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ABSTRACT 
Seventy-five layers of 37 weeks old, hens were housed in a completely enclosed, ventilated, 

conventional caged-layer house in which the lighting program was 16 hours' light: 8 hours 

dark (16L: 8D). The hens were fed on basal diet free from zinc additive for 3 weeks.  

The hens were divided into 3 groups at 40 weeks of age. The control group was fed with basal 

diet. The second group was fed basal diet containing 0.5 g/kg zinc chelated methionine  

(Zn-MHA) and the third group was fed over dose (2g Zn-MHA /kg) for 8 weeks. Five blood 

samples were collected from five hens of each group at the end of experiment. Each blood 

sample divided into three portions. The 1st part of blood sample was collected with 

anticoagulant for RBCѕ, Hb, and differential leucocytic count. The 2nd part of blood sample 

was collected with anticoagulant to estimate antioxidative stress melanoldehyde, glutathione 

peroxidase, superoxide dismutase and carbonic anhydrase (lipid peroxide, melanolyhehyde 

(MDA), Glutathione peroxidase (GPx), Superoxide dismutase (SOD) and carbonic anhydrase 

(CA) respectively) in plasma. The 3rd part of blood sample was collected without 

anticoagulant for serum separation for measuring ALT, AST and alkaline phosphatase, IgA, 

calcium, phosphorus, cholesterol, LDL and HDL. The present results revealed  

non-significant changes in hematological profiles including RBCS count, Hb content, WBCS 

count and differential leucocytic count. Liver enzymes showed significant decrease in ALT, 

AST and ALP in group 2, 3. Total protein, albumin, globulin, A/G ratio and Ig A revealed 

non-significant changes in all groups. Also serum Ca, P and Cholesterol, showed non-

significant changes in all groups but LDL showed significant decrease in groups 2, 3, HDL 

showed significant increase in groups 2, 3   Vit A level showed significant increase in groups 

2 and, 3. In the same table oxidative enzymes revealed non-significant changes in MDA 

(melanolyhehyde) level but there were significant increase in GPx and SOD in groups 2, 3. 
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Exterior egg quality including Egg weight, Egg width, Egg length, Egg index, Shell weight, 

Shell thickness, Shell percentage showed non-significant changes except egg width revealed 

significant increase in group 2. Interior egg quality including Yolk weight, Yolk width, Yolk, 

Yolk index, Albumen weight, Albumen height, and Albumen width showed non-significant 

changes but yolk height and albumen percentage revealed significant increase in group 3.  

in the other hand yolk percentage and yolk cholesterol revealed significant decrease in group 

3 and in groups 2,3 respectively.  Weekly egg production showed significant increase in 

group 2 from the 2nd week till the end of treatment but group 3 showed significant increases 

from the 1st week to the 7th week then decrease in the 8th week. In conclusion, trace minerals 

(Zn) in the form of Zn-MHA chelates showed higher bioavailability and beneficial effects in 

compared with inorganic form when included in laying hens’ diet. 

INTRODUCTION 
Zinc is a trace element that is necessary for normal growth, maintenance, bone development, 

feathering, and enzyme structure and function and appetite regulation for all avian species 

(Batal et al., 2001). Zinc is the most common metal constituent of cellular enzymes and plays 

essential roles in cell proliferation, immune development and response, reproduction, gene 

regulation, and defense against oxidative stress and damage. Likely reflecting its role in gene 

regulation, zinc is required for the synthesis of two key structural proteins: keratin (the major 

structural protein of feathers, skin, beaks and claws) and collagen (the major structural protein 

of the extracellular matrix and connective tissues), (Richards and Dibner, 2005). Zinc is 

recognized as an essential mineral in erythropoiesis. Zinc plays particular catalystic role in the 

activity of alfa-aminolevunilic acid dehydratase which is responsible for hem synthesis 

(Arcasoy 2002). Zinc deficiency has adverse effect on erythropoiesis in marrow (Hughes  

et al., 2006) and a reduction of T and B lymphocyte production (Haddad et al., 2008). Zinc is 

a cofactor of the main antioxidative enzyme Cu Zn-superoxide dismutase; it may play a key 

role in suppressing free radicals and inhibiting NADPH-dependent lipid peroxidation (Prasad, 

1997) as well as in preventing lipid peroxidation via inhibition of glutathione depletion. 

