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Abstract

The Poultry industry has been developing worldwide, with increasing in production and
consumption of poultry meat. However, rising average temperatures due to climate change
induce heat stress in poultry, decreasing the productivity and health of broiler chickens and
laying hens. Poultry lack sweat glands and dissipate heat through respiration. In high
temperatures, this can lead to alkalosis due to hyperventilation. Additionally, an increase
in drinking behavior is observed, which regulates body temperature through water intake.
Heat stress alters the mineral balance, concentration of reactive oxygen species,
metabolic activities, fat accumulation, and psychological status of poultry, negatively
affecting productivity, meat quality, immunity, and gut health. These factors result in
economic losses in the poultry industry, so effective solutions are needed to address heat
stress. Therefore, this review focuses on technologies and strategies that can alleviate
negative impacts of heat stress. Supplementation of functional materials in feed, such as
amino acids (glutamine, arginine, and threonine), vitamins (vitamin C and E), minerals
(zinc, chromium, and selenium), and feed additives (herbs, polyphenols, betaine, biotics,
and algae), can improve productivity, gut health, and immunity of poultry exposed to heat
stress, and reduce stress. Providing cold water can increase water intake in poultry,
facilitating heat dissipation, and the addition of functional materials to drinking water can
support thermoregulation and reduce stress. Feed restriction and feeding pellets can
reduce heat production and stress in poultry, while the use of fan-cooling pads, fogging
cooling systems, sprinklers, and cool perches can lower body temperature directly and
enhance productivity. In addition, implementing ventilation systems using tunnel-ventilated
fans in poultry houses can positively reduce humidity and temperature, improving poultry
productivity. Utilizing information and communication technology (ICT)-based smart farm
technologies allows for detailed adjustments and timely applications of feeding methods,
cooling systems, and ventilation systems. Moreover, using radio-frequency identification
(RFID) data for individual analysis can validate the effects of stress reduction strategie.
Therefore, supplementation of functional materials, water management, rearing facilities,
environmental control, and the application of smart farm technologies are expected to
improve productivity and reduce stress in poultry under heat stress conditions.

Keywords: Broiler chicken, Feed additive, Heat stress, Laying hen, Management, Smart farm

21


https://crossmark.crossref.org/dialog/?doi=10.5187/ait.2024.12.1.21&domain=pdf&date_stamp=2025-6-30

13/ 12 AEHA K Hot

[

Funding sources

This work was supported by the
National Research Foundation of
Korea (NRF) grant funded by the
Korea government (MSIT)

(No. RS-2023-00210634).

Acknowledgements
Not applicable.

Availability of data and material
Upon reasonable request, the
datasets of this study can be
available from the corresponding
author.

Authors’ contributions

Conceptualization: Kim YB, Kim JH.

Data curation: Kim YB, Park JY, Kim
JH.

Methodology: Kim YB, Kim JH.

Validation: Yeom GL, Park JY, Lee
HN, Kim JH.

Investigation: Kim YB, Yeom GL, Park
JY, Lee HN.

Writing - original draft: Kim YB.

Writing - review & editing: Kim YB,
Yeom GL, Park JY, Lee HN, Kim
JH.

Ethics approval and consent to
participate

This article does not require IRB/
IACUC approval because there are
no human and animal participants.

22 | http://www.e-ait.org

M E

7 AMAS 7HS AR B AE|Fo] STkl wel A AR o s FE3] sl ok
A5 A7) (Food and Agriculture Organization of the United Nations, FAO)2] At=0]
TEH 20208 S5 AR 29 3,8740F Eof|4] 39 37185 E0 & AsFon g1y H|E
= 25%91A4 35%71A] S7FSFRT1]. 7 AFdE SAF Bopolld Fa% a2 ¥l gloH
o] SHoA 11 F84<5 Holi ok 7R XtolA il Alg 93X galv|et Al
= AP JoH, e v TEEY A% £271 vlw A w2y Y E FolA agAo
B A 5 QlHH2)

