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The article presents the results of a study of the influence
of adverse microclimate parameters on the morphological and
immunological blood parameters of piglets in the neonatal pe-
riod of development, and also evaluates the effectiveness of the
use of the feed additive “Globigen Jump Start” to correct the
identified violations. The study was conducted under produc-
tion conditions with elevated air temperature and above-normal
indoor ammonia concentration. It was established that devia-
tions of microclimate parameters from reference values nega-
tively affect the functional state of the piglets’ organism, which
is manifested by changes in hematological and immunological
blood parameters. The use of a feed additive containing egg
immunoglobulins IgY, B-glucans and mannan-oligosaccharides
increased the level of erythrocytes, hemoglobin and hemato-
crit (P<0.05-0.01), and also contributed to the normalization
of the ratio of individual forms of blood leukocytes, in particular,
an increase in the proportion of lymphocytes and a decrease in
the number of neutrophils. The results obtained indicate a pro-
nounced immunomodulatory and adaptogenic effect of the feed
additive “Globigen Jump Start” and the feasibility of its use to in-
crease the adaptive capacity and resistance of the piglet organ-
ism in the critical period of early postnatal development under
the influence of environmental stress factors.

Key words: piglets, neonatal period, microclimate, heat stress,
immunity, hematological indicators, feed additive, IgY

Introduction

Intensification of livestock farming in combination
with global climate change is accompanied by an in-
crease in the level of technological and environmental
stresses, which negatively affect the physiological state,
metabolic homeostasis and immune reactivity of farm
animals. An increase in ambient temperature, deterio-
ration of microclimate parameters in livestock premises
and accumulation of harmful gases lead to disruption
of heat exchange, water-salt balance and activation of
stress-releasing mechanisms, especially in young ani-
mals in the early periods of ontogenesis [1, 5, 7].
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Piglets are especially vulnerable to the effects of ad-
verse environmental factors in the neonatal period, when
the body’s adaptive mechanisms are not yet fully formed,
and the immune system largely depends on passively
acquired protective factors. Under such conditions, even
minor deviations of microclimate parameters from optimal
values can cause the development of immunodeficiency
states, reduced resistance, increased morbidity and mor-
tality of young animals, which has significant economic
consequences for the pig industry [6, 13, 16].

An important role in the formation of the body’s adap-
tive response to stress factors is played by mechanisms
of nonspecific resistance and the immune response
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regulation system. In particular, nitric oxide and related
NO-dependent processes are considered as a com-
ponent of the stress-limiting system, which ensures
short- and long-term adaptation of the body to adverse
environmental conditions [17]. At the same time, the ef-
fectiveness of the immune response in young piglets is
largely determined by the level of passive immunity ob-
tained with colostrum and the functional state of the cel-
lular and humoral components of the immune system.

Modern pig farming technologies, in particular early
weaning of piglets from sows, often do not take into ac-
count the biological features of the development of the
immune system, which leads to increased sensitivity of
animals to the effects of stress and pathogenic factors in
the post-weaning period [9, 13]. In this regard, a relevant
direction of scientific research is the search and imple-
mentation of effective immunotropic agents capable of
increasing the adaptive potential and resistance of the
piglet organism under conditions of negative environ-
mental influences. In this context, feed additives con-
taining immunoglobulins, B-glucans and mannan-oligo-
saccharides, which provide passive immune protection,
stimulate nonspecific resistance and support the func-
tional state of the digestive and immune systems, are of
significant scientific and practical interest. One of such
additives is “Globigen Jump Start”, which includes egg
immunoglobulins IgY and inactivated feed yeast [13, 2,
8, 14-15].

Taking into considerstion the above, the aim of the
research was to determine the impact of adverse micro-
climate parameters on the morphological and immuno-
logical blood parameters of piglets in the neonatal period
of development, as well as to assess the effectiveness
of using the feed additive “Globigen Jump Start” to in-
crease the adaptive capacity and immune resistance
of the animal organism under the influence of environ-
mental stress factors.

