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Effects of Season Differences on the Cecal Microbiome of Broiler
at Conventional Farms and Welfare System Farms
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ABSTRACT The gut microbiome of broilers is a critical factor in overall health and productivity. However, high summer
temperatures and high stocking density (conventional farm condition) may cause stress to broilers, resulting in an imbalance
in the gut microbiome. This study was conducted to compare the gut microbiome of broilers between spring and summer
in welfare (Bosung, Jeollanam-do, South Korea) and conventional farms (Jangsu, Jeollabuk-do, South Korea). A total of 31
broilers were assigned to the following groups: conventional farm in spring (n = 8); conventional farm in summer (n = 8);
welfare farm in spring (n = 7); welfare farm in summer (n = 8). Cecal digesta were collected from eight broilers from each
farm, and microbiome analysis was performed using 16S rRNA gene sequencing. Beta diversity analysis indicated clear
differences in cecal microbiome composition between spring and summerin both welfare and conventional farm. At the phylum
level, analysis of conventional farm revealed a higher proportion of Bacteroidetes in spring than in summer. At the genus
level, broilers exhibited a higher abundance of Bacteroides and Alistipesin spring compared to summer. In contrast, the
difference in microbial flora composition observed in welfare farm was relatively small compared to conventional farm. In
conclusion, the results of this study suggest that heat stress can negatively affect the caecum microbiome of broilers. However,
improvements in the housing environment can mitigate the effects of heat stress.

(Key words: broiler, gut health, microbiome, weather)
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Fig. 1. Comparison of alpha diversities using ACE, Chaol, Shannon, and Simpson of the composition in the cecal microbiome of
19-day-old broilers between spring and summer groups. SP, spring; SU, summer.
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farm between the spring and summer groups. SP, spring; SU, summer.



Kim et al. :

ksl

—

£ H3 o1} Bacteroidota2] W] &2 o] E&Ho] B-d3} H|w

& FRTE HHFig. 4). Bacteroidotar TH-H-5 @3
"4 Kshort chain fatty acid, SCFA) 2.2 W EA|A FFoA|
Feg Agsta A vgEe] HgE FAE o

(Ndeh et al., 2018; Hao et al., 2021). 284} Liu et al.

of 2L L

I 5P . sU

p_Firmecutes

¢ Eloataidia
I_Clestridia_UCG_014 _
a_Llostridia_UCG 014

o_ Clastridia_UCG_014
9__Eubactersum__nodatum_group
f__Lactobacitocear
@_Lactobacilius
a_Anagrostipes

a_Ang#akisella

Q_Negatinbacit
i :An:m CVETAEAE B
t_AFIa
g_RF3D
o RF39

f_Monoglobaceas

g_Monoglobus

o Monaglotales

1 Bty ricicde cacaad
o_Peptostreptococtales T
g_ Lachisach

f_Pepinsireptococcaceas
_Proteabactaerns
a__Fomboutsia
g_uncultured

@__Sallimonas

i _Shigella
1_Entarabactinacoas
o_ Rhodoipenillales
g_uncultured
_uncultured
©_Alphaprotesbacteria

LI E

©__Dusullowibaionid
o_Desulfovibrianabes
t_Daiulovibrians i

[ c::ifcisnctercta

§_Erysipalotrichateng

g_Streplococcus
I_Strepiococcaceae
g__Fournieredla
o__Acholeplasmatates
u_hnadoplasma
_Acholiplasmatareas
f_izemspiasmataies
©_lzemoplasmatales
g_lzemdplasmatales
G_Paptococeut
o_Alstipes

f_Rikensllaceas

a
‘m
g
= 8
i
iE
]
g
4

o_Bactoroidales

[ oot

£ l.luwroluw

=6.0 —43 —36 24 12 00 12 2:4 3.6 4.8 Eu:'D
LDA SCORE (log 10)

Fig. 4. The linear discriminant analysis (LDA) effect size
(LEfSe) compares the cecal microbiome of 19-day-old broilers
in the spring and summer groups at the conventional farm. The
bar chart shows the LDA score of the microbiomes from
phylum to genus level in the spring and summer groups. SP,
spring; SU, summer.

