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rabbits were watered 14 days before insemination and for up to 20 days
of lactation. It was found that on the first day of life of young rabbits their
number in the | and Il experimental groups was respectively higher by 8.5
and 4.2% compared to the control. The number of young rabbits at 20 and
40 days of age in the | and Il experimental groups was respectively higher
by 10.4 and 4.4% and 14.0 and 4.6% compared to the control group. The
weight of rabbits in the nest of the Il experimental group at 1, 20 and
40 days of life was respectively higher by 2.8; 6.1 and 7.0%, which is based
on the average mass of one rabbit for these periods and amounted to 1.1,
respectively; 2.7 and 4.3% compared with animals in the control group.
The average amount of milk produced by rabbits of | and Il experimental
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in the amount of 8 ug S/kg of body weight to increase metabolism and
reproductive capacity during periods of increased physiological load
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INTRODUCTION

Nanotechnologies are used in the feeding of farm animals
to improve the bioavailability of nutrients in the organism,
to ensure higher taste, consistency, duration of storage
of their products [1; 2]. Nanoparticles preserve the unique
properties, resulting in significantly improved physical
and chemical properties of the used materials, including
minerals [3; 4]. Nanotechnology is used in veterinary
physiology, for reproduction and genetics of animals,
molecular and cell biology, allowing researchers to work
with biological components such as DNA, proteins or
cells in small amounts, usually nanoliters or picoliters [5].
Complex nanoprograms are used in animal nutrition sys-
tems using available tools and methods that have not
an influence on animal health and welfare. This technology
offers the best solutions for the use and production of
livestock products, which can help to reduce costs and
improve the quality of the final indicators [6]. The use
of nanotechnology is promising in agriculture and food
industry, for the diagnosis and prevention of diseases,
improving the ability of plants to absorb nutrients, etc [7].
The most important use in this field are nanomi-
nerals. They are characterised by a particle size of 1 to
100 nm. Some of them are stable at high temperature
and pressure, they are easily digested in the digestive
system [8]. This leads to better interaction with other
biologically active substances, due to the larger surface
area [9]. Some surface active nanomineraly and nano-
components can bind and remove toxins and patho-
gens [10; 11]. The researches have shown that the use
of nanominerals, such as nanoselenium, nanochrome,
nanozinc, can improve the body’s resistance to non-com-
municable diseases and the quality of their products,
this is especially true when replacing inorganic salts of
mineral elements with organic nanocompounds, which
is widely used in the diet of industrial animals [12].
Rabbits are characterised by small body size,
greater feed use, rapid growth, quality nutritious meat,
early puberty, and high genetic selection potential com-
pared to other farm animals [13].Sperm quality is the key
to successful fertilisation in breeding rabbits and an in-
dicator of the reproductive capacity of rabbits [14]. Gas-
trointestinal absorption of minerals is influenced by a
number of factors, including its chemical form: soluble
compounds (oxides, hydroxides, citrates and sulfates) are
easily absorbed, but water-insoluble compounds (sulfides)
are poorly digested. Minerals in organic forms have a more
efficient use in the organism to increase their bioavail-
ability,which leads to improved ejaculate volume, sperm
motility, and then male fertility and fertility of rabbits [15].
Several methods have been developed to get nanopar-
ticles [16], including thermal reduction, metal vapor
evaporation method, microemulsion technique, mechan-
ical grinding and chemical reduction [17]. However,
regardless of the technology of getting nanoparticles,
their advantage in use for animals has been noted,

Scientific Horizons, 2021, Vol. 24, No. 8

although there are not many such researches, especially
in rabbit breeding. We conducted research to study the
influence of nanocompounds on the organism of rab-
bits, which showed a positive influence on organism
parameters and reproductive capacity [18; 19].

The purpose of this experiment was to determine
the influence of watering sulfur citrate and sodium sulfate
14 days before insemination and for up to 20 days of
lactation on the reproductive capacity of rabbits and the
preservation of the offspring up to 40 days of life.

