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A Comparative Study on the Laying Performance and Egg Quality
of the Korean Native Commercial Chicken and Hy-Line Brown
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ABSTRACT This study aimed to assess the performance of laying hens across twelve crossbreed strains (i.e., CFCK, CFYC,
CFYD, CKCF, CKYC, CKYD, YCYD, YCCF, YCCK, YDCF, YDCK, and YDYC) of Korean native chicken (KNC) and
compare them with Hy-Line Brown layers. A total of 287 18-week-old laying hens were placed in battery cages by strains
(2—5 birds per pen). Results indicated that the YCYD and YDYC strains exhibited numerically heavier body weights than
Hy-Line Brown at week 18—64. CKYC and YDYC strains demonstrated more than 94% viability by week 64. The CFYC
strain had an age of first egg laying of 127 days, and the YDCF strain reached an age of 50% egg production at 140 days,
both earlier than their parent stock. The YDCF strain showed over 70% egg production for up to 60 weeks. Regarding egg
quality, the CKCF and YCCF strains had numerically higher egg weights among the KNC groups at week 24 —64, with the
YDYC strain showing a darker (P<0.05) eggshell color compared to CKCF at week 40. Moreover, KNC crossbreeds showed
a higher (P<0.05) egg yolk ratio than Hy-Line Brown. In conclusion, the YDCF and YCCF crossbreeds exhibited the most
desirable new synthetic Korean native commercial layer based on egg production and quality parameters. Therefore, these

strains could be a viable substitute for Hy-Line Brown layers.

(Key words: crossbreed, egg quality, Korean native commercial layer, laying performance)

Agale AAA AF Aoz A
JtHRéhault-Godbert et al., 2019). HZ, A=Ak
F2EA(2022)0 sk 19T AlF An)Fe 2018
el 20213 28170 2 Z7}81 S (Ministry of Agricul-
ture, Food and Rural Affairs, 2023) A&t 2% 2017
1289 7oA 2021 1379 7HE 7% F718te] o9 BF
SHAAN BT FTlehe AES Bt @A 5 ARk

do] A FFL 5T HAE 22H 719<] Aviagne, EW

" To whom correspondence should be addressed : jmheo@cnu.ac.kr

group 2] Hendrix Genetics AlollA] F3gd 3l A4tslar
SATHFuglie et al,, 2011). ©]ol] mz} S-2veh=s & =
A NFE] g FAC AT BAFE &8tk 9o
ol Al T AW T By T FuoE s =u
FALG el f1del HstA 2 217} UATKSponenberg et
al,, 2019). o] gk A FIE o vi-g-sl7] AdM = -+
o] 3 2RI EFH =4 FAE A AR sEo] ¢
T kg ASARRY ATS A FEEeEA
X}T}%% Ndsfior & et oty AdETh

S A 258 el A AbsE o] AE =9
vﬁﬂf% AR =99 Felvel 7S E 3] A
H EATS Uob JAb, AAA, dFeA 3 wsat



84 5 AR B3R A

879} sfolzel

Hog & 717} e EFo|tKPoultry Research Insti-
tute, 2016). T4 EFHS 19003 o] F =99 =%
FToz Qe AAHES A | AT S =,

olell w&XEH FIAIF AN 192957 EFTH 59

2 AN G A 7% AldS 243ske] 2011 A
A5 5AES SAEAt(in et al., 2017). 22U 20143 2
WA ZRRAEFAAR 3 HYE FE] BF Z,:NE]
o] Fl ERAALAE A Bfeta Jd F5E BE
< olg3ate] 79| gk AY SAES B Hitlﬂ(lm et

al,, 2019). SEAIRF @A FUlol|A] AT 9 o] 83 e E
THS T2 AA S A AN AT #ek Asot o
B10l o] #4o]tiKim et al., 2018, 2021b, 2022). =3}
od W ETH Ao 647 Hd AR 65.1%,
F& 18871 &= A= © VK Ahn and Park, 2002), T &2
4 A1 Hy-Line Browne] &S 6053 7|
85%= ¥ A UTHHy-Line International, 2020). ©]*¥H =]
% A9(Ahn and Park, 2002; Song et al., 2023)5< H| w3}
A<, A ETHS Avt AgAl vlg] g Ao v
Ak A48 Sl A ZdA= o] mH]| g A% o] tHHong
et al., 2012).

¢

rg e o
o‘ > o

K

oleit EFEe A Y By L sEuAY] FUH 1
& sl tiEAQ wHl Y S Sl ol 2EE ol
g3k, Z <

[¢)

ol A= ok A ZFe] ] Al 1M7L SXIA
ol vlal] 3 Aol @S el = AETE a4
o2 vy RS B3l 7Rl ik vidst
= wHHo|tKSohn et al., 2023). Abplanalp et al.(1984)<}
Ohh et al.(1980)°A1+= B &%, Ohh and Yeo(1979)°l4=
Abkare}l 2AF A= Cheong et al.(1985)2 4t 4= 9 4bkek
oA FZao] o & I M Bt Bt
weta B Ae o|HwulE Al AR SHE F
3 AR EFTEHT AL AR AEE, Al Atded
ATEE 23S vuiEdeE B A4 A -

