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SUMMARY 

his study aimed to evaluate the effect of dietary inclusion with 2% synthetic zeolite (SZ) or 2% 

Nanochloropsis sp. (NC) as adsorption substances for heavy metals of old layer hens drank El-

Salam Canal water (SCW) for 12-weeks period during winter season. A total of 160 Lohmann 

brown laying hens (62-weeks old) with an initial body weight of 1846 ±17.02 g, were randomly allocated to 

equally 4 experimental groups, with 4 replicates of each group. The first group were drank tap water (TW) 

and fed basal diet without any supplementation and served as control group; the second group were drank El-

Salam Canal water (SCW) and fed basal diet without any supplementation (treated group, T1); the third 

group drank El-Salam Canal water (SCW) and fed basal diet supplemented with 2% microalgae 

(Nanochloropsis sp.) (treated group, T2); the fourth group drank El-Salam Canal water (SCW) and fed basal 

diet supplemented with 2% synthetic zeolite  as treated group (T3). Egg production, feed intake, feed 

conversion ratio, egg weight, egg mass, egg quality indices were recorded. Liver and kidney functions were 

estimated.  The results indicated dietary Nanochloropsis sp. and synthetic zeolite. improved productive and 

reproductive performance and mitigating the adverse effect of heavy metals (cadmium and lead) against 

oxidative stress of laying hens by increasing serum total antioxidant capacity (P<0.05). Dietary inclusion 

with Nanochloropsis sp. and synthetic zeolite at 2% improved laying performance and egg quality indices. 

Serum concentrations of total protein (TP) and globulin (G) increased significantly (P<0.05) on hens fed diets 

supplemented with 2%NC or 2%SZ, respectively. In conclusions, Dietary inclusion with synthetic zeolite or 

microalgae (Nanochloropsis sp.) at 2% evidenced their superiority in protection of layer hens from the 

adverse effects of Pb and Cd induced liver and kidneys damage, in addition improved productive and 

reproductive performance.  
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INTRODUCTION  

 

Optimizing the egg production requires having efficient hens breed and as the same time to apply an 

adequate management, good health practices and feeding programs. The inclusion of diets with 

different types of feed additives may improve nutrient utilization. One of these types of additives is the 

natural zeolite, which can be used in farms of animal production due to its unique antibacterial 

properties, safety and efficacy (Abdulkarim, 2021). Zeolite has specific physical structure, which 

provides it with special properties, and so it is able to adsorb gases and toxins, mycotoxins, ammonia, 

water, and eliminate heavy metals and radioactive elements, which might be harmful to animals (Zhou, 

2008).  

The absorptive characteristics of zeolite are due to their high cation-exchange capacity, which affects 

tissue uptake and utilization of NH4+, Cu2+, Pb2+, Cd2+, Cs+, and other cations in animals (Oğuz, 

2011). Additionally, zeolite has the ability to selectively exchange its own cations for ions from the 

environment. Therefore, zeolite appears to be stable in gastrointestinal tract of animals and as unique 

selective adsorbers. Many experiments showed that the dietary inclusion of zeolites improved the 

performance and egg quality by layer hens in early or late egg production periods (Abdulkarim, 2021). 

Several types of natural zeolites are produced worldwide, e.g., zeolite, chabazite, heulandite, 

modernite, phyllite, silicate, silicalite, and heroinite. However, the zeolite most used in animal research 
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is zeolite (Mastinu et al., 2019) which can adsorb harmful substances in the gastrointestinal tract such 

as mycotoxins, ammonia, and heavy metals (Pavelić et al., 2018).  

 Another type of these additives is Algae including macro-algae and microalgae, offer a rich source 

of proteins, lipids, vitamins, and minerals, making them potentially valuable feed ingredients for farm 

animals. The nutritional profile of microalgae is remarkable, often described as a rich source of 

proteins, lipids, vitamins, and essential minerals. The mineral content in microalgae includes calcium, 

magnesium, phosphorus, potassium, and trace elements such as iron, zinc, and selenium, which are 

crucial for animal health (Becker, 2007). In addition to their nutritional value, algae have been 

recognized for their potential for removing heavy metals from the low water quality [Leong and 

Chang., (2020) & Uguz and Sozcu., (2024)]. It is known that microalgae have the capability to absorb 

potentially harmful heavy metals through different pathways, including biosorption, biotransformation, 

or bioaccumulation (Leong and Chang., 2020). 

There are three types of remediation of wastewater, physical, chemical and bio-sorption methods. 

Recently, synthetic zeolite and some micro-organisms which are described as eco-friendlier became the 

common applicable methods for bio-remediation of low-quality water. The use of biological organisms 

as an adsorbent defined as biomaterials against heavy metals such as bacteria, fungi, yeast and algae 

(Mustapha and Halimoon, 2015).  

Silent toxicity and oxidative stress induced by heavy metals especially cadmium and lead elements 

occurring in microorganisms, plants, animals and human (Ceramella et al., 2024). Lead metal (Pb) has 

the capacity to cause oxidative stress and serves as a catalyst for oxidative processes of biological 

molecules by generating free radicals (Mateo et al., 2014). Depending on the degree of exposure, the 

negative consequences of Pb can range from minor physiological or biochemical abnormalities to 

significant pathologic illnesses, in which various organs and systems may be harmed or their functions 

altered (Mateo et al., 2014).  

Recently, Yuan et al. (2013) and Rahman et al. (2023) evaluated the effect of microalgae (spirulina 

platensis, Sp) as feed additives on removal of heavy metals of laying hens and reported that spirulina 

can potentially be used as a natural and effective dietary supplement to mitigate the heavy metals 

burden in bone and tissues of the internal organs of birds.   

The physiological mechanism of preventing heavy metal toxicity of algae due to the antioxidant and 

detoxifying properties where the presence of many flavonoids compounds in algae cells which may 

chelate transition metal ions, this is due to the ability of the many hydroxyl groups to form complexes 

with metals, preventing their gastrointestinal absorption and accelerating their elimination through 

urine (Borowska et al., 2018). Today, scientists have investigated and applied a variety of nutritional 

tactics to lessen the harmful effects of oxidative stress on animal health brought on by heavy metals 

especially lead and cadmium in low quality water as source of drinking water (Ebrahimi et al., 2023).  

Therefore, the present study designed to evaluate using both synthetic zeolite and microalgae 

(Nanochloropsis sp.) as an adsorbent additive for layer hens drank from El-Salam canal water at 

northern Sinai, Egypt to mitigate the negative consequences associated with water quality on 

productive performance, egg quality indices and some blood metabolites of Lohmann brown layer 

strain during winter season.   

