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Intensive farming technologies are developed primarily to
maximise economic benefits. At the same time, productive an-
imals are often exposed to many stress factors and excessive
physiological stress, which subsequently leads to a deterioration
in animal welfare, health and, ultimately, a decrease in produc-
tive performance. Oxidative stress is one of the most common
negative processes that occur in the animal body in the result
of various factors, namely, a violation of the pro- and antioxidant
balance. This does not occur on its own, but is mainly an ac-
companying process under the influence of various nature stress
factors, such as toxins, temperatures, critical physiological peri-
ods, infectious pathologies, excessive, unbalanced or insufficient
feeding, etc. This article elucidates the results of the feed additive
“Activo” effect studies, that contains secondary plant components
of oregano and chilli pepper essential oils on the quantitative
content of lipid peroxidation products and the activity of antioxi-
dant defence systems in sows and piglets obtained from them.
The study was carried out in the conditions of the industrial
complex Barkom LLC, Lviv region. Based on the principle of an-
alogues, two groups of Large White breed gestating sows were
formed, 10 animals per group — control and experimental. For the
experimental group, the feed additive “Activo” was additionally in-
troduced into the diet in the amount of 0.1 kg/t of finished feed.
The content of lipid hydroperoxides and TBA-active products,
glutathione peroxidase and superoxide dismutase activity were
determined in the blood of sows and their progeny. The results
of our studies showed that the use of the feed additive “Activo”
for sows and piglets obtained from them is helpful to reduce the
negative effects of oxidative stress, which has a negative effect
on both sows and their offspring.

Key words: sows, piglets, feed additive “Activo”, essential
oils, oxidative stress, superoxide dismutase, glutathione peroxi-
dase, TBA-active products, lipid hydroperoxides

Introduction

time. Such approaches are primarily driven by economic
efficiency, which is the goal of the vast majority of produc-

Modern livestock farming technologies, and pig farm- ers. At the same time, they often do not take into account
ing in particular, are primarily aimed at producing the the very high physiological stresses, sometimes on the
maximum amount of product in the shortest possible verge of pathological disorders, that animals experience
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during their industrial rearing and maintenance. An animal
organism has biological limits to its growth, development,
reproduction, etc. and healthy viability in general. In re-
cent years, in addition to the emergence and spread of
new diseases of various etiologies, including infectious
diseases (both viral and bacterial), pigs and piglets of-
ten suffer from various physiological disorders caused
by overly intensive housing and feeding technologies.
It is also worth noting changes in the genetic potential of
pigs, such as high fertility, multiple births, reduced fatten-
ing time, composition and properties of feed, premixes,
veterinary preparations, vaccines, etc. All of this leads to
excessive stress factors in pigs, which in turn often leads
to a decrease in their immunity and negatively affects the
health and welfare of animals, ultimately reducing the
quality and quantity of their productivity.

Stressful factors in the animal bodies often result in an
increase in the so-called reactive oxygen species (ROS)
and free radicals formation, and a decrease in the anti-
oxidant defence of the body [1]. There are many types of
ROS, including singlet oxygen, hydrogen peroxide (H,0,)
and oxygen radicals — superoxide anion radical (O,™),
hydroperoxide (HO,") and hydroxyl radical (OH'), which
are formed in the process of reducing molecular oxygen.
Oxidative stress and ROS are often interrelated with
a wide range of pathological processes in the body.

Many studies have shown that the periods of sow ges-
tation, piglet birth, lactation, and weaning are character-
ised by increased oxidative stress parameters [2], which
subsequently negatively affects milk synthesis, reproduc-
tive functions, and shortens the period of productive use
of sows [5]. In addition, numerous studies have estab-
lished the fact that excessive ROS production can even-
tually lead to insulin resistance [11], which has a negative
impact during the prenatal and lactation periods of sows,
which significantly reduces animal feed intake [10, 15].

Piglets are exposed to stress during and after birth,
which also increases the amount of ROS in the body.
Newborn piglets often have a reduced level of passive
immunity obtained with sow colostrum, which, in combi-
nation with underdeveloped active immunity, can have
negative consequences for their health and survival.

