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SHNRE - EEAEEH EMERKGE (Dozier et al., 2003; Muehlenbein et al., 2001) = NRC (1994)%f
FEEIARE EHE (HRED BRI S B HEE R IR AR AFEM S - PRAE 80 g/d ~ 100 g/d I

=

TR T B BRI SR 5 519099 -
TR B S E TR - 71246 H TR LB 125F -
TR R AT+ 712465 T LA 125 -

“i@EfFE > E-mail: tmsu@mail.tlri.gov.tw

o



32 TEEREGEE B =% Sy

120 g/d & - EARRAYSE & 85751y 44 ~ 35 71 29 me/kg » (HEFAHE & & AR A L HG L - Baumgartner
etal. (1978) DURBEF M —ToRHIR FZFRL ~ & 0.72 pg Cu/g 1Y RERE b AR fr s 5 HA S 6 - ZEH
EEHRZ S OISEE - SR E K EREE S R A IS AR (R0 25 ng Cu/g)E ks
7]\ Skiivan et al. (2006)¥5H > FEE ISR S & 9.2 mg/kg N4 EFR5E » Mabe et al. (2003)
G H o B 10 mg Cu/kg RIFEEERGHE © Wedekind et al. (1992)F5H » i AL B~ { L Bl f& m ]

EMEE IEMER TG S RIS FISE TR K& - RRi LA LB R HPoE R & E T R AR AL - AR
LGS P ER I DA T KRR R Ry F 2R Bk - Huang et al. (2007)50 0% » FEF FoK-KE
FHEARR G 2 S U ~ $PRE K& - BRI L ECEA LR Ry - HABBEAE © BRI ~ g
PEBE -~ PIIEMERHE SRR R 5 RIS BB A EEHAE R - B RLSBARG SRR
— RO EERE - BEHMEERBRTETEA -

R T R & = HE LR $ X = H EIATE R /EE (Dozier et al., 2003; Muehlenbein et al.,
2001) - fECRHERR L H SRS Q010)#E - HEEUEM (5 H 5-09)9#E K % & B4 HAE 100 ppm K
500 ppm DLUR > #&FEES (2010)A 2 25 E A ke A SR i A PR & 53 A1 8 30 K1 120 ppme #<E (2011)
DlFk — REfh 2 ER - fE0 AR MRS EE O EES I A 8 meke K&E¥ 40
mg/kg (BiHRH K5 & 853 Ay 15.7 8¢ 14.2 mg Cu/kg f2 79.3 B¢ 72.4 mg Zn/kg) » KR HHMYIRZY)E
(R Je % 857 Al Ry 43 B 45 mg Cu/kg J 228 B 230 mg Zn/kg v (2006) ASHFIEE & & 50 #1574
ppm HYEFEFRGE 4 (6 HHEE LR - SiFI8Ee9 & &R 141 A1 1,074 ppm - HEAE(LR SRS S &
SR HEREALRTHR =R 2.8 F11 1.9 % 5 #F5F (2013) L H AZERRISHEL (LR - SFA1SE & ERHEAC L
BiEEE 1.00-1.41 551 1.54-1.81 % » Parkinson et al. (2004)F] Tiquia 2010y AR E B EFE
HEREALFAM A BB T bR 1 o7 i - DUR B AR 53 728 4B NH3~NOs-N 1 NH,-N Z25% 51 (Bernal et al.,
2009) ~ HEREFRHE RS> - ZEY)E T R AR RAE M AHE 2= (Miaomiao et al., 2009) -
HAISE B HEENTFRVER T WS R & HE RO AR T f2 B SR AR - RILAE T LB %S » DA
EIR - WERER -

w7 b A E R A DL Tk — R R R 2R IS & &R FEIRVETRE - SReTH EEE
RE S PR YISAFISE S BRI E -

MRIETSA

—  EBEEMI R 3 1H

(—) ZKFEHEFH W-36 557 (Hy-Line W-36)HEEE1E 12 JBE RS A(HESE - 12-27 R - g
LA — KRR EER  HEH - (AHERFFZEZ2 I NRC (199482 FEE - WIRN
8 mg Cu/kg °