 

MATERIALS AND METHODS 

 

Location of El-Salam Canal: 

 El-Salam Canal is surrounded the land of Sahel El-Tena (Tina plain) region and located at North- 

East of Egypt. It supplies water for the reclamation of the new lands east and west of Suez Canal. The 

total length of the Canal is about 220-km. This Canal passes through five Governorates: Damietta, 

Dakahliya, Sharkiya, Port-Said,Ismailia  and North Sinai. El-Salam canal water is a mixture of Nile and 

drainage waters (such as El-Serw and Hadous drains). 

 According to El-Amier et al., (2021), the sequence of average concentration of cations in El-Salam 

Canal water were Na+ > Ca2+ > Mg2+ > K+, the major cations constitute around 60% of the total 

dissolved salts. While the sequence of major anions in water was SO4 2- > HCO3 - > Cl- > CO3
2-.  The 

order of heavy metals was Zn < Cd < Cr <Ni < Fe < Mn < Co < Cu < Pb.  
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According to the WHO (2011) guidelines, the levels of Fe and Zn in the El-Salam Canal are within 

the permissible limits for drinking and irrigation purposes, while Mn, Pb, Cu, Co, Ni, Cr, and Cd were 

detected at higher concentrations than those recommended for irrigation and drinking purposes. The 

general layout of the Canal is shown in the flowing Figure.  

 

 

 

Heavy metals assessment in El-Salam Canal water (SCW): 

According El-Amier et al. (2021), the mean values concentrations ±SE in mg/L-1 of Fe, Mn, Pb, Cu, 

Co, Ni, Cr, Cd, and Zn in the surface water samples collected along the canal during winter season are 

shown in Table (1). The values of Fe and Zn levels were within the permissible limit recommended for 

drinking and irrigation purposes, while Mn, Pb, Cu, Co, Ni, Cr, and Cd were found in higher 

concentrations of the permissible limit and recommended for drinking and land irrigation purposes 

according both to the European Standard (ES) and United States Environmental Protection (USEP) 

Agencies.  

Table (1): Mean values concentrations (mg/L-1) in El-Salam Canal water at northern Sinai, 

Egypt. 

Items Fe Mn Pb Cu Co Ni Cr Cd Zn 

1.50± 1.67± 5.58± 4.56± 3.63± 1.40± 0.86± 0.58± 0.26± 

 

0.08 0.18 0.25 0.30 0.40 0.13 0.09 0.17 0.03 

The permissible limits and recommended for drinking and irrigation according ES and USEP 

ES 

0.20 0.05 -- 0.2 -- 0.02 0.05 0.005 -- 

USEP 

5.0 0.20 0.20 0.20 0.05 0.20 0.10 0.01 2.0 

 

 

Laboratory analysis for tap water (TW) and El-Salam Canal water SCW:  

Representative periodical monthly (February, March and April 2021) water samples were collected 

(5 liter each) from El-Salam Canal water (SCW) as well as tap water (TW) for laboratory analysis. 

About 100 ml of each water sample were filtered through nitrocellulose filter membrane of 0.45μm 

pore size prior dried in 1050C for 2 hours. The filtrate and unfiltered water samples were preserved in 2 

ml concentrated nitric acid (HNO3) to prevent precipitation of metals and growth of algae. Samples 

were collected according to international standard methods for examination of water and wastewater 

(APHA, 2005) to evaluate the concentrations of selected heavy metals. Samples were collected in 

stopper polyethylene plastic bottles, stored in an iced cooler box and delivered immediately to the 
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laboratory for analysis. The plastic bottles were cleaned by soaking in 10% HNO3 and the procedural 

blanks of standard solutions were prepared under clean laboratory environment.  All reagents were 

used for analytical grade and deionized water was used for all the prepared reagent solutions. Heavy 

metals (Fe, Cu, Zn, Mn, Cd, Pb, Cr and Ni) were determined using the model 2380 atomic absorption 

spectrometer according to Shkinev et al. (1989). 

Table (2): Monthly element analyses of tap water (TW) and El-Salam Canal water (SCW) for 

three months period (from February till April 2021). 

Month 
Water Heavy metals concentrations (mg/L-1) 

Fe Cu Zn Mn Cd Pb Cr  Ni 

February TW* 0.02 0.03 0.41 0.09 0.07 0.58 0.05 0.06 

 SCW 2.40 4.59 5.10 4.28 0.35 0.80 51.00 0.44 

March TW* 0.01 0.05 0.49 0.03 0.07 0.52 0.05 0.04 

 SCW 1.05 5.70 5.30 4.88 0.44 0.98 55.00 0.55 

April TW* 0.08 0.45 0.39 0.03 0.09 0.61 0.06 0.06 

 SCW 2.10 6.10 5.90 5.70 0.51 1.05 56.00 0.45 

Overall mean TW* 0.03 0.17 0.43 0.05 0.07 0.57 0.05 0.06 

 SCW 1.85 5.46 5.43 4.95 0.43 0.94 54.00 0.48 
* = all determined values were within the permissible and recommended limits by WHO (2011) and Domo et al. 

(2024); the determined elements are in µg/L with exception Fe element (mg/L). 

 

Monitoring of potential toxic elements PTEs in El-Salam Canal water: 

To explore the degree of pollution in El-Salam Canal water, potential toxic elements (PTE's) were 

analyzed periodically for three months (from February 2021 till April 2021) for El-Salam Canal water. 

The results for the concentrations of eight elements are presented in Table (2) The obtained results 

indicated that during different months, all the PTE's were under the toxic levels with the exception of 

Cd and Pb elements where the numerical values showed that in April month the concentration of these 

elements recorded 0.5 and 1.05 mg/L-1, whereas the save levels for these PTE's were 0.01 and 0.2 

mg/L-1, respectively (Table 1). 

Site of the study: 

This study was conducted at private poultry farm (Latitude 31º 29 N; Longitude 32º 34 E), North 

Sinai Governorate, in cooperation with Animal and Poultry Production Division (Department of 

Animal and Poultry Physiology), Desert Research Center, Ministry of Agriculture and Reclamation, 

Cairo, Egypt, Systel Telecom Company and Egyptian Center of Excellence for Bio-Saline Agriculture. 

