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Introduction

It is established that antibiotics are one of the most important medical
discoveries of 20th century and will remain an utmost way of treating disease of
animals as well as of human beings. We, the human beings, get meat, milk, egg,
etc. from animals being very important and inevitable part of our daily nutrition.
The irrational, consecutive and extensive use of antibiotics in food producing
animals particularly for growth promotion has lead to antibiotic resistance,
microbial resistance and possible the drug residual threat for human beings due
to consumption of milk, meat, egg, etc. It was found out that during the normal
physiology the animals undergo various types of stresses mainly including
environmental, pathogenic, etc which suppress the immune system as well as
the GIT of animals and due to this the animals become vulnerable to different
diseases which leads to immunosuppression, poor health status, increased
mortality and decreased production. Due to this ban on using synthetic antibiotics
in animals as antibiotic growth promoters (AGP), an alternative approach is to
use phytochemicals in animals’ feed for growth promotion, optimum production
and enhancing or modulating the immunity level of animal. These phytogenic
feed additives are important and have many properties i.e. anti-fungal, antibiotic,
anti-inflammatory, antioxidant, antiviral, etc which, when supplemented with diet
and fed to animals, ensure the protection and improvement of health condition,
integrity of GIT and enhance the immunity level of animal. This review illustrates
the importance of plant-based feed additives supplemented with other feedstuff
and fed to animals particularly their role in immunomodulation to boost the
immunity level on animal under stress conditions.

Key words: feed additives, phytobiotics, alternative to antibiotics, animal
feeding, immunity.

part of the plant being used for this purpose. This

The phytogenic feed additives (PFAs), also
known as phytobiotics or botanicals, are bioactive
compounds extracted from plants and their prod-
ucts and added to animal feed to boost growth
and production of food producing animals. The
important bioactive compounds of PFAs are
polyphenols and composition and concentration
of these compounds depends on extraction tech-
nique, environmental condition, harvesting sea-
son, storage conditions, geography, plants and

term includes a variety of herbs or spices which
are utilized in solid, dried or powder form in crude
or concentrated form. Apart from these procedures
to extract the bioactive ingredient, PFAs are divid-
ed into essentials oil (obtained by cold extraction,
steam or alcoholic distillation) and oleoresins (ex-
tracted by non aqueous solvents) [3, 39, 40]. The
mechanism of action of PFA is still not very clear-
ly understood but is largely similar to the antiox-
idant, antimicrobial, antibiotic, anti-inflammatory

21



Texnonoeis supobruymea i nepepooxu npooykyii meapunnuymea, 2020, Ne 2

tvppt.btsau.edu.ua

characteristics of the bioactive ingredients being
extracted from PFAs. When mixed with animal
feed, it alters the gut microbiota, reduce the micro-
bial toxins and restore the intestinal integrity and
immune status of animal which leads to optimum
growth and production. PFAs impart the immuno-
modulatory effects e.g. increases the proliferation
of lymphocytes, increases the exposure of cyto-
kines and high antibody titer [22, 28, 32, 36, 41].

Since the time when ban was imposed on using
synthetic antibiotics in food producing animals for
the purpose of optimum production, growth pro-
motion and enhancing immunity level, the search
for alternate phytogenic and plant-based feedstuffs,
having no side effects and considered safe to be
used in animal feed, has gained a huge attraction.
The main reason of this paradigm shift was anti-
biotic resistance, antimicrobial resistance and a
possible drug residual effect in human beings. So it
was a matter of public health concern which made
it more sensitive and a ban was put to curtail the
residual effects of antibiotics which were used in
food producing animal. These phytogenic feed ad-
ditives enhance the immunity level of animals and
make them strong enough to bear the stress. Apart
from this immunomodulation, the phytogenics also
improve health status and consequently increase
the production of animals [14]. Flavonoids, a group
of polyphenolic compounds found in fruits and
vegetables, includes two naturally occurring com-
pounds genistein and hesperidin found in soybean
and citrus, respectively, and put positive effects on
health and egg production of poultry birds [37].
In some other research trials soybean isoflavones
and flavonoids rich alfalfa extract were found to be
beneficial on growth and production, B and T lym-
phocyte proliferation in broiler chicken [8, 19]. In
another study it was reported that flavonoids and
their extracts had some immunomodulatory effects
as well as also affected surface area, villus length of
small intestine and improved the overall gut health
of poultry birds [14, 17, 38].

