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performance, tibial characteristics and metabolism of calcium and phosphorus of fast-growing yellow-feathered breeder hens and
the progeny, so as to establish requirement of vitamin D; on breeder hens. [Method] Seven hundred and twenty breeder hens at 48
weeks of age were fed up with basal diets supplemented with 0, 800, 1 600, 2 400, 3 200 and 4 000 IU-kg'1 VD; for eight weeks
with six replicates per group and 20 hens per replicate, then the progeny hatched from each of the 6 maternal groups were fed a
basal diet supplemented with 1 000 TU-kg™ VD, for 63 days. [Result] Compared with the control group, supplemental 800 [U-kg™
VD, enhanced average egg weight (P<<0.05); the dietary supplementation with 1 600 and 3 200 IU-kg”" VD5 increased (P<<0.05)
egg shell strength and 1 600 IUkg" VD;increased (P<<0.05) egg shell thickness; 4 000 IU-kg"' VD5 supplementation increased
dehydrated and degreased tibial weight/BW and bone density of yellow-feathered breeder hens (P<<0.05); 4 000 IUkg" VD,
supplementation also increased content of calcium and phosphorus, and decreased activity of AKP activity in plasma (P<<0.05);
supplementation of VD3 increased broking strength of tibia of breeder hens (P>>0.05). There was no significant effect of maternal
VD; on growth performance of the progeny (P>0.05), However compared with the control group, the broking strength of tibia in
the progeny was increased (P<<0.05) when 4 000 IU-kg” VD, was added to maternal diet, and tibial density was increased when
800, 1 600, or 4 000 IU-kg" VD5 was added; supplementation of 1 600 to 4 000 IU-kg" VD5 increased dehydrated and degreased
tibial weight/BW of the progeny (P>0.05). Addition of VD; significantly increased content of calcium and phosphorus, and
decreased activity of AKP in plasma of hens and their progeny aged 1 day (P<<0.05), however, it had no significant effect on those
of progeny at 21 or 63 days of age (P>>0.05). [ Conclusion] Under the condition of this experiment, the dietary supplementation of
VD; improved productive performance of yellow-feathered breeder hens, tibial characteristics and metabolism of calcium and
phosphorus of breeder hens and progeny. The VD3 requirement of yellow-feathered breeders was estimated by considering the
experimental data and quadratic regressions comprehensively. For yellow-feathered breeder hens, the best productive performance
was obtained when supplemented with 800 IU-kg™" VD;, and the best egg quality was obtained when supplemented with 1 650
to 1 828 IUkg"' VD;. The best tibial characteristics of the hens and progeny were obtained when supplemented with high level of
VD; (4 000 TUkg™).
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Table 1 Composition and nutrient levels of the basal diet (air-dry basis)

Wi H Items 4 & Content (%) EF/KF Nutrient Levels?

J5 ¥} Ingredients
F2K Corn 64.25 Qe ME  (MIkgD) 11.47
TH Soybean meal 24.50 FEHA CP 16.00
il Soybean oil 1.00 1 Ca 3.12
DL-#HE& % DL-Met 0.25 B TP 0.62
1> Limestone 7.02 X AP 0.41
R %4S CaHPO, 1.68 W R Lys 0.80
134k NaCl 0.30 HER+E R Met+Cys 0.80
Y AR TR TR KL Premix” 1.00
#1F Total 100.00

DY RE AT AT 58 Bt VA 15 000 TU, VE 47 IU, VK 6 mg, VB, 3 mg, VB, 9 mg, VB, 6 mg, VB1,0.03 mg, M4 60 mg, D-iZ /% 16 mg, "k 1.5 mg,
4125 0.06 mg, [T 900 mg, Fe 247mg , Zn 210 mg, I 1.46 mg, Se 0.06 mg. 2 4. B 9z, HAEFRKES A 5E

D The premix provided the following per kg of diets: VA 15 000 IU, VE 47 IU, VK 6 mg, VB, 3 mg, VB, 9 mg, VB¢ 6 mg, VB, 0.03 mg, niacin 60 mg,
D-pantothenic acid 16 mg, folic acid 1.5 mg, biotin 0.06 mg, choline 900 mg, Fe (as ferric sulfate) 247mg , Zn (as zinc sulfate) 210 mg, I (as calcium iodide)
1.46 mg, Se (as sodium selenite) 0.06 mg. 2 The content of calcium and phosphorus were measured value, and the other nutrition levels were calculated values
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Table 2 Composition and nutrient levels of the basal diet for progeny from broiler breeder hens