Materials and Methods

The study of the influence of microclimate parame-
ters on the body of piglets in the neonatal period of their
development was carried out in production conditions, in
particular in one of the farms of Rivne region. The venti-
lation system is supply and exhaust, which is carried out
by opening windows and doors, exhaust shafts located

Table 1. Indoor microclimate parameters

Day Day Day Acceptable
) 19 33 norm

Outside air temperature, °C 30 33 36 —
Indoor air temperature, °C 32 34 36 20-22

Indicators

Air speed, m/s 2,8 3,0 3,0 1-3

Carbon dioxide CO2, ppm 1310 1670 2346 3000

Ammonia NH;, mg/m? 32 67 71 0-20

Hydrogen sulfide H,S, mg/m? 0 0 0 0-5
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in the ceiling above the passage, as well as by using
exhaust fans that are turned on manually.

Two groups of farrowing sows of the Large White
breed were formed (control and experimental groups of
5 animals in each group). The sows of the control group
were fed standard compound feed. The sows of the
experimental group, starting from the 5 day before the
expected farrowing and until the 28" day of lactation, in
addition to standard compound feed, received the feed
additive “Globigen Jump Start” in the amount of 0.5 kg/t
of finished feed. Piglets born from sows of the control
and experimental groups, starting from 5 days of age,
received prestarter compound feed, balanced in terms
of essential nutrients, according to existing standards.
At the same time, piglets of the experimental groups,
starting from 5 days of age, were fed with the feed addi-
tive “Globigen Jump Start” in the amount of 1 kg/t of feed
along with the standard compound feed. Piglets were
weaned from sows at 28 days of age.

The feed prebiotic additive “Globigen Jump Start” (EW
Nutrition GmbH, Germany) contains 26.25 % egg powder
(source of IgY, an analogue of IgG antibodies in mammals)
and inactivated dry feed yeast up to 100 %, containing
beta-glucans and mannan-oligosaccharides (MOS) [14].

During the study period, the clinical condition, safety
and growth of animals were monitored. During the ex-
periment, the main microclimate parameters were moni-
tored using a Dozor S-M-2 gas analyzer: temperature,
air velocity, concentration of carbon dioxide, ammonia
and hydrogen sulfide.

The material for laboratory studies was blood taken from
piglets on days 5, 19 and 33. In heparin-stabilized blood,
the total number of erythrocytes (RBC), leukocytes (WBC)
and platelets (PLT), hemoglobin concentration (HGB), he-
matocrit (HCT), mean erythrocyte volume (MCV), mean
hemoglobin content in erythrocytes (MCH) were deter-
mined on the MYTHIC 18 Vet hematology analyzer. The
ratio of individual forms of leukocytes (blood leukogram)
was calculated using visual microscopy, according to the
methods described by us in the reference book [18].

Results and Discussion

Analysis of the research results showed that the
microclimate parameters significantly differed from the
recommended reference values (table 1). Thus, the air
temperature (°C) in the room for suckling piglets at 5,
19 and 33 days of age was 10; 12 and 14 °C higher
compared to the recommended maximum temperature
values; the ammonia concentration (mg/m3) was 1.6;
3.3 and 3.5 times higher, respectively. The discrepancy
between the microclimate parameters during manual
control of the supply and exhaust ventilation system in
the room and the reference values led to a significant
negative impact on the activity of the studied systems of
the piglets’ organism (table 2), which is also evidenced
by the results of our previous studies [13, 19].
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The use of the feed additive “Globigen Jump Start”
in feeding piglets during the critical period of neonatal
development under the negative influence of unfavor-
able microclimate parameters caused positive changes
in morphological, biochemical and immunological blood
parameters (tables 2 and 3). Thus, from the data pre-
sented in table 2, we see that the number of erythro-
cytes in the blood of piglets of the experimental group
at 19 and 33 days of age was 24.4 (P<0.05) and 34.6 %
(P<0.01) higher than in animals of the control group.
Similar changes, only less pronounced, were estab-
lished when determining the concentration of hemoglo-
bin and the content of hemoglobin in erythrocytes. At the
same time, the significantly higher content of hemoglo-
bin in erythrocytes in all periods of the studies attracts at-
tention. The higher hemoglobin content in erythrocytes
in the blood of piglets at 5 days of age is probably due
to the effect of the studied supplement, which was con-
sumed by the farrowing sows. At the same time, in the
blood of piglets of the experimental group at 33 days
of age, an increase of 14.7 % in the hematocrit value
(P<0.05) was recorded. These data indicate the activat-
ing effect of the components of the studied feed supple-
ment on the oxygen-transport function of the blood.

