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The Development and Application of Natural Antioxidants to Poultry Nutrition
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ABSTRACT Poultry are exposed to oxidative stress (OS) due to excessive reactive oxygen species (ROS) produced by various
stressors, although they have significantly improved productivity for several decades. Therefore, antioxidant systems that
eliminate excess ROS are important in poultry production. Various enzymatic and non-enzymatic antioxidant systems rapidly
develop in poultry's embryonic and growth stages in response to OS. Natural antioxidants, including vitamins, minerals, and
phytochemicals, have been known to protect the body against ROS by promoting chelation, oxygen quencher, oxidase inhibition,
or antioxidant enzymes. Vitamins A and E act as effective oxygen quenchers and chain-breaking oxidation inhibitors in the
cellular tissues. Selenium plays a vital role in antioxidant activity as a component of Se-glutathione peroxidase. Copper and
zinc also play key functions in the antioxidant system as components of Cu/Zn-superoxide dismutase. Among the
phytochemicals, phenolic acids and flavonoids have high potential as dietary antioxidants in poultry. Essential oils, including
thymol, have been successfully used in poultry diets. Carotenoids, such as lutein, xanthin, etc., are widely used to increase
the quality of poultry products. Although some have been successfully used as dietary antioxidants, phytochemicals are not yet
widely used due to the complexity of structure, lower bioavailability, etc. Advanced technologies such as emulsification,
liposomes, and nanoparticles are being developed to increase the bioavailability of phytochemicals. In conclusion, more research
is necessary to investigate the effects of dietary antioxidants on antioxidant and immune-related gene expression in poultry.
The development and application of natural antioxidants is an important field for environmentally friendly poultry production.

(Key words: natural antioxidants, oxidative stress, reactive oxygen species, poultry production)
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A 2E# 2z o3 fEEe A 229 Akl 2Efs
(oxidative stress)@A] o]ol] ZA3| ]-33HA| o= AHelth
2Fs} ~Ed 2 E4d A x(reactive oxygen species, ROS)<ll
ofsf fFiE o= ol WA 7K Aol kst W] 2t
& 7ol A% fAldl vl F 2.5k tKSurai, 1999). THk
g AFolA Al 2249 ks Wo] 2Hg-2 7hae] W, A
& P, MY 9 ote ArkEe] F4d fold dEE
nx]E ZAoew HuETKSurai, 2002; Mishra and Jha,
2019; Surai, 2020). WehA 7}52 AT o2 Hjo} W
237 DAl Absh ~E# A8 fddhs ROSEFEH A

24% BEss Tt Fush Azl 349 wgsd

¢



56 d2gsh 394 : 7k Yol B Fushlel g 2 A8

THSurai et al,, 1999). T3t A 5 374 AEg s A A
vitamin C2} B9} 22 dHabkslA] gole 7
Zp-go o3k =32 FHJang et al,, 2014b).
Aol §F NFeR Thae 2% dee v$ Skt
v A7 2249 715 ol HlElA o ® wdekA] R 4l
A G fAel Adzkek EAZE 2 4= 9loi(Julian,
2005), gAtshA| Fol= oS Fasith Ak

=3 AL 2, 8 ~Ew s, T3] 54 Sl 98 A
/HQL- ROSETH }\]-p;]_ /\Egﬂ/\i‘ 1:11—;(]-3% T_& _/,t\‘;_}
o] & 4 Iti(Surai and Kuklenko, 2000; Mishra and Jha,
2019). 2 715 Wl g d 2EHAZ AL 24 7]
Sol wol Akst 2E# 27} B8 A2 Thaoll A @aksiAl

o] Abgo] B8 F5 wa g Hep 187 A5

o e ~Ed s dod] BE PIY I B8 A%
3} BAE Fekm 2§ 229 Py T2 bE AR

o] F4E IRE F o] dAsA| AHgo] AAs] &
7F3ka ItHOke et al., 2024; Oni et al., 2024).

upeha] B se] BAe shgelA Al 22 o kst
AR Aol gk o] & vt o ® AR ER E-8T
U HA A Ee T/, A8 71 2 maket A

A 7Fe/del de JRE AlFstnat .
71200 ettt 2o 32 Sy

VE AT Thgs held 2w 2915 of
) AW Aze Abst ~Ed 2ob BAE 4 QItkFig. 1), W
A WA 8 2B~ 2915 AR, A 2204 4

N

Host factors

= Genetic backgrounds

| Environment factors || Nutritional factors |

= Climate changes = Feedstuffs

- species - temperature - ingredients
- type (layer, broiler) - ventilation, - chemical composition
- breed - humidity, etc - processing
- sex, etc. - over-nutrition
= Management = Feed additives

= Internal stressors
- developmental stages
- metabolism

- stocking density
- sedentary facility
- photoperiods

- antibiotics abuse,

- probiotics, prebiotics
- vitamins & minerals
- microbial infection - feed management - enzyme, organic acid
- gut microbiome, etc. _- litter treatment, etc. - bioactives, etc.

Poultry confronting disturbance of homeostasis such as antioxidant
system, immunity, and digestion, & metabolism

== Productive performances
. - Growth rate, FCR, etc.

~ = Health & Welfare
}“ - Immune, behavior, etc.

