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Abstract

The present experiment was conducted to evaluate the effects of single-sex or mixed rearing
on the growth and laying performance, blood parameters, egg quality, and feather scores of
laying hens in an aviary system. A total of 2,928 (females, 2,856; males, 72), Hy-Line Brown
chickens at 20 weeks were evenly assigned to two treatments: termed here the single-sex
(only female) and mixed-sex (female to male 20 : 1) conditions. They were allowed an ad
libitum diet for 20 weeks in an aviary system. There were eight replicates of each treatment,
each consisting of 12.42 m*birds™ (n=183), respectively. The body weight and uniformity
in the mixed-sex condition were higher than those in the single-sex condition, but egg
production did not show any significant differences between the two types of treatment for
20 weeks. The mixed-sex group showed an effect through stress parameters (corticosterone),
whereas the feather score on the back was low at the end of the experiment. These results
suggest that the presence of males affect corticosterone level for mating but can reduce the
vigilance and aggressive behavior of laying hens.
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SE=A o tigh ¥Aifo] SVl whet F4tol| = ARR] A 275 REdsto] 7]E0] ARA
2N HEA FEEAIE e Al AbFE]| = JekE 3 Qlek BUuollAl= 2012 19
1Y EE AFHA 9] 7]& Alo|A] A AFR-S FA]5} .S H(Council Directive 1999/74/EC), ©|
= A 4= Q)<= enriched cage, THAHA] L2 E(aviary system) 5 TS AR A]Ad o] 7]
of Hae 1 ok Ul 52541 A5 571 5 AR 571e HlFol 7MY wom, mid
B3 " FEEA AT 57PF SIS o). Ul AFd A S EEA] 5710 AR A2
E PAF EE A FEIE AR E AL Lo, HFoll= ThthA] F2E Aol tigh w0
OFA|HA o] 5 EIShE 57 solual itk oA F2E2 2T ol FERER
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apc} 3, Ak, g0l B F42717F X = o] Rlof Hol Sidiet & o 4= o, Grm7), o
ot7] 5 AHFE-2 3-5°] 7hs 5t (Brendler and Schrader, 2016). =3¢ %%l HA G =8 7Fs S AFS 47 AL
Hop o, Agt Y AR HE 5 253 AAS 2511 Qo] 84S FIAIZ = ks HollA dawrt =
CHSosnéwka-Czajka et al., 2010). AFHAl = FA4] B A2 50 2 HE| Hols}r] Qg o2 2540 = 3i&
]85, &/d7] 2] o] 8/do] A7l A Y F= A2 BHAE W Qok i E o] 8 4= Q= 7127}
A BF 4= 9 3 XY Wgel| A4 g2 nlA 2, 7hEE|E 2 5 2AIE o712 4 ok
(Gunnarsson et al., 2000; Janczak and Riber, 2015). t2tA] AFHA|9] &5 &3t 28 WS v &Esto] 7hdhe] &,
Bt 27 58 Q8 7] 84470 S & o] &8 4 ]E% S (Gunnarsson et al., 2000; Janczak and Riber, 2015), T}
A L2 52 of] oz e o] Q17| whizoll 4717 E v &3l 5 2 ES 53 =of E7lo] F st

Z1e 27| 8y (feather pecking) THE 7HA| Q] A E-& WAL ot H o 1] Hof| A& U= Y=, 2= F 5
©] A rof] u}2} GFP (gentle feather pecking)2t SFP (severe feather pecking) 2 =75, AFSA|A, Wi, 5 5 TheF
St 213} ¥ o] QJTh(Nicol et al., 1999; El-Lethey et al., 2000). 52 7]4], B4 3521 GFPe}t &2 SFP= Z1E
= BAUEHE e A ¢ 7h 2] S(cannibalism) 2 2 B 4= ok T2 AR 4] shgof| 545517
2ol 2" 27)9F 22 3352 Al HollA] w2 H A 4= Jlth= B 117} 9lof(McAdie and Keeling, 2002), 2+
P52 T AR E = AA Y] FERAIE AlAtolM = T2 EAIe A o R & B S s d =] ojoF & 8 A
7} =31 QJthDe Haas et al., 2013; Giersberg et al., 2017; Decina et al., 2019). /& 2= 353 718 &4 == 30|
o} mg%&z £ B8l 5552 $-F0 gt A HE AL 4= THLambton et al., 2010).