(Gibbs et al., 1985). Zinc also plays an important role in egg shell and shell membrane 

formation because it is a co-factor and (or) structural products of enzyme systems responsible 

for carbonate formation and mucopolysaccharide synthesis. In recent years' organic minerals 

have begun to gain importance (Aksu et al., 2011, Trindade et al., 2011). The term “organic 

mineral” is used to denote minerals forms chelated to an organic molecule, with the intention 
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of increasing mineral bioavailability in animal diets (Torres 2013). Differences between 

organic and inorganic (chelate) sources of zinc in availability and effectiveness on poultry 

performance. The present work was conducted to investigate the potential effects of zinc 

chelated methionine on some hematological, biochemical and immunological changes in 

laying hens. 

MATERIAL AND METHODS 
 

Drug: Biofert is feed additive produced by sentovit company, USA and distributed in Egypt 

by Arab Trade Company, Benha. Biofert contains  

Organic zinc chelates                  Zn 15% 

Methionine       MET 40% 

Vitamin H       100 mg  

Experimental design: 

Chickens:-Seventy five layers of 37 weeks old, hens were housed in a completely enclosed, 

ventilated, conventional caged-layer house in which the lighting program was 16L: 8D.  

The hens were fed on basal diet free from zinc additives for 3weeks. The hens were divided 

into 3 groups at 40 weeks of age. The first group was kept as control group and fed with basal 

diet. The second group was fed basal diet containing 0.5 g/kg zinc chelated methionine  

(Zn-MHA) and the third group was fed over dose (2 g/kg) for 8 weeks. 

Sampling:  

Five blood samples were collected from wing vein of five birds from each group at the end of 

experiment.  Each blood sample was divided into three portions. The 1st blood sample was 

collected with anticoagulant for RBCѕ, Hb, differential leucocytes count and phagocytosis, 

the 2nd blood sample was collected on anticoagulant for collection of plasma for estimation of 

antioxidant stress, malondialdehyde (MDA), Glutathione peroxidase (GPx), Superoxide dismutase 

(SOD) and Carbonic anhydrase CA and Vit A. The 3rd blood sample was collected without 

anticoagulant for serum separation for measuring ALT, AST and alkaline phosphatase, IgA, 

calcium, phosphorus, cholesterol, LDL and HDL, Total protein, and globulin.  
 

Laboratory Examinations: 

Hematological examinations: Blood samples were collected from all groups for RBCѕ  

count according to (Coles, 1986). Hb was calculated according to (Polo et al.  1992)  Blood 

smear was stained with wright’stain for differential leucocytic count and absolute values were 
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calculated according to (Campbell 1995). Lipid peroxidation was estimated in terms of 

thiobar-bituric acid reactive substances (TBARS), using malondialdehyde (MDA) as standard 

by the method of (Beuge and Aust 1978). Glutathione peroxidase (GPx) concentration was 

determined in samples according to the method of (Mates et al. 2000) and CA was estimated 

by method of (Armstrong et al. 1966). Zn-SOD was determined by method described by 

(Cavanagh et al. 1995).  Blood was collected in. heparinized tubes; separated plasma was 

protected from light and stored at − 20°C, for Vit A estimation (Nierenberg and Lester 

1985). Immunological parameter: phagocytic assay according to (Woldenhiwet and Rowan 1990).  

 Biochemical analysis: Serum was obtained by centrifugation for Aspartate and alanine 

amino transferase (ALT and AST) activities were determined colorimetrically according to 

(Reitman and Frankel 1957). Serum alkaline phosphatase activity was determined according 

to (Kind and King 1954).  Serum calcium was measured spectrophotometrically at 565nm 

according to (Baginski et al., 1973). Serum inorganic phosphorus was measured 

spectrophotometrically at 625nm, according to the method described by (Plummer 1978).  