P

Fig. 1. Internal and external stress factors in the poultry produc-
tion system. Modified from Surai & Fisinin (2016) and Carrasco
et al. (2019).
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L

J¥]= ROSE A E Alsde 2h8 53 22 334 89=
UARE, s AFEE AE EFE 2

Jones, 2020). 53] B34 dixl AEom HgHE et
ROSE= DNA S|, vl g i
= Aol & d#A It Mujahid et al., 2007). A EZE2 4
T e e R E olF AHE 9 xR AR
© 2 WA= superoxide, hydrogen peroxide, hydroxyl radi-
cals, hydrogen peroxide, peroxyl radicals 52} 22 ROS7}
1:!1— \;}gﬂx] /\]@]_Q_ Aﬂ;}z‘ul—g] &EALS G HL@,;}(Fig. 2). H]E“L

(Surai, 2002).
AFA F Gl A A G4

A Zgo] mE 4ksl 2Eds fE 8Qlo] wig ETh
(Soleimani et al., 2011). 53] W& <& 4% A= /M3d
SACNA L& 2EH 2 wEEW A ~Ed 20 g
o] % # FslciKpomasse et al., 2021). B=8+ H-3} A A
ok 57371 AL 2H8-9] S7= AW Ata a7+ S
o g HEg ROS7F A H o] Akt ~Ef 7t oS Azt
gk Ao g H % ™(Surai, 1999; Julian, 2005), ©] A]7]ol A

zZ20] &kl "lo] AN Circu and

Aw, 2012). ¥ §-3} A% 3iks) g4t 1 5 RE 23

e el FA3] o

— | Oy
o A —] Changes in vita-enzyme activity;
? & g E SOD, GPX, CAT, HSPs, etc.
gl |2 g B
e ; w ; | Loss in protein functions
=3 o § =
5 <3 5 g 2
e 3 3 g E- Changes in membrane integrity,
(g > = g fluidity, & absorption
(] L =3 3
SH BE = p —
5 g s | Loss in immune competency
,‘2 ; HOCI 7 E E Decreased productive and
= 2 = > reproducti fi
3 2 o E productive performance
3 il
0
< 4 ] Poultry products (meat and eggs)
é. | quality and shelf life reduction
| ONOO

Fig. 2. The effects of ROS induced by oxidative stress on the
celluar damage of body in poultry. Nrf2 (nuclear factor erythroid-
2-related factor 2, NF-kB (nuclear factor kappa-light-chain-en-
hancer of activated B cells), SOD (superoxide dismutase), GPX
(glutathione peroxidase), CAT (catalase), and HSPs (heat shock
proteins).
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st o] Yol ZF A7lA 5 5o 7
7} SH P (Tang et al., 2019; Kim et al., 2021).
T o Al g7l fste] W o AA
7} 2793} 2 "= ROS A0l HEote o= dest
(Schwarz, 1996). ROS A7) T71= A5 S 313
o] W, w2, gialL AR 9 e ArkEe] FAdd A
A4l P32 PIZITHFigs. 1 and 2).
7ha Abs Al BAA o R WS oA AEY e Al
37 2 gF 29107 TEE 4 lriFig. 1) ARS8
ol & Zge A3t 4 ~EYAE F9¢slal(Jang et al,
2014b), &8}7| el o] ROS WA e dFo 2
T AlEe] £33 Yda FEo] AstE o] Thael At
’Jo] AgtK(Mishra and Jha, 2019). 312 ~Edf 2of|A=
nEFZEgo} 7] Aol 2 AdE =] ROS7E
]"1 A FHrksl A8 sl 715S 3K Tan et
L 2010). 3 e 2B AR Brel AAE ROSE
%% frgrete] S AstA|A Helld dro| 'ﬁﬂ] x4
FtH(Naidoo et al., 2008). A-537g ol|A] WA Al
a4 A ThaelA Al Aks) /\Eﬁﬂ/\a ]':}‘ZHOke
et al., 2024). ¥ 3(Eimeria acervulina)oll Z9E o] 43|
oA Aksh ~Eg 2ol wE 2d Iiks) 71 A e
2 A7 Ay Asrp dshe o2 B E AT (Naidoo
et al., 2008; Mishra and Jha, 2019). L &} 7}=2<9] AM53H4
oA F-2Ag gr]o] WE NH,, CO,, WAl & A Al =
oA 2ksl 2EYAE fEste T8 aQlo® gt
(Surai, 2002).
g 8oz o9 AR EASte FBe] 54 2
&l B 7hae &3 B A7l A
g 4= o} B2 AollA aflatoxin, fumonisin 5}
mycotoxinte 2% FI A E] T2H A4S sl
T nQET 9 W 28 Azbg 4o WAy
135} tHMishra and Jha, 2019; Surai, 2020). Ak X
JJr B ALRE 2% e Aol At ~E
T A2 7% AR YIS A4
Z1tKSurai, 2002; Mishra and Jha, 2019).
o|A | ZhaolA FES WeF allew WA st= 4ts}

2EY AT GUL o8 AL Z& Adt 4719 7
of, M2 A5t 53 22 YibeH ol A AQ S 7l
ek At ~Ed e WY Aot whE Ax EAy
Adte] B Jhae "ol wA 9 DS T oA
AAE Boste ikt Wo] 714 222 ZH "ok A

Z2 0] 3bs} 2H8-2 Bl AR itst B bl B4

2 A7)

[ex]
i=

ol
=

zZ

Fb
oz
tlo

H
£

(o o mL P
0% rlo &

o

AN

v

o ol8f o] Fo1F o Z(Suari, 2002), A ZteF ~Eg 20l =F
5E Al719F 8700 kel Fole 7o) W) v
G T8 Zgght