U tiF2e] A 5 EX] 15 57k e, s=5A & 7=l tigh AH|zte] @ 3-8 wet o2
d4E a“\]’ol'oﬂ ARSIl Qe sEAIRE, 94 hAboto] ARSEE A9 Fo] AR 2 719] ategt wn| o]
© 2 015|| o] AEFAS §HISH 4= Q) O H(Jeong et al., 2020), 20| SOt U of| ThE FAA BA| = H 1% 11
ATHJones et al., 2001; De Jong et al., 2009). L&{ L, AetA| o] FEE5X3 AFSAI Aol A ARSA ol b4 A7} 234
3, BN, 2ERA 9 A" o] plx]= JFFol gt A= oF4] vl g3t AXoloh 2 A= AbRtA o
Al L2E AR Aol o AP HAIS B At 5], AN, AERA SRR W Y ST n|X| = IS
Bz AR
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Materials and Methods

Y 87 3 A 2

ZAEL 20F5 AHA] A8 (Hy-Line Brown) &7 2,8565 W 7 7245 Aulsto](Hd A5 1,789 ¢ +
7.14) 7 f-5oll whek 22 2] 89HE. 0 2 F 2057 AR A E S XstRict Ay AAls tht] rxEo] Ax|H
AAFE penC 2 1S Lo HA 23 m X 54 m = 1242 m’), pen'd YA
el T AA 1745 L S 9 H1E 20 : DR HiRISIATE AP AR = =
24 EEF2 Table 19 HEFH AT AL 9F -2 257 A3 5] SFQiTh Als 3 e) = S E54] 9157]
Qon A5al= A 7|7F 59 16L : 8DE 5FQ T, RE=20 Lux® AT ot S5 =
50 - 55%= FAISHALE. 2 Al Y2 FHEAEY 7 AT A A FE we] Y AR

491 5 2019-352)0] what A A|SFAT
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Table 1. Nutrient content of experimental diet.

Calculated chemical composition” Peaking (20 - 32 wk) Post peak (32 - 40 wk)
ME (kcal-kg") 4331 3,672

CP (%) 165 16.1

Lysine (%) 1.15 0.81
Methionine (%) 021 0.10

Ca (%) 4.13 334

P (%) 0.28 0.25

ME, metabolizable energy; CP, crude protein.
“Nutrient contents in all diet were calculated.

T

HiE L 2t 52

=

44 WAoo AT 343 2Al ) ok pnd 408 olol & 3204 ATE A A A $2 4

ol 7ottt FL == Bt AT £ 10% Mol ZFE]|o] = 7HA] Hl&2 bt AtehE (hen-day
egg production)=r *}oPl Héﬁ Y A7t A|Ttol] Yehato] ZAFSHITE

&

M 2 M

g 24

A4 A7} AFHA] 84171 9] F Al AAto] njx]= FES A5 8l 40730l pen T 1054, 2] & 80
40| thgte] sl wollA] Eof 3 mLS xF|5to] EDTAZ} 2] 2] % tubeol] Eo4Th 33 E -2 24417k o] ufjol] 2}
= & 27| (HEMAVET" HV950FS, Drew Scientific, Inc., PA, USA)S o] -850} HA5}191T},

2% st 42 A

ol W Astet = 245 sl Al S2A] pen B 1052 & 8042 2] aHg Mol A HHZS x|H 5t
Serum separator tube (BD Biosciences, Franklin Lakes, NJ, USA)°ll ©}T}. 3,000 rpm, 4°C, 20 AR & X
22jsto] 24 A7kA] 80°Cell Bytslint. Hybe P2 Abs N AY3kef 24 7](AU480 Chemistry Analyzer,
Beckman Coulter Inc., CA, USA)E- o]-&5to] @3 W As}st 244 A5t

rulo 2

A LY corticosterone & M
U AN 2 e o o el B2 YT A 90 4B 324 pn F 1054 10
A= ol uo| A 2 H st EH Corticosterone ELISA Kit (ADI-900-097, Enzo Life Sciences, Inc.,
Farmingdale, NY, USA) & ©]§:3te] 24131 gict