In order to reduce negative stress effects, mitigate
them and normalise animal homeostasis, scientists from
many countries are actively working to find and devel-
op new highly effective and at the same time safe and
affordable stress-protective agents, including antioxidants.
In recent years, various components of biological, micro-
biological and plant origin have been increasingly used
for this purpose. Preparations and feed additives based
on such substances should have as little toxicity and
side effects as possible, unlike many artificially synthe-
sised factors.

In this regard, the use of several plant essential oils
(PEs) is promising. Essential oils are a large class of sec-
ondary plant metabolites that often have high antioxidant
capacity. All (EOs) are structurally characterised by aro-
matic rings with several hydrogen hydroxyl groups, which
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makes EOs suitable for neutralising free radicals and oth-
er reactive oxygen species. In the last decade, more and
more attention has been paid to EOs as functional com-
ponents of feed additives for sows and piglets. In partic-
ular, a number of studies have shown that EOs can have
an anti-inflammatory effect and reduce oxidative stress
in sows, increase their reproductive capacity and promote
the growth and development of their progeny [3].

The aim of the study was to investigate the effect of
the feed additive “Activo”, which contains secondary plant
components of oregano and chilli pepper essential oils,
on the lipid peroxidation products quantitative content and
the activity of antioxidant defence systems in sows and
piglets obtained from them.

Materials and Methods

The study was conducted in the conditions of the in-
dustrial complex of Barkom LLC, Lviv region (Ukraine).
Two groups of the Large White breed gestating sows were
formed according to the principle of analogues, 10 ani-
mals per group — control and experimental. The animals
were kept in the same box in individual farrowing pens
under the same conditions. The control and experimental
groups of animals were fed a feed balanced in terms of bi-
ologically active substances. For the experimental group,
the feed additive “Activo” was additionally introduced into
the diet in the amount of 0.1 kg/t of finished feed. The ex-
periment started on the 85" day of gestation or 30 days
before the expected farrowing. Blood samples were taken
from the jugular vein of pregnant sows before the exper-
iment. The sows were transferred to the maternity ward,
5 days before the planned farrowing, where they were fed
lactating sow feed, and the animals in the experimental
group continued to receive the specified feed additive.
Lactating sows were fed in individual troughs four times
a day in the amount of 7 kg. Blood samples were taken
from the jugular vein for research three days before the
expected farrowing, as well as on the 21t day of lactation.
Piglets obtained from sows of the control and experimen-
tal groups automatically became piglets of the control and
experimental groups. The piglets were fed pre-starter
feed starting from the fifth day of life. The piglets of the
experimental group were administered the specified feed
additive in the amount of 0.2 kg/t of finished feed in the
pre-start feed. The finished feed was fed from day 5 after
birth until weaning. Blood samples for biochemical stud-
ies were taken from the cranial vena cava of newborn
suckling piglets at 5, 14" and 28" days of age.

In the blood of sows and piglets we determined the pa-
rameters: the lipid hydroperoxides and TBA-active prod-
ucts content, the activity of glutathione peroxidase and
superoxide dismutase, by the methods described [11, 14].
Namely, the lipid hydroperoxides content in blood plasma
was determined by a method based on the optical densi-
ty spectrophotometric measurement of reaction products
with ammonium thiocyanate, Mohr’s salt and hydrochloric
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acid. The concentration of TBA-active products, which
characterises the lipid peroxidation rate, was determined
by a method based on the reaction between MDA and
thiobarbituric acid (TBA), which at high temperature and
acidic environment proceeds with the formation of a co-
loured trimethyl complex containing one MDA molecule
and two TBA molecules. Glutathione peroxidase activity
was determined by a method based on a comparative
study of the degree of reduced glutathione oxidation
(GSH) by tertiary butyl peroxide. Superoxide dismutase
(SOD) activity was determined by the method based on
the reduction of nitroblue tetrazolium to nitroformazone
by superoxide anion radicals formed in the reaction be-
tween phenazine methanesulfate and the reduced form
of NADPH.