The IgA was measured using chicken IgA ELISA Quantitation (IgA ELISA Quantitation Kits, 

Bethyl Laboratories Inc., Montgomery, TX. 

Egg quality determination:  

Egg quality was assessed at the end of last week of the experiment; eighty eggs from each 

treatment group were randomly collected to determine the egg interior and exterior quality 

parameters. Subsequently the eggs were weighed then broken, and the yolks were separated 

from the albumen. The chalazae were carefully removed from the yolk, using forceps, and 

prior to weighing the yolk. The shells were carefully washed and dried 24 h in a drying oven 

at 105°C then weighed. Albumen weight was calculated by subtracting yolk and shell weights 

from the original egg weight. Eggshell thickness was measured at three different egg points 

(air cell, sharp end, and any side of the equator) using a caliper. An average of three different 

thickness measurements from each egg was used to estimate the eggshell thickness.  

The weights of egg components and shell thickness were measured to the precision of 0.01 g 

or 0.01 mm, respectively. The data of egg weight, yolk weight, shell weight (g) were recorded 

using digital scale (Bilgehan et al., 2015). The egg shape index (%) was determined by 

equipment developed by Rauch and egg shell strength (kg/cm2) was measured by special 

equipment. Egg yolk diameter, albumen length, albumen width (mm) were measured with 

digital caliper. The albumen and yolk height (mm) were measured using tripod micrometer. 
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The proportion of eggshell, albumen and yolk were calculated as (shell or albumen or yolk 

weight/egg weight) x 100). Egg yolk index was calculated as (yolk height/yolk diameter) 

x100. Albumen index was calculated as (albumen height/ (albumen length + albumen 

width)/2) x 100 (Solomon 1991 and Sarıca and Erensayin 2009) . Cholesterol content of 

extracted yolk was determined by spectrophotometric method (Libermann-Burchard reaction) 

as described by (Kenny, 1952 and Kaya, et al 2001).  

Statistical Analysis: 

The parametric were analyzed by using PROC GLM procedure of statistical analysis software 

(SAS v9.4 2013). 

RESULTS 
 

The present results revealed non-significant changes in hematological profiles including RBCS 

count, Hb and differential leucocytic count (Table 1, 2). Phagocytosis showed significant increase in 

group 3 only (Table 3). Liver enzymes showed significant decrease in ALT, AST and ALP in 

group 2 and 3 (Table 4). Total protein, albumin, globulin, albumin globulin ratio and Ig A 

revealed non-significant changes in all groups (Table 5). Also serum ca, p, Cholesterol, LDL 

showed non-significant changes in all groups, LDL revealed significant decrease in groups 2 

and 3 but HDL showed significant increase in groups 2 and 3 (Table 6)). Vit A level showed 

significant increase in groups 2 and 3, in the same table oxidative enzymes revealed  

non-significant changes in MDA level but there was significant increase in GPx, CA and 

SOD in groups 2 and 3 (Table 7). Exterior egg quality including Egg weight, Egg width, Egg 

length, Egg index, Shell weight, Shell thickness, Shell percentage showed non-significant 

changes except egg width revealed significant increase in group 2 (Table 8). Interior egg 

quality including Yolk weight, Yolk width, Yolk, Yolk index, Albumin weight, Albumin 

height, and Albumin width showed non-significant changes but yolk height and albumin 

percentage revealed significant increase in group 3. In the other hand yolk percentage and 

yolk cholesterol revealed significant decrease in group 3 and in groups 2, 3 respectively 

(Table 9).  Egg production showed significant increase in group 2 from the 2nd week till the 

end of treatment but group 3 showed significant increases from the 1st week to the 7th week 

then decrease in the 8th week (Table 10). 
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Table (1): Effect of zinc chelated methionine on RBCS and Hb in laying hens 
 

 

Hb (g/dl) RBCs 106 /µl 
                     parameters 

Groups 

9.31±0.48a 1.43±0.06a Control 

8.64±0.71a 1.35±0.05a 2 

9.55±0.91a 1.43±0.05a 3 
 

a, b: Different letter superscripts in the same column indicate significant differences 

 (P < 0.05) (Mean±SE). 

