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Effect of Housing Systems of Cage and Floor on the Production Performance and
Stress Response in Layer

Sea Hwan Sohn’, In-Surk Jang and Bo Ram Son
Department of Animal Science and Biotechnology, Gyeongnam National University of Science and Technology, Jinju 660-758, Korea

ABSTRACT This study was conducted to investigate the effects of housing systems on the productivity and physiological
response as stress indicators in White Leghorn chickens. The chickens subjected to the conventional cages had a significantly
lower viability, hen-housed egg production, egg weight and body weight compared with those to the floor pens. However,
the hens housed in the conventional cages had a shorter day of the first egg and a greater egg quality compared with those
housed in the floor pens. In addition, this study was also investigated to identify biological markers for assessing the
physiological response of chickens under stress conditions. As biological markers, the amount of telomeric DNA was analyzed
by quantitative fluorescent in situ hybridization on the nuclei of cells. The DNA damage rate of lymphocytes was also
quantified by the comet assay. The amount of telomeric DNA of the lymphocytes, kidney and spleen was significantly higher
in the chickens under floor pens than those under conventional cages. The DNA damage also increased in chickens raised
under conventional cages, as compared to the chickens under floor pens. As results, we conclude that the chickens housed
in conventional cages have a greater stressful status than those housed in floor pens.
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oF gth(behavior). ©]2]gt 7] Y=o gk AjghS F=4
o &2 JRANA 2EHAE 7V Flo] & BAE Al st
Al Btk Butterworth, 2009). F& £X] =gz B3t 7
AAA &2t Ak 9] AAL AR Pl AlolA] AR
BHHAgE ] e, olE A B&F SN 71 vl
& Fejo]7] wZoltk 12} & BAA S o] g
AR FEi7E JRAS] Be]A] S oy 17FA SWHellA akgt
A2 eltke thre] g4 dg-Eo] HaEArh(Bax-
ter, 1994; Freire et al., 2003; Albentosa and Cooper, 2004).
webA] 71E Alo]A] AbEo] thA] A WA o2 g Ao
A (enriched cage), oll¥]*12](aviary system), -8 # | X](fur-
nished cage), HAHfloor pen) & WAL 52| AMS FE7F &
M= ek ol gk Ak WA Ee] JhAe] AL B
o AdE AelA vkgol nX= G sl B2 A=

o] AAH T YA, HA) ALE WA AN olHE =
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@ro] EtHRodenburg et al., 2005; Vits et al., 2005; Pohle
and Cheng, 2009; Singh et al., 2009; Tactacan et al., 2009;
Sherwin et al., 2010; Lay et al., 2011; Tuyttens et al., 2011).

TE ~EYHA WS RS BAE] 2% vkt AE
A FA50] 2/hE A e, i om HsetA] A
o} g7 FE] I 2H E(corticosterone) F=7F AEH A E
22 da] 48 i (Mashaly et al., 1984; Thaxton et al.,
2006; Turkyilmaz, 2008), interleukin-4(IL-4), IL-6, lipopoly-
saccharide-induced tumor necrosis factor-a 2! inducible nitric
oxide synthase®} -2 Alo]| E7}Q](cytokine)e| W& & L&t
Hol FA A AEH A 24 de] o] &5 1 th(Felten
et al., 1998; Mashaly et al., 2004; Hangalapura et al., 2006;
Kang et al., 2011). 28]y} o]2]3t TA|ES =% Ao}
=% A17] Bl whet Algk ARE Hof tha AlE]Ad
TAI7E e AoZ AN gk T AE o F2n]of
(telomere)2] &&Fo|L} DNA £74-&2 22 DNA #H bio-
markerE©°] 7fA|9] ~2EHYA AEE 715 + JE RS
FEAZ QT ok A9 oF GRS A A= &
2rjole AlZ FEe| AFgel wet Zo|7} Folx|=H, ol
2]k d2n]ojo] 75 ool wmste] | mutRt ohgt ZHA €]
AglA FA 2 deiA i Meeker and Coffey, 1997; Co-
ttliar and Slavutsky, 2001). & Z2n]oje] 7347} M L] =3}
o wet yehdes Aol7l= shv, ole] 25 ot Alut &
AR acfld e B Js e AR Yehdt] o]
213k 9 eRlE F 53] A5k 2Ed 2o dRnjo] {4
= 7153k AlZlvk e B X th(Von Zglinicki, 2002; Richter
and Proctor, 2007). $HA, Aolgle FEE o] I ]
DNA 243} &3 734 Al e stllA 53] Ad 2
&2 ddoly o] Eel ~E A 80E 7FsH S Al
A EAKapoptosis)7} Z721%|o] DNA 3}<=(fragmentation) 7
=7} 323 S719tHChen et al.,, 2007). w2 7RA Q]
DNA 7082 2EHA TS F =S 1A o2 vepd &
U AEolth

