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ABSTRACT We investigated the effects of breed, laying age, and egg storage period on the vitality of chicks using the
Hwanggalsaek Jaeraejong, Korean Rhode Island Red, and Korean White Leghorn chicken breeds. Their eggs were collected
during the early laying period (27~29 weeks) and late laying period (50~52 weeks) and were stored for 3 days, 7 days and
14 days. After the eggs hatched, the hatching time, production performance, and organ weight of chicks were investigated.
IL-6 gene expression level and relative length of telomeres were analyzed to determine the physiological activity of the chicks.
HSP gene expression level and heterophil to lymphocytes ratio were also analyzed to examine the degree of stress response
in the chicks. The results showed that breed and laying age influenced the vitality of chicks, but the egg storage period did
not. Korean Leghorn chicks were considered the weakest breed in terms of vitality owing to their low survival rate, small
heart size, low physiological activity, and high stress response level. Although the survival rate of chicks produced in the
early laying period was low, their high physiological activity and low stress response indicated that they had a high vitality
than the chicks produced in the late laying period. In conclusion, to obtain chicks with high vitality, it would be desirable
to select a high vitality breed and avoid the use of chicks produced in the late laying period.
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Table 1. The qRT-PCR primers for HSP, IL-6 genes and telomeric repeat

Genes Primer Sequence (5'-3") Size (bp) Tm (°C)
RPL27 Forward GCGCATTGGAGCGGCTGTGT o1 60
(reference) Reverse CCTTCCGTGGGTAGCGGTCG
Forward TCCTCTGCTTTGTATTTCTCTG
HSP-70 145 60
Reverse ATGCTAATGGTATCCTGAACG
Forward GGAGAAGTTACCAAGCGATT
HSP-900. 133 60
Reverse CAGAAGATGAAGAAGAGAAGAAGA
Forward GCAGGACAGTAGGTGAGT
HSP-90p 113 60
Reverse GAGGCAGAGCAAGATGAAG
Forward GCGAGAACAGCATGGAGATG
1L-6 143 60
Reverse GTAGGTCTGAAAGGCGAACAG
Telomeric repeat ~ Forward CGGTTTGTTTGGGTTTGGGTTTGGGTTTGGGTTTGGGTT 2% 60

(tel—] & tel—Z) Reverse

GGCTTGCCTTACCCTTACCCTTACCCTTACCCTTACCCT
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Table 2. Effects of breed, laying age and egg storage period on the incubation time and the survival rate of chicks after hatching

Factors Incubation time (h) Survival rate from 1d to 7d (%)
Jaeraejong 460.7+8.4° 96.5+5.2°
Breed (A) K. Rhode 467.3£7.5° 96.0+5.8"
K. Leghomn 468.2+7.8° 86.4+9.1°
27~29wk 465.348.4 90.4+9.8°
Laying age (B)

50~ 52wk 465.6+8.9 95.5+5.4"

3d 462.4+7.9° 95.445.9

Egg storage period (C) 7d 465.2+8.1° 91.1+8.7
14d 470.0+8.3" 92.4+9.4

A <.0001 <.0001

B 0.6432 0.0013

C <.0001 0.0668

P values A x B 0.5736 0.0293

A xC 0.0568 0.5707

B x C 0.4455 0.7962

AxBxC 0.1579 0.7749

Values are meantstandard deviation.

*7¢ The different superscripts within column in each factor significantly differ.
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Table 3. Effects of breed, laying age and egg storage period on the weight and feed consumption of chicks after hatching