A S

Slea i}/\}oﬂ o 74]‘* 5"&% H7kst7] flsh 2 Hha 10714 - 80719] Alg-2 o) = 4sto] &5kl

A 7| (Egg analzyer, ORKA Food Technology Ltd., Ramat Hasharon,
Israel)g 0]%?5]-0:] A5 T2k 7 El:— Z} 73X 7](Egg shell force gauge model II, Robotmation Co., Ltd.,
Tokyo, Japan)E ©]-85} o, F2t T/ = J2takS A Ak H FHFe] F7|E Thickness Gage (Digimatic
micrometer, Series 547-360, Mitutoyo, Kawasaki, Japan)S- ©]-&5}] Z743}3ct WA ]E]'——] EoE 2 AMRHA|
(Chromameter, CR-300, Minotla, Osaka, Japan)S ©]-&5}0] L' (F %), a (AAE), b (FHE)E =4 T VLtem? &
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718 &4 H7H= Tauson 5(2005)2 Son 5(2020)2] HPH-& J15ko] AltA|e] HE], & 5 7145, g7l 7]
2 ¢7)9] Bo)o] e AE|Z 14802 BaslT, 2272y 800K AFZE A -l Hrsioct A" saje e

2 A Eo] WA AL &4fo] gl 7H 2 JEIE 14, A Eo| 23 iR AU &/40H dEE 24, A
ol WA I T 217} 5 em’ B|TEC &2 Sk el E 37, A" o] A2 whA QAL TR 7L 5 em’ O]/ TR AJEIE 4
Ao g gyrlsict. 2t BT AHEGEE F7loto] B0 =2 YeRITH

EAXz]

7k 22 E penS AYTQ 2 5H o, Fob ARt gl Z1e = /i 2 B3I 2 Aol dojd BE
AL 2E52] EA|EA] L Statistics Analytical System (SAS) 9.4 (SAS Institute, Cary, NC, USA)S- 0]-&5}9] t-testS ©]-&3]
o] BA51 0, p<0.05 $FolA H-gh 7He] g2 A4S AA 5

Results and Discussion

AR ChebA] P2 ARSA] @4 Bt e A12h7] A 9 F Ao chat 232 Table 200 LebARICE 74
AAIZ2 Aok Aol fstort N8 SR Y48 A el ol Aol s Hebsichp <005, 24
Y5} AF 219 S0 JUBAL Q0] YR O 2 HF ol e So] FAH R YEF(SFPS T 7HsAo]

=TH B 1511 thHughes and Duncan, 1972; Bilcik and Keeling, 1999) 2 AA oA GET = A Tte] A
0] @A Yelgk=d], AlSoll 92 vl 4= U= ALE, 87 5 o8] Ylo] Qlof F7H3 Q1 1zho] & g sjrt A
oA o] L2 E ARSA] S °]'/\]'°ﬂ w2 A7) Alg 2 FA o) tigh Z3HE Table 30f LEFASITE Li &
(2018)2 A o] A7t dEhe] w2 XF%}O]] Alctd o] whehxickal Barstl ot 2 At datol| A b4
Aol k2 At 2 o7t il o, Akehg TESE Xpol 7k LrERLER] okttt X2l gAtet Hl8-2 AlsHA|
%2 Aol A =A] LERE=El(p < 0.05), =2 /\} ST 5o AEY A =EE]= 7 Wt Fo] AstE 4

e
9,111}31 H15} o &F corticosterone®] 'FZHEA ol PP F= A 2= HUSHY THKim et al,, 2015). ThetE3t
Hetg 9 HARe-2 A 7|7 Qt 5-214 Q1 2o 7L LFERLEA] Q49T

Table 2. Effects of single-sex and mixed-sex on growth performance of laying hens at initial and final period
in aviary system.

Parameter Single-sex Mixed-sex SEM p-value
Initial
Body weight (2) 1,780.3 1,797.8 7.142 0222
Uniformity (%) 85.6 88.1 1.281 0.347
Final
Body weight (g) 1,933.7 2,000.8 9.575 0.000
Uniformity (%) 825 85.6 2.670 0.576

SEM, standard error of means.
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Table 3. Effects of single-sex and mixed-sex on laying performance of laying hens in aviary system.