MATERIALS AND METHODS

The research was carried out on rabbits of the second
breed of Hyla breed in “Horlytsia” Ltd., v. Dobryany of
Gorodok district of Lviv region, who used organic and
inorganic sulfur compounds in physiologically justified
amounts in young rabbits in previous research. Females
were divided into three groups (control and two experi-
mental), 20 animals in each, selected on the principle
of analogues. Controlled rabbits of control group (K)
were fed without restriction complete ration granular
feed containing 18.5% of crude protein, 8.0% of crude
fiber, 3.0% of crude fat and 2250 ME kcal/kg with free
access to water. Animals of the | experimental group (D-1)
were fed the ration of the control group and during the
day were fed sulfur citrate, at the rate of 8 ug S/kg of
body weight. Sulfur citrate solution (1.0 g/dm?, pH 1.38)
was got from “Nanomaterials and Nanotechnologies”
Ltd., Kyiv. Females of experimental group Il (D-II) were
fed the ration of the control group and with water was
given sodium sulfate (Na,SO,) in the amount of 40 mg S/kg
of body weight. Additives to rabbits were watered 14 days
before insemination and for up to 20 days of lactation.
The experiment lasted 95 days, including the preparatory
period of 10 days, the experimental - 85 days. In the
preparatory period for 10 days from the beginning of
the research and in the experimental period for 20 days
of lactation (65 days of supplements watering) in rabbits
was determined by fertility by probing for 12 days af-
ter insemination, assessed the number and weight and
safety of young rabbits in the nest after birth and up to
40 days of age, determined the milk yield of rabbits by
the calculation method: to do this, determine the total
weight of the nest on the first day of birth and on the
20™ day of life, the difference was multiplied by 2.2 -
received the estimated amount of milk consumed by
young rabbits. It was found that per 1 g of body weight
gainis 2.2 g of milk. These methods are described in the
handbook [20]. Mathematical processing of research
results was developed statistically using the software
package Statistica 7.0 software (Stat Soft, Tulsa, USA).
Differences between values in the control and experi-
mental groups were determined using ANOVA, where
the differences were considered significant at P<0.05
(taking into account the Bonferroni error).




RESULTS AND DISCUSSION

In recent years, the reproductive capacity of rabbits on
modern industrial farms has increased due to the use
of artificial insemination, hormonal stimulation and se-
lection work. However, there are a number of problems
with the supply of minerals and energy during the first
and second lactations, which leads to a decrease in the
reproductive capacity of rabbits and culling of breeding
stock to 80% during the year. Conducting research indi-
cate the importance of providing a complete balanced
ration of minerals for young females during lactation,
which give a lot of energy to the organism for milk pro-
duction and embryo development after fertilisation and
also continue to increase body weight, which is a physi-
ological process. Therefore, the purpose of our research
was to study the influence of drinking sulfur citrate and
sodium sulfate on the reproductive capacity and milk
yield of rabbits, growth and safety of young rabbits up
to 40 days of age. The analysis of table 1 indicates that
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after insemination of rabbits in all groups, their fertility
was the same 100%. The period of pregnancy lasted an
average of 31 days, which is within the physiological
parameters for this species. Genera in rabbits took place
without complications, mainly at night, stillborn rabbits
in the nest were not detected. The use of organic and
inorganic sulfur compounds in rabbits 14 days before
insemination contributed to better fertilisation, which
affected the number of offspring in the nest. Thus, on
the first day of life of rabbits, their number in the | and
Il experimental groups was respectively higher by 8.5
and 4.2% compared to the control group. Continuations
of research indicate that this feature was noted up to
40 days of life of rabbits. In particular, the number of
rabbits at 20 and 40 days of age in the | and Il experi-
mental groups was respectively higher by 10.4 and 4.4%
and 14.0 (P <0.05) and 4.6% compared to the control

group.

