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ABSTRACT:  

 A 2X4 factorial design experiment was performed including two 

sources of zinc (inorganic or organic). The inorganic Zn was provided as 

zinc oxide 72% and organic Zn was provided as Bioplex Zn, a chelated Zn 

proteinate that contained 10% Zn (Bioplex, Alltech Inc). The inorganic or 

organic zinc were added to the basal diet containing 22.21 mg zinc /Kg  

diet completed to 35(NRC, 1994), 70, 105 and 140 mg Zn / Kg diet. A total 

number of 240  laying hens and 24 cocks of Inshas strain (local strain) of 

24 weeks old was used to study the effect of sources and levels of Zn 

addition to birds rations on their productive performance, reproductive 

traits, immune response to SRBC and economic efficiency. Birds were 

randomly distributed into eight equal groups (30 hens and 3 cocks each). 

Each group was subdivided into three replicates (10 hens and 1 cocks 

each) laying hens of each group nearly equal in average body weight 

(1430.55± 19.95) and average daily egg production. The experiment 

period extended from 24 to 36 weeks of age, during hot summer season 

(from June to September, 2008).  The average minimum and maximum 

ambient temperatures ranged between 23.6 and 34.7 
0
C, relative humidity 

from 31.8 to 80.7% and temperature-humidity index (THI) from 21.64 to 

33.52% under Inshas, Sharkia Province, Egypt. 

Results obtained showed that feed conversion, egg production% , egg 

mass )24 - 28 weeks of age(, semen ejaculate volume (ml), percentages of 

sperm motility and sperm-cell concentration and antibody titer against 

SRBC’S were improved significantly (P<0.05) ,while  dead 

spermatozoa(%) were decreased significantly (P<0.05) for birds fed diets 
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contained organic zinc as compared to those fed zinc oxide. Laying hens 

fed diets contained 105 mg Zn/Kg diet  recorded best values of  feed 

conversion, egg production(%), egg mass, fertile eggs (%),  

hatchability/total eggs (%)  and hatchability/ fertile eggs (%) values while 

the lowest values were recorded with layers fed diets containing 35 mg Zn 

oxide /Kg diet. Inshas cocks fed 105 mg Bioplex Zn / Kg diet showed the 

highest sperm cell concentration and lowest in dead sperm percentages as 

compared with other treatment groups which, improved the positive and 

direct effect on the viability of sperm and consequently affect the rate of 

cock fertility.  Heamoglobin, serum zinc and yolk zinc were higher (al most 

significantly) for layers fed diets contained at levels 105 or 140 Zn mg/ Kg 

as compared with those fed other levels of Zn at the end of experimental 

period. Generally, zinc from Bioplex Zn improved titer against SRBC’S 

better than zinc from Zn oxide.  

In conclusion, diets supplemented with organic zinc at the level of 

105 mg Zn/ Kg diet improved most physiological productive and 

reproductive traits of Inshas strain under hot summer condition in Egypt.  

   Key words: Zn oxide, Bioplex Zn,  productive & reproductive traits, 

immune response to SRBC, economic   efficiency. 

 

INTRODUCTION 

 High ambient temperatures compromise performance and productivity
 

through reducing feed intake and decreasing nutrient utilization,
 
growth rate, egg 

production, egg quality, and feed efficiency,
 
which lead to economic losses in 

poultry production (Donkoh, 1989). Environmental stress, also leads to oxidative 

stress associated with a reduced antioxidant status in the bird, as reflected by 

increased oxidative damage and lowered plasma concentrations of antioxidant 

vitamins (e.g., vitamins E, A, and C) and minerals (e.g., Zn),  Franco  and Beck 

(2007) and Sahin et al. (2009). Supplemental zinc used in poultry diets is beneficial 

to layer hens during environmental stress (Sahin and Kucuk, 2003). Zinc has an 

important role in numerous biological processes in avian and mammalian species. 

For instance, Zn is an essential component of many enzymes, and it has both 

structural and catalytic functions in metalloenzymes (Innocenti et al., 2004). 

Furthermore, dietary Zn is required for normal immune function, as well as proper 

skeletal development and maintenance, Kidd et al. (1992 and 2000). Sahin et al., 

(2009)  reported that one of the most important functions of Zn is related to its 

antioxidant role and its participation in the antioxidant defense system . Published 

research relative to the interactions between heat stress and Bioplex (organic) Zn in 
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poultry is sparse. Adverse effects of heat stress on Zn metabolism caused to 

increase Zn excreted in poultry manure. Dietary modifications are among the most 

preferable and practical methods to alleviate the effect of high environmental 

temperature on poultry performance and such methods have previously been used. 