In a study trial it was observed that Morinda
citrifolia plant juice extracts enhanced the pro-
liferation of CD4 and CD8 T cell in newly born
calves and it positively modulated the immunity
level of animals [6]. In a research study performed
by [35] the immunomodulatory effects of Morinda
citrifolia was observed in poultry birds when fresh
juice of the plant was supplemented 5% mixed in
water and it boosted both the humoral (B cell me-
diated) and cellular (T cell mediated) immunity
level in broiler chickens. It was also observed that
humoral immunity response was statistically sig-
nificant (p<0.05) in the treated birds as compared
to that of control group and the peak response was
seen in 1% week of post infection.
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The pathogenic organisms and other envi-
ronmental stressor can destroy the animal tissues
and cells and if this destruction keeps on going,
a time will come when concentration of reactive
oxygen species (ROS) is increased which causes
lipid peroxidation and oxidative damage of cell
membranes and it challenges the immunity status
of animal. If there is no antioxidant to neutralize
ROS it triggers the inflammation in which vari-
ous types of cells are sent to the inflammation site
after the cytokines and chemokines are secreted.
It is normal physiological response of body to-
wards pathogenic microbes entering the body and
to fight against the infection [4, 7, 25]. GIT is the
first site where food is degraded and absorbed and
pathogens reach there by destroying the mucus
membranes. So the protection of GIT is of great
importance to ensure the optimum health and pro-
duction of animals and it also boosts the immunity
level of the animal [7]. The animals react to the
external stressors by decreasing feed intake which
decreases body weight; these stressors whether
are of exogenous or endogenous nature depress
the immune response, damage the gut integrity
and leads to low growth and production of ani-
mals that poses economic losses every year. The
antibiotics are used for growth promotion as well
as to enhance the immunity level of the animals
but due to the detrimental effects of antibiotics,
ban was imposed, in 2006 by European Union, on
the use of antibiotics in food producing animals
for growth promotion purpose. So an alternative
approach is made by using phytogenic feed ad-
ditives in the diets of animals for the purpose of
growth promotion, optimum production as well as
enhancing the immunity level of animals [7, 29].

Effect of phytochemicals on immune re-
sponse

The active constituents of plants, phytochemi-
cals, are broadly categorized into two main groups:
terpenes and terpenoids. These compounds are ex-
tracted from different parts of plant by adopting
different procedures however the powder form is
most widely and commonly used [16, 27].

Oregano belongs to botanical family of La-
biate and includes widely distributed plant spe-
cies Origanum vulgare, O. onites, etc containing
a very important bioactive compound carvacrol
and these are commonly used as feed additives in
animals. A study was conducted by [30] in which
oregano essential oil (OEO) was supplemented
300 ppm along with basal diet of broiler chickens
and resulted in production of higher antibody titer;
more specifically high titer of immunoglobulin
G (IgG). Another study revealed that high doses
(500 and 1000 ppm) of OEO supplementation re-
sulted in enhanced immunity level in the broiler
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birds which were vaccinated with new castle dis-
ease and avian influenza virus [13]. In swine high-
er thymus lymphocytic immune cell concentration
was observed on 14" day of lactation when OEO
was supplemented 250 ppm in the diet which re-
sulted in positive immunomodulatory effects [13].
The concentration of coccidian oocysts in excreta
was lowered, improved growth and a better im-
mune response was observed when the broiler diet
was supplemented with OEO 300 ppm or mixture
of carvacrol and thymol was added 300 ppm [2].

A research trial was performed by [31] in
which cinnamon was supplemented in broiler diet
0.4% and 0.8% (doses of 100 and 200 ppm es-
sential cinnamon oil) led to improved body weight
from 1-6 week, improved FCR, increased hemo-
globin and leukocytes concentration in blood of
broiler chicken [1]. On the other hand positively
modulated immune response was observed in 21
day old broilers which were given 5 g/L of drink-
ing water [33]. The table shows some recommen-
dations for the use of phytogenic feed additives in
animal nutrition.