 Animals, housing and diet:  

   A total of 160 commercial Lohmann brown layer hens at 62-weeks of age and with an initial body 

weight of 1846.103±17.02g were used in this study. The hens were divided into equally four 

experimental groups and each group consisted of four replicates (10 hens replicate-1). The 1st 

experimental group (Control group) drank tap water (TW) containing 265 ppm total dissolved solids 

(TDS) and fed on basal diet free from any sorption additives. The 2nd experimental group (T1) drank El-

Salam Canal water (SCW) and was fed basal diet free from any sorption additives. The 3rd 

experimental group (treatment, T2) drank El-Salam Canal water (SCW) and fed basal diet 

supplemented with 2% Nanochloropsis oculata (N. oculata). The 4th experimental group (treatment, 

T3) drank El-Salam Canal water (SCW) and fed basal diet supplemented with 2% synthetic zeolite 

meal. Birds were housed in 16 cages (10-hens cage-1) with dimensions 150 × 55 × 45 cm. length, width 

and height, respectively. Each cage was equipped with 1.5 m of linear feeder at the cage front, and 5 

nipple drinkers and all birds received feed and water ad libitum. All experimental diets were 

formulated based on NRC requirements (NRC, 2014). The house was provided with open side curtain 

ventilation with a circulation fan. The lighting program used was 14 h of light at the beginning of the 

trial, with light increasing by 15 min. weekly to 17 h of light. Synthetic zeolite powder and 

Nanochloropsis oculata (N. oculata) meal was added to the basal diet according to the design of the 

experiment as shown in Table (3).  

 Microalgae (Nanochloropsis oculata, N. oculata) and synthetic zeolite:   

Synthetic zeolite are hydrated Aluminosilicate minerals. They belong to the mineral class known as 

"tectosilicates."  Synthetic zeolite has a lot of potential to be one of the best and most cost-effective 
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ways to remove ammonia and some heavy metals from water. This is because it has special molecular 

sieve, sorption, and ion exchange properties. Clinoptilolite is the most prevalent natural zeolite. 

Synthetic zeolite powder is a non-dusting, hard and resistance to attrition, non-clouding in liquids (due 

to absence of clays), good permeability, relatively high density and high-water retention according to 

Metallurgical Research and Development Center. The chemical composition of the Synthetic zeolite 

(Clinoptilolite) is presented in Table (4).  

The microalgae (N. oculata) used in the current study was prepared and kindly provided by the 

Biotechnology Microalgae Culture Unit, National Research Center (NRC), Egypt. Microalgae were 

maintained in standard F/2 Guillards media (Guillard and Ryther, 1962). The collected microalgae 

were stored in the refrigerator at 4oC until the culture period was finished and then harvested by 

centrifugation. The chemical composition (g/100g) of microalgae (Nannochloropsis oculata) and 

quantitative constituents of minerals and amino acids profiles (mg/100g) are presented in Table (5). 

Table (3): Composition and calculated analysis of the experimental layer diets. 

Ingredients 
Experimental groups 

C T1 T2 T3 

Crushed Corn yellow 46.00 46.00 45.00 45.00 

Soybean meal (48% crude protein) 21.00 21.00 20.00 20.00 

Wheat 7.00 7.00 7.00 7.00 

Barley 3.00 3.00 3.00 3.00 

Wheat bran 8.75 8.75 8.75 8.75 

Molasses 9.00 9.00 9.00 9.00 

Limestone 0.40 0.40 0.40 0.40 

Nanochloropsis oculata meal* 0.00 0.00 2.00 0.00 

Synthetic zeolite powder** 0.00 0.00 0.00 2.00 

Salt  0.25 0.25 0.25 0.25 

Di-calcium phosphate1 2.00 2.00 2.00 2.00 

Vitamin-mineral premix2 0.40 0.40 0.40 0.40 

DL- Methionine 0.15 0.15 0.15 0.15 

L-Lysine HCl 0.15 0.15 0.15 0.15 

Ethoxyquin` 0.15 0.15 0.15 0.15 

Analysis (g/kg dry matter basis)   

Dry matter, % 89.00 89.00 89.00 89.00 

Crude protein, % 16.70 16.70 16.50 16.20 

Crude fiber, % 3.60 3.60 3.60 3.60 

Ether extract, (%) 3.16 3.16 3.16 3.16 

Ash (%) 10.40 10.40 10.40 10.40 

Ca (%) 2.65 2.65 2.65 2.65 

Av. Phosphorus (%) 0.71 0.71 0.71 0.71 

ME (Kcal/kg) 2690.00 2690.00 2680.00 2650.00 
1 each kilogram contained Ca 24% and P 17.5%, 2 each kilogram contained vitamin A 15000IU; cholecalciferol 

15000IU; DL-α-tocopheryl acetate 30IU; menadione5.0mg; thiamine 3.0mg; riboflavin 6.0mg; niacin 

20.0mgpantothenic acid 8.0mg; pyridoxine 5.0mg; folic acid 1.0mg; vitamin b1 15µg; M 80.0mg;Z 60.0mg; F 

30.0mg; Cu 5.0mg and Se 0.15mg. 
*Microalgae (Nanochloropsis oculata) meal was supplemented by 2.0 kg/100kg basal diet (T2) 

**Synthetic zeolite powder was supplemented by 2.0 kg/100kg basal diet (T3)  

 

Table (4): Chemical composition of synthetic zeolite (Clinoptilolite).  

Cations % Major Mineral salts % Other Mineral salts % 

    K+ 3.27 SiO2 62.22 Cl 0.05 

Ca++ 3.58 Al2O3 11.09 BaO 0.08 

Na+ 0.78 Na2O 0.78 P2O5 0.03 

-- -- MgO 0.59 ZnO 0.02 

-- -- CaO 3.58 SrO 0.08 

-- -- Fe2O3 4.03 PbO 0.002 

-- -- K2O 3.27 MnO 0.12 

-- -- TiO2 0.34 SO3 0.03 

-- -- ZrO2 0.11 -- -- 
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Table (5): Chemical composition (g/100g) of microalgae (Nannochloropsis oculata) and 

quantitative constituents of minerals and amino acids profiles (mg/100g). 

Chemical composition 

(g/100g) 

Minerals profile 

(mg/100g) 

Amino acids profile  

(mg/100g) 

Moisture 7.15 Fe 19.35 Methionine 69.52 Tyrosine 87.69 

Crude protein 55.78 Zn 1.02 Cysteine 17.30 Threonine 39.21 

Fat 6.61 Sodium 1862.70 Phenylalanine 16.24 Valine 50.36 

Ash 12.29 Calcium 229.00 Lysine 15.20 Serine 11.64 

Total 

carbohydrates 
18.17 Potassium 798.00 Isoleucine 55.95 Glycine 9.98 

-- -- Magnesium 173.00 Leucine 65.11 Proline 31.52 

-- -- -- -- Aspartic acid 30.16 Alanine 20.24 

-- -- -- -- Glutamic acid 15.07 Arginine 8.56 

-- -- -- -- Histidine 13.22 -- -- 

 

Productive performance parameters:  

At the beginning and end of the study, live body weight (LBW) was weighed at early morning 

(0800h.am) on a digital scale to determine the changes in body weight throughout the experimental 

period (100-days). Total weight gain was calculated as the difference between the initial and final live 

body weight. The growth indices were calculated according to the following equations: 

• Weight gain (WG, g) = final live body weight (g) - initial live body weight (g) 

• Average daily gain (ADG, g/hen/d) = total weight gain / number days of study 

• Feed intake (FI, g/hen) = total diet supplied - remaining diet 

• Feed Conversion ratio (FCR) = feed intake (g) / weight gain (g). 

