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resources and the development of its synthetic lines based on the comparative study on eggshell quality and calcium metabolism of
Langya Chicken and its two synthetic lines. [Method] Each of one hundred and eighty 240-day-old birds of Langya Chicken and its
two synthetic lines (Light linen and Dark linen synthetic lines), were randomly divided into 6 repeats, each with 30 replicates. When
the chicken were raised to 300 days of age under the same breeding conditions, thirty eggs and six birds were randomly collected
from each repeat, blood samples were taken from the veins under the wings, and tissue samples from the left leg tibia and duodenum,
egg shell glands, and kidneys were collected after slaughter. Calcium- and phosphorus-related indicators and the expression levels of
calcium binding protein CaBP-D28k mRNA were detected. [Result] The results showed that the egg weight of the light linen
synthetic line was significantly lower than that of the dark linen synthetic line (P<<0.05), and the eggshell weight was lower than
other lines (P>0.05). In addition, the eggshell thickness and eggshell ratio were significantly higher than those of the linen line (P<<
0.05), the strength of eggshell was significantly higher than that of other lines (P<<0.05). The calcium content of egg yolk, eggshell,
and tibia in light linen synthetic line was significantly higher than that in dark linen synthetic line (P<<0.05). The content of
phosphorus in the tibia was significantly higher than that of other lines (P<<0.05), and the ash content in eggshells and tibia was the
highest in the light linen synthetic line, followed by the Langya Chicken and the dark linen synthetic line (P<<0.05). The body weight
and tibia length of light linen synthetic line was significantly lower than those of dark linen synthetic line (P<<0.05). The contents of
plasma calcium and calcitonin in the light linen synthetic line were significantly lower than those in other lines, while the plasma
phosphorus, alkaline phosphatase, and parathyroid hormone contents in the light linen synthetic line were significantly higher than
those in other lines, and the differences between the lines were significant (P<<0.05); the calcium binding protein content of the light
linen synthetic line was significantly lower than that of the dark linen synthetic line (P<<0.05). While the osteocalcin of the synthetic
lines was significantly higher than that of the Langya Chicken (P<<0.05). The expression level of calcium binding protein
CaBP-D28k mRNA in duodenum of light linen synthetic line was significantly higher than that of other lines (P<<0.05), and the
expression level in eggshell gland was significantly higher than that of dark linen synthetic line (P<<0.05). The expression level of
calcium binding protein in kidney was significantly higher than that of Langya Chicken (P<<0.05). [Conclusion] The above results
showed that the plasma phosphorus, alkaline phosphatase, parathyroid hormone, osteocalcin and other related active substances and
calcium-binding protein CaBP-D28k mRNA expression level in duodenum, kidney, and shell glands of light linen synthetic lines was
all higher than other lines during the 240-300 day-old laying period. which could promote the absorption of calcium and phosphorus
in the upper small intestine and the release and transport of bone calcium, affect the deposition of minerals in egg yolk and eggshell,
and improve the quality of eggshell and tibia.
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Table 1 Composition and nutrient levels of experimental diets
(air-dry basis)

BiH 2R | EBFKE CE=
Items Content (%)|| Nutrient levels Content
FK Corn 58.94 HEH Cp 16.50
K H{l Soybean meal 1.86 FIHRE Me/(MIkgh) P 12.82
%k J% Rice bran 8.61 5 Ca 3.90
FKMEZEHI Corn germ meal — 5.00 Hkw PP 0.44
T4 DDGS 10.00 #h NaCl 0.34
41} Limestone 5.07 HEM Lys 0.79
T K K Corn gluten meal  5.00 HEEE Met 0.39
WEIRE4S CaHPO,4 1.12 -+t Met+Sys 0.66
DL-HZR Met 0.03 IR Thr 0.59
(&) NaCl 0.32

70%4i 2 Lys 0.50

70% % ALHEH Choline 0.05

Tkl Premix” 3.50

il Total 100.00

DFRA BT S AR Vi 1000 TU, Vs 3500 IU, Vi 20 IU, V 32
mg, HilE#E 1 mg, ZEHE Smg, Z]RE 6mg, MWK 30 mg, MEEE
6 mg, MW 1.5mg, MR 2.5mg, V122 mg, JHH 500 mg, Mn 65
mg, 10.8mg, Fe60mg, Cu8mg, Zn 80 mg, Se 0.3 mg
DAUIHE R VS, HAR L
DRI 2 7 TR 5 AL