g/\
= Y
& o] $et B A8 xS At

Ak /ﬂzﬂ o 214-1—4}6_']—37_

FEAE Y3 A% (202206-
CNU-085)°1 23l 74&% T Y=t FAE 5] AL

£ & s B A e A dsker, 2ol e
9 e ¥ Ud FEAREANLS) FHE Eron
5208 waith

Beree] WesY ¥ ABEA v AT

1. SAIS2T AEAA

A o] 8H FAEES %%%ﬂ#?‘i}%
Mﬂ/ﬂ B3t B35 A SAB[E (C,

3= 3lo| EY 1E(F, K), AHZEZTH( )]_O_E 29 W

BHE AAsle] 73 E Hong et al.(2022)2] AgPALE nlet
o2 35 F&Ao|th Hong et al.(2022)2] Aaid+- é
g Faste], olHwul RS 9% 4709 A%, C
CK, YC and YD) A3t 3 Z=d ) uolA E%—%
ALAE ALt 7F w23 A= 2 wulEde
WHl S ePobA] gt whEbA & wulF 7 3709 wulE
I welE st F 12709 wRF welEEie, CFCK,
CFYC, CFYD, CKCF, CKYC, CKYD, YCYD, YCCF,
YCCK, YDCF, YDCK, and YDYC)¥} ¢Hdol] €123 Lut
F-3}7oll A A4rE Hy-Line Browns A& ol AF8-31% o
185758 47 AFHA F 28757F o] &H AT BE FATE
52 FAAALY] battery cages(60 x 25 x 45 cm® = 7R x
A2 x Fo)Z wul IR AoX T 2-5vle]y Y A}

FalAth &3 He F4E Table 19 AAISHA

2. Akakz|

A Al kA 185
Al A Al Als e A
18283 7} 28645 & ?v‘%fs}oq HolstlaL, @A
Al Atz AL 3 F3E =(National Institute of
Animal Science, 2022)-* Haste] vl gslS thTable 2). AF
i< 3044 *}3}74]4 9 2 AFS Fast] A 7
o} ;(]_oiﬂl /\—1"46]—

AR HS F ? 10*l—rE1 E1rg

satsith oL o) Abdt

2 6X17FA] 8AIZE A
= =TSN

Table 1. The diallel cross combinations using Korean native
chicken strains and control from weeks 18 to 64

Female

CK CF YC YD
CK CKCF (7) CKYC (20) CKYD (23)
CF  CFCK (25) CFYC (22) CFYD (24)
YC  YCCK (23) YCCF (17) YCYD (28)
YD  YDCK (22) YDCF (22) YDYC (17)
Hy-Line Brown (37)
Brackets are the number of chicks.

C, D: Korean Rhode Island; F, K: Korean Leghorn; Y: Korean
domestic chicken.

Male

Control
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Table 2. Composition of the experimental diets (% as-fed basis)
in the laying phase.

Ingredient Diets
Week 18—28 Week 28—64

Corn 58.20 61.46
Soybean meal 22.78 20.42
Corn gluten meal 4.53 5.00
Soybean oil 2.50 1.26
Monocalcium phosphate 1.38 1.21
Limestone 9.65 10.00
Salt 0.25 0.25
L-lysine 0.20 0.03
DL-methionine 0.21 0.07
Vitamin-mineral premix’ 0.30 0.30
Chemical composition

Metabolizable energy (kcal/’kg) 2,859 2,800

Crude protein (%) 18.20 17.50

Calcium (%) 4.10 4.20

Available phosphorus (%) 0.40 0.37

! Vitamin and mineral mixture provided the following nutrients per
kg of diet: vitamin A, 24,000 IU; vitamin Ds, 6,000 IU; vitamin
E, 30 IU; vitamin K, 4 mg; thiamin, 4 mg; riboflavin, 12 mg;
pyridoxine, 4 mg; folacin, 2 mg; biotin, 0.03 mg; vitamin B8 0.06
mg; niacin, 90 mg; pantothenic acid, 30 mg; Fe, 80 mg (as FeSO; -
H,0); Zn, 80 mg (as ZnSO; + H,O); Mn, 80 mg (as MnSO; - H,0O);
Co, 0.5 mg (as CoSOy * H;O); Cu, 10 mg (as CuSOy - HyO); Se,
0.2 mg (as Na,SeOs); I, 0.9 mg (asCa(I0;) - 2H,0).

ME, metabolizable energy; CP, crude protein.

B39 AbeAle] Abeke](National Institute of Animal
Science, 2022)°l wa} AP35

3. AlEE=

AFH BEES] AF 1850 33 F, 207HE = 45
Ao R 64T P77 SH AT AT 24 8Aol AR
oAE FHsta, oA 1040 HAE R S AE
< wiERE YFFFE VTR AES e e
(%) Z FABIATE AR e 23R giEs Al A 9
A AR WA DR S 2AbsEAL o] o] HiE AFESIATE =
A2 50% ol/de] e A% 243 YRS o
dH = A &(Hen-day egg production)
T AFTE A7HA] Z; Aol HE wid Ak

|5k, Alel#] & 749 Adaes A 1, AE

puipul

A Al 2teh-&(Hen-day egg production) (%) =

(2FY 7+ AolA ¥ A&/ 7) / AR ¥ F4 x 100

[e]