= A9 3

7] %3] T 255 F7HI712L loH, o]& Qs 7h5 ¥ FAE2 R
FFe T UH3]. Bt 72 ASE 7HE0] We A 25 ASAA 1& AEHAE
FEoty, o8E 7HRY 12 AEHAR Qg FAHHQ mdto] s APAHIS A7
AUtk A2 AEHAE THRY A 2 A7 SHEAZIAL 7S E AR FEE AAA
71tH4-6]. 0|2 913, 75 AFFS A7t 19 2,8005F Zafo A 19 6,5005F E2] Alo]9] ZHA|Z]
SAo] P on], 12 AEHAR QIFH w5 FAN] AAY AzF FAH &4 169 9,0009F
g4 239 6,0009] EEE FAEHUNT]. ol2Iet o|FE I AEHAZ 5| Hid WAYst
£ A £48 Eol7] 98k kY] HAo] a3t Aoly, o] sidsty] gt 71 ¢ A=
o ML 7HRY 12 AEHAR gt & £0]1, vl 7a A A A 7]
& Y Aolth wetA, £ 279 HHL2 7|$H3lo| fE 12 AEH A gt BAYHQ] JIF
¥} 9435 71 9 Ao Uit auE RARHL 7R B4 2 A7 A IE iRk
Rlst= Aol
A2 AEYAN 2ot 73R dF HIS

‘Cooling behavior> 112 AEH AR QIsto] 7lFol|lA Yehtes 7 FEHA 35 W}
o|t}8]. o]#at H|FAASl PZo JHEE AAR HLS o] FAA L0 F]Es}] 9
HAEL 7HRe G 42 8olshA st |Ale] gl & ofuEt AEo] gle AEHo]
FAH R AFtE|o] Glo] A%, HAL R 2 3L o Al £4S aHFoR gog
4 gtk A QltH4)9]. F9 227t 5ol wet AEHS 9 25 Alo]9] dudh
HasH =9, 12 AEHAE F= 7HaFe 38555 VKA 28718 &% o8 592
FERIH10]. ¥Hef 1.2 AEY AT A&EHH G4E o]ojd £ Qe 4 Ha oty £
£ 299 @4o] A&EA FoH11]. YA A 7R AW CO, A4S Exlsta] A
W A7 EHFLE Q1T S84 €SS THAE & UHH12-15]. 2 AEF A &
24 7R 91E =01 &8 AEE 7HA e AA RY9E 23AA AR ¥ I
< HolA "HH8]. Y& ¥« W/t S718E A B Yol A7IA HAY A2 4=
A9 FHLET 22 W, 7R SAIA 7HE AldR 2=
o g
E3E o]l 272 ool AlTte] WolAA EH, 2AY & ol AJFto] HAgttH18]. o]
3 P Biste duie AW BAES SV S 1] 12 AEH A kE2H T Re
- F719aiAH, o= A= ARAHFT 24 470 99 71A B AR HFHE
QUgh 43} S5 E FFh o]& B A BAEE EE Fol7] Holl AARAFTH] HasH
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£IcH20]. oloh BT Bo) 84S F7HHE PAFS oItk 1 mLe S¥o] S wwich
540 keal®] OJUiAIE A B2 WS AAFRE 245 Bol ADL BEH oA L4 WA
She A0 UolA UTH21) 1 AEHAR Qo) B Aujskst AL SR A
RAAY AR AP S Ago] 2A GATTHT). B, Zepp et ol & EFOA WA
SHe 3440 YOIt AP b BEC F AL 1L AEFrol, 4T AP AP
zol B2 2O FA4S YL A o]F 4 Yrkn Bustgrh22]. ol ERY
TANE ARLTEE F7MIA AAH £4E 2% & YrH23). Altn ot S S A
o8 3 ATOIA 1L AEAAT BAY HEo) 4P GFS 7AH, B $EoR)
A& AZFE ZAAA HER7E £eee Lk Aol o Fokirky BushgirH24l

a2 AEYAY 2ot VleRel WY Bs H did Hs)

