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R : AsBh S e a0 _E E EE RN FE 2 B AT - WEEIEAE
DUR S ~ FEHEM SRR EE - SRR SR T28EEE 23290 % LA AR W-36imAZEE
1926 » EPE B 2EH S & x STES S ERVotEaIIREE IR - BRaaiE L £k —
KA R FERE > St 17% R ACE#EE2,900 keal/kg ; sERea i/ B bR
ANAN0 (Cu-02H)=410 mg/kg (Cu-104H)ii B S =AY S » R e $7 AU =0y $%30 mg/kg
(Zn-30%H)~ 60 mg/kg (Zn-604H)E790 mg/kg (Zn-904H) - A ERHAR24E  (72-9518H5) -
B[RRSO K S ] - 455RBUR » RIS S B ERAE - E - EER
FEER - fRHRER - EREE R ERRE S MEE R (P > 0.05) « Cu-104H%E
EHEtYEZYIE (P < 0.001) S HEHYEZPYE HISE (P < 0.001) ~ B (P < 0.05)F1§H
(P < 0.1)& & B Cu-0 fyis © Zn-604H % & MY SMAE M, (P < 0.001)L
Zn-904HA1Zn-304H Fy 55 Zn—902ﬂﬁlﬁ/ﬁ%$ﬁ% B BREEEH (P <0.001)#:Zn-60
SHANZn-3040 Ry IS & ERIEZn-3040 (K (P < 0.05) » &7 L Fr it - & #E 6
] AR B oK — R E O K& 0 N I #d 05 10 mg/kgBl$¥ 30~ 605,90 mg/kg’
HE_EEAPERNEEEERESCE MY ERTNir S

W A S TR SIS M2 = - BEMY IRz 8t 2 8 4 R BalfErY 5.60-6.994% » $¥a
K2 55.53-6.28(F -

_\f‘_ﬁ
—

(BASERE © o - PEtE - &5 - EEERE -

i
]

HAAIFEAE EFELTRIMETCER - NRC (1994) ¥ & B SRS S 8 - KR Fm
o HERERIRRE 80 g/d ~ 100 g/d I 120 g/d % - EAMRAYEEHER S 20515 44 ~ 35 F1 29 mg/kg -

YITEbE R T B g B R s BT I S 5 194855% -

OTEb T B R A BT VB » 71246 R T EIERES 11255 -
TBE R EZ B g T E AT AR - 712462 R T LEAS 11255 -
“i@EfFE > E-mail: tmsu@mail.tlri.gov.tw
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{EEHAH & B R B2/ - Baumgartner et al. (1978) DA AEFLE — TR R L E R 5 0.72 pg
Cu/g WAl - MREAZEEIIE - RHBEESEHRZ S - BfEER - EFEREREE HEE
WCEREAVA N 25 ng Cu/g BAREE Fs/]\ 5 Skiivan et al. (2005)F5H » & % & AR & & 9.0 mg/kg HJ
JEHEFTRE » Mabe et al. (2003)35 5 - BREAAN 10 mg Cu/kg (355 10.87 mg /ke)Eifd i & - HiE
BRI (5 & 4.95 mg /ke)BAE RS - HATEH RS DIEYI IR S EYE
B JFORL S B R A Sy TR P M T Y B B S PR E BN A R R
(Oberlaeas and Harland, 1996) » "JREEZHEE AT M FHERAVIEYE - 25 Rl (REFFISE 2
HEMFTEEME SHEABRARGLREESNRE  THERERBEHRIEE -

o T AR S S HE ISR - $E2 BN S H R TSR AIEE (Dozier et al., 2003; Muehlenbein et
al., 2001) - fEURHERA S, H R FFS (2010)FE @ d & #=HEME (WH 5-09)AHE K% & 248 1E 100 ppm
J2 500 ppm DT » #&7ES (2010)A H5HEE Bt R S A1 $EAY i = R &2 5 ARy 30 #1120 ppm - #R5E
(RO1M) AT KR T AH R TR » 43 BILEEARE R 0 2¢ 10 mg Cu/kg K 30 ~ 60 B¢ 90 mg Zn/kg
AR 28-56 il Y R HAKESE - KGR PR Y2 Y E RO & 2 57 B A MR R S 2.81-3.91 {5F1 4.21-
5.32 % o YL (2006) LASHFISE S & 50 K1 574 ppm WY EZEFAETT 4 (& H HEL( LRI - SAIsE & &
S AR HERE LR 2.8 F1 1.9 £%  #85F (2013)DAH AAZERRHSHERE L - SAlEE & &0 R R HERE L
Ay 1.00-1.41 {ZA0 1.54-1.81 £ - Parkinson et al. (2004)F] Tiquia (2010)5 58 B (RRE & #E (F{EHEAE
{LHAR A E T B B 0 fif - R B0 fi# ZE 4= NH; ~ NOs-N F1 NH,-N i%#7 (Bernal et al., 2009) -
HERE FRHE SRR TR - SEEYV BT R AR E R EAE TS S (Miaomiao et al., 2009) ©