Organic Zn sources such as Bioplex Zn , Zn-methionine or Zn-propionate were 

more bioavailable than inorganic Zn sources such as zinc oxide (ZnO) or  zinc 

Sulfate (ZnSO4-H2O) (Wedekind et al., 1992; Hahn and Baker, 1993). Luecke et 

al., (1978) revealed that Zn has been reported to be involved in boosting the 

immune system to disease outbreaks. Subsequent research provided evidence for 

Nutrient Requirements for Poultry (NRC, 1994) to set the requirements of layer 

hens at 35 ppm. Another mode of action proposed for Zn as an antioxidant is its 

interaction with vitamin E, because vitamin E status is impaired in zinc-deficient 

animals (Salgueri, et al., 2000). Rashidi et al.(2010) found that heat stress 

decreased humoral and cell-mediate immune response and diet supplementation 

with vitamin E and Zn decreased the impact of heat stress on performance and 

immune system of broilers. 

 On the other hand, organic mineral sources such as proteinate and amino 

acid chelate have been used increasingly in the last years due to their higher 

bioavailability (Cao et al., 2000) and lower manure loading (Manon et al., 2005). 

In general, inconsistency exists among research results regarding bioavailability of 

organic Zn sources.  Moreover, some studies indicated small or no differences in 

bioavailability of Zn sources either inorganic or organic (Ammerman et al., 1995). 

This work compiles past and present information about the role of Zn in heat-

stressed poultry health. This study was carried out to establish the value of Zn 

(source and level) on productive and reproductive performance in heat stressed 

laying hens. Also, some blood hematological and biochemical parameters, semen 

characteristics, immune response to sheep red blood cells (SRBC’S) and 

economical efficiency with different sources and levels of zinc were studied.  

MATERIALS AND METHODS 

            The experimental work of this study was carried out at Inshas Poultry 

Research Station, Animal Production Research Institute, Agriculture Research 

Center, Giza, Egypt, during hot summer season (from June to September, 2008). 

The average minimum and maximum ambient temperatures ranged between 23.6 

and 34.7 0C, relative humidity from 31.8 to 80.7% and temperature-humidity 

index (THI) from 21.64 to 33.52%, under Inshas, Sharkia Province, Egypt (Table 

1).  THI was estimated according to the formula by Marai et al. (2000) as follows:  
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Table (1). Microclimatic data during the whole experimental period, 

under environmental condition. 

Summer 

months 

Averages temperature 

(
0
C) 

Averages  

RH (%)   

Averages  

(THI) 

Min
*
 Max

**
 Min

*
 Max

**
 Min

*
 Max

**
 

June 22.5±0.37 35.0±0.40 25.7±1.11 75.5±1.66 36.52 22.33 

July 23.7±0.21 34.1±0.29 34.7±1.08 83.1±1.16 38.13 22.63 

August 33.4±6.38  24.8±6.33  23.3±8.83  12.5±6.32  33.35 23.64 

Averages 23.6±0.17 34.7±0.18 31.8±0.78 80.7±0.82 38.53 22.43 

*=Minimum, **Maximum, RH=Relative humidity, THI=Temperature-humidity index  

THI=db
0
C-{(0.31-0.31 RH) (db

0
C -14.4)}, where db

0
C = bulb temperature in 

Celsius and RH= RH%/100. A 2X4 factorial design experiment was performed 

including two sources of Zn (inorganic or organic) and four levels (35, 70, 105 and 

140 mg Zn /Kg diet). The inorganic Zn was provided as Zn oxide 72% and organic 

Zn was provided as Bioplex Zn, a  chelated Zn proteinate, that contained 10% Zn 

(Bioplex, Alltech Inc). The inorganic and organic zinc were added to the basal diet 

containing 22.21 mg Zn / Kg diet and completed to 35(NRC, 1994), 70, 105 and 

140 mg Zn / Kg diet. The composition and chemical analysis of the experimental 

laying diet are presented in Table (2). A total number of 240 laying hens and 24 

cocks of Inshas local strain at 24 weeks of age were randomly distributed into 8 

treatment groups (30 hens and 3 cocks / each treatment). Each group was sub-

divided into three replicates (10 hens and 1 cock each). The experimental groups 

were, nearly equal in average body weight (1430.55± 19.95 and average daily egg 

production.  

  The experimental period extended from 24 to 36 weeks of age. The 

experimental birds were leg-banded and housed in 24 pens and fed a basal diet 

containing 17.33% crude protein and 2722Kcal ME/ Kg diet (Table 2). Birds were 

fed ad-libitum and fresh water was available all the time during the experimental 

period. The photoperiod during the experimental period was fixed at 16h. 