i 1, 1.70

om ko] At 2455E 4F7A] 45 3t
Aol Jgw]y] 7 el e A

U, W, AR, b, B
7

-

=
2

Els RS o] 86i3laL, W | sl e] Al
= TRt gzt gl A 5 HEAAAR Al Aleska
& 4,29070(39070 x 113] 49| Alg-E S48 T
o] A5 64t W & 5749 ARk 6 WHEsto] 390709
ATE A5 Y o 48 A S(OHAUS explorer
E12140, Ohaus Corp., USA)S- ©|-83lc] Algke] FAE S35}
A3, FZH2 QCR color reflectometer(Technical Services and
Supplies Ltd., York, England)< ©]-&3lo] S331t) A=
o] 73 EFMIK(Serial No. 103057, CAL REF. 81.0%)%}
35 9K(Serial No. 103057, CAL REF. 00.0%)°-& B33l &
AL 100%, AEALE 0%2] WS 71EoR2 S8t
kA2 QCC Yolk Color automated device(Technical Services
and Supplies Ltd., York, England)S ©]-83}0] %19 3H(Serial
No. 103057, CAL REF. 81.0%)C.& HAa 3, =3¥ ke 7]
Alell A& = Roche Color Fan Score(1: 1=%~15: F&hol w}
2 g AFEEATE W s S A4S $ QCT
shell thickness micrometer(Technical Services and Supplies Ltd.,
York, England)Z ©]-8-3}2] 10 um(0.001 cm) T2 43519
o} 3 A=l 7 TA-XT Plus texture analyzer(Texture
Technologies Corp., Scarsdale, NY, USA)E ©]-&35}] g T2
Zgaloick dEEAS Aol A7 S digital vernier
caliper(Digital Caliper E03-150 122-521, Misumi Corp., Japan)
= 3oL, 349 @S A o® Yol dEASE
Aelatt. mEgh she] AlRke] W Wz i, dske] A
£ ¥48 AS(0OHAUS explorer E12140, Ohaus Corp., USA)
< o8l Sskar ¢, ), ek A7 G o w ol

N

flot B

AT (%) = @4 / FAE x 100
F8E (%) = E2ZF / EF x 100
HEH S (%) = 2/ EF x 100
) (%) = 9dF / dF x 100

4. SHHE|
2ol o] gH ZE do]El= SPSS 26.0(SPSS Inc., Chi-
cago, USA)2] GLM program(general linear model, one-way



86 up =

ot
>,
s
o
i
oy
EE

ANOVA procedure, SPSS Inc., Chicago USA)E ©]-831
A9t B4 @9l A A9, battery cageE ©]
SHaL, At F4 B dd B4 W ¢ 3 5o Al
ol g3t & 6 WHEo R B B WYIT). AL ”@
< A5 4%, Scheffe] thaA S ol &k, A& &
Z& Tukey’s testS ©]-831] 95%2] AlF] ol a3k
9 oS A

10 o

My
o

o} o pE
1. A=

olwHlE H ANAE dFoZ 1857, 28
FRwe] 238 A5<] Z3E Table 39 A|ASHATE 1877

A= YCCFE A)|9)3 RE %353} Hy-Line Brown?tl|
oJAQl Afol= VERA] &3kom(P>0.05) 285 9= YCYD

Z3to] EFE wol=3 2 Hy-line Brown} Plwgds o
Aoz 7P FAL 78-S JERIATE Hong et al.(2022)°1
w2 FA19] 2857 AFS YC| 7% 1,784.66 g, YD2| 7
T 1,776.62 g0 & Bk v} Ql=tl] 2 ARPoA] 2875 o
YCYD %] 7% 1,984.1 g, YDYC %82 739 1,9279 g
2 YC, YD7} aid A8A 29| ATl TAET 7
11.43%, 827% F-AL AFE BHoAFQTE E3h 18—6457
o4l YCYD$} YDYCZ} Hy-Line Brown®.t} X802 &2
AL Btk YCYD, YDYC & AFoA 713 = 4
= eI YC, YDE FAI9 BAR AAs)] s o &
Fozn FHA AR QI3 JFA Al mE A=
Ho]Z K Hong et al., 2022).

T 123 64

(]

2879 solzkel B

£ A3} Hy-Line Brown¥} H|w3& ul 2453704 &
Z3tll A 90% ©]/de] = AEES Bl Wi Akekey
2 A5 23 19 Aol UERATHTable 4). 1
CKYC, YDYC %3S 64FH7MA % 90% o]4+e] AES
293 Hy-Line Brown¥} w3} S w] v]w4 553 23
= JehT} Sohn et al.(2023)S YCZEFQ A&&o] 713
=9ke-S Bl Kim et al(2019)S EES A2
Korean Rhode-C, Korean Rhode-D 2 KNC Yellowish-brown
o] WEgo| 717} 88.1, 922, 87.6% % THE YFAEY] Hit
AEE] H3l 18.83% H =Y Husith 99 2
H}5S T4 o FFAAN(Y)T EFREZFC,D)Q] mH)
2PES B AEES AW G FFom WH e
fo] 2j&o] WELA Z JgL 7Ack= AL on]3it}
(Sohn et al., 2023). Wb 96.15%2] =2 Ft Y=
ERdl CKYC Z3o] ESH wil2gEe] B YE&&7 1
WS Wl 9.61% =2 AEES e AoE AlEHT

r1n

—

o ofn

O’