. BAEHA gitsl ghofr|™

A Aol &
tase(SOD), glutathione perox1dase(GPX), catalase(CAT), glu-
tathione reductase(GR) 2! glutathione S-transferase(GST) 5|
THFig. 3). Ae]A Al IgollA O, 7} 58 ROSE LAY E]
7 SODE 0, & H,0,% A¥sh= A4=A A 2249 e
W # oK Suari, 2002). GPXE SODel & AAE H,0,Z
H0= A= ZamA A B itekeS AlAst=
71 3FHK(Surai et al., 2018). 7124 Se-dependent GPX
= Sest 7 kst o] Zge Fog A Hdee
Aoz dedx UthSurai and Kochish, 2019). CAT <A|
SoDel| efsfl A Fikstra BAE H09 0,2 Z18kst
E G484 i 9802 ROSE A7 EHcHAebi, 1984).
GR-2 NADPH®} g7 43} glutathiones SH3 o2 A%
Sed 4k} 2282 Wol 717e] Qe AAHES wo)
FTHCouto et al., 2016). GST= 28} ~EZ A2 A3 o)
APFES A sk Btkst A8t HlSA S EE S sl
= 9&= Aol Fash= o]E 4 (xenobiotics) Al F4x0]
TH(Hayes et al., 2005).

kst Aldel aase Al 24 B3t 44 7l
o} MATHA FE] A5t LA E TH(Surai, 1999; Yigit et
al., 2014; Yang et al., 2018). 53} A] & 1FE % 1
CO, 352 98 374 ~Ed s} v A3 vy 219
dR)oll A EZSAEAE ghFo] got At} 2B A7) 71
o oz &#EA I thSurai, 2002; Jadhav and Kengar,

i

St gAiksl E4AE-2 superoxide dismu-

Cellular
respiration
SOD CAT
Oxidative - O, —— H,0, —— H,0+0,

Burst 1 GPX H,0
Environmental GSH & GSSG
factors -
OH
o ».g
Dietary
Antioxidants

Dietary Antioxidants;

tural antioxidants (VtmmA[ E
phytochemicals (carotenoids, DNA damage
flavonoids), some amino acids, PUFA, ; ] Mm Ceruloplasmin

o S o

Zn, Se, Cu, CoQIO, etc) i | | I Glutathione Catalase
Synthetic antioxidants (BHA, BHT, " " Transferrin GR,
ethoxyquin) CoQ10 ete.
Selenoproteins

Antioxidant defense’
System in the body

Non-enzymatic: || Enzymatic
. fao e Albumin methods:
Lipid peroxidation Ferritin GPX

o

Fig. 3. The action mode of dietary and cellular antioxidant de-
fense system in the body of poultry. SOD (superoxide dismu-
tase), GR (glutathione peroxidase), CAT (catalase). GSH (redu-
ced glutathione), and GSSG (glutathione disulfide).
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2016). Yigit et al.(2014) SODE 4Hs} ~E

2~
7] 98 wlo} WA 11Y5) Hoj= el e 50“1}

sl 2743 weatin nasg.
Se shael B WA 7 A4 8 4% 5

i
HAF 28 o] E T

7 Gl A FastAle N g A8

o ti-g-st H 527 @4t B =] A Dol A8t albumin
s} 2F-g-o] 2 uric acid 5 24 3gHE0] A ZF A & ?ﬂ}\]—p:].eﬂg] ok
Aksh g4 70%E gttt B 3% CHPark and Kweon, 2013). &

A2 albumine Cu'el &3 x]& J’]rﬁﬁ}g}

il
o] ghigl A7]ex SODSt GPX <ol =4 FAldH 2] L AAsle] Abel Fgo7HE AAE BB
(Surai 1999; Tang et al., 2019; Kim et al., 2021). =3+ -3} CHHalliwell and Gutteridge, 1990). Ferritin, ceruoplasmin,

F 15 B¢ 343 44719 145e] ROS7E BEHBR metallothionenin 3 22 A @A X chelatorsZ4 Fe<}t
23l7| oA SOD Wao| F43] 78l Ao Huy Cu °]& 5% ZAgste] Fitsl wol 28-S k(Sura,
SATK(Tang et al., 2019). 7= Al 28] w2 =gt 2002). Cystein, glycine % glutamic acidZ 7-J%¥ glutathione
ROS Adom aipd el iAol $A3] S/IeR o g guts} welA el o AT FHE peptide A

(Geng et al., 2004), 2~6F55 T FHN S/FEFHROS  pog A Jarelgayy AL £42 82 3KSun,

o me sk 2Ee sz A 2 A- AT 400) E2) 899 glutathione e H,0, Foj -8l Tojahs

=

?}ﬂ_?ﬂ '5] %7]"5‘]’% z\qgi WE}%LWMlhnkowc-Tur et al., GPXOH Z_} —%—’5‘]—03] peroxi des % Xﬂ 7_1_6_]_1__‘:_ %: 9 @_ z-)—o]_ /1\1':5:}‘ %]F/}
2009). & ATEl oA = White Leghornﬂ} Bk A ol A o=z # oA 9t}

23} F3E o] W {3719 1 229 SOD, GPX %
GST BHE7t $7 FAHHE A8 BRATHKIm o

al., 2021; Nam et al., 2024).

2. H|Z4AH sAls) gho{7 | ™

a-Tocopherol-= 7 &k HbslA| =A] A 32=tol|A] chain-
breaking 282 dh= #]-84 H]ElIo|tH(Panda and Che-
rian, 2014). Vitamin A9} AFH 2A] B-carotene(2] E2] A

22 @ oxygen quencher &S st Hiksl HIEMTI O]

ok Fodo)| 9d Zrlee HjEAA & CHLivrea et al., 1996). 58/ vitamin C= A| X 1] &] Yol A

Al A = <
Akl B2 A AksF B2 3 ROSE 275k 4kl ~Ed A~ AH FaltA7E A ASHE 28l #oIgtHZheng et al.,
i—rEi AAE Woldhs 583 J&Z 3tk A 232 9| oY 2024). ©] & HIEFE tIF-E AFRE Bl Al 22 THE
chl A mely, 32, coenzyme Q10(CoQ10) 5°] © 2 s} vitamin F-EIA A 71Esiih
Uc}/;}il-xﬂ 24 28-S k=t Table 1 2 Fig. 39 A|Ag+ u} Uniquionine A8 ZA] Coenzyme Q10(CoQ10)2 A]-8-4]

9} ZtKSurai, 2002).

