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1 #Me57E%
1.1 K5 zh¥

PERER B (19 ~ 20 H % i 7R 1 R i BE 58
138 H f IR EA L (St T 2%, P >
0.05) By J5 U 73 g i 55 1 21 iR 2 AL A 3
41,44 46 Ko B R A A RS 8 .
g 2010 48 H 1 H T4, Bl 15 d, £y
150 d(2 A= H AW, 55 1 = &5 M 2010 45 8
16 HE 2010 4210 A 25 H, % 2 & E N
2010 4£ 10 A 26 H #2010 412 A 31 H), X%k
FEHTLR I SCR IR AT
1.2 Ie{RR

I MR AR S E IR LA 1, 8 1 4,
BRI 2 A 3 20 i RS 3 B Ok 1 AR RS

Yy B CRE 1 a2 R ) B RS 4 B
Bekk 2 gkt Rk Y A5 RE FIRL AR BT A
AP 11,28 MI/kg Fi1 14.48% , 4350 LS Y B
BCR 1 A E FOR2 $25 9. 94% F126.80%
1.3 {AFEE

YRR R b TP 5%, G 5 S B A, N
B ROKAE iz 3 o 0 X, O 5
TEAHE , LA 2 RE XK 2T 1 o Hb 3 ) bR 4 IR R
KR 250 g 43 2 R (06:00,16:00) # W, If 7£
16 : 304 0 AMi] 4 ~ 5 kg 5 5, & MCHT AR RS
BRSO FRE) H-A T L s 08 H R
1.4 NEHERMT X
141 ZraTERE

SR RO B R L SRR A AL
B BT PR TP R A

ZRER PR M EAME S 6 Rikfrk
R, Pk tB JOKG 25 FIPERG 265 56 12 Rk AT IR,
PRstR . DR IOk AL IR A R R
KR AR T

ZHEH(% ) =100 x ZHGEE AWEEEL

Wi (% ) =100 x HAHER 2R HE A0

F1 RBREARAMREFRKT (RTFEM)

Table 1 Composition and nutrient levels of experimental diets ( air-dry basis) %
i H Items FI ikl 1 Farm diet 1 FIfickl 2 Farm diet 2 KR} Test diet
JE#l Ingredients
fEi4y Paddy 19.50 19.50 10. 00
KZ Barley grain 38.80 38.80 20.00
/NFE Wheat grain 13.90 13.90 10.00
KM Rice bran 9.80 9.80 5.00
%k iz Wheat bran 7.00 7.00 5.00
EfE 5k Alfalfa meal 11.00 11.00 7.00
%k Comn 35.00
5k Soybean meal 8.00
41T Total 100. 00 100. 00 100. 00
TN (A ) Additive (extra) 1.00 1.00
K- Nutrient levels”
gt ME(MI/kg)? 10.26 10.26 11.28
HEH R CP 11.42 11.42 14. 48
45 Ca 0.25 0.25 0.21
WP 0.50 0.50 0.40

D 4 F 7N F & Contained the following per kg of additive: Cu (as copper sulfate) 2 000 mg,Fe (as ferrous sulfate)
4000 mg,Se (as sodium selenite) 250 mg,Zn (as zinc sulfate) 5 000 mg, VE 12 000 mg, VC 60 000 mg,VA 5 000 mg,

) §1#{H Calculated values,

D S0 HFRIETRE . Referred to the metabolizable energy of chickens.
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TR BB ICEERG 6 2 7E55 2 77 8 JE I N ik
PETARME A A7 EH 1 ~2 .54 ~5
FORNEs 6 ~7 M s 855 1 ~2 R 5510 ~12 K
GG 20 ~22 KWK 56 7 ~8 X) , HH Pk R 1M
5 mL/ H BT h47 0.2 mL EDTA Hi 5] (k)
$0.02 mol/L) I LEN, BRREN G, &
3 000 r/minE.0> 10 min, 4L FiEW, BT -20 C
VKA PARAE A o < AR s 4T 8 O T i e 1
7= SE MR BERG A5 1177 28, Tl o 72 A 7] P 4
AN CREUCEOR D, 83 B R) AE K B E AR SR
s BERS AR S I UOK CRE R B £, it
&3 G R RN T Dress N L= IS
1.4.2.2  E$ebs577