3. M2kg
2 E Z3MEF} Hy-Line Brown®] A2

Table 51 A|AISIATE &2 A& =3 F CFYCe] A4t
A2 1279 = 7P whglm 4RI E -2 YCCF, YDCF7h
1404 2 71 w24 YERsit). Hy-Line Brown?} H]w8l-&
uf ZAMAE T AR o] Hlﬂ-] Al VEREA] 7 Hong et
al.(2022) daA+o] Avte} vlwd = o YC, YD7} 1289
2 Ao 7 whe] JEba 24 E - YD7F 158
d, YC7} 1599 2 71 wh2A] Yebdth ét" B A

¢]

Table 3. Comparison of body weight between crossbred Korean native chickens and Hy-Line Brown from weeks 18 to 64

Treatments’

Period

CFCK CFYC CFYD CKCF CKYC CKYD YCCF YCCK YCYD YDCF YDCK YDYC

Hy-Line SEM2 P-value
Brown

Body weight (g)

Week 1,284. 1,315. 1,264. 1,426. 1,301. 1,268. 1,175.
18 1 abc 2bcd 4abc 8d 1 abed labc 9a
Week 1,704. 1,835, 1,812. 1911. 1,763. 1,733. 1,789.
28 532 7abcd 4abc Obcd 3ab 32 3abc

Week
64

Week 1,617. 1,706. 1,668. 1,749. 1,674. 1,648. 1,636.

1 8 _ 64 Oa 7abc lab 1 abc 4ab Oab 6a

1,222, 1,330. 1,174. 1,274. 1,386. 1,326.

1,816. 1,984. 1,799. 1,849. 1,927. 1918.

1,701. 1,833. 1,633. 1,675. 1,798. 1,735.
9abc 30 Sa 1 ab 7bc 1abc

geb gbed g 7ibe ged 4bed 11.635 0.003

4abc ld Sabc Oabcd 9cd 9bcd 13.661 0.001

1,862.4 1,969.2 19274 1,909.5 1,958.7 1,942.8 1,944.5 2,0664 2,184.9 1,9259 1,901.7 2,081.3 1,960.0 24.218 0.276

13.365 0.031

24 Values in a row with different superscripts differ significantly (P<0.05).
' C, D: Korean Rhode Island; F, K: Korean Leghorn; Y: Korean domestic chicken.

2 SEM, standard error of the means.
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Table 4. Comparison of viability between crossbred Korean native chickens and Hy-Line Brown from weeks 18 to 64

Viability (%)

Treatment'

CFCK CFYC CFYD CKCF CKYC CKYD YCCF YCCK YCYD YDCF YDCK YDYC

Hy-Line
Brown

Week 18 100 100 100 100 100 100
Week 20 100 100 100 100 100 100

Week 24 92 100 96 100 100 96
Week 28 88 95 92 100 95 &7
Week 32 88 95 92 100 95 87
Week 36 88 95 92 100 95 83
Week 40 88 91 92 100 95 83
Week 44 88 91 88 100 95 83
Week 48 84 91 88 100 95 74
Week 52 84 91 88 57 95 61
Week 56 84 77 88 57 95 61
Week 60 84 77 88 57 95 61
Week 64 84 77 88 57 95 61

100 100 100 100 100 100 100
100 100 100 100 100 100 100

94 96 100 95 95 100 100
88 &7 93 91 86 100 100
88 78 89 91 77 94 100
88 78 &9 91 77 94 100
88 74 86 91 77 94 100
88 74 86 91 73 94 97
88 74 86 91 73 94 97
88 74 86 91 64 94 97
88 74 86 91 64 94 97
88 74 86 86 64 94 95
88 74 86 82 64 94 95

' C, D: Korean Rhode Island; F, K: Korean Leghorn; Y: Korean domestic chicken.

Table 5. Comparison of age of first egg laying and age of 50% egg production between crossbred Korean native chickens and Hy-Line Brown

Treatments'

Items

CFCK CFYC CFYD CKCF CKYC CKYD YCCF YCCK YCYD YDCF YDCK YDYC

Hy-Line
Brown

Age of first egg laying (days) 132 127 141 134
Age of 50% egg production (days)® 154 147 148 147

134 135 136 133 136 145 135 140 123
154 148 140 148 151 140 151 147 128

' C, D: Korean Rhode Island; F, K: Korean Leghorn; Y: Korean domestic chicken.

2 Value observed for 2 consecutive days.
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Fig. 1. Comparison of egg production between crossbred Korean native chickens and Hy-Line Brown from 20 to 64-week after hatching,
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Table 6. Comparison of egg quality between crossbred Korean native chickens and Hy-Line Brown from 24 to 64 weeks after hatching'

