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Introduction: Mineral supplements are an important component of the diet of laying hens to improve
biochemical processes, embryonic development, and bone structure (Leeson, 2005). Micronutrients are involved in
the structure of numerous proteins and hormones as intermediates in metabolism (Tom Dieck et al., 2003). In
current commercial practice, micronutrients are added to the diet in inorganic form at levels much higher than those
recommended by the National Research Council (NRC) (Leeson, 2005; Bao et al., 2007).Research shows that the
addition of micronutrients of organic origin increases the bioavailability of the elements and improves performance
due to their insoluble nature and organic complexation (Mézes et al., 2012). Consequently, formulating laying hen
diets with trace elements from organic sources due to their higher bioavailability is considered a strategy to reduce
the excretion of minerals in the animal’s feces. However, these sources are significantly more expensive, making
them difficult to access for general use and increasing the cost of the feed. Trace minerals in hydroxychloride form
possess several advantages resulting from their unique crystalline structure, such as increased stability and reduced
reactivity in feed formulations (Hawthorne & Sokolova, 2002).

Materials and Methods: This experiment was conducted with 240 laying hens of the Hy-Line strain (W-36)
from 40 to 50 weeks of age for 10 weeks in a completely randomized design with 8 groups in 5 replications and 6
birds per experimental unit. The experimental groups included: Group 1- negative control (without zinc
supplementation), groups 2, 3 and 4, respectively, included the negative control diet with 80, 120 and 160 mg/kg
zinc sulfate with a purity of 34%, and groups 5, 6 and 7, respectively, included the negative control diet with 50, 75
and 100 mg/kg zinc hydroxychloride with the chemical formula CI2.H20 (Zn5 (OH8) with a purity of 55%, and
group 8 included the negative control diet with 124 mg/kg zinc-methionine complex with a purity of 22%. The
chickens were allocated to 40 metal cages (6 birds per cage) in a completely random manner within the weight
range of 1590 * 25 g. The composition of the basal diet was adjusted based on the guidelines for the (W-36) strain
and the age of 40 to 50 weeks according to Table 1. The temperature range of the house was 24 + 2 °C and the
lighting schedule was set to 16 hours of light and 8 hours of darkness throughout the day according to the

recommendations of the breeding guideline. Throughout the experimental period, egg mass production, laying rate,
percentage of defective eggs, and survival rate were recorded and calculated for each replicate. Serum

concentrations of zinc, copper, and manganese were determined using an atomic absorption spectrophotometer
according to the method described by Dozier et al. (2003). To determine the bioavailability (retention) of zinc,
copper and manganese, one bird from each replicate was randomly selected and slaughtered at the end of the
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experiment. Tissue samples, including breast muscle, liver, and tibia, were collected for mineral analysis. The
results were analyzed in a completely randomized design. For this purpose, the GLM procedure of SAS software
version 9.4 (2015) was employed, and Duncan'’s test at a significant level of 0.05 was used to compare the means.

Results and Discussion: The results presented in Table 2 indicate that zinc accumulation in the pectoral muscle
increased linearly with increasing dietary zinc supplementation levels. These changes were influenced by both the
bioavailability and the dietary levels of the zinc sources used. Similarly, the storage of zinc in the tibia is strongly
affected by the levels and type of its source. Therefore, the zinc storage index in the tibia is a better criterion for
measuring its bioavailability. An inverse relationship was observed between dietary zinc concentration and copper
accumulation in the pectoral muscle. Specifically, supplementation with 160 mg/kg zinc sulfate and 100 mg/kg zinc
hydroxychloride resulted in a significant reduction (P <0.05) in copper deposition in muscle tissue. The results of
this study agree with the findings that state the level of zinc in the pectoral and tibia muscles depends on the type of
source and its levels in the diet, so with increasing it in the diet, its storage in the tissue increases. This increase in
the organic form is due to the specific absorption mechanism of the element chelated with the organic peptide
(Afshar Bakeshlo et al., 2024; Hu et al., 2022). The results of Table 3 show that the survival rate in the flock was not
affected by the source and level of zinc in the diet (P> 0.05). Egg mass was not significantly affected by dietary
treatments (Table 3). However, a numerically lower laying rate was observed in the negative control group, which
may reflect a compensatory physiological response to zinc deficiency. Also, the increase in egg mass, due to the
biological limitations of the bird, is more affected by the amount of energy and protein in the diet than by the zinc
element. In confirmation of these findings, it has been reported that different sources and levels of zinc, copper and
manganese do not affect the production rate and egg weight in laying hens (Chen et al., 2022; Domel et al., 2024).