SR FH TS5 B 5 12 00 5 4 368 L vk v OB 9 A B R
(follicle stimulating hormone, FSH) . {i¢ & {4 4k Ji%;
2% (luteinizing hormone, LH) | Z2[ifi ( progesterone,
P,) . M — [ (estrogen, E,) . f# ¥L & ( prolactin,
PRL) ¥R FE o 7 TAEZHCAL s AR5 A Uy HOR
T 56 B, A R P R AE TE) 158 22 4 30 R 2. 5%
2.4% .5. 0% .10. 0% .5. 0% #1 8. 7% . 7. 5% .
10.0% 15.2% ,10.0%
14,3 AFERIAH G ) mRNA AR ik i
1.4.3. 1 Jl 7P SR 4

TR 2 PR IR, T i 4 HBERS, 720
PRI A1 LR T3k 5 %, 5 B9 Zhou 4517 4 38 1 )7
PR IR B, O 4 O S TR R e R
SE RIS R AR I, B8 G A0 0P 38 - 80 T kAR
PRATE , 28 A2 14 Ji 98 3R R TR ( gomadotropin re-
leasing hormone , GnRH) | § i1, i i 2% — B ( follicle
stimulating hormone-B, FSHB ) . M # &= Z 1K 1 (es-
trogen receptor 1, ESRI ) | M i & 5% 1A 2 (estrogen
receptor 2, ESR2) . B ¥ ] i 2 5Z {4 (follicle stimu-
lating hormone receptor, FSHR) {f# ¥ 2% ( prolactin
PRL) ¥ & 5Z {4 ( prolactin receptor, PRLR ) F£[H
mRNA FHXf Rk o
1.4.3.2 2 RNA 5t

Z: 18 Zhou %57 3 11 5 i, BUT F i 1 A
FDP S ZH L4 100 mg oA, GF S 20 SUR A L)k T
GRIEL Ry B0, SR AR B 2H SRR B T P UK I8 1) 3 5
2H ZUWE I g8 P H9 7%, i i} RNeasy Lipid Tissue Mini
Kit 1177 & ( 3¢ [E QIAGEN 2\ ] ) 42 B 2H ZUAE 1Y A

RNA, $2EUP) B RNA 28§ 40 o 0% B T H A6 vk
JERAERE I, A7 AE — 40 C kA P ARA7 5
1.4.3.3 SEEFZEGE & PCR

4G GenBank H H A7 4k A ) mRNA 751, F|
Fi Primer Premier 5. 0 4% it PCR 5|49, 7= FE
FESRR AW B RA F G R, 51 8 Ik
2, % One Step SYBR PrimeScript PT-PCR Kit
11 3:077) & ( TaKaRa K% 7324 7)) 7 ABI7300 52}
PIE B PCR A (S ABI A7) H 58 Jit H A5 4k
PURINZ AL [ 3 — Wi R H i 19 1B U1 ( glyceralde-
hydes-3-phosphate dehydrogenase, GAPDH ) | mR-
NA XS R BRI . AR (25 wl) H:2 x
One Step SYBR PT-PCR Buffer 4 12. 5 pL ,Prime-
Script 1 Step Enzyme Mix 2 1 pL. [ i 51 ¥
(10 pmol/L)1 HL\T%??,I%(IO pmol/L)1 nL .
B & RNA 2 uL,ROX Reference Dye 0.5 pL .
RNase Free dH,0 7 wL, KW FERF by 42 CRdk 5t
5 min,95 CHiAEM: 10 5,95 CTAEMES 5,60 TRk
WEAH 30 5,40 DMEER G, FEA NS R DR T 64 ~
94 C,THEHE H410s0.5 C,
1.5 HiEsH

I ZE R A (E = iR R, EH M
VAL LA 2R R R P A L A DGk ) mRINA A X 6
IR ZH ) 22 SR ) 1 KL, SRS S AR AL AR
xRS YA IR A VR BE U B S SR R - (B
[R50 ) 7 22 43 A, W0 42 2% W >R ] Duncan G5
HATZHEILE ., P<0.05 KA REER