Hleld A A Fo] n|EZEg|o} AApAEA L] AMslA <l

Table 1. Major bioactive antioxidant nutrients and chemical compounds found in the body of poultry and dietary components

Item Sites of action Function
Vitamin A Membranes, tissues ~ Converts O, OH and lipid peroxyl radicals to less reactive compounds
L Membranes, o . . . . . .
Vitamins Vitamin E extracellular fluid Scavenges O~ interacts directly with peroxyl radicals (chain-breaking action)
. Intra- & extra- . .
Vitamin C o Xt Interacts with O”, OH. Neutralizes ROS release from leukocytes

fluid, tissues

Minerals Se Various tissues Blocks lipid peroxidation as a key constituent of GPX
Zn Various tissues Blocks lipid peroxidation as a key constituent of SOD
Cu Various tissues A component of SOD, an enzyme that breaks down harmful oxygen free radicals
Glutathione Intracellular fluid Interacts with O%, OH, and lipid hydroperoxides, and serves as substrate for GSH
and tissues recycling enzymes
Nitrogen Albumin Blood Help neutralize free radicals and protect against oxidative stress
compound Uric acid Blood and urine Increase plasma antioxidant capacity and reduce oxidative stress
Metallothionein Whole tissues Prevent Fe, Cu and other metals from catalyzing oxidation reactions (chelators)
CoQ10 Mitochondria in tissues Help reduce oxidative stress and protect organelles from damage caused by ROS
Others a-Lipoic acid Cellular tissues Neutralize ROS and reduce oxidative stress

PUFA (0-3) Cellular membrane

Increase antioxidant activity by reducing oxidative stress and produce antioxidant enzymes
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2be}h Z4gol] FoJste] ATPE Adehe T8 Jas it
(Acosta et al., 2016). 7}=ollA] A} ZHg-o] gl 3k A%
59] nEZ=glolo] CoQloo] th EAshH o %]
2 ROS7Z} #tt B4 Al AFsk-EH(redox) WHg-ol o] At
3} 2h8ol T dth(Quiles et al, 2005; Moon and Jang,
2022). CoQ102] g4t} 2Hg-& A zZ oA vlEl] CcY E
Hoiz ghitsldo] Z1Eel o2 K m % ¢ thJames et al,
2004). CoQ10 o A] At&Ale A EY, 7 82 CoQl0
o] ®A3] Z7}3Fa(Krizman et al., 2013), SANME B4
< WA o] Hastet ole Al 7 249 nEZEE o}
Al Zg oA CoQl00] ROSE &4 o2 AA|31%7] )
Folgla &EA UTthGeng et al., 2004).

4
S 919 ALl PUSASE Fig 30 ek 24 ¥

Bl ¥71&, 418 FZE(phytochemicals), &3X3}A|WAH
ofu At T ThFS aAlEe] FE5 il AthJeon et al,
2019; Papadopouos et al., 2019; Oke et al., 2024). &2+3}A|
© Al 29| ks), W Bl W 59 5ol A 2
o S84 S WX Ak Abaf A R Abg e}
e AFY FE AR $83 715S K Surai,
2002). AAl Alg H7FE FakskAlE= BHT(butylated hy-
droxytoluene), BHA(butylated hydroxyanisole), exthoxyquin
ToZ F2 TP E-o] o] &H:H(Baszezyk et al., 2013).
S ALROA #HEAl 4 FAtsiAl =4 BHT9F BHAE 150
ppm G5=0] &85 31 UAITHFEEDAP, 2018), °]& &322
Grtst G AT, 818 £ ol Al Ak X,
obd T2 b EAIZE S EthXu et al, 2021).
7ha ARt oA S8 AFe] b, 71ed B R
D73 Ak 2 At B A Rkl Ak RS
AE HA FAspA ALF o] FHoke Bl
of m-¢- vk kst el HA AARFHTHAIR o] 8ol

Table 2. Major chemical compounds of dietary polyphenolic antioxidants'

Dietary
polyphenols Subclasses Compounds Plant sources
classes
Flavanol Catechin, epicatechine, gallo-cachechin, Apricot, apple, cocoa, red wine,
epiballocatechin (ECG), epicathechin-3 gallate (EGC) tea, plum, cherry
- - - - Gi , berri lack, blue),
Anthocyanidins Cyanidin, malvidin, petunidin Tapes emes (blac ue)
cherries, eggplant
Flavonoids Flavanone Naringenin, eridictyol, prunin Grape@it, orange, llemon
. . Green tea, onion, brococoli, kale, leek,
Flavonol Kaempferol, quercetin, rutin
asparagus
Isoflavone Diadzein, genistein Soybean, legumes, chickpea
Flavone Apigenin, luteolin Cerely, parsley, carrot
Chalcone Naringenin, chalcone Ginger, mulberry, apple, soybean

Gallic acid
Protocatechuic acid

Hydroxybenxoic acid

Phenolic acid
Hydroxycinnamic acid

Chlorogenic acid
Ferulic acid
Caffeic acid

Gallnut, tea
Salvia, onion
Eucommia ulmoides
Ferula asafoetida
Coffee, hawthom

Stilbenes Resveratrol Grape
Lignan Secolariciresinol Linseed, oat
Condensed tannins Procyanidins Bluberry
Tannins Hydrolyzed tannins Gallo.tanni.ns Cranberry, mango
Ellagitannins Pomegranate
Curcumin
. . Or , thyme, rt, wild
Curcuminoids a phenolic Thymol cgatio .yme peppewo ™
Others . o bergamot, marjoram, and dittany of crete
monoterpenoid derivative Oreeano. thyme. pepperwort. wild
Carvacrol gano, thyme, pepp )

bergamot, marjoram, and dittany of crete

' Modified from the Shen et al. (2022) and Li et al. (2023).
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Table 3. Major chemical compounds of dietary carotenoid antioxidants'