HIFISEEHENTFIER S MR B EHEIUR &2 B SR MR > AFE T LUB R
MEE ML S 2 2 R EMRFRE - DRSSP AR - G238 - MEREE -
NRC (1998)25488 B 35 kg HYFE SRR = & 5311 B 6 1 100 mg/kg - #5E 80120 kg ARy
3 71 80 mg/kg ; NRC (1994)/ 3% (E F AR A EHE R BB EL - 0-6 JEES HA M Bl ke i A & & 59 il ks
5 A1 40 mg/kg - ifi 6-18 JEESHARIRVERR = &R 4 A 35 mg/kg - BURE SR ERHAFTER
WARERFR A FME AR B RS EREIRHFHNE 268 KT HEEE —E
EHEPEEEREREFERYENFEEENEE -

MRIERTSE
— ARSI BRI

(—) BEHERSE Q01)(EHAV K FEZEGHM m & (Hy-Line W-36)ZE8: - #1755 A& SHIHHIEES -
SURRA R FIHATIHR AT 55677 1 Al HAM 2 FE 2R B RN AEERRO0% L FAVHEE 1926 » 2
o BEMEEE < 3fE & ERYeTEEIERE AR - BRit #7295 B 1T » 2 HEANRC
(1994 2 EHHE O R AT RE R 2 R BT GRE (R 1) - ol Bp e 17 EL B ke /AN v % e
(CuS04.5H,0, GR&J, Merck, Germany ; 2 8i525.1%)%I =980 (Cu-04H)E;10 mg/kg (Cu-10
2H) DUBORIIRESSE (ZnSOy4. H,0, GREJ, Merck, Germany; & #E & 35.6%) I AY$730 mg/kg
(Zn-304H) ~ 60 mg/kg (Zn-604H)F190 mg/kg (Zn-904H)

() #rEtE T = ElErhAFEE (B x & x & = 365x225 %305 mm)Z Bz - 5
Bw1E - SRR K (B2K) S8R Ea - ffEREEH T2 0 00-3 1 00 A THiE
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teffize » BXAZKRILLALIAEOK S Fe 0 (LIE - BB U SRR E 86 LIt 35 < M FEEH
» PRSPPI G BN R P T 70 - SUBREMMFE R -
(=) AREgb f 2 Bt e st Ba T - @J%Zﬁﬁﬁ giE N EBANE  BIEEE R
FrEhY B B e B N 2 A (R S Rt B Al A
~ HERSTIEE
(—) e BB AR HLaR B4 EaE - FI TR aE - FRIFFIS A BRI tatE -
AR S AH B A TR 0 AT -
(=) EEMEE © slsER R EEEBY MEE - IRTIIAHGTESHESER (egg production) -
EHEE (egg mass) K ERHATE R (feed efficiency) :
L EER (%) = EEH ~ EEEY ~ EERE x< 100 -
2. BEEE (yd) = EEH < HF ~ EEREC-
3. fRHAER = EEE - EHRAEE -
(=) FEEMHPMYERE Eﬁ%ﬂﬂﬁaﬁﬁ‘*&uﬁ"ﬁﬁ%ﬁt&_ BRI E 2GR E I - HIESER
JERERIEERGEE PR AR —K WA PR E R R EHR Y o
1.ZERRIEFE © ¢ Nordskog and Farnswrth (1953)/757% » fEEMSR ~ 20 KARiE & —
F &7 LAOHIES (FHK, Japan)HIE » &5 ERGEFOHE 3 B > DL O {EPHE (B 9 R B0
H -
2. FEREY - DI PRV EE BRI (HT-8115D » 5AZE)MHIE 2 »
*® AUEEERRAHRC
Table 1 The composition of basal diet

