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BMNJIUB PI3HUX 403 BUMNMOIOBAHHA |, SE, S ULUTPATY
HA PICT | PO3BUTOK KYPYAT-EPOWUJIEPIB

Mapia MuxaiinisHa Llan?, IpuHa IeaHiBHa KoBanbuyk!, OneHa IsaHiBHa Konewyk?,
YnsHa IBaHiBHa TecapiBcbka®, Irop Muxaitnosuu KyuwHip®

Y HcTuTyT Gionorii TBapnH HAAH
79034, Byn. Bacuna Cryca, 38, M. J/IbBiB, YkpaiHa

2J1bBiBCbKMI HaLLiOHANbHUIA YHIBEPCUTET BETEPUHAPHOI MeAMLMHM Ta BioTexHonorin iMeHi C.3. DKULLKOTO
79010, Byn. [Mekapcbka, 50, M. J1bBiB, YkpaiHa

3[lep>kaBHMIA HAYKOBO-AOCNIAHWUIA KOHTPOJIbHMI iIHCTUTYT BETEPMHAPHMX MPenapaTiB Ta KOPMOBMX f06aBOK
79019, Byn. JoHeubka, 11, M. JIbBiB, YKpaiHa

AHoTauif. Ha cborofHi BaX/IMBWUM MUTAHHAM ONS MeAUMUMHW Ta BeTepuHapii € BiACYTHICTb | i Se B opraHismi
N0AMHKU Ta TBapuH. MNpobnema Hectavi |, Se Ta S y TBAPMHHMUTBI Lie He BUPILLEHA, WO MOTUBYE PO3PO6KY HOBUX
ePeKTMBHMX Cnonyk umx enemeHTiB. OcobnMBOi yBarM 3acnyroBylTb LMTPATU MIiKPOENIEMEHTIB, WO BXOAATb 40
MiHepanbHUX MPEMIKCIB i KOpMOBMX A0OABOK Ta BUKOPUCTOBYIOTLCS A8 BanaHCyBaHHS MiHEPasbHOrO XXMBJIEHHS Y
pauioHax TBapWH i NTuui. MeToto cTaTTi 6yno BUBUMTM edeKTMBHICTb Aii pi3HMX [03 umTpaTiB |, Se Ta S mo Ta micng
BHYTPIiLIHbOLUYHKOBOrO BBeAEHHS E. coli Ha iHTEHCMBHICTb 0OMIHHMX MpOLECiB B OpraHiaMi kypuat-6poiinepis B
OoKpeMi nepioan pocTy Ta po3BUTKY. byno BcTaHOBNEHO, WO BMMOKOBAHHA uuTpaTtie |, Se, S kKypyatam-6ponnepam
[EMOHCTPYE iX aHTMOaKTepianbHy Ait0. Y pe3ynbrati npoBeaeHUX A0CigKeHb OyNo BCTAHOBNEHO, LLLO BUKOPUCTAHI
no3u |, Se, S Buknukanu sik npodinaktnynmii (E2),Tak i nikyBanbHui (rpyna E4) BnivMBe Ha po3BUTOK KMLIKOBOI NaNUyKu
y KypuyaTt-6poiinepis. Lis pis € 6inbl BUpaXKeHO B Nepios 3aCTOCYBaHHS BUCOKOI A03u ioay (20 mkr/am®) y I, Se, S
UMTpaTi 3 NikyBanbHOW MeToH, Wwo cnpuano 100 % 36epexeHH0 Noronis’a Kypyart. BiasHayueHa BMcoka MeTabosiyHa
aKTMBHICTb HM3bKMX 803 |, Se, S unuTpaty i3 BMicToM 2,5 MKr I/aM3, Wwo 3a6e3neunno HanbinbWwmMin Npupict Macu Tina
KypYaT i BOCATHEHHS MOro Ha 35-1 aeHb BupolLyBaHHs 780 T,a60 121,5 % no koHTpontota 788,41 (119,9 % no KoHTponto)
Ha 42-1 AeHb BUPOLLYBAaHHS B yMOBAX BiBapito. OTpMMaHi AaHi BKa3yloTb Ha NO3UTUBHUI BNAUB BMMOIOBaHHS |, Se, S
umTparty i3 BMictoM 20 MKr I/aM3, wo xapaktepusysanocb 100 % 36epexeHicTio KypyaT BNPOLOBX YCbOro nepiogy
BMPOLLYBaHHS

