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Vitagenes in poultry production:
stresses and antioxidants

Abstract. Commercial poultry production is related to a range of various stresses. A growing body of evidence
indicates that excess ROS/RNS production, disturbance of redox balance and oxidative stress are major molecular
mechanisms of the most common commercial stresses in poultry production. During evolution, antioxidant defence
systems were developed in birds to survive in an oxygenated atmosphere. It seems likely that all antioxidants in

the body work cooperatively together as a team to maintain optimal redox balance in the cell/body. Nutritional
modulation of vitagenes is considered as a new direction in nutritional research. Therefore, there is an opportunity
to activate a range of vitagenes to maximise internal AO protection and maintain redox balance and improve stress
resistance. Since ROS/RNS are considered to be important signalling molecules, their concentration is strictly
regulated by the antioxidant defence network associated with various transcription factors and vitagenes.
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Introduction

It is well appreciated that commercial poultry produc-
tion is associated with a range of environmental, technolog-
ical, nutritional and internal/biological stresses, responsible
for decreased productive and reproductive performance and
compromised health (Surai and Fisinin, 2016a; 2016b). Gen-
erally speaking, many stress conditions could be avoided by
technological improvements, but the main restriction is the
cost of such improvements. Accumulating evidence indi-
cates that at the molecular/cellular level most commercial-
lyrelevant stresses in poultry production are associated with
overproduction of free radicals, compromised antioxidant
defences network and oxidative stress (Surai, 2018; Surai et
al, 2018; 20179). It has been clearly shown that free radicals
in the form of reactive oxygen species (ROS) and reactive ni-
trogen species (RNS) are damaging to all types of biological
molecules including polyunsaturated fatty acids (PUFAs),
proteins and DNA. Furthermore, signaling roles of ROS have
recently received tremendous attention. Indeed, adaptation

to various stresses relies on various signaling pathways and
vitagenes were shown to play crucial roles in such an ad-
aptation (Surai and Fisinin, 2016¢; 2016d; Surai et al., 2019).
Therefore, the main task of this review is to present an updat-
ed view on the commercially relevant stresses in relation to
the antioxidant defence network in poultry.

1. Main stresses in Poultry Production

As mentioned above, commercial poultry production is
associated with a range of various stresses (Table 7). There-
fore, an important task for poultry nutritionist is to develop
a nutritional program meeting poultry requirement in major
nutrients.

However, it is very difficult to predict stresses in commer-
cial poultry production and to develop an optimal program
to deal with them. On one hand, in stress conditions require-
ment in various nutrients increase. On the other hand, feed
consumption in stress conditions usually decreased. There-
fore, at times when birds need more nutrients they actually
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Figure 1. Antioxidant defence mechanisms (adapted from Surai et al., 2019).

have less. Therefore, various antistress premixes and additives
added with feed showed a variable efficacy.

Table 1. Main stressors in poultry production
(adapted from Suradi et al., 2019)

Stressors
Technological stressors
Chick placement
Increased stocking density
Weighing, grading, group formation, catching, transferring
to breeder houses

Prolonged egg storage, egg transportation, inadequate egg
storage conditions, incorrect incubation regimes

Environmental stressors

Inadequate temperature

Inadequate ventilation and increased dust

Inadequate lightning

Nutritional stressors
Mycotoxins
Oxidised fat

Toxic metals (lead, cadmium, mercury, etc.)

Imbalance of minerals (Se, Zn, Mn, Cu, etc.) and other
nutrients

Low water quality

Usage of coccidiostats and other drugs via feed or water

Internal stressors
Vaccinations

Microbial or virus challenges

Gut dis-bacteriosis

Pipping and hatching

2. Antioxidant defence network

To address the aforementioned question, molecular
mechanisms of stress development have been studies in
details. The updated view on the antioxidant defence net-
work is shown in Figure 1.