Individual body weight of laying hens was recorded at 24, 28, 32 and 36 weeks of 

age.  While egg number and egg weight were recorded daily and feed intake was 

calculated weekly. Egg mass was calculated by multiplying egg number by 

average egg weight. Feed conversion (g feed/g egg mass) was also calculated. At 

36 weeks of age, 60 eggs from each treatment were collected and incubated. After  
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Table 2.    Composition and chemical analysis of the experimental diet  fed 

during the laying period.  

Ingredients % 

Yellow corn     (8.5 %) 63.14 

Soybean meal  (44 % )  27.10 

Limestone     (CaCo3 ) 7.60 

Di-calcium phosphate 1.50 

Dl-Methionine 99% 0.06 

Salt    (NaCl) 0.30 

Vit + Min. premix* 0.30 

Total 100.00 

Chemical analysis:-  

a-Calculated analysis **:-  

Crude protein, %. 17.33 

ME,    Kcal/Kg.  2722 

Calcium, %         3.35 

Available phosphorus, %. 0.40 

Lysine, %. 0.88 

Methionine,% 0.34 

Methionine + cystine %. 0.64 

Zinc (mg/Kg) 22.21 

b-Determined analysis ***:-  

Crude protein,%. 16.76 

Crude fiber,%. 4.15 

Ash %. 6.38 

     * Vitamin and mineral premix: each 3 Kg of vitamin and mineral premix 

(Special component from commercial source AGRIVET Co.) contains: Vit. A. 12000000 
IU, Vit.  D3 2000000 IU,  Vit. K3 2000 mg, Vit. E10,000 mg,  Vit. B1 100 mg, Vit. B2 5000 
mg, Vit. B6 1500 mg, Vit. B12 10 mg, Biotin 50 mg, Choline chloride 250000 mg, 
Pantothenic acid 10000 mg, Nicotenic acid 3000 mg, Folic acid 1000 mg, Manganese 
60000 mg, Iron 30000 mg, Selenium 100 mg, Copper 10000 mg, Iodine 1000 mg, 
Cobalt 100 mg, Carrier(Ca Co3) add to 3kg. 

      **  Calculated according to NRC (1994). 

       *** Determined according to the methods of AOAC (1990). 

 

hatching, chicks were counted and non-hatched eggs were broken to determine the 

percentages of fertility and hatchability. Fertility% was calculated as the percentage 

of fertile eggs from the total number of set eggs, while the hatchability% was 

expressed as chicks hatched from fertile eggs and from total set eggs. Semen 

samples were individually collected (24 cocks) at the end of experiment using the 

abdominal massage method from all cocks. Semen ejaculate volume was measured 
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in graduated tubes and hydrogen-ion concentration (pH) was measured by 

Universal Indicator Paper and Standard Commercial Stain (Karras, 1952). Sperm-

cell concentration was determined using the spectrophotometer density meter 

technique with diluted semen samples (1:250) as described by Lake and Stewart 

(1978). Eosin-Nigrosine stain was used to determine the percent of 

morphologically sperm abnormalities and dead spermatozoa (Lake and Stewart, 

1978). A small droplet from cock semen was placed on a warm slide, covered with  

a cover slide and examined for sperm motility microscopically at 40x 

magnification. 
 
 

 Blood samples were collected, at the end of the experiment, from 3 hens 

per treatment (5 ml/ hen) from the brachial vein and transferred into tube. Serum 

samples were obtained by centrifugation of samples at -20˚C until they were 

analyzed. No coagulated blood was used for hemoglobin determination.  Stored 

serum samples were analyzed for total protein, albumin and zinc and yolk zinc 

using the suitable commercial chemical kits. Globulins were estimated by 

subtraction of albumin value from total protein value of each sample. At 34 weeks 

of age, nine birds from each treatment were immunized by intravenously injection 

with 1.0 ml of suspension of sheep red blood cells (SRBC’S) 7% in sterile saline 

(Yamamoto and Glick, 1982). Seven days following antigen challenge, blood 

samples were collected. Approximately 2.0 ml of blood was drawn from the 

brachial vein of each bird. It was allowed to clot to provide serum for antibody 

titer. Humoral immune response to SRBC’S was measured using micro 

haemagglutination technique.  

 The economical efficiency (EEf) of the experimental treatments was 

estimated depending on feeding cost and price of egg produced. 

 The data pooled through the experiment were proceed by General Linear 

Model procedures (GLM) described in SAS User’s Guide (SAS, Institute, 2003).  

Differences among treatment means were separated by Duncan's new multiple-

range test (Duncan, 1955). 