HH 4 Content (%) EF7/KF Nutrient levels

LI 1-21 22-42 43-63 1-21 22-42 43-63

HE#& @ HE& @ Hi##@ HE& @ H#& @ Hit (@)

5Bl Ingredients g8 ME (MIkg™) 12.13 12.55 12.98
FK Corn 55.7 59.45 65.03 FLEHAB CP 21.00 19.00 17.00
T Soybean meal 35.85 33.42 27.16 5 Ca 1.00 0.90 0.80
FREEAH Corn gluten meal 2.00 0.00 0.00 AR AP 0.45 0.40 0.35
M Soybean oil 2.00 3.00 4.00 WEMR Lys 1.15 1.03 0.88
DL-#E % DL-Met 0.10 0.12 0.11 HEE Met 0.45 0.40 0.37
Fi 4} Limestone 1.27 1.16 1.10 HE MR+ M= Met+Cys 0.80 0.71 0.64
HR%4S CaHPO, 1.78 1.55 1.30
124k NaCl 0.30 0.30 0.30
iR #} Premix" 1.00 1.00 1.00
£t Total 100.00 100.00 100.00

D1-21 HEBH Bl e 4 kg R4t VA 15000 TU. VD3 1000 IU. VE 201U, VK3 6 mg. VB, 1.8 mg. VB, 9 mg. VB, 3.5 mg. VB, 0.01 mg.
FALIERR 500 mg. AL 60 mg. V2R 16 mg. MR 0.55 mg. EHZ 0.15 mg. Fe 80 mg. Cu8 mg. Mn 80 mg. Zn 60 mg. 10.35 mg. Se 0.3 mg; 22-42
H 3B Bom i TR 4 kg BR324 VA 15000 TUL VD3 1000 TU. VE 201U, VK; 6 mg. VB, 3.0 mg. VB,9.0 mg. VBs6.0 mg. VB, 0.03 mg. 5
ALNEGH 1000 mg. HHER 60 mg. ZER 18 mg. MR 0.75 mg. A4 % 0.10 mg. Fe 80 mg. Cu 12 mg. Mn 100 mg. Zn 75 mg. 10.35 mg. Se 0.15 mg; 43-63
F 3B Bom i TR 4 kg SR 424 VA 10 000 TUL VD5 1 000 IU. VE 20 IU. VK34 mg. VB, 1.8 mg. VB, 8 mg. VBs3.5mg. VB, 0.0l mg. 5
ALHBTK 500 mg. AR 44 mg. 2R 10 mg. MR 0.55 mg. A:4FE 0.15 mg. Fe80 mg. Cu8mg. Mn80mg. Zn60 mg. 10.35mg. Se0.15 mg

" The premix provided the following per kg of diets during 1 to 21 days of age: VA 15 000 IU, VD; 1 000 IU, VE 20 IU, VK; 6 mg, VB, 1.8 mg, VB, 9 mg,
VB¢ 3.5 mg, VB, 0.01 mg, choline 500 mg, niacin 60 mg, pantothenic acid 16 mg, folic acid 0.55 mg, biotin 0.15 mg, Fe 80 mg, Cu 8 mg, Mn 80 mg, Zn 60
mg, 10.35 mg, Se 0.3 mg; The premix provided the following per kg of diets during 22 to 42 days of age: VA 15 000 IU, VD; 1 000 IU, VE 20 IU, VK; 6 mg,
VB, 3.0 mg, VB, 9.0 mg, VB 6.0 mg, VB, 0.03 mg, choline 1 000 mg, niacin 60 mg, pantothenic acid 18 mg, folic acid 0.75 mg, biotin 0.10 mg, Fe 80 mg,
Cu 12 mg, Mn 100 mg, Zn 75 mg, 1 0.35 mg, Se 0.15 mg; The premix provided the following per kg of diets during 43 to 63 days of age: VA 10 000 IU, VD5 1
000 IU, VE 20 IU, VK3 4 mg, VB, 1.8 mg, VB, 8 mg, VB¢ 3.5 mg, VB, 0.01 mg, choline 500 mg, niacin 44 mg, pantothenic acid 10 mg, folic acid 0.55 mg,
biotin 0.15 mg, Fe 80 mg, Cu 8 mg, Mn 80 mg, Zn 60 mg, I 0.35 mg, Se 0.15 mg
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Table 3 Effects of dietary VD; supplemental level on performance of yellow-feathered breeder hens