(=) FoeRERI25EE 24-27 JEES AR EER - BHICPIEERE 90 %L1 FRYHEE 288 & LHaE
Y > R BT 2 MG R 3 S ERVETREE A - SUERNHEE 28-56 R MIHETT
20 NRC (1999 #EE HH 2 H R ACHBETR E =R AR AR R 1) > MREERR AR Im IR
#ii (CuS04.5H,0, GR #, Merck, Germany ; S & 25.1%)H A8 0 (Cu-0)5% 10 mg/kg
(Cu-10) » DARARINERELEE (ZnSO,4. HyO, GR #), Merck, Germany 5 &#¥& 35.6%) 81 =015F 30
mg/kg (Zn-30) ~ 60 mg/kg (Zn-60)F1 90 mg/kg (Zn-90) -
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Table 1 The composition of basal diet

Ingredients %
Corn meal, CP 7.8% 54.80
Soybean meal, CP 44% 29.00
Soybean oil 5.00
Salt 0.30
Limestone, pulverized 9.00
Dicalcium phosphate 1.20
Choline chloride, 50% 0.10
DL-Methionine 0.20
Vitamin premix’ 0.20
Mineral premix” 0.20
Total 100.00
Calculated value

ME, kcal/kg 2,909
CP, % 17.05
Total phosphorus, % 0.57
Non-phytate phosphorus, % 0.33
Ca, % 3.78
Cu, mg/kg 10.38
Zn, mg/kg 22.88
Analyzed value

CP’, % 17.44
Total phosphorus, % 0.61
Ca, % 3.58
Cu, mg/kg 9.71
Zn, mg/kg 21.24

! Supplied per kilogram of diet: Vitamin A, 6,000 IU ; Riboflavin, 4 mg ; Pyridoxine, 1mg ; Vitamin B,
0.02 mg ; Vitamin D;, 800 IU ; Vitamin E, 20 IU ; Vitamin K3, 4 mg ; Biotin, 0.1 mg ; Folic acid, 0.5
mg ; Niacin, 30 mg ; Pantothenic acid, 16 mg.

2 Supplied per kilogram of diet: Fe (FeSO4. 7H,0), 50 mg; Mn (MnSO, . H,0), 25 mg.

? Estimated value, CP = total nitrogen x 6.25.

(=) HEFBEA—JEREMAHE (R X | X & = 365 x225 %305 mm).ZFA3#E - &4
fE | & - SRR R E AR /K B BRAEE > BMERE H TP 21 00-3 1 00 A TR &R >
EXFZK (BAAORIAAL IR BOKGRTE 0 BEIE - FERUE BATRER 86 L & BB
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H o [RESFEIETERIER MR B TR T » RoskERRIHAEE -

(M) Akl o Bivrae il S EBmesdT Bt - IR KERAS  BRESESR
Fireh ) & e B N B A (R RS R R B e R AT -

N HAERDITIEE

(—) Bt © BRI R IR ES AR - S 91T -

(=) EHEMERE - lskERHEEEEP RER - I AXGTESHEESR (egg production) »
FEEE (egg mass) K EARHAE R (feed to feed ratio) :

1. FEER(%)=EEH/EEHH/EERE <100 -

2. EEE()=EEY x EH/EEKRH -

3. ffHAER=EEE/EHREE -

(=) R PEMYIERE - b RIS 4 8 - SHERRE 2 EHEHE > WEE
R EFIEREE BRI EEER—X 0 WA EREHEE R PR R PR AR

1 EFRIEE © 4K Nordskog and Farnswrth (1953)f)75 % » TEE R ~ Ui R IRERRE I —Fr &
7% 0 LABOHIZS (FHK, Japan)flE » &/ EFGEROAE 3 BE > DL 9 (N E (B S R B E -

25 - DR AV TR E AR O (HT-8115D » 5L2)HIE 2 -

(M) MR 7

LIMAETREE * FBabatn « #EE 42 B8l Ralats ol - A ERGEI 12 EPREMEAL - A
SHUEMA (EDTA 1.6 mg/mL blood, Sarstedt, Germany)JERIM4 - {42 T EFIRELES 10 mL [f]
T E 2 /NRREABE LB (Centronix C1236-V) » [ 3,000 rpm #E3H ~ B 30 735 » Y
M FR-20°C 1S R E fRt -

2. M AT+ DUMEAE(L 3 HEE (Hitachi 7150, Japan) » Fi& Roche A FIZFEHEER - 431711
A 4 e (alkaline phosphatase, ALP; EC 3.1.3.1)75 4 ~ #AfiE [EES (cholesterol, CHOL) ~
ZBRH HES (triglyceride, TG) M ## (blood glucose, GLU)RE o LU + B I 7l 3%
(Spectrophotometer Z8100, Hitachi){H|E MATH4E - tH Kk GES & -