High temperature and accumulation of harmful gases
in a room with poor ventilation significantly affected the
ratio of individual forms of leukocytes in the blood of
piglets (table 3). When exposed to stress and irritation
by harmful gases, such as ammonia, an increase in the
number of neutrophils in the blood is observed. This is
because neutrophils are the first cells to respond to in-
flammatory processes and tissue damage. Simultane-
ously with the increase in the number of neutrophils, a de-
crease in the proportion of lymphocytes was detected, as
a sign of suppression of adaptive immunity. From the re-
sults of the studies presented in table 3, we see that the
use of the feed additive “Globigen Jump Start” to sows
and piglets born from them has a regulatory effect on the
ratio of their individual forms, which helps animals better
adapt to stressful conditions. This is indicated by a lower
number of segmented neutrophils in the blood of piglets
of the experimental group compared to the control group
on the 19" day of life (P<0.05) and a higher proportion
of lymphocytes (P<0.05) throughout the entire research
period. ltis likely that the components of “Globigen Jump
Start” stimulate the adaptive immune response and sup-
port the activity of lymphocytes. Analysis of the percent-
age of other types of leukocytes showed that the number
of eosinophils in the blood of piglets of the experimental
group on the 33 day of life was half (P<0.05) less than in
the control group. High concentrations of harmful gases
can irritate the mucous membranes and respiratory tract,
causing allergic reactions, which leads to an increase
in the level of eosinophils.

The decrease in the level of eosinophils in the blood
of suckling piglets in the experimental group is apparently
due to the presence of beta-glucans and MOS in the
feed additive, which help maintain healthy microflora
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Table 2. Hematological blood parameters of piglets (M+m, n=5)

Periods of the experiment

Indicators Group Bay5 Day 19 Day 33
Erythrocytes C 3.88+0.59 4.76x0.42 5.11+0.40
(RBC), thil E  4.93+0.39 5.92+0.26* 6.88+0.34**
Hemoglobin C  84.0+5.15 96.8+4.68 98.4+4.20
(HGB), g/l E  94.86.11 111.4+4.17* 1152+4.07*
Leukocytes C  8.76+0.98 8.38+0.57 13.5+1.18
(WBC), g/l E  9.824+0.99 10.28+0.72 12.08+0.77
Hematocrit C 35.5+3.18 36.6+1.84 38.1£1.76
(HCT),% E  37.941.37 40.0+2.02 43.7+1.53*
Mean erythrocyte C 7214229 73.1+1.38 74.7+1.78
volume (MCV),fL  E  73.6+1.71 75.6+1.66 77.7+1.46
Mean hemoglobin ~ C  18.0+0.59 18.8+0.62 19.1+0.78
content in erythro-

E  20.9+0.69* 21.2+0.74* 21.7+0.69*

cytes (MCH), pg

Note. In this and the following tables: * — P<0.05, ** — P<0.01,
*** — P<0.001 — significant difference in animals of the experimental
group compared to the control group.

Table 3. Leukogram of piglet blood, % (M+m; n=5)

Periods of the experiment

Indicators Group Day 5 Day 19 Day 33
Basophils Cc 0.6+0.24 0.41+0.4 0.21+0.2
E 0.8+0.20 0.8+0.2 0.8+0.37
Eosinophils C 3.0£0.71 4.2#¢0.86 5.4+0.93
E 2.2+049 3.0£0.45 2.6+0.68*
Vi C 0.4+0.24 0.6£0.40 0.840.37
E 0.6+0.24 0.6£0.24 0.4+0.24
Rod-shaped C 3.6£0.68 2.4+0.51 2.2+0.58
neutrophils E 2.6£0.60 2.6+0.68  2.0+0.55
Segmented Cc 37.6+£1.72 39.0+1.52 38.4+1.50
neutrophils E 34.241.43 33.5+1.54* 33.0+2.00
e o 52.0+1.34 50.0+1.87 49.8+1.88
E  56.6+1.08* 56.2+1.83* 57.2+1.66*
Y C 2.8+0.73  3.4+0.93  3.2+0.58
E 3.0+0.71 3.810.66  4.0+0.71

and reduce allergic reactions to harmful gases.

In general, the results of the conducted studies indi-
cate that the effect of elevated air temperature and above-
normal indoor ammonia concentrations causes the devel-
opment of a stress reaction in the body of piglets in the
neonatal period, which is accompanied by a violation of
the oxygen-transport function of the blood and changes in
immune reactivity. A decrease in erythrocyte indices and
the formation of a neutrophil-lymphocyte imbalance
can be considered as a consequence of hypoxia and
activation of nonspecific inflammatory mechanisms.