Treatments®
Peri -Li EM®  P-val
eriod coKk CFYC CFYD CKCF CKYC CKYD YCCF YCCK YCYD YDCE YDCK YDYC Iiymf;ﬁe S value
Egg weight (g)
;Zeek 51.19° 52.86™ 53.98° 5296™ 51.34° 51.34° 54.89" 54.99® 54.53° 5334 5738 56.76° 53.67° 0275 < 0.001
;Zeek 53.91% 51.728 5259 60.54% 54.11% 52.67%° 56.10° 54.04 54.72%° 5421% 5531% 52.06® 61.03¢ 0.189 < 0.001
;Zeek 55710 56.06 56.01*° 63.99° 5577° 5623% 59.15® 5809 5631° 59.72° 57.66™ 55.63° 64.33° 0384 < 0.001
;’Z"ek 5594 5827 5997 5740 55.93* 5530° 57.59° 55.24* 61.26% 5839 56.31*° 5847 63.56° 0.187 < 0.001
z"ek 57.25% 56,59 59.2%  6620% 60.15* 57.87 61.78% 57.72% 5547 57.95%° 55.84® 5378 67.63° 0.332 < 0.001
Xeek 55.73° 5675 57.01° 63.17% 58.32% 57.62% 5831% 55.09® 55.66° 5826 5457 4953 6438 0334 < 0.001
Xeek 57.44% 59.82 5840 57.88™ 5591 57.82™ 58.53% 57.19™ 62.10° 55.04° 5864 59.41°° 64.18 0.177 < 0.001
Week a a a ab a ab ab a a a a a b
5 5753 5702 5779% 6233 5708 60.67° 59367 5802° S7.70° 5696 5679° 5570° 65.00° 0388 0.001
;’Zeek 57.90% 5674 54.61° 59.44% 55.07° 54.69% 57.78% 54.84" 54.02® 53.96° 5321° 53.60° 63.43° 0337 < 0.001
Week
6 60.03 559 5783 6156 568 71.06 583 5936 572 5543 5533 5426 64.17 1354 0.582
Zzeek 59.15% 62.88™ 59.8° 5259 53.51° 58.03° 5875 59.20° 68.54° 51.82% 62.73° 69.30° 63.98° 0.493 < 0.001
Ze_e;; 5255 5220 5329™¢ 56.76" 52.73 52.01° 55.5°% 54.52™ 54.63%¢ 53.78"¢ 56.35% 54.41™ 57.36° 0.144 < 0.001
;Ze_z 57.41% 57.78% 57.85® 60.51™ 56.51 58.81° 58.84™ 57.21° 58.70° 56.40° 56.79° 56.63° 64.52° 0232 < 0.001
Ze_z 56.53° 56.79% 57.02° 59.83* 55.82% 57.58° 5824 56.72% 57.96° 55.92° 56.71% 5623 63.22° 0.195 < 0.001
Eggshell color
;:eek 37.17°  52.83" 48.63%" 41.93% 47.73%" 46.27°% 48.63% 51.40°7 47.17% 47.57% 48.63%" 4357 25.83* 0295 < 0.001
;Zeek 54.70°  54.00° 49.70% 54.37° 52.57% 51.33% 49.13% 54.77° 39.93° 4647 49.70% 41.73* 2323° 0361 < 0.001
;Zeek 5277 51.53% 47.83% 50.83% 46.53% 49.40* 4737 52.13% 36.53® 43.63"™ 62.37° 37.6™ 23.50° 0374 0.001
;’Z"ek 34.07° 45239 45.93% 3627™ 49.60° 40.97°¢ 42.90° 46.00° 43.53 44.87% 44207 44.43% 2357  0.51 < 0.001
Xeek 4140 44.50°° 4327°° 48.70° 44.67°° 46.53%° 45.00%° 47.40% 34.10° 42.63°° 44.73°° 3850 2230° 0.369 < 0.001
Xeek 41,73 41.67°%° 42.10°° 48.17° 44.37% 40.70%¢ 42.03°° 4523% 3420° 42.03°° 4437 36.17* 22.63° 0403 < 0.001
Xeek 32.17° 42.60° 40.60° 36.73* 36.37™ 40.23° 3870 42.90° 37.53* 37.60% 3647 37.47* 2240° 0452 < 0.001
;Zeek 4170 44,534 44.87° 4430% 42.67°¢ 44.77° 4197 45.10° 36.90° 42.13% 46.70° 37.33* 22.00° 0414 < 0.001
Week 36.37%4 33.40™ 37.93* 3570%¢ 39.70¢ 38.30% 38.20°¢ 38.73%¢ 33.10% 33.67* 37.23* 3223 1537° 0342 < 0.001
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Table 6. Continued
Treatments®

