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BEOEF B

W E. ARBREEARRR S A F K, HFmkKFxr1~21 B THAERKEE BEREF A0
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REHEHEEMEERKMLEREAETH/EY
%, NRC(1994) X & EH#THEMMMERHEET
AL T A R K B R EE N 0.5 mg/ke, (H
TR R A L At 5 A e = S
m g, HAT, 4EE R K XTRIBARKERZ
R e N 1= I P 12 i NS W B R I ) e N |
e R K, BWIAKEXF 1~21 H & A6 508 4= K
Al I IO R RE I B e AR A G i 3R A R 48 B
(52, R B e PR 4 A K SRR O Y ek
Tebn 00 B AR AL s 4 K S RHE SR,
Sy PR S R T o P 2 A R K B A B R A R
SHE A AR

1 #MR5FZE
1.1 KI8T R AR

ISR H BN 58 2 BEHLIR 8 &, 5 T A
de & K, BANKFE(0.0.5.1.0.2.0.4.0.6.0 Fl
8.0 mg/kg) . I K Al 1R KL B IR K-S H 3K
(AP RFEARUEY ( NY/T 2122—2012) , B fil 7 4
R SCE SRR LR 1, Sl A SRR TR s N 7
AR KN T4 e A #E K, (0,0.98,1.96,
3.92 .7.84 11.76H1 15.68 mg/kg , % 8 F 2516 & &
PEATH SR Bo il 7 PO g iR, iR K,
T 2k 0 TR S 280 (P 28R B i 51%)
IR IR X i BUBURL R, R 448 1 H e f B
HEPEAL 5C0S  BEHLS> N 7 4, HE2H 8 N EE A
HE 8 UG, & &G KNS Y) R R E A -5
IR 21 d,

®1 EMARARKREFRKE(KFERM)
Table 1 Composition and nutrient levels of

basal diets ( air-dry basis) %

i H Items 4 & Content

J5kl Ingredients

E K Corn 67.16
M1 Soybean 24.20
KT # H A Soybean isolate protein 5.00
£1#} Limestone 0.90
Wi 445 CaHPO, 1.25
TR A} Premix" 1.00
4k NaCl 0.30
DL-TE%{ R DL-Met 0.16
AR ERBRER Lys - HCL (98%) 0.03
A11 Total 100.00

¥ M 33 %
&k

I H Items & Content
H#:/KF Nutrient levels®
R BE ME/(MI/kg) 12.18
HEH CP 19.99
5 Ca 0.71
ARk AP 0.35
MR Lys 1.10
HHETR Met 0.45
HAR+F AR Met+Cys 0.80
FhE IR Thr 0.84
B R Trp 0.25
HERER Arg 1.36

1) BUIR By 5 T 52 R 48 it The premix provided the
following per kilogram of diets: Cu 10 mg, Fe 60 mg, Zn
60 mg,Mn 80 mg, Se 0.3 mg,I 0.2 mg, AL IHHH choline
chloride 1 000 mg, VA 10 000 U, VD, 3 000 TU, VE 20 IU,
Hifft & thiamin 2 mg, #% # & riboflavin 8 mg, VB, 4 mg,
VB,, 0.02 mg, iZ X pantothenic acid 20 mg, "R folic acid
1 mg, =¥ & biotin 0.2 mg,

2) EFKFEH NI (H, Nutrients levels were calcu-

lated values.

1.2 {AFEHE
IR W EE3E, AR RESKK, 24 h 6
HE . 1~21 H B H 0w AR o 28 1) 57, HoAth 342 5 0

TSR AT
1.3 HAREMIBIRNE
1.3.1 4K MHhe

A3 1A 21 H R BRI U145 T A IR G0 G 25
A R A R TR 1~ 21 HOR IR - 1
HIGHE P HRERMBIELL,

1.3.2 A fbFshs

it FF SR i RN B 25 SR O A SR 4E 21 H kb
G IV, DA A1 45 R B ML PR i g 2 H ) S
JkR Il 5 mL, B F AR PrEEsE +, 3 500 r/min
B0 15 min, A3 B ML, -20 CHAF, T4
fRFe bR e, Forp, o 2 v A i e e
1% i M % F HITACHI7080 4> [ 8l 48 4k 23 #r 4Y
HEATINSE 53 A7, 3500 & W 3 S Ak W I A R
Al I3 H PIVKA- T & & R TR — 25 e 0
I 28 W% ML B6 ( ELISA) 3 2, SR b ifg
itz 16 23 ) A 7 19 50 &2 JF 1 BiotekEpoch il b A
£ 450 nm P KT W E W6 B 15 3K PIVKA-
&, MEPESEMBUEALTHRE SRR
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FER ] ELISA % | 7F 450 nm P T I 5E WG
B2 R & B AL A TE A R B A R A F
A I A 2 R AL 45 A5 R S R R A
ERILE,