mH VD; #17KF VD; supplemental level (IU-kg™) SEM P

Items 0 800 1600 2400 3200 4000 ANOVA £iff Linear =¥ Quadratic
7= % Laying rate (%) 5377 5802 5677 5675 5655 5746 094  0.071 0.059 0.111
PHJE TR Average egg weight (g) 61.70b  63.28a  62.73ab 61.98ab 62.3lab 62.53ab 0.29 0.024 0.840 0.855

H 7= 7 Average egg mass (g) 3385 3671 3552 3551 3504 3642 070  0.201 0.257 0.505
FIE . Feed/Egg mass 3.61 3.32 3.47 3.44 3.48 336 007  0.160 0.322 0.394
Wi % Broken egg rate(%) 2.30 1.75 1.71 1.50 1.81 206 019  0.150 0.433 0.014

I K% EF Unqualified egg rate(%)  1.52 0.78 1.38 0.57 0.90 136 031  0.125 0.171 0.395
% Survival rate(%) 99.17  100.00  98.33  100.00  100.00  100.00  0.57  0.186 0.772 0.530

AT B b AR 7] /NS P R R R R E AL (P>0.05), AHNGFRERRZE ST B #(P<0.05). R

Within a row, values with no letter or the same small letter mean no significant difference (P>0.05), while with different small letter mean significant

difference (P<<0.05). The same as below

2.2 GEAR VD R IZK X B I R FRAG B fR R B S0
HH 4 a5, AR IN VD5 o] 53 5w 5 P A b
A FhER (1) B e s B (P<<0.05) , Hirh, 5xfHg
HARLE, FARSA I 1600 5 3 200 IU-kg™ VD5 ] i 42
R ARSI (P<<0.05) , ¥SHN 1600 IU-kg"' VD;

Nl R E M E R E (P<0.05) o ARSI VD,
YRR ARG R R (Y BB AR S SR L, BRI A
R SIS G TE B (P>0.05) o [m[JH5r
BT i, Tk VD5 7K1 5 R R RS R i B e s i
JELE B R EE I R ARG (P<<0.05)

R4 AR VD, IR K T X B ARG I R A

Table 4 Effects of dietary VD; supplemental level on egg quality of yellow-feathered breeder hens

I H VD; 7K VD; supplemental level (IU-kg™) SEM P

Ttems 0 800 1600 2400 3200 4000 ANOVA %% Linear —X Quadratic
HIVAEH Egg shape index 133 132 133 1.34 133 1.34 001  0.695 0.377 0.672
HFTHPE Shell strength, kgf 348  3.69ab 3.8  3.5%9b  3.89a  346b 008  0.012 0.147 0.035

72 )L Shell thickness (um) ~ 0.306b  0.320ab  0.322a  0.320ab  0.319ab  0.317ab  0.01  0.049 0.162 0.008
72 Shell rate (%) 8.51 8.63 8.54 8.65 8.54 8.59 008 0920 0.765 0.959
AP Yolk color 7.46 721 7.17 7.28 6.92 6.85 033 0112 0.048 0.122

1 ¥ Albumen height (mm)  3.82 3.43 3.85 4.08 4.10 4.15 023 0569 0.697 0.910

I [ 40 Haugh unit 5385 5723 5340 5683 5614  58.00 222 0637 0415 0.712

2.3 GEHR VD ANk T X E I B IS AR B fR AR RS 2N

H2 5 AN, TR N VD, n] {2 S0 HE ) P ol
A i PR LA 5 38 (P<<0.05) o Xt LL,
TR N 4 000 TUkg™ VD5 A] 2 242 B IR A i L g3l