Peri -Li EM®  P-val
eriod coKk CFYC CFYD CKCF CKYC CKYD YCCF YCCK YCYD YDCE YDCK YDYC Iiyrof;ﬁe S value
Xeek 42.00% 41.03% 4937 42.67° 44.57°¢ 44.20%¢ 38.63% 39.40™ 40.87° 4620 44.97°¢ 3723° 21.07*° 0447 <0.001
Zeek 28.67° 37.73° 3827° 4053° 38.87° 37.83° 37.37° 4070 34.70° 3747° 30.80° 32.90° 20.70° 0.735 <0.001
;Zie; 4593 53.41° 49.16°° 48.15° 50.15° 48.8°" 48.88°° 53.08% 43.55° 47.01™ 49.16°° 42.65° 2453 0261 <0.001
gﬁi 38.98% 4247 4335% 42.66° 43.03¢ 42559 41359 44.18° 36.83° 41.14% 4354 37.1° 215 0218 <0.001
;Zfe; 4024 44.46% 444%  43.65% 4433% 43.68% 42.72°® 4579% 38.05° 422% 4456 38.1° 22.05° 0.193 <0.001
Eggshell thickness (mm)
Xeek 032 032% 032% 032%  031° 032" 034 032®° 032® 034° 031 032%™ 036° 0.001 <0.001
Week ab a ab b a a ab ab ab a a a C
o 033%  031°  032% 035> 031° 030° 033° 032® 032% 030° 030° 030° 039° 0002 <0.001
Week be abc ab c abc abc abc abc abc abc abc a d
5 0.32% 030" 030® 033 032" 031" 031% 030%™ 032 031%™ 032 029 037 0.001 <0.001
Week a a a a a a a a a a a a b
% 029° 028  029° 028 029" 028 031* 029 030 030° 029" 030 035 0.001 <0.001
Week ab ab a b ab a b ab a ab a a C
10 024  025° 023 027° 024® 023 027° 024® 023 024 023 022° 030° 0.002 <0.001
Week a a a a ab a a a a a b a ab
" 024* 021 025 022 026 024*° 024* 023 022° 023 037° 023 030° 0.007 0.001
Zzeek 029® 028" 029 028° 031 029° 031 029® 030 031 027° 030 0.33° 0.002 <0.001
;Zeek 029° 028" 028" 030° 029™ 028 029" 029% 029%™ 029" 028" 028" 033¢ 0.001 <0.001
?geek 031  030® 031® 031° 030® 029® 030° 029° 028 029° 029®° 029° 036 0.002 <0.001
Week be abc ab abc abc a abc c abc abc ab abc ab
6 0.32% 030" 029 031%™ 030 0.28"  0.30 0.33° 030" 031™ 029° 030%™ 029® 0.002 0.001
Zeek 0.31% 029 029%4 030 0200 028 030%™ 031%¢ 029" 030 028° 029" 033 0.001 <0.001
Week ab ab ab b a ab b ab ab ab a a c
g 0327 031" 032° 033 031" 031" 033 03" 032" 032 031° 0308 0377 0002 <0.001
gfe; 029° 0280 028" 029 029° 028 029° 028" 028° 029° 029° 028° 033 0.001 <0.001
;Ze_eﬁli 030° 028 029" 030° 029" 028  030° 029" 029%™ 029° 029" 028° 034 0.001 <0.001
Yolk color
;Zeek 6.83°  7.07° 7.03® 6.83° 720° 7.10% 6.67° 693° 697 7.03° 680° 687 7.00° 0026 0.016
Week
o 760 783 733 753 770 766 770 786 756 760 780 753 796 0.065 0.897
;Zeek 740 760 740" 720° 7470 740" 7.87¢ 740 7.70%¢ 75304 7774 7908 7.23%  0.041 0014
Week

693 690 703 710 683 69 700 703 693 68 693 676 7.00 0.020 0.101
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Table 6. Continued

Treatments>
Period Hy-Line SEM’ P-value
CFCK CFYC CFYD CKCF CKYC CKYD YCCF YCCK YCYD YDCF YDCK YDYC - “

Kk

r(;ee 737° 733% 723°  737° 7270 700 7300 7.03%  7.33% 7200 7.17%  627° 743 0204 0302
zeek 7270 7.03%0d 770 7 a7bd 7470 680 7.43%d 7370d 7900 7407 6630 6.50°  7.60°  0.054 <0.001
Week

4 666 686 656 683 660 663 663 673 653 643 656 646 666 0.041 0.699
Week

5 690 693 690 673 713 660 696 696 690 68 683 670 7.00 0.031 0.121
Week

s 750 756 733 676 676 69 783 756 700 773 660 730 820 0.100 0.075
Week ab ab a a b ab ab ab ab ab ab ab ab

6 7270 743 697* 693 817° 727 717 7.63°  7.83% 740° 793 783 747 0059 0.001
Week

o 640 696 58 636 606 680 623 660 570 596 686 676 600 0.099 0.200
Week

g 122 745 718 718 745 783 7.8 74 727 732 730 720 748  0.034 0.598
Week

pog 08 718 700 698 737 694 716 715 709 704 703 694 718 0034 0501
Week

e 723 703 702 739 701 716 719 712 709 708 699 723 0027 0232

Eggshell strength (g)