Ingredients %
Corn meal, CP 7.8% 52.8
Soybean meal, CP 44% 28.0
Wheat bran 6.0
Limestone, pulverized 6.0
Dicalcium phosphate 1.2
Choline chloride, 50% 0.1
Vitamin premix' 0.2
Mineral premix” 0.2
Soybean oil 5.0
Salt 0.3
DL-Methionine 0.2
Total 100.0
Calculated value

ME, kcal/kg 2,891
CP, % 17.38

Cu, mg/kg 5.89
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Zn, mg/kg

Ca, %

Total phosphorus, %
Non-phytate phosphorus, %
Analyzed value

CP, %

Total phosphorus, %

Ca, %

Cu, mg/kg

Zn, mg/kg

+
e

AEWEGEE B =% HUH

30.88
4.10
0.62
0.34

17.32
0.61
4.58
5.81
28.24

1 Supplied per kilogram of diet: Vitamin A, 6,000 IU; Riboflavin, 4 mg; Pyridoxine, 1mg; Vitamin B12,
0.02 mg; Vitamin D3, 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 - 7H20), 50 mg; Mn (MnSO4 - H20), 25 mg.

(M9) MR RESLIIHT

L MUREREE © SUBRGT RIS BT 12 EREMIRE S - (BRI S PUAEMmA (EDTA 1.6
mg/mL blood, Sarstedt, Germany)HJFRIME » {3 ME#AREREE 10 mL MUK - #FE 2 /NERE
BB (Centronix C1236-V) » LL 3,000 rpm ##28 ~ B0, 30 535 - HUALARFR -20C%

R -

2. MR« DA A AE53#r € (Hitachi 7150, Japan) » fic & Roche &2 RESEELH - 70T
1A i PR S S  (alkaline phosphatase, ALP; EC 3.1.3.1);EME ~ 48&E[lEE (cholesterol,
CHOL) ~ =M H s (triglyceride, TG) sz (blood glucose, GLU)JRE o PG IO ERE
% (Spectrophotometer Z8100, Hitachi)JA7EMAZH§5 ~ i Fras -

(h) Eaf8 R BRtIR s 734

1Ky ~ B E R + ZHHAOAC (1990)J77AHIE KT & 81% » 73 BIASIIR SUA R LB AT

AR -

2085y ~ 1~ #5 ~ R

S8 - &Ko HE Y 68 ke FEME AR dn b TR 1R AR (B M

(NEYTECH-2-525) » {£550-650°C i /5% N IRAL&Y6/NEF < KRR A L ~ 7240 ~ FEFER » AN #Y
%10 mL > DS S B350 C EAMUE TR - Bz Ll gRRaEE R oERE - DUR+
WU tEEEE (Spectrophotometer Z8100, Hitachi)H7ESF ~ £5 ~ Ji K FF& = -

= et

FIH SAS #iEt it ELEHEEH — iR 1 B UA2fF (General linear model procedure)# {74 /7
53 (SAS, 2002) - FEEERELAE R Ba AL - R IREE AHRME IR EHEEAEE - AR
53 AR BREE R At T 3 A S ITHISEIME BRMYI IS R ER ST 2 SR E B R alin B
i © LL LSMEANS #3158 =5 51 4% B B AH A i /NSE 7 S E AE e 2 - LIRSy N IEREE 2=
Fi% (Tukey’s honest significant difference, HSD) » f# B R HEAH AU 2= BEEHZ M (=0.05) » DI
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SR < HERIER

2
=
=)

JER

(—) gkER >

FEUE AR [FURHH R S iy » A15R 1 s » SEEANSR DI e R AR e - SREEHE 125 gd -
FEREIUELGZETI NRC (1999 HEE Y 3.5 mg/d B EFHEEE -NRC (1994) K HEE E EIHEHIFEEE -
A G B B e iR 8 5 &%y 5.81 mg/kg » =/t Baumgartner et al. (1978)ffrift i §EE 2z & HIHE &l
T2 HE - ANl tE AR B Y OB - Oberlaeas and Harland (1996)f5H » TEY) 1K}
SRS - TR EEYE TR & 0 AR B & ME e F FH B AR P & AU SR A8 IR A B
JREEBEARE AR NSRS - DR IR R B FF o Rl e B KT S sy R - Sk AR
R 4 KRG EE AR - (LR TG S A15R 2 A - Cu-0 3 Cu-10 #H A REEZY)ZRAHIT © Zn-30
#HER Zn-60 #HEAfERZYIZRIEZ= (4 0.5% » (H SR SR 5B A ke B (50 P AR i ZE B Ak
FEL - GARREZY) RS [N (SE=0.06) > £ Zn-60 FHATREZYIRMREIZE /L (P < 0.001)5/A Zn-30 #H -
Cu-0 #H#ii5 & 7.5 mg/kg » 5 Baumgartner et al. (1978)¥5HAY 0.72 pg Cu/g B » Sl o &5
=8 NRC (1990 # k& 80 g/d EEH I FR & & - HMR S EEHEEET -