! The premix provided the following per kg of diets: V4 1000 IU, Vi3 3500
IU, Vg 20 TU, Vg 32 mg, thiamine 1 mg, riboflavin 5 mg, calcium
pantothenate 6 mg, nicotinic acid 30 mg, pyridoxine 6 mg, biotin 1.5 mg,
folic acid 2.5 mg, Vi 122 mg, Chline 500 mg, Mn 65 mg, I 0.8 mg, Fe 60
mg, Cu 8 mg, Zn 80 mg, Se 0.3 mg

2 ME was a calculated value, while the others were measured values

The content of available phosphorus was determined by apparent
digestibility method

1.3 REAZE

1.3.1 A MERRIE e I L HCE R 5%
FEAREL, 300 I SR E DL M 240—300 Hwe H[A]=
.

1.3.2 MEEWRE 300 HIL M ILE . IRRR
PORER, BANELGR 6 M, EE8WESd K&
5230 BOGE T BENLI 5 M. IR Ei R RS IE,
TH R 7: 00—8: 30 I % H AL P FEHLEEL 5 KXY
WG EIMAE, 3 000 r/min B0 15 min, 4325 1L
WT20°CUHRAT, LA @ MBAR SR bR s RN =
RO ZE B . T AR IA RN, B IR T 4541 21
FE, RHEBNBAE T, FEAE-80 CHREMRIR IR A7 75 H o

1.3.3 H&E &N 4RSS e Kt
iU, M s E. RG], ESTthfl. RREE
(R JE B PEACOCK MODEL P-1) . 55558 )% (1§
FER LM E I KQ-1A) Z545h7.

1.3.4 EnfRETTYReeARBEEFRL. &
FE ARBONE WGBTS, /N0 L b E AR
g%, SRR PR 1) RS R0 A P R K A BEG mT
HE AT EINRS G, BEMIREGFEY 150 g T
65 CHET-MERIK A R I ATFE, 25 105°C FHt
24 hy e SE AN G AE SRR 12 h, H
Uebr R ORI K, 7 105C MR A&7t
T 24 he KA EAMNSE. MESITHAH (GB
5009.4-2016) , £55 AR A EDTA i 2% (GB
5009.92-2016) , ff 2 FE Al K HIAH W 4 6O % (GB
5009.87-2016) HEATME « HUHLIRNG K L& &R ¢ 4
R, R =88 Mk, A TAXT-Plus JFRA{X
(Stable Micro Systems Corp, 5[5l 5 J2 7 0 S5 5
HW YT S iR OGRS e vk CRAT I E £
SD200) HEATIE, MEH AU & fhunkt . w2
i (kg/em®) =858 &8 () /[I5E A (em®) X 1000];
JBEfRH=EEE (g /ME (g X100%.

1.3.5 M AR 2 (Ca) . i (P)
R PERE IR A (ALP) SR Crr oy Jee et
V-5600) 51T 4545 & 2 1 D28k (CaBP- D28k) '),
5% (BGP) M FURsEARE (PTH) &=l
KA R (A A BRI BU XH-6020) 5 BEE5
(CT) "7 R I S 2 W B (iR ELX808)
RGN E , W S8 B DR R SE R A IR A A
1.3.6 45446 Y CaBP-D28k mRNA KK BN
Trizol (Invitrogen) JAFRHUT 45/ HEoelt. B
FEAE RNA, [FE%H cDNA JG-20 CIRAE AR



2020

doOE kW R %

54 %

Primer 5.0 % AF¥ 11" CaBP-D28k F f-actin ki PES]
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. EFElR. B ET CaBP-D28k mRNA [FRikE . H
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Rotor-Gene) _FiEATH 4 FIE 5 5 H7
1.4 HiEaE

R H K] SPSS 18.0 # AR TG40 ¥, IF
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Bio-Rad CFX Manager #4041, FLARX) KA &= L
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Table 2 Primer sequences for RT-PCR

HH HEEHRT B2 IR

Gene GenBank ID Sequence of primers (sense/antisense) (5’-3") Length (bp)