ARl A5 et AR Aed 54 2 B A%
2 Agdhe 2Eds adlon Agahen] ARl o

e BEEAVE AL Fe) AP
F g shAolny meba & Agelre
AR AL FeEjol] whe ge) 2w~ ARg Lopi] 9
S o R AR AL 9 HAF AL
At 58 ~EY A AA BA S

=
Ml 24 sk Al A SEe YEE 20 99,

1o ofi

1. 3ASE A EHY

A A AR Federleddty T3
Zella] Falste] ALl Ay 15 FA|(Single Comb
White Leghorn Pure Line) 496575 T3S 2 331t} A
S AlelAl 5 F 167F5H A Abs W2 Al
A AbSt(cage) 2 HAF ARSI (floon) 22 |5t FY
ARS b o 2 ARSI th(Fig. 1), Alo) A ZA| 7] 2
2Fs &= 2 Alzwlo] enlE 3 AL 2% 44 Ao

3

Fig. 1. The chicken housing system of conventional cage (a)
and floor pen (b).
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] FelE ZF & 90 em(W)x90cm(L)x66cm(H)S] 2w vl
g AlolA el 10578 £9:81) EAFSFIAL810 em’/<), 3
ARt H(pen) G| 712 AALZA] 3 T 400 cm(W)x700
em (L)x380 em(H) =712] ol 10052( £90:4'10) EAFSHS
th2,800 ecm’/5). F AR WA B 2ol 9 AHE S
£ A, A5 #ele Aol A AAAETHe
220550l 14Xt 2 A% T F 2084 HEske] 16
AlZte] o]2W m7gste] HEatar, PARES AAY xR Sl
ARSI AR T 16~64TH A, ZH AlE
24059 2 605 MAES Yoz 2 T 228
Azt AIFAR1 ALeF ] WP 2 st AR Al
e A mston, FEe] #e 2 HAF2 £ ol

A& Y A3|(IACUC) ] T+ 53t U=

BCh

F

)
EY

A

egg production)> 24t & 645 tfe] & 2kek
o] HEE e, AR Al e T VIR B Hx
A ] T AR Al S 40577 A
&gt ZF 7 100709 AlTs dide® b, Wb,
= FHUEMU), G4, Gzt A, G2 FA 2

Aaes 28T AFS 058 94 2 A4 A

=
& zAbsh

3. gzolof BRHRAS 95t B HA
Wzroje] g AL o, 71 4

9 24 oo sigen, 4054 9 60Tl A
2% B4 F 2 2HES wo] 2YSA BAS A9l

D-PBS(Gibco, Invitrogen Corp. Grand Island, N.Y,
USA)&d o= A2k th3 Al- & RPMI 1640(Gibco) i
FAo] e AFHoRE $A 1087 A EAI A
ZHE AlEel 0.9% sodium citrate(Sigma Chem, St Louis,
MO, USA)&S H7lste] 1583 #17g]2lata, o]+ 11
e 1008E Fx 7kl dAEH AT 2gAe =
methanol®} acetic acid7} 3:12 &3 w3 od-g o] 83,
ol 5 33| whE AT gt & AENLE 3~578 F = Hojrry
ZefolE RS AFstith dAME FE| A% A
o 7 o 2RE °F 5 mLe| & AfF ko] I
T g Zelste] o] gtk ME o] 8= Ficoll(Amer-