Daily egg production as daily laying rate and egg weights for each experimental group were 

recorded. Egg production percent, average egg weight and egg mass per hen per day were calculated. 

Feed intake for each experimental group (feed left in the feeder at the end of the week was weighed and 

subtracted from the total amount supplied throughout the week). Average daily feed intake (ADFI, g) 

was calculated for individual hens as feed offered minus feed unconsumed throughout on a weekly 

basis and divided by 7. Total egg mass (TEM, g) per hen was calculated as (average number of eggs 

laid over 100-days  × average egg weight). Feed conversion ratio (FCR) for each experimental group 

was expressed as total kilograms of feed consumed per total kilograms of egg produced. 

A total of 100 eggs were randomly collected from the four experimental groups (25 eggs per 

experimental group) to assess separately egg quality indices. Prior to egg breaking, egg weight (EW, g) 

was recorded using an electronic weighing scale. Using a plastic scraper, the albumen was separated 

from the yolk, then albumen weight (AW, g) and yolk weight (YW, g) were individually weighed using 

an electronic weighing scale. The eggshells were carefully washed separately, air dried, and weighed 

with a digital scale (ShW, g). Then, eggshell membranes were removed, and separately eggshell 

thickness (ShT, mm × 10–2) was measured at three regions (top, equator, and base) in micrometer unit 

using a caliper according to Yoruk et al. (2004).  

Eggs from each replicate were collected, counted, and weighed daily for the calculation of egg 

production (EP %) ratio, egg weight and egg mass (EM) using following equations:   

• EP (%) = number of collected eggs / (number of hens × days) ×100  

• EM (g/d/hen) = EP (%) × mean of egg weight (g)  

Egg quality indices: 

At the end of the study, five eggs from each replicate (20 eggs per experimental group) were 

collected (total number was 80 eggs) for determination of egg quality indices. The following 

parameters were determined: egg weight, egg white weight, yolk weight, eggshell weight, eggshell 

weight ratio and egg white and yolk ratio. To determine, the egg white, yolk and eggshell, the eggs 

were broken, and the yolk were separated handily and weighed. Individual shell (with membrane) was 

cleaned from adhering albumen and dried at room temperature overnight. The albumen (egg white) was 

determined by difference. The ratio of albumen (AR), yolk (YR) and shell (SR) were determined using 

the following equations:  

• YR (%) = yolk weight (g) / egg weight (g) ×100   
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• AR (%) = albumen weight (g) / egg weight (g) ×100  

• SR (%) = shell weight (g) / egg weight (g) ×100  

Blood biochemical estimations:  

  Individually blood samples were collected from wing vein for 10 hens from each experimental 

group into 5ml tubes without any anticoagulant material. Serum was collected by centrifugation for 15 

minutes at 3500 rpm and it stored at –20 °C until biochemical analyses. Serum total proteins (TP), 

albumin (A), uric acid (UA) and creatinine (CRE) concentrations as well as the activities of aspartate 

transferase (AST) and alanine transferase (ALT) enzymes were measured using an automated scanning 

spectrophotometer (CE1010, Cecil Instruments Limited, Cambridge, UK) and commercial colorimetric 

kits (BioDiagnostic, Giza, Egypt). Serum globulin concentrations (G) were calculated according to the 

formula: Globulin (g/dl) = total protein (g/dl) – albumin (g/dl), then A/G ratio was calculated. The full 

protocol description for each analysis is presented in the supplementary materials. Total antioxidant 

capacity (TAC) of Amphora acetone extract was spectrophotometrically estimated according to method 

described by Koracevic et al. (2001) at wavelength 505 nm. 

Statistical analyses: 

SAS (Statistical Analysis System - version 9.1) was used to statistically analyze the data. To evaluate 

significant differences between means, a one-way ANOVA and least significant differences (LSD) post 

hoc test were used. Statistics are considered significant at P < 0.05. Means in the same column with 

different small letters are significantly (P<0.05) different (SAS, 2004). Duncan’s multiple range test 

was used to compare the individual variation among the means of different treatments (Duncan, 1955). 

 

RESULTS AND DISCUSSION 

 

Growth indices and laying performance responses:  

In terms of growth indices, results in Table 6 illustrate the effect of dietary inclusion of 2% synthetic 

zeolite powder (2% SZ) or 2% microalgae (Nannochloropsis oculata) meal (2% NC) as sorption 

additives for heavy metals on body weight changes and growth rate after 12-weeks of treatments. The 

obtained results revealed that average daily gain and total weight gain for group fed basal diet free from 

any sorption additives and drank El-Salam Canal water (T1) were significantly decreased (P>0.05) 

compared to control group and groups fed diets supplemented with 2%NC or 2%SZ (T2 and T3, 

respectively). On the other hand, dietary supplementation of 2% NC (T2) and 2% SZ (T3) improved 

significantly (P<0.05) both of average daily gain (1.34 and 1.36 g/d, respectively) and total weight gain 

(134.06 and 136.59 g, respectively) compared to group fed basal diet free from any sorption additives 

and drank El-Salam Canal water (T1). These findings indicated that the dietary inclusion of 2% 

synthetic zeolite powder or 2% microalgae meal as adsorbents materials likely reflects the dynamics of 

the metabolism of nitrogen compounds and other nutrients in digestive system of birds where zeolite 

and algae eliminate a series of toxic substances such as salts, heavy metals, nitrates, mycotoxins, 

radionuclides, and ammonia as metabolism products. The numerical similarity for average daily gain 

and total weight gain in both T2 and T3 may be referring to the similarity between both NC and SZ in 

the sorption capacity for removal of heavy metals during metabolism process. As demonstrated from 

the obtained results in Table (6), birds fed the basal diet free from any sorption additives and drank tap 

water which served as control group were superior and have the best of average daily gain (2.07 g) and 

mean of total weight gain (207.174 g) compared to the other experimental groups (T1, T2 and T3). 
These results are in harmony with those showed by Abd El-khalek et al. (2019) & AL-musawy et al., 

(2023). Also, the present results agreed with Bilal et al., (2009) who found that broiler fed diets 

containing 2% Zeolite can lead to significant increase (P<0.05) in body weight and weight gain but on 

the contrary, Jarosz et al., (2017) found no significant effect (P>0.05) on body weight gain by addition 

of natural Zeolite. 