Conclusion: The use of mineral sources with higher bioavailability and longer tissue retention represents an
effective strategy for enhancing the nutritional quality of animal products. Increasing the amount of zinc with
conventional inorganic forms, such as zinc sulfate, can reduce copper absorption and lead to negative biological
consequences. On the other hand, the use of an organic source, despite retention, is associated with increased
production costs and difficulty in supply. Therefore, it is recommended to use a level of 75 mg/kg of zinc
hydroxychloride to improve the zinc storage index in eggs, while also enhancing the biological response of the hens.
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1 Vitamin supplement composition for each kilogram of ration includes 3,000,000 international units of vitamin A, 1,300,000 international units of
vitamin Ds, 750 international units of vitamin E, 980 mg of B2, 5 mg of vitamin K, 2000 mg riboflavin, 3000 mg niacin, 4 g choline chloride, 250 mg
biotin, 3 mg thiamine, and 4 mg pyridoxine.
2 Mineral supplement composition for each kilogram of basic ration includes 75 mg of manganese, 75 mg of iron, 5 mg of copper, 0.76 mg of iodine,
and 0.1 mg of selenium.
Zinc supplement in different forms (organic and inorganic) was added to the diet of the control group in the amounts tested.

The net zinc levels in the diet were as follows: T1 (30 mg/kg diet), T2, T5, and T8 contained 57.2 mg/kg, T3 and T6 contained 70.8 mg/kg, and T4
and T7 contained 84.4 mg/kg.
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Table 2- The effect of different sources and levels of zinc on the quantitative performance of laying hens

P - anad
Variable
EropS 0395 S8 5 Core EponSS Sleos; £
Vs (35, 1&5ele5) (2op) (222) (222)

1 Egg mass Laying rate Broken eggs Durabilit
Treatment (ghhenlday) Yo o) o)
T1 56.25 87.22° 1.56° 91
T2 55.17 91.232 0.84 94
T3 56.58 92.64° 0.79° 97
T4 56.48 90.50? 1.39° 94
T5 56.93 91.718 0.76° 97
T6 58.69 92.392 0572 94
T7 57.28 92.612 0.622 97
T8 56.87 91.742 0.65% 97
SEM 0.726 0.24 0.039 0.35
P-value 0.0576 0.0082 0.0357 0.7684

CEFaY 55 Dl « Slilgus p SRS 13 p 5 o V5 5 WY e+ ido sald opr Jold i ¥ oYY Jle (sg) JaSeo oign) (site ol —Y ol ailol (sla e’
23 sl igite =59y Sl )55k )3 )5 e WY+ sl 0 Jol A Jlow 9 (59) 2 IS (S'gyden p)S kS 3 oS (e Vet 5 VO B0 ke sl oy = Juld
(P>0.05) w5l (sl gine coglis S yuie gy b o uSilio g0

5:Ske 3kl gls SEM

1The experimental treatments included: T1- negative control (without zinc supplementation), treatments T2, T3 and T4, respectively, included
negative control diet + 80, 120 and 160 mg/kg zinc sulfate, and treatments T5, T6 and T7, respectively, included negative control diet + 50, 75 and
100 mg/kg hydroxychloride, and T8, including negative control diet + 124 mg/kg zinc-methionine complex.

a,b,c: Within columns, mean values with common superscript (s) are not different (P>0.05).