Heat Stress and Welfare System Affect the Microbiome of Broiler 77

(2023)°] W2, 31.1C9] 12 3o =28 SAE B4
W Bacteroidota®] F7-=7} A4ditta HaEglon, -2
o] Ax}ol FA}slt). Firmicutests HHollA &57) A35hst
T e OIFE Bollskd 2lAe] dga &8 2 FF =
E T3l Al SARN FEAE A Fem LA
2 ThHLozupone et al., 2012; Johnson et al., 2017). & <]
Ae 523 8w o &2 Firmicutes7} S5 = &+
sta A Aol frefnldk Afo] & HolA] sk, o=
AU s 4 HStERE 47 He oluA ik
7 eh o8- @Al A-g5kr] S8 aRske oy et e
2E 22 Qg o[ |qx] E4o] o 2 4 7] Mo AL
SHTh & 3ol LEfSe &4 7é7+°1] w2 FH=
Bacteroides®} Alistipes®] H]E°] A3 vwd =2 F
B=5 BItKFig. 4). SA9A Bacteroides= W vA&E
TFe] A3 7o 2= A 83 9= ste
Aoz A o (Jumpertz et al., 2011), Alistipes=
Fo] HdH ) AW A3 S s Aoz A It
(Li et al., 2022). X3}, BacteroidesS} Alistipes -5 SCFAE
WA 8 BRI, ol 24 AAEY oA
g slo] A A 7152 A3t = Uth(Venegas et al.,
2019; Song et al., 2023). SFA|RE o] A4 1L ~EF
25 FYEl| &3l BacteroidesS} Alistipes®] TH-E5
H2A7)E Aoz ekon B AT Anst LA @
(Dayou et al., 2019; Yin et al., 2021). W= 22 Clost-
ridia-UCG-0142] W]&o] 543} Blus) 52 FH=S K
th. Clostridia-UCG-014= e[ 2]o} v g ot ] 715l
A Aol e Ao HuEon, =gk Fhi
Clostridia-UCG-014= <5-2] 578 AV Al 7]&
4 %) tH(Shanmugasundaram et al., 2021; Dai et al., 2023). 3}
A2t Clostridia-UCG-0147% SA AWelA vX]= et
71553 &l tieid e of 7] FAIF QL A7t X1
o] UA goF F7HHl AF7F ast Ageolth

fo ol

4. AE 2t =X =7+ il o|dE 74 24

EA] F7tlA SA19] WA nAE dF TEE W
Fol A A3 232 Fig. 5A°] VERAITE B4 A3}
Bt 7ok vpi7iA 2 549 o 5 24 Firmicutes 2
Bacteroidota”} -3l o, Atyrlel vlwala Ade
2 B W e dF Aolvt AdiFom AL Fo
2 AAFAHFig. 5A). & FolA B4 A3 Uit =
71} miRIR &2 Bd 3t o5 B Faecalibacterium?}
7 45k A2 YERYTHFig. 5B).

e



78 45 AR whe U sish 8 5

Phylum
100%%) . . 1009%)
_Bacteriap_ Firmicutes
909% d_Bacteriap_ 909
o~ eriap, —_
S 80% _Baceriap_ S 80%,
= S
3 T0% . d__Bacteriap_Actinobacteriota 3 70%:.
= a
T 60% S 6006
8 a |
= = |
2 50% 2 500
= - |
@ P |
g 0% = 40% I
- -
5 . :
T 30% S 3006
[ o | .
20%
{ ]
10%

T B B B By B S0 i o
LA N nnnun

A

Aol B W ndE wFel rAe o

Genus

T T T T I I AT

(B)

{sok

Fig. 5. Comparison of the phylum (A) and genus (B) composition of the cecal microbiome of 19-day-old welfare broilers between

the spring and summer groups. SP, spring; SU, summer.