25

(=) tafEsifsr e EEEMET 8

BRI SRR o S A i 5 I M MR A U - R A RIS IS 2 = A I R B R
HE - EER - EEE  ARHAER - EREENERRE  SHEEER (£ 3) - Cu-0 HHE
A 7.5 mg Cu/kg fAlfE > Cu-10 AHERERIE 13.9 mg Cu/kg (55 2) » il R W AH AT AN G S 7t SE RE A 22
R (P> 0.1) « BR55 (2014)LL 28-56 SEES ISR W-36 EHEETTHER > #5531 Cu-10 fHHEE
(& 16.57 mg Cu/kg)ERLE MM (P <0.01)# Cu-0 £ (& 10.49 mg Cwke)fitgiH /= » E5%
R FE A E R AR Cu-0 fH R R 23 (P < 0.1) - Mabe et al. (2003)20 - fi# & & &k 73 51 SR e
6073 SEES K 69-82 SEESIIEE EHE > {5 51E 60-73 SEESEFERERIN 10 mg Cu/kg (& 10.87 mg Cu/kg)
AR AH HEEE R R (P < 0.05) BBk RIS (& 4.95 mg Cu/kg)fH Ry K » {HERAT 69-82
G E B AR A A R I E B E R EE R R N R A AR -
Zn-30 $HER AR 85.4 g/d - EESES & 61 meg/kg > #BH NRC (19948 & & 80 g/d - filkasT 44 mg/kg
ZHEE SR HESMEREH Zn-60 1A Zn-90 fHE MEEHE 252 - BURETIERN 30 mg Zn/kg » HET
SR IR W-36 EH#EE AR EIEEEELF -

2 SEREER Y ST {E

Table 2 The analyzed value of experimental diets

Copper' (Cu) Zinc (Zn) Significance’
Items SE

Cu-0 Cu-10 Zn-30  Zn-60 Zn-90 Cu Zn CuxZn
No. of samples 12 12 8 8 8
DM?, % 89.18  89.20 8893 8945 89.19 0.06 NS woHk woHk
Ash, % 13.63 14.14 13.73 1418 13.74 097 NS NS NS

TN % 2.74 2.79 2.76 2.78 2.75 0.02 NS NS NS
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TP?, % 0.60 0.64 0.62 0.63 0.60 0.02 NS NS NS
K, % 0.71 0.72 0.72 0.70 0.73 0.02 NS NS NS
Ca, % 4.66 4.62 4.68 4.64 4.59 0.11 NS NS NS
Cu, mg/kg 7.5 13.9 10.3 10.8 10.9 1.0 A NS NS
Zn, mg/kg 79.4 84.4 61.0 82.5 102.0 4.0 NS HAK NS
Fe, mg/kg 155 156 158 155 154 11 NS NS NS
Mn, mg/kg 46.2 47.5 46.7 46.9 47.0 35 NS NS NS

"The basal diet with various Cu and/or Zn supplements, 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 CuSO, and ZnSO,,
respectively.

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

seokok

3NS: P>0.1; 7 P<0.001.