The results were processed by standard methods
of mathematical statistics using Microsoft Excel soft-
ware. Statistical significance was determined by the
Student’s test.

The study is fully complied with the ethical require-
ments for the use of animals in experimental research
(Strasbourg, 1986; Kyiv, 2002), and the study methodolo-
gy is approved by the Bioethics Committee of the Institute
of Animal Biology of the National Academy of Scienc-
es of Ukraine.

Results and Discussion

Sows are exposed to various stressors, including
pregnancy, lactation, weaning, estrus and insemination
throughout their productive lives. One of the most stress-
ful periods is the farrowing period, during which sows un-
dergo significant physiological changes associated with
zygote formation, embryo growth, and subsequently far-
rowing and lactation. The most significant oxidative stress
occurs during pregnancy, as the placenta is the site of ac-
tive oxygen metabolism [16]. Scientists have proved that
oxidative stress and lipid peroxidation are stronger and
more intense in pregnant animals compared to non-preg-
nant animals [6]. Excessive formation of reactive nitrogen
species and reactive oxygen species disrupts the normal
physiological function of the mammalian placenta and
affects most other physiological processes [16].

According to the results of our studies with the use of
the feed additive “Activo” in gestating and lactating sows,
the lipid peroxide products (LPP) and TBA-active prod-
ucts content in their blood compared to the control was
significantly lower in the experimental group animals
(table 1). Starting from the first blood sampling period and
the beginning of the experimental feed additive introduce,
it can be seen that with the systematic consumption
of mixed fodder in the blood of the experimental group
sows, the indicators of TBA-active products significantly
decreased. TBA-active products indicators in the con-
trol group slightly decreased at the beginning of the 85
day of farrowing, but increased on the 112 day and
decreased on the 21st day of lactation. The increase of
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parameters on day 112 of gestation can be explained by
a abrupt increase in fetal development. But, as can be
seen from the results obtained in the experimental group,
the indicators of oxidative processes were systematically
statistically significantly reduced: on the 85", 112t day of
pregnancy, and 21 day of lactation by 16.78 % (P<0.05),
22.65 % (P<0.001), 24.89 % (P<0.001) compared to
the control group, respectively.

Thus, analysing the feed additive “Activo” use, which
contains components from oregano, chilli, cinnamon and
rosemary, in particular, such as carvacrol, thymol, we see
that these components have a great potential to enhance
antioxidant protection and the ability to reduce oxidative
stress in sows. Analysing similar works by other authors,
we can say that this, in turn, has a positive effect on the
embryonic and post-embryonic development of piglets [4,
8], development and function of the gastrointestinal tract
[9], body formation [4] and acid-base balance [14], etc.
A number of studies also show that the addition of orega-
no, chilli, carvacrol, and thymol to sow feed has an effect
on the antioxidant function of suckling piglets [3].

An interesting natural tendency in the presence of
lipid peroxidation products — hydroperoxides (HPO)
and TBA-active products, was noted in the study of
young piglets blood. According to the estimation of total
lipid peroxidation (LPP), we see a tendency to their
gradual decrease (table 2).

In particular, it was admitted that piglets of the exper-
imental group had significantly lower level of TBA-active
products on the 14" day of life of 6.28 % (P<0.01) com-
pared to the control group. Regarding the content of lipid
hydroperoxides, in piglets of the experimental group, sta-
tistically lower values were found on the 5th and 14th day
of life 26.42 % (P<0.05), 19.23 % (P<0.01), respectively,
compared to the control group. Since piglets born from
sows of the experimental group consumed only colos-
trum and milk from birth to 5 days of life and showed lower
HPL and TBARS, this may indicate the transfer of active
components of essential oils to piglets through colostrum.
We can also see that piglets’ consumption of sows milk in
the experimental group and starter feed containing orega-
no, chilli, carvacrol, thymol led to an even lower reduction
in LPPs. The obtained results indicate the inhibitory effect
of the studied feed additive on the intensity of the lipid
peroxidation processes.