e 2EHAE 7R B T oyt Al Al vk 3 Aol & 9= TiA
Zo

Asto] 242 0g Fofgitt 1 AEF A= EH U Na', Ka', CI' 55 9 olilaeha £
AaA713 HCOY 58 S7HIZIH25]. ol=fet Wske vvlE ¢3S Fyizay 2=
7Hrie] VIS AT TR AU vEEEE ool A B/ Ak (reactive oxygen species,
ROS)2] Aol S7I5HA| =il Thild, ]2 5l DNAC] Aksh4] &4o] dAsto] ofd|teil AQl4t
(adenosine triphosphate, ATP) 3H/d0] ZrAsHA HH26]. ol 779 Al F3/do] FrAskal
AL W S ok 20A AE A 8 WAL ofolx|A] HTH26). Mujahid et ol & 1L
Edro] wdE F3RE ROSI O A5 5 2ok Anel 8% @ sEasol
U 2] Y|5}0] E(malondialdehyde, MDA)] %7} 718tk B stglcH27].
28 AEdAE RRY GOk 43 9 o] 2 FeE ulAe] )
SR, 9 L A A0H8E A 4 U8, ofd ave] med 1
£ T2 7hafe A gAY ARQ] Ho|AH 25} {2 APl HRIA o g Faxste] Aujo]
A = A ARgo] AATH29,30]. WEbA AL AEHAS W2 ThaRe AU A
ARG AsERE Qlsto] B&, 35t 5l I o] Ao] BE gol S4HE A= gt AT
oz qlsto] AIA Tt Fojoll AE Hfo] BobAd Ad el ofHee FeH us
2 AEYAR o]ojd 4= QItH11]. I AEHAZRE 7|0% 242 7R o
At F2 7134 A Sl o AstAZive A7 237t QH31]. 1 AEF
T2 A ARARHT d4E As 4 o8 H S dE st 44T
719] ARt BARITH32). T3 12 AEHAR Q1% 384 dHeSo] YASHA HH

olgst & A7) wasstel &4 ol8Aje] sk HrH3334). ol s W2 FAA
A
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A2 AEFH 20 =EH THERe AASSHE-EEeAl-FAIE o] 843tEo] I=EEA
HE9] ZH]7} %‘Qﬁﬁxlfq 7FaRolA 2 29 FZEEHIAHES PSS A7 &=
AZoA o T EhE Fieste, A F2e S7MA71A, A7l s Aol F9E HAl
= A0= " FTi42]. E?}, Quinteiro-Filho et al-2 FZE|FZAHEEZ0| HY AA 22
do7)7] fzof] e AEFH A kEH ThaFe WY 5ol AsHAL FAES 22 1Y
ol A2)7] dotal EsoicH43]. F2EIAHEERE ofygt B840 Ak 12 AEFHA
o =28 7HRoIAM TEE Bt leH44]. EjE419] Astz QIet A 715 Ashke 7R

B Aok =A A S7F H FEE AstE 4o 4 Ut 53], Rozenboim et al 2 A2
2EFH AT ARA A9 ZeAAHE, Zeetd Y oJAERAY FAE FEsto] AFA 2
Abghgo] FA4Q1 JFS vRttal BUSYTH36]. 112 AEH A EH 7R trans-
epithelial electrical resistance(TEER)2 112 AEHAR Qlote] ZHAstH, W TEERS A E
4 FHIE A 75l 519 AS el S L8 28 £=e
A= B W=2(lipopolysaccharide, LPS)2F 45/ Ate]E71R10] 715t & Hutof
PR N S A A
29 P/} 85 A2 BTl E4BFE 407 4 Atk WELBES hbg 7|k
I AFARI B £TE POFITH47]. BT I AEHAE XJ‘H g #F 432 4
T, Salmonella Enteritidis &+ Clostridium perfrigens®} T2 Y72 TS SZIAIZITH 48]
28 AEHAL Gl SAE G A 9 RS 2 el Belg
ASAIA FFEse] AR S S7HIUHT). 18 AEAATR Qsto] WA S THaRolA
Axs7 AT 28, 94 B 9 9IS g2l 59 ATAYES B & Uk

rir

Az W 7158 =22 710 2 JleRel 12 AEHA NI

otk
° o WARE B4 £ oAt R, oAl RraEe.

E}OlE, AL B 5 sk 0 Aol SRHae SRolss radesels

0 204 FAT 4TS S IRepLY PAL et

AFAIEH50]. 474 U 2Re] R A, 97, £, ARk 9 WY

S AL 4 9lom, 1L iEEﬂ oﬂ “It ¥4 JTE 4 4 Sl 3. 1

=

'3}93\\:}[54,55]. E3H %’7H}«] pH, superox1de d1smutase(SOD) ot —;"—O(]'*]'Q]-
AEs ZAsigon], el U Nr2e] mRNA Wago] Z7Hshict
[50 56 57] ES Ul 82 0] ¥ 8% &ol2t go] vlgo] dsied, A Ay ¥
421 ZO-1, daudin-1 ¥ occludin® mRNA #H&o] Z715tATHS8]. wetA, 759 AR
IR I B, WY 0 G ARS PIAA 18 AEdAD AT RHHe JFE

