB opra-
Hismy Tenat O-1l rpynu 3a nigBuweHHs Ha 40-By Aoby B KpOBi KOHLIEHTpaLii LMPKYIto-
FOUMX IMYHHUX KOMIMMEKCIB, ranTornobiHy, cianoBux KMcnoT, a Ha 70-Ty goby — uepy-
nonnasmiHy, cianoBux KUCHOT, 3B'A3aHUX 3 Binkamu rekcos i Xpomy. BigmiyeHo nigsu-
LEeHHA OeTOKCUKaLINHOT oyHKUiT opraHiamy TensT, BogHo4Yac y KpoBi 3a Lewn nepioq
3pic BmicT cbeHoncynbdaTis Ha 11,2 % i deHonrmokypoHigis Ha 18,8 %. KombiHoBaHe
3actocyBaHHs 10 % HTL, mikpoenemenTis i MK[ y rogieni TenaT Il rpynu npussoguno
00 BipOrigHOro nigBULLEHHSA BMICTY B KPOBI LIMPKYIHOKOYNX iIMYHHUX KOMIMIEKCIB, heHon-
cynbdartiB, EeHONMMIOKYPOHIAiB i unHKy Ha 40-By i 70-Ty goby, NOPIBHAHO 3 IXHIM piB-
HeM y TBapWH KOHTPOnbHOI rpynu. MpupicT xuBoi macu TensaT |l rpynu 6yB BULLMM Ha
7,7 %, a lll rpynu — Ha 4,3 %, NOPIBHAHO 3 KOHTPOMEM.

BucHoBku. [JogasaHHa go monoka Tenat |l rpynu HTL, ME y kinbkocTi 10 % Big
HOPMOBAaHOI MOTPeOU B LMX eNnemMeHTax, 3a BUKIIOUYEHHS 3i CXeMW FrOAiBIi MiHepanbHO-
KOHLIEHTpaTHOI A06aBku, MpU3BOAMIO OO0 aKTMBaUil iMyHOBIONOriYHOT pPeakTUBHOCTI
opraHiamy. CymicHe 3actocyBaHnHa 10 % HTL, ME Ta miHepanbHO-KOHLEHTpPaTHOI
nobaeku B padioHi TenaT Il rpynn xapaktepusyBanocsi nocnabneHHsam imyHobionoriy-
HOI PEaKTMBHOCTI OpraHiaMy, ogHaK 3pOCTaHHSAM OETOKCMKaLUINHOT 30aTHOCTI.

Knroyoei cnnoea: kpoB, GioXiMiuHi MOKa3HUKM, TeNATa, HAHOTEXHOSONIYHI LUTpaTK
MiKpoeneMeHTiB
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