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ABSTRACT:This work was carried out to study the effect of dietary Zinc methionine 

supplementation on some productive, reproductive and physiological performance traits of aged 

male and female Inshas strain laying hens. A total number of 150 laying hen plus 15 cockerels of 

Inshas strain at 48 weeks of age were used in this experiment up to 60 weeks of age. All birds 

were randomly divided into five equal groups each of 30 females and 3 males, with three equal 

replicates, wing banded and individually weighed, with nearly similar average initial live body 

weight of all groups. The 1st group (T1) was fed the basal diet contained 50 mg Zinc oxide/kg 

diet according to NRC, (1994), and served as control, while 2nd, 3rd, 4th and 5th groups (T2, T3, T4 

and T5 respectively) were fed the basal diet supplemented with 40, 60, 80 and 100 mg Zinc 

methionine/kg diet ,respectively. Final body weight, body weight gain, egg production 

percentage, shell thickness and shell weight percentage were significantly (P≤0.05) improved for 

birds fed diet supplemented with Zinc methionine at levels 60, 80 and 100mg/kg diet and albumen 

weight percentage at levels 40, 60, 80 and 100mg/kg diet compared to those fed the control diet. 

Gradual increase had been observed in plasma hemoglobin (Hb), red blood cells (RBCs), 

hematocrit,white blood cells (WBCs), lymphocyte percentage, testosterone, estrogen,progesterone 

and Zinc (Zn) concentrations and gradual decrease in plasma heterophill/lymphocyte ratio, 

phosphorus (P), Copper (Cu) and Iron (Fe) concentrations with increasing dietary levels of Zinc  

methionine compared to control group. Linear increase was observed in some semen quality traits 

{ejaculate volume (E.V), sperm concentration (S.C), live sperm percentage (L.S%), sperm 

motility (S.M), total sperm per ejaculate(TS/E) and total live sperm per ejaculate (TLS/E)},as well 

some histomorphological parameters of male testicular tissues (Germinal epithelium thickness 

and seminiferous tubular diameter), relative testes weight, relative oviduct weight, fertility 

percentage, hatchability percentage of total eggs and hatchability percentage of fertile eggs were 

linearly increased but, abnormal sperm percentage (Ab.S%) and total abnormal sperm per 

ejaculate (TAbS/E) were linearly decreased as the levels of Zinc methionine in cocks diet 

increased compared to cocks of control group. Data from the current study concluded that adding 

zinc methionine up to 100 mg/kg diet could be used as an efficient tool for improving productive, 

reproductive and physiological performance of male and female aged Inshas strain laying hens.  
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INTRODUCTION 

The free radical theory of aging is one of 

the most popular theories of aging, which 

demonstrated increasing generation of free 

radical as the major cause of cellular 

damage (Harman, 1992). Because it doing 

lipid peroxidation which is associated with 

a progressive loss in membrane fluidity, 

reduction in membrane potential, increase 

in membrane permeability to ions which 

finally leads to cellular damage (Yu and 

Yang, 1996). Elevated levels of lipid 

peroxidation are responsible for the 

decreased physiological performance and 

increased susceptibility to age-associated 

diseases like as Alzheimer’s disease and 

Parkinson’s disease (Schipper, 2004). The 

oxidant-antioxidant status can vary 

between mammalian and birds because the 

birds have higher levels of blood uric acid 

than mammalian (Klasing, 1998). The 

reproductive performance in female birds 

is known to deteriorate with age and is 

closely connected with endocrine changes, 

primarily with variations in circulating 

levels of gonadotropins and sex steroid 

hormones (Burger et al., 2002). In males, 

an atrophy of testes seminiferous epithelial 

were occurred at 60 weeks of age in 

Japanese quail (Ottinger and Gorham, 

1986) and lipid peroxidation of the long 

chain polyunsaturated fatty acids in the 

sperm cell membrane which is the primary 

cause of infertility in turkey (Cecil and 

Bakst, 1993).  

Zinc is a hydrophilic metal which is found 

in the structure of more than 300 enzymes 

and molecules in the body and participates 

directly in enzyme catalysis, if the metal is 

removed by chelating or other agents, the 

enzyme becomes inactive (Vallee and 

Falchuk, 1993).  Also, it is an essential 

element in many physiological functions 

including growth, immune response, 

reproduction, and antioxidant defense 

(McDowell, 1992). Zinc is traditionally 

supplemented in layer feeds by using 

inorganic sources, such as Sulfates or 

Oxides with recommended level (50mg/kg 

diet) for laying hens according to (NRC, 

1994). However, these sources have 

variable bioavailability, Zinc sulfate (acid 

salts) are highly water soluble, allowing 

reactive metal ions to promote free radical 

formation, this reaction can lead to the 

breakdown of vitamins and ultimately to 

the degradation of fats and oils and 

decreasing the nutritive value of the diets, 

which can impair bird performance and 

may contribute to environmental pollution 

while, Zinc oxides are less reactive but 

also less bioavailable (Edwards and Baker. 

1999). Recently, organic sources with the 

inorganic minerals are commonly used in 

animal nutrition in order to avoid the 

disadvantages of the inorganic sources of 

minerals (Boruta et al., 2007).   

Therefore, The present study was 

conducted to determine the effect of 

adding different levels of organic Zinc 

(Zinc methionine) to formula of laying 

hen’s diet basically contain 50 mg Zinc 

oxide/kg diet, as a source of inorganic 

Zinc, according to (NRC, 1994), on some 

productive, reproductive and physiological 

performance of aged male and female 

Inshas strain laying hens. 

MATERIALS AND METHODS 

This experiment was carried out at Inshas 

Poultry breeding Station, Animal 

Production Research Institute, Agricultural 

Research Center. 

Experimental design 

A total number of 165 Inshas strain birds 

(150 hens and 15 cocks) 48-wks-old were 

used in this experiment up to 60 wks of 

age. All birds were individually weighed 

and randomly divided into 5 equal 

experimental groups (30 hens and 3 cocks 

of each) with three replicates (10 hens and 

1 cock each) with almost similar initial 

average body weight. Replicates were 

randomly housed in floor pens (280 cm 

long x 220 cm wide). The first group was 

fed the basal diet contained 50 mg Zinc 

oxide/kg diet according to NRC (1994), 
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and served as control. The second, third, 

fourth and fifth groups were fed the basal 

diet supplemented with 40, 60, 80 and 100 

mg Zinc methionine/kg diet, respectively.  