HEE R (%)= 100x (M3 555 % 5 & -
MR G R T &=)/
MAEFRTE,

1.3.3 BE A

F 21 B, N4 % 5 Rl Pk 2k 50 S 2
H B0 R LS Ak B, B0 56 RS 22 0] B B I
B a % g & m A A, >k H GE Lunar
iDXA WHE X S4B % B AGH T AE

1.4 Sitoth

RIS BAE R SAS 9.3 G it 8 i #h 47883143
BT, R GLM & 7 44 5 4 B LI 56 3% 1135 1 7 5 [
F )43 H, K ] Duncan [G¥E HE4T S {8 22 6] 1)
ZHEIE, K EE R P E AR 22" TR,
P<0.05 £/R2EFBH,

2 &% B
21 AREHEEZEK, "MAKFEX 1~21 By
b TR A K R Y %2 T

Mk 2 frs , AF4EAFR K, iIKEXF 1~
21 HBAC RS- 24 H 1 8 P34 H R & & R
LR 7= A 2 5 (P>0.05)

K2 AEHLEZK, FMAKE 1~21 B EBAERERIIE

Table 2 Effects of different vitamin K, supplemental levels on growth performance of

Pekin ducks during 1 to 21 days of age

Wi g #E R K, WN/KE Vitamin K, supplemental levels/ ( mg/kg) P
Items 0 0.5 1.0 2.0 4.0 6.0 8.0 P-value
S H B

54.6x1.4 53.9+1.5 53.5x1.7 53.8+£2.6 53.0£2.8 53.7x1.6 54.2+2.1 0.811
ADG/(g/d)
M7 A 7. =
FRHR 95.3+3.0 94.1+3.4 92.9+4.1 94.4+5.6 93.8+3.5 94.7+3.3 93.3+£3.5 0.904
ADFL/ (g/d)
BHEE
/G 1.75+0.02 1.75+0.04 1.74+0.05 1.76x0.03 1.77+0.03 1.76+0.05 1.72+0.03 0.232

[R5 Kt AR AR /NG 78RR 22 5 135 (P<0.05) AR BOE PR RN 2R B35 (P>0.05) o T 2RI

In the same row, values with different small letter superscripts mean significant difference ( P<0.05) , while with the same or

no letter superscripts mean no significant difference ( P>0.05). The same as below.

22 ARAHEEZEK, RMAFES 21 HR LT
BB REME R GHHE X MR £ KISFRA T

mk 3 R, ARE4EA R K, B KX 21
H A6 5 8 12 o - 25 B8 B 88 5 2 AR T AR
Ay B2 (P>0.05)

ANFGELE R K, BSR4 21 H #3651 il
SRS O R Wl R T 4 AR S R (P<
0.05) , 4.0 mg/kg 44 FE K, UK -4 1 2% 45
SEBFEET 0.0.5.1.0 mg/kg 445K K, HAnk
A (P<0.05) , 0 mg/kg iR K, IR 4
M2 w5 E KT 0.5.2.0,4.0.6.0 8.0 mg/kg
iR K, IIMKFE4(P<0.05), 2.0 mg/kg 4
AR K, BN 41 i 3% 6l Pk i 2 I 0 PR 2
F0.0.5.1.0.8.0 mg/kg 4 E R K, ¥ K41
(P<0.05) .

23 AEEEZEK, HmkEX 21 BTG
MELEERE K RKBEASENZME

mak 5 s, AR 44 R K, BnKF X 21
H &AL 5008 1% PIVKA- T & &0 724k & 500 (P<
0.05), 8.0 mg/kg 4 A= &R K, ¥ 7K - 41 1 2%
PIVKA-T & & & ik, @ F M F 0.0.5,1.0,
2.0 mg/kg#E A R K, BSMIKF4(P<0.05) , AA]
Yt 2K, IS0 KX I R AR RN 4 A R A
B SR R AR B R (P<0.05) 0 mg/kg 4k
R K, K- FHMBERUEA S EFHR S BE
BT 0.5.1.0.2.0.4.0.6.0.8.0 mg/kg 4i'E & K,
BINKF-4H (P<0.05) , I Ho i 3% 5 55 R % b i
FET0.5.1.0.2.0.4.0.6.0 8.0 mg/kg 4K K,
WINACEL (P<0.05) . AEI4EA: & K, B nKF
XF 21 H A6 5 0GB 85 R R AR R 7 A B 3
(P>0.05) .
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*3 AELEZEK, HmkFE21 BRI EBESRENF
Table 3 Effects of different vitamin K, supplemental levels on tibial bone quality of Pekin ducks at 21 days of age