sham Bioscience, Uppsala, Sweden)S- ©]-8-3F Hg] o=

o g o

A SHEEEE oI 2|5t Telomeric DNA &2k

Telomeric DNAS] &&F 2418 ¢35l chicken telomeric
DNA probeE ©]-8-3F & 37 &1 Q1 H (Fluorescence in situ
Hybridization; FISH)< 28It &8je]= 32 RNase(Boe-
hringer Mannheim, Indianapolis, IN, USA)Z RNAE A A%k
T 2AFE MAFHslaL dEE R g4 A2A A Y. o] F Hy-
bridization 8(13 x«L formamide, 5 ¢L hybridization bu-
ffer, 200 ng chicken telomeric DNA probe)= "ojrdl &
Wslar 85Co|A 583 ¥/ (denaturation)A 7] § 38.5C
ol A 12417 o] A K hybridization) A1 Zt. HE & &elo)
5 2x SSCEA 72°CellA 5837t A g]3star, 4-22] PN bu-
ffer(0.1% sodium phosphate, 0.1% Nonidet P-40)Z. A2} 5}
o} &3 A3 2R & $I319] anti-digoxigenin-fluorescein(Boe-
hringer Mannheim)& *2]3la, AW IetAz @2 T 38,
5CollA 3083 ¥H-3-A17]1 T PN buffer® A2k oha
oA AZAIATE w7 AAE 913l propidium iodide solu-
tion(Sigma Chem)< o]l & dhollA| AZAZ T F3F
A 2 FEe A= Sdoie] BE(WIB filter) S 7213
3% & n|7Z(Model AX-70, Olympus, Tokyo, Japan)2 ©]-&
stith Aeld Eetol=F Fadn| o g waEs & et
s7e] 217] & & Tgdor dto] YXxE 7|2 Model
DP-70, Olympus) 2 &<J3}al, o] & H5FE]o A4ttt A
e e olu|x] ¥ g J3:M(Image analyzer program,
MetaMorph®, UIC, Pennsylvania, USA)S ©]-&-&to] 7R
22 10071 o]de] AEE o2 & thH] telomeric DNA

REFS BH AT,

5. DNA &4t &4

Comet assay = 3l 1% agrose® =X+ SEfo]|=of &
7} 0.5% low melting point agarose(LMPA)E 1:7.52 &3}t
£oS dojreg] . WA JEl = 23tk o5 YAl 1% LMPA
2 ZEX3 T 4 C lysis solution(2.5 M NaCl, 100 mM diso-
dium EDTA, 10 mM Trizma base)ol] 6053} JA]3} T} Ly-
sis solutione | A3 TS 719 F7FRl electrophoresis
buffer(pH>13)E A3 10 F = HA$ = 25V, 300 mA

2 3083 A7lgEsisleh. Axd E@kel=E propidium
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iodide® 5%+ A8t WA AR A & F3AvnA
o= ARG B3 Yo o e 495 )

AE 20712] MAEE Ul’d 2 Comet Score software v1.5(Tri-
Tek Corp. Sumerduck, VA, USA)ZE EA33th ¥4 35
© 2+ taill] DNA &-7-&(% DNA in tail; tail intensity/total
comet intensityx100), tailth DNA A3 E(tail moment; %
DNA in tailxtail length) 2 &&] B 2 E(olive moment; tail

intensityxtotal length / total comet intensity)E Z=AFSS

6. SAHXZ

AL e 7 A4 58 telomeric DNA 5 2 DNA €7
o] vl F492 SAS & 1 3J712](SAS Institute Inc., Cary, NC,
USA)E ©]&3lo] rtest= A 2] Hzt Fod= A3tttk

Kl
M2k

Zu 9
1. AL AR HEflof e MM S
16585 64587 P 2EZS AolA] 2 HALZ A}
& T QRS 2 A A A5 2 AF2S 2 AR
e F °l~4 BTFZEES Table 19 AASISITE Eak ALS- &
o] mhe S vl BAEkaAl 405 AFE ZF 1007
& atal B4 ZA3E Table 20 UehiIIth

A A3, AEE Qo] WAL AFgzo] Ao]R] A&l
W) fola) e AEES YERIATHp<001), AEEL
£5 ¥ A\ 3 /P 8 a4wx, B AY A% 4]