The phytogenic feed additives are composed
of herbs, spices, essential oils, extracts, bioactive
compounds which have an overall positive ef-
fect on growth promotion, optimum production
and enhancing the immunity level up to extent
to make them resistant to disease [38, 40]. After
the chickens were immunized and infected with
Eimeria tenella the phytonutrient supplemented
diets were fed to the birds and it resulted in in-
creased body weight, higher antibody titer and an
increased lymphocytes proliferation as compared

Table 1 — The recommendations for animal nutrition

to the birds who were not fed the supplemented
diets [26]. Caprylic acid, an organic acid, when it
was supplemented to broiler chickens; it lowered
the degree of infection caused by Salmonella en-
terica. This acid down-regulated the gene of bac-
terium responsible for invasion of epithelial cells
and ultimately it ensured the immunomodulation
in broiler chickens [23].

Prebiotics are macromolecules defined as
“nonviable feed components which are beneficial
for host after the gut’s microbial modulation” [10].
These are either taken from plant or synthesized
by the microbes. The mannanoligosaccharide
(MOS), extracted from the outer cell wall layer of
Saccharomyces cerevisiae, is used as a prebiotic
supplement in broiler chicken diets and is reported
to enhance immunity level [18, 34].

Challenges of using phytogenic compound
in animal feed

Due to the complex composition, sometimes
it becomes difficult to systematically and com-
prehensively evaluate the phytochemicals to use
them in feedstuff. There can be some challenges
regarding how to use these compounds in feed
due to possible side effects (toxic, unpleasant
odor), regularity and legal affairs and their possi-
ble interaction (good or bad) with rest of the other
ingredients of feedstuff [12, 15]. There is a dire
need to have a state-of-the-art and well developed
analytical method to quantify the phytochemicals
before being added to the animal feedstuff. The
phytoneutrients are natural and organic substitute
to the synthetic antibiotics and are considered safe
by FDA USA but an authentic and complete as-

. Species in
Phytogémc which can be Supplemented Dose rate Immune response Reference
material form
used
Broiler, Ariel part of plant, 5-10 gk diet Higher gntlbody titer [24]
Echinacea powder against ND
purpurea L.
Laying hens Juice 0.25 mlL.kg BW Higher WBC cells [5]
Oregano Essential oil 300 ppm in diet Higher IgG titer [30]
Cinnamon Powder 4 and 8 g/kg diet High lymphocytes [31]
Broilers
. . . Higher IgA. IgG
Turmeric Rhizome powder | 2.5, 5 and 7.5 g/kg diet and TgM titer [9]
Thyme Oil extract 100 and 200 ppm in diet Higher WBC cell [1]
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sessment protocol, encircling all the procedures
to analytically ensure and quantify the bioactive
compounds before being used in animal feed, is
still needed [11].

Relevant literature

A research study was performed on 720, 1 day
old Arbor Acres broiler chicks by adding two fla-
vonoid compounds genistein and hesperidin found
in soybean and citrus in the diets. The objective
of the trial was to check the effects of these flavo-
noids on immunity and intestinal morphology of
poultry birds. On 16%, 18" and 20" day one half
of the birds from each group were injected Esch-
erichia coli intraperitoneally 250 pg/kg of body
weight to induce immunological response. The
samples were collected on 21% and 42™ day of trial
and it was observed that the compounds enhanced
the immunity level by improving phagocytosis and
due to which statistically significant immunomod-
ulatory effect (p<<0.05) was observed. Other param-
eters were also improved but no effect was seen on
feed intake, body weight gain and FCR of broilers.
In conclusion it was observed that the phytogenic
feed additives boosted the immunity level and im-
proved gut health of broiler chickens [20].