PR R B4 57} S G v ES] LESe B4 2
3, Ak wrhel vlasiA] Aol whet xko] 7t v A
e FEol AL Ang YIBAKFg. 6). S

n| A& ?9’] A x%;q;ﬂ_gi tﬂ—ﬂ——g],o;] EHa}: 21013510]]
oy slElE Aoz delA IthZhou et al., 2021). & A
= 1999 SAE W eR nAE F4E Fsision,

wEba] 2 AelA] B2 wrke] SAIE At Frket vl
sto] iAoz Fhiin| A Eo] Z7d FAE Aom Als
Hoh SAS] AR TF52 o5 B A5l A ¢

Z3l1 FAEHDing et al,, 2017). 4] 7l dukdo g

lo

SACA B w2 333 AdzeE @8E AlEsi ole
FA9] Az PEo Frste] ndE T3 A

HAo g2 Jeg nXEe Aoz LA Ut Marcantonio et
al., 2022). T3 B2 oA AlSE SAl= dukrlow
ool AREE AR Gebkor] ol We A2
o] FAAl kS n|A AU w|AEL] 27| FH | 7]o
3k 4= 9Jti(Yan et al., 2020; De Jong et al., 2022). ©]<} &
< g Ee] 27 FEe SAY A e 17
EE PAE dLAel %@7‘4 ¢l & mA F rk(Sears,
2005; Stanly et al., 2013). & G=5=o| A LEfSe ¥4 A3} &=
gk, dwk 7o} BlwefA A °ﬂ w2} xpol 7t vYepve A
W HAE EFo] AL R SRIHJTkFig. 6). sHAIT,
A v wd) Ay oz ne S JFEdA F3t
ol &3}+= Bacteroides?} LDA score 4.0 ©]°3 .2 Elg]
o SAY AU MAE TFS 12 2EY AT oy

rl

3 Ip o

g} o], fA v 2 FA 4 T e el J3F
S WS 4= 9ltiOakley et al., 2018; Dai et al., 2021; Zhou

et al, 2021). wehA ¥ A AIe 52 FriolA F4 &
7ol el A Al viE wile] 27 FAE F308
3, 95 e 2Ed 20 9FE SR Aem 4
v, &3 71dE el fleide 71 A7 e
g Zlog dAddch

1

R SP EEE SU

| ' l '
g__Bacteroides
f_Bacteroidaceae
f_.Gastranaerophilales
o_; Gastranaerophilales
¢__Vampirivibrionia
g_: Gastranaerophilales
p_Cyariobacteria
f_Lactobacillaceae
g__Lactobacillus
o__Lactobacillales
f_Peptostreptococcaceae
g__Romboutsia
0, Pep!os(replococcales Tissierellales

o__uncultured
f_uncultured
g__uncultured

o_Acholeplasmatales

_ f Acholeplasmalacne
I
-4 —3 —2 —1 1 2 3
LDA SCORE (log 10)

a
»
]
o
2
-8
-
o
)
3
&

(=
B
w

Fig. 6. The linear discriminant analysis (LDA) effect size
(LEfSe) compares the cecal microbiome of 19-day-old broilers in
the spring and summer groups at the welfare farm. The bar chart
shows the LDA score of the microbiomes from phylum to genus
level in the spring and summer groups. SP, spring; SU, summer.



Kim et al. : Heat Stress and Welfare System Affect the Microbiome of Broiler 79

iin)
il
42
i
e
e
-
9,
>

©,
z
off
)
2
>
L
ali]
it
=
rfo
o,

=
iin)
K
rr
J
%
off
N
=2
>
1o,
N
il
it
o,
=
2
o
of
ot
>4
m
v}

N
N
[N
=2
N
o
e
o3t
=
=
o
il
=t
o
P
N
o,
Do
2
o2
o
o
o
T

(o

= AuEd fe, 2 AT Ave 87 sl
I3

o rlo N
[
|m
=
[
)
)
N
A
i
o,
=
o
o,
4
=
i)

2 2
(o]

fo 2 [ B o R oro [ B
o
]
s
£
[rt
i
°
o|X
)
_0|L
rr
oM.
o

(& mlo
f
o
pou

® oo oo
W to,

Ho
Sy (o]
= 4
o L2
2 o
R ;d
o o
mT; o
5 M
>l
fr o
o 10
o 2
roh FE
ﬁi
fo o
3 e
RN
—g‘ mlo
ol o
3%
X 2 o
fd
>~
>

&
»
il
Jo
i3
ol
£
ol
=
d
o=
il
e e
ofj
lo,
]
o
oflt
o o
o :10
g
TR )
Blome v m Hy