According to the results of glutathione peroxidase and
superoxide dismutase determination in sows’ erythro-
cytes, it was found increased activity of these enzymes
(table 3). During the period of the “Activo” feed additive
use, a significantly higher level of COD activity was found
in animals of the experimental group on the 21t day of
lactation by 21 % (P<0.05) compared to the control.

Furthermore, in piglet blood, superoxide dismutase
(SOD) is the primary antioxidant, which maintains and
controls the free radicals level and creates conditions for
the normal use of the oxygen environment of the body.
This enzyme deactivates reactive oxygen species, which
degrade to hydrogen peroxide [13].
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Table 1. The content of lipid peroxidation products in the blood plasma of sows (M+m, n=5)

Periods of experiment

Indexes Groups
85 days in gestation 112 days in gestation =~ 21 days in lactation
C 4.31+0.103 4.37+0.111 4.26+0.143
TBARS, pmol/ml
E 3.5868+0.0304* 3.38+0.068*** 3.1998+0.091***
C 2.58+0.110 2.60+0.045 2.42+0.035
HPL, Units. E/ml
E 2.261+0.054** 2.241+0.057*** 2.150+0.041***

Note. Here and further * — P<0.05, ** — P<0.01, *** — P<0.001 compared to the control group.

Table 2. The content of lipid peroxidation products in the blood plasma of suckling piglets (Mt+m, n=5)

Periods of experiment

Indexes Groups
5% day of life 14t day of life 28 day of life
C 4.8167+0.054 4.332310.03 3.9424+0.126
TBARS, pmol/ml
E 4.4501£0.128 4.0599+0.061** 3.480+0.184
C 0.530.02 0.52+0.01 0.489+0.02
HPL, Units. E/ml
E 0.3940.03* 0.42+0.03* 0.436+0.019

Table 3. Activity of glutathione peroxidase and superoxide dismutase in blood erythrocytes of sows (Mtm, n=5)

Periods of experiment

Indexes Groups
85 days in gestation 112 days in gestation 21 days in lactation
C 10.55+0.21 7.39+0.25 9.73+0.09
Glutathione peroxidase, nM NADPH/min./mg Hb RBS
E 11.18+0.40 6.32 +0.53 10.23+0.23
Superoxide dismutase, units C 21.54+3.61 19.91+1.84 22.15+1.57
G R E 22.8611.64 23.8111.41 26.811.20*

Table 4. Activity of glutathione peroxidase and superoxide dismutase in blood erythrocytes of suckling piglets (M+m, n=5)

Periods of experiment

Indexes Group
5 days of life 14 days of life 28 days of life
C 15.1£0.31 13.45+0.19 13.86+0.17
Glutathione peroxidase, nM NADPH/min./mg Hb RBS
E 15.5+0.81 16.1+0.68** 17.0+0.72**
C 22.40+1.18 23.36+1.07 26.30+1.25
Superoxide dismutase, units Act/mg protein*min
E 24.43+0.69 25.56+0.75 31.12+1.03*

From the table 4 data, we can see that the feed addi-
tive “Activo” exhibits antioxidant properties, which led to
a decrease in the free radical oxidation activity degree,
which led to a decrease in the use of GSH (glutathione
peroxidase) and a statistical increase in its use in erythro-
cytes in the experimental group on the 14 and 28" day
by 19.7 % (P<0.01), 22.7 % (P<0.01), respectively, com-
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pared to the control. This explains the increase in protec-
tive and detoxifying properties in the body.