Management and feeding: 

All birds were kept under the same 

managerial hygienic and environmental 

conditions. Birds were kept in a 

windowed house with light cycle 

regimen of 16 h light: 8 h darkness, 

throughout the experimental period (48-

60 wks of age). Feed and water were 

provided for ad libitum consumption. 

Birds were fed layer diets according to 

NRC (1994). The composition and 

calculated analysis of the basal diet ( 

Table 1 ) showed the adequacy of all 

nutrients needed for laying hens. 

Measurements:- 

Laying performance traits: 

Body weights were recorded at the 

beginning (48 weeks of age) and the end 

of the experiment (60 weeks of age). Feed 

intake and feed conversion ratio, egg 

number and egg production percentage, 

egg weight and egg mass (number of eggs 

x egg weight) were recorded for each 

replicate at the end of each week from 48 

up to 60 wks of age.   

 Egg quality parameters: 

A total of 75 eggs (15 eggs from each 

treatment) were taken after 60 wks of age 

to determine the exterior and interior egg 

quality parameters. Eggs were weighed 

individually then broken and the inner 

contents were placed on a leveled glass 

surface to determine the inner egg quality. 

Shell weight % (SW), shell thickness, mm 

(ST) including shell membranes were 

measured using a micrometer at three 

locations on the egg (air cell, equator and 

sharp end). Records were also taken for 

egg length, mm (EL), egg width, mm 

(EWd), shape index (SI) (estimated as the 

percentage of EWd to EL), albumen 

weight % (AW), yolk weight % (YW), 

yolk height, mm (YH), yolk diameter, mm 

(YD) and yolk index (YI) (estimated as the 

percentage of YH to YD). 

 

Carcass traits:- 

At the end of the experimental period (60 

wks of age), six birds (3 cocks + 3 hens) 

from each treatment were randomly 

chosen, weighed and slaughtered until 

complete bleeding and feathers were 

removed. The birds were weighed after 

removing heads, legs and viscera to 

determine the percentage of carcass weight 

included wings and necks. The heart, liver, 

empty gizzard, as well as oviduct length 

(cm), ovary, oviduct, testes and abdominal 

fat were separated, weighed and their 

relative weight to live body weight were 

calculated.  

Blood biochemical analysis and 

hematological picture:-  
At 60 weeks of age (end of experiment), 

blood samples were collected from each 

slaughtered bird during exsanguination in 

two heparinized test tubes. Blood of the 

first tube was used to evaluate the total 

count of red and white blood cells as well 

as the differential counts of leucocytes 

(lymphocyte and heterophil) while, the 

second one was centrifuged at 3000 rpm 

for 20 minutes. The separated plasma was 

stored at -20°C until being assayed for 

plasma sex hormones (testosterone, 

estrogen and progesterone) and plasma 

minerals ( Ca, P, Zn, Fe and Cu) according 

to the manufacture recommendations of 

commercial kits.  

Semen quality: 

Semen samples were collected randomly 

from 15 cocks (3 cocks of each treatment) 

at 60 weeks of age using the massage 

method. Semen samples were examined 

for the following characteristics, according 

to Kalamah et al. (2000).  

1-The ejaculate volume was determined to 

the nearest 0.01 ml. using 1.00 ml. 

tuberculin syringe. 

2-Mass motility score (from 1 to 5 grades). 
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3-Percentage of live and abnormal sperm 

was determined after staining with iosine 

and nigrosine.  

4-Sperm concentration was determined by 

using Thomes – Zeis haemocytometer.  

5-Total sperm/ejaculate x 109   = 

(ejaculate volume x sperm concentration).  

6-Total abnormal sperm/ejaculate x 109   

= (sperm concentration x abnormal 

sperm% / 100). 

7-Total live sperm/ejaculate x 109   = 

(sperm concentration x live sperm% / 

100). 

The previous characteristics were 

determined according to (Kalamah et al., 

2000). 

Histomorphological parameters: 

For histomorphological studies of male 

testicular tissues, three samples per 

treatment (right testes) were cut from the 

middle region of testes. Tissue samples 

were flushed and fixed in 10% neutral 

buffered formalin for 72 hrs. Samples 

were trimmed and processed into Paraplast 

tissue embedding media. 3-5µ sections 

were cut by rotatory microtome. At least 6 

cross sections per sample were cut (18 

cross sections per treatment). The sections 

were stained with Harris Hematoxylin and 

Eosin as a general staining method as 

outlined by Bancroft and Stevens (2010). 

Tissue sections were examined for 

histomorphological studies under light 

microscope equipped with full HD 

microscopic camera and Image analysis 

software (Leica Microsystems, Germany). 

A total of 30 semi circular seminiferous 

tubules were randomly selected from 

different regions of the tissue sections per 

sample. Seminiferous tubule diameter and 

germinal epithelium thickness were 

measured by image analysis software for 

statistical analysis.  

Fertility and hatchability: 

A total of 500 eggs were incubated to 

calculate fertility at 60 weeks of age. 

Hatchability was calculated as a 

percentage of fertile eggs or of total eggs 

set.   

 

Statistical analysis: 

Data were subjected to one-way analysis 

of variance using SAS (2000). Differences 

among means were detected by using 

Duncan's multiple range test (Duncan, 

1955). The percentage values were 

transferred to percentage angle using 

arcsine equation before subjected to 

statistical analysis, and then actual means 

are presented. The following model was 

used: 

 Yij = G + Ti + eij.  

Where, Yij = observation for each 

dependent variable; G = General mean; 

 Ti = Treatment effects (i = 1,2... and 5); 

eij = Random error.  

RESULTS 

Laying performance traits:   
Effects of adding Zinc methionine levels 

to Inshas layer diets on productive 

performance traits during experimental 

period are shown in Table (2). All 

productive performance traits (Table 2) 

except feed consumption were improved 

by any level of Zinc supplementation 

throughout experimental period studied. 

Final body weight, body weight gain and 

egg production percentage were 

significantly (P≤0.05) improved for birds 

fed diet supplemented with Zinc 

methionine at levels 60, 80 and 100mg/kg 

diet (T3, T4 and T5 groups, respectively) 

also, feed conversion and egg mass at 

levels 40, 60, 80 and 100mg/kg diet (T2, 

T3, T4 and T5 groups, respectively) were 

better than those fed the control diet (T1) 

group.  