o=

a T .
YALL 7o) 7122421 At o ieAto &, @ 43]g0f Fofsh= BaEo] ARE] 9l
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ol AA Ao g PAIE FAoHA Zotr| fzol 7HF 2o F8% IS 9] &
AU chilAa} giao] 293t 93te sl Jdolel, Alel 4, Z2E | o|E, Zdjof] T2
g 9 SFES AT 60,61]. o] T AT oM ZFAR| oUAE Hgsti ATPE
E%ﬁ}—t— o] gloHe2], At A B4 A5E Adsta HARh3ol Holdtth63]. &4
g AR Alm W A 147} A, EAIE, 4 W AlsHd A, % BA 9 4ol 37t
A] 1 1, A95Y 9 AR QT8-S AAFTH63-66]. 1L AEF A0 L2H A A AU
A7F ARE FolshiE ), oxﬂ , EAIE 9 7K HAo] FUtekal, Al Q7-&0] f4stl
tH62,67]. 112 AEFH A0 LEH AAA A FAH M7t AR gole 4SS SV,
g9 Y ZEEIFAEE, SFIL, Aeoted, SAAY g 9 AA ] 3AE AR
tH68,69]. wetAl, PRI 12 AEFH A =EH TR A4 2 " S FHAI L

AEHA SRS HAA|E ] olgd & AUtk

Efede 7k AdelA A9 2T o fle A3 ob|qte s, Tl Al HY
289 5 U071, EAQIL F41 obvlieate] Heh 11965 FASIT 9w, 74
Eded, A, AIAERD 22 o] opn|iAlyt gl s o]folA QIeH72]. Hure] A
24 5L g gl S oA o] R Eded HAE e Fasit 24
S AR At W EFled AVke SAR, AFE, 82 20l 2 Wi FAVRE S
T, ARLTFE0] BAAZHTI76). e AEA A wdH SANA Eded A7 A= F
ol A%, AT, & wol # wEW FAP S/, AR 8-S, HARE H heterophil:
lymphocyte ratio(H:L ratio)E 7HAI5FATH70,77-80]. T2 AEFHA 204 EFd H7}F A

£ Folat AN AL Akt WelgeEe @ k9 @4 SOD7 7Hsie, 4ol
AAE Q= A1 ATz} QlrHs81,82]. IHER EF U] A gHEL 7L igaﬂ
oﬂ =3 7]%&%_4 Aﬂ/\]-/l-] Z 7—]71— %QEJ, =i} 01-/&]-3} =89 o(;:xo}/k];q 1 A aﬂ AE
A7 % gk

flo i

XE

H|E}DI

HIEH Ce 7oA 42 o Ae 8% A =, Atste Ao HAE F0f st
Ao Sajt A2 SHtH83]. HIEl C= WE A4
=79 HYgS 7 4 TH84]. 1By IR AEFHAE
o] vl C e A7) ol &5 %}i’*l Z 4 Qo Eiﬂ‘}i‘:‘r[S ,86]- =4 9 Akt
A At Y HEH C A7 AlS =
U A2 ZUHAFTH87,88]. _TL% iEEﬂ/\ |
St9S o, AF 2 ARS8 -E&o] /MAE, BT FA, 5 =o], @S ZATEHA 70(Heat shock
protein 70, HSP70), SOD ¥ HAZZEZ geFo| 710l rh89,90]. A2 AEH A &H
AAA A B C H7F Abe gole Al 2 AEeo] S7stal dEHlo] Asfgon,
AU Ze s=7F FAEAHIL2]. webA, 7Rl HE CoJ B3 AAH, & 17,
WY 9 S} 58S FIAA 12 AEFAR QS HIE AHAIE 5 U

HIEH Ex= 555004 83 AR 2483t 7HFe AU BlEl E 348 2617
Tzol QR =HE 3ol gttt HlEM Ex= ©d 7|uA| Co| &5 £Estal YIFHEY
AT PARS 2AFITHI3]. T3, Yoo} A RE ASlERE H56k1, AN L] Z4]
4 715 FIATHM]. SA E AFRAA BEd E F7F AARE golstdls W, SAIE,
Aletg, Bapd, 7SS AV 2 Fg FAE S8, ARAFHE 9 SRAY FA

rO

=2d SA0A HlEF C %37} AEE F°I

—_

[o

o
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astitos-97). Wekl B2 AR AR 1.& A2
U B2 o2 FTMIAL, ARATE D 749 APAREE FAAZHIS-100). TL AE
fl20] w2 ARbAolA vlE B2 B79 ALgo] Foli ko)