Regarding laying performance traits, daily feed intake/hen, total feed intake/hen, feed conversion 

ratio (FCR), egg weight, egg number per hen and total egg mass per hen are summarized in Table 6. 

The results indicated that daily feed intake and total feed intake has significant differences among 

experimental groups where hens fed the basal diet free from any sorption additives (TW and SCW 

groups) had significantly higher (P<0.05) daily feed intake (110.53 and 106.40g, respectively) and total 

feed intake (11053 and 10640g, respectively) compared to hens fed the basal diet supplemented with 
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2%NC (103.54 and 10354g, respectively) or 2% SZ (105.09 and 10559g, respectively). However, hens 

fed diets supplemented with 2%NC or 2%SZ tended to have the best values of egg weight, total egg 

mass and feed conversion ratio compared to hens fed the basal diet free from any sorption additives 

(TW and SCW groups). These findings revealed the positive effect of NC and SZ on enhancing feed 

utilization efficiency subsequently improved laying performance (egg production rate, egg weight and 

egg mass).  

Table (6): Effect of dietary inclusion with synthetic zeolite or microalgae (Nannochloropsis 

oculata) on laying performance of brown Lohmann laying hens drank El-Salam canal 

water during winter season.   

Parameters 
           Experimental groups  

±SE 
P 

value TW SCW SCW+NC SCW+SZ 

Initial body weight (g)  1849.17a 1843.35a 1846.05a 1845.82a 34.82 0.999 

Final body weight (g) 2056.35a 1890.0b 1980.11a 1982.41a 33.67 0.010 

Total weight gain (g) 207.17a 46.65c 134.06a 136.59b 18.60 0.001 

Daily feed intake/hen 

(g/day) 

110.53a 106.40ab 103.54b 105.59ab 1.78 0.060 

Total feed intake/hen (g) 11053.00 10640.00 10354.00 10559.00 178.86 0.065 

Egg number/hen 77.59a 59.00d 74.53b 71.91c 0.57 0.001 

Egg weight (g) 70.10b 66.98c 74.83a 72.42ab 0.89 0.001 

Total egg mass/hen (g) 5439.5a 3952.0c 5576.8a 5208.8b 76.48 0.001 

Feed conversion ratio   2.04b 2.69a 1.86c 2.03b 0.05 0.001 
TW = hens drank tap water and fed basal diet free from any sorption materials (control group), SCW= Hens 

drank El-Salam Canal water and fed basal diet free from any sorption materials.;  SCW+NC = hens drank El-

Salam Canal water and fed basal diet supplemented with 2% microalgae (Nanocloropsis Oculata) meal; 

SCW+SZ= hens drank El-Salam Canal water and fed basal diet supplemented with 2% synthetic zeolite powder.; 
a-c Means followed by different letters in superscript in the same row differ significantly (P<0.05).   

   
Our findings agree with previous studies of El-Sherbeni et al. (2024) who reported that adding 

zeolite to diet of laying hens significantly improved final BW and BW change, egg number, egg 

weight, egg mass, lay-ingrate, feed consumption (FC), and feed conversion ratio (FCR), as well as egg 

quality criteria when compared to the un-supplemented group.  

The improved FCR due to synthetic zeolite administration may be related to the reduced rate of 

passage of food across the gut, which in turn decreases the feed consumption and increase nutrient 

digestibility (Prasai et al., 2016). Furthermore, the reduced rate of passage of food across the gut 

increases nutrient exposure to digestion and absorption (Khambualai et al., 2009). So, the enhancement 

in FCR is perhaps related to the effects of synthetic zeolite in stimulating the digestive system and 

improving the nutrients digestibility. 

Shanmugapriya and Saravana Babu (2014) suggested that the improvement in FCR in chickens 

treated with Spirulina may be due to the balanced bacterial population in gastro-intestinal tract that play 

a role in boosting minerals and vitamins absorption and enhance performance. 

 Also, supplemented broiler diets with zeolite improved feed consumption and FCR (Alharthi et al., 

2022; AL-musawy et al., 2023 and Pavlak et al., 2023). According to Sharvadze et al. (2022) found 

that layers fed on zeolite-enriched feeds (50g/kg diet) had considerably better laying rate (LR), egg 

number (EN), egg mass (EM), and egg weight (EW) than those fed on control diet. Hanusova et al. 

(2021) stated that Japanese quail egg productivity and egg weight were improved by adding 10 and 20g 

zeolite/kg diet.  

the present study explains the beneficial effect of dietary inclusion with microalgae on laying 

performance. However, microalgae were reported to contain beneficial components such as essential 

amino acids, vitamins, carotenoids, antioxidants, antimicrobial factors and unsaturated fatty acids 

(Fields, 2020 and Costa et al., 2024). Furthermore, the positive effect of feeding microalgae on caeca 

microbiota profiles of layers has been reported (Kim and Kang, 2015). Thus, the mentioned advantages 

could be included in the metabolism regulating egg production of layers.On the contrary, Mens et al. 

(2022) reported that the inclusion of 2 and 3% microalgae (Nannochloropsis limnetica) in diets of 

laying hens not affected significantly (P>0.01) body weight, average egg weight, and feed conversion 

ratio.  Also, Abouelezz (2017) reported that, supplementation of 1.0% of Spirulina platensis in feed or 

0.25% in drinking water did not show significant (P≥0.05) effects on the egg laying rate, egg weight, 
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daily egg mass, feed intake, feed conversion ratio and egg quality of Japanese quail as compared with 

the control group. Vieira et al. (2023) reported that the inclusion of different levels of zeolite in the diet 

of laying hens did not influence (P>0.05) the performance variables of laying percentage, average egg 

weight, egg mass, feed intake, or feed conversion ratio (FCR). 

External and internal egg quality indices response: 

Regarding the effect of dietary inclusion with 2%SZ powder or 2%NC meal on external (shell 

weight, shell percentage and shell thickness) and internal (albumin, yolk weights and their percentages) 

egg quality indices are presented in Table 7. In respect to external egg quality traits, the obtained 

results indicated that hens fed diet supplemented with 2% NC meal or 2% SZ powder as adsorbent 

additives had significantly affected (P<0.05) on shell weight and shell thickness, where shell weight 

values recorded 7.8 and 8.0g compared to hens fed basal diet free of any adsorption additives (7.5 and 

7.4g for TW and SCW experimental groups, respectively). The corresponding values for shell 

thickness recorded 0.44, 0.43 for groups fed basal diet supplemented with 2% NC meal or 2% SZ 

powder, respectively compared to hens fed basal diet free from any adsorption additives (0.37 and 

0.45g for SCW and TW experimental groups, respectively).  