Carotenoids Effects Plant sources
Carotenoid that acts as a precursor to vitamin A and has . .
a-Carotene .. . . Carrots, red pepper, pumpkin, corn, palm oil, etc.
antioxidant and immune properties.
B-Carotene Carotenoid that acts as a precursor to vitamin A and has Apricot, carrots, lettuce, spinach, cerely, broccoli,

B-Crytoxanthin

antioxidant and immune properties.
Carotenoid that plays many roles in an antioxidant, a precursor
to vitamin A, and a potential chemopreventive agent
Biological properties including antioxidation and

red pepper, cabbage, blueberry, parsley, orange fruits, etc.
Orange, tangerine, peach, squash,
persimmon, red pepper, etc.

Egg yolk, brococoli, kale, parsley, carrots, leek,
oregano, beets, persimmon, etc.

Tomato, red papaya, red guava, watermelon, etc.

Tomato, carrot, apricot, citrus, grapefruit, watermelon,
papaya, red pepper, mandarin, etc.
Tomato, carrot, apricot, citrus, grape fruit, peach,

Lutein + .. . ..
. anti-inflammation. In addition, these may be
zeaxanthin . . .
protective against eye disease
A powerful antioxidant with many health benefits, including
Lycopene sun protection, improved heart health and a lower risk of
certain types of cancer
Plays a role in antioxidant and anti-inflammatory actions,
Phytoene . .
and may protect against certain cancers
Many potential health benefits, including antioxidant,
Phytofluene P g

anti-inflammatory, and anti-cancer properties

red pepper, water melon, etc.

! Adopted from Gebregziabher et al. (2023).

7Vt A& Tables 1, 2, and 39l 22} AA|SFF 2 15
7 a3 vE, FU)1E 9 AE &) atsiAlY] T,
B} AAA o] & 7HsAdell et AT

1. Vitamin AlZe| S4tstA| 2t

Table 1] ERbdH uhel o] gH4kst vl Ae wf% &
A9l T oxygen quencherZA] | ZA oA 4ksl £
2AY S A 2L Atk (Livera et al., 1996). 754 vlEFT
A AFAZA B-carotene> A% L Tl A HIENT AR A
B510] 71, B8 Sol O SAs0] s % W 5o
2 oYHHE F5Z wu UthLivrea et al.,, 1996; Surai
and Kuklenko, 2000). B-Carotene= 4] & M4 JEOZ =
e b kAl o] A tsARA A EA it
kAl F-ZollAl AAAleA A skeith Vitamin  E(a-toco-
pherol)= A 325}t A 714 3221 chain-breaking 48} &
AAZA 7] A 22 el A tsk-gkel #d FA =2 4kst
Z2EYAE 1] O}U%(Flg 4), 2t A= gE §HAx L A
Ab 1A 24, M2 75
o] d2] B 1% AtKSurai, 1999; Gao et al., 2010). Vitamin
CE F8422 AlEolA ROS &7 2ol Fofsl= it
BHA R vitamin ES} H3FES B EoFY3 35l
ROS7} H & A wt-s-S A3THZheng et al., 2024). &2
7t Ao A ¥ERY C= ROSE} HE-g-3te] Py slsh
3 glutathlone-/] Ao = o] 3FcH(Laudicina and Marnett,
1990). Jang et al.(2014b)E vitamin CE L-27]°) H<]
ZZol| A g2ks}l 283} $HA| heat shock protein (HSP)Z}

gl ED/H /\11/] :"'-X1 HE ;_q—_g.

o 2

HZ cytokine WS AAste] @ 1~EH ~E gslel= A
° 2 Husiith 4kt BiER S Al ]
Zke}t whg-ah= BB CoF falatinol] iol S Folst
© HIE E9] FF 2H8ol o& FUHe i 4 A
) THTrabera and Stevens, 2011). B2 AFllA] vitamin C
and E 5= 7] 2 25 2FdA A kst oA =
4(Panda and Cherian, 2014)¥} ROSE AA3l] NF-kB #
2} QI AE A A A= BT AA S = Ao Z H s

THZhang et al., 2023). wekA] o] 5 &HAksl Al e Hlgvl &
outside of cell membrane

Plasma
membrane

free radicals
(peroxyl radical) -

cholesterol
transporter

hydrophilic region

lipophilic region

hydrophilic region
Vitamin E
inside of cell membrane

R* RH [N
L* =

LOO*

l Vitamin E

GPX
LOOH ——— LOH
CAT

Fig. 4. Chain breaking antioxidant by vitamin E followed by
action of GPX in celluar membranes; LH (lipid molecules), R*
(free radical), LOO* (peroxylradical), LOOH (oxidized lipid),
LOH (lipid alcohol), GPX (glutathione peroxidase), GR (gluta-
thione reductase), and CAT (catalase).
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[e=]
-
F AR 288 5 T wE P4} wE Fhaao
e 97 59 0 A} b ANRE A8 5 9
o}