As can be seen from the Figure 1, there is a range of
important options to maintain antioxidant defences in the
cell/body. First of all, oxygen availability is a key regulator
of free radical formation and a decreased oxygen availabil-
ity could decrease ROS formation and less antioxidants
would be needed to deal with a situation. Since, free iron
and copper are major catalysers of ROS formation, their
binding to proteins or chelating are important steps in
AO defences. It is well known that mitochondria are ma-
jor source of ROS in the living cells and supporting mito-
chondria integrity by such nutrients as carnitine, taurine
or silymarin are of major importance for the antioxidant
defence network. There is also an important option to
decrease ROS-producing enzyme activities to control an-
tioxidant defences. Scavenging intermediate free radicals,
for example, superoxide radical by SOD in mitochondria,
is considered as the first level of the antioxidant defence
network. Further detoxification of the such toxic products
as H202 or lipid hydroperoxides by such enzymes as GPx
and non-enzymatic antioxidants (vitamin E, GSH, coen-
zyme Q, etc.), plays a vital role in antioxidant defences.
In particular, it is well accepted that vitamin E is the main
chain-breaking antioxidant in biological membranes, but
after catching a free radical alpha-tocopherol is oxidised
and if not reduced back it is lost. Therefore, biological vita-
min E recycling by ascorbic acid and further recycling with
involvement of Se-dependent enzyme thioredoxin reduc-
tase, riboflavin-dependent glutathione reductase and oth-
er elements connecting to pentose phosphate cycle as a
source of HADPH is a most important part of the antioxi-
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Figure 2. Oxidative stress and adaptive responses (adapted from Surai et al, 2019).

dant defence strategy. Indeed, in the case of effective vita-
min E recycling even low dietary vitamin E doses can deal
with overproduction of ROS, while in the case of non-ef-
fective vitamin E recycling even high vitamin E dietary sup-
plementation would not have adequate protective effect.
All the aforementioned mechanisms of the antioxidant
defence are still not able to prevent damages to biological
molecules and therefore repair of the damaged molecules
(e.g. HSP, methionine sulphoxide reductase, DNA-repair
enzymes, etc.) or their removal (phospholipases, etc.) are
deeply involved in the antioxidant defences. Interestingly,
if the stress is too high and the antioxidant defences are
not able to deal with it and there is an accumulation of
damaged molecules such processes as apoptosis and fer-
roptosis would kill the damaged cell to prevent transfer-
ring damages to other cells. Furthermore, redox signaling
and activation of various transcription factors (HSF, Nrf2,
NF-kB, etc.) are key players in adaptation to stress and de-
creasing detrimental consequences of the oxidative stress.
In particular, antioxidant response element (ARE)-related
synthesis of antioxidant enzymes is considered to be the
main adaptive response mediated by transcription factor
Nrf2. Finally, activation of vitagenes via Nrf2, HSF and oth-
er transcription factors is a recent entrant into the antiox-
idant defence family.

3. Stress and adaptation

A modern view on stress adaptation is shown in Figure 2.

As mentioned above, overproduction of ROS and ox-
idative stress are major molecular mechanisms of various
stresses. Indeed, independently of the source of stress (e.g.
increased temperature, high amount of dust in air, myco-
toxins in the feed or vaccination stress, etc.) at the molec-
ular level ROS overproduction and damages to biological
molecules are driving forces of the detrimental consequenc-
es in terms of chicken health. Their productive and repro-
ductive performance. Therefore, when antioxidant defence
system can deal with those free radicals, the small amount
of ROS participates in cell signaling providing an important
mechanism of stress adaptation. In particular, they activate
such transcription factors as Nrf2 or HSFs, with following
vitagene activation and additional synthesis of protective
molecules (antioxidants) to maintain adaptive homeostasis.
However, when stress is too high and antioxidant defence
system cannot prevent damages to PUFAs, proteins and
DNA oxidative stress is responsible for activation of other
transcription factors, including NF-kB leading to synthesis
of pro-inflammatory cytokines and inflammation, com-
promised immunity and general health. This is associated
with decreased productive and reproductive performance of
growing chickens, rearing birds, layers and breeders. m
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BiTareHu y nraxiBHULTBI:
CTpecu Ta aHTMOKCUAAHTU

AHoTauia. [lpomucnose nmaxiBHUYymso
nos's3aHe 3 HU3KOI cmpeciB. [laHi ocmaHHiIX poKiB
nepeKoHAUBO cBidYamb Npo me, uj0 HaoMipHe
YMBOPEHHSA BiNAbHUX paOuKanis, nopyweHHs
pedokc-6anaHcy i okucAOBanbHUl cmpec €
20/10BHUMU MO/IEKYAAPHUMU MeXaHi3MaMu
6inbwocmi cmpecis y nmaxigHuymesi. B npoueci
eBo/oyii'y nmaxis 6yau BupobaeHi cneyianbHi
AaHMUOKCUOaHMHI MexaHi3Mu, W0 003B0AAOMb
M BuxkuMu B ammocgepi 3 BUCOKUM BMicmoMm
KUCHI0. Beaxxaembcs, wjo BCi aHmuokcudaHmu B
op2aHi3Mi npayrorome CnifbHO AK 00Ha KOMaHOa,
AKa niompumye onmumanbHull pedokc-6anaHc