 

RESULTS AND DISCUSSION 

 

Productive performance: 

  Results in Table (3) showed that body weight, feed intake and egg weight 

of laying hens were not significantly affected by dietary Zn during all the 

experimental periods. These results are in agreement with those obtained by  Kout 

El-Kloub Moustafa et al. (2004) who reported that, the addition of Zn in laying hen 

diets either as ZnO or Zn-methionine resulted in no significant differences in  
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average body weight. Namra et al. (2008) found that quails fed dietary Zn (either 

Zn SO4, imported zinc-methionine or local zinc-methionine) had an insignificantly 

improvement on body weight, as compared to those of the control group at 6 weeks 

of age. However, feed conversion during 24 – 28 and  24-36 weeks of age, egg 

production and egg mass during 24 - 28 weeks of age were significantly (P<0.05) 

improved when laying hens were fed organic zinc ( Bioplex Zn) compared with 

those fed inorganic zinc ( zinc oxide) under heat summer stress . These results are  

in full agreement with results of Ferket et al. (1992) who found that, dietry Zn-Met 

improved feed conversion ratio turkey toms than inorganic zinc. Also, Abou El-

Wafa et al., (2003) concluded that properly, supplemental Zn-methionine to the 

control diet significantly (P<0.05) increased body weight gain and improved feed 

conversion broiler chicks. 

 Zinc level had no significant effect on body weight, feed intake and egg 

weight of layers during all the experimental period (Table 3). Similar results were 

the obtained by El-Husseiny et al. (2008) who found that, the different levels of Zn 

(70, 105, 140 and 175 mg/Kg diet) had no significant effect on egg weight of 

laying hens. Kim and Patterson (2005) found that diet supplemented with zinc 

(1000, 2000 or 3000 ppm) had no significant effect on body weight, egg weight 

and feed consumption of hens. However, feed conversion, egg production and egg 

mass were improved with increasing zinc level from 35 to 70, 105 or 140 mg Zn 

/Kg diet in laying hen diets during all experimental periods (except at 32-36 weeks 

of age). However, the improvement was more pronounced and significant (P<0.05) 

with the 105 mg Zn /Kg diet. These means that total dietary concentrations of 105 

mg Zn /Kg diet was necessary to achieve normal productive performance in laying 

hens and further supplementation will be more expensive. The significant increases 

in egg production may be due to the important role of zinc in the synthesis and 

secretion of luteinizing hormone (LH) and follicle stimulating hormone (FSH) as 

reported by Bedwal and Bahuguna (1994). Improving feed conversion for groups 

fed diets supplemented with zinc may be due to better efficiency of feed utilization 

resulted in higher egg production than those fed the un-supplemented control diet 

(Kout El-Kloub Moustafa et al., 2004).  

 Results in Table (4) showed that feed conversion during 28 -32 and 24 - 36 

weeks of age, egg production during 24 -28 and 28 - 32 weeks of age, and egg 

mass during 24 - 28, 28 - 32 and 24 - 36 weeks of age were significantly (P<0.05 

or P<0.01) improved by interaction between dietary zinc source and their levels . 

Within each zinc source productive performance increased with increasing zinc 

level in the diet. It could be noticed that Bioplex Zn at a level of 105 mg/Kg diet 

recorded the best values of feed conversion, egg production and egg mass, while  
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the lowest values were recorded with hens fed diets containing ZnO at the level of 

35 mg/Kg diet. Kout El-Kloub Moustafa et al. (2004) found that, diet 

supplemented with ZnO at levels of 50 and 100mg/Kg diet showed significantly 

(P<0.05) greater values of egg production than the control group. 

 

Reproductive performance: 

1- Fertility and hatchability percentages: 

 Results in Table (5) showed that fertile eggs %, hatchability/total eggs % 

and hatchability/ fertile eggs % values were not significantly affected by zinc 

source in layers diets under heat stress. These results are impartial agreements with 

those of Kout El-Kloub Moustafa et al. (2004) who found that hatchability 

percentage of local laying hens was insignificantly improved by using all zinc 

sources (ZnO or Zn-methionine). 

 Layers fed diets contained 105 mg Zn/Kg diet recorded the highest fertile 

eggs and hatchability/total eggs percentages among all treatments. Moreover these 

percentages were significantly (P<0.05) higher than those of layers  fed 35 mg Zn 

/Kg diet during the whole experimental period (Table 5). These results may be due 

to the improvement in egg and semen quality and higher sexual efficiency traits of 

the cocks treated with increasing level of zinc under heat stress. Similarly, Namra 

et al. (2008) suggested that, zinc supplementation as zinc-methionine at higher 

levels than that of NRC (1994) recommendations improved fertility of Japanese 

layer quails.  

 Fertile eggs (%) and hatchability/total eggs (%) values of Inshas laying 

hens were significantly (P<0.05) influenced by interaction between dietary Zn 

source and Zn level at 36 weeks of age as shown in Table 5.  Inshas layer fed 105 

mg Bioplex Zn /Kg diet had higher fertile eggs (%), hatchability/total eggs % and 

hatchability/fertility eggs % values as compared with other treatments. However, 

Zn source, levels and their interactions had no significant effect on hatchability/ 

fertile eggs (%) (Table 5).  