gatsl 71 F71EES 3R 4EA tl|(Table 1),
% AYE(Se)S it a4 Se 3 selenocysteine
AL el GPX T4 A Eo]tkSurai, 2000). 7}=<lA Se &7
g Aol Wt B3 79 ils) 2hgo] AR FEe
A7kel WA FAE RS = At F3) Z$ Yol
7t 22X Se-GPX= FAFS) 21-8-9] 61%E B3t &
83t FA2A FA A Se Hoirt 583 T8sitta 4
#] ) THSurai, 2002). F-3} Aol Fakel =2 H vitamin E
7F gaksl Zge Fadh JEs sARE R Fo=
Se-GPX7} 7V 83t J&S FoaEH Se B gole &
422 o] th(Surai, 2002). Surai(2000)= FA| Abzol| &-7]E
0.2~0.4 ppm Se =] Al F3H& V1ot 51 £ WoleloA
ROSE &AsteE FE3 Wolgo] et stk
3 Se= F3l], Wote] 9 A T Hel BE AZAlA
gkt Age Fagtor AEHAR Se w7t Hasith
(Surai and Kochish, 2019). Zhang et al.(2012) SA] oA
Se AY A Atgl ~2EY AR WY 71#e] T§ A2 W
go| Zthsle Aom Husiech

ofA(Zn)S Al ZZHA 3002F o]de] EAEH me-
talloenzyme©l] 24 TV 5824, AA] ©d 33 9 Zuf
2-gow 7haol Al ZHgo] Fagk lee "eett
(Prasad, 2014). SollA o} Q7332 40 ppm(NRC, 1994)
° 2 F718(Zn0, ZnSO, 5) 3 F7IH FE= Fofsta 3l
THHuang et al., 2007; He et al., 2019). Zn& A3} Wo] 7]
ol 71 8.3 CuZn-SOD 4 AAEC2, Alxxdo] 0, o
O3] AtslEl= AL WA]ste] ROSe 28 DNA &7 ¥4,
DNA 3|5 7|4, A2Es} 9 A ZAIZEE XS B35}
= 3 7)se] EuEAck(Song et al, 2009; Prasad,
2014). Bun et al.(2011) Aol f71€] o}dS FX=H(20,
40 2 60 ppm)= Tl gt A}, ArHoll= FaFo] AR
ZF 2204 SOD BT Z71=2 XA sl er) 7hashe]
ol Akst 2E# 27t dAJs] dasiivia itk &
ATEHANME = A2 Eoll Zn-methionine(50 ppm)= H
% woe A3 273F ghellA GST kst 340 A=
7} Z7}8kitHJeon et al., 2019). £3] 2 3 ~EH A

fr

2. Mineral(£7]2) Lol &t} at=
A
[e]

[e:

oL

4

=

(A}, 2, £9 S)ollA 255(120~150 ppm F5)9] of
L,

El-Wahab et al., 2013; Navidshad et al., 2016).

T2](Cu) T3+ metalloenzymese] 74 AECZ ak3}
®4& Cw/Zn-SODE] 44 A Eo|th Ognik et al.(2018)2 &
AlellA Y 42ke] Cu 12 mg 657F FoI3 A3 NRC &
T 54% olate] CuB HAT Hol WAl Furs e Py
sta A|A ISt A48 Aastivia Haskgith 2
= AT E U Cudl Tl Al SA9 4%, Fatst
(glutathione, total antioxidant capacity, SOD) & & o]
Az F7ete AL U SR ATHAL-Ruwad et
al., 2024).

whebA] Se, Zn 3 Cu 2 77 @Akst gane] 74 A2
o8 A 2AAA AP Akt Aol Fagh s
st o) 2 ~Eg 27} Bo] WA s Al7]9F oA A
] FEshd 7o A Al wi
Ayzhgiet.

©:

rol R B

3. 424 sEtE (Phytochemicals) &tstA| 2t
2182 3}3HE(phytochemicals) 3H4F3} 22 24 flavonoids

5 ¥t b3t polyphenol AlE ¥} B-carotene 52} 22

carotenoids Aol #3t W2 A7} HaP=]| o] Tables 29} 3

[ Dietary phytochemicals ]

Scavenging ROS: Chelating metal ions:
- H;0,. Oy, OH- -Fe¥, Cu™
- detoxifying proteins: - Toxic metals
GSH. etc.
- — Immune action:
Antioxidant enzymes: - | pro-inflammatory
- SOD, GPX, CAT, etc. ?“\“. cytokines (IL1, IL6

Reducing
ROS|

Regulation of antioxidant and
anti-inflammatory effects: »
Linflammation, |oxidation,

| subclinical symptoms, etc.