Kniouosi cnosa: HaHoMaTepianu, kypuata-6poitnepu, Moa, Cenen, Cynbdyp, umtpar, E. coli, 6ionoriuHa ais, GioxiMiuHi
NMOKa3HWUKM, CUPOBATKA KPOBI

INTRODUCTION selenium in the body - to participate in the work

Minerals, in particular trace elements, play an
important role in poultry feeding. They participate
in protein, lipid, carbohydrate, and mineral
metabolism, activate enzyme systems. [1; 2].
lodine is characterised by versatile biological
activity, provides a regulatory influence on almost
all organs and systems of the body [3-6]. The
stimulating effect of organic compounds of iodine
and selenium [7] in various dietary supplements
on the growth of broiler chickens, and quality of
their meat was noted. Studies by other authors
have proven that deficiency and hypothyroidism
in chicken broilers may be the cause of ascites
syndrome with hypoxemia, impaired cardiac
and pulmonary function. The main function of
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of antioxidant systems and hormonal metabolism
of the thyroid gland [8]. In the body, iodine and
selenium enhance the action of each other,
normalise metabolic processes that protect the
organism from harmful substances formed during
the breakdown of toxins. Sulphur is indispensable
in the process of protein biosynthesis. Sulphur acts
as binding agent for heavy metals. It neutralises
harmful toxins that have a negative influence on
the liver and kidneys [9]. In poultry, S plays an
important role in the processes of growth and
development of the body, formation of feathers,
and protective reactions, and is accumulated in
the form of sulphates. The deficiency of this trace
elementinhibits the synthesis of sulphur-containing




amino acids, which is accompanied by a decrease
in the poultry productivity with a decrease in the
exchange of nitrogen compounds. Monogastric
herbivores and poultry can synthesise sulphur
compounds from the methionine of their tissues,
except for thiamine and biotin.

To ensure the need of animal agriculture in
mineral supplements, the most promising are the
organic compounds of macro- and micronutrients,
obtained with the help of nanotechnologies. The
distinguishing characteristic of nanomaterials is
due to their high chemical and biological activity
and ability to influence metabolic processes [10].
Citrates of trace elements, which are part of
mineral premixes and feed additives deserve
special attention and are used to balance mineral
nutrition in the rations of animals and poultry [11].
The level of assimilation and biological efficiency
of such compounds is several times higher than
the mineral salts of these elements. Literature
data suggests the possibility of using chelates
of biotic elements made by nanotechnology as
highly active compounds in animal husbandry and
veterinary medicine [12; 13].

Studies by other authors [14; 15] show the
stimulating metabolic effect of the nanosized
compounds of biotic mineral elements. There are
numerous literature data on the possibility of
the complex application of | and Se compounds
to increase the resistance and productivity of the
organism and prevent a number of diseases [16].
Physiologically adequate ratios of I, Se, S citrates
for their co-application in laboratory animals
has been experimentally determined. Therefore,
the purpose of the study was to investigate the
biological effects of I, Se, S citrate in different doses,
for the supplementation of the broiler chickens'
water throughout the entire production cycle.

MATERIALS AND METHODS

The study was conducted on 70 broiler chickens
from the 1 to the 42" day of life, formed in
7 groups, 10 in each. Control and experimental
groups were kept in similar vivarium conditions
for laboratory animals of the State Research
Control Institute of Veterinary Preparations and
Feed Additives (SCIVP) in compliance with hygiene
requirements. Chickens of all groups received
standard compound feed: starter, grower and
finisher according to the technological map of
growing and drinking water from portable drinkers.

Chickens of the first experimental group (E1)
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were watered from the 2" day of the experiment
until its completion. The drinking water with
a content of 2.5 pg I/dm?* in the form of I, Se, S
citrate was obtained with nanotechnologies from
the “Nanotechnology and Nanomaterials” LLC,
Kyiv [17]. On the 7% day of life (d.L), the
chickens were injected intragastrically (i/g)
with 1 ml/head of the archival strain of E. coli
received from SCIVP with a concentration of
1 million microbial cells (m. c). Re-introduction of
E.coliwas carried out at the 15" day of life at a dose
of 10 million m. c.

Chickens of the second experimental
group (E2) from 2" day of the experiment and
until its completion were given drinking water
containing 20 pg I/dm? in the form of I, Se, S
citrate. E. coli was injected to chickens at th 7" and
15t day of life in the same doses as in E1. Chickens
of third experimental group (E3) were given |, Se, S
citrate with a content of 2.5 ug I/dm? from the 7t" day
of life after i/g injection of E. coli. Re-introduction
of E. coli was carried out at the 15™ day of life.