N
mﬁcﬁf
)
e
T3 r
(o]
im&
J
J =
2%
OH"oH‘
33
oﬁ
i|m9 =
o, o % o
S 2 of
o= N o
o N o
= N \
I o
2 1% oo off
ox ol T > I
ol
ok

)
o,
il
M
2,
ol
ol
N,
e}
:?L_"
w
[¢]
s
=7
<
o
iz}
<
M
1
o
4
Og{:lg
ol
ol

i

2 Mz o Mz 47 @ mg M oo

rs&'&m\mr;;aoi_gm
N o
T
R
il off
T
2 1o 4
.—g‘ J\.E g
e 2
= off
N
N
td
4
O
=
=)
o
it
3
oL
o)

lo
ot ]r

b T
il
o

7l A B mAE 5
B3 A3} Bacteroidetes2] H]-&-
3 o FTHEE Bl & F50
Bacteroides} Alistipes2] H]E-°]
L5 Btk 84| F7telA W
T B A3 BE ) o
Firmicutes®} Bacteroidota”} --33}it}. 3}
EfSe ¥4 27} 4% T5 74l Aol Uuk E
gl Aoz At A8X o2 e dae
27t SAS] WA vABE ol TS =
, T 849 o] ne ~Ed 20 IS ¢
G 98-S ARKITE

=
5A, AR, vE TF 2M)

)

ol
)
=2
ir ©

o Mo
o
o
Bl 2
x

=, @
= oo
m R -{nﬂi{ﬂf#m
9 |
=
mi(jfl,%zﬁ
Hmu%r_qo
Ry
o

N

|

Ang

o o B ey
jud

A

P Ay RN D o = oo 2 O O o BN ome ¥R A
=)

>
)
i

1
ro
9

R AdTE 321054 ATAYATHE: PI015693) A
320241 FEAEA IS AT

ORCID
Junsik Kim https://orcid.org/0000-0001-9692-757X
Seol Hwa Park https://orcid.org/0000-0002-7218-8212
Minji Kim https://orcid.org/0000-0003-2106-1921

Seong Hoon Shim https://orcid.org/0009-0008-5701-2666
https://orcid.org/0000-0002-4286-3141
https://orcid.org/0000-0002-8670-7036

Hwan Ku Kang
Jin Young Jeong

REFERENCES

Adewole D, Akinyemi F 2021 Gut microbiota dynamics,
growth performance, and gut morphology in broiler chic-
kens fed diets varying in energy density with or without
bacitracin methylene disalicylate (Bmd). Microorganisms
9(4):787.

Al Hakeem WG, Acevedo Villanueva KY, Selvaraj RK 2023
The development of gut microbiota and its changes follow-
ing C. jejuni infection in broilers. Vaccines 11(3):595.

Aruwa CE, Pillay C, Nyaga M, Sabiu S 2021 Poultry gut
health-microbiome functions, environmental impacts, micro-
biome engineering and advancements in characterization
technologies. J Anim Sci Biotechnol 12:1-15.

Bolyen E, Rideout JR, Dillon MR, Bokulich NA, Abnet CC,
Al-Ghalith GA, Caporaso JG 2019 Reproducible, interac-
tive, scalable and extensible microbiome data science
using QIIME 2. Nat Biotechnol 37(8):852-857.

Burkholder KM, Thompson KL, Einstein ME, Applegate TJ,
Patterson JA 2008 Influence of stressors on normal intes-
tinal microbiota, intestinal morphology, and susceptibility
to Salmonella enteritidis colonization in broilers. Poult Sci
87(9):1734-1741.

Callahan BJ, McMurdie PJ, Rosen MJ, Han AW, Johnson
AJA, Holmes SP 2016 DADAZ2: high-resolution sample
inference from Illumina amplicon data. Nat Methods
13(7):581-583.



80 A5 AR mE dut skl BA w7 SA19 B W vlE 2 viAes 9%

Cengiz O, Koksal BH, Tath O, Sevim O, Ahsan U, Uner
AG, Onol AG 2015 Effect of dietary probiotic and high
stocking density on the performance, carcass yield, gut
microflora, and stress indicators of broilers. Poult Sci
94(10):2395-2403.