Egg quality traits: 

No significant effect on both external egg 

quality (except shell thickness and shell 

weight percentage) and internal egg 

quality (except albumen weight 

percentage) was observed due to Zinc 

methionine levels addition to Inshas laying 



Zinc methionine, Productive, Reproductive, Physiological Traits. 

41 

 

hen diets (Table 3).  Significant (P≤0.05) 

improvement was found in both shell 

thickness and shell weight percentage of 

hens supplemented with Zinc methionine 

at levels 60, 80 and 100mg/kg diet (T3, T4 

and T5 groups) and in albumen weight 

percentage at levels 40, 60, 80 and 

100mg/kg diet (T2, T3, T4 and T5 groups) 

compared to those fed the control diet 

(T1). 

Carcass traits and reproductive 

organs:- 

As shown in Table (4), adding Zinc 

methionine to Inshas laying hens and 

cocks diets had insignificant effect on 

oviduct length, relative ovary and 

abdominal fat weights for Inshas laying 

hens and relative liver, heart, gizzard and 

dressing weights for both Inshas laying 

hens and cocks, but the relative oviduct 

weight of Inshas lying hens  and relative 

testes weight of Inshas cocks showed 

gradual increase as dietary Zinc 

methionine levels increased with 

significantly (P≤0.05) effect between T5 

group only and T1 (control) group for 

relative oviduct weight  and  between both 

T5 and T4 groups and T1 (control) group  

for relative testes weight. 

Blood hematological picture: 

The results in Table (5) showed gradual 

increase in hemoglobin (Hb), red blood 

cells (RBCs), hematocrit, white blood 

cells (WBCs) and lymphocyte percentage 

and gradual decrease in 

heterophill/lymphocyte ratio with 

increasing dietary levels of Zinc 

methionine compared to control group. 

Zinc methionine groups had significant 

(P≤0.05) higher red blood cells (RBCs), 

white blood cells (WBCs) numbers and 

lymphocyte percentage in (T5) group that 

fed 100mg Zinc methionine/kg diet 

compared to control group. The increase in 

RBC’s number was accompanied with a 

significant increase in hemoglobin (Hb) 

concentration in the same treatment (T5) 

group. Response of hematocrit values to 

the different treatments followed the same 

trend observed for RBC’s number and Hb 

concentrations. Moreover, the best and 

significant (P≤0.05) value of 

heterophill/lymphocyte ratio was recorded 

by (T5) then (T4) groups compared with 

(T1)  group (control) which had the worst 

value. 

Blood biochemical analysis:-  

a- Plasma minerals:- 

As shown in Table (6), adding Zinc 

methionine to laying hens diet did not 

significantly affect plasma phosphorus (P), 

Copper (Cu) and Iron (Fe) concentrations 

compared to the control group but, slight 

gradual decrease (without harmful effect 

on performance traits) was observed with 

increasing dietary Zinc methionine levels. 

While, adding Zinc methionine to laying 

hens diet significantly (P≤0.05) increased 

plasma Zinc (Zn) concentrations 

comparing to untreated group (control) 

and the highest level of plasma Zinc was 

recorded for the highest level of Zinc 

methionine in laying hens diet ( T5) group.  

b- Plasma sex hormones: 

Data of blood plasma sex hormones as 

affected by different levels of Zinc 

methionine during experimental period are 

presented in Table (7) Plasma testosterone, 

estrogen and progesterone hormones 

concentration were linearly increased with 

increasing dietary Zinc methionine levels, 

the highest and significant (P≤0.05) value 

was recorded for level 100 mg Zinc 

methionine /kg diet (T5) group compared 

to control group which had the lowest 

value. 

Semen quality:   

Data of the semen physical characteristics 

at 60 wks of age are shown in Table (8). 

Supplementation of Zinc methionine to 

cock's diet at different levels caused a 

significant (P≤0.05) effect on all semen 

physical characteristics studied except 

semen pH. The values of ejaculate volume 

(E.V), sperm concentration (S.C), live 

sperm percentage (L.S%), sperm motility 
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(S.M), total sperm per ejaculate (TS/E) 

and total live sperm per ejaculate (TLS/E) 

were increased but abnormal sperm 

percentage (Ab.S%) and total abnormal 

sperm per ejaculate (TAbS/E) were 

decreased as the levels of Zinc methionine 

in cocks diet increased compared to cocks 

of control group.  

Histomorphological parameters: 

In Table (9) and Fig (1), Microscopic 

analysis of seminiferous tubules from 

different treatments showed that highest 

and significant (P≤ 0.05)  seminiferous 

tubular diameter is found to be in T5 then 

T4 groups with nearly 49.8% and 42.7%  

more than the control group respectively. 

Germinal epithelium thickness was 

significantly (P≤ 0.05) increased gradually 

as levels of Zinc methionine in cock’s diet 

increased compared to cocks of control 

group and T5 group demonstrated about 

45% thicker than control group. 

Fertility and hatchability: 

Significant effects of Zinc methionine 

treatment on fertility and hatchability 

percentages are shown in Table (10). Both 

fertility percentages, hatchability 

percentage of total eggs and hatchability 

percentage of fertile eggs were 

significantly (P≤ 0.05) higher in Zinc 

methionine treated groups except (T2) 

group which was insignificantly higher 

compared to the control group. In general 

the values of all previous mentioned traits 

were increased gradually by increasing 

dietary Zinc methionine levels. 

DISCUSSION 

All productive performance traits (body 

weight gain, feed conversion, egg 

production percentage and egg mass) 

except feed consumption increased 

linearly with increasing dietary levels of 

Zinc may be due to that Zinc 1) increases 

insulin concentration (Zinc is a component 

of insulin) which regulates metabolism of 

carbohydrate, fat, and protein, stimulating 

amino acid uptake and protein synthesis as 

well as glucose utilization in tissues thus, 

improving body weight gain (Linder, 

1991); 2) increases blood nitric oxide 

(NO) concentrations which has been 

postulated to regulate follicular 

development, ovulatory mechanisms 

thereby increasing egg production because 

there are an association between the size 

of ovarian follicles and NO metabolites 

(nitrite and nitrate) (Manwar et al., 2006);  

3) inhibits the activity of microbial urease, 

a key enzyme converting nitrogen 

compounds in the manure into ammonia 

and the later reduce feed efficiency, 

growth rate, and egg production (Kim and 

Patterson, 2005);  4)  protects from lipid 

peroxidation due to the following reasons: 