An experiment was conducted on 336, one
day old broiler (Ross 308) chicks to observe the
comparative impact of Echinacea purpurea (EP)
with standard antibiotic on growth promotion, car-
cass quality and immune level. The chicks were
divided into 7 different treatment groups. Group
1 was control and only fed the basal diet, group
2 was given basal diet + antibiotic (4.5 mg flavo-
phospholipol/kg diet), group 3 was fed basal diet
+ powder of dried aerial parts of EP (5 g/kg diet),
group 4 was given basal diet + powder of dried
aerial part of EP (10 g/kg diet), group 5 was sup-
plemented with basal diet + powder of dried aerial
part of EP (0.25 g/kg diet), group 6 was fed basal
diet + powder of dried aerial part of EP 5 g/kg diet
but EP was supplemented continuously for 3 days
followed by break of 11 days and last group was
given basal diet + powder of dried aerial part of
EP 10 g/kg diet but EP was supplemented contin-
uously for 3 days followed by break of 11 days.
At 28" and 31 day the blood sampling was done
to analyze the immune status. The overall results
showed that supplementation of EP 5 g/kg diet had
statistically significantly better (p<0.05) daily feed
intake, daily weight gain and higher antibody titer
against Newcastle virus and sheep red blood cell
(SRBC) as compared to rest of other treatments
groups [24].

A study trial was conducted in Ferdowsi Uni-
versity of Mashhad, Iran, on 200, 1 day old Ross
broiler chicken to check the immunomodulatory
effect of turmeric rhizome powder (TRP). The
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chicks were divided into 4 main treatment groups
and 5 replicates which were composed of 10
birds each and these groups were supplemented
with corn-soybean meal having TRP at the con-
centration of 0%, 0.25%, 0.50% and 0.75%. On
14" day one bird from each replicate was infected
with 0.2 ml of 5% SRBC while the blood sam-
pling was done at 21 and 42" day. The results
showed that supplementation of TRP significant-
ly increased IgA, IgM, and IgG as well as TRP
also significantly decreased monocytes ratio. In a
conclusion it was reported that TRP had positive-
ly modulated the immunity response in broiler
chickens [9].

The supplementation of herbal oil has been
in practice since so many years as a part of eth-
noveterinary practices in animal nutrition; in fact
it is a way to boost immunity and strategically
control the viral diseases. An experiment trial
was performed on 120 broiler chicks which were
randomly divided into 4 treatment groups. Group
A was not vaccinated being control group while
other 3 groups were vaccinated with inactivated
avian influenza and live Lasota vaccine. Oregano
essential oil (OEO) was orally administered 0.005
and 0.01% to group C and group D respectively.
Results showed that the oral supplementation of
OEO had positive effects on performance of birds
and it also positively modulated the humoral and
innate immunity in birds [13].

The immunomodulatory effects of proantho-
cyanidins rich extract (PAE) from Pinus radiata
bark, proanthocyanidins are natural compounds
present in fruits, flowers, seeds, barks, and veg-
etables, were observed in specific pathogen free
(SPF) White Leghorn chickens. The proliferation
of mononuclear cells was increased in birds which
were treated 20 mg/kg PAE for 2 weeks. On the
other hand proliferation of splenocytes and burs-
al cells was also increased in the birds treated 5,
10 and 20 mg/kg PAE for the period of 5 weeks.
The thymocytes cell proliferation was increased
in birds which were treated 5 and 10 mg/kg PAE
for the period of 5 weeks. The PAE enhanced the
expression of T helper 1 cytokines (interferone-y)
and lowered the expression of T helper 2 cytokine
(interleukins-6). So it was concluded that the PAE
had an effective immunomodulatory effects on
SPF white leghorn chicken [21].