O Antioxidant effects
O Immune effects

O animal performance
O food quality

O animals welfare

Fig. 5. The action modes of dietary phytochemicals on antioxi-
dant, immunity and performance in poultry production. Nrf2 (nu-
clear factor erythroid-2-related factor 2, NF-kB (nuclear factor
kappa-light-chain-enhancer of activated B cells, IL-6 (inter-
leukin-6), IL-13 (interleukin-1 beta), SOD (superoxide dismutas),
GPX (glutathione peroxidase), and CAT (catalase).
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2 Fig. 50l Vepd uke} o] gitsl s, AL 5 o
&gt A It Lol B AKGoliomytis et al.,
2014; Farahat et al., 2017; Ghosh et al., 2020). 53] A A}
212 &3 (phytobiotics) % polyphenol 3}3HE2 ROS 4
Aol 58 SIFEEA FA ds FAtskA ok fAkeE &
e S UYehle Ao 2 deiA QithFarahat et al.,
2017). Polyphenol o] =& w2, X, 3} 5o &+
H AgEo] ZhaellA] FAakst Als A A=A 3-8 7Hs Aol
2 3lo® @o| HuwrKSurai, 2002; Seomoon and
Jang, 2022; Li et al., 2023). Polyphenol 7% 3}3H&E2S 7131
e FHAE, 518, 3/ T thSHH, Table 20 A&
AAE A=A JFES A3 FF7F AT phenolic acids
9} flavonoids A8 & 2F77F s =A 7P FES
Wk QITKLi et al, 2023). Phenolic acid= gallic acid,
caffeic acids 2 22 FTFE°] 9°2m, flavonoids=
catechin, genistein, anthocyanin, quercetin 5-°] °©]°l &3t}
(Li et al., 2023). &2 polyphenol ¥ Fol| A flavonoids |
ol kst A8 SHolA 7 B A7t S
om 3}st Fzo] ulg} flavonols, flavones, isoflavones,
anthocyanidins, flavanones, flavanols, and chalcones & 7%
FH(Table 2)Z #FEThShen et al., 2022). Anthocyanin< 3}
2bs}l So] viE! CcoF E€F Hlwal ZHz 50u) 2 208)7F
7Z¥3t 21 © 2 (Shi et al., 2003), E% AJ¥-(proanthocyanin)S-
HollAl Fo] Al a23F 7|8k ZH4 EAYsh= ROSE &
Aste] A4 Hrkstert gt A7 23 ERE
ThJang et al., 2007b; Farahat et al., 2017). Flavonol®] €%
¢l anthocyanin, quercetin 52| 215 FZ& A HolA &
o Al 91#T 5o AAISIEE AT Hav
o A% 712hE VA F e 1A FAksA A -
= 2150 HGoliomytis et al.,, 2014; Ghosh et al., 2020).
Flavanol A& 5 =x2fo] EA3}= catechin, Fol 372
isoflavone A€ 2] genistein 52} 22 flavonoid GA| =h <]
of W& A7t MaEo] Fakst LAEHR AL 7)Aol
- E& Aoz deA JtiKim et al., 2010; Kamboh et
al., 2013; Farahat et al., 2016). 3E=°l S resveratrol=
Ak 24 Fof Al(400 mg/kg) A 222 Gl it
stgo] F7tstal 7haAikEe] F4o] s e AR B
%2 tHSahin et al., 2010; Meng et al., 2023).

3E AE T F2 5% thymold} carvacrol 52
phenol FEE FE METe ExXA| WA 4bslE &
HA o7 AAetE AR RHu¥AtHCowan, 1999). E3]

thymol#} carvacrol 52 i3t A1/ 2 Y(essential oils,

Fe NN A PAAL AT D A5

EO)2 iAoz /MEdE ALgH7IA 24 SA A 259
A st AAske kst Bt 2o ® Tk Ak
oAlA dFgHoz AM-F L 3 tJang et al., 2007a; Kirkpinar
et al.,, 2014; Zhang et al., 2021).

o]x¥ E-2 polyphenol Alg2] &2 7IF0lA ROS &
Ad, 2% ol A3 ZLuo|Ed], gilsl a4 4=
7} £ 448l &4 9 nitric acid A4S IAIE 5 o
7 Wloz gaksl 28-S VERITKShen et al., 2022).
upba] A 22 oA ROSSF Ajtate] Hgsted 4 e g
g 25 71 polyphenol g H-2 @tstAl A 24 7
Abgell Ag 7FsAdol wig- Aok

7] 21 &0l A 600 ©1F2] carotenoids”’} HAFH A=
tll, 40 o] Fo] 2]3Fol| AHEE]O] 1A ZA|el|A] 209 Fo] A
Z % thJones and Porter, 1999). Table 3ol A3+ A&
FFegH oz FasA Wol A8kl Y& carotenoids ‘&

< a-carotene, [-carotene, lutein, zeaxanthin, lycopene, B-cry-

toxanthin & 6724 Al ZH A kel 285 vepich
(Gebregziabher et al., 2023). a-Carotene, B-carotene 3 [-
crytoxanthin & 3%-F= HEFN A AFAZ =& ilse S
ERATHBuUri et al., 2016). Carotenoids AlF 2] &L A =
Zloj| A TAE= 9 o] 52 $Hconjugated double bonds)<]
TXEA fEl ROSE Ak TS vEhdt
(Maurya et al., 2020). 53] B-carotene 2! astaxantin 5= <!
Aol A oF TS AAsh= 7S dakstE S Rl Wt
oflzl M Wl S T o 7] ARgA Tse

Q1K Gebregziabher et al., 2023). £3] 715 FAHE2] A=
AFL] Az}t JF7te] o ot Hra2A Ak A%
= UERSE Anxte] AF eler) ok e AlEA
7HA 24 xanthophylls A8 I8} A8 2 A 7to] v 2
AA &Eet A kst A2 Bl v ANkES] FHEE
Eole 5o 7 o]85 il ItMaoka, 2019). 3] xantho-
phyll A19 3 lutein?} zeaxanthinS &Z2] Watol] Tl i
B ksl EE2A Q17ke] glol] uhE FMbHAS o W3]
o ¥ =S fAlske dH Festttn & dEA 9

(Berendschot et al., 2000). Lutein-< Al 3 2}o]]
o] 4FAx(singlet oxygen)} peroxyl radicalsS
EA2A AN 32 415 9 e &
THLi et al., 2010). &< A A A F8
lutein A /o] ¥]A] o} WIEA] A RS
of 3t} o3 AT AP} HollAl B-carotene, lutein ==
zeaxanthin Fo] A] W&ol folslAl A 5w A 22 d0A
ksl A-go] dA3] JhdE = AeR HauEArh(Jang et

it
il
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al., 2014a; Papadopoulos et al., 2019; Yao et al., 2023).
3 flavonoids®} carotenoids &7/ ©]9] Z&e] dhiE
curcumine AFSE 28-S YERH 7hge] ARV R
ATt A A o] Ae =k Al ARl
AR (curcumin)& -3k Q=dl, 7Hae] AelA &
3} B4 AAS A= ROS AlA 9 3E= 7)%50] 2
Aoz HuEtiYadav et al., 2020). AF&AIC)A curcu-
min 7 Al A5E AR SlA g ksl o
2EY A28 st 95 sl 19 2
7Fele Ae® HuEUth(Nawab et al., 2019).
AB7HA A d B A8 AA ik AR A
Thkol] #gt B& A7t M E, dF= 758 AARA
72X AFH o R APEE T ey A B Alge g
Eo] gatsl 9 S AEg YE = dAE LA EA
Hauwn Avh AA4 07 7ha 4jlolA de] AFg-sl7]
F