7HAZTH92,101). 12 B2 HlE] E=

%
AR ANA, B A% 2 WYY 5L P | A48T 5 Utk

=29 S A, EAE
PavS

o i

G g HE 7, 3
12 AEH A kEE

olte YA A, ¥l W, A FA AR Y, W, Ho] 28 L oA i, T

[102]. WA ofle] A2 7haRel AlAlel #44R] e 71 4 JUeH103]. L& AEFHA
ol 8ol 7 HH, A= Ul ofdlE A7 H Folg &3 Skt
TFFE WAL 5= A0H104]. L2 AEH 2] keSH SA0NA ot H7F ARE Folg
M5 2 AL=AFTl 7181, AR 8-&0] A= {TH105]. =3t |3} T B

i
g
lo
N
a
i
et

K}
)
fo ¢

oM,
o
)

r)’ o]
"e,

F-go] A7 S7eton, dxAle] FA I S71RE 97 23t Bl ieH106].
M) SARIA ofd A7t AtR Fole B A4 A A AR, A
FFE TAA Feral BASHAEH107]. 1 AEHAR QIste] TS AR
Yl ofd A7 B3 Hod 4 gle, A3 Vee = 94 avkes A
ITH108]. Z12fut Alz Y otdS trgoz Vs HW iz widso] &7 2dE
AFH109]. 3] Atslordd 59 7|E ofd 592 AAlolEE ] Wot Alw W 28T
sfor a3t glod, Aol FrEAl ¢ ofd2 HiFE Tk HidE B 9
. SHARE U= At Adefotd2 w2 AAOlEES 7ML 919 A2 o=
THE 35T 5 AUTH109]. YYA Atsord 2 185 7)€ ot S =AA
dede SolUAE, A7 S 3 HY 34 59 Hae AdFeR 2T & U A
7Fedt ot SEolth110]. wekA A o1-8-g0] w2 U= UA AHeotd(ZnONPs) E= of
A-mEl2do] 7] ofd S5 F2 tigte] ®En110]. o] A5l W= SA Al
U dAF Afsfotde A7ote] a2 AEFH20] osf fadt Ads Az A +

o
ol

r
f

731

=2
4z
oL,
o~
o,

t):
o
>
KU

b
;O

T
.t
ol

b
i
R

T

i

o

_,d
re
Fo

o M
o
ol
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e
&

© HoAr o doomd v
]

B o

S
ol A% 1zt 7A 9 F4o] S7Ish= AR YERTH113]. mbA, ofle] 342491 a
= EfAo k3H 7R A 2 WY AR AR Al
AEF2 U4 tAF Aol Tojst, et Al MY 282 St ARREHY] I 4
[A40[cH{114]. TS 72 112 AEHAR QI3 A& HAEE Aok FEet ket SA4%
€2 5P| dzol 7HaRolA 283 8 wdFE F stuo|tH115]. 7ol et Heks| &4
H 3E 872 S0, 3F 7 ARE goldh SAL ARtA ] thiet Aol A Aol
S84 FFE A= ALE UeEth EAle 771 389 FEHET 54o] Ral A o]8E
o] =& 97 32 FRIES Wo| ARRSFH[116], Bahrami et a2 A}E Y & H7le 1.2
AEHAE e $4 Holg|9] FZEIAHE FXE AT HArsitH117]. E3F A
B2 SAY A 9 97 E4E PRIt AT QHH118]. I AEHAS
e AFRHAA 28 J7F AARE gl A I A, ¢ e 2 @Y e 52t

F7RIQH19). ey, ARG 28 B3 S e AEAAS 1447 5 9

lo
e
[>

i o)

o)

AEe 7HRIIA bdt e 7152 9dtke B4 U Y40tH120]. AFE>
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SFEAZ HEAGA(GSH-P)E Z3eE 307149 Afetiraiide] IaA4dE0R,

GSH-Px= AEH A ZH0|A ROSFOZEE AZE HIoHH121,122]. 12 AEFH A &

SAA Al s A7IeE AR gole SAY A%, HISEEY, IL2 9 IL-65 37t

1 u, AR Qg AR, S8 A 2 SHAHE 525 AAAFTH123,124].