In-put Body weight(g) Foed ;
Factors egg weight e C.O Iljuzlap o
(@ Hatching 7d Weight gain (g/chick/7days)
Jaeragjong 50.6+5.6° 37.4+4.5° 48.6+6.8° 11.2+8.6" 33.6+3.5"
Breed (A) K. Rhode 54.6+5.5° 40.5+4.6° 46.346.3° 5.7+7.6° 27.6+5.0°
K. Leghorn 59.0+6.3 43.7+4.9° 49.9+5.9° 5.9+7.8° 32.143.2°
27~ 29wk 50.6+4.9° 37.4+4.0° 48.8+6.9° 11.6+7.7° 32.445.0°
Laying age (B)
50~ 52wk 58.9+5.8" 44244 5" 47.946.1° 3.7+7.1° 29.8+4.1°
3d 55.7+6.2° 41.5+4.8° 48.746.9 72485 30.9+3.7
Egg storage 7d 54.547.0° 40.3£5.7° 48.3+6.1 7.948.2 313453
period (C)
14d 54.146.9° 40.045.7° 47.9+6.4 7.948.2 31.0+5.0
A <0001 <0001 <0001 <.0001 <0001
B <0001 <.0001 0.0093 <0001 0.0085
C <0001 <.0001 0.0955 0.832 0.9578
P values AxB <0001 <0001 0.8414 0.3277 0.5822
A xC 0.9482 0.4588 0.0743 0.1353 0.6910
B x C <.0001 <.0001 0.1776 0.3378 0.2137
AxBxC 0.6762 0.8816 0.7548 09116 0.7799
Values are meantstandard deviation.
"¢ The different superscripts within column in each factor significantly differ.
and Moran, 1998), o1&l FA|o|lA Aitd Holg]l= W53}
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Fig. 1. Changes in the survival rate of chicks according to
laying age by breeds.
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Table 4. Effects of breed, laying age and egg storage period on the organ weight of 7 days old chicks
Factors Body weight(g) Liver(g) Heart(g) Pancreas(g) Spleen(g)
Jaeracjong 47.8+6.7 1.85+0.3° 0.500.12° 0.27+0.07% 0.050.02°
Breed (A) K. Rhode 45.7+5.3° 1.7420.35° 0.53£0.12° 0.25+0.08" 0.0420.02°
K. Leghorn 49.1+6.2° 1.99+0.38" 0.47+0.08 0.28+0.07° 0.05+0.02
27~ 29wk 47.546.7 1.96£0.41° 0.47£0.11° 0.24+0.07° 0.04+0.02°
Laying age (B)
50~ 52wk 47.6£5.7 1.77+0.26° 0.53£0.10° 0.29£0.07° 0.060.01°
3d 49.3+6.1° 1.9120.33° 0.52+0.12° 0.28+0.07° 0.05120.02
Feg storage 7d 46.7+6.3" 1.79:0.41° 0.5020.11° 0.26+0.08" 0.048+0.02
period (C)
14d 46.6+6.0° 1.88+0.31" 0.47+0.09° 0.26£0.07° 0.045+0.02
A <.0001 <.0001 <.0001 0.0038 0.0031
B 0.8408 <0001 <.0001 <.0001 <0001
C 0.0004 0.0097 0.0051 0.0176 0.0742
P values A x B 0.7405 0.0001 0.0494 0.3817 <.0001
A xC 0.2182 0.0014 0.0116 0.6295 0.6087
B xC 0.1218 0.0009 0.3126 0.0243 0.0047
AxBxC 0.3723 0.4076 0.2707 0.4596 0.2553

Values are meantstandard deviation.

a7 The different superscripts within column in each factor significantly differ.
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Table 5. Effects of breed, laying age and egg storage period on the ratio of organ weight to body weight of 7 days old chicks

Factors Liver(%) Heart(%) Pancreas(%) Spleen(%)
Jaeracjong 3.89+0.44° 1.04+0.18° 0.55+0.12 0.1120.04°
Breed (A) K. Rhode 3.82+0.58° 1.16£0.19° 0.54+0.14 0.120.04°
K. Leghorn 4.07+0.74° 0.96+0.12° 0.57+0.14 0.1£0.04%
27~29wk 4.13+0.70° 0.98+0.18" 0.50.13° 0.08+0.03°
Laying age (B)

50~ 52wk 3.72+0.40° 1.12+0.16" 0.6+0.13" 0.12+0.04°

3d 3.89+0.57" 1.06+0.2 0.57+0.12 0.1+0.04

Fee St"r(acg)e period 7d 3.8540.53" 1.06+0.18 0.5440.15 0.140.04
14d 4.04+0.69° 1.03+0.16 0.55+0.14 0.1+0.04

A 0.0016 <.0001 0.1673 0.0284

B <.0001 <.0001 <.0001 <.0001

C 0.0244 0.1998 0.3801 0.5077

P values A xB <.0001 0.0236 0.6005 <.0001
AxC 0.0105 0.0007 0.9628 0.9333

B xC 0.0208 0.8102 0.0242 0.0119

AxBxC 0.0616 0.0112 0.7051 0.3062

Values are meantstandard deviation.

** The different superscripts within column in each factor significantly differ

0.9

Heart weight per body
weight(%)

0.8
27-29w 50-52w

Laying age(weeks)

—=—Jaeraejong ——KRhode K leghorn

Fig. 2. Changes in the ratio of heart weight to body weight of
chicks according to laying age by breeds.
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Table 6. Effects of breed, laying age and egg storage period on the /L-6 gene expression level and the telomere length in hatched

chicks
IL-6 Telomere
Factors
ACT 2anct ACT aact
Jaeraejong 5.8+4.1° 1 ~3.0£6.0 1
Breed (A) K. Rhode 72445 0.40 ~1.9+6.0 1.49
K. Leghorn 5.4£3.5° 131 —3.6£6.3 0.33
27~29wk 6.6+5.7* 1 —3.744.5° 1
Laying age (B)
50~ 52wk 5.7+1.0° 1.9 —2.0+7.3 03
3d 5.946.0 1 —2.0+7.8 1
Fee St"r(acg)e period 7d 6.742.7 0.59 29451 1.89
14d 5.843.0 1.13 ~3.6£5.0 3.14
A 0.0021 0.0849
B 0.0224 0.0047
C 0.1410 0.0993
P values A xB 0.0065 <.0001
A xC 0.0001 0.0043
B xC 0.3903 0.2991
AxBxC 0.0002 0.0021

Values are meanzstandard deviation.