AalM e SHalok & o] EA7F ok A=A g

e e

tlo

H
off ne

)

AL in vitro ANME =2 FAtsEe] FTHEHAANY, in
vivool A = glycoside A3l & B2 S =7) Yol A
ol-gEo| W, 7t & shetA PgA Foll whet At
sheo] Aot Ao YeElA] e 57t Bol Baly]
31 9JTHTeng and Chen, 2019; Hu et al., 2023). ©]2 &+ o]
24 284 phytochemicalse] AJA| o] &EL A& T
(matrix) H74, ¥ galx, b2 4 AT deAE
S 8 a%dd 9 g W] u]Fo]tiMamatha and
Baskaran, 2011). Surai(2020)-2 phytochemical &2 &
o] AARFAANA SITrt Y &% FF A XA FF &
Aro g FpEo] AA o] 8ol mig Ao A A A=
Aol o] Aeld 24 R EAlgtta skl
olg1gt EA|E dldst7] Y5kl phytochemical®] S5
= AE 719 Jdo] Jagh, slEA B4 2
Hsl Aesl 73l B EE, U dAE Axshd 234 e
= Ao
718 A 22F dAHE R ke = As A Qo] &
A1 FAikst A8 £ e Wem FEwm St
(Ulitko et al, 2017). T3 28N E4& 2712 94 &
st Al & b &3t vl §- Ervhe A 230 HaEQd
TH(Boonlao et al., 2022). AH&/JA] 24 phospholipid *] &,
U dzie 57 22 712 -2 carotenoid?] Ml ZE
&S 572 4 At (Marsiddaiah and Baskararan,
2009; Molteni et al., 2022).

T ThE FA2A 7hadllA kst A @4 JERd=

Ao & 9 wxe| 2 olEze] AUtk In viro AN 2=
g5 8¢ phytochemical®] &3 ATollAe 2 SHEE
YEPAIRE, in vivol A& ©l& 2 A& AW 5583 2
2 thAE 23 e whdol] Qo] WEe AaE A7t
ok webA ALERTH A JHEE] feiA e A ollA
ket 2E JEhd e e & JH 7419 o
ol HA9] A7t &7 el ¥ A7 F L3 HHu et
al, 2023). B& T/ A5 5} RSl HA9 5
oA &4ks}l & Ax(nuclear factor erythroid-2-related factor 2;
Nrf2)9} 335 (nuclear factor kappa-light-chain-enhancer of
activated B cells; NF-kB) 5ol #oJsl= AA} 21219} vita-
genes?}o| AT AFE B3 B ks B v &
gof #g A7t A &aA H 2k Surai, 2020) (Fig. 5).

7ha AP ol A AL B, 719 Wl diAL 2H &
T N Soll IE WA 48t ~Eg 20 SThe W gl
g Aata Alzbet A4 4 gEe] FEEAYE
B ZAE et g AE G 19 AYEd 24
o] JhE} A A8 X8 Tha ] el el vl

o o

b B |
a2 g Row AYdn old #at (&4 AT
o}

N o

N
j
rlo
Ho
o)
i
>
)
o
offt
b
>,
ox
=
>
r—%
>
rot
N
=
o,
)
i

oxygen species, ROS)E ¢slel= gitsiAl N2 7la

FllA Faslth 7oA Akst ~E# A olg o R
FaA 9 v ZaA kst ol A A 7 ol A 2 A3
GAA FAsHA wagitt. 2 Tk ARGl Akst 2~
Eg| 27} thdtels A7l AksiAl o] Aol dFstar 2l
t}. gkskA| 241 vitamin(A, C 2 E), mineral(Se, Zn %
Cu), phytochemicals(polyphenols, carotenoids &) 5 TF3h
Tt e, olF sIEES] ROS &A 282 Y olE
3}, oxygen quencher, 2F8} E4 A T kst §4 W

A3 S8t A5t ~EY S Woldith HIEW! ASHEE
A4 oxygen quencher@A] | 2] A] chain-breaking 4t
3} JAA 2 283t} Vitamin CE vitamin B9} 7352
o2 B3t glgtEo] ROSV}T He WS A% F

718 % Se= Se-glutathione peroxidase, Zn¥} Cu= Cw/Zn-
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H%}E.i/ﬂ SN A A o zs}/‘\l-gs;]. A}

B = Ry BT A _0
48 3t} 284 polyphenolics d% 3 phenolic acids<}
flavonoids= ROS A& o] 923} 3}1E 2 g, &1,
52t ol EAls FAsA=A o]& 7ledel Attt &
3] thymolZ} carvacrol & &3+ A2l & 2d-2 3
st Agom Tha Agld] AdEHoR ARgEI
A 22 HAH o] HL"—HQh "]U"é
2] xanthophyll(lutein, xanthin 5
FIol gAks} AHg o7 b ‘g AhEe] %‘?:l-%
Ao g AMEE AL itk AEA A kst A
< AF7F A=, dFe AFHoR AHgsta ARk
YA o] gEo] 1

superoxide dismutase T

Carotenoids =

hytochemicals®] 2] ©]
L YRR Az V=

o Wt glek w3 4B A A L WY 2
o vIAE FAA BE ATE B b ARAA YA
g Bl B9 94 ATE A AaE D Yk
oM Be WA Lol5o] A8 AEHAS Gl FE
At BAG A2 BAS fEson GusiAl L
Hge 187 JhF A WS Fasi

(Qle] : A FATA, ASAE S, BY Bk,

B AT s gl B
E(RAIC)S] F&24 Aol A=Yt
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