First) its direct antioxidant action by 

occupying iron- and copper-binding sites 

in lipids, proteins, and DNA for 

preventing them from binding to cells 

membranes thereby decrease the 

production of free radicals, thus exerting a 

direct antioxidant action (Tate et al., 

1999); Second) is a structural part of 

superoxide dismutase enzyme (cofactor), 

this enzyme scavenging superoxide 

radicals in the presence of zinc (Zago and 

Oteiza, 2001) ;Third) stimulate glutathione 

peroxidase enzyme which react directly 

with reactive oxygen species ( ROS), 

(Atakisi et al., 2009), this ROS widely 

produced by cell metabolism and react 

with double bonds of polyunsaturated fatty 

acids to yield lipid hydro peroxides thus 

cause tissue damage (Halliwell and 

Gutteridge 1984) and Fourth) increases the 

synthesis of metallothioneines (zinc 

binding proteins) which consider a class of 

antioxidants acts as a free radical 

scavenger (Ebadi et al.,1996). Thereby, 

through its previous role (as antioxidants) 

may protects hepatic cell’s membranes 

from oxidative damage (Faa, et al., 2008), 

thus, may enhance synthesis of egg yolk 

precursors (vitellogenin and very low 

density lipoprotein) in the liver thereby 
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increasing egg production. This concept is 

confirmed by (Bollengier-Lee et al., 1998) 

who demonstrated that Vit.E (through its 

action as an anti-oxidant) protects the liver 

from lipid peroxidation and the damage of 

its cell membranes, enhancing synthesis of 

egg yolk precursors (vitellogenin and very 

low density lipoprotein) in the liver, 

facilitating the release of the previous 

precursors from the liver and increasing 

the circulating supply of them for yolk 

formation thereby increasing egg 

production. 5) is an essential component 

of both DNA and RNA polymerase 

enzymes (DNA synthesis), as an integral 

part of more than 300 enzyme systems that 

are involved in metabolism of energy, 

carbohydrates, nucleic acids and protein 

and its deficiency may lead to retarded 

growth, reduced feed efficiency and even 

death in severe cases (Vallee and Falchuk 

1993).  And 6) commercially available 

Zinc methionine complexes provide both 

Zinc and methionine, because Zinc 

methionine complexes are transported 

intact from the intestinal lumen into the 

mucosal cells and absorbed without 

modification thus, provide tissues with 

methionine which should improve animal 

productivity as well as the role of Zinc (as 

mentioned above) (Hill et al., 1986 and 

Hempe and Cousins, 1989). Our results 

are in harmony with (Kim and Patterson, 

2005) who observed an improvement in 

egg production for layers fed organic Zinc. 

Also, Bahakaim et al. (2014) found that 

the highest and significant overall mean of 

egg mass was observed for 100 then 50 

mg Zinc methionine supplementation to 

layer’s diet compared to control group.  

The significant (P≤0.05) improvement in 

both shell thickness and shell weight 

percentage with Zinc methionine at levels 

60, 80 and 100mg/kg diet and in albumen 

weight percentage at levels 40, 60, 80 and 

100mg/kg diet compared to those fed the 

control diet may be due to the importance 

of Zinc function in the formation of egg. 

In this respect, Nys et al.(1999) indicated 

that Zinc plays an important role in the 

isthmus and uterus where egg shell 

membranes and egg sell formation are 

produced respectively, because Zinc is 

dependent enzyme (cofactor) of carbonic 

anhydrase enzyme which plays a role in 

converting calcium into calcium carbonate 

which is needed for egg shell formation 

and inhibition of this enzyme results in 

lowered bicarbonate ion secretion and, 

consequently, greatly reduces egg shell 

weight and thickness Also, Williams, 

(1997) and Zinpro, (2002) indicated that 

Zinc plays an important role in protein 

synthesis in the magnum during the 

deposition of albumen. Our results are in 

harmony with the finding of Mabe et al. 

(2003) who showed an improvement in 

egg shell quality by using 60 mg zinc 

methionine /kg diet of laying hens' basal 

diet. Also, Albumen weight in group of 

hens received 50 mg organic Zinc/kg layer 

diet tended to increase significantly 

(Tabatabaie et al., 2007). 

Regarding to hematological picture, 

gradual increase in both hemoglobin (Hb), 

red blood cells (RBCs), hematocrit, white 

blood cells (WBCs) and lymphocyte 

percentage and gradual decrease in 

heterophill/lymphocyte ratio with 

increasing dietary levels of Zinc 

methionine compared to control group 

may be due to that Zinc 1) plays an 

important role in incorporation of iron into 

the hemoglobin (Parák, and Straková, 

2011), thereby increasing hemoglobin 

which reflects on increasing red blood 

cells and hematocrit and 2) is required for 

the development of lymphocytes (Kidd et 

al, 1996) which leading to First), 

increasing white blood cells and Second), 

decreasing heterophill/lymphocyte ratio 

thereby, alleviated stress because exposure 

to stress (aging in our study) would 

increase the ratio progressively whereas, 

heterophill/lymphocyte ratio accepted as a 

reliable and accurate physiological 
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indicator of stress response in chickens  

(Gross and Siegel, 1983). These findings 

are similar to the conclusions drawn by  

(Chitithoti et al., 2012) who found that 

Zinc-methionine at levels  (60 or 80 mg/kg 

diet)  resulted in a significant reduce in 

heterophill/lymphocyte ratio  in compare 

with the control which indicate that, 

supplementation of zinc at these levels 

was useful in reducing stress in broilers. 

Concerning to blood minerals, plasma 

Phosphorus, Copper and Iron 

concentrations had gradually insignificant 

decreased (slight decrease), but plasma 

Zinc gradually increased  significantly 

(P≤0.05) as the levels of dietary zinc 

methionine increased, this may be due to 

that Zinc methionine (organic source) has 

more availability compared to inorganic 

source like zinc sulphate or oxide because 

the ring structure of organic minerals 

neutralizes the positive charge of metal ion 

and protects the mineral from unwanted 

interactions with other nutrients in the 

gastrointestinal tract thereby, pass intact 

through the intestinal wall into the blood 

stream, and absorbed more efficiently than 

inorganic source which reflect on 

increasing plasma Zinc (Wedekind et al., 

1992 and Miles and Henry, 1999 ). But, 

the slight decrease (without harmful effect 

on performance traits) of Phosphorus, 

Copper and Iron may be due to depression 

in their uptake in the stomach and 

duodenum and higher fecal excretion of 

them because of the antagonistic 

interactions between Zinc and other 

minerals (Sunder et al., 2008). These 

results are in harmony with (Sajadifar, 

2013) who found that increasing dietary 

Zinc level (40, 120 and 200 mg/kg) of 

broiler chicks resulted in significant 

(p≤0.05) decrease of blood Phosphorus 

and Copper concentration.  

