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oo ARG AR EE A RN S8 B SRR BREA & AR SR 2 B > PRI ~ sBeIR G i
Fe - E WS SRR 2 AR S o ISR ~ IR R SN A AR B IR B - 2 T
BB E LB

MEHERTT A

L aBRasGT

DS RmEssRE (HES) RARERGEAE (LES) SNSRI S0 i B R FiRAE
P RER AT SR I H IR NG - DU TR 5 A RER B R B A 2 =X > A = A&
TR B MG 50 SR RMRET TAGER - BHEN R AU Bl B 20 (2004) 251k - AEEE
IR — s B I FE SR AR (Ca 3% > Mg 2500 ppm ) - Ji* 51 3E#I - BRAAHENG & wIE M LT -
HITE R Z NSRS LATRE10% (K1) REMEERRET - 25 HDUES- i b ATk f
B-ER%% - % HES k2 LES WSEERERE ST Formidk R AREE AR - [RIRFPRAAET T o S (X SR Bhe o« Gl -
ABEER 2 (Ao ) X 2 (BREEE) AN T5lBe - SABRERAIER 1 R -

PdfEAbEE HE R R 0K » RAHEREE0 ~ 7 ~ 14 F 21 KIR - MIEHEZORE - WHEH R 3~4
IKf o SEIUE R IS > SRS IR (B ESEREE — SRR SHINEMAE P s ~ 865
HOEREE 22 Je 23 RiZHE H R 3~4 IRFRRTENS S - SUENSSEIn AT - BIRESIEORII & 1 e 85
B -

1L B3R Bk it A

(i) IMEEFS ~ S FME © KRB MR E NIRRT - MR EEE=LL 1500 X g Bl 15 2
o I ENEH (M3 BLO.1% SRvTEE 200 1% - DUSFIRHOEEEE (Hitachi Z-6100)
SEL e

(il ) ARG IRAIN be 7~ B i MU - WA - IBANEILE - DUk S s Bl (e sk
AT ) o BTN - Hvki@ L 10 mM Tris %% (pH 7.4) mygekififk - BYBH— b
el (i ) > RESEIRIEE A I - BAFY 20 mL 10 mM Tris g2t 2= 100
mIBEMRIA o BT 55—V b I > FEdsSF LR aiRoc 0B - fAsIREe A e S 2= i A 100
mL BERA > DU 60 mL Jki&Hy 10 mM Tris AR ERGE RN A Y C TR A - 55
BN EATVRZ SRR - AR T - FERREER -20°Cukfh » fEHlE Ca ~ Mg & -



WIRTT  OMRSEHT MRS BRI ME— WRE R 3

1. FERETREE R

Table 1. Composition of experimental diets

Ingredient, % Diet
Low Mg High Mg
Corn starch 59.2
Isolated soy protein (CP, 90%) 21.1
Soybean oil 2.0
CaHPO, - 2H,0 1.4
K,HPO, 0.7
NaHCO; 0.6 As in the low-Mg diet
Todized NaCl 0.3
Vitamin premix’ 0.3
Mineral premix” 0.2
Choline chloride (50%) 0.26
DL-Methionine 0.26
CaCO; 7.92
MgSO, - 7TH,0 0.45 1.43
Cellulose 5.31 4.33
Total 100 100
Calculated value
CP, % 19.0 19.0
ME, kcal/kg 2750 2750
Avail. P, % 0.45 0.45
Ca, % 3.4 3.4
Mg, ppm 500 1500
Analyzed value
Ca, % 3.88 3.91
Mg, ppm 738 2400

! Vitamins supplemented per kg of diet:

vitamin A, 11250 IU; vitamin D;, 1200 ICU; vitamin E, 37.5 IU; vitamin Ks, 3 mg; thiamin 2.6 mg:

riboflavin, 8 mg; vitamin Be, 3 mg; Ca-pantothenate, 15 mg; niacin, 60 mg; d-biotin, 0.2 mg; folic acid,

0.65 mg, and vitamin By, 0.013 mg.
% Minerals supplemented per kg of diet:

Cu (CuSO, - 5H,0, 25.45% Cu) 10 mg; Fe (FeSO, - 7H,0, 20.09%) 100 mg; Mn (MnSO, - H,0, 32.49%) 60
mg; Zn (ZnO, 80.35% Zn) 65 mg; and Se (Na,SeO;, 45.65% Se) 0.15 mg.
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SESG - BEOE -
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SREF ORI #ET 047 288 (Statistical Analysis System, SAS) #kf& (SAS, 1988 ) & —hilE
#5i, (General Linear Model ) #1735 /55047 » AiFRFH Least Square Means (LSM ) JHIES 2 = 550UHE Kz
R EH A A2 » B /KIESy P<0.05 -