The use of a feed additive containing IgY, B-glucans
and mannan-oligosaccharides causes activation of eryth-
ropoiesis and an increase in the functional capacity of
erythrocytes in the body of piglets, which is manifested
by an increase in the number of erythrocytes, hemoglobin
concentration and hematocrit value. Such changes are
adaptive in nature and contribute to an increase in the
efficiency of oxygen transport under conditions of heat
stress.
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Normalization of the leukocyte formula of the blood,
in particular an increase in the proportion of lymphocytes
and a decrease in the number of segmented neutrophils
and eosinophils, indicates a decrease in the intensity of
the nonspecific inflammatory response and maintenance
of the adaptive link of immunity. The detected effects are
probably due to the complex immunomodulatory effect of
the components of the supplement, which combines the
mechanisms of passive immune protection and stimula-
tion of the nonspecific immune response. Thus, egg yolk
immunoglobulins (IgY), as well as biologically active com-
ponents of dry yeast, in particular B-glucans and MOS,
are characterized by a pronounced immunomodulatory
and metabolic-regulatory effect, which indirectly affects
the oxygen-transport function of the blood and the ratio
of individual forms of leukocytes [2].

As is known, Ig Y provides passive immunity, which
is especially important for animals in the first days of life,
when their own immune system is still developing [2, 8].
Immunoglobulins Y, entering the body, are able to specif-
ically bind antigens of pathogenic microorganisms and
their toxins in the intestinal lumen, reducing the level of
antigenic and endotoxic load. This leads to a decrease
in the systemic inflammatory response, normalization
of the production of pro-inflammatory cytokines (IL-183,
TNF-a) and a decrease in oxidative stress. As a result,
favorable conditions are created for stabilizing erythro-
poiesis, preserving the structural and functional integrity
of erythrocyte membranes and increasing the affinity of
hemoglobin for oxygen, which has a positive effect on
the oxygen-transport function of the blood [10].

Dried yeast enriched with 3-glucans interacts with in-
nate immune receptors (Dectin-1, CR3, TLR-2/6) on the
surface of macrophages, neutrophils and dendritic cells.
Activation of these receptors contributes to a moderate
stimulation of phagocytosis, increased antioxidant de-
fense and optimization of cytokine balance. Reduction of
excessive inflammatory response and oxidative damage
to erythrocytes may contribute to an increase in their func-
tional activity, in particular, improvement of gas exchange
and tissue oxygenation [3—4, 12].

Mannan-oligosaccharides exert their effect mainly
through the sorption of pathogenic bacteria that have
mannose-specific fimbrial adhesins, as well as through
the modification of the composition of the intestinal
microbiota. Improving the intestinal barrier function re-
duces the translocation of bacterial endotoxins into the
systemic circulation, which indirectly reduces the bur-
den on the immune system and hematopoietic organs.
Under such conditions, the need for compensatory leuko-
cytosis decreases, the ratio of neutrophils and lympho-
cytes stabilizes, and the proportion of immunocompetent
cells of the adaptive link increases [4].

Thus, the complex action of IgY, B-glucans and MOS
promotes the redistribution of leukocyte forms in the direc-
tion of reducing the relative number of stress-associated
neutrophils and increasing the proportion of lymphocytes,
which may indicate a decrease in the level of chronic
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inflammation and increased immune resistance of the
body. Simultaneous normalization of immune homeo-
stasis and reduction of oxidative stress create the pre-
requisites for improving the oxygen-transport function
of the blood by stabilizing hemoglobin, hematocrit and
functional fullness of erythrocytes.

Thus, the components of the feed additive, name-
ly: 1g Y, beta-glucans and MOS help reduce the im-
pact of pathogens and support the immune function of
the piglets’ organism under the influence of adverse
climatic factors. At the same time, the hematopoietic
function of the bone marrow is activated, which leads
to an increase in the number of erythrocytes and an
increase in the level of other hematological indicators,
as an adaptive reaction that helps the body compen-
sate for hypoxia caused by insufficient oxygen levels
due to poor ventilation.

It was established that keeping piglets in the neo-
natal period under conditions of elevated air tempera-
ture and ammonia concentration is accompanied by
the formation of a stress state, which negatively af-
fects the oxygen-transport and immune function of
the blood. This is manifested by a decrease in eryth-
rocyte indices, an imbalance in the leukocyte formula
and a shift in the immune response towards nonspe-
cific inflammation.