2- Semen characteristics: 

Semen ejaculate volume (ml), percentages of sperm motility and sperm-

cell concentration of cocks fed diets contained Bioplex Zn were significantly 

(P<0.05) higher than those of cocks fed Zn oxide under heat stress as shown in 

Table 6. However, dead spermatozoa showed a reverse trend.   Kout El-Kloub 

Moustafa et al. (2004) reported similar results. They found that addition of 100 and 

150 mg Zn-Met / Kg or 100 mg ZnO /Kg diet significantly (P<0.05) improved 

some semen quality measurements (ejaculate volume, mass motility, advanced 

motility and sperm concentration) of cocks.  
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Table 5.    Fertility and hatchability percentages  SEX    of Inshas layers as 

affected by different sources and levels of dietary zinc and their 

interactions at 36 weeks of age. 

Items 

Fertile  

eggs 

(%) 

Hatchability/t

otal Eggs (%) 

Hatchability/ 

fertile  eggs 

(%) 

Zinc  sources NS NS NS 

Zinc oxide 81.67 ± 1.78 67.50 ±1.99 82.61 ±1.48 

Bioplex Zn 85.42 ± 1.99 72.08 ± 2.50 84.28 ±1.81 

Zinc level (mg/kg): ** ** NS 

35 76.67 ± 2.11 
b
 62.50 ±2.81 

c
 81.54 ±3.08 

70 83.33 ± 2.47 
a
 67.50 ±2.50 

bc
 81.01 ±1.82 

105 89.17 ± 2.01 
a
 77.50 ±2.14

 a
 86.95 ±1.84 

140 85.00 ± 1.83 
a
 71.67 ±2.47

 ab
 84.28 ±1.99 

Interaction effects: * * NS 

Zinc  

sources 

Zinc levels 

(mg/kg) 
   

Zinc oxide 

35 75.00 ± 2.89 
c
 60.00 ± 2.89 

c
 80.08 ± 3.45 

70 81.67 ± 4.41 
abc

 66.67 ± 4.41 
bc

 81.67 ± 3.47 

105 86.67 ± 1.67 
ab

 73.33 ± 1.67 
ab

 84.64 ± 1.82 

140 83.33 ± 1.67 
abc

 70.00 ± 2.89
bc 

84.07 ± 3.80 

Bioplex Zn 

35 78.33 ± 3.33 
bc

 65.00 ± 5.00  
bc

 83.01 ± 5.78 

70 85.00 ± 2.89 
abc

 68.33 ± 3.33  
bc

 80.35 ± 2.03 

105 91.67 ± 3.33 
a
 81.67 ± 1.67

 a
 89.27 ± 2.86 

140 86.67 ± 3.33 
ab

 73.33 ± 4.41 
ab

 84.49 ± 2.28 

          Means having different letters at the same row are significantly (P≤0.05) different.     

  
               

* = P<0.05; ** =   P<0.01; NS= Not significant. 

 

  

Results in (Table 6) showed that semen ejaculate volume (ml), percentages 

of sperm motility and sperm cell concentration were significantly (P<0.05) higher 

cocks fed 105 mg Zn /Kg diet compared with those of cocks fed other Zn levels. 

While, dead spermatozoa and sperm abnormalities were significantly (P<0.05) 

decreased with increasing dietary Zn levels from 35 to 105 mg/Kg diet. However, 

hydrogen-ion concentration (pH) was not significantly affected by different levels 

of Zn under heat stress. Similar trends were reported by Fathi et al. (2000) who 
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found that dietary Zn supplementation caused an increase in semen volume of 

cocks. El-Masry et al. (1994) and Tharwat (1998) reported that dietary Zn 

supplementation showed greater proportion of progressively motile spermatozoa 

than those of control group. In this concern, Gunn et al., 1961 claimed that the 

normal levels of Zn are needed for the maturation of spermatozoa. Moreover, 

Underwood (1977) reported that, zinc deficiency resulted in a failure in normal 

sperm development, as well as, prostaticatrophy. It could be suggested that zinc 

may play an active role in the development of the flagellar system of the sperm 

which is reflected on sperm motility either via its passage and stay in the 

epididymis for complete maturation, or zinc may activate enzyme controlling 

flagellar system. Furthermore, the increasing of sperm motility may be due to 

increase in sperm cell concentration as a result of zinc supplementation.  