(=) tafEsMsy S & H EHMR MR 22

BRE R R SRS S B A B HEEE MA¥AY CHOL ~ TG ~ GLU -~ $5 ~ RIFHER - DIk ALP i1
B RSB I AU - Cu-10 AHZEE MAERIR EEARERE I (P < 0.01)#RARET Cu-0 fif % fy= CHOL
AR (P <0.01) » I#5RERE Cu-0 #H R EATEES (P <0.15 £ 4) o MRHIRFIFSRE RS » £
RCRAFE - Cu-10 FHHEE MATSEEE Cu-0 Hlh S > WTREMRHIR IR & &k s > B E
FEE R » MESRER Cu-0 (R K » RIREFREEHA Cu-10 EifRH & &k - b R sAS i B
FfH¥%E2 4> (Southern and Baker, 1983; Santon et al., 2002)fi4X - Gilfg & =B MAERY CHOL ~ TG ~
GLU~§5~ §FIFHIREE » LR ALP VEH 12 A BE A8 - $PlE /2 ALP WURHEC 32— (H5F1996) »
R H DL ALP EMEE RSk Z FEE - ASBamE RS MARE ALP WS A AR BETRBEE
(1996)f5 HI SRR MAR [ 1Y) ALP V&1 28-269 U/L (2 [ » Zn-30 fHEEE R H AN 5.2 mg [19$F (&
f&5 61 mg Znkg x fREE 854 g/d) > CiEH! NRC (1994341 3.5 mg/day EBFEHE » Hikg
&2 S S EREIREL Zn-60 AHA] Zn-90 #HHEE MAHZE =5 -

GLU ~ CHOL & TG Hal{EEYREEMEAMEER T RZEE (55 0 1996) » Aalbatd
IR TR [HE R EHRAE NN - HIRARTREZRIGEE » IS BB S B TR
HIZEIMHE CHOL ~ TG f¢ GLU R - ##5 Cu-0 fHIM%E CHOL JREMEHZE 1 (P < 0.01)f% Cu-10 £
= B TG & GLU IREEHET (P > 0.1) > 1ff CHOL K GLU JREE A1/ THL 119-150 mg/dL
K 214-219 mg/dL 2[5 - BiE%E (1996)F it &M% CHOL K GLU JEEE/ A 129-298 mg/dL K
209-308 mg/dL REIFELL » {H TG JEFE 1,572-1,667 mg/dL 8112 (1996)FTitt 68-170 me/dL a5 » ifi
Peebles et al. (2009)F5H » 56 il FE EHENY TG IR 2,698 mg/dL » RIBA G B TS 85 Forsh -
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*®3  AEER S BN E R BV N EE 2
Table 3 Effects of dietary copper and zinc levels on laying performance and egg quality of layer hen

Copper' (Cu) Zinc (Zn) Significance’
Items SE

Cu-0 Cu-10 Zn-30 Zn-60 Zn-90 Cu Zn CuxZn
Laying performance
No. of birds 96 96 64 64 64
Feed intake, g/d 88.3 87.1 854 870 909 32 NS NS NS
Egg weight, g 66.1 65.9 658 666 657 04 NS NS NS
Egg production®, % 88.38  88.20 88.71 8734 88.81 1.11 NS NS NS
Egg mass, g/d 585 582 585 583 584 1.1 NS NS NS
Feed efficiency” 0.67 0.67 0.68 0.67 0.65 0.04 NS NS NS
Egg quality
No. of samples 180 180 120 120 120
Shell thickness, mm 0.344 0.341 0.343 0338 0346 0.004 NS NS NS
Shell breaking strength, 1.72 1.71 1.74 169 171 006 NS NS NS
kg/cm?

" The basal diet with various Cu and/or Zn supplements, 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 CuSO, and ZnSO,,
respectively.

? Egg production = total number of eggs produced = total hen number of days = experimental days x 100;
Feed efficiency = egg mass + feed intake.

*NS: P>0.1.

() gatEsifsy e & EIRMYIRr 2 %

EafE s ANSE 2 B PRI R - FREFIMY)EZY)E (excreta dry matter, EDM)SMEfIEEAE AL
JERUE (5% 5) - Cu-10 #H EDM FEEZEH (P <0.001)#5 Cu-0 #H Ky > /KR AIEME (P <0.001) > if]
Ry & A A 252 - Cu-10 fHEEE EDM B[ (P < 0.001)F1#E (P < 0.05)% & E EEZE i Cu-0
Ry SIEENAERSIES (P<0.1) » MAdHE EDM JK77 ~ & - #5 ~ §F - 80 & & B R
FAER o Zn-90 FHFEEBRIY) Sk R E R L Zn-30 #A Zn-60 £ %S - Zn-30 AHPEIHY) & 7K
R Zn-60 # ks (P<0.001) ; Zn-60 H EDM ffH2 i Zn-90 #EF1 Zn-30 4k  Zn-90 #H%E
% EDM i Zn-30 # 5y (P < 0.001) - [iHHY) B R G REE Z 5L © Zn-30 £ ~ Zn-60 fHA
Zn-90 fHHEE EDM HIIKST ~ &~ B~ #7 - 85 ~ SRR S B MEE AR Zn-90 S S EREEE
#h (P <0.001)# Zn-60 #HA1 Zn-30 #H i & B HIEEE (P <0.05)# Zn-30 f53{%: Zn-60 1 EDM
H§E BBEE IR Zn-30 #H 5 » $i5 ERMEEE 25 - 158 (Van Campen and Scaife, 1967,
Southern and Baker, 1983)#5H » Gt -RAY IS IEAETUER - mER S Er G {E Mg H Rk
FINTISAIETE » 2284805 (Fischer et al., 1981; Gonzalez et al., 2005) » [fi &= =SS HIEIEEAY
I (Van Campen, 1969; Evans et al., 1974) ; Oestreicher and Cousins (1985)#[] Santon et al. (2002)3&
B SRR HAISECE NGRS - T AT BEAS GL B T2 > #EH Zn-90 £ EDM i & S 81E 1 (P
<0.05)8% Zn-30 FH{E » ATRECRIAISAFISERE A FEHUTEL -
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Table 4 Effects of dietary copper and zinc levels on plasma traits of layer hen