Table 1. The influence of sulfur citrate and sodium sulfate on the reproductive capacity of rabbits (Mxm, n=20)

Number of born rabbits, %

Group Fertility, %

Number of rabbits in the nest

Living Dead 1 day 20 day 40 day
05, 100 100 7‘2(’—;(()).3 6.138.3 6.41%8.1
% 100 100 o8 Toa o
% 100 100 o o) loas.

Note: statistically significant differences were taken into account compared with the control group: * - P<0.05,
** - P<0.01, ™ - P<0.001; the selections were compared within one line (taking into account Bonferroni correction)

In the biosphere, the physical, chemical and bio-
logical properties of matter are determined by physi-
cochemical phenomena. However, only the size of the
substance reduces the action of these variable forces.
The size of the substance acquires new physicochemical
characteristics. Nanoparticles remain protected from
various types of bioactive agents and reactions, such
as oxidation, enzymatic or chemical interaction with
other molecules. This is due to the active component of
nanoparticles, increasing their stability. Therefore, in our
opinion, the results got may depend on the used sulfur
compound, which has unique properties in the organ-
ism that has an influence on the stimulating factors of
metabolism.

The analysis was performed on the results of
growth and development of rabbits organism showed

that the watering of sulfur compounds to rabbits of the
second round had an influence on the fetal and postem-
bryonic period of their development (Table 2). In partic-
ular, the investigated weight of rabbits that were in the
nest of the | experimental group at 1, 20 and 40 days
of their lives was respectively higher by 10.0; 20.4%
(P<0.05) and 11.9% (P<0.05) compared with the control
group. The got results correlated with the indication of
average weight of one rabbit in the nest,which on 1, 20
and 40 days exceeded 1.8; 5.2 and 6.4% (P<0.05) of rab-
bits included in the control. The weight of rabbits in the
nest of the Il experimental group at 1, 20 and 40 days of
life was respectively higher by 2.8; 6.1 and 7.0% (P<0.05),
which is justified by the average weight of one rabbit for
these periods and amounted to 1.1, respectively; 2.7 and
4.3% compared with animals in the control group.

Table 2. The influence of sulfur citrate and sodium sulfate on the growth of rabbits during lactation (M*m, n=30-34)

Mass of rabbits in the nest, g (age of life)

Average weight of one rabbit, g (age of life)

Group 1 20 1 20 40
K 418.9%25.0 2072.2¢63.2 5519.1¢38.8 60.2¢0.31 321.1%4.11 903.7+14.8
% 100 100 100 100 100 100
D-1 46112286  24958+1430° 618042160 61.3£0.29 338.05.29' 962.3£9.04
% 110.0 120.4 111.9 101.8 105.2 106.4
D-II 4310224 219958721 5909.1¢147.8 60.9t0.15 329.9+3.50 943,286
% 102.8 106.1 107.0 101.1 102.7 104.3

Note: statistically significant differences were taken into account compared with the control group: * - P<0.05,
¥ - P<0.01, " - P<0.001; the selections were compared within one line (taking into account Bonferroni correction)
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The got results may indicate that sulfur citrate in
the consumed amount, better absorbed in the digestive
tract of rabbits and young rabbits up to 40 days of age,
which contributed to better bioavailability of nutrients, in-
cluding sulfur and its positive influence on the growth
and development of young rabbits, while the watering
of sodium sulfate was marked by less pronounced in-
vestigated indicators of their organism compared with
the control. Investigations have shown that the young
rabbits of the two experimental groups had a higher nest
weight and one animal at 1, 20 and 40 days of lactation

compared to the control. Suckling rabbits have high energy
needs and are characterised by low thermal insulation
in the nest, if the temperature is low then the milk con-
sumed is not absorbed by the organism. Therefore, the
preservation and development of young rabbits in the
nest is completely related to the quantity and quality of
breast milk and offspring. The use of organic and inor-
ganic sulfur compounds in rabbits of the experimental
groups was marked by a greater amount of produced
milk (Table 3).