To sum up, the results of our studies have shown that
the use of the “Activo” feed additive for sows and piglets
obtained from them is advisable to reduce the negative
effects of oxidative stress, which has a negative effect on
both sows and their progeny.
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IHcTUTYT Bionorii TBapuH HAAH, Byn. B. Ctyca, 38, m. JIbBiB, 79034, YkpaiHa

IHTEHCUBHI TEeXHOMOrii BUPOLLYBaHHS CiNbCbKOrOCMOAAPCLKNX TBAPWH PO3POBNAOTECA NEPEBAKHO AN OTPMMAaHHS Makcumarb-
HOro eKOHOMiYHOro edbekTy. MNpu LbOMY NPOAYKTUBHI TBAPMHM YACTO 3a3HatloTb Aii 6araTboX CTPECOBMX YMHHWKIB | HaAMIpHUX disio-
NOTiYHNX HaBaHTaXeHb, L0 NPU3BOANUTL A0 MOripLIeHHs 406PobyTy TBapWH, iX 300OPOB’S i, BPeLUTi-peLUT, A0 3HWKEHHS NPOAYKTUBHUX
nokasHukis. OQHMM 3 HaNMOLUMPEHILLMX HeraTUBHWX NPOLIECIB, AKi BUHWKaKOTb Y TBAPMHHOMY OpraHi3aMi BHacnigok Aii pi3HOMaHiTH1X
YMHHUKIB, € OKCMOATUBHUIA CTpec, TOOTO NOPYLUEHHS NPO- | aHTUOKCUAAHTHOI piBHOBarn. OKCMAATMBHUI CTPEC He BUHMKAE caM Mo
cobi, a nepeBaXHO € CynpoBIAHMM NPOLIECOM 3a Aiii CTpec-hakTopiB Pi3HOI NpUpoan — Hanpuknag, TOKCUHIB, TEMNEPaTyp, KPUTUYHNX
dpigionoriyHnx nepioAdis, iHpeKLiNHMX naTonorii, HagMipHOi, Y HesbanaHcoBaHoi, abo HedoCTaTHBOI rogiBni Towo. Y poboTi nokasa-
HO pe3ynbTaTi 4OCNIMKEHHb BNNNBY KOPMOBOI A06aBKM « AKTUBOY, 4O CKNaay SKOi BXOAATb BTOPUHHI POCIIMHHI KOMMOHEHTU edipHUX
onin operaHo, NepLr Yuni, Ha KinbkicHU BMicT npoaykTi MOJ1 Ta aKTUBHICTb CUCTEM aHTUOKCUAAHTHOIO 3aXMCTY Y CBMHOMATOK
Ta OTPMMaHMX Bif HMUX nopocAT. [locnigXeHHsi NpoBeAeHO B ymMoBax npomucrnoBoro komnnekcy TOB «bapkom» (JlbBiBcbka 061.).
3a npuHumnom aHanoris 6yno cpopmoBaHO ABi rpynu NOPOCHMX CBMHOMATOK Benukoi 6inoi nopoam no 10 TBapuH y KOXHi — KOHTp-
onbHy Ta gocnigHy. [ins gocnigHoi rpynu B pauioH gogaTkoso 6yno BBeAeHO KOpMOBY Ao6aBKy «AKTUBOY Y KinbkocTi 0,1 Kr/T roToBoro
KOpMY. Y KpOBi CBMHOMAaTOK Ta MOPOCSAT Bi HAX OTPMMaHMX BU3Ha4anu BMICT rigponepokcuaiB ninigie i TBK-akTMBHMX npoaykTis,
aKTUBHICTb rMyTaTiOHNepoKcMaasu Ta cynepokeuaancMyTasn. Pesynstatn npoBeaeHnx HaMu fochigx)eHb nokasanu, Lo 3acTocy-
BaHHS AN CBMHOMATOK Ta OTPUMaHMX Bif HAX NMOPOCAT KOPMOBOT f06aBKM «AKTMBO» € AOLiNbHUM 3 METOK 3MEHLLUEHHS HeraTUBHOI
nii OKCMAATMBHOIO CTPECY, KU YMHUTL HEraTUBHY Aito IK HA CBUHOMATOK, TakK i Ha IXHE MOTOMCTBO.
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rnyTatioHnepokcupasa, TBK-aktuBHi npoaykTu, rigponepokcuau ninigis
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