 

Table (2): Effect of zinc chelated methionine on total and differential leucocytic count in 

laying hens 

Monocyt 
% 

Lympho 
% 

Baso 
% 

Esino 
% 

Neutroph 
% 

WBCs 
103⁄ µl 

          Parameters 
Groups 

3.18±0.91a 24.26±1.58a 2.98±0.55a 4.56±1.01a 65.06±2.20a 
19.68± 
2.61a Control 

4.20±0.71a 24.40±2.48a 2.66±0.26a 5.86±1.27a 63.54±3.41a 
22.72± 
1.25a 2 

2.64±0.77a 19.28±4.31a 3.28±.23a 7.38±1.81a 63.38±2.29a 
20.32± 
0.97a 3 

 

a, b: Different letter superscripts in the same column indicate significant differences (P < 0.05) 

(Mean±SE). 
 

Table (3): Effect of zinc chelated methionine on Phagocytosis in laying hens 

         Parameters 

Groups 
Phagocytic activity% Phagocytic index 

Control 37.86±2.32b 2.28±0.57 

2 40.54±3.08b 3.20±0.36 

3 44.20±0.56a 2.85±0.35 
  

 a, b: Different letter superscripts in the same column indicate significant differences (P < 0.05) 

(Mean±SE).  
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Table (4): Effect of zinc chelated methionine on some liver enzymes in laying hens 

ALP (IU/L) AST (IU/L) ALT (IU/L) 
            Parameters 

Groups 

1011.0±8.03a 161.50±6.34a 88.00±0.91a Control 

925.25±3.20b 137.60±5.77b 76.60±3.26b 2 

871.75±3.88b 136.60±3.84b 79.80±3.67b 3 
 

a, b: Different letter superscripts in the same column indicate significant differences (P < 0.05) 

(Mean±SE). 

 

Table (5): Effect of zinc chelated methionine on Serum Proteins Profile and IgA in laying 

hens 

IgA 

mg/ml 
A/G 

Globulin 

(g/dl) 

Albumin 

(g/dl) 

Total 

Protein(g/dl) 

           Parameters 

Groups 

1.05±0.03a 32.73±24.31a 0.53±0.18a 4.62±0.14a 5.15±0.14a Control 

1.09±0.08a 62.92±52.69a 0.57±0.27a 4.99±0.23a 5.56±0.23a 2 

1.05±0.08a 27.54±20.09a 0.59±0.16a 5.07±0.17a 5.67±0.12a 3 
 

 

a, b: Different letter superscripts in the same colum indicate significant differences (P < 0.05) 

(Mean±SE). 
 

Table (6): Effect of zinc chelated methionine on ca, phosphorus and lipid profiles in laying 

hens.  

HDL 

mg/dL 

LDL 

mg/dL 

Cholest 

mg/dl 

P 

mg/dL 

Ca 

mg/dL 

        Parameters 

Groups 

38.97±2.89b 164.52±2.20a 214.78±0.67a 6.08±0.08a 10.23±0.29a Control 

52.75±1.53a 149.72±7.81a 210.83±8.32a 6.03±0.07a 10.18±0.28a 2 

55.65±2.25a 153.77±1.54a 218.65±0.45a 6.11±0.04a 12.20±1.57a 3 
 

a, b: Different letter superscripts in the same column indicate significant differences (P < 0.05) 

(Mean±SE). 
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Table (7): Effect of zinc chelated methionine on Vit A and oxidative enzymes in laying hens. 
 