2 & R
2.1 HEAKBBBELI2 FEAHNEHEERS
T

H12& 3 AT, K00 2 415 1.2 j7 8 A A i -3
PR B 1 41K 0. 39 F1 0. 27 A/ K5
1P R 7 1 R AR R 2 R R B TR
1 41(P<0.05), H A bRl a3 6 8 3% 22 7
(P>0.05), K50 3 4155 1.2 =& A A 734~
RN 2 4 0.87 F10. 74 #/H L5 2
FPEAMKFYEREES TR 24P <
0.05) , HABFR AR AL ¥ LB EZ R (P >0.05),
3 RIS 2 77 B R G 7 3 7 A IR
51 E AW



6 1] B FEAE AEA R YIS R R R UK W AR R R RS SRR RE - 1113

T2 ELHEHAEE PCRI|HET

Table 2  Primer sequence for real time qPCR

HW BT 191751 Fr BRI

Gene Accession No. Primer sequence Product size/bp

R P R R B R DO023158 Forward ;5'-GTCTGTGGAAATCTGCTTGGCTC-3' 199

GnRH Reverse:5'-CAGACTTGCCATGGCTTCCTTCA-3'

PRI E - B EU563910 Forward ;:5'-GATACTGCTTCACAAGGGATCC-3' 157

FSHpB Reverse ;:5'-CAGACTTGCCATGGCTTCCTTCA-3’

MR 21 EF502025 Forward;5'-TATTACTGGACAGGAATCAAGGGA-3’ 137

ESR1 Reverse:5'-CAGGATGATGGACTTAAGGCA-3'

e R Ak 2 EF621308 Forward : 5'-CGGCTACGGAAATGCTATGA-3’ 106

ESR2 ’ Reverse ;5 -GCACTTGATCTTCTGAATTGCG-3’

B 7 ) R 2 Ak NM 205079 Forward ;5 “TTCATCTGCCAGGAGATCAAG-3’ 194

FSHR - Reverse ;:5'-CATGAAGTCCTGTGAAAGCTC-3’

fFL R ) Forward;5'-TTTGTTGCTGGTGGTCCTTC-3’ )

PRL DQ660983 Reverse:5'-GAGAGTTTAACCGCACGGTC-3' 138
HILEZ F :5'- AAGGAAACAGACA AC-3’

AR ZM DQ660982 orward :5'-CCCAAGG CAGACAGCG ?/3 180

PRLR Reverse ;5 -TCCGTTCTAAGGCTACGCAC-3

3 — W 1R H I R A DQ821717 Forward ;5'-TGATGCTCCCATGTTCGTGAT-3’ 171

GAPDH Reverse ;5 -GGTGGTGCTAAGCGTGTCATC-3’

x3 HFABHBE 12 "ERAPNEEERETN

Table 3 Changes of reproductive performance during the 1% and 2™ laying cycles of female Zhedong white geese

%5 1 P25 JE ] The 1* laying cycle

55 2 2R AW The 2™ laying cycle

H W 14 I 2 4 5 3 4 W 1 4 I 2 4 15 3 4

Items Experimental Experimental Experimental Experimental Experimental  Experimental
group 1 group 2 group 3 group 1 group 2 group 3

FE %L No. of female geese/ H 46 46 46 45 44 43

M7 A 5,

PR R 5.37 4.98 5.85 5.11 4.84 5.58

Average egg number/ ( #/ H)

VY 165.32 172.36 170.2 163.11 163.40 166. 94

Average egg weight/ ( g/f) +1.32 £1.23" +1.12 +1.19 +1.40 +1.29%

ZAE R Fertility rate/ % 65.59 78.17" 79.18 81.30 82.16 80. 00

4k % Hatchability rate/ % 85.56 83.43 87.15

ORI 1 4URNRE 2 4R R % S (P <0.05) "SRR SR 2 AR 3 A1 A A 25 (P <0.05) .

* means significant difference between experimental groups 1 and 2 (P <0.05) , and * means significant difference between

experimental groups 2 and 3 (P <0.05).