FERBAET AR
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Fig. 1. Effects of dietary Mg on plasma Ca concentration in the Tsaiya ducks with high and low eggshell
strength. HES, high eggshell strength; LES, low eggshell strength; HMG, high dietary magnesium;
LMG, low dietary magnesium. *# refers to significant major effect of strain and dietary Mg,
respectively (P<0.05).
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Fig. 2. Effects of dietary Mg on plasma Mg concentration in the Tsaiya ducks with high and low eggshell
strength. HES, high eggshell strength; LES, low eggshell strength; HMG, high dietary magnesium;
LMG, low dietary magnesium. # refers to the significant major effect of dietary Mg (P<0.05).
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% [A—i B8R a0 HES S22 T B W h 83 AL LES NS5 Ry st s o Hit e i &
AR AR - #E D PR MR R = R TRkt - AR B i B R F LR s
BT HEIM A SEIR P BB FEAE AR TR 10~22 /MK » SEMRINUAE SRR AR HE S Ry > EURAE SR 20
B 22 /NRFE S TEAAAE (P<0.05) ;5 33BN BRNRAE AR 1R 15~22 /NIREZ T IR EE TR I I
AEZEE (B > 2000 5 Shen and Chen, 2003) ©

fit R B AT R EE B R R RIS 2 E AR (R 2) B Gm R AR a5 ]
FLB MR RN N S5 BN R 22 5 B4 BRI RS I 2 A5 & R IR A (R 2) -
Tullett (1989) &S E AL TEENMERTAES » B 85 L EAR BN - F SRR 2 3 Bl
T e e R erh o Lundholm (1984a ; 1984b) ZEFIZEEIEMIME (Indian runner ducks )
FRNRAN A B HERE IR > HE IR S5 & Ry N - (IR RIS DR B S kS ST RE IR -
AGESRE AR A IR ARz A §5 5 ik 186-215 1 g SERHA A e IR R RE
FEATEIUEER1714-2160 pg (3£2) - B (2000 ) L SENS e 2k it 2 AR IR RGN S R R 3 -
TR 6 /INREZ RISl 2 IR R AT e 5 P SR = A S i % (EAEAE R TR 10 ]
15 /N2 R TGS eI - QBRI ARIC » R BETRE B B A IR R SRR IR AN
# (F2) HEESEEETRE . HES BREE ISR IR (v o 88 /g BIREIEHIIZ ) AiREE
A A Ry IR 2A o BRE S S REA T AR A e i RIS S B i (e g 86/ 38R ) » W 2 B o
KR (P<0.05) (£2) - Bt (2000) F8H MR EEBIP BORIZH > IR RN < SRR
FWR MRS s - BFRTEESRIZ AN > SEMRINAR o SRR B B A iFE S forr - WS RS2
ARSI T REAFAE LI B A R e & e

2. FRREEAS - (RERCRESIRIREE B - B
Table 2. Effects of dietary Mg on the Ca and Mg contents in shell gland mucosa of Tsaiya ducks with high
and low eggshell strength

HES LES Strain Dietary Strain x
Trait High Low i Low Mg Dietary Mg
High Mg effect effect
Mg Mg Mg effect
Shghg};ﬁg 0.358 0.361 0.401 0.396 NS NS s
dry wi) +0.031 £0.025  £0.025  £0.026
Ca (pg/g shell
gland mucosa 199+18 201+15 215+15 186=16 NS NS NS
dry wt.)
Ca (ng/shell 669 7147 88+7 7348 NS NS NS
gland mucosa)
Mg (ug/ g shell 7y 4 2033 2160° 1898°
gland mucosa NS NS NS
dry wt.) £105 +86 86 +89
Mg (ug/shell 580456 741°:46  851°:46  749°+48 * NS *

gland mucosa)

Data refer to MeantSE. HES, high eggshell strength; LES, low eggshell strength; HMG, high dietary
magnesium; LMG, low dietary magnesium. *# refers to significant major effect of strain and dietary Mg,
respectively (P<0.05) .

