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Table 1. Composition of the basal diet

Ingredient Composition (%)
Corn 60
Soybean meal (44%) 25.5
Wheat bran 4
Lucerne meal 1
Common salt 0.02
DCP 1.6
Oyster shell 7.24
Mineral suppl.* 0.25
Vitamin suppl** 0.25
DL-Methionine 0.14
Calculated composition

ME (kcal/kg feed) 2700
Crude protein (%) 155
Calcium (%) 4
Available P (%) 0.43
Met+Cys (%) 0.73
Lysine (%) 0.075

* The mineral premix provided per kilogram of diet:
Calcium pantothenate, 1.8 mg; butylated hydroxytodye

63 mg; Fe, 40 mg; I, 1.2 mg; Co, 0.36 mg; Se, 0.24 m
Cu, 3 mg; Zn, 30 mg; Mn, 30 mg. Zn, Mn and Cu in four
experimental treatments were supplied as sulphate,
amino acid complex, hydroxychloride and or 70%
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hydroxychloride.

**The vitamin-mineral premix provided per kilograof

diet: vitamin A, 12000 IU; cholecalciferol, 3000 ;U
vitamin E, 100 IU; menadione, 5mg; thiamine, 3 mg;
riboflavin, 12 mg; pyridoxine, 4 mg; vitamin B12,40.
mg; niacin, 55 mg; biotin, 0.25 mg; choline chlarid
1000mg.
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Table 2. Egg weight (g), feed intake (g), and feexversion rate in laying hesspplemented with sulfate, organic complexes ordwy
trace minerals

Egg weight (g)
Treatment Week 55 Week 56 Week 57 Week 58 Week 59 Week 60 Week 61 Week 62 Week 63 Week 64 Week 65 Total
Sulfate 60.75 60.90 5510 55.1F7 63.28 6327 6327 6325 5899 59.00 58.00 60.09
Organic 67.00 67.90 68.20° 6820° 6920 70.2¢6 6897 70.7% 6790 6550 66.50° 68.2F
Hydroxy 6450 6827  71.08 71.08 70.08% 70.08 69.7% 65.00° 6450° 67.2% 67.7% 68.1F
Hydroxy(7o%j 62.00 62.3% 63.80 6380 6130 6130 6130 6228 63.76° 62.00° 6237 62.38
SEM 2 15 2 2 15 1.5 15 1.7 2.3 1.7 1.5 0.63
P-value 0.17 0.005  0.0003 0.0004 0.004 0.0019 0.0037 0.033  0.011 0.02 0.003  0.0003
Feed intake (g/day)
Sulfate 89.75  96.75 9500 9800 8875 9500 86.25 96.75  90.00 93.75  92.00 92.91
Organic 100.00 9500 83.75 10125 98.75 98.00 87.50 100.00 100.00 86.25  90.25 94.61
Hydroxy 96.25 10325 97.5 100.00 93.00 9425 9375 78.00 8375 98.00 87.25 93.18
Hydroxy(70%j  96.25  96.75 97.7 96.75 90.25 91.25 9625 9925 9150 90.25 94.00 94.56
SEM 7.82 7.44 8.60 7.25 6.50 4.30 5.15 5.80 10.00 6.45 453  0.813
P-value 0.83 0.87 0.59 0.97 0.72 0.74 0.48 0.06 0.75 0.63 0.75  0.832
Feed conversion ratio
Sulfate 2.11 2.28 2.47 2.54 2.02 2.16 2.07 2.37 2.42 252 253 237
Organic 2.12 1.99 1.76 2.11 2.01 1.99 1.82 2.0 2.11 1.99 1.9  1.98
Hydroxy 2.12 2.16 1.97 2.04 1.89 1.96 2.04 1.8%’ 2.03 2.3 204 202
Hydroxy (70%)  2.23 2.23 2.18 2.17 2.09 2.13 2.29 2.48 2.26 2.32° 240 228
SEM 0.17 0.19 0.21 0.17 0.15 0.10 0.10 0.10 0.20 0.14 0.85 0.03
P-value 0.94 0.71 0.17 0.22 0.83 0.46 0.06 0.004 0.57 0.006  0.002 0.0002

#*Means followed by different superscript lettershivi a column are significantly differerf€0.05).
**Contained 70% hydroxy source compared with thedthreatment
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Table 3. The qualitative traits of egg in layingheeupplemented with sulfate, organic complexes ordwyl
trace minerals

Eggshell Eggshell Eggshell
Treatment iSnk:jaep))(e s?rgngth (\:(gllcl)(r Hl?:i?h i\rcgg(x vg\]/gight th%?:kness