Copper' (Cu) Zinc (Zn) Significance’
Items SE

Cu-0 Cu-10 Zn-30  Zn-60  Zn-90 Cu Zn CuxZn
No. of samples 36 36 24 24 24
ALP*U/L 365 313 269 360 388 133 NS NS NS
CHOL, mg/dL. 150 119 131 144 128 14 o NS NS
TG, mg/dL 1,667 1,572 1,615 1,610 1,635 161 NS NS NS
GLU, mg/dL 214 219 215 217 217 4 NS NS NS
Ca, mg/dL 5.62 4.32 5.66 4.25 5.01 0.82 T NS NS
Cu, pg/dL 5.44 6.48 5.89 5.61 6.39 0.44 o NS NS
Zn, pg/dL 42.07 3296 36.72 35.06 40.78  8.59 NS NS NS

" The basal diet with various Cu and/or Zn supplements, 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 CuSO, and ZnSO,,
respectively.

* ALP: alkaline phosphatase; EC 3.1.3.1; CHOL: cholesterol; TG: triglyceride; GLU:  blood glucose.
*NS: P>0.1; ¥ P<0.1;** P<0.0l.

Sl M E PR Y E R A R MERIEYIRY & 7K A1 EDM A2 (P < 0.001)AYAZEEL
J& (3% 5)- fiifA Cu-0 iR E BEMY) S/ REEEH (P <0.05)8R T Cu-10 1Y 3 A [F#% & EAiE
tHFsE (5% 6) o BAd Cu-0 FAfEAYAHAIH » DL Cu-0 ~ Zn-30 RHBEMPIRY S /KR (P < 0.05)# R
£ Cu-0 ~ Zn-60 K Cu-0 ~ Zn-90 M E 5 » Cu-0 ~ Zn-90 18 Cu-0 ~ Zn-60 {5 (P < 0.05) ;
BEET Cu-10 EAEZHILL Cu-10 ~ Zn-90 B Hh (P < 0.05)#ARAT Cu-10 ~ Zn-30 % Cu-10 ~ Zn-60 &if&
(P < 0.05) > Cu-10 ~ Zn-30 FHERMY) S7KRMERZEH (P < 0.05)# Cu-10 ~ Zn-60 fH5 » &
FH#HEE PR Y & /K R BB AR E - A E BRI YR EDM 7 15.15-21.30 g/d f> #fd Cu-10
FAMERY 3 #H EDM B gAEE 3 (P < 0.05)# A AR Cu-0 Flf&AYAH A Ry A - B AF Cu-0 Ef@AYAH B+ Cu-0
Zn-90 EAfEA0 (Y EDM BE2£H: (P < 0.05)i Cu-0 ~ Zn-30 ] Cu-0 ~ Zn-60 FAMEHEB A » AL Cu-10
EAEE > HILL Cu-10 ~ Zn-60 HBEH (P < 0.05)#:E5E7 Cu-10 ~ Zn-30 % Cu-10 ~ Zn-90 FilfgE kA »
HEHHEER) EDM BB Y28 RSIUE -

*®S  AFFF S B H SRR B EE

Table 5 Main effects of dietary copper and zinc levels on excretion composition of layer hen