Chickens from fourth experimental group (E4)
were watered with |, Se, S citrate with a content
of 20 ug I/dm?® from the 7t day of life after intravenous
injection of E. coli. Re-introduction of E. coli was
carried out at the 15 day of life. Chickens of the
fifth experimental group (E5) were given water
without I, Se, S citrate, with i/g injection of E. coli
at the 7t day. Subsequent re-introduction of E. coli
at the 15t day of life.

Chickens of the sixth experimental
group (E6) from 2" day of the experiment and
until its completion were given drinking water
containing 2.5 pg I/dm? in the form of I, Se, S
citrate. Intragastric introduction of E. coli culture
was not carried out. The control group received
drinking water and compound feed in accordance
with technological requirements.

Every 7 days, body weight was controlled by
weighing chickens, and livability, morbidity and
feed activity were monitored daily. After watering
with 1, Se, S citrate for 35 and 42 days, the chickens
were slaughtered by decapitation in accordance
with the bioethical principles of animal treatment
used for scientific purposes. Blood samples
were taken during the slaughter. The content of
protein, albumin, creatinine, calcium, inorganic
phosphorus, urea, triacylglycerols, the activity of
aspartate aminotransferase (AsAT) and alanine
aminotransferase (ALAT) were determined in the
blood using the Humman sets (Germany) on a
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biochemical analyser Humalyzer 2000 (Humman,
Germany) according to the manufacturer’s
instructions. The resulting digital data was
statistically processed using a standard statistical
software package Microsoft EXCEL. The degree of
reliability of comparative data was assessed by the
Student’s ratio.

RESULTS AND DISCUSSION

Analysis of data on the clinical condition and
morbidity of chickens indicates a slight inhibitory
action of E. coli at a dose of 1 million m.c. on
the growth and development of poultry in the
experimental groups. Within 7 days after hatching,
two chickens died in the control group and the
same number in E3, which received |, Se, S citrate
after intravenous introduction of 1 ml of E. coli.
After 14 days, the number of dead chickens
in these groups was increased to 5 due to E1 group
(1 chicken). In the period from 14" to 21t day,
1 chickenin E5 group has died due to E. coli without
watering with |, Se, S citrate. Thus, for 21 days of
growing only 6 chickens have died, of which in
the control group - 2 (20%), in the experimental
1,3,5 -4 (13.3%),0f which E1 -1 - 3.3%,E3 - 2 - 6.7%,
and E5 - 1 - 3.3%. Importantly, after the second
intravenous injection of a higher dose — 10 million m.c.
E. coli, the death of chickens was recorded only in
the E5,which did not receive |,Se,S citrate. This may
indicate the therapeutic and prophylactic action
of I, Se, S citrate in chickens of E1-E4 groups at
high doses of E. coli and the development of a
pathological state in chickens of E5 group who
did not receive |, Se, S. This is confirmed by the
growth retardation (body weight of 1 chicken
was 83-84% versus control), general inhibition of
the organism and the excretion of watery droppings.
Body weights were also low (88% at 21 days)
in chickens of E2 group who received water
with 20 ug I/dm? before and after i/g introduction

of E. coli. This indicates a lower metabolic
efficiency of |, Se, S citrate at the high dose, used
prophylactically in E2 from the 2" day of life.
However, the use of low and high doses of |, Se, S
after intragastric introduction of E. coli increased
body weight accretion of chickens in E3 and
E4 groups versus control group by 5.7 and 6.1%
in the first 10 days after infection (14" day) while
maintaining growth intensity at the level of 90.1
and 95.1% versus control on the 21t day of raising.
It is important that the chickens of E6 group, which
received a low dose of |, Se, S were characterised
by high resistance of the body (100% survival rate)
and a stable weight gain over the experimental
period while maintaining these indicators at the
level of 92-98% versus control for the 7t"-21 day
of growing.

On the day 28 of the study, the average
body weight of chickens in E6 group exceeded the
control group by 9.2% and amounted to 581.2 g.In
poultry of E4 group, this figure was 506.1 g,and the
control - 532 g.However, the liveability of chickens
in the control group was 80% versus 100% in E4
and E6 groups. This indicates a complex positive
influence on the weight gain and resistance of
chicken’s organism of low (E1 and E6 groups) and
high (E2 group) doses of I, Se, S citrate in the first
28 days of rearing.