(h) ke S BRI 31

17K ~ BERBEE BT+ 28 AOAC (1990) /7 HlE/K T & &% - 2RIk R ELR A
VARERN L =3

2.0K53 ~ #0885 - S REES BT ¢ RKSENE Y B R BRI R RS RER AR LB
(NEYTECH-2-525) » {£ 550 — 650°C & NI LA 6 /INKF » BRat kAt ~ Al ~ FEFER - A
3N HUEERR 10 mL > DISRBIEE 2 E 350°C EAVRCE TIRE - BRfgte DL 1 9RISHUEE - &
DURF IO (Spectrophotometer Z8100, Hitachi)HIE ST ~ #5 ~ #fi e s & & -

= - fhEt DT

FIF SAS #fiat o T E2eiia i) — AR AL (General linear model procedure)it£ 17 % /5
53 (SAS, 2002) - FEEERELAE R Ba AL - R IREE AHRME IR EHEHAEE » fER
53 VR BREE R At (T 3 A S ITHISEIE BRMYI IS R EREEEST 2 R T A E Ralip B
iz = DL LSMEANS #3158 =X 5125 Bt B AH A i /N SE T SERE SR e R - LR s A IR 2=
F3% (Tukey’s honest significant difference, HSD) » f# B FE ¥ AH AU 2= BEEHZ M (0=0.05) » DI
FARRI S & X $EEARCEAE -
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EOEEAR IR B R R D > AR 1 Fi - #EENUIR DA R EEARERE > MR RRUHE
165 g/d > $FREEUEIAES] NRC (1994)HEEE ) 3.5 my/d B ETEEE © NRC (1994)AHEH & 4t 7 &= 1
WSR2 R > M ASUBREERE A RS = B 9.71 mg/kg » Baumgartner et al. (1978)75H » EEIHE
B 5 0.72 ng Cu/g HIG kR Z 2 & ; Skiivan et al. (2006)3 > BAfEH1E 9.2 mg Cu/kg R #E
EIHE BT - Mabe et al. (2003)75H - EEHEEFES 10 mg Cukg FIHH AHESERAE - A
B RE AR FHAE ) MEFORTAELRK - Oberlaeas and Harland (1996)75H] > fE#I MR S TERRET
TERRERR YV E U R o G B aiR e ~ A TERITERRER - It n] pe S B E R A B FT &
HOSAAISE - IR D EAEEERE AR AR INA I DUR B E B 75 - SUBRIIIEEA S 6 KallRed
& AR TR » TSR 2 - SRRV K FE S B R SR I AR N
73 HIE H Mabe et al. (2003) &2 NRC (1994) 3/ & 115 & Ao K s e & - i HL sl 25 e B
RHFEIFHAT

2 SABREIRERT T E

Table 2 The analyzed value of experimental diets

Cu', ppm Zn, ppm Signiﬁcamce3
Items SE

Cu-0 Cu-10 Zn-30  Zn-60  Zn-90 Cu Zn
No. of sample 18 18 12 12 12
DM?, % 90.06 89.73 89.92 89.95 89.81 0.84 NS NS
Ash, % 12.93 13.25 13.05 13.23 12.98 0.37 NS NS
TNZ, % 2.84 2.79 2.81 2.78 2.85 0.12 NS NS
TP, % 0.60 0.64 0.62 0.63 0.60 0.02 NS NS
K, % 0.71 0.72 0.69 0.72 0.73 0.02 NS NS
Ca, % 3.31 345 3.30 3.46 3.39 0.14 NS NS
Cu, mg/kg 10.49 16.57 13.30 13.77 13.51 0.47 ok NS
Zn, mg/kg 82.63 78.96 61.67 79.05 101.66 5.08 NS ok

" The basal diet with two supplements of Cu and three supplements of Zn, i.e. without (Cu-0) and with 10
mg Cu/kg (Cu-10) and with 30 (Zn-30), 60 (Zn-60) and 90 (Zn-90) mg Zn/kg, by adding Cu SO, and
ZnSQ,, respectively.

2DM: dry matter; TN: total nitrogen; TP: total phosphorus.

skokok

3NS: P>0.1; ™ P<0.001.