At W AlEls H7he I AEY A0 REH AREA Y] Abeks, WiES, T 9 Byl

FE 771, AL E @ FEEIAEES FAAFTH125]. 1YEE e I
AEF A kE2H 7HRY A4 € B9EE FA7IE Hl o8 & qith

3je

St ofg W YPY SHOE ) /A RO AR HEOR e, 3], 72, EHYY
SO0 BRATH6]. ik Fo| 9 R EE o 489 50| vt toRt 1§0E B
g % g

7y Belele AAL, 712, A7 S9 B4 ek o] Tgsol glo] 43, P4
%, P8, A4 0 I D QHIT) AR G 4 RS A1 Beke 0 PR A
9e W), 18 220 Y A FPAIsol ST, AT S} Fa3Hs
oH128]. whebd, 47 el 18 AEG L] LBH $A9) FA S-S AL AE

S

AL dd FxAER A AlAA R W2 yeto] o] eH129]. 7HARE &L
ofzH|mAdo] eiEolo] 7haRAA F7I8S H FIAEAR AREH130]. FZ SA
Atao] FEEE IS Eethicols B HeHy 2 A sfekEo] gol drE o
ool Fask 58 W W 715e AL S YrH131-133]. e AEH A FAIA LA
2§ AEsS % S19e W, SAY, ARHIY, SR £ol-39 o] v, FPAehs,
49 A 94 EYA &4, N2 @ ZO-1 o] 371813 1, IL-6, IL-10, IL-13, IFN-v, HSP
70 9 MDA7} & 3}5{11:}[134 135]. I EE JfAFELO] FHZQ adE2 12 AEFH A
L5 SA 9 AR, A 8 1 AT SRR A 12 AEHAS AZAD 4 Yok

NESHA BRAEAL AgolA] Aot AU HBE, 3, F4, 9, B 5 25 48
S48 /I SEHI, AEGS S2AGAL G HUE Fol2 9, YU, T2
W 395 DI GCH136-139). L AEAA BN SAME ) AESHA 2RAEA

Ao A7IIAS W, SAT 2 FFAL8sol S71eIL, ARl TE, & EEF’/\Eﬂ , MDA,
H:L ratio, HSP70, o}AT}E|0]E ofu]i- o] & A (aspartate aminotransferase, AST) U gahd
opu| - A= g A(alanine aminotransferase, ALT)7} 7FA5}TH140]. WehA], SA 9 A EEHA
S2AEAY AVl= A, S 58 27 9 AEGAS 29 4
TS I WA P, o2|EolL, HiE, AHR0|E, EetHlolE 5 oF 112F
o] skgtEol grEo] AH141]. FFol= —rﬁ A B4 A& 5 shvzE 1 Ee +84
v shghEdl FREA4t0] gol ghrEol QUH142]. 112 AEHA SH0N A4 Alm W
552 A7oFAE ul, d335AI%, SOD, Nif2, catalase(CAT) 2 7454 W polyunsaturated
fatty acid:saturated fatty acid(PUFA:SFA) H]-&0| 71091 Al 318, &5 &4, 28 &4
% MDAZF Zastit143]. wehA, 752 1L AEH A0 5H §49 §4 9 sk
4g AT & e
wUE AE BUReTE Feo, 42 ag
AN B, % L BT A P16, 28 A A S A
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W =UE A715190S uf, HSP90, HSF 1, HSF 2 @ HSF 47} Z4slitH147]. 1822 1Y
of 344 GHEL 879 e AEYAS BN S Ytk
NEESE

N2 2222 9 Y, 4L, A% B, B, URPA 54 221 BAL W) 4 53
Boli 4 Si9] Az chE sk Bao] EUE 4 A, $IP TUE ol A st
4L BT SEJAE 2B tolT TRt E4S M 4 IrHu4sl AFUL A
AR AGoIH F2E, 748 PASLEL FTH149,150]. ROS £715 53] AZ 4712
o] PgS gAleke A7 Is} IYo) det s EvE FAE, P Y FF wkgol ek
WeHISI5A, T8 AEds B A A2 ) ARLE BIIAe o, U AR,