Importantly, in the following periods
(28-35 days) the growth intensity of chickens
of E6 was the highest (199 g of growth) among
all experimental (increase in 83-91 g) and control
(109.6 g) groups. The measurement of body weight
of chickens of control and experimental groups on
the 42 day of rearing indicates a decrease in the
growth rate in E5 group (body weight decrease
from 531.3 g on the 35" day to 497 g on the 42" day,
or 6.5%) against the background of lower feed and
water consumption (Fig. 1).
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Figure 1. Body weight of broiler chickens
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However, in all other experimental groups,
the increase in body weight of chickens during
the last stage of growing was increased compared
to the 35 day, including 1.1% (E6) and 7.9% (E4).
This may indicate the development of subacute
or chronic colibacillosis in chickens of E5 group
(did not receive |, Se, S citrate), which led to a
decrease in feed intake, digestive disorders with
the excretion of watery droppings.

The development of E. coli apparently
inhibited the absorption of nutrients in the
intestines. However, the mortality of chickens in
the E5 group remained at the level of the E1 group,
which may indicate low virulence of the archival
strain of E. coli. Thus, the obtained results may
indicate the antibacterial action of I, Se, S citrate,
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which is more pronounced with higher doses of
I, Se, S for therapeutic purposes.

This contributed to 100% survival rate of
the chickens in the E4 group and the achievement
of body weight of 597.4 g (93.1%) on the 35" day,
and 644.6 g on the 42" day (98% versus control).
High metabolic activity of I, Se, S citrate in a
small dose was noted, which provided the highest
weight gain of chickens of E6 group (780 g, or
121.5% versus control) on the 35™ day of growing
and 788.4 g (119.9%) on the 42" day of growing in
vivarium conditions.

The analysis of biochemical indicators of
blood shows a decrease in urea content (P <0.05)
in broiler chickens of E1,E2,E3 groups on the 35" day
of growing (Table 1).

Table 1. Biochemical indicators of blood of broiler chickens at the age of 35 and 42 days during watering with |, Se, S citrates and
the introduction of E. coli (M*m, n=5)

Days of life
Indices Group
35 42
C 34.8+2.16 30.0+2.34
El 35.5+0.85 29.8+1.88
Creatinine, E2 33.3+1.32 30.7+1.48
mmol/L E3 33.5¢1.82 34.4+2.80
E4 36.9£1.00 32.4+1.86
E5 38.1+1.28 34.0+3.26
E6 38.7%1.30 28.8+1.88
C 1.9+0.14 1.5%0.11
El 1.5+0.06* 1.5+0.05
Urea, E2 1.3+0.11* 1.5+0.08
mmol/L E3 1.3%0.10* 1.3%0.11
E4 1.7+0.07 1.6+0.06
E5 1.6+0.03 1.8+0.06
E6 1.7+0.12 1.7+0.07
C 1.1+0.05 2.2%0.07
El 1.1+0.12 2.1+0.19
Calcium, E2 1.5+0.12* 1.8+0.04**
mmol/L E3 1.2+0.05 2.2+0.08
E4 1.1+0.12 2.0£0.06
E5 1.2+0.02 1.9+0.08*
E6 1.5+0.04*** 2.1+0.04
C 1.3+0.09 2.1+0.09
El 1.2+0.04 2.4%0.13
Inorganic phosphorus, E2 1.5%0.05 2.1+0.12
mmol/L E3 1.4+0.07 1.7%0.09*
E4 1.5+0.16 2.1+0.09
E5 1.5+0.06 1.9%0.06
E6 1.5+0.11 2.0+0.12
C 1.2+0.04 1.7+0.08
El 1.4+0.04 0.8+0.04***
Triacylglycerols E2 2.1£0.12** 0.9+0.02"**
mmol/L ’ E3 1.3+0.02 1.1£0.03**
E4 1.3+0.04 1.1+0.06***
E5 1.2+0.05 1.0+0.04***
E6 1.2+0.05 1.3+0.05**
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C 3.0+0.09 3.1%0.19
E1l 3.3%0.16 2.6£0.12
Cholesterol E2 3.7+0.22* 3.2+0.14
mmol/L ? E3 3.2+0.17 3.3+0.23
E4 4.2%0.32" 3.6%0.26
E5 2.7+0.13 3.0%0.15
E6 3.0+0.21 3.5%0.16
C 12.6%0.63 11.4%0.50
El 11.4+0.61 11.7+0.30
Albumin E2 11.9+0.19 13.4+0.63"
L ’ E3 12.2%1.62 12.4%0.95
E4 12.2%0.66 12.8#0.91
E5 11.9+0.87 14.1+1.28
E6 15.3+0.89" 14.0+1.32
C 22.5+0.86 22.7%£1.02
E1l 22.2+0.80 20.4%0.73
Crude protein E2 22.8+0.65 23.0¢0.75
gL ’ E3 21.2£1.02 23.6£1.07
E4 21.7%0.25 23.9+0.69
E5 24.4%0.29 24.5%0.27
E6 23.4%+1.04 24.2%+1.00