(Z) RS EHEEER TR TE
FARRSIFIST 5 BN HEERE - EEX - REEMRHAEREREZZE G 3) HEHRM
Cu-10 AR HEFLEE (P < 0.01)#% Cu-0 {1 R/E » EimE AR A B2 - A5 Cu-0 fiES
10-11 mg Cuw/kg (3£ 2) » M0 10 mg Cwkg filfd 3 16-17 mg Cu/kg » Hil Mabe et al. (2003)35E » &
AR HE & BEE 0 AR S AR AE RAHL - Southern and Baker (1983)f5H » SEAIFELE/ )N
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RS I S B BFEPT/E A » Oestreicher and Cousins (1985)#(] Santon et al. (2002)Z5 8 » Z R HIFIFE A
TG FHEAS L B TS - SAHEENEE - EEENEREEAFEENRNE (R3) - fEEEHT
[ FZE AR A EREA Cu-0 ~ Zn-60 FfgfH B HIEH (P < 0.05)#ERET Cu-0 ~ Zn-90 FilfEE R K (&
6) - MERER Cu-10 ~ NE$F & EEfEE - EEHEMEE SR - 7] Cu-0 FRAHERIF > Cu-0 ~ Zn-60
AR A Y E = A Cu-0 ~ Zn-30 EREMH AT Cu-0 ~ Zn-90 Sif&EH R A #Es > MERET Cu-10 ~ N[E]
fro Rl EEEEMAL (P> 0.1)  SEEEEEENTNIE - S50 E AR HE s 2 &
B ARGUE - AR A Cu-0 ~ REFF & REIRE R &R M =R - ([HEE] Cu-10
alfERH - DISRR Zn-30 iR HEE SRR EIE L (P < 0.05)HERE Zn-60 &k K - HEMIZHH I
M - EEENEREE - TTREE AR HAEE 2 EIVLEIRE - BB HRAEE s B AR -

£ TS RERSEREEE 2 P

Table 3 Effect of dietary copper and zinc levels on production performance of layer hen

Cu', ppm Zn, ppm Significance’
Items SE

0 10 30 60 90 Cu Zn CuxZn
No. of birds 144 144 96 96 96
Production performance
Feed intake, g/d 102.5 102.1 102.6 1024 101.8 2.1 NS NS NS
Egg weight, g 6141 61.68 61.57 6192 61.14 0.26 NS NS *
Egg production®, % 92.33  92.59 9222 9222 9295 0.29 NS NS NS
Egg mass, g/d 56.67 57.08 56.75 57.07 56.80  0.20 T NS **
Egg to feed ratio” 0.55 0.56 0.55 056 0.56 0.04 NS NS NS
Egg trait
Moisture, % 68.42 68.56 68.52 68.29 68.67 0.13 NS NS NS
Eggshell breaking —strength, » o5 511 210 206 209 003 © Ns **
kg/cm
Shell thickness, mm 0.339 0.346 0341 0341 0345 0002 ** NS NS

"The basal diet with two supplements of Cu and three supplements of Zn, i.e. without (Cu-0) and with 10
mg Cu/kg (Cu-10) and with 30 (Zn-30), 60 (Zn-60) and 90 (Zn-90) mg Zn/kg, by adding Cu SO, and
ZnSQOy, respectively.

* Egg production = total number of eggs produced <+ total hen number of days = experimental days x
100; Egg to feed ratio = egg mass + feed intake.

NS: P>0.1; 1: P<0.1; * P<0.05; ** P<0.01.