Week 4,742, 4,618. 4370. 4271. 4,555. 4218. 4454, 4426. 4201. 4,630. 4,143. 4,794. 5,682
24 3% gl ppibe gy ggabe 3pa gpibe  gpabe  gga 3gibc  go 39° 55
Week 4,643, 4464, 4341, 4463. 4541, 4371. 4,534, 4506. 4345 4,516, 4323. 4,534. 5,780
28 33 12° 01° 67" 43 07 26° 36° 50° 15° 43 92° 72
Week 4,544, 4309. 4311. 4,656. 4,527. 4,523. 4,614. 4,585. 4,489. 4401. 4,503. 4,275. 5878.
32 43 54 80° 12° 08® 81° 50 79° 11° 91° 16* 45° 88"
Week 4,026 3,970. 4,062. 3,952. 4301. 3,826. 3,973. 3,944. 4200. 4,093. 3,771. 4,186. 5611.
36 00° 38 08* 52 12° 520 15 00° 36° 69° 42° 64° 31°
Week 3,791. 3451. 3,824. 4,137. 3,800. 3,757. 3,747. 3,974. 3,846. 3,727. 3,655. 3,566. 5,130.
40 7 91 23 67" 71° 728 61° 41 38 38 66" 53 76°
Week 4,526, 4479. 4242. 4384, 4309. 4291. 4376. 4400. 4340. 4445 4313. 4370. 5,76l
44 65° 55° 19° 88" 40° 50° 32 87 347 71 75 62° 32
Week 4,468. 4,464. 4232, 4444, 4339. 4256, 4391. 4304. 4312. 4389. 4372. 4,280. 5,737.
48 42 10° 69° 49° 04 718 93¢ 73 87 83° 23 91 98"
Week 4,144. 4,116, 4,017. 4215, 4,154 3,931. 3,991. 4,074. 4,087. 4,007. 3,999. 4,022. 5498.
52 41° 02° 18* 60° 67° 77 31 28" 14° 14 66" 32 75°
Week 3,521. 3,739. 4,141. 3,896. 4,296. 3,652. 3,822. 3,895 3,704. 3,512. 4,001. 3,790. 4314
56 55° 07 9% 31 57° 9™ 31 g g 24 39® 55 62°
Week 3,877. 3464. 3,810. 3,682. 4,095 3,751. 4,070. 3212. 3,800. 3,611. 3,745. 3,528. 5,100.
60 91% 3 g4 g 530 44 36 38 g3®  13®  39®  41® 50°
Week 3,103. 2,655. 2,398. 3,797. 3316. 3,181. 2,723. 2,664. 2,516. 2,787. 2,743. 3,745. 4,739.
64 58° 36 47 38® 250 gt 72 42° 80° 79 31° 63% 58°
Week 4,692, 4,541. 4355. 4367. 4,548. 4294, 4494 4466. 4273. 4,573. 4233, 4664 5731
%-28 78 40° 62° 44 60° 70° 13* 64° 69° 27 56" 66° 64°

28.257 <0.001

25.836 <0.001

45.483 <0.001

31.173  <0.001

48.385 <0.001

36.444 <0.001

22.389 <0.001

38.339 <0.001

38.919 0.001

47.864 <0.001

91.664 <0.001

2327 <0.001
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Table 6. Continued

Treatments’

Period

CFCK CFYC CFYD CKCF CKYC CKYD YCCF YCCK YCYD YDCF YDCK YDYC

Hy-Line SEM®  P-value

brown

Week 4,000. 3,850. 3,893. 4,129. 4,126. 3,908. 3,967.

-6 527 03" 34° 78" 71° 19° 92°

Week 4,126, 3,975. 3977. 4,172. 4203. 3,978. 4,063.

A-4 39° 74 40° 99* 42° 47" 59°

3,895. 3,922, 3,886. 3,900. 3,974. 5,308.
13 01° 32° 67 12° 19°
3,999. 3,985 4011. 3961. 4,099. 5,385
04° 95° 220 19° 67 18°

19.307 <0.001

16.795 <0.001

a~T Values in a row with different superscripts differ significantly (P<0.05).

! Results are mean with 6 replicates per strain.

2 C, D: Korean Rhode Island; F, K: Korean Leghorn; Y: Korean domestic chicken.

3 SEM, standard error of the means.

GEo] 3 AFo|A] YDCF Z32 4457 ©
Helom W GAE Ao A
al,, 2020) eF2 IS VERAIThaL ek ek o]
A% 24—645F7 A 717k0llA Hy-Line Brown¥} H]mgl-S-
o] fre]HQl Aol 7t YERIA] UTKP>0.05). 121t YAIE
o] Eol7t 234 gk FEAS Ve = A Bl
£3], 3258l YCCF, YDCK, YDYCZ%°]| Hy-Line Brown
I Huge o freldor He FAE JERATHP<0.05).
ol JEke mX = olfie T TR, €8, AlRAAE
7K 2 W™ (Hartmann et al., 2003), Kim et al.(2021)l4]
CK, YC,YD x3¢] dshlo] thg 235 vls) feldo=
e S YERITHP<0.05). WA ol 23S fr
AR ANFez Qe e S JeRd B2 AlsH
W e Al sl i AYshe Fagh ado)7] o
ol AAAE 8k 583 24 5 Pe]tiLim et al,
2023). 2453 HE] 525 744] Hy-Line BrownZ} 235 71
Hwgls of EF5 v gse] frofdos ve FX8 B
ATHP<0.05). Sun et al.(2012) o] wE2H A& Algke] Ht
Wzt e 3.60340.776 kgE HuEglon] B Ao EF
o Wl 2FES] 24—64FH )] 2t 2

o8 AEgel dF= VAR Fe FEeldal AdEn) 56
FdolA YDCF$} CFCKE A|9jgt BE =33} Hy-Line
Brown 7hol] fo]# Q1 Apol7b VFEREA] 4SO (P>0.05), 64
FHoll= CKCF, CKYC, CKYD, Z128]1 YDYC %3] Hy-Line
Brown¥} 1212191 Afo]7} YEhA] @ASkTH(P>0.05). whebA],
Z¥E T CKYC Zgo] 2 A=rt ek 743k vehld
oh W2 AR W e ] AHEAE vERIT L B
AEFATHKim et al., 2020) & 2
CKYCZ o] the Z3=o) vlsl
sttt ol tisix= F7H] A7 B ositta AlsE