HiH #diAE K, #I7KF Vitamin K, supplemental levels/ ( mg/kg) P

Items 0 0.5 1.0 2.0 4.0 6.0 8.0  P-value

B

Bone mineral 0.228+0.009 0.230+0.008 0.228+0.013 0.238+0.011 0.226+0.013 0.227+0.012 0.227+0.003 0.086

density/ ( g/cm?)

DG

Bone mineral 1.80+0.11 1.82+0.14 1.78+0.18 1.92+0.14 1.75+0.14 1.84+0.19 1.84+0.12 0.113

content/ g

B I AR

Bone area/ 7.92+0.43 7.91x£0.50 7.83x£0.59 8.14+8.14 7.76x£0.46 8.09+0.43 8.12+0.50  0.350
2

cm

x4 AREER K, FMAKFEX 21 BTG & R GHE X MR £ X FERaI =0T
Table 4 Effects of different vitamin K, supplemental levels on plasma biochemical indices related to

bone metabolism of Pekin ducks at 21 days of age

HiH #it:E K, BNk Vitamin K, supplemental levels/ ( mg/kg) P
Items 0 0.5 1.0 2.0 4.0 6.0 8.0 P-value
%15 b b b ab a ab « ab
Ca/(mmol/L) 2.12+0.16 2.11+0.19 2.11+0.21 2.14+0.19 2.28+0.18 2.23+0.15 2.23+0.11 0.039
wi 2.26+0.11°  2.42+0.20° 2.38+0.18® 2.52+0.23" 2.44+0.15° 2.48+0.21° 2.53+0.25" 0.012
P/(mmol/L)
T T Tl R ) ) N . " " N
+ + + +91* +88" 538+90* + 0.025
ALP/(U/L) 490+82 494+61 486+94 589+91 522+88 538+90 502197
£S5 FEALEEK, RMMAKFEI 21 BRgdb RS MELELEE K KFEANZN
Table 5 Effects of different vitamin K, supplemental levels on plasma vitamin K-dependent
proteins of Pekin ducks at 21 days of age
iH #i: R K, W N/KF Vitamin K, supplemental levels/ ( mg/kg) P
Items 0 0.5 1.0 2.0 4.0 6.0 8.0 P-value
b E KBz
SR I
Sl 1.30£0.12° 1.15+0.14* 1.29+0.37* 1.24=0.20° 1.1120.29° 1.06+0.26" 0.79+0.31° 0.015
HREH
PIVKA-I/ (ng/mL)
HESER
Osteocalcin/ 5.56+0.49° 3.72+0.53° 4.79+0.48" 4.00£0.53% 4.84+0.43" 4.34+0.30° 4.95+0.48" <0.001
(ng/mL)
BN TR
Undercarboxylated . B be d b . be
. 2.78+0.22" 1.80+0.31 2.18+0.18 1.96+£0.27° 2.36+0.22 2.17+0.18 2.30+0.22™ <0.001
osteocalcin/
(ng/mL)
BEERILR
Osteocalcin
. 49.6+£6.0 50.9+10.3 54.0£5.8 50.0+£10.1 51.0£5.7 50.0+5.9 53.0£7.8 0.735
carboxylation

rate/ %
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3 AEHEEZEK, "MAKEX 1~21 Bty
b TG A 4K 1 R Y 2 T

SRR, A s N 2E R K, R E RS
WAEKEIER B H R | 34 H 8 A
RPN R 1~ 3 R RN A KRR Y R
M AN G 35 Price SO 45 K BRI 4k A
F K PR R R AR K Sz H R KR
X H B A BEE R, A YA R K AL
AR KPR RS A (9 B 9 3 R WL G AR RS 45
IR AR PRI A R K4 4R R K, % 1~21 H
WAL HTNG B 7 1 H R B -3 H O AR L
BT E W, XS LR i AR -8, SR
M, 44 R K AWk KRR S 5 484 K K
Bt Z FRg i ) F ¢, Zhang 51 RS R B, R4
HerE R K B2 XS 1~ 3 J i A XS -2 H 3G A
S H RS R R YA R K = A AR 7 DA
J5 TR EREAR 6~ 7 S AT XS P B H I 8 dtk
AL AR 2R KO RS AR K L B Y 52 e 7E AR K v
RESF 25 ULFE br b nl R R B4 55 , BF 90 I 1 4 A=
K XL AL HLRE I RZ T
32 ARA%HEZEK, RMAFES 21 HR LT
EE REME K GHE X MR ENIERH T