S AlA A ANAIS 0] HAF AL JHAIE ] HlE] B4

& S Hol ALS el 7 @A YERY Aol S
SIS ol ole] Bt q1ele] Aok, AolA A%
7} sEelA geldoz e 2 ey gQlo &
g3l A2 9nl3t) Singh et al.(2009)2 A& 284k
A 3ATH WFF 141G WG = Alo|x| e} AL A
g Hlw 223 ﬁq. zlz_.Q. AL A& At
A 3AF 27k BA ARETO] felebl e 4TSS
ERIS1aL, Guesdon et al.(2006) A& Ao|A] AL&t9}
A AolA| AT 7ke] AEE HlaolA Aol ALgTel
HAREo] 4 E=Sitia Husle] B AT Aijel FA3
AES Al vk 22y S5 AlF wet AEE
o) apol7} wj$- A Upehtn), Sale] A9 4 717
T FAL ARSAIES] FHAEo] AlolA] Alsol M| #A =
i BasigEd, ol &4 713 F BAF Aol A5 )
ABT AT AY BE Soz b AL 2718k
uj] F-o] T Abrahamsson et al., 1996).

23 Aol sloixde AlolA] Abgato]l A Abgrel] H]
o frelshA mE Aes UeRiIthp<0.01). o) Aol

Table 1. Production performance in White Leghorns subjected to floor and cage housing system

. Viability from Age at first Hr‘z;ilé’t‘:zzduiigl Weight at 60 wks
Housing 16 to 64 wks™ egg P 64 wks™ a 0
systems WKS
(%) (days) (eggs) (8
Floor 90.3+3.1 149.5+1.7 177.9+£13.0 2,293.9+146.0 1,552.6+133.8
Cage 72.3+13.6 140.8+1.0 101.9+9.7 1,804.5+446.7 1,182.5+109.9
p value <0.0001 0.0001 0.002 <0.0001 <0.0001

"Values (Means+SD) within the same column significantly differ (p<0.01).

Table 2. Egg quality of laying eggs at 40 weeks old White Leghorns raised under floor and cage housing system

Egg shell Egg Albumin Haugh York Egg shell Egg shell Egg shell
color™ weight™ height” unit”™ color™ thickness™ weight™ density”

Floor 77.46+2.66 66.26+4.26 7.50+1.53 83.79+9.50 7.954+0.67 0.014+0.001 5.27+0.84 68.99+10.47

Cage 75.68+2.96 63.67+4.96 7.93+1.46 87.26+8.44 7.534+0.74 0.015+0.001 5.61+0.86 75.29+10.44

p value <0.0001 0.0001 0.04 0.007 <0.0001 0.0002 0.006 <0.0001

“"Values (Means=SD) within the same column significantly differ at »<0.05 and “p<0.01.
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A IS S A A BHE ARSSRIaL, WAkl 7
A dx R AR Gl e Aoz A4
t. = FAF Ao A9 2ake] 217171 78 F4el S 7t
Qb W) dxFe] ATI7E A A T Ao R
At whebd gaE AR A FaAE whE eql
o7 ATl 24 Al 7 2 dFE vAlE 89
o2 AbRE o] PAF ARG A0]A] Abgo] At ARl Tl