It}

)
=2
>
rr
¢
L)
f
1
=2
>

64Tl FEEA S AABIRAAL o] 5] AF= Table 79
eI Algke] @52 CFYC, YDCF %3] Hy-Line Brown
7} Bl wd S o] fojAo = FAl VEREIL(P<0.001), “FZ5olA
CKCF 232 Hy-Line Brown¥} H|wdlS uf] fo]5o2 A7
YERITHP<0.001). Chun et al.(2023)]] wE 490 wikse]
EX|4== Hy-Line Brown Bt} 2231 RokS- H nsigit) o]
g Bk X7 ©AlU ZAwofo] WEA o FAd o
74A)7] o= A4S VFER™(Duman et al., 2016), 53 F3=]
Tl tate] EFHS A F7HQ nef7t Zesitia s
Hr}. ¢=2e] 739 CFCK, CFYD, CKYC, YDYCS A|9|3t =
£ ZFE0°] Hy-Line Brown¥} Bludlg w] fejdoz oA
ERSTHP<0.001). 32} FA A YDYCE AlQlgt & =3
o} 4] Hy-Line Brown®.t} f-2]4 0 & 2| VFERHTHP<0.001).
W2F Al 2t F= ] AuAAE 7A=HI(Kim et al,
2020) Table 6914 64F3u] F2 FAE AsHEW CFCK,
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= W =2(P<0.001) A& VERTE ¢ F1= Hy-Line
Brownkt} foldoz =2 FAE Yehd CFCK, CFYD,
CKYC, YCYD, YDYC Z3&°] #to| Hy-Line Brown¥} H]
WS W 21.18% U F-4Al VERATHP<0.05). olelgt A=
Hy-Line Brown¥} H] w3l wjl 4 wHl]F B35 e] \at FA
%712 13}k Chun et al.(2023)2] A}e} ¥]S=5hH, EFE o]
7398 Ao vl wdls wf 3B FAIVE 6.07% U Bar W
TA7} 5.38% Zthe 22K Suk and Park, 2001)9} FL s}
t}. W2z} B]€-S YDCF %3%to] Hy-Line Brown¥} B]w &S wj
freld oz Y YeRGTi(P<0.001). W2t FA 9 Gzt A B
&2 Ao AAIAE JERNZ](Kim et al,, 2020) ©]23t 2
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Table 7. Comparison of egg shape between crossbred Korean native chickens and Hy-Line Brown at 64 weeks

1

Treatments?

Items

CFCK CFYC CFYD CKCF CKYC CKYD YCCF YCCK YCYD YDCF YDCK YDYC

Hy-Line SEM’ P-value
Brown

Egg width (mm)  43.91° 38.02% 44.27™ 46.53* 43.89" 43.62°
Egg length (mm)  58.06° 51.57° 58.64° 61.82° 59.18™ 57.21°
Egg shape index (%) 75.71 73.92 75.66 7545 7423 76.38
Egg weight (g)
Eggshell weight (g) 7.12™ 6.50™ 7.00%° 7.22" 7.41¢¢ 7.00™
Albumen weight (g) 30.20° 27.80° 31.05* 30.62° 31.30° 29.86
Yolk weight (g)

Eggshell ratio (%)
Albumen ratio (%) 50.46" 49.83" 51.84* 5238 51.30° 52.05°
Yolk ratio (%) 35.99% 33.99° 34.84° 33.66° 33.80° 34.10°

4334° 4329° 43.63° 38.07° 43.70° 46.96° 4521°¢ 0.149 <0.001
58.05° 57.24° 57.70° 51.65* 56.74° 58.10° 58.06° 0.173 <0.001
7474 7580 7574 73.89 7723 7838
59.94™ 55 70% 59.82%¢ 58.42% 60.98™ 56.82 58.45™ 56.02% 5546 56.76™ 56.98™ 61.49° 64.87° 0.34 <0.001
7200 6,927 671" 629" 6.56™ 8.04° 835 0.051 <0.001
38.06° 30.85° 29.81° 28.94° 2943 29.04° 31.66° 0.232 <0.001
21.63% 18.88% 20.78™ 19.6™ 20.54* 19.09% 19.52™ 19.51™ 21.68° 19.56™ 19.89°™ 20.09° 17.28" 0.157 <0.001
11.88% 11.73™ 11.68™ 12.38% 12.18™ 12.30°™ 12.50° 1237 12.33™ 11.15* 11.55® 13.09° 12.90 0.086 0.002
52.68% 53.15° 53.14° 51.85" 50.89" 51.53" 58.58° 0.308 <0.001
33.53% 34.93° 39.43° 34.51" 34.97* 32.69° 26.69° 0.256 <0.001

7795 0392 0437

¢ Values in a row with different superscripts differ significantly (P<0.05).

! Results are mean with 6 replicates per strain.
2 C, D: Korean Rhode Island; F, K: Korean Leghorn; Y: Korean
3 SEM, standard error of means.

b GERd T Als ) G ES BE EFE A8 =
3to] Hy-Line Brown¥} Y| wdl-S uf] f-eldo g v Yepyto
H(P<0.001), ¥HAo] BEFE wu|Z23HEe] *e) v&o] Pt
34.70%% Hy-Line Brown(26.69%)32t} 30.01% froldog =
Al FERZTHP<0.001). ©]2]g A= FFo whet o] 2R
Aldo] o] AT T & 38 FAloF v ]
&2 73 ke AA ket YK Suk and Park, 2001).
w3k Al W dEhe] mlgo] 50 g F71gkel wel glo] xs}
I n4SItRs A2 ol wh2WH(Song et al,, 2014) HEF T
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BRSO A 2k ol felal AlsETh
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