Note: * - P<0.05; ™ - P<0.01; *** - P<0.001

The Ca content increased on the 35™ day
in chickens of E2 (P <0.05) and E6 (P <0.001), but
on the 42" day it was lower (P <0.05) in chickens
of E2 and E5 groups,and P —in E3 group. Characteristic
is the low content of triacylglycerols in chickens of all
experimental groups, which is more pronounced with
the introduction of E.coli (E1-E5 group). The obtained
results may indicate the inhibitory influence of
the E. coli pathogen on the metabolism of nitrogen-
containing compounds and triacylglycerols in the
blood, which is more pronounced at low doses.
However, the cholesterol level showed a tendency
to a higher content in the blood of chickens of
all experimental groups on the 35" day with a
probable difference in E2 and E4 groups.

The elevated level of cholesterolin the blood
of chickens watered both prophylactically (E2) and
therapeutically (E4) with I, Se, S with intragastric

introduction of E. coli indicates the stimulating
influence of citrate of these compounds of
elements on lipid metabolism with increased
cholesterol synthesis in the first ten-day interval
of the second month of growing. The absence of
probable differences in the content of creatinine
and total protein in all groups may indicate the
compensatory ability of the body to normalise
homeostasis under the influence of both low and
high doses of |, Se, S citrate and the introduction
of E. coli. Albumin-synthesising function of the
body was higher in chickens of E6 group at low
doses of |, Se, S, as evidenced by an increase in
blood albumin on day 35 (P <0.05) and 42 (6.6%).

The evaluation of the transaminase activity
of the blood indicates a pronounced enzymatic
reaction-response of the body to I, Se, S on 35 day
with an increase in ALAT and AsAT indexes (Table 2).

Table 2. Aminotransferase activity in the blood of broiler chickens at the age of 35 and 42 days, after watering with |, Se, S citrates
and the introduction of E. coli (M*m, n=5)

Days of life
Indices Group
35 42
C 6.2%0.21 5.9%0.30
El 7.1+0.33 7.8+0.80
E2 7.1+0.62 6.6+0.79
ALAT, nkat/L E3 7.2+0.14* 7.1%0.35*
E4 7.9%0.26*" 5.6%0.65
E5 7.5+0.21** 5.6+0.22
E6 9.6+0.23"* 4.0%0.22*
C 226.5+17.03 224.1+0.60
El 256.9+19.96 173.6£4.87***
E2 241.7+18.90 192.3+13.81
AsAT, nkat /L E3 236.9+4.380 210.0£1.90***
E4 259.5+11.63 218.2+16.17
E5 248.0+4.05 223.6%16.92
E6 286.5+8.98" 236.9+16.28

Note: * - P<0.05; ** - P<0.01; *** - P<0.001
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On day 42, higher AIAT activity was
maintained for chickens in groups E1-E3, but
probably was decreased in E2. AsAT blood activity
was lower in chickens of all experimental groups
with a probable difference in E1 and E3 (p <0.05).
These noted differences in the transaminase
activityinthe blood of chickens in the experimental
groups can be due to the applied doses of |, Se, S,
and the period of their watering — before or after
the introduction of E. coli.

CONCLUSIONS

As a result of the study, it has been discovered that
the applied doses of |, Se, S citrates caused both
prophylactic (E2) and therapeutic (E4) influence
on the development of colibacillosis in broiler
chickens. This influence is more pronounced when
applying higher doses of |, Se, S citrate, which was
characterised by 100% survival rate of chickens
in E2 and E4 groups throughout the rearing period.
In the blood samples from chickens of E6 group,
which received |, Se, S similar to E1, but without the
introduction of E. coli, a higher content of (3, P,
albumin, AsAT activity, better growth rate
were observed on the 35" day, indicating the
stimulating metabolic influence of a low dose of
the considered compound.
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