 The interaction between source and levels were significantly (P<0.05 and 

P<0.01) as shown in Table (6). Semen ejaculate volume (ml), percentages of sperm 

motility and sperm cell concentration of Inshas cocks fed 105 mg Zn /Kg diet were 

significantly (P<0.05) higher than those of cocks fed either 35 or 70 mg Zn /Kg 

diet. However, dead spermatozoa and sperm abnormalities showed a reverse trend 

as it decreased (P<0.05) with increasing Zn level from 35 to 70 and 105 mg Zn /Kg 

diet. Inshas cocks fed 105 mg Bioplex Zn /kg diet showed an   increase in sperm 

cell concentration and decrease in dead sperm percentage as compared with other 

treatment groups which led to improve the positive and direct effect on the viability 

of sperm and consequently affect the rate of cock fertility.  

Blood hematological, biochemical parameters and zinc yolk in egg: 

 Blood hematological, biochemical parameters and zinc yolk of Inshas 

layers as affected by different sources and levels of dietary Zn and their 

interactions are presented in Table 7.  Heamoglobin, total protein, albumin, 

globulin, serum zinc and yolk zinc of layers were not affected by Zn source under 

heat stress. These results are in  partial agreement with those reported by   Kout El-

Kloub Moustafa et al. (2004) who found that total protein, albumin and globulin 

concentrations were insignificantly higher in laying hens fed Zn-Met than in those 

fed ZnO.  

 Heamoglobin, serum zinc and yolk zinc were higher and almost significant 

(P<0.05) for layers fed diets contained 105 or 140 Zn mg/kg  as compared with 

those of layers fed other levels of Zn at the end of experimental period Table 7.  

Whereas, total protein, albumin and globulin, were not significantly affected by 

different levels of Zn. These results are in good agreement with those reported by  

El-Husseiny et al. (2008) they found that hemoglobin increased with increasing 

either levels of Zn (70,105,140 and 175 mg /Kg diet) or niacin (30,150,300,450    
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mg /Kg diet). Abou EL-Wafa et al. (2003) demonstrated that blood plasma zinc 

was increased by increasing dietary zinc level of broiler chicks. Mohanna et al. 

(1999) found that plasma Zn concentration increased linearly with zinc dietary 

content and reached a plateau at 75 mg/Kg diet whereas the whole body zinc was 

saturated when the dietary zinc content was 90 mg/Kg.  Verheyen et al. (1990) 

recorded that zinc concentration in egg yolk was 90 ppm at the 4th days for hens 

fed with a high-zinc diet (10,000 ppm zinc for 2 days followed by 5,000 ppm zinc-

supplement diet for 4 days). Also, Decuypere et al. (1988) observed an increase in 

zinc content of egg yolk from the 3rd day after the start of feeding hens with zinc 

oxide (10,000, 20,000, or 30,000 mg Zn/Kg). Results in Table (7) showed that 

heamoglobin, serum zinc and yolk zinc of laying hens were significantly (P <0.05) 

influenced by interaction between dietary source and level of Zn, whereas, total 

protein, albumin and globulin value were not significantly effected by that 

interaction at the end of experimental period.   

Immune response to sheep red blood cells (SRBC’S): 

 Results of immune response to sheep red blood cells (SRBC’S) are 

presented in Table 7. Antibody titer against SRBC’S was significantly (P<0.05) 

higher for layers fed diets contained Bioplex Zn as compared with those fed Zinc 

oxide. These results are in full agreement with those reported by Ferket and 

Qureshi (1992) who found that zinc from Zn-Met has been shown to heighten 

cellular immunity in poultry over that of Zn from Zn SO4 and ZnO. 

 Layers fed the diet contained 105 and 140 mg Zn/Kg diet showed 

significantly (P<0.05) higher  immune response compared to the other levels Table 

7. In this concern, Kidd et al. (1992) found that adding zinc in hen diet increased 

significantly the humeral immune response of progeny chicks. EL-Kaiaty et al. 

(2001) reported that 50 or 100 mg Zn/Kg diet was more efficient in immune 

response than other levels (150 and 200 mg Zn/Kg diet).  

 Interaction between dietary zinc source and levels showed significant effect 

for antibody titer against SRBC’S as shown in Table 7. Supplementation of 

Bioplex Zn to the diet at levels of 105 and 140 mg/Kg diet recorded the best 

immune response to SRBC titres values (without significant differences between 

the two levels), while ZnO at the level of 35 mg/Kg diet recorded the lowest one. 