7154 GSH-Px ¥ Nrf27} 3716191, Al 878, B85 X5, ROS, Z2EIAHE MDA
% HSP700] ZA:3FATH155-157]. L& AEFH 20 g F AtA oA AFTS FolstiS w
AREE, W7 A, Gz F, Wl 0], GSH-Px, IgA, IgM ¥ IgG7t 37kt /\]'E.S_:ﬂ-g
8 FEEIAHEo] AAstu158]. I EE AFHE e AEFH 20 EH 549 P4t
3, FAkst LQ L ‘113—;]% FEAA = A

22E e 0%, #d 2 ddf H=g 24 9 so|EAn o] b orEo 3
= 9A 31231[159], =Y F2HT, ol22E, sto|lEEAHEE 9 H2E et 24
BEL R ATSHEES WATH160,161]. A W Z2|H o FEF9 HVl= L& 2EFH 2
Ll 074]94 YA, &, 2, A &3 9 GSH-Px7}F S715H3aL, 29 Uf S 2HE,
84 S84 9 MDA & 5}93\‘:}[162] nEbA, 5419 Z2H 9 —irﬁ% Hole YA,
aohE 9 A e FYAE 5 ok
A EE WRA, JAGA, L9, oAl 2 7R A HES 3HrH163,164]. EIL,
A, AL, 2oL, Eohuicol= 9 Um-E g0l TR0l Qo WA 48
FAA aTE 7S 4 ATH165,166]. 12 AEHA SFPA A4 Atm U HETIE
& FEES AUOIEE o g ff S8 3EF high density lipoprotein(HDL) 5%
F-Jo] A7} 275 oﬂ_Q_Eq A8 T-E, FYAHE 9 low protein lipoprotein(LDL)?] 7+
steitH167). MHYIE 2220] 2440 GRS T A=A wEH 3749 A4
3% 59 B 3

B Eeto|o Feli] FEdol, Sauiolst GyE AN 4 B4

A Bl B eI o4 A HaA 2aEe] 48] 4
Clostridium™} 22 FA14 WA ve|glole] =& FAAAF| 1 A Lat(Enterococcus) T 22 329
o wefelol 48 27PN BRE1e0]. B8 TAES U30] 79E 840 AL
AR T} 5 AL 5 AHIT0L T AEAL BN S A o EEA
2222 WRIAS W, 2% ARAAT D ke solsize] g g A7 27115
7, 42878 D MDA BASITHI7L], B85t HoelA $EF T A7) A B,
A4, eepokE) vlEr o His Sijket 34 ROSEO| Hiet 4kt 242 714 35, =9
A, et H AT QTS AHHI72-174]. DB ER SA Alm Wl 2 7k A2 2EHA9
=EH A9 B, At 58 I 3 AW e A Zlor gdEn
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AST 9 Z2Ez2d20] ZABAT179-182). H2bs, Asebege] 395 aEe 1
& AEdLO] wEE S B, WS, F AR PINIT AEALE 2L S Uk

AL 349, b, AT Sol FHE BeEe YT A L4, 93, T
1) 58 WAIshe oTE dth e o] aE Sl ek abe Azel A7kl
, A%, ZO-1, claudin-1, SOD, GSH-Px, CAT ¥ A SERAHAZ} Z716191, &
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HE,

HE{|2I

HIH|QlZ $4n0f AR o] Fo|X] §tdlpaoln, FEtol4l opw|i4ke] opn| 7|5 Fof A%t

= 3709 wg7]7t FaHE ofn|Er]E ARt HIE QI Tl AE 2 FEERE SAEA
U Az o 2 ¥AIsi[190]. B]E|9l A7} AlRE A3t SAE 1.8 AEFA oA A=
I} AFEAF Tl FEAH, A9 Alo] FAskiTH191,192]. E]L, SA Atm W HIEH
7 12 AEH A kE2H SAY 4dB5AE, ARAHY, =4 5%, SOD, GSH-Px,
IS 8 A 9 g1 w0l FVHIFCH, ZEEHIAHE, HL ratio, IL-18 E
HSP70 A& ZrAAIZATH193-197]. 112 AEH A SAoA AgtA Atm i BlE|9S 7)ot
A W, AF, BEE, ARG, AR, 2O 45480 376, AFR ] 0] THh
‘3}“‘4[92] EJrEW 7Hs AR W HEIQIY A7ke AV, AL 582 SRAI7IAL AEY