(kg/ent) (C)] (mm)
Sulfate 0.75 3.17 5.94 85.9 0.436 6.36 0.313
Organic 0.74 3.06 5.69 85.6 0.439 6.32 0.309
Hydroxy 0.73 2.73 5.68 85.0 0.440 6.25 0.307
Hydroxy (70%y 0.75 2.80 5.38 85.6 0.438 6.33 0.306
SEM 0.022 0.123 0.100 0.221 0.155 0.094 0.016
P-value 0.83 0.38 0.60 0.75 0.21 0.97 0.36

**Contained 70% hydroxy source compared with thedthigatment
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Table 4. The content of some minerals of excreitk gnd eggshell in laying hens supplemented witfate,
organic complexes or hydroxy trace minerals

Ca (%) Cu (mg/kg) Fe (mg/kg) Zn (mg/kg) Mn (mg/kg)
4 m m m m m
3 ¥ < @ T < @ 0 < «Q T < @ T < a
2 q o 9 S 2o @ S 2o G S 2o @ 3) e @
3 ® X = @ x > o} ~ = @ x = @ =~ >
g o @ o o o o o @ o o
Sulfate 10.94 0.21 24.28 8.058° 0.166 2.04  1439.0 36.0115.71 593.3 2577 5.83 792.8 0.099 4.9
Organic 11.30 0.22 26.86 3.99 0.126 3.0% 2002.3 38.4818.29 429.5 39.3¢ 10.30 713.9 0.253 6.28
Hydroxy 11.10 0.23 24.4% 4.48 0649 2.00 13055 40.7313.57 496.8 3518 848 5238 0176 6.64
Igg;z;fy 1050 0.24 2360 459 0.148 2.1€ 1609.8 34.56 19.34 4405 26.07 9.28 856.0 0.057 5.14
SEM  0.5980.004 0.112 0.431 0.074 0.078 69.33 1.18 1.28 17.11 125 0.75 33.17 0.02 0.33

P-value 0.42 0.14 <0.0001 0.001 0.013 0.91 <0.00010.3050.138 <0.00010.001 0.178 <0.0001<0.00010.006

adMeans indicated by different superscript letteithiw a column are significantly differer€0.05).
* Contained 70% hydroxy source compared with theltireatment
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Table 5. Some blood parameters in laying hens supghted with sulfate, organic complexes or hydroxy
trace minerals

Treatment Ca Cu Zn Mn Ceruloplasmin Pﬁ\lkal;]ne
(mg/dl)  (ug/dl)  (ug/dl)  (mg/dL) (mg/dL) ZEF/’L)atase

Sulfate 2932 9420 44758 020 11.25 4838

Organic 2730 9457  474.88 0%24 11.31 5197

Hydroxy 28.80 9487 47495  0b1 11.38 4333

Hydroxy (70%)  29.08 9548  440.66  0.20 11.55 4913
SEM 0933 0201 9417 0.005 0.09 157.8
P-value 0178  0.060  0.762 0.005 0.123 0.615

aPMeans indicated by different superscript letteithi a column are significantly differer€0.05).
* Contained 70% hydroxy source compared with theltireatment
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Abstract

The aim of this trail was to evaluate the effedtthe use of Mn, Zn and Cu from different sourdesrganic,
organic and hydroxy) in the diet on egg and egdshellity of aged laying hens. A total of 240 Hyaki w36
Leghorn, from 55 to 65 weeks of age, were used. @tperiment carried out in a completely randomized
design, with four treatments, four replicates, eeshtaining 15 hens. The experimental treatmersidied: 1.
The control diet, consisted of sulphate source of, Mn and Cu, 2. The diet consisted of Mn, Zn or Cu
Methionine chelate, 3. The diet consisted of Mn,orZiCu Hydroxy, and 4. The diet consisted of Mn,afxd Cu
Hydroxy, only 70% level relative to treatment 3. thie most of experimental weeks, tihdn, Zn and Cu
hydroxy and chelate forms increased egg weightimuptloved significantly feed conversion ratio in 62, 64
and 65 weeks of age, compared with the sulphatgpgnbthese elemeni$<0.05). But there was no difference
between 70% hydroxy and sulphate groups. Alsogtiare no differences in feed intake, eggshelkiigss,
strength and weight, yolk index, Haugh unit, yotitar and shape index of egg and blood alkaline phatase,
cereluplasmin, Zn, Cu and Ca levels among thernreats. The chelate source only increased bloodevel |
significantly (°<0.05). There was the significant increase in egljsind yolk Mn and yolk Zn levels and also
significant decrease in the levels of Mn, Zn, Fd &u of excreta using hydroxy and chelate forms paned
with the sulphate and 70% hydroxy forn#<(Q.05). These results indicated that the Mn, Zn @ndhydroxy
and chelate forms in the diet improved the perforeceaof aged laying hens.
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