As regard to sex hormones, plasma 

testosterone, estrogen and progesterone 

hormones concentration were linearly 

increased with increasing dietary zinc 

methionine levels because Zinc stimulates 

the releasing of gonadotropic hormones 

which in males, are responsible for 

testosterone externalization from testis’s 

interstitial cells (leydig cells) and in 

females, stimulate pituitary follicle 

stimulating hormone (FSH) and 

luteinizing hormone (LH) which reflect on 

increasing both estrogen and progesterone 

hormones and egg production (Favier, 

1992), in line with this, is our previous 

finding of increasing egg production 

(Table 2). Likewise, these results are in 

accordance with those of (Amen and Al-

Daraji 2011) who found that adding Zinc 

levels (50, 75 and 100 mg/diet) to Cobb 

500 broiler breeder resulted in significant 

increase in both plasma testosterone 

hormone concentrations at 54, 58 and 66 

weeks of age and plasma estrogen and 

progesterone hormones concentrations at 

54 and 66 weeks of age as compared with 

control group.  

The values of sperm motility (S.M), 

ejaculate volume (E.V), sperm 

concentration (S.C), live sperm percentage 

(L.S%), total sperm per ejaculate(TS/E) 

and total live sperm per ejaculate (TLS/E) 

were increased as levels of Zinc 

methionine in cock’s diet increased 

compared to cocks of control group 

because Zinc plays an important role in the 

development of the flagellar system of the 

sperm through activates enzyme 

controlling flagellar system which is 

leading to increase sperm motility and the 

motility is essential for sperm to traverse 

the vagina and reach the sperm storage 

tubules which is important for increasing 

fertility (Caldomone et al.,1979). As 

mentioned above, Zinc increases 

testosterone hormone (Favier, 1992) and 

the latter is required to complete meiosis 

and spermatids differentiation (Sharpe, 

1994), thereby increasing sperm 

production and testicle growth (Fernandez, 
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2008), which also in harmony with our 

results of increasing testes weight 

percentage in Table (4).   This concept is 

confirmed by Jianguo and Zhinian, (1990) 

who said that testosterone concentration in 

serum was positively correlated with 

semen quality and our findings are in 

agreement with Amen and Al-Daraji, 

(2011) who found significant increase in 

semen volume for Cobb 500 broiler 

breeder groups received dietary Zinc 

levels (75 and 100 mg/diet) compared to 

control group at 50, 54, 62 and 66 weeks 

of age, moreover, Moce et al. (2000), 

registered higher volumes ejaculates of 

rabbits with increasing dietary Zinc levels 

from 35 to 100 ppm.  

Abnormal sperm percentage (Ab.S%) and 

total abnormal sperm per ejaculate 

(TAbS/E) which were decreased by 

increasing zinc methionine levels in cock’s 

diet compared to cocks of control group 

may be due to that Zinc  helps in 

protecting the structure of the genetic 

material (DNA chromatin in the sperm 

nucleus) (Bjorndahl, et al., 1991), and high 

Zinc concentrations play an important role 

in preventing lipid peroxidation of the 

long chain polyunsaturated fatty acids in 

the sperm cell membrane (Cecil and Bakst, 

1993).  

Respecting histomorphological parameters 

of male testicular tissue, germinal 

epithelium thickness was significantly (P≤ 

0.05)   increased gradually as levels of 

Zinc methionine in cock’s diet increased 

compared to cocks of control group, this 

may be due to, as mentioned above, Zinc 

increases testosterone hormone from 

testis’s interstitial cells (leydig cells) 

(Favier, 1992) and the latter is required to 

complete meiosis and spermatids 

differentiation (Sharpe, 1994), thereby 

increasing Germinal epithelium thickness 

because in birds, testosterone enhances 

Sertoli cells function to hold mature 

spermatozoa in place in the seminiferous 

tubules and regulate the release of the 

sperm cells (Rosenstrauch et al., 1994), 

which leading to increasing Germinal 

epithelium thickness and the later reflect 

(with increasing) on seminiferous tubules 

diameter because Seminiferous tubules are 

lined with a germinal epithelial layer 

showing different stages of the active 

spermatogenic cells resting on a basement 

membrane. This concept is confirmed by 

Thurston and Korn (2000) who reported 

significant positive correlation between 

testosterone concentration in blood plasma 

and Sertoli cells numbers and function. In 

this respect, Sharpe, (1994) found a 

positive correlation between Sertoli cells 

number and germinal cell numbers. Our 

results are in accordance with Al-Daraji 

and Amen, (2012) who revealed that 

adding zinc to the diet of broiler breeder 

males (50, 75 and 100 mg zinc/kg of diet) 

resulted in a significant increase of relative 

testes weight, seminiferous tubules 

diameter and germinal cells thickness in 

comparison to the control group. 

Values of fertility percentage, hatchability 

percentage of total eggs and hatchability 

percentage of fertile eggs were increased 

gradually by increasing dietary zinc 

methionine levels compared to control 

group, this may be due to that, First) Zinc 

has an important role on depressing 

oxygen uptake in the sperm cell therefore, 

Zinc may function as a metabolic inhibitor 

and regulate the phospholipids energy 

reserves thus, prolonging survivability of 

sperm in the sperm storage tubules and 

increasing the average number of sperm 

holes in the yolk layer leading to 

increasing fertility (Bakst,1985 and  

Brown and Pentland, 2007) and Second) 

following contact with the oocyte, Zinc 

removal from sperm appears to be 

involved in penetration and fertilization 

because Zinc contributes to the stable 

attachment of sperm head to tail, and its 

removal induces head-tail detachment 

(Bjorndahl and Kvist, 1982) which may be 

lead to increasing fertility percentage with 
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increasing dietary Zinc methionine levels. 

This concept is confirmed by (Kvist, 

1980) who said that head–tail 

attachment/deattachment and nuclear 

chromatin condensation/decondensation 

are also influenced by seminal zinc. 