Generally, Zinc from Bioplex Zn improved titer against SRBC’S better than Zinc 

from ZnO. Bartlett and Smith (2003) reported that birds fed the high zinc level 

(181 mg/Kg diet) engulfed more SRBC’S than the other diets (34 and 68 mg/Kg 

diet) for opsonized and unopsonized SRBC with opsonized SRBC having greater 

phagocytic activity. 
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Economic efficiency (EEf): 

Data presented in Table (8) indicated that Inshas layers fed the feeding diet 

containing Bioplex Zn recorded the best economic efficiency (EEf) value and the 

lowest feed cost required to produce number of eggs compared to those of layers 

fed zinc. These trends may be attributed to the reduction in feed intake and 

improving feed conversion. The best EEf value and lowest feed cost required to 

produce number of eggs were obtained with layers fed 105 mg Zn/ Kg as 

compared with other levels of Zn. Regarding the interaction effect, results in Table 

(8) demonstrated that the best EEf value during the whole experimental period was 

obtained with birds fed diets containing Bioplex Zn and 105 mg Zn/ Kg diet and 

may be due to the better performance of this treatment. These results are generally 

in partial agreement with those reported by Abou zeid et al. (1999) and Abou EL 

Wafa et al. (2003) who mentioned that Zinc supplementation to broiler’s diet may 

be beneficial to broiler’s performance and EEf. El-Husseiny et al. (2008) found that 

the average relative EEf increased with increasing levels of Zn (70,105,140 and 

175 mg/kg diet) and decreased with increasing levels of niacin (30,150,300,450 

mg/kg diet). 

In conclusion, from the nutritional and physiological points of view it could 

be concluded that the use of organic zinc at the level of 105 mg Zn/ Kg diet 

improved the productive, reproductive performance and economic efficiency of 

Inshas strain from 24-36 weeks of age strain under hot summer condition in Egypt. 
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الفسيولوجيت والخناسليت لسلالت انشاص المحليت والمخأثزة  بعض الصفاث

  الحار في مصز. ححج ظزوف الصيف  الغذاء إلي   الزنك  بإضافت

 
 

احمد بعيلش  احمد محمد
*

، وحيد عزث
*

، صبزي موسي محمود موسي
*
، حسن عبد الكزيم  

حسن عبد الحليم
*
، محمد صلاح شعيب 

**
 

*
 ٍصش –ٍشمض اىبذ٘د اىضساػٞت   -قسٌ حشبٞت اىذٗاجِ -ٞ٘اٍّٜؼٖذ بذ٘د الإّخبج اىذ

**
 .ٍصش –ٍشمض اىبذ٘د اىضساػٞت   -قسٌ حغزٝت اىذٗاجِ -ٍؼٖذ بذ٘د الإّخبج اىذٞ٘اّٜ

 

 

 

حعَْج ٍصذسِٝ ىيضّل )غٞش  X 4 3حجشبت ػبٍيٞٔ   اشخَيج ٕزٓ اىذساست ػيٜ 

اىضّل % 33ٗاىغٞش ػع٘ٛ ػببسة ػِ امسٞذ صّل  ٗمبُ اىضّلػع٘ٛ ٗػع٘ٛ( 

اىضّل اىغٞش ػع٘ٛ مو ٍِ   حٌ إظبفتٗ صّل %86اىؼع٘ٛ ػببسة ػِ بٞ٘ بينس 

ٗقذ  ./مجٌ ػيفصّل  ٍجٌ  864،836 ، 36 ، 24ٝنَو ٍسخ٘ٛ  دخٚىيؼيٞقت ٗاىؼع٘ٛ 

 )سلاىت ٍذيٞت(دٝل  ٍِ سلاىت اّشبص  33دجبجت بٞبظٔ ،  336 فٜ ٕزٓ اىذساست اسخخذاً

 26إىٜ ثَبّٜ ٍجَ٘ػبث بنو ٍجَ٘ػٔ  َج ػش٘ائٞبقس أسب٘ع ٍِ اىؼَش 33ػَش ػْذ 

دجبجبث  86ٍنشساث بنو ٍْٖب  2دجبجبث بٞبظٔ ٗثلاثت دٝ٘ك، مَب قسَج مو ٍجَ٘ػٔ إىٜ 

ٗدٝل ٗمبّج اىذجبجبث اىبٞبظٔ بنو ٍجَ٘ػٔ ٍخسبٗٝت حقشٝبب فٜ ٍخ٘سػ ٗصُ اىجسٌ ٗمزىل 

 25أسب٘ع دخٚ  33 ٍخ٘سػ الإّخبج اىٍٜٞ٘ ىيبٞط. ٗقذ اسخَشث ٕزٓ اىخجشبت ٍِ ػَش

ٗمبُ . 3661ٜ شٖش سبخَبش خأسب٘ع ٍِ اىؼَش خلاه ٍ٘سٌ اىصٞف اىذبس ٍِ شٖش ّٝ٘ٞ٘ د

بِٞ  أثْبء اىخجشبت ٝخشاٗح اىذذ الأدّٚ ٗاىذذ الأقصٚ ىَخ٘سػ دسجت دشاسة اىغشفت

32.5،23.3 ً
6

ٗقذ حٌ دساست حأثٞش مو ٍِ ٍصبدس  .%28.1،16.3 بِٞ ىشغ٘بت اىْسبٞتاٗ 

اىضّل اىَخخيفت ٗاىَسخ٘ٝبث اىَعبفت ٍْٔ إىٜ ػلائق اىطٞ٘س ٗرىل ػيٜ الأداء الإّخبجٜ 

 ٗاىخْبسيٜ ٗالاسخجببت اىَْبػٞت ٗمزىل اىنفبءة الاقخصبدٝت.