SOD 

mol/ml 

CA 

mol/ml 

GPx 

mol/ml 

MDA 

mol/ml 

Vit A 

Plasma retinol 

(µmol/liter) 

            Parameters 

Groups 

211.77± 

23.63b 

101.34± 

3.44 b 

1009.20± 

91.73b 

9.45± 

0.20a 

84.25± 

2.17b 
Control 

274.80± 

15.56a 

109.70± 

4.02 a 

1323.05± 

112.01a 

10.00± 

0.15a 

124.75± 

6.22a 
2 

278.08± 

12.54a 

114.23± 

3.68  a 

1341.78± 

68.01a 

9.80± 

0.17a 

128.75± 

7.19a 
3 

 

a, b: Different letter superscripts in the same column indicate significant differences (P < 0.05) 

(Mean±SE). 

 

Table (8): Effect of zinc chelated methionine on exterior egg quality in laying hens. 

Shell 

percentage % 

Shell 
thickness 

μm 

Shell 

weight 

Gm 

Egg index 
Egg 

length 
Egg width 

Egg weight 

gm 

     Parameters 

 

Groups 

0.15± 

0.00 

0.15± 

0.02b 

8.88± 

0.15 

0.74± 

0.02 

5.00± 

0.35 

3.74± 

0.36b 

60.51± 

0.78 

 

control 

0.15± 

0.01 

0.21± 

0.02a 

9.79± 

0.70 

0.79± 

0.01 

5.68± 

0.09 

4.50± 

0.04a 

63.53± 

2.29 

 

2 

0.15± 

0.01 

0.23± 

0.01a 

9.87± 

0.30 

0.78± 

0.01 

5.70± 

0.11 

4.43± 

0.03ab 

61.33± 

2.25 

 

3 
  

a, b: Different letter superscripts in the same column indicate significant differences (P < 0.05)   

(Mean±SE). 
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Table (9): Effect of zinc chelated methionine on enterior egg quality in laying hens. 

Cholesterol 

Yolk 

(mg/g) 

Albumen 

% 

Albumen 

width 

Albumen 

height 

(Mm)  

Albumen 

weight 

(gm)  

Yolk 

index 

% 

Yolk 

% 

Yolk 
width 

Yolk 

height 

Yolk 

weight 

(gm)  

         Parameter 

Groups    

365.51± 

22.11a 

0.51± 

0.03b 

7.02± 

0.43 

0.68±0

.08 

30.93±

1.53 

0.44±

0.07 

0.34±

0.03a 

3.22±

0.43 

1.32±

0.19b 

20.69± 

2.10 

 

Control 

295.87± 

15.39b 

0.56± 

0.02ab 

7.08± 

0.23 

0.76±0

.09 

35.90±

2.35 

0.43±

0.04 
0.28±
0.02ab 

3.82±

0.09 
1.64± 
0.14ab 

17.84± 

0.67 

 

2 

268.70± 

7.68b 

0.59± 

0.01a 

7.45± 

0.38 

0.80±0

.04 

36.16±

1.74 

0.48±

0.01 

0.27±

0.00b 

3.78±

0.03 

1.80±

0.04a 

16.30± 

0.53 

 

3 
 

a, b: Different letter superscripts in the same column indicate significant differences (P < 0.05) 

(Mean±SE). 

 

Table (10): Effect of zinc chelated methionine on egg production in laying hens 

8th  week 

% 

7th  

week 

% 

6th  

week 

% 

5th  

week 

% 

4th  

week 

% 

3rd  

week 

% 

2nd  

week 

% 

1st 

week 

% 

           Parameters 
 

 Groups 

83.9± 

2.34b 

80.4± 

4.69b 

76.8± 

4.32b 

82.1± 

2.58b 

78.6 

±2.34c 

83.9 

±2.34b 

89.3 

±3.31 

82.1 

±2.92b 
Control 

97.6± 

2.42a 

95.2± 

3.13a 

90.5± 

5.03a 

88.1± 

7.11a 

100.0± 

0.0a 

97.6 

±2.42a 

85.7 

±5.76 

85.6 

±5.52b 
2 

83.3± 

5.23b 

92.8± 

3.42a 

92.8± 

3.42a 

88.9± 

6.11a 

90.5± 

3.42b 

90.5± 

7.27a 

92.8 

±5.03 

97.6 

±2.42a 
3 

 

a, b: Different letter superscripts in the same column indicate significant differences (P < 0.05) 

(Mean±SE). 
 