Copper' (Cu) Zinc (Zn) Significance’
Items SE

Cu-0  Cu-10 Zn-30 Zn-60 Zn-90 Cu  Zn CuxZn
No. of samples 15 15 10 10 10
Excreta, g/d 55.9 57.2 54.6 56.7 58.6 2.3 NS NS NS

Moisture, % 69.78  64.60  67.63°  66.04°  67.88° (3 wex  wwx ke
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EDM?, g/d 1690  20.32 17.74° 1928 18.81° (g n  kxx  wEx owkw
.............. Dry matter basis  ............
Ash, % 24.67  24.74 2545 2459 24.09 110 NS NS NS
N, % 406  4.00 3.99 4.12 3.98 013 NS NS NS
P, % 208 219 2.18 2.07 2.14 006 * NS NS
K, % 258 2.69 2.61 2.60 2.70 008 + NS NS
Ca, % 8.43 8.31 8.32 8.49 8.28 048 NS NS NS
Cu, mg/kg 46 88 72° 68 61° 3 wrE NS
Zn, mg/kg 460 484 383¢ 470° 564 28 NS *%* NS
Fe, mg/kg 884 817 826 813 912 111 NS NS NS
Mn, mg/kg 253 257 265 245 253 11 NS NS NS

' The basal diet with various Cu and/or Zn supplements, 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 CuSO, and ZnSO,,
respectively.

*EDM: excreta dry matter.

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

(7)) FEEEEMEEEE - w8 - MRERESREY#EE & 8 2

AFBLERS Q0146 AT EFEM L RETHR _EE BN - K EEFEENFE
EeHISAISF R R - AL AR TR E H DI R BN 2 & - 1A SR E
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Table 6 Interactive effects of dietary copper and zinc levels on excretion composition of layer hen

Cu-0' Cu-10
Items SE
Zn-30 Zn-60 Zn-90 Zn-30 Zn-60 Zn-90
No. of samples 5 5 5 5 5 5
Moisture, % 71.21° 68.84° 69.28° 64.05° 63.25" 66.49¢ 0.03
EDM’, g/d 15.15 17.27¢ 18.29¢ 20.34° 21.30% 19.33¢ 0.02

' The basal diet with various Cu and/or Zn supplements, 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 CuSO, and ZnSO,,
respectively.

2EDM: excreta dry matter.

abedel ) feans 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 laying
performance and excretion of layer hen at the second
egg-laying cycle "

Tein-Ming Su P, Yi-Hsiang Weng®, Shine-Ming Liou ?,
Ting-Hsun Hsiao” and Hsiao-Lung Liu®
ABSTRACT

The purpose of this study was to investigate the effect of dietary supplementation with
different levels of copper and zinc on the laying performance and copper and zinc
excretion in layer hens at the second egg-laying cycle. A total of 192 Hy-Line W-36
birds were used once the production rate was above 90% at 72 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-0) or with 10 mg Cu/kg (Cu-10) and
with 30 (Zn-30), 60 (Zn-60) or 90 (Zn-90) mg Zn/kg, by adding CuSO, and ZnSO,,
respectively. Feed and tap water were fed ad libitum during the experimental period
from 72 to 95 weeks of age. The results showed that the different copper and zinc levels
of diet did not affect the feed intake, egg weight, hen-day egg production, egg mass,
feed efficiency, shell thickness or shell breaking strength. Layer hens fed with Cu-10
diet had higher excreta dry matte (EDM; P < 0.001), and concentrations of Cu (P <
0.001), total phosphorus (P < 0.05) and potassium (P < 0.1) of EDM than those fed with
Cu-0 diet. Layer hens of Zn-60 group had very significantly higher (P < 0.001) EDM
than birds fed with groups of Zn-90 and Zn-30. Birds fed with Zn-90 diet had very
significantly higher (P < 0.001) Zn concentration of EDM than the groups of Zn-60 and
Zn-30, but had lower (P < 0.05) Cu concentration of EDM than the Zn-30 group. In
conclusion, corn-soybean meal basal diets added with 0 or 10 mg Cu/kg and 30, 60 or
90 mg Zn/kg did not affect the laying production in layer hens at the second egg-laying
cycle. However, the Cu and Zn concentrations in EDM went up when Cu and Zn intakes
were increased. The excreta Cu and Zn concentrations based on dry matter basis
increased approximately 5.60 to 6.99-fold and 5.53 to 6.28-fold, than the dietary Cu and
Zn levels, respectively.

(Key words: copper, excretion, layer hen, laying performance, zinc)
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