> The different superscripts within column in each factor significantly differ.

H ol vlg] =& Id s YERUT 53] Ak
F710 Akt BAF Y e Wolg]o] IL-6 'Id FFo] &
ot =& S HTHFig. 3). IL-6= A A FA A &
HlE = XAFA cytokine F ShHEA] @A} 2173A) Al
20] 23} el Bodstar, Wl whg wff 7hA 3ol A8
sto] A7) dlAe] e gtk dwkdo s Ay
WA oo} A3 H3 A Al [L-69] Fhddo] e

18

16

14

12

w 10

27-29w 50-52w
Laying age(weeks)
® Jaeraejong ™ K Rhode Kleghorn
Fig. 3. IL-6 gene expression levels of three different chick
breeds according to laying age.
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o|7} ARl Al S wH Aoz QS 4 le
e e 2o =] gtk 27| AAE EAlEElA
o] AlxZe] Aol ko] dRujo] Hold gk Frt
1 31(Shiels et al., 1999)7} & vHA, Fo] A
Alglo] g &e] uivkz DA oA "Zn]o] Zo]= repro-
gramming®| ¥o] A A] 47 Aol= LlAeitt=
SATHLanza et al., 2000). 59| -5 2A A & A4
Hjole] dlZmjo] FheF vlw oAl BA 9 4t @
Hjole] gl 2mjo] &F Ttoll= Aol FHAAV} gle A=
H 135} tHLee et al., 2009; Park and Sohn, 2014). H] S 4}
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4. Hofz|e] AERA d¥tE HEol| 0|X|= g
A FF, AT Al A7 9 T By 73t e

Holele] A 2~E# 2 vk =5 A E 32} A2 A

¥ HSP-70, HSP-900, HSP-90p2] 44} & =5 % H/L

o

ratios A3} a1, o9l AIE Table 79 A|ASFATE #
A A}, HSP +73Ake] #d 5 9 H/L ratio ateo] B2
8 1&F Wolel5o] T2 F3o ]3] diF oz =4
Ebskar, Abgk 3710 AakE Wole] s} abeh 27] A4k Blo}
2ol vlal =A Jebstth vhd, Sk Bt 7)3to] Bolg]

9] HSP ¥ 4=F 2 H/L ratio %ol nx= G2 A<
= 2o 7 EAEQIT} Heat Shock Proteinsts & ~Ed#|

2o Bhgato] s s Sol dilld Fors d 2B~
SPEo] & Wizt A Sy} Agtst
o NEE Hoshe 98 st olo] wd&o| F7IsH
Fh(Lindquist, 1986; Schlesinger, 1990). 52| 4% & ~E
g 2-nt o ef, o ~EH 2~ A o w=EE S
= HSP] HAE&L sttt HausklthZulkifli et al.,
2002; Beloor et al., 2010; Sohn et al., 2012). H/L ratio™=
heterophilZ} lymphocyte®] H] &2 Z~E#HAZ QI3 5wt
$-o] 831 heterophile] 5715l = a1, lymphocyte2] H]
&2 743 Ho] H/L ratio’} 718l B tHGross and
Siegel 1983; Gross 1989; McFarlane and Curtis 1989). w2}
A ol59 B4 A3 EF glaese] Yelert e FF

Table 7. Effects of breed, laying age and egg storage period on the HSP gene expression levels and the H/L ratio in hatched chicks

HSP-70 HSP-90a HSP-90p

Factors ACT Saact ACT Saact ACT Sanct H/L ratio
Jaeracjong ~1.842.6® 1 25.8+4.6 1 52417 1 0.15+0.16
Breed (A) K. Rhode ~1.1443.9° 0.65 25.8+4.7 1 5.8+1.7 0.68 0.17+0.16®
K. Leghorn —2.09+2.6" 1.26 24.8+4.8 2 5.1+4.3 112 0.20£0.16"
Laying age 2729wk —1.142.2° 1 26.5+5.8" 1 5743.6° 1 0.14+0.12°
(B) 50~ 52wk —2.2+1.8° 2.1 24.3+4.0° 4.59 5.0£1.5° 1.62 0.20£0.18°

3d ~1.244.0 1 25.5+4.4 1 54419 1 0.19+0.19

Eﬁfﬁztdo(rgfe 7d 20424 1.74 25.544.8 1 5.344.0 1.07 0.16:0.14
14d 19428 1.64 25.1£5.0 1.32 53+1.7 1.07 0.16+0.12

A 0.0394 0.2485 0.1362 0.0396

B <.0001 <.0001 0.0222 0.0017

C 0.4501 0.7725 0.9888 0.1895

P values A xB 0.7051 0.5503 0.3009 0.2273

AxC 0.0071 0.5238 0.1107 0.0286

B x C 0.0007 0.1857 0.7983 0.8829

AxBxC 0.2376 0.0022 0.2880 0.7950

Values are meantstandard deviation.

* The different superscripts within column in each factor significantly differ.
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