Chauhan SS, Rashamol VP, Bagath M, Sejian V, Dunshea
FR 2021 Impacts of heat stress on immune responses and
oxidative stress in farm animals and nutritional strategies
for amelioration. Int J Biometeorol 65:231-1244.

Dai D, Qiu K, Zhang HJ, Wu SG, Han YM, Wu YY, Wang
J 2021 Organic acids as alternatives for antibiotic growth
promoters alter the intestinal structure and microbiota and
improve the growth performance in broilers. Front Micro-
biol 11:618144.

Dai Z, Wang X, Liu J, Xiao S, Yang C, Zhong Y 2023
Effects of dietary microcapsule sustained-release sodium
butyrate on the growth performance, immunity, and gut
microbiota of yellow broilers. Animals 13(23):3598.

De Jong IC, Schokker D, Gunnink H, Van Wijhe M, Rebel
JM 2022 Early life environment affects behavior, welfare,
gut microbiome composition, and diversity in broiler chic-
kens. Front Vet Sci 9:977359.

Deryabin D, Lazebnik C, Vlasenko L, Karimov I, Kosyan D,
Zatevalov A, Duskaev G 2024 Broiler chicken cecal micro-
biome and poultry farming productivity: a meta-analysis.
Microorganisms 12(4):747.

Di Marcantonio L, Marotta F, Vulpiani MP, Sonntag Q,
lannetti L, Janowicz A, Garofolo G 2022 Investigating the
cecal microbiota in broiler poultry farms and its potential
relationships with animal welfare. Res J Vet Sci
144:115-125.

Diaz-Sanchez S, Perrotta AR, Rockafellow I, Alm EJ,
Okimoto R, Hawken R, Hanning I 2019 Using fecal
microbiota as biomarkers for predictions of performance
in the selective breeding process of pedigree broiler
breeders. PLOS ONE 14(5):¢0216080.

Diaz Carrasco JM, Casanova NA, Fernandez Miyakawa ME
2019 Microbiota, gut health and chicken productivity:
what is the connection? Microorganisms 7(10):374.

Ding J, Dai R, Yang L, He C, Xu K, Liu S, Meng H 2017
Inheritance and establishment of gut microbiota in
chickens. Front Microbiol 8:1967.

Hao Z, Wang X, Yang H, Tu T, Zhang J, Luo H, Huang H, Su
X 2021 PUL-mediated plant cell wall polysaccharide utiliza-
tion in the gut Bacteroidetes. Int J Mol Sci 22(6):3077.

He S, Chen L, He Y, Chen F, Ma Y, Xiao D, He J 2020
Resveratrol alleviates heat stress-induced impairment of
intestinal morphology, barrier integrity and inflammation in
yellow-feather broilers. Anim Prod Sci 60(12):1547-1556.

Herlemann DP, Labrenz M, Jiirgens K, Bertilsson S, Waniek
JJ, Andersson AF 2011 Transitions in bacterial communi-
ties along the 2000 km salinity gradient of the Baltic Sea.
ISME J 5(10):1571-1579.

Jumpertz R, Le DS, Turnbaugh PJ, Trinidad C, Bogardus C,
Gordon JI, Krakoff J 2011 Energy-balance studies reveal
associations between gut microbes, caloric load, and nut-
rient absorption in humans. Am J Clin Nutr 94(1):58-65.

Kairmi SH, Abdelaziz K, Spahany H, Astill J, Trott D, Wang
B, Sharif S 2024 Intestinal microbiome profiles in broiler
chickens raised without antibiotics exhibit altered micro-
biome dynamics relative to conventionally raised chic-
kens. PLOS ONE 19(4):¢0301110.

Kers JG, Velkers FC, Fischer EA, Hermes GD, Lamot DM,
Stegeman JA, Smidt H 2019 Take care of the environ-
ment: housing conditions affect the interplay of nutritional
interventions and intestinal microbiota in broiler chickens.
Anim Microbiome 1:1-14.

Kim M, Park T, Jeong JY, Baek Y, Lee HJ 2020 Association
between rumen microbiota and marbling score in Korean
native beef cattle. Animals 10(4):712.