S AYAA 1 2EQAE FY 5 Utk

HIO|2ElA

Z2Hlo|QEAE A9 A A7 9 12 AEHA oA BAES FAAE S 9o,
Bacillus subtilise 7Vrs TR 4 552 AT AUE ZEHO|QEA AlF AMEE= I
HFAQ] whe2jof Folr}{8,198-201]. 12 AEHA oA SA AR W B. subrilis 7Vt
o, A, AL, A %, 74, 01”41] 3, 85 =0l D At (actobacillus, bifidobacterium)
o] Tkt oH, AR QTE, HANE, SHAHE, BRAY U {3l Clostridium, Coliforms)©|
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FrASHHTH202,203]. T2 AEFH A L ARMA A Z2Hlo] QEA(Enterococcus faecium L
B. subtilis) 7} AFE Fol= Altg, & A, 97 A%, ¥ =o] € occludin, ZO-10] F7}t
AZ1aL, AW Escherichia coli D ZF Y| HSPo| ZFAAIZATH204].

7|BAL SR|IAPIO|EE 764 Y9l R SRIAMIY A ey SAAIEA
ARAS] B9t U 54H e 98 4 0, FUA P qeos AgHs
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0 529 473 sl ROS AA U HAY AZ oA 53 2L AR o&u}[zn—zls].
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18 2B AN SANA AUT Bl A AR A HEG 245 Wk Az
2 wego] 1 AEHAE AAAY] 8 AetEle] SitH222). QAo AFHE
& BRI S5 A FA §ol LA AEA S8 845 ot o L
AZHE GRS TIATH223). Wb, 240 SRS FANTH 840 Lxoh ALY Fol7t
Aol atet & WEo] GoldA Wes HAE SRR 1L AEAAS YALICH224).
Foxt T& AEdAA B4 Wess T3 SAE WALol dadgitky Rusigc

[225]. Harris et al-2 27407 17.8C-40.6TC ¥ 2] 242 1}iro] TIP=1], 40.6C] &=
£ A3 SAE ARPFAF 9 SAHC] Aot 226]. 12 AEH A =EH ARHA o
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W 71t o, 99 Wl ESS ARt =7t AAstATH232]. Satureja kbuzistanica= &
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A*—Wﬁ E5 12 AEHA Agdo] £go] B 4 Ytk Kuduls 4] AR o] Al 120
28 S FAY, ARAHY L =AF0] FAATL BusgrH242]. B AN
%4 AR ol A9 A%, DYEALO] FHAAL F7H49 28 HHAS mor, o]
A9 SEHGOIN Fetel A @ Fho] E8E B 4 SUckD ANSHACH 244

g2 BAol glo] Aexdo] ofgle 7ksol| el AsRke Sa%t &4 891 F
shutolti245]. &7l 1% 7HRe Aee W37 A8 B-SEY4quE, AEFAILE, &

ZJE, 349U 22 29 ALES FEste] A F g9 A2 &0l ok
W-SEIAY s Wy STYAGYEE EGT AlA"elth HES F3 FUE 717t Bia
A Ed 5 UrF fugt e Zo] ARSI 246]. STIAME=E SAAR] 28519 o
AFSAZ, BAT 2 AmAFTl S7HFA 2, A a7-&0] A= AT EAH ATH247].
s FHhiZtoi = g-go] AA 9] AEHAE ASIAFH 0.1[248], Vipin et al> &
FHES A 28 Al ARHHT S7F 2 EEA™C] FaRhal EASITH249].
INEFAILES leE2 o]83to] A 2 A A Yo7 Al&doth
EFAILES Al 28 Al 7HRY AARA ROl S7IstaL SEA™C] FASHATH249].
ESF Kamel et al> 7He79] SAF 2 ARAFHT 71t AR 8T8 2 Al dao a4
oj2tal AJAFSFRTH250]. A7HEFAILE S 1-%%}%47—[} WS v LS o EFAIEC] A
A9 LEE ARAYILY G Gt ke ATt BaEgchst]
AEY RIS ARG B, ol AZS] 4T B8 Lol ALE wAL
ok, AxZ AL WRERALHA v BS FA A8 & Yov, Axe] 25
Al A 25 B HSP700] 45l AT ) AR HFel $715hs 2t 4&‘;:’(@[252,253]-
12 oA 4SS SAAC] 28RS, Fidan et al& A9 A|Fo] S7RRITIL HAal
SHATH254]. =3 HE AolMs WA ARgol $A9] SAF 9 AlRlTES AR
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