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Table 1. The composition of basal diets for growing and laying chickens

Items Starter 0 — 6 weeks Grower 7 — 18 weeks Laying
Feed ingredients %
Yellow corn, grd. 69.00 71.85 67.20
Soybean meal, CP 43.5% 26.00 16.50 22.40
Fish meal, CP 65% 2.00 2.00 —
Soybean oil — — 0.60
Wheat bran — 7.00 —
Dicalcium phosphate 1.20 0.90 0.90
Limestone, pulverized 1.15 1.20 8.30
Salt 0.40 0.30 0.30
Choline chloride, 50% 0.10 0.10 —
dl-methionine 0.05 0.05 0.20
Vitamin-mineral Premix® 0.10 0.10 0.10
Total 100.00 100.00 100.00
Calculated value
Crude protein, % 18.16 15.26 17.03
ME, kcal/kg 2,936 2909 2903
Calcium, % 0.93 0.86 3.65
Total phosphorus, % 0.68 0.60 0.52
Nonphyate phosphorus, % 0.40 0.35 0.29
Total sulfur amino acid, % 0.93 0.82 0.61
Analyzed value
Crude protein, % 19.30 15.40 17.10
Calcium, % 0.98 0.82 3.59
Total phosphorus, % 0.65 0.62 0.55
Total sulfur amino acid, % 1.05 0.78 0.79

* Supplied per kilogram of diet: Vitamin A, 16,000 IU ;Vitamin D,, 2,667 IU ;Vitamin E, 13.3 mg; Vitamin K, 2.7
mg; Vitamin B, 1.87 mg; Vitamin B,, 6.4 mg, Vitamin B, 2.7 mg; Vitamin B,,, 16 1 g ; Folic acid, 0.53 mg;
Calcium pantothenate, 26.7 mg; Niacin, 40 mg; Choline-Cl (50%), 400 mg; Fe (FeSO,), 53.3mg; Mn (MnSO, *
H,0), 93.3 mg; I (KI), 0.53 mg; Co (CoSO,), 0.27 mg; Se (Na,SeO,), 0.27 mg; no supplement copper and zinc in
the premix.
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Table 2. The sources of copper and zinc supplementation for layer diet
Cu, ppm 9 9 9 18 18 18
Zn, ppm 60 90 120 60 90 120
Cupric sulfate, g/ton feed 0 0 0 22.76 22.76 22.76
Zinc sulfate, g/ton feed 67 134 201 67 134 201
Analyzed value
Cu, ppm 8.5 8.2 8.1 17.7 18.5 18.8
Zn, ppm 62.8 91.5 118.9 63.8 89.8 117.5
Basal diet Zn content = 23 ppm.
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Table 3. Main effects of dietary copper and zinc levels on the feed intake, laying performances and body weight

gain change of laying hens

Cu, ppm Zn, ppm
Item 9 18 SEM 60 90 120 SEM  CuxZn
Daily feed intake, g/d 78.74 77.33 0.761  77.42 77.84 78.84 0.932 NS
Egg production, % 85.83 84.80 3.010 81.39 86.52 86.52 3.685 NS

Broken egg (soft-shell), % 2.814 3.928 1.006 2.972 3.274 3.868 1.477 NS

Egg mass, g/d 49.70 48.80 1.832  47.42 50.13 50.21 2.243 NS

Feed intake / egg mass 2.281 1.991 0.390 2.119 2.179 1.860 0.789 NS

Body weight change, g/hen 2.815 6.389  20.13 31.31 25.50 22.56 24.66 NS

“® Means with different letters within the same row are significantly different at 5% level.
NS = no significant (P > 0.1).
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Table 4. Main effects of dietary copper and zinc levels on egg component, specific gravity and shell quality on

laying hens
Cu, ppm Zn, ppm
Item 9 18 SEM 60 90 120 SEM  CuxZn
Egg weight, g 58.84 0.345  58.86 58.05 58.70 0.422 NS
Egg specific gravity 1.087 1.080 0.005 1.087 1.079 1.083 0.006 NS
Content wt./egg wt., % 87.89"  88.31° 0.136  88.23 88.01 88.08 0.176 P=0.105
Shell wt./egg wt., % 12.18 11.79 0.135  11.76°  11.99° 11.92° 0.165 P=0.104