B KnimuHax/opaaHi3mi. AkmuBayis BimazeHis
Pi3HUMU Hympi€eHMaMu BBa)Ka€mbCs HOBUM
HanpAMoM y 00CNiOXKEHHAX UW,000 JKUB/EHHS.
lpu yboMy akmusauisa BimazeHis y cmpec-
yMoBax 003BO/IS€ NIOCUAUMU aHMUOKCUOAHMHUL
3axucm, niompumMamu OKUCAIOBabHO-BIOHOBHU
6asaHc B opaaHi3Mi i niosuwgumu cmilikicmp

0o cmpeciB. TaKUM YUHOM, iCHY€ MOXKAUBICMb
akmugyBamu pso BimazeHiB 01 MaKCUMabHO20
aHMUOKCUOaHMHO20 BHYMPiWHb020 3axucmy

i nioBuujeHHs cmpecocmilikocmi. OcKinbKu
BiNbHi paduKkanu po32aa0alombcs B AKOCMi
HalBa)KAUBIWUX CU2HANBbHUX MONEKYA, IX
KOHUeHmpayis B KAiMuHi pe2ynioemscs
aHMUOKCUOaHMHOK CUCMEMOIO, NOB'A3aHOI 3
Pi3HUMU pakmopamu mpaHcKpuny,ii i BimazeHamu.

Knrouoei cnoBa: nmaxisHuymso, cmpec,

&quacne

I1.®. Cypavi

BuTareHbl B NITULEBOACTBE:
CTpecCbl U aHTUOKCUOAHTDbI

AHHoTauwms. [lpoMbiwineHHoe NMuyeBoocmBo
conpsi>keHo ¢ padom cmpeccos. JJaHHbie NOCAedHUX
nem y6edumenbHO cBUOEMENABLCMBYIOM O MOM,
4mo u36bimo4Hoe ob6pazoBaHue CBO6OOHbIX
padukanos, HapyuweHue pedoKc-6anaHca u
OKUCAUMeNbHbIlU CMpecc ABASIOMCSA 21aBHbIMU
MO/IeKYASPHBIMU MEXaHU3MaMU 60/bWUHCMBA
cmpeccos B nmuyesoocmse. B npoyecce s3goaroyuu
y hmuy, 6b11u BbipabomaHbl cneyuasnbHbie
aHMUOKCUOaHMHbIe MexaHU3Mbl, N03BO/SOWUE UM
BbXXUMb B ammocghepe ¢ BbICOKUM COOepPIKaHUEM
Kucaopoda. Cyumaemcs, Ymo Bce aHMUOKCUOaHMbl
B op2aHu3Me pabomarom coobuja Kak ooHa
KoMaHOa, noddeprKuBaroujasi onmumasnbHbili
pedokc-6anaHc B Knemkax/opaaHusme. lMuujesas
aKmuBayus BUMaz2eHoB CHUMaemcs HOBbIM
Hanpas/sieHuUeM B uccnedoBaHuUsAX B obnacmu
numanus. lpu 3mom akmuBayus BUmMa2eHoB

B CMpecc-yc/A0BUAX NO3BO/ASEM yCUAUMb
aHMUOKCUOaHMHyH 3aujumy, noodepyxams
OKUC/UMeNbHO-BOCCMAaHOBUMENbHbIU 6anaHc

B Op2aHU3Me U N0BbICUMb yCMOUYUBOCMb K
cmpeccam. Takum ob6pasoM, cywecmsyem
BO3MOXHOCMb aKMUuBUPOBaMb ps0

BUMAa2eHOoB 04151 MaKCUMaNbHOU BHympeHHel
aHmuokcudaHmuoli 3awyumsi, noddepxaHus
OKUCAUMeNbHO-BOCCMaHOBUMeNbHOR20 banaHca u
nosbiweHuUs cmpeccoycmoliqusocmu. [TockonbKy
cB0600HbIe paduKa/ibl pacCMampuBalomcs B
Kadecmse BaxkHellWuX CU2HaIbHbIX MOAEKYA,

UX KOHUeHmMpayus B Knemkxe pe2yaupyemcs
aHmMuokcudaHmHol cucmemoli, cBfA3aHHOU C
Ppa3AuYHbIMU haKmopamMu mpaHCKpunyuu u
BUMazeHaMu.

KnroueBblie cnosa: nmuueBoacmBo, cmpecc,
aHmUOKCuaaHmbl, MOﬂeKy/Iﬂprlﬁ MeXaHU3M,
BUMaceHsl

aHMUOKCUOaHMU, MONEKYAAPHUL MeXaHi3M, BimazeHu
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