2.2 HEBBESBE2FEAPNLKERE
HEREZN

WIZR KRG RERG 58 2 77 2 30 P L 9 A B R
e JELAL LA 1

55 1 AR, U5 2 41 B B m i FSH
PRz, Pt A 1 ~2 K5 20 ~22 R
FSH, LRI 1 ~2 K55 10 ~ 12 R AP )5
7~8 KM P, MR E IR (P <0.05) ;% 2 4

PR B, R B AR, (H 7 gl SR RN K A2 3 BH B 42
5 2 41 HA B A LH (BRAE S5 20 ~ 22
K ) FPRL( BRI 6 ~ 7 BUFIBE R 1 ~2
RS, R g LI5S 1 ~2 K 55 10 ~ 12 KAl
PWEIIS 7 ~8 K LH, LI 55 10 ~ 12 K1Y
PRL V¢ B 2 REAN (P <0.05) o 55 2 =& AN
R 2 410 E, P, 1 PRL B 28 53800 1 41
AN 52 AR (P <0.05) , For PRL U {5 553
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5 1 41 B, FSH I LH f vk B I sl 40 ) G 2%
#£53(P>0.05),

506 2 44, iK% 3 B A% &M LH
(BRyF=E WIS 4 ~ 5 BORE LI EE 20 ~22 X)) f1 P,
WRE (BR ™ B W58 4 ~ 5 ARk 819 28 10 ~ 22
K, HAPEE 1 ~2 K 2510 ~12 K[ LH ¥
JE W R (P <0.05) ;15 3 41 HA KA FSH
(BRI IS 7 ~8 K) (E, (BRALEBIZ 1 ~2 K|
5520 ~22 RFRE IS 7 ~8 KX ) A1 PRL( FRigt 5
ISR 1 ~2 R VB 10 ~12 KA 20 ~22 R) WIE,
Forhogt 8155 1 ~ 2 K i) FSH W B EFEAR(P <
0.05), 552 P~ WXL 3 4119 E, P, F1 PRL
g L 550 2 4 R WA e & A8k (P <
0.05) ,FSH il LH ¥k J ¥ sh 4l 0] o fg. & 2= 5% (P >
0.05)

2.3 HEBBBBE2 ~EFAHREAEMEX
EFE mRNA 3t RiE=

WE 2 40 F e fii GnRH ([ 2 — A) (Bl 8L
ESR1 .ESR2( [ 2 — C) £ 4 iy mRNA i % % ik &
YIRS AR T8 1 41, Ho4 ESR2 3 A 1)
mRNAMXF ik A #) B F K FE(P<0.05); N
fixi PRLR( €] 2 — A) , f:{k PRL ,PRLR 7 FSH@ ( [&]
2 -B), B #i PRL PRLR f FSHR (& 2 - D) 3L [#
() mRNA Fxt A /M F RS 1 4, Kb T e
fixi PRLR F14{& PRL 3 [H i) mRNA %2 ik & ik
P E K- (P<0.05), % 3 41F il GnRH |
PRLR([& 2 — A), i {&k PRL PRLR FI FSHp ( [
2-B), 0N ESR2 (& 2 - C) HE K ) mRNA #f X}
FR AR = TR 2 4, b R i Gn-
RH il #{& PRL FSHB & [A () mRNA A{ X} 3 ik i
K F) 5EKE (P <0.05) ;5§ § ESR1 ,PRL .PRLR
M FSHR( & 2 - C [ 2 — D) 3 5 (1) mRNA # X}
TR TG 2 41, H b oy 5 FSHR 3L Y
mRNA FH X} F ik &5 3] g F K (P <0.05) . 7E
3 AR A ERS T o i o 2 R RE G I E1) PRL 3
ik,

3 4 i
3.1 4R THUREREZEARKTES
H 7R B S B IS S TE M R R0

ARWFFEEER BN IS mdE A 2R 0 o] LU
FARFWTR ARG RERGEE 1 )7 R R P B R A
ARG R, GAE NS I 4 R (X

SRR RORN S 2 7 R E T Y R SR RO
AL I B, R Y R 5 R
TR B8 ZE AR M R 1 5 e LA A T . AR ST 4
SRR R, B R R B R R K O T B RS
FEER ORI X B R {H N 32 R RN AL oK A5 R )
BN, FEWTOE 24 4R 5 T R R K A R Tk
Wi AR RS RERS 1 S A R R (H T Y I ) g o
3.2 AR TYREHEEARKENTEAR
BRSEEANN MR EERERENT M