Price 5 BF 58 K B, IR 44 R K 5P 4
MR EX AR BEELEEER, &K
BB E g R K R E % T NA BET
1 ABAEIG IR A FE 4 AR R K ) BRARAER & a3
R AR 45 R R A AR R RN [ KSR
HER K, X 21 Higdb st iR B B % e a0
sy mARE AR E N, XS ik
TG R — B, (H AT 25 2R 3 W 48 i 0] M
B R K, WK T a] £ 3E 45 0 Il S AR, %
PUAESR S R A AR K, WS N7k ST T 48 5 1 S 4 |
WS, XS AR T B4 R A — L, B
P 0 2 it i B A e A B AR AR ) e R
il i P v T 422 S e il vy 4 LA T TR R, BR A
I R 1 25 B 4 B 40 28 3 b S B K 4E A &R K
I A R R L R R Y KRR
g g SRl et R W, 4R 28 R K, feig i 53
S BAPE B R VG M L A 2.0 mg/ke
Yer R K, WS 0 KT 41 i 2 ae P B R i S M

BT 0.0.5.1.0.8.0 mg/kg 44 K K, NKFE4H
SR —E P L SR T LR fiiE . it
AU AR K AT BT S SR NS A R
MUAREHR & B o SR AS 50 1 A WL 4% 3R [ 4t 2E
R K, WMACEXF A6 08 i B B = A B &
XA T — 5,
33 AE%ER K, FmAkER 21 BRI TR
mMEEEZE KKHEOREN N

e Yy RE R 4EA R KW A MY
BB I A AT AR AR 11 PIVKA- T2 5 %6 il
R EE R K AR 1, 3K PIVKA- 1 & &l
S I S SRR 1 58 LA B, R A T DU AL AR 4t AR 3R
K e Z A0 AROR B0 M B AR E A R K Bz
B, PIVKA- [T 78 JHF W b oK B K i %) 8 7R 1k B A 5
I B B, BE J5 PIVKA-T 76 i & R L, 1
PIVKA- I JG 2 85 005 B A 5% 100 8t 2 472 53¢ 1. D) RE
I PIVKA- T 7 2 3 ey S i i 468 1 2y g i 30
BREAg 202 ARG 45 R R, 3K PIVKA-T %
AR K, WI7KCF T iR, B iR R 2
R K, BIKFEAF] 8.0 mg/kg W Fe A, i 7] $2
S W H A A 2 KB T DA S A 95 I D) E

AR, B S R AR A R K B R &
PO LR YR K B RS R T
FEAEAE R K FE R 58 BOR A6 N I R 1k
R A5 2 2 ORI ™ ki 5 B0 i
B 2RI B U B B RN ] R 4 AR
K, 0 W ERRILEREA TR SR,
e, RN 2B SR R4 LR Kz AR
B, TR R T 4 R K S FER B R3S
FRPTR RGBS R S K A SR B
AR LT B B B RS AR LR
B 2B TR G IR 8 R AR i BT B A 1912 W b
HEDT TR IR AL AN 4 B S R A b 2
VAR BT AU ) BB A AR 45 R
Tk P as I o A= 2 K, T S R AR L 5T i 3K AR
AL EHESE, XEERWALELEEK, S5
THBRRM, XS5 R P AER K, wmn
TKOV2H B 85 2 R A R T i A — 3, 5 )RR
I K4 A 2 K, PT 3  vE db S al  AS A
WIS R B, X R LR, Y4
K, A 4R S 2R AR AL K a2 P S X 45
A s B 0