RGN NM 205513 5“TTAAATCTGCGTTGCTTCCATACA-3' 298

Gl 5.GGCCCATCCTGCACTCCATAAC-3"

BWBNEN NM_205518 5-CCCAAGGCCAACCGTGAGAAGAGT-3' 337

e 5-CGAAGTCCAGGGCCACGTAGCAGAG-3'

) 4m 2.2 MPBREARERBEMBRESPEBMAIE
- ST

2.1 RMPBEREBERFEMEMETREN ST TRIPRP) EA 0 2 AR R S 1 i W i TR

3 AR TR, WP ARE R ER, ETE
P R 52 L 2 25 e TR RSP A IEE &R (P<0.05) 5
ERCHAREREERH R TRMKHARER (P<
0.05) , WREEFARE (P>0.05) ; HI, &K
P EREBRERE R T HALR (P<0.05 ,
AR B L i T A i R, (HER AR (P>0.05) .

BlER (P<0.05) , MACE R IRBERIK > & &2 7 A
W (P>0.05) ; WP GRERECTE G REEH
T EBRPORER (P<0.05) , s8R EmR T
fliih R (P>0.05) , JF B &, LU IR
A RBRP AR R, B R 2% 7 23 (P<0.05);
P AL E R IR B TS B o2 W2 T IR
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Table 3 Egg shell quality and performance analysis of Langya Chicken and its synthetic lines

BiH TG BRPERER HRPERER PfE
Items Langya Chicken Light linen synthetic line Dark linen synthetic line P value
P“EE % Egg production (%) 68.23+5.35ab 73.45+6.32a 62.78+3.45b 0.027
# T Egg weight (g) 49.58+4.25ab 46.09+2.55a 55.9241.79b 0.035
H 3 Eggshell weight (g) 4.53+0.34 4.44£0.26 4.87+0.18 0.747
H5CE Eggshell strength (kg‘cm'z) 32.27+5.74a 39.65+8.34b 30.87+8.90a 0.041
M52 Eggshell thickness (mm) 34.85+2.61ab 35.36+3.07a 32.26+2.32b 0.024
H 3 LA Yolk ratio (%) 33.82+5.74 34.23+2.45 33.64+2.19 0.874
EFE ] Eggshell ratio (%) 9.14+0.86ab 9.63+0.22a 8.71+0.43b 0.036

FATEERAR A RN E PR R ZE R B (P<0.05) , MFAFEBECLF R RZERARE (P>005) o F. n=6, /~HZER
In the same row, values with different small letter mean significant difference (P<<0.05) , while with the same or no letter mean no significant difference (P
>0.05) . The same as below. n=6, except for egg production rate
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MERRCH ERCE R KD & Eiwm, JLOC RIS

WP B ER, H RNy ZERESE (P<0.05, X

4) .

2.3 RPBERERERAKEMRBRESN
HRPIO LB R S%IFF=RE . 300 H A

I B KR R TR (i E R (P<<0.05) , TR
HERR, HUCHIRES., MR ER, MR
2R EE (P<0.05) ; 74h, KRHORERT
R fe s, JUON RIS . IRRPERLE R, vk
FRP TS RIS A e B, HOMR R AL E R
RO, (R R ZERARE (P>0.05, £5) .

x4 WRPBREBRERBEMRESHE. BHISEDN

Table 4 Analysis of calcium and phosphorus content in eggs and tibia of Langya Chicken and its synthetic lines