Moreover, Zinc is required for the 

development of the avian embryo 

(Richards, 1997). Thus, may be increasing 

hatchability percentage with increasing 

dietary Zinc methionine levels, which in 

accordance with Rubin and Koide (1973) 

who said that Zinc is needed for cell 

division and multiplication. Our findings 

are similar to the conclusions drawn by 

Kidd et al. (1992) who found an increasing 

in the fertility of mature broiler breeder 

fed diet supplemented with Zn-amino acid 

complex compared with a control diet. 

Also, Kout EI-Kloub, et al. (2004) 

reported that laying hens received diets 

supplemented with levels of either 100 or 

150 mg Zinc methionine/kg diet resulted 

in significantly higher fertility percentage. 

Data from the current study, it could be 

conclude that Zinc methionine 

supplementation at 100 mg/kg diet was the 

best level and effective for decreasing 

oxidative stress of aging 

(Heterophill/Lymphocyte ratio), increasing 

productive, reproductive performance 

respecting sex hormones (testosterone, 

estrogen and progesterone) and some 

histological traits of testes. Therefore, 

adding zinc methionine with 100 mg/kg 

diet could be used as an efficient tool for 
improving productive, reproductive and 

physiological performance of male and 

female aged Inshas strain laying hens. 
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Table (1): The composition of the experimental basal diet. 

 

Ingredients 

 

Percentage (%) 

Yellow corn 

Soya bean 44% 

Wheat bran 

Corn gluten 60% 

Di Ca P export 

Lime stone 

Salt 

*Premix 

DL Methionine 

Total 

 

61.57 

17.00 

6.70 

4.50 

1.39 

8.16 

0.37 

0.30 

0.01 

100.00 

Calculated values   

Protein% 16.5 

2699 

3.468 

2.964 

3.399 

0.397 

0.610 

0.164 

1.28 

0.730 

0.335 

0.619 

Metabolizable energy (M.E.) Kcal/kg 

Crude fiber (C. F.) % 

Ether extract% 

Calcium % 

Available  Phosphorous% 

Total Phosphorous% 

Sodium% 

Arginine% 

Lysine%  

Methionine%  

Methionine & cysteine% 
    *Premix added to the 1 kg of diet including Vit.A 10000 I.U; vit. D3 2000 I.U; vit. E 15 mg; 

vit. 

    K3 1 mg; vit B1 1mg; vit. B2 5 mg; vit. B12 10 µg; vit B6 1.5mg; Niacin 30mg; Pantothenic  

   acid 10mg; folic acid 1mg; Biotin 50 µg; choline 300 mg; zinc 50mg; copper 4mg; iodine 0.3 

mg;  

   iron 30mg; selenium 0.1mg; manganese 60mg; cobalt 0.1mg and carrier CaCo3 up to 1kg. 
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Table (2): Effect of dietary zinc methionine supplementation on the performance of 

Inshas laying hens during the experimental period. 

SEM T5 T4 T3 T2 T1 Item 

23.028 1403.97 1417.27 1395.87 1404.94 1409.42 Initial body weight (g) 

21.545 1632.04 a 1619.18 a 1582.39 a 1548.45ab 1531.09 b Final body weight (g) 

26.800 228.07 a 201.91 a 186.52 a 143.51 ab 121.67 b body weight gain (g) 

35.726 8102.60 8176.96 8211.52 8284.08 8340.36 Total feed intake 

(g/hen/period) 

0.111 3.08c 3.27 bc 3.36bc 3.46 b 3.78 a Feed conversion (g 

feed/g egg mass) 

1.521 51.62 a 49.40 a 48.48 ab 47.69 ab 44.01 b Egg number (egg) 

1.811 61.45 a 58.81 a 57.71 a 56.78 ab 52.40 b Egg production (%) 

0.379 50.93 50.70 50.47 50.29 50.12 Egg weigh (g/day) 

67.958 2629.12 a 2504.00 ab 2446.40 b 2398.02 b 2205.46 c Egg mass (g/period) 
a, b….  Means within each row have no similar letter(s) are significantly different (P ≤ 0.05)  

 T1:Control  T2: zinc methionine (40mg/kg)  T3: zinc methionine (60mg/kg)  T4: zinc methionine 

(80mg/kg)  T5: zinc methionine (100mg/kg). 

 

 

 

 

 

 

Table (3): Effect of dietary zinc methionine supplementation on external and internal egg 

quality of Inshas laying hens at 60 weeks of age.  

Item T1 T2 T3 T4 T5 SEM 

External egg quality 

Egg length (mm) 54.15  53.78 53.02 53.33 53.20 0.894 

Egg width (mm) 40.43 41.22 41.55 40.77 40.93 0.444 

Shell thickness 

(mm) 

0.310 b 0.311b 0.352 a 0.358 a 0.371 a 0.010 

Shell weight (%) 12.88 b 13.01 b 13.86 a 13.98 a 14.21 a 0.488 

Egg shape index 74.69 76.73 78.39 76.50 76.91 1.236 

Internal egg quality 

Albumen height 

(mm) 

5.20 4.20 4.65 4.13 4.96 0.395 

Albumen (%) 50.48 b 51.63 a 52.02 a 52.50 a 52.58 a 1.133 

Yolk height (mm) 15.63  15.87  15.56  14.68  15.69 0.348 

Yolk diameter 41.88 41.62 41.97 38.97 39.92 1.088 

Yolk (%) 36.64 35.36 34.12 33.52 33.21 1.134 

Yolk index 37.31 38.11 37.07 37.71 39.34 1.168 
a, b….  Means within each row have no similar letter(s) are significantly different (P ≤ 0.05)   

T1:Control  T2: zinc methionine (40mg/kg)  T3: zinc methionine (60mg/kg)  T4: zinc methionine 

(80mg/kg)  T5: zinc methionine (100mg/kg). 
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Table (4): Effect of dietary zinc methionine supplementation on carcass traits and organs 

weight (% of body weight) of Inshas laying hens and cocks at 60 weeks of age. 