In an experiment the chicks were orally in-
jected the virulent oocysts of Eimeria tenella and
were supplemented the mixture of two phytobi-
otics, VAC (carvacrol, capsicum oleoresin and
cinnamaldehyde) and MC (turmeric oleoresin and
capsicum oleoresin) to observe the immunomod-
ulatory response after immunization with Eimeria
profilin protein. After being orally infected with
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Eimeria oocysts and immunized with profilin
protein, the chicks were given VAC or MC sup-
plemented diets which increased BWG, higher
antibody titer and increased proliferation of lym-
phocytes as compared to control group. Prior to
the oral infection, the MC fed immunized chick-
ens expressed reduced interferon-y (IFN-y) and
interleukin-6 (IL-6). After the chickens were in-
fected they showed increased levels of IFN-y and
IL-6. On the other hand, decreased IL-17F and
TNFSF15 was shown only in infected chickens
when VAC supplemented diet was fed. In conclu-
sion the VAC or MC supplemented diets showed
immunomodulatory impact against avian coccid-
iosis [26].

An experiment was performed to compara-
tively analyze two commercially available orega-
no essential oils (OEO) mixed in broilers diets to
check growth productivity and immune response
of 200, 1 day old Ross 308 broiler chickens. The
dietary protocol included: (1) control group, no
phytobiotics, (2) mixture of phytonutrients 150
ppm, (3) OEO 300 ppm, (4) OEO 500 ppm. The
results showed that higher antibody titer partic-
ularly the IgG (p<0.05) was seen in the broiler
which were fed OEO 300 ppm as compared to the
control group [30].

Conclusion

The immunological system of animals is the
first line of defense whenever the animals are
subjected to heat, toxin, external, internal, envi-
ronmental, pathological stress, etc. In this regard
the defense system plays a pivotal role in protect-
ing the body from these stresses and it ensures
optimum health, growth and production of ani-
mal. The animal obtains energy from type of feed
and the function of immune system depends on
the quality of diet being fed to the animals. It also
depends on how much the feed is natural and or-
ganic. The phytogenic feed additives are natural,
organic and are aligned with the physiology of
animal; these plant based bioactive compounds
are safe for animals, do not have side effects and
are also safe for the end consumers, the human be-
ings. Since majority of the phytogenic feed stuffs
have the properties of antioxidant, anti-inflam-
matory, so these react accordingly to modulate
and boost the immunity level. The antibody titer
is increased, the concentrations of leukocytes, T
lymphocytes, B lymphocytes, immunoglobulins
are increased which modulate and enhance the
immunity level and consequently the animals be-
come strong enough to bear the detrimental situ-
ation. In this way the GIT of animal is protected
which ensures favorable site for probiotics, good
health, growth, optimum production and better
immunity level.
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MigBuimenns piBHsA iMyHiTeTy 32 nomomoror ¢iro-
TeHHHX KOPMOBHX 100aBOK y palioHi TBapuH

Awmip Ix6an, Adayn Kynyoc, Ismain Baiipam, Osena
TuraproBa, Oxcana Lexmicrpenko, Muxaiino CiiomuuH-
cpkuid, Cepriii babenko