Parameter Single-sex Mixed-sex SEM p-value
Age at first egg 121.80 121.10 0.376 0425
Egg production (%) 87.16 85.84 0.576 0.252
Normal eggs (%) 96.79 95.82 0.140 0.001
Broken eggs (%) 0.13 0.11 0.007 0.249
Floor eggs (%) 3.09 3.08 0.143 0.000
Mortality (%) 0.07 0.05 0.008 0.156

SEM, standard error of means.

i

ArHA oheA] L2 E ARSA] b4 AE B 4 5—01] 0| 2] = ZA3H= Table 40 YEFHICEH S 22

= UA/SHE Bk 712 AEE HY 9 AEYA FHE %*—13 = 2% A FE AREE I Qloh

(McFARLANE and Curtis, 1989). Z1. 5= heterophil (H)/lymphocyte (L) H|- &2 A E#A HFS HJ= E 7% 0 2 Lt
A

U= A B2 AR E =], AEH A ASlo| =25 ™ FH U] ATiE 2 2 heterophil Z7F5HL, lymphocyte= ZH4
ShH 2|42 0 2 A3 HhSeh= by E A B & A THCotter, 2015). Jeong 51(2020)2 EZ ZA|2] o443t
AZFEO HL H[ES S7HAA 94 AE-AE Yo ZITkal 11619 O™, Campo®} Davila (2002)+= Al7-2] 7]
7} 2k =2719] Hlgo] =& 749 A Ul H/L H|-&o] =oFA] 1L, 717 F-5/d (tonic immobility, TI)O| =] LER

Agejst 2 Al S S7HARITH AL BEQic) B At Axfol| A 22zt HL Bl &2 SAI4 /-2
32 YA A °’%L— X“E’E‘Oﬂ S A1 A A Wo] Al xElof| o]3)] Z7tstH, dAERA 5 Fol E Al HE 17t
45D, 37178 Fo] YA HCT)o| ZAShar def A R thHillman et al., 1985). SHAIRE & 151 Ao A
£ FAkstr l oro 2| oA fo) A o 2 A UEFH=H|(p < 0.05), 2= 51 L EAJo] digh F714 0l L
7t gEo8 7102 At}

Table 4. Effects of single-sex and mixed-sex on components of leukocyte and erythrocyte profile of laying
hens at week 40 in aviary system.

Parameter Single-sex Mixed-sex SEM p-value

Leukocytes
WBC (K-uL™) 11.99 12.06 0.621 0.954
HE (K-uL™) 1.88 2.10 0230 0.643
LY (K-uL™) 891 831 0275 0.284
H/L ratio 0.13 0.18 0.015 0.065
MO (K-pL") 0.99 0.81 0.055 0.092
EO (K-uL™") 0.07 0.06 0.011 0.815
BA(K-uL™") 0.04 0.51 0.127 0.059

Erythrocyte
RBC (K-uL™) 2.50 3.36 0.209 0.040
Hb (g-dL") 9.18 10.98 0.456 0.048
HCT (%) 24.18 3446 2403 0.032
MCV (fL) 96.93 90.21 2.090 0.110
MCH (g-dL™) 36.80 37.71 0.247 0.066
MCHC (g-dL™) 38.00 34.80 0.738 0.029