HAT, & T A4 f R K, BHRTENIEAR
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WARTE, REARKEE T 7 MEER K, BN
IR AR AN B AR Ty 3 ok 4 A A A A b
FXT AR K, MiE BRE R, %200
FPEYEZ B Z 5 L, 5 R B It E R K, 41
. ,0.5 mg/kg 4842 R K, WS /K 41 15 o & &
BT 2R A 2 45 R i B A AL,
X SCHF NRC (1994) 58 8 8 5% w7 S hn o vh & 4 9
e 44 & K, BUHERE = (0.5 mg/kg) o [A I,
ek R K, WINKFEmT 0.5 mg/kg XF T = L5 B
FRMERNLEREAEEFHBRERERAE 5
BERGEER ., X ERAERRE KT, Ln 2k
BERUEA TR G H NN IEIR, 1~21 ARk
HOPS G R b 4E AR R OK, 3E CEW K SE A
0.5 mg/kg, [FIM, 7E M IS I 8.0 mg/kg 4E2E
F K, A5 R i SR b R R Ak Y 38 i il A
A PIVKA-TT RS 4 8 45 % & & 19 il 560 45
RAMER A TERE 1K 00T A i 1M e 56 4 o) B
FE AR OCHLAE , T h 4 A2 K, A InukF
CIPEEt ="

4 &

TR P IS INgE 4 R K, 7] el ok 2 5 %R k5
M B 1M A D A B PIVKA-TT i 45 38 45 4
KM P i 98 42, 9F 10052 o AL 4 7 1 258 ) g
MM, LA MR BERRAA 2 TR F &,
T 40 A O AR A A2 R K 3 S K
0.5 mg/kg,

SE W
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Effects of Different Vitamin K, Supplemental Levels on Growth

Performance, Tibial Bone Quality and Plasma Biochemical
Indices of Pekin Ducks during 1 to 21 Days of Age

SHEN Zhongjian HAO Yongsheng SUN Peixin WU Yongbao ZHANG Bo TANG lJing
HUANG Wei ZHANG Qi HOU Shuisheng XIE Ming”
( State Key Laboratory of Animal Nutrition, Institute of Animal Sciences, Chinese Academy of

Agricultural Sciences, Beijing 100193, China)

Abstract; This experiment was conducted to investigate the effects of different vitamin K, supplemental levels
on growth performance, tibial bone quality and plasma biochemical indices of Pekin ducks during 1 to 21 days
of age. The experiment using a one-factor completely randomize design with 7 vitamin K, supplemental levels
(0, 0.5, 1.0, 2.0, 4.0, 6.0 and 8.0 mg/kg). A total of 448 one-day-old male Pekin ducks were randomly di-
vided into 7 groups with 8 replicates per group and 8 birds per replicate. The experiment lasted for 21 days. The
results showed as follows: 1) different vitamin K, supplemental levels had no significant effects on the average
daily gain, average daily feed intake and ratio of feed to gain of Pekin ducks during 1 to 21 days of age ( P>
0.05). 2) Different vitamin K, supplemental levels had no significant effects on the bone mineral density, bone
mineral content and bone area of tibial bone of Pekin ducks at 21 days of age ( P>0.05). 3) The plasma calci-
um content of 4.0 mg/kg vitamin K, supplemental level group were significantly higher than that of 0, 0.5 and
1.0 mg/kg vitamin K, supplemental level groups ( P<0.05). The plasma phosphorus content of 0 mg/kg vita-
min K, supplemental level group was significantly lower than that of the 0.5, 2.0, 4.0, 6.0 and 8.0 mg/kg vi-
tamin K, supplemental level groups ( P<0.05). The plasma alkaline phosphatase activity of 2.0 mg/kg vitamin
K, supplemental level group was significantly higher than that of 0, 0.5, 1.0 and 8.0 mg/kg vitamin K, sup-
plemental level groups ( P<0.05). 4) The plasma protein induced by vitamin K absence or antagonist- [l
(PIVKA-TII ) content of 8.0 mg/kg vitamin K, supplemental level group was significantly lower than that of 0,
0.5, 1.0 and 2.0 mg/kg vitamin K, supplemental level groups ( P<0.05). The contents of osteocalcin and un-
dercarboxylated osteocalcin in plasma of 0 mg/kg vitamin K, supplemental group were significantly higher than
those of 0.5, 1.0, 2.0, 4.0, 6.0 and 8.0 mg/kg vitamin K, supplemental level groups ( P<0.05). In conclu-
sion, dietary vitamin K, might affect the regulation of vitamin K-dependent proteins such as prothrombin pre-
cursor protein PIVKA- Il and osteocalcin by participating in carboxylation to regulate the blood coagulation and
bone metabolism. Considering to the contents of phosphorus and undercarboxylated osteocalcin in plasma, the
dietary vitamin K, suitable supplemental level of Pekin ducks during 1 to 21 days of age is 0.5 mg/kg.[ Chi-
nese Journal of Animal Nutrition, 2021, 33(3) :1461-1468 ]
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