L% 45 v B 9 FSH L LHE, 1 P, X} &
i EARw R PRL B @R HEAT N L
ERGER M EZERN R, ARG BN, B m g
AR T RT DL SR B R 0% FSHLL P, RIIgk £
PREZ WA E, SR W B AR LH VRS, JF 8 350k
% E, P, Fl PRL ¥R FE I 2, $2 17 IR I% T PRL i
UL Ip 0 19 B[] % 0 R 5 % v ) R BB i R 1 K P
A DABR S BRSO R LH RN P, ¥R B AIC FSH %
FRAE I E, Al PRL W BE, JF 0 5 008 E, I P, 4§
W s, X RIS INgEA 0 W) i s 4R A
R R 2 P T /K ST 38 R DT o R R AR 1 R R
T8 A B 35 2 e B R I B, vl L A
3.3 #AEZE TYRSHEEARKEXNNERR
B8 £ 5E i 4E X B B mRNA 1534 R 1% 2 5 220

S B B2 BT N - AR - R4
SR B A 4 P AR R R AR T T
i GnRH 9 ok w75 SR ™ 3 o 8375 W M it
C - BER LB — 2 (A C(PKC) 5 514 T30 i,
SRR T A T R P R 2 LH RN FSHL 1 & i 43
W ARBFFEGR EOR I INGE A R R S
it R RS T il PRLR fil3E (4« PRL 3£ [H mRNA
XS ik, 155 PRL 5 PRLR 454, L bp 5L
ESR2 Jt Al mRNA X%} ik &, #4958 E, 5 ESR2
(28 A, B R RS M BRI RE . TR 9T W, A 5
PRL {55 1 55 AL A 1| T 45 46 5 1 50 St 1], 3% 0
R NIRRT . AT IS R R,
P 1R TR BB o B 1 KO i) R BERS T el Gn-
RH 5%, Jf# inE{k PRL F1 FSHB 55 . W5tk
B, F Fefixi GnRH 15 5 (19 b 1/ 0] {12 #F 1 /& FSH F11
LH A 8R40 W0, 38 5 I P, VB, W, M ik 3%
RIS AR RE . RS I IR R B R AR 1 RUK T
REAH T Fefili PRLR ZKSF-38 i, H fy 76 F i b A
A E] PRL 3[R 19 2 3k, DR I0 0 T 68 76 7 25
B IE A PRL 55 .
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?1: Lf b '; © ?’ =7 = ?‘ pay °2° i~ —+— R34 Experimental group 3
~E s o8 o~ S o & o
°n — >
B ®o B 8RS ® S ﬁé" ] A
P MLy WS
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KA 5 Sampling points =
0.80 T E 15p
~ >
.—El 0.64 £ 12f
=
2 048} S o)
= ’ %
~0.32f R 6
& =
F 016} < 3}
0.00 . . . ﬁé 0 , ,
:zm ) - ~ K = ].Kg =) o~ - = a K ol Kg =
e e ®e Ke Y2 e Kg Te ®Be ®e Ko e 8¢ KT
Lo lw dals &3 48 L% Lol e =729y
&0 &0 80 o — = = ~ <+ ) -2 S 2 -
o R BRa RS g2 mE RS B & R RS g 2 G5 &S
PR A L FEE 3 W
Laying period Broody period Recovery period
SKHE 5 Sampling points
16.0
’_ET 901
£ 128 .
2 3 721
2 7 2 s}
~ =
L m
#% 04 36|
z i
w32t 18+
&
0.0 : — 0 -
] " - K~ H< ~ © e o~
Te Bo ®9o Kt s Qe Ko =7 279 =5 kY 52 8L ke
g in bgly L7 L8 L% 1o 03 1201228 1%
en b — > ~— <+ o — S - ~
Bl 8 R 8BS g5 af &S & &2 RS RE RS af ®S
P dagy o Em P R s
Laying period Broody period Recovery period Laying period Broody period Recovery period
KAES Sampling points SKHFE S Sampling points

Rt SPRTE = F i 8 1 4URNK K 2 AA B3 225 (P <0.05) #3804 2 2 il 3 LA B 3% 2 5% (P <
0.05) , ANR/ING FHEFR R AN A RERAE KB .35 22 57 (P <0.05) .

Date points with * means significant difference between groups 1 and 2 (P <0.05) , while with # means significant differ-
ence between groups 2 and 3 (P <0.05), and with different small letters mean significant difference among different sampling
points of the same group (P <0.05).