LREEsE (P<0.05) , [, HALS4LH 15
Fabs 50 AT LA AN AR B2 13 &, R 2 R IA
BF (P>0.05) o GHARGBIAFIZKER) VD B A
[ P b v SR RO I 4T T (P>0.05) o [l
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Table 5 Effects of dietary VD; supplemental level on tibial characteristics of yellow-feathered breeder hens

mH VD; 7K VD; supplemental level (1U-kg™) SEM P

Items 0 800 1600 2400 3200 4000 VD;  £#f Linear =X Quadratic
Jit i B Lol 0.33b 0.34ab  0.35ab  0.35ab  0.36ab  0.38a 0.01 0.041 0.012 0.053
Dehydrated and degreased

weight/BW (%)

%% Bone density (gem®)  0.22b 0.26ab 0.26ab 0.26ab 0.26ab 0.33a 0.01 0.003 0.047 0.125

JI& 4T i ) 250.41 266.71 255.94 259.56 259.96 288.10 17.83 0.761 0.261 0.434

Broking strength of tibia (N)

F 6 IEHR VD R ANK RS B I ARG M AR A L AR R BT R0

Table 6 Effects of dietary VD; supplemental level on biochemical variables in plasma of yellow-feathered breeder hens

H VD; #NII7KF VD; supplemental level (IU-kg™) SEM P

Ttems 0 800 1600 2400 3200 4000 VD; £t Linear =3 Quadratic
545 Calcium content (mmol-L™) 2,180 23la 230a 232a 234a 225ab 0.03  <0.001 0.414 0.711
% Phosphorus content (mmol-L™") 1.93b 2.08a 2.02ab 1.96ab 191b 1.88b  0.03  <0.001 0.012 0.001
TRIE R RIS M AKP activity (U/100 mL) 77.25a  74.8lab 44.51c  53.47bc 54.72bc 45.94c  7.00 0.005 0.002 0.002

RT TR VD RINK TR FRAGE K RE S R B IR IR R0

Table 7 Effects of dietary VD; supplemental level on growth performance of yellow-feathered broiler progeny

H VD; 17K VD; supplemental level (IU-kg™) SEM P

Ttems 0 800 1600 2400 3200 4000 VD; %4 Linear ¥ Quadratic
i # Survival rate (%) 91.67 94.17 90.83 91.67 93.33 93.33 0.83 0.133 0.444 0.551
AT BW (g) 2429.64 246542 246323 243272  2466.74  2536.31 16.53  0.860 0.112 0.291
HI¥E ADG (g) 38.57 39.21 39.05 38.57 39.21 40.32 042 0712 0.145 0.252
BIE L Feed/weight 2.62 2.58 2.59 2.62 2.58 2.52 0.04 0525 0.311 0.239
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Table 8 Effects of dietary VD; supplemental level on tibial characteristics of yellow-feathered broiler progeny

i H VD; 77K F VD; supplemental level (IU-kg™) SEM P
It

ems 0 800 1600 2400 3200 4000 VD, 4 Linear =¥ Quadratic
I Mg 2 LE 51 0.31 0.31 0.35 0.34 0.35 0.34 0.02  0.706 0.213 0.305
Dehydrated and degreased weight/BW (%)
H 2 Bone density (g-cm™) 0.13b  0.15a  0.14a  0.13b  0.13ab  0.14a  0.01  0.044 0.958 0.741
JZ Bkt /1 Broking strength of tibia (N) 205.04b  223.66ab 247.94ab 219.34ab 242.63ab 269.99a 11.48  0.010 0.002 0.143

2.6 JAHR VD R ANK R E I A ST AGMEE
& EtoN:abA

M 9 nl g, XHF 1 HEE AR, TR
VD, A] g L R . A RS AKP S (P<
0.05), 5% 4L T G, 4R I 2 400—4 0001U kg™
VD, WS 1 HRRFRRGILES S E (P<
0.05) , ¥ 800—4 000IU-kg" VD5 1] & 2 $ my IfiL

> ok A~ Bl
%

Fwtrm (P<0.05) , #1600 1Ukg" VD; ] i
F AR P AKP BT (P<0.05) o TR I VD,
XF 21, 63 HEe FAAAR IS . #ES LY AKP
EEC R W (P>0.05) o BT B, kR
VD, K5 1 HES AR M 2245 . @& &5 AKP
By H) 2 B Lt (P<<0.05) 5k (P<<0.05)
EP