Table 3. Milk yield of rabbits and preservation of the offspring during watering
of sulfur citrate and sodium sulfate (M*m, n=20)

Milk production of rabbits, g

% Preservation of the offspring

Group
Per day For 20 days 20t day 40* day
K 186.1 +8.22 3723.9+190.1
% 100 100 91.3 88.2
D-1 205.3£12.5 4106.2+276.8° 97.2 93.9
% 110.2 110.2 6.4 6.4
D-1l 198.5£6.14 3970.1+123.0 94.6 92.1
% 106.6 106.6 3.6 44

Note: statistically significant differences were taken into account compared with the control group: * - P<0.05,
** - P<0.01, *** - P<0.001; the selections were compared within one line (taking into account Bonferroni correction)

In particular, the average amount of produced
milk by rabbits of experimental group | was higher by
10.2% (P <0.05) per day and for 20 days of the lactation
period compared to the control. The got results of the
research may indicate a general activating influence of
sulfur nan compounds on metabolism in the organism
and the process of metabolism in the mammary gland
of rabbits, which was more pronounced under the ac-
tion of sulfur citrate. Slightly different results were got
in rabbits of experimental group Il, which received so-
dium sulfate with water, the amount of milk secreted
per day and during 20 days of lactation was higher by
6.6% compared with the control group of animals, but
these results were unlikely. The results of the preserva-
tion of young animals during the search period (40 days
of life from birth) in the experimental groups were
slightly higher compared to the control. The research
by domestic and foreign authors have shown that the
quantity and quality of milk from rabbits has an influence
on the safety of rabbits during lactation. The results
confirming these generalisations were got due to the
conducted researches. Thus, the safety of rabbits in the
first experimental group was respectively higher by 6.4%
at 20 and 40 days of life of rabbits compared with the
control group. Watering of the inorganic sulfur compound

was marked by less pronounced results of preservation
of young animals. In particular, in the second experimen-
tal group, the survival of rabbits at 20 and 40 days of
life was respectively higher by 3.6 and 4.4% compared
with the control. The obtained results of the experiment
may indicate more pronounced correlations between
milk yield and productivity and preservation of young
rabbits in the suckling period under the action of the
organic compound sulfur citrate.

CONCLUSIONS

Rabbits watering 14 days before insemination and for
up to 20 days of lactation of sulfur citrate in the amount
of 8 ug S/g of body weight, was markedly higher (P<0.05)
number of rabbits per 40 days of life, greater weight of
the nest and one rabbit (P<0.05) for 20 and 40 days from
birth, more produced milk per day and 2 days (P<0.05)
and higher rates of preservation of 6.4% for 40 days of
life compared with the control group. The use of sodium
sulfate in the ration of rabbits in the amount of 40 mg S/kg
of body weight, contributed to higher nest weight at
40% day of age (P<0.05) and a tendency to more milk
from rabbits and retention of offspring up to 40 days of
age compared to control.
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PenpoayKTUBHa 34aTHICTb KPOIeMaTOK Ta PicT i 36epeXeHicTb MONOAHSAKY
3a BUNOIOBAHHSA CronyK cynboypy

flpocnae BacunboBuu Jlecuk!, AHHa 3iHoBiiBHa duuok-Hiasenbcbkal, Onekcanap BacunboBuu boiiko?,
Muxaiino IeaHoBuY baweHko?, Onekciit @epoposuy loHYap?
YHcTuTyT Bionorii TBapuH HauioHanbHOI akaaeMii arpapHMx Hayk YkpaiHu
79034, Byn. Bacuna Cryca, 38, M. JlbBiB, YkpaiHa

2Yepkacbka gocnifHa cTaHuis 6iopecypci HauioHanbHoi akageMmii arpapHux Hayk YKpaiHu
18036, Byn. NacTepiscbka, 76, M. Yepkacu, YkpaiHa