SEM T5 T4 T3 T2 T1 Item 

Inshas laying hens 

5.422 71.33 65.33 64.00 62.00 60.67 Oviduct length (cm) 

0.081 2.833 2.733 2.660 2.613 2.573 Ovary weight (%) 

0.083 2.933 a 2.860ab 2.840  ab 2.763 b 2.727 b Oviduct weight (%) 

0.274 2.427 2.413 2.313 2.387 2.260 Liver weight (%) 

0.036 0.467 0.443 0.453 0.440 0.423 Heart weight (%) 

0.119 1.980 1.833 1.870 1.880 1.990 Gizzard weight (%) 

2.741 68.86 64.03 68.74 65.02 64.98 Dressing weight (%) 

0.012 0.210 0.243 0.247 0.227 0.240 Abdominal fat weight (%) 

Inshas cocks 

0.103 2.428 a 2.307 a 2.110 ab 1.940 b 1.863 b Testes weight (%) 

0.173 2.453 2.250 2.333 2.423 2.410 Liver weight (%) 

0.037 0.570 0.620 0.520 0.533 0.547 Heart weight (%) 

0.289 1.776 1.803 1.923 1.847 1.830 Gizzard weight (%) 

6.724 72.28 71.51 71.79 71.00 74.09 Dressing weight (%) 
a, b….  Means within each row have no similar letter(s) are significantly different (P ≤ 0.05)   

T1:Control  T2: zinc methionine (40mg/kg)  T3: zinc methionine (60mg/kg)  T4: zinc methionine 

(80mg/kg)  T5: zinc methionine (100mg/kg). 

 

 

 

 

 

 

Table (5): Effect of dietary zinc methionine supplementation on hematological picture of 

Inshas laying hens at 60 weeks of age. 

SEM T5 T4 T3 T2 T1 Item 

0.337 14.637 a 13.330 b 13.300 b 13.283 b 11.282 c Hemoglobin (g/dl) 

0.138 2.727 a 2.560 ab 2.550 ab 2.350 ab 2.205 b Red blood cells (x 106/ul) 

1.371 40.470 a 39.555 a 39.498 a 36.883 ab 34.967 b Hematocrit  

0.333 7.680 a 7.163 ab 6.943 ab 6.750 ab 6.383 b White blood cells (x 103/ul) 

0.293 28.550 28.633 28.517 28.717 28.667 Heterophill (%) 

1.325 59.950 a 57.672 ab 54.978 bc 54.660 bc 51.830 c Lymphocyte  (%) 

0.014 0.477 c 0.496 bc 0.519 ab 0.525ab 0.554 a Heterophill/Lymphocyte 

ratio 
a, b….  Means within each row have no similar letter(s) are significantly different (P ≤ 0.05)   

T1:Control  T2: zinc methionine (40mg/kg)  T3: zinc methionine (60mg/kg)  T4: zinc 

methionine (80mg/kg)  T5: zinc methionine (100mg/kg). 
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Table (6): Effect of dietary zinc methionine supplementation on blood plasma minerals 

of Inshas laying hens at 60 weeks of age. 

SEM T5 T4 T3 T2 T1 Item 

0.126 5.46 5.63 5.76 5.85 5.92 Plasma P (mg/dl) 

0.007  0.302  0.308  0.321  0.330  0.344 Plasma Cu (mg/dl) 

6.980 293.40 295.40 304.60 309.40 312.20 Plasma Fe (mg/dl) 

0.186 a 5.76 a 5.57 a 5.48 a 5.32 b 4.23 Plasma Zn (mg/dl) 
a, b….  Means within each row have no similar letter(s) are significantly different (P ≤ 0.05)   

T1:Control  T2: zinc methionine (40mg/kg)  T3: zinc methionine (60mg/kg)  T4: zinc methionine 

(80mg/kg)  T5: zinc methionine (100mg/kg). 

P= Phosphorus, Cu= Copper,  Fe= Iron,  Zn= Zinc 

 

 

 

Table (7): Effect of dietary zinc methionine supplementation on blood plasma sex 

hormones of Inshas chickens at 60 weeks of age. 

SEM T5 T4 T3 T2 T1 Item 

0.241 a 4.433 ab 3.367 ab 3.045 ab 2.982 b 2.445 Testosterone  (ng/ml) 

50.764 a 426.05 ab 366.68 ab 315.62 ab 289.19 b 220.00 Estrogen  (pg/ml) 

0.025 a 0.329 b 0.237 b 0.220 b 0.205 b0.183  Progesterone  (ng/ml) 
a, b….  Means within each row have no similar letter(s) are significantly different (P ≤ 0.05)   

T1:Control  T2: zinc methionine (40mg/kg)  T3: zinc methionine (60mg/kg)  T4: zinc methionine 

(80mg/kg)  T5: zinc methionine (100mg/kg). 

 

 

 

 

Table (8): Effect of dietary zinc methionine supplementation on semen quality traits of 

Inshas cocks at 60 weeks of age. 

SEM T5 T4 T3 T2 T1 Item 

0.040 0.440 a 0.432 a 0.413 ab 0.397 b 0.333c Ejaculate volume (ml) 

0.211 7.48 7.67 7.65 7.50 7.63 Semen pH 

0.440 4.000 a 3.833 a 3.500 a 3.333 ab 2.667 b Sperm motility (1-5) 

2.952 91.00 a 89.83 a 87.17 a 84.50 ab 76.00 b Live sperm % 

1.146 11.50 b 13.17 b 14.17 b 15.00 ab 18.00 a Abnormal sperm % 

0.237 3.817 a 3.628 ab 3.550 ab 3.348 ab 2.908 b Sperm concentration (x 109) 

0.178 1.707 a 1.557 a 1.457 ab 1.365 ab 0.967 b Total sperm/ejaculate 

0.269 3.482 a 3.270 a 3.098 a 2.905 ab 2.242 b Total live sperm/ejaculate 

0.041 0.435 c 0.452 c 0.468 bc 0.495 ab 0.517 a Total abnormal 

sperm/ejaculate 
a, b….  Means within each row have no similar letter(s) are significantly different (P ≤ 0.05)  

 T1:Control  T2: zinc methionine (40mg/kg)  T3: zinc methionine (60mg/kg)  T4: zinc methionine 

(80mg/kg)  T5: zinc methionine (100mg/kg). 
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Table(9): Effect of dietary zinc methionine supplementation on some histomorphological 

parameters of male testicular tissue of Inshas cocks at 60 weeks of age. 

SEM T5 T4 T3 T2 T1 Item 

6.81 316 a 301 ab 260 bc 241 c 211c Seminiferous tubular 

diameter(µ) 

1.47 58 a 57 a 56 a 51a 40 b Germinal epithelium  

thickness(µ) 
a, b….  Means within each row have no similar letter(s) are significantly different (P ≤ 0.05)   

T1:Control  T2: zinc methionine (40mg/kg)  T3: zinc methionine (60mg/kg)  T4: zinc methionine 

(80mg/kg)  T5: zinc methionine (100mg/kg). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table (10): Effect of dietary zinc methionine supplementation on fertility and 

hatchability percentages of Inshas laying hens at 60 weeks of age. 