Shell breaking strength, kg 2.073 1.866 0.143 2.063 1.915 1.946 0.162 NS

Shell thickness 1, pym 32.48 32.27 0206  32.19°  32.25" 33.05° 0.052 NS
Shell thickness 2, pm 32.26 32.23 0230 31.54° 31.96® 33.21° 0.282 NS
Shell thickness 3, pm 32.27 32.25 0.202 31.84° 3195 33.13" 0.248 NS

Avg. shell thickness, um 32.37 32.25 0.203  31.84° 3225° 33.12° 0.254 P=0.118

Ca in shell, % 34.07 33.85 0.112  33.68°  34.57"  33.98" 0.137 P<0.05
P in shell, % 0.182 0.193 0.008 0.165°  0.188"  0.198°  0.010 P<0.05
Mg in shell, % 0.534 0.512 0.011 0.498 0.540 0.512 0.014 NS

“® Means with different letters within the same row are significantly different at 5% level.
NS = no significant (P > 0.1).
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Table 5. Main effects of dietary copper and zinc levels on copper and zinc excreta and retention of laying hens

Cu, ppm Zn, ppm
Item 9 18 SEM 60 90 120 SEM  CuxZn
Weight of excreta (DM), grhen/d 2196 20.93 1.371 1990  20.75  23.68 1.679 NS
Cu in excreta, ppm 23.81°  54.03° 1.515  41.14  38.11 37.52 1.856 NS
Zn in excreta, ppm 429.4°  470.4° 7.889 373.4°  4683" 498.7 9.662 P=0.06

Cu content in excreta, mg/hen/d 0.083" 0.184° 0.008 0.137 0.130 0.134  0.011 NS
Zn content in excreta, mg/hen/d 1.490 1.575 0.094 1.175°  1.534° 1.888° 0.116 P=0.118
Cu retention, %" 24.85" 1513 2.022  22.09 19.14 18.74 2.476 NS
Zn retention, % 28.85 2833  1.735 32.87° 28.50® 23.56° 2125 NS

“*¢ Means with different letters within the same row are significantly different at 5% level.
NS = no significant (P > 0.1).
A Cu (Zn) retention, % = Cu (Zn) intake - Cu (Zn) content in excreta / Cu (Zn) intake x 100.
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Abstract

This experiment was conducted to study the effects of dietary levels of copper and zinc on the laying
performances, copper and zinc retention of Leghorn layers. A total of one hundred and eighty Leghorn layers
were allocated into six groups at 25 and 37 weeks of age, respectively. The experiment was 2 x 3 factorial which
included two dietary Cu levels of 9 and 18 ppm, and three zinc levels of 60, 90 and 120 ppm. Each trials last for 4
weeks, respectively. The laying performance and egg shell quality were measured during the experimental period.
This result indicated that providing the dietary 60 ppm Zn had a tendency to reduce egg production, egg mass
and feed conversion rate, but those no differences was observed between dietary Cu and Zn levels. Hens fed with
60 ppm Zn diet significantly (P < 0.05) reduced shell/egg weight percentage and shell thickness. The contents of
copper and zinc in excreta were increased (P < 0.05) when dietary copper and zinc levels increased. There were
linear significantly (P < 0.05) lower retention of copper and zinc when dietary copper and zinc were gradates
increased. These results indicated that the concentration of copper and zinc in excreta can meet the national copper,

zinc standard and provision of 9 ppm Cu and 90 ppm Zn can have good laying performance and egg shell quality.

Key words: Leghorn layers, Dietary copper and zinc levels, Laying performance, Retention of copper and zinc.
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