AHoTaLif. 33CTOCYBaHHS OpraHiYHUX MiHEPASIbHUX PEYOBUH Y BUMSAI HAHOCTONYK, K 3aMiHU MiHEPaNbHUX HEOPraHiYHMX
Conen € NepcnekKTMBHUM, afe HefoCTaTHLO BUBYEHUM. TOMY METOI JOCIMKEHHS BYN0 39CYyBaTH BNIMB BUMOIOBAHHS
cynbdypy UMTpaTy Ta cynbdaty HaTpito 3a 14 fib [0 ociMeHiHHS | ynpoaosx A0 20 fobu nakTauii Ha penpoayKTUBHY
30aTHICTb KpONIeMaToK Ta 36epexeHicTb npunnofy Ao 40 pobwu xutTa. JocnigpkeHHsS NpoBefeHi Ha KponemMaTkax
npyroro okpony nopogu Hyla y T30B «lopnuusy». KOHTponbHil rpyni 3ronoByBanv 6e3 06MexXeHHs NOBHOPALLiOHHWA
rpaHynbOBaHWi KOMBIKOPM 3 BifIbHUM JOCTYNOM 4,0 BOAM. TBapnHaMm | LocnigHoi rpynu 3rofoByBany KOPMM paLioHy
KOHTPOJIbHOI rpynu i BNpoaoBX f006uM BUunowBanu cynbdypy LMTPaT, 3 po3paxyHKy 8 MKr S/kr macu Tina. Il gocnigHin
rpyni 3ropoByBanu KOPMMU paLioHy KOHTPObHOT rpynu i 3 BOAOK 334aBanu cynbdaT HaTpito B KinbkocTi 40 mr S/kr
Macu Tina. BctaHoBneHo, Wwo Ha nepuuy foby XUTTS KponeHsT ixHe Kinbkictb y | i Il gocnioHux rpynax 6yna BignosigHo
BULLOO Ha 8,5 i 4,2 % nopiBHsHO 10 KoHTponto. KinbkicTb kponeHat Ha 20 i 40 pobu xutta y |i [l gocnigHux rpynax
6yna BignosifHO Buwot Ha 10,4 i 4,4 % Ta 14,0 i 4,6 % NOpPiBHAHO 4,0 KOHTPONbHOI rpynu. Maca KponeHaT y rHi3ai
[I pocnigHoi rpynu Ha 1, 20 i 40 pobu xuTTa Hyna BignoBigHO BUWO Ha 2,8; 6,1 i 7,0 %, WO 06rPYHTOBYETLCS
cepefHbO MACOK OLLHOMO KPONEHATU 33 BKa3aHWMM nepiofamu i ctaHoBuna BianosigHo 1,1; 2,7 i 4,3 % nopiBHAHO
3 TBapMHaMK KOHTponbHOI rpynu. CepenHs KinbKicTb NpoAyKoBaHOro Mosioka kponematok | i Il gocnigHux rpyn
6yna BignosigHo Buwot Ha 10,2 i 6,6 % 3a noby Ta 3a 20 Ai6 nakTauiiHOro nepioay NOPiBHAHO 3 KOHTPO/EM.
36epexeHictb KponeHsT y | i Il mocnigHMx rpynax 6yna BiANoOBiAHO BUWOKW Ha 6,4 1 6,4 % Ta 3,6 i 4,4 % Ha 20
i 40 nobW XWUTTA KPONEHSAT NOPIBHAHO 3 KOHTPONbHOK rpynot. OTpUMaHi pe3ynsTati AOCNIIKEHHS BKA3YyHTb Ha
nepcnekTUBY 4OAATKOBOr0 BUKOPUCTAHHS Y paLioHi KponemMaTok fA06aBkM cynbdypy UMTPaTy B KiNbKOCTI 8 MKI S/Kr
Macv Ang NiaBuULLEHHS 0OMiHY peYOBMH Ta penpoayKTUMBHOI 30aTHOCTI Y NepioA, MiABULLEHOTO (i3ioNoriYHOro HABaHTAKEHHS

KntouoBi cnoBa: HaHOTEXHONOT T, NaKTaLig, Maca Tina, 6iof0CTYMHICTb MOXMBHUX PEYOBMH
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