 

DISCUSSION 
 

Recently, organic trace minerals and especially mineral amino acid complex or chelate have 

become the focus of attention for the role in the high quality egg production of layers and 

breeders (Zhao et al., 2005, and Favero et al., 2013). The organic trace minerals have a 

greater bioavailability compared with inorganic trace minerals. This availability caused 
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increased solubility and decreased interaction with other nutrients during absorption in 

gastrointestinal tract (Cao et al., 2002). However mineral amino acid chelate should be 

supplemented to diet of layer hens for the optimal performance, in the present study 

supplementation of Zn- MHA chelate on diet did not significantly effect of RBCS, Hb, Total 

leucocytic count and differential leucocytic count. Phagocytosis revealed significant increase 

in group 3, these results may be attributed to zinc amino acid might have increased thymulin 

activity; therefore, enhancing immune response through increased maturation of  

T-lymphocyte and activation of B lymphocytes by T-helper cells (Hudson et al., 2004). 

Moreover, zinc has been shown to directly influence the immune system (Kirchgessner 

1993). This element is required for normal immune function (Kidd et al., 1996).  

Liver enzymes (ALT, AST and ALP) showed significant decrease in group 2 and 3 could be 

supported by the view of the beneficial effects of the use of antioxidants as hepatoprotective, 

with improvement in serum lipid profile decreasing the elevated liver enzyme and increasing 

the anti-oxidant enzyme levels (Hala et al., 2014), Decline was noticed in the value of alkaline 

phosphatase. This has been associated with increase or adequacy in dietary Zn  

(Idowu et al., 2011). This was due to Zn binding capacity of alkaline phosphatase has been 

used as good indicator of Zn status. In the current study inorganic zinc did not affect the 

serum cholesterol level but decrease LDL and increase in HDL-cholesterol. This finding was 

also in agreement with previous experiment (Uyanmk et al., 2001), indicated that a higher 

levels of serum Zn decreased the serum total cholesterol. Thus, (Miller, and Miller 1975) 

reported that plasma cholesterol level is inversely proportional to the plasma HDL level. HDL 

facilitates the transport of cholesterol from peripheral tissues to the liver for subsequent 

catabolism and excretion. Antioxidant is a substance that hinders a free radical reaction.  

A free radical is any species that contains one or more unpaired electrons. Zinc has never 

been shown to interact directly with an oxidant species but rather prefers to exert its effects in 

an indirect manner. In biochemical systems, the antioxidant properties of zinc have been 

clearly demonstrated and, for the most part, appear to be independent of zinc metalloenzymatic 

activity. Mechanism of autoxidation has been suggested that Zn increases the synthesis of 

metallothionein, a cystine-rich protein that acts as a free radical scavenger (Oteiza et al., 

1996). The exposure of an organism to zinc on a long-term basis, resulting in an induction in 

some other substance that is the ultimate antioxidant. SODs are the first and most important 

line of antioxidant enzyme defense systems against reactive oxygen species (Zelko et al., 
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2002). Increased hepatic Zn-SOD activity indicated an increase in antioxidant activity by 

supplementation with Zn-MHA. CA showed significant increase in groups 2 and 3, increased 

CA activity by Zn-MHA supplementation could contribute to the conversion of carbon 

dioxide to bicarbonate and maintenance of acid-base balance in cells and tissues (Bakst and 