Our findings demonstrated significant effects of zeolite administration on the measurements of egg 

quality. These findings have been supported in laying hens by El-Sherbeni et al. (2024); Juzaitis-

boelter et al. (2021) and Sharvadze et al. (2022) on shell thickness, Berto et al. (2013) on yolk relative 

weight. Also, Hanusova et al. (2021) found a significant impact on the egg yolk index of zeolite 

supplementation in Japanese quails’ feeds. Also, the current results revealed an agreement with those 

obtained by Nys (1999) who noted that synthetic zeolites with a high cation exchange capacity slightly 

improve egg shell quality because they form complexes with Ca.  On the contrary, several studies 

demonstrated an insignificant effect of adding zeolite in poultry feeds at various concentrations on egg 

production rate (Berto et al., 2013; Vasiljevic et al., 2021 and Vieira et al., 2023).  

In respect to the effect of dietary microalgae, Park et al. (2015) found that supplementation of marine 

microalgae (Schizochytrium) meal at a level 0.5–1% of the diet had a beneficial effect on the egg shell 

thickness. The influence of marine algae on shell thickness may be attributed to its mineral content 

(Park et al., 2015). However, the mechanisms underlying this effect still remain unclear, and there was 

no scientific evidence explaining how algae affect the egg shell thickness. The obtained results showed 

that no effects of El-Salam Canal water as source of drinking water for laying hens on mortality were 

detected in this study.   

Table (7): Effect of dietary inclusion with synthetic zeolite or microalgae (Nannochloropsis 

oculata) on egg quality indices of brown Lohmann laying hens drank El-Salam canal 

water during winter season.  

Parameters 
                  Experimental groups 

 

±SE 

P 

value 

TW SCW SCW+NC SCW+SZ  

Egg weight (g)  70.36b 67.20c 74.30a 71.50b 0.74 0.001 

Shell weight (g) 7.50b 7.36b 7.80ab 8.00a 0.15 0.015 

Shell thickness 

(mm) 

0.45a 0.37b 0.44a 0.43a 0.008 0.001 

Shell (%) 10.68 10.98 10.51 11.26 0.24 0.130 

Albumin weight (g) 45.20bc 43.46c 48.66a 47.20ab 0.81 0.001 

Albumin (%) 64.11 64.63 65.45 65.75 0.60 0.198 

Yolk weight (g) 17.66a 16.36b 17.83a 16.30b 0.27 0.001 

Yolk (%) 25.20a 24.03 24.38ab 22.97b 0.48 0.013 
TW = hens drank tap water and fed basal diet free from any sorption materials (control group), SCW= Hens 

drank El-Salam Canal water and fed basal diet free from any sorption materials.;  SCW+NC = hens drank El-

Salam Canal water and fed basal diet supplemented with 2% microalgae (Nanocloropsis Oculata) meal; 

SCW+SZ= hens drank El-Salam Canal water and fed basal diet supplemented with 2% synthetic zeolite powder.; 
a-c Means followed by different letters in superscript in the same row differ significantly (P<0.05).   

 

Internal egg quality indices: 

In terms of egg quality, the variables of albumen weight, yolk weight and percentages of albumen 

and yolk as indicators of egg quality were used in the present study to elucidate the effect of dietary 

inclusion with adsorption additives on egg quality (Table 7). Regarding to these parameters, the 
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obtained results in this table indicated that 2%NC group improved albumin weight and albumin 

percentage where albumin weight recorded 48.7, while albumin percentage recorded 65.45% compared 

to hens in other experimental groups (TW, SCW and SCW+2%SZ groups). The same trend was 

observed on yolk weight and yolk percentage where laying hens in groups supplemented 2%NC group 

improved yolk weight (17.83g) and yolk percentage (24.38%) compared to hens in in other 

experimental groups (SCW and SCW+2%SZ groups). The significant effect of dietary supplementation 

with 2% synthetic zeolite on albumin weight were in contrast with the previous study performed by 

Amad (2021) who reported that hens fed with natural zeolite at level of 0.5 and 1% showed 

insignificant effect (P>0.05) on the internal egg quality parameters compared to control group.  On 

contrary, Abouelezz (2017) noted that adding 0.25% spirulina to drinking water and 1% in the feed 

yielded no noticeable improvements in egg quality traits. The same trend reported by Abd El-hack et 

al., (2024) when supplemented laying Japanese quail with different levels of microalgae. Selim et al. 

(2018) found that the addition of different levels of S. platensis to the diet did not affect the shape 

index, eggshell percentage, albumen weight, albumen index, yolk weight, and Haugh unit (p>0.05) of 

laying hens. 

Liver and kidney functions: 

The liver and kidneys are crucial for detoxification and the excretion of hazardous substances in both 

human and farm animals (Hassan et al., 2023). Lead (Pb) and cadmium (Cd) are the most poisonous of 

the most common heavy metals to accumulate in the water and food chain. Following absorption, these 

metals are predominantly dispersed across several tissues, mainly the kidneys and liver, the continuous 

exposure even at low levels of these metals can causing dysfunctions and damage of these organs 

(Aljohani (2023); Singh et al., 2023 and Verma et al., 2023).  

The obtained results in Table (8) indicated that serum total proteins (TP) deceased significantly 

(P<0.05) on SCW group while decreased insignificantly on the experimental groups (SCW+2%SZ and 

SCW+2%NC) compared to control group (TW). However, there was insignificant effect (P<0.05) with 

similar values (3.7: 3.9g/dl) in serum albumin (A) on all experimental groups. This result are agree 

with Abd El-Khalek et al.,(2019) Who found that  dietary supplementation of Spirulina platinsis 

decreased significantly (P<0.05) plasma protein concentration while plasma albumin had insignificant 

effect (P>0.05) compared with control group of El Gimmizah layer hens breed while this result are 

disagreed with those reported by Elsherbeni et al., (2022) who found that dietary supplementation with 

different levels of zeolite caused significantly increase in plasma TP,A and G concentrations of silver 

Gimmizah layer hens strain compared to control group.  

Table (8): Effect of dietary inclusion with synthetic zeolite or microalgae (Nannochloropsis 

oculata) on Serum total proteins (TP,g/dl), albumin (A, g/dl), globulin (G,g/dl), A/G 

ratio and total antioxidant capacity (T-AOC, mmol/ml) indicators of Brown 

Lohmann Laying hens drank El-Salam canal water during winter season.  