(=) N FESEHEERITIRCTE

BREA T [FISFIEE 2 AR S HE E MUAR AR ~ SEAIPLIRE - DU RRER ALP J5 1 & i
WA RESE (3% 4) » SRR AH MEBESIREART (P> 0.1) MU -PSiAISEA IR S - FomsiMIEE
WeR M - FEERRE Cu-0 fIfEE - MEEFE (P < 0.00)AIFS (P < 0.0 )AYIRE HARET Cu-10 FifE
HIHEE B > AIREMREETA Cu-0 B2 B Cu-10 fik R (K - BESEAISE 1 H R i 1H B 2 1
52 (Southern and Baker, 1983; Santon et al., 2002)(s8 4% - filtg # & 2 ¥ IRV #5 IR H
IR - P T2 ALP BRI — (55 0 1996) » K E DL ALP YRR R FEk 2 1518 5 &
FEEFEELZ  (zinc deficiency) & HIHIfAFEEY & & (Miller et al., 1968; Whitenack et al., 1978) » [}
i ALP /&t e iks5 (Hoekstra et al., 1967; Prasad et al., 1969; Revy et al., 2006)- Az E#ER & Zn-30 ~
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Zn-60 F1 Zn-90 EAEHEEATMAT ALP {51E - Br 1 5A5aPHGIF Zn-90 MBHEHI#E Zn-30 Ry dh - 1E3
& 42 58l K ERRE RN - SR ALP S MBI R - ARET Cu-0 SRR RIZEE LSRR
AR ALP EPEEER R Cu-10 BfRE Ry (P <0.001) - SESR RIS ALP i AHAE - (H277
FAEEE (1996)fRHH B HRIMAE IEH 1 ALP {514 28-269 U/L (2 [ - A5 EaFR A& Zn-30 R HEERH
FIFEHL 6 mg (§E (BMES 62 mg Zn/kg x $REE 102.6 g/d) > EifEH] NRC (1994)£3#1) 3.5 mg/day
BRFER > HREENAEENMETERE Zn-60 1 Zn-90 ffE#H MEE 2R - GLU » CHOL k
TG Hl{EREPIREEMELHMIER IR ZIEE (HF > 1996) > AR IR  EHEE
HEETRN A S TR B R R R Y RHE ARG - HEE 42 Bl e BRA AR E I
4% GLU ~ CHOL ¢ TG 2 - #iRIM4E GLU ~ CHOL J TG R CRYIFEF)EMHT (P> 0.D)H
L BE A A B HE » BB S RIAHY 204-219 mg/dL ~ 117-159 mg/dL Kz 1,544-1,849 mg/dL 7 [ » B
FEE (1996)FT B ZEIMEK GLU Fz CHOL ¥EREE/H2Y 209-308 mg/dL Kz 129-298 mg/dL FEFE{EL - {H
TG EEH HE (1996)fTik 68-170 mg/dL K5 - [fij Peebles et al. (2009)¥5H » 56 JEES & E XM TG
IR 2,698 mg/dL > HIEAGERFTISEIE Ry - AFERMH & EDTA RUSRIMETRIEN - EDTA &
B ~ 5 B SRSEEEBEET > B (1996)F5H > LI EDTA {E /R MR HTRER] & 52 B 4% 55
IREER] ALP VEMEAIE(HE - LIRS ~ $% - $5IRAER ALP /EIERIEE - IR E R ERK -

4 FIPAFs 7 A B R IR 2 B
Table 4 Effects of dietary copper and zinc levels on plasma traits of layer hen

Cu', ppm Zn, ppm Significance’
Items SE _—
0 10 30 60 90 Cu Zn
No. of birds 36 36 24 24 24
28 wks of age
ALP?, U/L 120 156 67° 125®  226° 47 NS ok
Ca, mg/dL 7.98 7.90 5.89 8.09 9.90 2.12 NS NS
Cu, pg/dL 088  0.69 096 050  0.92 0.28 NS NS
Zn, pg/dL 17.45  18.82 11.00 1871  24.88 6.22 NS ¥
42 wks of age
ALP, U/L 228 226 159 231 293 59 NS ¥
Ca, mg/dL 20.84  13.90 1288 1923  20.10 4.17 * NS
Cu, pg/dL 1.53 1.31 1.08 1.21 2.00 0.52 NS NS
Zn, pg/dL 50.53  30.10 29.69 4229  49.56 11.80 * NS
56 wks of age
ALP, U/L 301 142 228 238 194 41 wxk NS
Ca, mg/dL 32.16  16.81 28.53  23.60 20.85 522 ok NS
Cu, pg/dL 689 342 8.17  4.13 3.00 2.80 NS NS
Zn, pg/dL 9129  35.69 7413 5671 5826 15.65 wxk NS

"The basal diet with two supplements of Cu and three supplements of Zn, i.e. without (Cu-0) and with 10 mg
Cu/kg (Cu-10) and with 30 (Zn-30), 60 (Zn-60) and 90 (Zn-90) mg Zn/kg, by adding Cu SO, and ZnSO,,
respectively.