Ae e D3 vasplde olegel At
At 50 glo} EAMAIRE 647 7hH) Abe A F(hen-

housed egg production)E ZAFgF A3}, HA}F AlSo] A o]
Al Akl B8l fFel st Al Al e THp<0.01). BARE
£ Akt peak”7} 405 0] Ho] =E3slar oF 60%2] Hit At
FES 1l vh, Ao|A & 337 A] peak AHEHEE B
olaL Hit 4tehgo] 40% HE=EA Ak 2|57 7070 <)
o] zpolE HTE ol g At T ARt A&k 9
Hgl] wi-p- A 23k A1 o] B Al S FAIA
o] 2% A &(inbred line) =X FF ZHAE Soistet A
& A o AAE TEolA B Aol 7t E SRt glck Al
A AR FEjo] W AbeA| ] Abek 5 vl AFelA B
= AFAFE0] Alo|A gt AL Al b Aheae] Zpol7t §)
2+& H1usta 9 9™ (Anderson and Adams, 1994; Singh et
al., 2009), 71 Alo|#] W23} tiA|A oA 2Rl &7 A
o]#], & Alo|x] B ou]ojg] WA3te] Lhet 58 v ale]
A& i frel# Ael7h gle& Haskal ith(Taylor
and Hurnik, 1996; Guesdon et al., 2006; Pohle and Cheng,
2009; Tactacan et al., 2009). L&y} £ Ao A HAF ALS
o] Alo]A] Abgrel] s EA EL At A +E Ve
A=, ol Aol AMEwAlA 27] HARTE BeoR
I3l Aol F S vR AR AzhE 1, Egk Aol
A FE7E RAI] AR SRl F R Q] ~Ef 2~ gRle
2 2A8e Zlog Alndrh
BAE AR A Alo]A] A5 ZRAlC g 6077 7HA
Aee S 2, b BT A ARSo] Alo]A] A
o] vl 4 w& AT EATHp<0.01). ol g Z3}
A FEIZE AT 2 A T AR Jg
AL AAfeE Aoz Ao)A] A
MAEAA AR 2Eg s
Aoz AlgH) atet
o o] AHE FE7E Aol wixle Gl e I+
tl, BAF AS7RAIEC] AlolA] Al HAIE
o Hlal] Akt 713 Bt Felh =& A2 K313 (Singh
et al., 2009), =g+ A& Alo|A| AbS WA S0l 7]1E Alo|A]
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© 234E Al v, 7]|EA o)A & A A o] A] A
AE Tolle dF 9 2t A9 Ho|rt gle Aoz
H 13} tHTaylor and Hurnik, 1996; Pohle and Cheng, 2009;
Tactacan et al., 2009). Wepr] HAREL] A5 Aol Ae] &
Aol 71Qlete] & o] gt Ao ® AlREM, A
o|2] Aol 75 AikE Algkse] Hrh 9jAA ol wE
] 82l 93] Ul o] gt Aoz AyzHE.
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2. AF= EElol| 2 =00 g2

Aol A% 8 HA A% BEIZE A e
gl MlAE ek Amnle] o M FAHAY. 16
%9 o|F A% gElE Geleln 4059 v 2 El
2(){'\4571 E/\E% & ol Zl’ Al &} /‘\_]_X]— H]X]— 7§_/,: =i O~ Z
& AF st o]5 AEEC] dREno] &
1, 607% wWe Y AERS giFe s AT

7y 20| dgnjo] &2 telomeric DNA probeE ©]
f3lo] 7H7] ME & kA 33 TR QI (quantitative fluore-
scence in situ hybridization on interphase nuclei; IQ-FISH) 2
2 70A 10071 o] /el Mlatel el A8k 1, W Al
3ol g 34 dzwjojo] W FdS Fig. 200 A|As)
Aok 24 A, g o ME A ko] dmrjo] e
1657% A& MAIA] 3t 2.58%2A] AFo] Z71gtel] uhet
F AR 9H 3] dRro] o] AadE Holth 1
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Fig. 2. The chicken lymphocyte nuclei treated by fluorescence
in situ hybridization using a telomeric DNA probe. The
relative amount of telomeric DNA was analyzed to be
1.08 (a) and 2.30 (b).

v G AlxZe] A5, AlolA] Al JiAIES] Bzulo] g
o] PAF Akgel] Bls) B4 e HAasS Ko, dFo]
7kl wet ole] Aol v& AR=

(Table 3). 3V, 4058 7NAE<] 21, A%, A, B, 2
2 oda 2o danjo] &2 AR FeEd weh A%

Table 3. The relative amount of telomeric DNA of lymphocytes
in White Leghorns raised under cage and floor system

Relative amount of telomeric DNA(%) of

Housing lymphocytes at
systems " -
40 weeks 60 weeks
Cage 1.65+0.17 1.3640.22
Floor 1.76+0.14 1.5240.19
p value 0.02 <0.01

“"Values (Means+SD) within the same column significantly differ
at "p<0.05 and “'p<0.0l.