BceraHoBiieHO, 1110 aHTHOIOTHKH € OJJTHUM 13 HAWTIOTY K-
HIIIAX BIIKPUTTIB Y MeTUIHHI XX CTONITTS 1 3aITHIIAIOTHCS
HalleheKTUBHILINM CrIOCOOOM JIiKyBaHHs 0ararboXx XBOpoO
SIK TBAPHUH, TaK i Jdroaeh. JIroau oTpUMyrOTh M’SCO, MOJIO-
KO, SIAIIS TOIIO BiJf TBAPHH, IO € BYKJIIMBOIO 1 HEBiZl'EMHOIO
YaCTHHOIO LIO/ICHHOTO XapuyBaHHA. HepamioHnanbHe, cuc-
TEMaTUYHEe Ta IIUPOKE BUKOPHUCTAHHS AHTUOIOTHKIB IS
CIITBCHKOTOCTIOAAPCHKUX TBAPHH, OCOOIUBO AJISI CTUMYJTIO-
BaHHS POCTY, CIPHYMHHIIO PO3BUTOK PE3UCTCHTHOCTI 10
aHTHO10THKIB, MIKPOOHOT CTIMKOCTI Ta MOXKIIMBO]T 3aJIMIIKO-
BOT 3arpo3u IS JII0JICH Yepe3 CIOKUBAHHS MOJIOKa, M’sica,
s€nb Ta iH. 3’5COBaHO, 1110 Iijl Yac HOPMAJILHOTO Mepeodiry
(hi3i0JIOTYHHX IPOLIECIB TBAPUHY 3a3HAIOTH PI3HUX CTPECIB,
30KpeMa €KOJIOT1YHOTO, MaTOT€HHOTO MOXOKEHHS TOIIO,
SKi TPUTHIYYIOTh IMyHHY CHCTEMY, a TaKOX IisUIbHICTb
[ITYHKOBO-KHIIIKOBOT'O TPAKTy TBapHH. YHACIIZOK I[bOTO
TBapWHU CTAIOTh yPA3IHBUMH 0 PI3HUX 3aXBOPIOBAHb, IO
HPHU3BOJHUTE JI0 IMyHOCYIIpECii, IOraHOTO CTaHy 3/10pOB’4,
30UIBIIEHHS CMEPTHOCTI Ta 3HW)KEHHS HPOAYKTHBHOCTI.
Uepes 3a00poHY HAa BUKOPUCTAHHS CHHTETHYHUX aHTHO10-
THUKIB — CTUMYJISITOPIB POCTY Y TBAPMHHHUIITBI, € albTepHa-
TUBHUH IIAXIJ, KU TOJITae y BUKOPUCTaHHI QiTonpena-
paTiB y KopMax TBapHH JJIsl CTUMYJISIIT pOCTy, OITUMI3alii
BUPOOHMIITBA T MiIBUIICHHS a00 KOPEKLil piBHS iIMyHHOTO
crarycy tBapuHi. Li piTorenHi kopMOBi T0OGABKH SK CKIIaI-
HUKU PaIliOHy € B)KIIMBUMH 1 MalOTh 0arato BIaCTHBOCTEH,
30KpeMa MPOTHIPUOKOBI, aHTHOIOTHYHI, HPOTH3ANaibHi,
AQHTHOKCHIAHTHI, IPOTUBIPYCHI Ta iH., 3a0€3Me4yI0Th 3a-
XHUCT Ta TONIMIICHHS CTaHy 3A0poB’s, nimicHicts LIIKT Ta
HiJBUILEHHS DiBHS iMyHiTeTy TBapuHu. Lleil orusa imto-
CTpy€ B@KJIMBICTh POCIMHHUX KOPMOBHX J00aBOK, IO
JIONIAIOTECS 10 KOPMOCYMIIIEH 1 3roJOBYIOTHCSI TBAPHHAM,
0c00IMBO TX 3HAYCHHS B IMYyHOMOYJISLIT TSI MiJIBUILICHHS
PiBHSI IMYHITETY y TBapHH B CTPECOBUX YMOBaxX.

KaiouoBsi cioBa: xopmoBi 106aBku, GiToO610THKH, aib-
TepHATHBAa aHTUOIOTUKAM, TO/LIBIIS TBAPUH, IMYHITET.
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IloBbIIeHHE YPOBHSI HMMYHHTETA € IIOMOLIBIO (huTO-
TeHHBbIX KOPMOBBIX 100aBOK B PAIlHOHE KHBOTHBIX

Amup Uxban, Aoaya Kynyoc, U3mann Baiipam, Eie-
Ha Turapésa, Okxcana Llexmucrpenko, Muxaua Ciom-
yuHckuii, Cepreii badenko