The use of the feed additive “Globigen Jump Start”,
containing egg immunoglobulins 1gY, p-glucans and
mannan-oligosaccharides, causes an activating ef-
fect on the oxygen-transport function of the blood of
piglets, as evidenced by a significant increase in the
number of erythrocytes, hemoglobin concentration, he-
moglobin content in erythrocytes and hematocrit value,
especially at 19 and 33 days of age (P<0.05-0.01).
These changes are adaptive in nature and are aimed
at compensating for hypoxia caused by heat stress and
impaired gas exchange indoors.
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MopdonoriuHui Ta iMmyHonoriyHui npodcinb KpoBi NOPOCAT 3a BIJIMBY KOPMOBOi A00aBKMU
«mo6ireH Oxxamn CTapT» Ta HECNPUATIIMBUX NapaMeTpiB MiKpoKniMaTy

Onecs Kampaubka
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TNbBIBCLKMI HaLiOHaNBHWIT YHIBEPCUTET BETEPUHAPHOT MeanLMHM Ta GioTexHonorii iMeHi C. 3. IkuLbkoro,
Byn. MNekapceka, 50, m. JbBiB, 79010, YkpaiHa

Y cTatTi npeacTaBneHo pesynsraTy AOCHIMKEHHS BNMMBY HECMPUATIIMBIX NapaMeTpiB MiKpOKNiMaTy Ha MOpPdpOrorivHi Ta iMyHo-
NOriYHi NOKa3HUKM KPOBi MOPOCST Y HEOHATaNbHOMY Mepiodi PO3BUTKY, @ TaKOX OLHEHO e(EKTUBHICTb BUKOPUCTaHHSA KOPMOBOI A0~
6aBku «[MobireH [xamn CtapT» ANst KOpeKUii BUSIBNEeHUX nopyLueHb. [JochimKeHHs NpOBOANIIM B YMOBaX BUPOOHULITBA 3 MiABULLEHOH
TeMnepaTypoto MOBITPS Ta KOHLEHTPaLjieto amiaky B NMpUMILLIEHHI BULLLE HOpMKW. BcTaHoBNEHO, LLO BiAXMNEHHSA NapaMeTpiB MiKpOKmimaTy
Big pedhepeHTHUX 3HaYeHb HeraTMBHO BNMBAKOTb HA PYHKUIOHANbHWUIA CTaH OpraHiaMy MOPOCHT, O NPOSIBASIETbCS 3MiHAMU remMaTto-
TNOTiYHMX Ta iIMYHOMOTiYHMX NOKa3HWKIB KPOBIi. BukopuctaHHa kopmMoBoi fobaBku, Ska MICTUTb sieqHi iMyHornobyninm IgY, B-rniokaHu Ta
MaHHaH-onirocaxapvau, NigBULLMIO piBEHb epuTpoLmMTiB, remornobiHy Ta rematokpuTy (P<0,05-0,01), a Takox cnpusano Hopmanisauii
CniBBiAHOLLEHHST OKPEMUX (HOPM NEVKOLIMTIB KPOBI, 30Kpema, 30iNbLUEHHI0 YacTKu NiMPOLIUTIB Ta 3MEHLLEHHIO KiNbKOCTi HEUTPOIniB.
OTpumaHi pe3ynstaTti CBig4aTh NP0 BUPaXEHU iMyHOMOAYIIOYMIA Ta aganToreHHUn edekT kopMoBoi fobasku «nobireH Dxamn
CrapT» Ta AOUINbHICTb ii BUKOPUCTaHHS ANSA MiABULLEHHS afanTUBHUX MOXIMBOCTEW Ta CTIVKOCTI OpraHiamMy nopocsT y KPUTUYHUIA
nepiog paHHbLOro MOCTHaTaNbHOrO PO3BUTKY Nif BASIMBOM CTPECOBMX PaKTOPiB HABKOMMULLIHBOIO CepeaoBULLa.

KniouoBi cnoBa: nopocsita, HeoHaTanbHWUI Nepiod, MIKpOKMiMaT, TENSOBUIN CTPEC, iIMYHITET, remMaTonoriYHi NOKa3HMKW, KOpMoBa
pobaska, IgY
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