BiH BLERAS B ARER HRPBERER PfE
Items Langya Chicken Light linen synthetic line Dark linen synthetic line P value
HiE 5 Ca (%) 1.09+0.05ab 1.24+0.07a 1.06+0.02b 0.024
Wolls 1 P (%) 2.40+0.05 2.28+0.04 2.47+0.07 0.821
K4y Ash (%) 1.70+£0.01 1.88+0.02 1.64+0.04 0.067
Hi% 5 Ca (%) 32.15+2.14ab 33.31+2.62a 31.38+1.38b 0.042
Eggshell B P (%) 0.12+0.03a 0.14+0.02b 0.12+0.04a 0.045
K4y Ash (%) 38.17+5.41a 40.38+6.24b 36.40+3.74c 0.037
54 5 Ca (%) 34.14+1.42a 38.45+4.11b 36.27+2.85¢ 0.044
ibia 1 P (%) 13.18+1.74a 15.78+2.14b 14.12+1.06¢ 0.032
K4y Ash (%) 44.56+2.84a 48.26+6.42b 40.42+5.14¢ 0.067
*x5 MWBERHEEERRBRENH
Table 5 Tibia quality analysis of Langya Chicken and its synthetic lines
W H TR RN ARER RN EREER P{E
Items Langya Chicken Light linen synthetic line  Dark linen synthetic line P value
JFr=AE Birth weight (g) 1354.8+35.6a 1368.5+64.8a 1465.3+49.2b 0.037
300 Hii¢ A Weight at 300 days (g) 1625.71+24.45ab 1551.57462.41a 1727.14+17.80b 0.011
JiZ9 # Tibial weight (g) 57.55+2.85a 59.15+3.74b 54.23+527¢c 0.046
JEHKJE Length (cm) 80.17+6.42ab 79.29+3.47a 83.00+2.46b 0.042
JE F6 %L Tibial index (%) 3.54+0.14 3.81+0.31 3.14+0.10 0.072
J&H B 2 TMD (kgrem) 14.2242.41a 16.47+3.85b 14.87+2.67a 0.067

2.4 IRMBREEERMBIERS T

RO RIS . B BRAS 3R% & i
iK%, LU IEMH OB R, &RIEEZE
SEwE (P<0.05) 5 TR KR T0 45 3R 110 Bl P g
P I o S TR IS . P AL E R, AR
REYZEREE (P<0.05) ; RKPNORKEZRDN
FUR SR 2= & e, JLUCH IR E R, ]
Ay, HaRABEREE (P<0.05) ; KHKP
BRERNSLEGEATERE R T HMRR (P
<0.05) , MACE R MB35 % & TR (P
<0.05, £ 6) .

2.5 WIPBREEERFRMBUGSESELARRE

CaBP-D28k mRNA FiLBI 44

I 1A%, R ERCE R T Ie A 4
GE AR CaBP-D28k mRNA Fik & 53 m T HoAh
AR (P<0.05) , IRMCPERERERN CaBP-D28k
mRNA Rk i W& 5 TR A ER (P<0.05) ,
WP OB E RS NE CaBP-D28k mRNA ik il 2%
AT IR (P<<0.05) . M ERER T faHA
EFMRLL B CaBP-D28k mRNA ik 5 5 LB
b2 2051 1 28.37%- 10.09%- 23.88%, IS5 VAR
BReE R Lo 5 11 29.36%. 23.40%. 9.84%.



2022 |k Mk R 2%

54 %

*6 MIPBREBEERMBIERST

Table 6 The plasma indexes analysis of Langya Chicken and its synthetic lines

BiH TR BHRPNERER HRPERER P{E
Items Langya Chicken Light linen synthetic line  Dark linen synthetic line P value
1ML 3% 45 Plasma Ca (mmol-L™) 1.46£0.24a 1.32+0.31b 1.58+0.18¢ 0.028
IfiL 3% % Plasma P (mmol'L’l) 0.78+0.27a 0.72+0.56b 0.86+0.34c 0.043
B PE TR R ALP (U-L™) 24.6242.52a 29.50+2.74b 19.77+5.47¢ 0.024
HIR 35 1% PTH (pg'mL™) 75.68+14.12a 96.74+10.27b 87.26+9.51¢ 0.011
f545 4t 4 CaBP-D28k (ng'mL™) 17.14+1.21a 19.35+2.17b 16.84+1.72a 0.015
H45% BGP (ng'mL™") 2.98+0.52a 3.75£0.27b 3.64+0.85b 0.041
[445 2% CT (pgrmL™) 16.24+1.40a 14.76+1.85b 17.68+2.40¢ 0.017

[ A Langya Chicken

M &R il 42 & Light linen synthetic line
40 B TRIBRCP B R Dark*linen synthetic line
35F
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Relative expression
*

T
i Y
migl
i

GO (593
Shell gland Kidney

(5717
Duodenum

bR RoR 22 B3 (P<0.05)
Value columns with * indicated that the difference was significant (P<<
0.05)

B 1 RBEREEERTRERABAUTESED CaBP-
D28k mRNA Bk
Fig. 1 The expression of CaBP-D28k mRNA in different

tissues of Langya Chicken and its synthetic lines
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