LiJ, Liu Y, Niu J, Jing C, Jiao N, Huang L, Li Y 2020 Su-
pplementation with paraformic acid in the diet improved
intestinal development through modulating intestinal infla-
mmation and microbiota in broiler chickens. Front Micro-
biol 13:975056.

Liu G, Zhao Y, Cao S, Luo X, Wang R, Zhang L, Liao X
2020 Relative bioavailability of selenium yeast for broilers
fed a conventional corn-soybean meal diet. ] Anim Physiol
Anim Nutr 104(4):1052-1066.

Liu W, Yuan Y, Sun C, Balasubramanian B, Zhao Z, An L
2019 Effects of dietary betaine on growth performance,
digestive function, carcass traits, and meat quality in indi-
genous yellow-feathered broilers under long-term heat
stress. Animals 9(8):506.



Kim et al. : Heat Stress and Welfare System Affect the Microbiome of Broiler 81

Liu WC, Guo Y, An LL, Zhao ZH 2021 Protective effects
of dietary betaine on intestinal barrier function and cecal
microbial community in indigenous broiler chickens ex-
posed to high temperature environment. Environ Sci Poult
Res 28:10860-71.

Liu WC, Pan ZY, Zhao Y, Guo Y, Qiu SJ, Balasubramanian
B, Jha R 2022 Effects of heat stress on production perfor-
mance, redox status, intestinal morphology and barrier-
related gene expression, cecal microbiome, and meta-
bolome in indigenous broiler chickens. Front Physiol
13:890520.

Liu X, Ma Z, Wang Y, Jia H, Wang Z, Zhang L 2023 Heat
stress exposure cause alterations in intestinal microbiota,
transcriptome, and metabolome of broilers. Front Micro-
biol 14:1244004.

Liu Y, Zhang Y, Bai D, Li Y, He X, Ito K, Ma Y 2023
Dietary supplementation with chlorogenic acid enhances
antioxidant capacity, which promotes growth, jejunum
barrier function, and cecum microbiota in broilers under
high stocking density stress. Animals 13(2):303.

Lozupone CA, Stombaugh JI, Gordon JI, Jansson JK, Knight
R 2012 Diversity, stability and resilience of the human
gut microbiota. Nature 489(7415):220-230.

Mandal S, Van Treuren W, White RA, Eggesbe M, Knight
R, Peddada SD 2015 Analysis of composition of micro-
biomes: a novel method for studying microbial compo-
sition. Microb Ecol Health Dis 26(1):27663.

Mayorga EJ, Kvidera SK, Seibert JT, Horst EA, Abuajamiech
M, Al-Qaisi M, Baumgard LH 2019 Effects of dietary
chromium propionate on growth performance, metabolism,
and immune biomarkers in heat-stressed finishing pigs. J
Anim Sci 97(3):1185-1197.

Mohammed AA, Jiang S, Jacobs JA, Cheng HW 2019 Effect
of a synbiotic supplement on cecal microbial ecology, an-
tioxidant status, and immune response of broiler chickens
reared under heat stress. Poult Sci 98(10):4408-4415.

Mohd Shaufi MA, Sieo CC, Chong CW, Gan HM, Ho YW
2015 Deciphering chicken gut microbial dynamics based
on high-throughput 16S rRNA metagenomics analyses.
Gut Pathog 7:1-12.

Ndeh D, Gilbert HJ 2018 Biochemistry of complex glycan
depolymerisation by the human gut microbiota. FEMS

Microbiol Rev 42(2):146-164.

Oakley BB, Vasconcelos EJ, Diniz PP, Calloway KN, Ri-
chardson E, Meinersmann RJ, Berrang ME 2018 The
cecal microbiome of commercial broiler chickens varies
significantly by season. Poult sci 97(10):3635-3644.

Parada Venegas D, De la Fuente MK, Landskron G, Gon-
zalez MJ, Quera R, Dijkstra G, Hermoso MA 2019 Short
chain fatty acids (SCFAs)-mediated gut epithelial and
immune regulation and its relevance for inflammatory
bowel diseases. Front Immunol 10:424615.