Standard error of the mean (SEM).
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Figure 1 - Regression equation for defective and broken eggs
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Table 3- The effect of different sources and levels of zinc on the retention of zinc, copper, and manganese in laying hens

Variable
o (59> p)5 o) iz aliae (S 9kS ) 5 ko) 45 O e
Treatment Breast (mg/kg) _ Liver (mg/kg) _ Blood serum _
89 e Pl &9 e Pl &9 e e
Zn Cu Mn Zn Cu Mn Zn Cu Mn
T1 24.54¢ 1.992 0.11 49,68  6.54® 2.43 1.52¢  30.65 3.914
T2 2858 1.64%  0.08 57.47° 5.93® 211 1.95° 3248 4.084
T3 31.62%  1.42®  0.07 61.26°  4.61° 1.34 1.96° 3497 4.072
T4 30.59%  1.17b 0.06 55.11°  7.28® 3.02 1.90° 3818 5.117
T5 20.68% 1.85%  0.07 74.94%  8.26% 2.86 1.99 4046 4.125
T6 3423 173  0.09 69.37%  7.76% 267 2318 4273 4127
T7 35.85*  1.69%  0.10 76.182  9.272 3.35 2.34% 3928 4.128
T8 3394 1.82%  0.09 72542  8.842 3.66 224 3843 5.130
SEM 0.487 0.032  0.004 2.17 0.485 0.091 0058 0146 0.124
P-vaiue 0.03254 0.0057 0.0781 0.0029 0.0063 0.0712 0.0442 0.0914 0.999
Variable
(PSS 3 £33 k) 5 e (pS5LS 2 p5 ko) 035 (PS5 545 2905 (o) & o5 gy
Hlows Tibia (mg/kg) Yolk (mg/kg) Eggshell (mg/kg)
Treatment (s, o e $9) o FSe 9 o FSe
Zn Cu Mn Zn Cu Mn Zn Cu Mn
T1 125¢ 2.82% 491  2793°  3.46° 0.797 2.56 2.87 1.420
T2 136 2.61° 475 3153 3.01° 0.845 3.24 2.42 1.638
T3 150 2.54b¢ 413  30.00¢ 2.84% 0.784 3.03 2.53 1.334
T4 1630 2.39¢ 548  29.60° 2.57° 0.813 3.14 2.04 1.236
T5 186° 2.97% 573 30.73¢  3.25° 0.852 3.17 2.67 1.543
T6 2772 2.99% 6.92 4147  3.347 0.911 3.56 2.49 1.841
T7 2992 3.022 6.07 49.33*  3.42° 0.849 4.36 2.78 1.645
T8 2752 3.012 573  41.20> 3.172 0.833 3.28 2.36 1.746
SEM 3.52 0.142 0.093 0938 0.164 0.064 0.203 0.112 0.017
P-vaiue 0.001 0.0491 0.990 0.0001 0.0258 0.9612 0.9665 0.7512 0.8892

Y 98 D sles « Olilgw p,59lS )3 25 o V5 g \Ve Ae + it aald oy Jold cigar ¥ g ¥ ¥ o 59y oS o) (ke dald =) ol islej] (sla o
Omgste =59y ShiaS )5 9lS )5 25 Lo WWE + sald 0y Jold A Lo g (59, 221 uiSTgy0um p Sl 53 25 Lo Voo g VO e + e dald oy — Jold o

ol
(P>0.05) 5555 (5o ino 5l S i By s IneSilin (gt 52 53
uﬁi;l.uc J)l.ﬁl’.}»l s SEM

The experimental treatments included: T1- negative control (without zinc supplementation), treatments T2, T3 and T4, respectively,

included negative control diet + 80, 120 and 160 mg/kg zinc sulfate, and treatments T5, T6 and T7, respectively, included negative

control diet + 50, 75 and 100 mg/kg hydroxychloride, and T8, including negative control diet + 124 mg/kg zinc-methionine complex.
a,b,c: Within columns, mean values with common superscript (s) are not different (P>0.05).

Standard error of the mean (SEM)
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The experimental treatments included: 1- negative control (without zinc supplementation), treatments 2, 3 and 4, respectively,

included negative control diet + 80, 120 and 160 mg/kg zinc sulfate, and treatments 5, 6 and 7, respectively, included negative
control diet + 50, 75 and 100 mg/kg hydroxychloride, and treatment 8, including negative control diet + 124 mg/kg zinc-methionine

complex.
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Figure 3 - Regression equation of zinc storage in eggs in the eighth week
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