RO MGLEAR VD3 FRANK T X E P A RIS T A MR & (A5 AR A R 00

Table 9 Effects of dietary VD; supplemental level on biochemical variables in plasma of yellow-feathered broiler progeny

Hi& LiH VD; %7K VD5 supplemental level (IUkg™) SEM P

Days of age Items 0 800 1600 2400 3200 4000 VD, %t Linear = Quadratic

1 i 233b  238ab 243ab 246a  2.44a 248 003 0002  <0.001 <0.001
Calcium content, (mmol-L™)
e 1 i 141b  1.64a 1732 1.65a 1.60a 1.65a 0.06 <<0.001 0.038 0.001
Phosphorus content (mmol-L™)
g Tt PR Tl 0 148.23ab 178.67a  96.72c 110.16bc 111.73bc 109.95bc 20.22  0.003 0.008 0.016
AKP activity (U/100 mL)

21 i 2.19 2.15 2.13 211 2.07 202 005 0.069 0.001 0.005
Calcium content, (mmol-L™)
T 1.78 1.74 1.75 1.82 1.69 171 004 0.164 0.288 0.539
Phosphorus content (mmol-L™")
Tl P AR T Vi 158.89 124.49 14138 109.29 177.92 14284 2096 0211 0.643 0.690
AKRP activity (U/100 mL)

63 B 2.22 2.12 2.14 2.28 2.21 2.17  0.05 0.056 0.712 0.928
Calcium content (mmol-L™)
T 1.84 1.88 1.84 1.82 1.74 186 005 0282 0.233 0.470
Phosphorus content (mmol-L™)
Tl P AR T Vi 2730 3632 4296 4166 2482  29.14 651  0.105 0.797 0.108
AKRP activity (U/100 mL)

2.7 EFRAEVIEE P RIS S REITER
VD, SR & AR AR 7K
Sy LR ST . SRR B I 2 R i
AKP JiEPE 1 HES AR XS I 2R A5 7 i 5 AKP 3
YER VRN HERR, 48 VD; IS I EAR A — IR th e dth &
YN, GERNR 10 fron. DLESTHE . R NP

Wrfahas, ORI RIRPAY B G GR VDs IR0 KF 43 5
Ji 1650, 1 828 TUkg'e LIRS MLIERE A ik b AKP
WPEAVENTRER, SR RS EIE AR VDS S IKE
YR 1442, 3 123 TUkg'. LU 1T HE TAC XS I 3
B\ B AKP YETE R PPN AR SR, SR AR f i
TR VD3 BN/ T4 51004 3 768.2 407 Fil 3 489 TUkg™
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Table 10 Estimations of the optimal level of supplemental VD3 based on quadratic regressions

ZE Ie V= 2% r P VD, HE &
Variable Regression equation VD; requirement (IUkg™)
TR H5CHE Shell strength (kgf) Y =3.39 - 0.0000000468X>+ 0.000155X 0.172 0.035 1650
Breederhens  z-ompr Shell thickness (mm) Y = 0.308 - 0.00000000346X2+ 0.0000126X  0.105 0.014 1828
M2 Y =76.36 - 0.0000000242X>+ 0.0000697X  0.417 0.001 1442
Phosphorus content in plasma (mmol-L™)
I B PR T v Y =76.36 +0.00000292X>- 0.0182X 0.349 0.002 3123
AKP activity in plasma (U/100 mL)
1 FRTARY 1R85 7 5 Y =2.34 - 0.00000000947X+ 0.0000713X 0475  <0.001 3768
1-d progeny  Calcium content in plasma (mmol-L™)
broilers L Tk 1 Y = 1.46 - 0.000000042X>+ 0.000202X 0.298 0.001 2407
Phosphorus content in plasma (mmol-L™)
L 45 0 PR Tl Vi 1 Y = 164.45 + 0.00000468X> - 0.0326X 0.185 0.016 3489

AKP activity in plasma (U/100 mL)

X A VD; K, Y JHAS . Y is the dependent variable and X are the dietary VDj; supplemental levels (IUkg™)
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