2 ALP: alkaline phosphatase; EC 3.1.3.1.

3NS: P>0.1; 1: P<0.1; ¥ P<0.05; ** P<0.01; *** P<0.001.
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(M) S s #EHbtINI 2T e

BRI 0 mg Cukg (Cu-0)8¢ 10 mg Cwkg (Cu-10)$ Rt ERFEERE (k5 HFR
Cu-10 EAfRAZEE PEY) S/ KR AR S H#ES (P <0.1); fifEsr S SR ERMY) SRR E RS
HERE > HEPRMYERFEE RS S EIINMEZEH (P < 0.05E5 - HEHRHE (P <0.05)
FIHRHY S /KR (P <0.05) AT - $7 5 S A EE A RSE (3R 5) > FEMRAEMAERE Cu-0 fife
fH - DABR & Zn-90 Al EHRIER 2 (3% 6) > MARAT Cu-10 fKEAH - RIDURE Zn-60 HEHEt &R %
FrE s BEMY) S /KR AR ARET Cu-0 FifEAH - DIERE Zn-90 Bif& & i = > MERET Cu-10 FHILIERE
Zn-30 G E PRI Y) Sk R igm - S M B RRUE - BEARPR Y E R EKER A - E
F AR ERM YR Y) & (excreta dry matter, EDM ; # 18-21 g/d)fEgHZ 75 -

HEE AN FISE ~ $¥ 3 R - B EDM RIS ~ &~ B - 87 - 8 - 8% - 85 8 B5AIEES
& I NARNE - HEA M EDM YK ~ & B - 8 - 8 - 6 - SEFIEES R IR EE
ERE (F5)- #E EDM By & EfEE AR S BRI SMEE L (P <0.05)[F{K - [f] EDM K
e s B EPEE EE S SRS IIMEE M (P <0.001)#E - A5k EDM #i 5 EFEE & B S
FHERR » BHSERTAYRFZE (Van Campen and Scaife, 1967; Southern and Baker, 1983)$8H! » $fFI$E(E
/NG N LS BIER - S SRS & 5 80 42 /N5 B9 R ORI I Bt 9 2578 (Fischer et al., 1981;
Gonzalez et al., 2005) > = =EAYHHEIIHIFERITIL (Van Campen, 1969; Evans et al., 1974) o #E£H]
EDM il & EFEE & Efem MmEE R - JRECRRSATISE R A FETTE -

i%

SHEGEE EHSE B

%5 TR E RTVEHREIRIR S L

Table 5 Effects of dietary copper and zinc levels on excretion compositions of layer hen

Cu', ppm Zn, ppm Significance’
Items SE

0 10 30 60 90 Cu Zn CuxZn
No. of birds 24 24 16 16 16
Excreta, g/day  62.80 61.16  58.14° 62.01" 65.79°  2.05 NS * *
Moisture, % 6724 69.64 6698 68.17 70.18 1.22 F NS *

.............. Dry matter basis .........
Ash, % 3252 31.69 3044 3291 3296 1.31 NS NS NS
N, % 395 371 386  3.82 381 0.16 NS NS NS
P, % 243 233 242 237 236 0.10 NS NS NS
K, % 230 227 228 226 232 0.07 NS NS NS
Cu, mg/kg 30 59 52° 43 3gP 4 otk * NS
Zn, mg/kg 381 377 328° 381" 428° 13 NS ok NS
Ca, % 6.18  6.22 592 647 620 0.31 NS NS NS

" The basal diet with two supplements of Cu and three supplements of Zn, i.e. without (Cu-0) and with 10
mg Cu/kg (Cu-10) and with 30 (Zn-30), 60 (Zn-60) and 90 (Zn-90) mg Zn/kg, by adding Cu SO, and
ZnS0y, respectively.

INS: P>0.1; §: P<0.1;* P<0.05; *** P<0.001.



BRI o B ER A R RE R P B Y R 39

A DLEAK — KRR T2 R REE - TER SN NS EHE SR A ST
(P>0.05) - {HIEN 10 mg Cukg HEEER/EE (P <0.01) ~ HF@E (P<0.1)EERE (P<0.1)
FIRCR -+ TEARR IR 30 ~ 60 B 90 mg Zn/kg ¥ EHENYE EEREHIZ A EZERAE - HREYIHIHEA]
PrREE ERR Y S EIGINM#E T2 - EDM 1Y & SR tafEies 2.81-3.91 % - $ra &AliEm 4.21-
5.32 f - K5 (2011){E H AKEETRE PR hnim e B 2l s (B B S U R s 8 - 55 EDM RS K £
SRR R BRI 2.74 57 3.17 1% J 2.88 B 3.18 - Skiivanet al. (2005){F 2 HEELRE A R A0 3 mg
Cu/kg 130 mg Zn/kg (FikEZ 9.0 mg Cwkg F1 63.4 mg Zn/kg) » &5 EDM HUsFAFI$E & &k 27 mg
Cu/kg 1 160 mg Zn/kg > HRMYIHISRAIEE 53 58 BfE 2 E52 5 3 50 2.52 £% - PE(2006)EEEFSE(2013)
SrAICA S R HERE CRUNIIEREEM ) 5 A ZE B R SR HE AR » ASHE A L 22 8 & B HE A LR RAE £ 2.8
5 1.00-1.41 % - $¢5 EANRHER 1.9 f587 1.54-1.81 £ - A5 EDM HFaRI$E & &5 A7 30—
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Table 6 Main effects of production performance and excretion composition of layer hen