7} v AlQfstas & ApolE HolA] eUTHTable 4).
olg gt AEZHE WP NE 59| dRu|o] FF )

2 243} ge] 2EH x| v $- vgsiA Agste Ao
Ueht, AL gelel 2o ~Efs 99ld] 2 Jare v
Aoz AR} Z WAL AxE Hejn A Bl
Qe Aor ~EY 2t e 97 gl B} wizkelA)] v
Sop] wEel Aoz Algnh wE F4 AlEQ A
75-ok M B 7|l v)He] 25 A e} vpt
72 AHS Pejel weh dzvjo] o] Ajolg HYow
N #8737 ~Ed 27} denlo] due] A4 G nA
B 8YS & £ ST o]gF ANe Bad Alg
sl dzvlo] Fgzte] BAME T AFE et
e, 28E AR A9 AUE AT ve) @

A Azujole] 35S veho] Aol #44 ~E
gl A=A FEFE AARITKBeloor et al., 2010). whet
A

AR Fehsh 2o Mg B730] sl Qo] AR 2Ew
8902 g3 Peld XN AT,

3. AFE YEjjol| 2 DNA &4
40758 B 6077 H1EFTS tF R Alo|A] AL A

9} HAF AR 7RA] 7E2] DNA €455 comet assay'H 2

Table 4. The relative amount of telomeric DNA of tissues at 40 weeks old White Leghorns raised under cage and floor system

Housing Relative amount of telomeric DNA(%) of

systems Liver Heart Kidney" Spleen” Testis Ovary
Cage 1.56+0.21 1.46+0.20 1.59+0.18 1.51+0.13 2.10+0.19 2.01£0.15
Floor 1.66+0.20 1.50+0.22 1.73+0.13 1.63+0.14 2.07+0.15 2.02+0.16

p value 0.16 0.64 0.02 0.03 0.57 0.82

"Values (Means+SD) within the same column significantly differ at p<0.05.
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Fig. 3. The representative comet assay images of chicken lym-
phocytes. The % DNA in the tail, represented as DNA
fragmentation, is determined to be 34.1% (a) and 20.2%

).
BAGIL, o)F o] Aol B HEst] A% Feisk A
sEY s g9l0% M8 /1E g

Fig. 32 W& Al3x9] th3314 comet assay ¥Folth 1
Hof| A Yehd ule} o] DNA <=/J(fragmentation) 3 =7}
(a), b)7F EA %] dEs & F =), 9<=¥ DNA &
(% DNA in tall)o] (@] 7S 34% FEo| 1, ()= 20% A
Lolt}. Als e comet score 4 7:‘4 Aol A Ak 7h
A Eol AL AL JRAI Sl Bla] -] A grollA =
&S vela glem, 4057 o B3l 607
23t 2o 7} B} @A A UElsktHTable 5, Table
BE R Ado] Zr)ake] whal BA gro|

2 Yeht, "l2u]o] 583 Zo] DNA £
5 AF et F JIFE e Aom Hox=, 4
o] F7kgdl| wel ~EH 0] vItEs} U Srbshe A
2 UEhdt} 2 dFelA dE2Zn]o] &

DN

W

e

<
X
rlr ﬁ* = >
>,\l
]o

[0 off ox Hf 2 2

% DNA in

Table 5. The comet assay values of lymphocytes at 40 weeks
old White Leghorns raised under cage and floor system

Housing % DNf; in Tail Olive
types tail moment moment
Cage 24.94+5.70 16.3248.82 21.66+8.66
Floor 21.20+4.39 12.83+6.63 18.17+6.21

p values 0.03 0.19 0.17

*Values (Means+SD) within the same column significantly differ
at p<0.05.

Table 6. The comet assay values of lymphocytes at 60 weeks
old White Leghorns raised under cage and floor system

Housing % DN{} in Tail N Olive "
types tail moment moment
Cage 33.15+6.84 53.58+9.91 42.52+12.29
Floor 30.64+5.73 42.81426.78  39.71+8.84

p value 0.03 <0.001 0.006

“"Values (Means+SD) within the same column significantly differ
at "p<0.05 and “'p<0.01.

tail{kell = —0.249] ()] Aao] EAlste Aor Ay
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