SEM, standard error of means; WBC, white blood cells; HE, heterophils; LY, lymphocytes; H/L ratio, heterophil : lymphocytes; Mo,
monocytes; EO, eosinophils; BA, basophils; RBC, red blood cells; Hb, hemoglobulin; HCT, hematocrit; MCV, mean corpuscular volume;
MCH, mean corpuscular hemoglobulin, MCHC, mean corpuscular hemoglobulin concentration.
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FSA] 4= Satell whe E o Aatst 24 Aok Table 50| HERHRITE 25 235t A
Ho x1e3bA ojof JH 0] 2]+ &S 71 4= lthKredatus and Valent,
1993). ©F glucosel triglycerides> AE 2| A A FE U AFEA| O] F2] Al o] A E = AREE] AL QUTH(Yilmaz Dikmen
et al, 2016). Glucose= FAJ 0.2 Q5| H| WA P H HF0 2 GA|7} B %9k 317 Hsh} AEH A Sof HkS
Sto] PFS e A FEE LA JATHKorte, 2001). 2 A+ A3} 4= FAF X279 glucose”t =] LEFE L H(p
< 0.05), °]+= Kim 5(2015)°] B8t AW corticosterone 52| F712 A8 glucose 50| &=A| LR tH= Ao}
oF FARE &2 E At Total cholesterol 4-2|= @HARRH 2] 2] ol| M =] UEHg=E(p < 0.05), AU cholesterol:> ]
2E 27 5 HA S 223 Mok A= AbtA| Q] Atk ol] Y& vl 4= okl A& Ak(Suchy et
al., 1999). TEGF AST (aspartate aminotransferase) W ALT (alanine aminotransferase)= 4217 2! 7F thA} o] 4¢e] 2|2 o+
HA QO™ (Lumeij, 1997), & AollA= A 2|7F 2] 4 Q1 Zpo| & HolZ] AU Y U] creatinine> A E A
oA 28 Tl Mol £AF A B2 o] 8E|H, 1L AEA oA Z7teke A 02 B E] T QIThKim et al,
2020). 5}A| 9t EF creatinine> *] 2] o] w2 x}o]7F LERA] 24O, calcium X albumin 3t 5-2]2 x}o]7} L}
EFLRR] ettt et aeRtAz Akt A| o] Eolf AJatal A2 E/dol nx]= Gkl thigt 714 Q1 A+t7F F e sict

Table 5. Effects of single-sex and mixed-sex on biochemical profiles of laying hens at week 40 in aviary system.

Parameter Single-sex Mixed-sex SEM p-value
Total cholesterol (mg-dL") 129.25 150.85 4.011 0.005
Triglyceride (mg-dL") 1,586.23 1,585.74 24.607 0.992
Glucose (mg-dL") 126.65 145.14 4.599 0.042
Total protein (mg-dL") 5.61 542 0.058 0.106
AST(U-LY) 202.47 211.69 5.927 0.445
ALT (U-L") 294 3.51 0.202 0.159
Calcium (mg-dL") 28.06 28.14 0.266 0.889
Creatinine (mg-dL") 0.32 031 0.004 0.528
Albumin (g-dL") 220 2.18 0.016 0.652

SEM, standard error of means; AST, aspartate aminotransferase; ALT, alanine aminotransferase.

&M LY corticosterone &2

AHA] ohhA] L2 E AFSA] &4 FhAtol e F2 W corticosterone 4% A= Table 601 LHFEFU
Corticosterone> 5&2] AE2|A £F5 W7lohe A HE T3 B9 5 HAA 5o g2
2 423 thKorte, 2001). AFFAI1S] AW F-7HE corticosterone A3 = 24, 2 E 2= 37} A4
4291 JFS n]E 4> QITh(El-Lethey et al., 2000; Shini et al., 2009). Y5 AFLoj| A EHO] 22
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Table 6. Effects of single-sex and mixed-sex on serum corticosterone concentration of laying hens at week 40

in aviary system.

Parameter Single-sex Mixed-sex SEM p-value

Corticosterone (ng-mL")

4.06 6.30 0.575 0.050

SEM, standard error of means.

ARREA Thhs] P22 ALSA] 4 ATl T ARFE R $4] AR Table 700 LRSI WET} dZb4y

AB|Rp7 AR Q1S b

rlo

593 527 E7Jo]thLewko and Gornowicz, 2011). =3+ AE | A0]| =Z0]

=9l 7te] lh 2atol) Jabe Fol Dalet Sof ZAZhAE 4 glo] Aleirle] A Bl S S )