 

SEM T5 T4 T3 T2 T1 Item 

1.314 a 91.83 ab 89.84 ab 89.77 bc 87.61 c 85.55 Fertility (%) 

1.135 a 83.83 a 83.33 a 82.75 ab 81.14 b 78.29 Hatchability of total eggs (%) 

1.496 a 93.33 a 91.00 ab 89.83 bc 86.17 c 82.83 Hatchability of fertile eggs (%) 
a, b….  Means within each row have no similar letter(s) are significantly different (P ≤ 0.05)   

T1:Control  T2: zinc methionine (40mg/kg)  T3: zinc methionine (60mg/kg)  T4: zinc methionine 

(80mg/kg)  T5: zinc methionine (100mg/kg). 
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Fig. (1) Showing the mean diameter of semi circular semineferous tubules in different 

groups (T1-T5). H&E stain, X40.   

T1:Control,  T2: zinc methionine (40mg/kg),  T3: zinc methionine (60mg/kg), T4: zinc 

methionine (80mg/kg) and T5: zinc methionine (100mg/kg). 
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 خص العربىالمل

 محاوله لتحسين األداء االنتاجى والتناسلى والفسيولوجى لذكور و اناث  دجاج انشاص البياض 

 المتقدم فى العمر باستخدام الزنك مثيونين.
صبرى موسى  - **محمد عبد الرازق خطاب – *أحمد محمد رزق - *محمد محمود سليمان - *عالء كمال علم الدين

 *محمود موسى

جيزه  -دقى -وزارة الزراعه  -مركز البحوث الزراعيه  -معهد بحوث االنتاج الحيوانى  -وث تربية الدواجن قسم بح *

 مصر. -
 مصر. -جيزه  -جامعة القاهره   –كلية الطب البيطرى  –قسم الهستولوجى و الخاليا  **

حوث االنتاج الحيوانى. بهدف معهد ب –الشرقيه  –أجريت هذه الدراسة فى محطة بحوث االنتاج الحيوانى بانشاص 

مللى جرام زنك  05دراسة تأثير اضافة مستويات مختلفه من الزنك ميثيونين الى العليقة األساسية )تحتوى على 

 االداء االنتاجى و التناسلى لذكور و اناث  دجاج انشاص البياض المتقدم فى العمر.  اكسبد/كيلو جرام علف( على

 خمسأسبوع وقسمت عشوائيا الى  48ديك من سالله أنشاص عمر  15دجاجه و  150استخدم فى هذه الدراسة عدد 

ديوك/ مجموعة( وكل مجموعة تم تقسيمها الى ثالث مكررات متساوية  3دجاجه و  30مجموعات متساوية العدد )

 ديك /مكررة( وتم تغذية المجموعات الخمس كالتالى: 1دجاجه و  10العدد ) 

مللى جرام  05نترول( تتغذى فيها الطيور على العليقة األساسية بدون أى اضافة )تحتوى على المعاملة األولى: )ك -1-

 .زنك اكسبد/كيلو جرام علف(

مللى جرام / كجم  05المعاملة الثانيه: تتغذى فيها الطيور على العليقة األساسية مضاف اليها الزنك مثيونين بمعدل  -2

 .عليقة

مللى جرام / كجم  05ها الطيور على العليقة األساسية مضاف اليها الزنك مثيونين بمعدل المعاملة الثالثة: تتغذى في -3

 .عليقة

مللى جرام /  05المعاملة الرابعة: تتغذى فيها الطيور على العليقة األساسية مضاف اليها الزنك مثيونين بمعدل  -0

 .كجم عليقة

مللى جرام /  155ألساسية مضاف اليها الزنك مثيونين بمعدل المعاملة الخامسة: تتغذى فيها الطيور على العليقة ا-0

 .كجم عليقة

 أسبوع وتتلخص أهم النتائج المتحصل عليها فيما يلى: 05عمر إستمرت التجربه حتى   

سجلت المجموعة الثالثه والرابعه و الخامسه زيادة معنويه فى وزن الجسم النهائى  والوزن المكتسب و النسبة المئوية -

 اج البيض والنسبه المئويه لوزن القشره و سمك القشره مقارنة بالمجاميع التجريبية األخرى.إلنت

أسبوع حدث زياده تدريجيه فى تركيز بعض مكونات الدم مثل الهيموجلوبين و كرات الدم الحمراء و  05عند عمر -

مفوسايت وهرمونات التستستيرون و االستروجين الهيماتوكريت و كرات الدم البيضاء والنسبة المئوية للي

والبروجستيرون وعنصر الزنك ونقص تدريجى فى مكونات اخرى مثل نسبة الهتيروفيل الى الليمفوسيت وعنصر 

 الفسفور والنحاس والحديد فى بالزما الدم وذلك بزيادة مستوى الزنك مثيونين فى الغذاء اليومى.

جودة السائل المنوى )حجم سجلت النتائح زيادة خطية فى بعض صفات سبوع( أ 05فى نهاية التجربه )عند عمر -

العدد  -الحركة الكلية للحيوانات المنوية  -النسبة المئوية للحيوانات المنوية الحية  -تركيز الحيوانات المنويه  –الفذفه 

القذفة( وبعض القياسات الهستولوجيه فى  العدد الكلى للحيوانات المنوية الحية فى -الكلى للحيوانات المنوية فى القذفة 

والنسبه المئويه لوزن قناة  الخصيه قطر االنابيب المنويه( والنسبه المئويه لوزن  –الخصيه )سمك الطبقه الجرثوميه 

البيض ونسبة الخصوبه و نسبة الفقس من البيض الكلى و نسبة الفقس من البيض المخصب بزيادة مستوى الزنك 

ذاء اليومى والعكس فى صفات النسبة المئوية للحيوانات المنوية الشاذه و العدد الكلى للحيوانات المنوية مثيونين فى الغ

 الشاذه فى القذفة.

يمكن تحسين األداء االنتاجى والتناسلى لذكور واناث  دجاج انشاص البياض المتقدم فى ه من هذه النتائج نستنج أن

  عليقة. كجممللجم زنك مثيونين / 155العمر باضافة 