Cu-0' Cu-10
Items SE
Zn-30  Zn-60  Zn-90 Zn-30  Zn-60  Zn-90
Production
performance (n=48)
Egg weight, g 61.08°  62.40°  60.75° 62.07"  61.44"  61.53° 037
Egg mass, g/d 56.31 5739 56.30 57.19 56.75 57.30 0.20
Eggshell breaking | geo 5 ggio 5 g 221 2.02°  2.11® 0.04
strength, kg/cm
Excretion composition
(n=8)
Excreta, g/d 57.67°  61.36°  72.33° 59.91°  63.97°  60.93° 1.98
Moisture, % 63.34"  66.95°  71.44° 70.63* 6938  68.91® 1.73

" The basal diet with two supplements of Cu and three supplements of Zn, i.e. without (Cu-0) and with 10
mg Cu/kg (Cu-10) and with 30 (Zn-30), 60 (Zn-60) and 90 (Zn-90) mg Zn/kg, by adding Cu SO, and
ZnSQOy, respectively.

*® Means within the same row without the same superscript are significantly different (P < 0.05).
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Effect of dietary copper and zinc levels on
production performance and excretion compositions of
layer hen ("
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Ting-Hsun Hsiao” and Hsiao-Lung Liu

ABSTRACT

The purpose of this study was to investigate the effect of dietary supplementation
of different levels of copper and zinc on the production performance and excretion of
copper and zinc in layer hens. A total of 288 Hy-Line W-36 birds were used once the
production rate was above 90% at 28 weeks of age. A corn-soybean meal diet without
copper (Cu) and zinc (Zn) supplementation, containing 17% of CP and 2,900 kcal/kg of
ME was used as the basal diet. A 2 x 3 factorial arrangement of treatments consisting of
feeding the basal diet with two supplements of Cu and three supplements of Zn, i.e.
without Cu (Cu-0) or with 10 mg Cu/kg (Cu-10) and with 30 (Zn-30), 60 (Zn-60) or 90
mg Zn/kg (Zn-90) by adding CuSO,and ZnSOy, respectively. Feed and tap-water were
fed ad libitum during the experimental period from 28 to 56 weeks old of birds. The
results showed that the different Cu and Zn levels of diet did not affect the egg weight,
hen-day production, feed intake or feed conversion ratio. Layer hens fed with Cu-10 diet
had significantly thicker (P < 0.01) eggshell thickness and higher egg mass (P < 0.1),
eggshell breaking strength (P < 0.1) and Cu level of excreta dry matter (EDM; P <
0.001) than those of birds fed Cu-0 diet. At the end of the experiment, the birds fed with
Cu-10 diet had lower Zn (P < 0.001) and Ca (P < 0.01) concentrations in plasma when
compared with the birds fed with Cu-0 diet. Birds fed with Zn-90 diet had significantly
higher (P < 0.001) excreta than birds fed with Zn-30 diet. However, the Cu and Zn
concentration in excreta was increased (P < 0.001) when Cu and Zn intake was
increased. In conclusion, the birds fed corn-soybean meal basal diets added 0 or 10 mg
Cu/kg and 30, 60 or 90 mg Zn/kg did not affect the production performance. However,
the Cu and Zn concentrations in feces were increased when Cu and Zn intake was
increased. In conclusion, the layer hens fed a corn-soybean meal basal diet with 0 or 10
mg Cu/kg and 30, 60 or 90 mg Zn/kg did not significantly affect the egg production.
The fecal Cu and Zn concentrations based on dry matter basis increased approximately
2.81 to 3.91-fold and 4.21 to 5.32-fold, than the dietary Cu and Zn levels, respectively.
(Key words: copper, excretion, layer hen, production performance, zinc
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