Experimental groups TP Albumin Globulin A/G T-AOC 

TW 6.42a 3.82 2.59a 1.59b 0.71a 

SCW 4.95b 3.93 1.01b 5.29a 0.32c 

SCW+NC       5.71a 3.73 1.97a 2.35b 0.56b 

SCW+SZ       5.77a 3.77 2.00a 2.11b 0.53b 

±SE 0.26 0.17 0.23 0.76 0.04 

P value 0.005 0.869 0.006 0.008 0.001 
TW = hens drank tap water and fed basal diet free from any sorption materials (control group), SCW= Hens 

drank El-Salam Canal water and fed basal diet free from any sorption materials.;  SCW+NC = hens drank El-

Salam Canal water and fed basal diet supplemented with 2% microalgae (Nanocloropsis Oculata) meal; 

SCW+SZ= hens drank El-Salam Canal water and fed basal diet supplemented with 2% synthetic zeolite powder.; 
a-b Means followed by different letters in superscript in the same column differ significantly (P<0.05).   

 
Serum globulin (G) concentration significantly elevated in groups fed diets supplemented with 

sorption additives (SCW+2%NC and SCW+2%SZ) with values 1.97 and 2.0 g/dl, respectively 

compared to hens drank SCW and fed basal diet free from any sorption additives (1.01g/dl) while hens 

in control group recorded the highest value of globulin concentration (2.59g/dl). This result indicated 

that there was an improving in immunity which perhaps due to the effects of dietary inclusion with 

synthetic zeolite or microalgae (Nannochloropsis oculata).  The albumin/globulin ratio (A/G) 

significantly decreased (P<0.05) with 2%NC and 2%SZ treatments (2.35 and 2.11%, respectively) 

compared to SCW group (5.29%), these results referring to both NC and SZ treatments has a tendency 
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to enhancing serum concentration of globulin (G).  Vieria et al. (2023) reported that the inclusion of 

different levels of zeolite in the diet of Isa brown layer hens did not significantly affect (P>0.05) 

plasma biochemical traits (TP,A,G, ALT,AST and urea concentrations). 

Antioxidant stress status: 

Lead (Pb) and cadmium (Cd) are two examples of heavy metals that are harmful for chicken health. 

They can cause oxidative stress by increasing the production of reactive oxygen species (ROS) and 

reactive nitrogen species (RNS) and blocking antioxidants from protecting cells due to increased 

amounts of free radicals (Ebrahimi et al., 2023). 

 The obtained results in Table (8) indicated that T-AOC increased significantly (P<0.05) in 

groups fed basal diet supplemented with 2% NC or 2 %SZ and drank El-Salam Canal water (0.56 and 

0.53 mmol/ml) compared to group drank El-Salam Canal water and fed diet free from any sorption 

additives group (0.32 mmol/ml).These findings indicated that both microalgae and synthetic zeolite has 

an essential role for enhancing antioxidant enzymes activity to scavenge oxygen free radicals. 

Numerous studies (Stunda-Zujeva et al., 2023 and Panaite et al., 2023) have highlighted the higher 

antioxidant capacity and beneficial fatty acid profiles, including higher concentrations of omega-3 

polyunsaturated fatty acids in microalgae. Moreover, recent studies have focused on examining 

chelating activity for Spirulina (Spirulina platensis) against toxicity induced by heavy metals 

(Cadmium, Mercury, and Lead) and antioxidant properties, especially as a candidate for protection 

against toxicity caused by heavy metals (Mallamaci et al., 2023). Also, several studies have 

successfully demonstrated that Spirulina has a crucial role in the prevention of oxidative stress 

(Sorrenti et al., 2021 and Caetano et al., 2022). Based on our discussion of antioxidant capacity status, 

it can be said that each of microalgae (Nannochloropsis oculata) and synthetic zeolite as sorption 

additives at 2% in the basal diet improved the antioxidant status of laying hens with good efficiency as 

observed in the control group (TW).  

Liver enzymes activity: 

The results regarding effect of dietary inclusion with sorption additives on hepatic enzymes activity 

(ALT and AST) are presented in Table (9). As shown in this table, the abnormality of serum ALT 

(80.00 iu/L) and AST (263.88 iu/L) levels for hens drank El-Salam Canal water and fed diet free from 

any sorption additives (SCW) compared the other experimental groups could be a signal to hepatocyte 

or muscle cell damage. In parallel, the abnormal levels of serum CRE (1.44 mg/dl) and SU (37.05 

mg/dl) for the same experimental group could be markers to renal dysfunction. These findings stated 

that laying hens in SCW group were exposed to Lead (Pb) and Cadmium (Cd) metals in drinking water 

even at low levels for prolonged period (three months), these heavy metals may accumulate in the liver 

and kidneys tissues subsequently caused or induced oxidative stress by generating reactive oxygen 

species (ROS) and impairing the body’s antioxidant defense systems compared the other experimental 

groups.  

Table (9): Effect of dietary inclusion with synthetic zeolite or microalgae (Nannochloropsis 

oculata) on Serum alanine amino transferase (ALT, iu/L), aspartate amino-tranferase 

(AST, iu/L), creatinine (CRE, mg/dl) and serum urea (SU, mg/dl) of Lohmann brown 

Laying hens drank El-Salam canal water during winter season.  

Experimental groups ALT AST CRE  uric acid  

TW 32.63b 150.38c 0.86b 25.61b 

SCW 80.00a 263.88a 1.44a 37.05a 

SCW+NC2%       51.50b 205.00b 1.03b 29.07b 

SCW+NZ2%       50.38b 216.50ab 1.04b 28.97b 

±SE 9.02 18.39 0.07 2.02 

P value 0.008 0.001 0.001 0.003 
TW = hens drank tap water and fed basal diet free from any sorption materials (control group), SCW= Hens 

drank El-Salam Canal water and fed basal diet free from any sorption materials.;  SCW+NC = hens drank El-

Salam Canal water and fed basal diet supplemented with 2% microalgae (Nanocloropsis Oculata) meal; 

SCW+SZ= hens drank El-Salam Canal water and fed basal diet supplemented with 2% synthetic zeolite powder.; 
a-c Means followed by different letters in superscript in the same column differ significantly (P<0.05).   

 

Our results are in accordance with previous studies performed by Vahdatpour and Nikpiran (2011) 

and AbdEl-Hack et al., (2024) who reported high levels of blood circulatory ALT, AST, CRE, and SU 

indicating an increase in incidence in the liver, kidney, and muscular tissues, which may be brought on 
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by severe stress. A protective impact of NS or SZ on hepatocytes and renal function may be inferred 

from the significantly decrease (P<0.05) in serum ALT (51.50 and 50.38), AST (205.0 and 216.5), 

CRE (1.03 and 1.04, mg/dl) and urea (SU, 29.07 and 28.97  mg/dl) concentrations versus the high 

blood circulatory of both creatinine (1.44, mg/dl)  and urea (37.05, mg/dl) which determined for hens 

drank El-Salam Canal water and fed the basal diet free from any sorption additives (SCW group) after 

three months period probably due to the direct toxic effect of Pb and Cd metals on renal tubules and 

glomerular filtration of kidneys to excrete pb and Cd metals in causing further damage and intoxication 

(nephrotoxicity). In accordance, nephrotoxicity in the present study is consistent with the previous 

studies performed by (Ibrahim et al., 2018; El-Sheshtawy et al., 2019 and Berbesh et al., 2022).  