Y CTaHOBIEHO, YTO AHTUOMOTUKU SBISIFOTCS OJHUM U3
CaMbIX MOIIHBIX OTKPBHITHH B MequnnHe XX BeKa M OcTa-
T 3PPEKTUBHBIM CIIOCOOOM JIEUCHHS MHOTHX O00JIe3-
HEH KakK )XUBOTHBIX, TaK U JItoAeH. JIIonu nosy4aroT Msco,
MOJIOKO, SIHIIa OT )KUBOTHBIX, UTO SIBJSIETCS] BAXKHOI W He-
OTBEMJIEMOM HYacThIO IOBCEIHEBHOTO mnuraHus. Hepanu-
OHAJIbHOE, CHCTEMAaTHYECKOe U LIMPOKOE HCIOIb30BAHUE
AQHTUOMOTHKOB JUIS CEJIbCKOXO3SHCTBEHHBIX J>XHBOTHBIX,
0COOEHHO [UIS CTUMYJIHPOBAHUS POCTA, NPUBEJIO K pa3BU-
THIO PE3UCTEHTHOCTH K aHTUOMOTHKAM, MUKPOOHOH yCTOMH-
YUBOCTH U BO3MOXKHOW OCTATOYHOM yrpo3e s JIIoAeH de-
pe3 motpebieHne MOIOKa, Msica, U] U T.J. Y CTAHOBJIEHO,
YTO BO BPEMs HOPMAJIBHOTO NPOTEKaHHA (U3MOIOrHye-
CKHX IPOIECCOB )KMBOTHBIE HCIIBITHIBAIOT PAa3HBIE CTPECCHI,
B YaCTHOCTH 3KOJIOTHYECKOTO, TATOTEHHOTO IIPOUCXOXKIE-
HUSI, KOTOpBIE MOJABIAIOT UMMYHHYIO CHCTEMY, a TaKkKe
JeSITEIBHOCTD JKEITyTOYHO-KUIIEYHOTO TPAKTa XHBOTHBIX.
BcnencTBue 3TOTO JKUBOTHBIC CTAHOBSATCS YSI3BUMBIMHU K
pa3nUYHBIM 3a00JI€BAHUSAM, YTO MPUBOJUT K HMMYHOCY-
MPECCUH, IUIOXOMY COCTOSHHIO 3JIOPOBBS, YBEINYECHUIO
CMEPTHOCTH W CHIDKCHHIO IPOHM3BOAMTENBHOCTH. I3-3a
3ampera Ha HCIOJIb30BAHUE CHHTETHYECKUX aHTHOMOTH-
KOB-CTUMYJISITOPOB POCTa B )KMBOTHOBOJCTBE, PacCMaTpH-
BAETCSI aJbTEPHATHBHBIM MOAXO0J, KOTOPHIN 3aKIIOUAcTCs
B UCIIOJBb30BaHMH (pUTOIpENnapaToB B KOpMax >KUBOTHBIX
JUIE CTHMYJISIIMM POCTa, ONTHUMH3ALUU TNPOU3BOJCTBA U
TIOBBIIIEHHSI MIM KOPPEKINU YPOBHS HMMYHHOTO CTaTyca
’KUBOTHOTO. DTH (PUTOTEHHBIE KOPMOBBIE T0OABKH, KaK CO-
CTaBJISIOIINE PALMOHA, B)KHBI U UMEIOT MHOTO CBOWCTB,
B YaCTHOCTHU IIPOTHBOTPHOKOBHIE, aHTHOMOTHIECKHUE, TIPO-
TUBOBOCIIAIMUTENbHBIE, AHTHOKCHIAHTHBIE, IPOTUBOBU-
pyCHBIE W JIpyrue, o0eclednBaloT 3allUTy W YIy4lIeHHe
cocTostHUS 370poBbs, menocTHOcTh JKKT u moBbieHue
YPOBHSI UMMYHHTETA JKUBOTHOT'O. DTOT 0030p WILIIOCTPU-
pYyeT BaOXXHOCTH PACTHTENBHBIX KOPMOBBIX JJ00ABOK, KOTO-
pBI€ MpHUIIAraroTcs K KOPMOCMECSIM H CKapMIITUBAIOTCS KH-
BOTHBIM, 0COOEHHO MX 3HaYE€HHE B UMMYHOMOLYJISIIUN JUIST
MOBBIIIEHHS YPOBHS UMMYHHTETA Y )KHBOTHBIX B CTPECCO-
BBIX YCJIOBHSIX.

KnroueBble ciioBa: kopMoBble 100aBKH, PUTOOMOTHKH,
aIbTepHATUBA aHTHOMOTHKAM, KOPMIICHUE KUBOTHBIX, HMMY-
HHTET.

R

under the terms of the Creative Commons Attribution License, which

permits unrestricted use, distribution, and reproduction in any medium, E

provided the original author and source are credited.

27