ٍؼذه  ىنو ٍِ P<0.05))ٗقذ أظٖشث اىْخبئج اىَخذصو ػيٖٞب  حذسِ ٍؼْ٘ٛ 

 ،أسب٘ع ٍِ اىؼَش( 31-33مخيت اىبٞط )  ،ت اىَئ٘ٝت لإّخبج اىبٞطٗاىْسباىخذ٘ٝو اىغزائٜ، 

ىيذٞ٘اّبث اىَْ٘ٝت اىطبٞؼٞت ٗالاسخجببت  ،ٗاىْسبت اىَئ٘ٝت ىذشمت الأسبشٍبث دجٌ اىقزفٔ

ىيطٞ٘س  ٗرىل اىْسبت اىَئ٘ٝت ىلاسبشٍبث اىَٞخت P<0.05)بَْٞب اّخفعج ٍؼْ٘ٝب  ) اىَْبػٞت

 اىذجبج اىبٞبض سجو .اىضّل أمسٞذػيٜ  اىَغزاةحيل سّت ٍغ اىَغزاة ػيٜ اىضّل اىؼع٘ٛ ببىَقب

 ،ٍؼذه اىخذ٘ٝو اىغزائٜقٌٞ ىنو ٍِ  أفعو ػيٞقٔ/مجٌ صّل ٍيٞجشاً 105  ٍسخ٘ٛ اىَغزٛ ػْذ

اىْسبت اىَئ٘ٝت  ،اىْسبت اىَئ٘ٝت ىيبٞط اىَخصب ،مخيت اىبٞط  ،اىْسبت اىَئ٘ٝت لإّخبج اىبٞط
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ىَخصب فٜ دِٞ سجيج أدّٜ اىقٌٞ ٍغ اىذجبج  اىَغزٛ ىيفقس ببىْسبت ىيبٞط اىنيٜ ٗاىبٞط ا

ىذٝ٘ك  صاد حشمٞض اىذٞ٘اّبث اىَْ٘ٝت اىطبٞؼٞت /مجٌ.ػيٞقٔ أمسٞذ اىضّل  ٍيٞجشاً 24ػيٜ 

 ٍيٞجشاً 105ٍسخ٘ٛ  اىخغزٝت ػْذىٌٖ اّخفعج ّسبت اىذٞ٘اّبث اىَْ٘ٝت اىَٞخت بَْٞب  اّشبص

اىخذسِ الإٝجببٜ ٗاىَببشش  إىٜزا ٝؤدٛ ٕٗ الأخشٍٙغ اىَجَ٘ػبث ٍقبسّت  ػيٞقٔ /مجٌصّل 

. مَب صاد ٍؼْ٘ٝب اىذٝ٘ك خص٘بتببىخبىٜ ػيٜ ٍؼذه  اىزٛ ٝؤثشػيٜ سلاٍت اىذٞ٘اّبث اىَْ٘ٝت 

اىبٞعت ٗرىل ىيذجبج صفبس صّل  اىسٞشً ، صّل ، اىَٖٞ٘جي٘بِٞفٜ ٍؼظٌ اىذبلاث مو ٍِ 

ٍقبسّت ٍغ اىَسخ٘ٝبث  ػيٞقٔ ٍيٞجشاً صّل /مجٌ 836، 864 اىبٞبض اىَغزٛ ػيٜ ٍسخ٘ٛ 

ىيطٞ٘س اىَغزآ  ٗبشنو ػبً حذسْج الاسخجببت اىَْبػٞت .اىفخشاث اىخجشٝبٞت اىفخشةفٜ  الأخشٙ

 .اىضّل أمسٞذاىضّل ٍِ  حيل اىَغزآ ػيٜ ػِ بٞ٘بينس اىضّلاىٍِ  ػيٜ اىضّل

حغزٝت غٞ٘س سلاىت اّشبص اىَذيٞت ػيٜ ػلائق  أُح٘ظخ ّخبئج ٕزٓ اىذساست   

حذسِٞ ٍؼظٌ  إىٜ أدٍٛيٞجشاً صّل /مجٌ ػيٞقٔ  105صّل ػع٘ٛ ػْذ ٍذخ٘ٝت ػيٜ 

 اىصفبث اىفسٞ٘ى٘جٞت ٗاىخْبسيٞت ىٖزٓ اىسلاىت ٗرىل حذج ظشٗف اىصٞف اىذبسة فٜ ٍصش.

 