B HREBBRNE 2 RSN LR ENERET
Fig.1 Changes of blood reproductive hormone concentrations of female Zhedong

white geese during the 2™ laying cycle
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g WS [
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5 =
23 10 } S%0s T
&7 Qé = T
B2 05 | 2 0.4
0.0 0.0
Rl RResl Rk Wl R Kl
Experimental ~ Experimental Experimental Experimental  Experimental Experimental
group 1 group 2 group 3 group 1 group 2 group 3

BARHEERE « ik 1 405 2 4147 8 4 22 57 (P <0.05) #5801k 2 Al 3 Al A7 1 35 = 57 (P <

0.05) .

Date columns with * means significant differentce between experimental groups 1 and 2 (P <0.05), while with # means

significant difference between experimental groups 2 and 3 (P <0.05).

& 2

MEBRFIEE 2 “ERMARTERM(A) (E&(B)FIIRE(C.D)

tHXEE mRNA X RIZETH
Fig.2 Changes of mRNA relative expression of related genes in hypothalamus ( A) , pituitary (B) and

ovary (C, D) of female Zhedong white geese during the 2™ laying cycle
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Effects of Vitamin, Mineral, and Energy and Protein Levels on Reproductive
Performance, Blood Reproductive Hormone Concentrations and Related
Gene mRNA Relative Expression in Reproductive Axis of
Female Zhedong White Geese

ZHAO Xin'? SHAO Tao° WANG Yaqin’* LUO Jinbiao*
CHEN Weihu' SUN Hongxia® ZHOU Weidong'*

(1. Institute of Animal Husbandry and Veterinary Science, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China;
2. College of Animal Science and Technology, Nanjing Agricultural University, Nanjing 210095, China; 3. Ningbo Animal
Husbandry and Veterinary Bureau of Zhejiang Province, Ningbo 315012, China; 4. Xiangshan Station of
Animal Husbandry and Veterinary of Zhejiang Province, Xiangshan 315700, China)

Abstract; The effects of vitamin, mineral, and energy and protein levels on reproductive performance, blood
reproductive hormone concentrations and related gene mRNA relative expression in reproductive axis of female
Zhedong white goose were determined by adding vitamin and mineral, and regulating dietary energy and pro-
tein level. One hundred and thirty-eight female Zhedong white geese with the same month old were divided into
3 groups according to their body weight, which were provided 3 kinds of experimental diets. In the experimen-
tal period (150 d), the changes of reproductive performance ( average egg number, average egg weight, fer-
tility rate and hatchability rate) , concentrations of blood reproductive hormones [ follicle stimulating hormone
(FSH) , luteinizing hormone (LH) , progesterone (P, ), estrogen (E,) and prolactin (PRL) ] and mRNA
relative expression of related genes [ gonadotropin releasing hormone ( GnRH) , follicle stimulating hormone-
(FSHPB ), estrogen receptor 1 (ESR1), estrogen receptor 2 (ESR2), follicle stimulating hormone receptor
(FSHR) , PRL and prolactin receptor (PRLR) ] in reproductive axis were measured. The results showed as
follows: 1) adding vitamin and mineral significantly increased average egg weight and fertility rate during the
1* laying cycle (P <0.05), increased concentrations of blood FSH and P,, decreased concentration of blood
LH, changed E,, P, and PRL pattern during the 2" laying cycle ( P <0.05), down-regulated GnRH, PRL
and PRLR mRNA relative expression in the hypothalamus, pituitary and ovary, respectively, and up-regulated
ESR2 mRNA relative expression in the ovary (P <0.05). 2) Regulating energy and protein level significantly
increased average egg weight during the 2™ laying cycle ( P <0.05), increased concentration of blood LH,
decreased concentration of blood FSH, changed P, and E, pattern during the 2™ laying cycle (P <0.05) , in-
creased GnRH, PRL and PRLR mRNA relative expression in the hypothalamus and pituitary, and decreased
FSHR mRNA relative expression in the ovary (P <0.05). The results of this study indicate that adding vita-
min and mineral and regulating dietary energy and protein level improve reproductive performance by partly af-
fecting concentrations and patterns of blood reproductive hormones, and local regulating related gene mRNA
relative expression in reproductive axis of the female Zhedong white geese. [ Chinese Journal of Animal Nutri-
tion, 2012, 24(6) :1110-1118 ]
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