Holm, 2003). The enzyme GPx is a major antioxidant enzyme that converts hydrogen 

peroxide to water using the coenzyme glutathione. Glutathione peroxidase is located primarily 

in the cytosol and has a general specificity in the detoxification of both lipid hydroperoxides 

and organic hydroperoxides (Guemouri et al., 1991). Results of the present study showed 

that, the plasma GPx activity was increased in groups 2, 3 treated with zinc methionine 

because it prevents lipid peroxidation via inhibiting glutathione depletion as well (Prasad, 

1997). Due to the ability of zinc to replace Fe and Cu from binding sites, Zn can compete 

with these transition metals to bind to the cell membrane and decrease the production of free 

radicals and thus exert a direct antioxidant action (Powell, 2000 and Prasad and 

Kucuk 2002). Vitamin A is required for normal growth, reproduction and maintenance of 

epithelial cells in good condition (skin and the linings epithelium of the digestive, 

reproductive, and respiratory tracts). Supplementation with Zn-MHA increase Vit A level in 

group 2, 3 Zinc status influences several aspects of vitamin A metabolism, including its 

absorption, transport, and utilization. Two common mechanisms postulated to explain this 

dependence relate to 1) the regulatory role of zinc in vitamin A transport mediated through 

protein synthesis, Zinc is a component of retinol-binding protein, a protein necessary for 

transporting vitamin A in the blood and 2) the oxidative conversion of retinol to retinal that 

requires the action of a zinc-dependent retinol dehydrogenase enzyme (Boron et al., 1988 

and Christian and West 1998). Supplementation with Zn-MHA was also found to improve 

eggshell thickness. Trace minerals may affect mechanical properties of eggshell either by 

their catalytic properties as key enzymes involved in eggshell formation or by interacting with 

calcite crystal formation and modifying crystallographic structure of eggshell (Mabe et al., 

2003). Zn- is a component of the carbonic anhydrase enzyme, which supplies the carbonate 

ions during eggshell formation (Bakst and Holm, 2003, Innocenti et al., 2004), so as to 

benefit to eggshell quality. Eggs are rich source of dietary cholesterol and consumption of 

high level of dietary cholesterol increases the risk of coronary heart disease (Kritchevsky, 

2004). Producing eggs low in cholesterol will be of great interest to egg consumers and this 

can be better achieved by supplementing the diets of laying birds with Zn-MHA. Egg yolk 



 
 
 
 
 
 
 
 
 
 
 
 
 [[[ 

 

 

 

 346 j.Egypt.vet.med.Assoc 76, no 3.335 – 350 (2016) 
 

Soad S.Belih 

 

et el 
 

cholesterol has been reported to be synthesized in the liver of laying hens and transported to 

the developing follicles via plasma very low density lipoprotein (VLDL) where it is deposited 

by receptor mediated endocytosis (Nimpt and Shneider, 1991). In the present study, 

supplementation of Zn-MHA on diet significantly affects hen day egg production in group  

2. It has been reported that, the egg production was increased with supplementation of layers 

diets with organic form of  Zn replacing inorganic forms, depend on higher bioavability of 

organic form of minerals .On the other hand, the similar results in group 3 till the 8th week , 

the egg production begin to decline . This result depended on at higher levels of Zn in mineral 

amino acid chelate might be a result of disruption of feed ingredients in the digestive organs. 

Thus, ( Hudson et al., 2005 and Bilgehan et al., 2015) observed that high level Zn 

supplementation to diets causing lesions in the pancreas and gizzard of laying hens affecting 

feed intake and absorption of nutrients causing decrease egg production . Animals and poultry 

absorb, digest and use mineral chelate better than inorganic form of minerals. This means that 

lower concentrations of organic trace minerals can be used in animal and poultry feeds.  

The results of the current study showed that, supplementation of 0.5 g/kg mineral amino acid 

chelate (Zn-MHA) to diet increased egg production and had favorable effects on interior and 

exterior egg quality of laying hens. In conclusion, trace minerals (Zn) in the form of MHA 

chelates showed higher bioavailability and beneficial effects compared with inorganic form 

when included in laying hens’ diet 
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