® Data within the same row with different superscripts differ significantly (P<0.05).
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HEAR HES SN E A 2 858 AR LES SEMSE =R Zh (272 vs 217 mg) » {H GG R BAT
PR 85 5 B VU NS, - AL R e R EE AR R S B LA RN R R (R
3)c w (2004) FEHIHES M T E AR & R/MET LES 5 Ry sy 2% » B (2000) FLIRSETR K
SR AR IR SE R G o BB - SENR N AR 10~22 /NEF > HLR R e i 5 W S i s ey
B > HIREESER 15 /NRHEERE A2 58 5 TR EE O S BT & i OB - TEAERERR 15 F2 20
IINIRF > SRATLHE R IR EE 2 RN Ry o LB G ST MR B i i < B P R IR IS (0.13% vs.
0.33% ) (Chen and Shen, 1989 ) o b4} » SERIITFEE R » EHEFRIRE 28 1.5 {507 (5.43 kg vs. 3.
58 kg) » HES IREAEAEHTR 12 /N FHEIREEIRIETE LES R (35 0 2004 ) » SRAGAER R BLZR
JrErb AR SR & AR SR N R A - T RE B A BaNG &2 ht R M s e 22 SN KE B (HES 5.76
kg vs LES 5.19 kg ) o A2 3 G Rt LR TN oK B R & s B I > vl o0 e ol i ARt 8 25 it
690 ppm H4f[1%E 2380 ppm [Kf > FEREES AR INZJRA (Ding and Shen, 1992) o £E41a] H K&
MR RGN IR S A e - BRI - iFseiR e R B e SR (efflux ) FAERE
(tubule Tumen ) H - [fij g F B AR WE PR UK i B S IR B 2 A BRI GR - DR Na/Mg exchange 22 EilgE
HIHEH - LEAMIRSRIE PRI BERE 520 (Na*-independent Mg** efflux ) JRAJREAFAE (Gunther ef al.,
1989 ; Beyenbach, 1990) ; Na/Mg exchange HEEHEH /72X nTHEA A SR iR SIS HE 8%
H T30 RURy ENRAE BB AR o BRI b 8 B SRR E 200 Nee (PR » 2000 5 3 > 2004 ) < H
G BREERHE ALK B cDNAs 7RI RAEY) R Dr3EE5E (Satoh and Romero, 2002 ) » {HEZE B s
BT ES » RARTEM ALENY) R R & L W Te e & Fir ot

HES S5 IMAEF5 IR LES SEMGE Ry - SRR IS §75 e F R M8 2 AT ki R AR AL
H HES il 2§55 s A LES 3 5 2 B8 - EUK HES SR Eh I A R e i §5 824 RE T - 1A
SRS RE S GRS RSN R 0 > HES NS RENEHINE < a8 2 R LES SENGE RyRAv#iEs - {1
SR ZE b R B Rl R R SR BB R B A R R o RN RGNS e S e R R I R S A
TEELEERS TRYSE 1V - RIS B ME R e A b M AR e R A | IS PR AT

A=

5 o

3. BREEEER - (REBGAESIR T RS - e R
Table 3. Effects of dietary Mg on the uterine Ca and Mg contents of Tsaiya ducks with high and low eggshell

strength
HES LES Strain . Strain x
Trait chz:tj?frg;tl\/lg Dietary Mg
HighMg LowMg  HighMg  Low Mg effect effect
Ca
mg/uterus 262+49 281+44 269+44 165445 NS NS NS
(mg
lumen)
Mg
(mg/uterus 129+1.5 14.1£1.3 13.1=1.3 10.1+1.4 NS NS NS
lumen)

Data refer to MeantSE. HES, high eggshell strength; LES, low eggshell strength; HMG, high dietary
magnesium; LMG, low dietary magnesium. *# refers to significant major effect of strain and dietary Mg,
respectively (P<0.05) .
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The relationship between eggshell quality and cal-
cium and magnesium contents in the blood, uterine
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Abstract

This study was aimed to determine the relationship between eggshell quality and calcium (Ca) and
magnesium (Mg ) contents in the blood, uterine mucosa, and uterine cavity of Tsaiya ducks. A factorial
experiment of two lines (high eggshell strength, HES; and low eggshell strength, LES ) and two dietary Mg
levels (high magnesium, HMG; and low magnesium, LMG ) was employed. Ducks of HES and LES from 53
weeks of age were fed diets with high (2400 ppm ) and low (738 ppm ) Mg, respectively, for three weeks.
Blood was taken from brachial veins on day 0, 7, 14, and 21 for the determination of plasma Ca and Mg
concentrations. The ducks were sacrificed on day 22 and 23 for the measurement of Ca and Mg contents in the
uterine mucosa and uterine cavity. The results showed that the eggshell strength of HES and LES ducks at 40
weeks of age was 5.76 and 5.19 kg, respectively. The ducks with high eggshell strength had lower levels of
plasma Ca. After three weeks of treatment, the plasma Ca level of HES ducks fed HMG diet was lower than
the other treatments. The main effect of dietary Mg was observed on the plasma Mg level since day 7 after
treatment. However, the major effect of line was not noticed on the plasma Mg level. The Ca and Mg
concentrations in uterine mucosa were similar between lines and between dietary Mg levels. The Mg concen-
tration in the HES uterine mucosa tended to be lower than that in the LES one; and there was a main effect of
line on the total Mg content in the uterine mucosa. The interaction between line and dietary Mg was only
observed on total Mg content in the uterine mucosa. It illustrated that there were some differences between
HES and LES ducks in the transportation of Ca across shell gland mucosa into the uterine fluid. Although the
differences were not so obvious for Mg transport across the shell gland mucosa, the role of Mg plays on the

eggshell quality and how it is transported across the shell gland deserve further studies.

Key words: Eggshell strength, Shell gland mucosa, Uterine fluid, Calcium, Magnesium.
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