Quast C, Pruesse E, Yilmaz P, Gerken J, Schweer T, Yarza
P, Glockner FO 2012 The SILVA ribosomal RNA gene
database project: improved data processing and web-based
tools. Nucleic Acids Res 41(D1):D590-D596.

Rostagno MH 2020 Effects of heat stress on the gut health
of poultry. J Anim Sci 98(4):skaa090.

Sears CL 2005 A dynamic partnership: celebrating our gut
flora. Anaerobe 11(5):247-251.

Shanmugasundaram R, Lourenco J, Hakeem WA, Dycus
MM, Applegate TJ 2023 Subclinical doses of dietary
fumonisins and deoxynivalenol cause cecal microbiota
dysbiosis in broiler chickens challenged with Clostridium
perfringens. Front Microbiol 14:1106604.

Shi D, Bai L, Qu Q, Zhou S, Yang M, Guo S, Liu C 2019
Impact of gut microbiota structure in heat-stressed
broilers. Poult Sci 98(6):2405-2413.

Song B, He J, Pan X, Kong L, Xiao C, Keerqin C, Song Z
2023 Dietary Macleaya cordata extract supplementation
improves the growth performance and gut health of
broiler chickens with necrotic enteritis. J Anim Sci Bio-
technol 14(1):113.

Stanley D, Geier MS, Hughes RJ, Denman SE, Moore RJ
2013 Highly variable microbiota development in the
chicken gastrointestinal tract. PLOS ONE 8(12):e84290.

Vazquez-Baeza Y, Pirrung M, Gonzalez A, Knight R 2013
EMPeror: a tool for visualizing high-throughput microbial
community data. Gigascience 2(1):2047-217X.

Wang G, Song Q, Huang S, Wang Y, Cai S, Yu H, Zhang
J 2020 Effect of antimicrobial peptide microcin J25 on
growth performance, immune regulation, and intestinal
microbiota in broiler chickens challenged with Escheri-
chia coli and Salmonella. Animals 10(2):345.



82 A5 AR mE dut skl BA w7 SA19 B W vlE 2 viAes 9%

Wang L, Lilburn M, Yu Z 2016 Intestinal microbiota of
broiler chickens as affected by litter management regi-
mens. Front Microbiol 7:593.

Wang XJ, Feng JH, Zhang MH, Li XM, Ma DD, Chang SS
2018 Effects of high ambient temperature on the commu-
nity structure and composition of ileal microbiome of
broilers. Poult Sci 97(6):2153-2158.

Yan C, Hartcher K, Liu W, Xiao J, Xiang H, Wang J, Zhao
X 2020 Adaptive response to a future life challenge:
consequences of early-life environmental complexity in
dual-purpose chicks. J Anim Sci 98(11):skaa348.

Yin C, Xia B, Tang S, Cao A, Liu L, Zhong R, Zhang H
2021 The effect of exogenous bile acids on antioxidant
status and gut microbiota in heat-stressed broiler chickens.
Front Nutr 8:747136.

Yu Z, Morrison M 2004 Improved extraction of PCR-quality

community DNA from digesta and fecal samples. Biotech-
niques 36(5):808-812.

Zhang C, Zhao XH, Yang L, Chen XY, Jiang RS, Jin SH,
Geng ZY 2017 Resveratrol alleviates heat stress-induced
impairment of intestinal morphology, microflora, and barrier
integrity in broilers. Poult Sci 96(12):4325-4332.

Zhou Q, Lan F, Li X, Yan W, Sun C, Li J, Wen C 2021
The spatial and temporal characterization of gut micro-
biota in broilers. Front Vet Sci 8:712226.

Zhou Y, Zhang M, Liu Q, Feng J 2021 The alterations of
tracheal microbiota and inflammation caused by different
levels of ammonia exposure in broiler chickens. Poult Sci
100(2):685-696.

Received May. 26, 2024, Revised May. 26, 2024, Accepted
May. 28, 2024



	06 김준식
	책갈피
	_Hlk167449555
	_Hlk165213162
	_Hlk167456611
	_Hlk165213818
	_Hlk165213846
	_Hlk165213394
	_Hlk165213890
	_Hlk165213564
	_Hlk165213749