b = e |

F 2 A% (Van Den Brand et al.,

2004), L7 Aol M= FZAT 2R 0] ol Al S Eeltkal B

3131 9l th(Sekeroglu and Duman, 2011; Samiullah et al., 2015). & A5 A3} haol] wh2 Ev} FzhE 2 o] 2ol =
UFERA] 932t Alete] Al == Wl 3.9} Haugh unit © & %715, Haugh unit®] &2 Ak AN =7F 5274
B2 2] m]gtt}. Benton Jr 520012 7 &ho] Bl iEh W2 Al o] 5 7hA| 4l okl HAsieit). 11
2Lt 3 Q17014 94 Fhalol ujek YAV ARke S getat ARio 2 | malgle u, ke Zjol 7} Lieht
A erorth F A2 Abs, AR, 21 Soll ol RS WS 4 o, TEEA| ARSAl E, X2 5 AF
2 Qlsf H&halo] Zof A 4 Qltkal H 318} TH(Van Den Brand et al., 2004; Lewko and Gornowicz, 2011). SFA] gt &
QITOIA F AT AL 2} APTHEIS AFITHE HoIA 94 Fralol T 2ol LhehbA] gk 10 2 Al E
Ch wjeb] k4 A7 ARk Lol B Q38 nlx)x) 2k 0 2 Held

Table 7. Effects of single-sex and

mixed-sex on egg quality of laying hens at week 40 in aviary system.

Parameter Single-sex Mixed-sex SEM p-value
Egg weight (g) 60.1 60.5 0.301 0.485
Albumen height (mm) 83 85 0.074 0.157
Haugh unit 91.1 92.1 0437 0277
Yolk color 6.7 7.0 0.083 0.052
Eggshell strength (kg-cm’) 446 459 0.064 0.342
Eggshell thickness (mm) 042 043 0.002 0.869
Eggshell color 67.6 67.6 0.199 0.8267

SEM, standard error of means.

8 TEE AR U4 Gl THE 21D £ Table 80l LHERARICE 218 2 W5 A
= A} Z,

7, 1x, F5 5 o27HA] 2210 o5l P2 HHOm(Sedlackova et al., 2004), A=A A Z1E &4 == Z1E
C o
[e)

51} Belo] ol FEEA| 55 W7lohs AlFo|H, Alwto] 2 HHolA Zd 2=
31 K Gunnarsson, 1999; Weeks and Nicol, 2006). =5 2 € £4-2 AHHA| o] 52 el S o
7)ol AR[RIo|A] B2 Q1 QIAS & 4> QU THSosnowka-Czajka et al., 2010). A Ztst 21E & 7] 852 7€

& H T2 ol g

Aut wj7fofl 42 dsld, 344 2= A2 F2 1o}t BSolA ”'1% A 2l th(Bilcik and Keeling, 1999)~
o

Odén 5(2005)2] Lol W= Al
= A2 B A Yebg=d], o= 4719 tZH7} o] A R}of| St HA S A

immobility)A]7Fo] FZTE QA
AA FEAS S0l Al By
Helo] e ST = FANGHA] ¢

9 Ao BANAN, AERA £F2 F7oh= A& F PRI TI (tonic

Shoick. wat o] 5 A TolA 2% 2 5ol ofsh F2 WAE: v
ok Xl A Uehtinl, £ AT Ao M L B2 5910 A8 St
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A 2j 7t -F-ol 4] 2ol = ATt LF AtollA S 212 o] Y &2 ZY 27| 51t 7o wn| YF oz 9l
off 2= 4 lokal B 15+ THWood-Gush and Duncan, 1976; Nergaard-Nielsen et al., 1993). & 150 4] $AFSHA]
ohe 2]2) 0] 5 1919] 218 £4o] A LiERsttl(p<005), o] = 2 7te] B2 i 5ol gt Ao

AFE T} Gunnarsson 5(1995)= 4= @AReE A glo] tiwtE o] AHtA| s7goll A= Ad 4] Aol Z71etel wet

18] &4 =7t 371tk Haskgiet, ot e 52 /dulet /g Zholl xto|7t YetA] k= Aoz B
O1H(Oh etal., 2019), FF 571 9] EA17}F AA ] BAN T 2= 350l v|x]= FFol| theh F58H4] 24
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Table 8. Effects of single-sex and mixed-sex on feather score of laying hens at week 40 in aviary system.

Parameter Single-sex Mixed-sex SEM p-value
Head 1.09 1.06 0.017 0.357
Neck 1.50 1.49 0.036 0913
Back 1.90 1.61 0.054 0.008
Breast 1.22 1.27 0.029 0410
Wing 1.32 138 0.039 0419
Tail 1.78 1.92 0.048 0.157

SEM, standard error of means.
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