However, in the present study, all determined values for liver and kidneys functions test were within 

the typical range despite a modest drop-in liver enzyme activity, indicating good liver function 

according to Abdel-Daim et al (2015) and AbdEl-Hack et al., (2024) who reported that the spirulina 

supplementation may have a hepato-protective impact by reducing ALT and AST enzymes activities of 

laying hens. This may help regulate increased enzyme activity and improve liver health in general. 

Therefore, dietary inclusion with microalgae (Nannochloropsis oculata) and synthetic zeolite at level 

2% had a hepatocyte protective and nephroprotective effects against Pb and Cd induced renal injury in 

our experiment evidenced by restoration of hepatic enzymes and renal functions protected against 

oxidative stress and renal dysfunction. 

 

 

CONCLUSION  

 
Obtained results indicate that the application of biological resources (Microalgae) for mitigating any 

adverse effect of heavy metal, those microalgae as bio-sorption technique showed have many 

advantages compared to zeolite such as low cost, availability, profitability, ease of operation, and high 

efficiency, especially when dealing with low concentrations. In addition, the direct effect of microalgae 

for removal of heavy metals from drinking water, microalgae successfully used as a feed ingredient and 

are sustainable source of bioactive compounds, such as essential amino acids, polyunsaturated fatty 

acids, and antioxidant compounds, that have been documented to have more beneficial effects on 

nutrition and health of animal, poultry and human.  
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ك الـزيـولايـت   ل تــقـيـيـم  وطـحـلـب   مـن  كـإضـافـات    أوكـيـولاتـاكـلـوروبـسـيس  الـنـانـو  الإصـطـنـاعـي 

الـثـقـيـلـة  إدمـصـاصيـة الإنـتاجـيـة  للـعـنـاصـر  الـبـيـض    عـلـى  جـودة  الـدم وأدلـة  صـفـات  وبـعـض 

 مـصـر       –سـيـنـاء  الـسـلام بـشـمـالشـرب مـيـاه تـرعـة  ـدجـاج الـبـيـاض الذي يـالـكـيـمـيـائـيـة لل 

 

 
 ـصـطـفـى صـفــاء عـلـي م 

 
 مـصـر  –مـركـز بـحـوث الـصـحـراء  –شُـعـبـة الإنـتـاج الـحـيـوانـي والـدواجـن  –قـسـم فـسـيـولـوجـيـا الـحـيـوان والــدواجـن 

 

 
 يشرب من مياه ترعة السلام   أجـريـت هــذه الـدراسـة بـهــدف تـقـيـيـم الآداء الإنـتـاجـي والـتـنـاســُلـي للــدجاج الـبـيـاض الــذي       

طــُحـلـب  يـتــغــذىو )مـسـحـوق  الـثـقـيـلـة  للـعـنـاصـر  الإدمـصـاصـيـة  الإضـافـات  مـن  بـنـوعـيـن  الـمُـدعــّمـة  الـعــلائـق  عـلـى 

بـمُـعــدل   الإصـطـنـاعـي  الـزيــولايـت  وبــودرة  أوكـيـولاتـا  عــدد 2الـنـانـوكـلـوروبـسـيس  إخـضـاع  تـم  حـيـث  مـنـهُـمـا(  لـكــُلٍ   %

عُـمـر    160 عـنــد  الـتـُجـاري  الـبــُنـي  اللــوهـمـان  سُـلالـة  مـن  عُـمـر    62دجـاجـة  وحــتـى  وتـوزيـعـهـم    74أسـبـوع   أسـبـوع 

الـعــدد   تـجـريـبـيـة مـتـسـاويـة  إلـى أربـعـة مـجـمـوعـات  الـتـجـريـبـيـة  مكررات    4كل منها فى  عـشـوائـيـاً  الـمـجـمـوعـات  وكــانـت 

 كـالـتـالـي: 

الـمُـقـارنـة    الأولــى:الـمـجـموعـة   مـجـمـوعـة  عـلـى    –وتــُمـثـل  وتـتـغـذى  الـصـنـبـور  مــاء  الـطـيـور  الـبـيـاضتـشـرب   عـلـيـقـة 

 . (  (TWالـخـالـيـة مـن أي إضـافـات

عـلـيـقـة  تـشـرب الـطـيـور مــاء تـرعـة الـســلام وتـتـغـذى عـلـى    –وتــُمـثـل مـجـمـوعـة الـمُـعـامـلــة الأولـى    الـثـانـيـة: الـمـجـمـوعـة  

 . SCW)) الـخـالـيـة مـن أي إضـافـات  الـبـيـاض

الـثـانـيـة    الـثـالـثـة:الـمـجـمـوعـة   الـمُـعـامـلـة  مـجـمـوعـة  تـرعــة    –وتــُمـثـل  مــاء  الـطـيـور  وتـتـغـذى تـشـرب  عـلـى    الـســلام 

 %(2كـجـم عـلـيـقـة )   100كـجـم/    2الـمُـدعـــّمـة بـمـسـحـوق طُـحـلـب الـنـانـوكـلـوروبـسـيس أوكـيـولاتـا بـمُـعــدل    الـبـيـاضعـلـيـقـة  

(SCW+2%NC)          

وتــُمـثـلالـمـجـمـوعـة   الـثــالــثـة    الـرابـعـة:  الـمُـعـامـلـة  تـرعــة    –مـجـمـوعـة  مــاء  الـطـيـور  وتـتـغـذىتـشـرب  عـلـى    الـســلام 

الـبـيـاض  بـمُـعــدل    عـلـيـقـة  الإصـطـنـاعـي  الـزيــولايـت  بــبــودرة  )  100كـجـم/    2الـمُـدعـــّمـة  عـلـيـقـة   %( 2كـجـم 

(SCW+2%SZ). 

كـالـتـالـي: الـنــائـج  أهـم  )ٍ وكـانـت  الـطـيــور  مـجــمــوعــتـي  تـحـســُنــاً    SCW+2%NC   &   (SCW+2%SZأظـهـرت 

 و أعـلـى وزن للـبـيـضـة   و مــُعــدل تـحـويـل غــذائـي  أفـضـل ٍ فـي الـوزن الـنـهـائـي للـجـسـم  و   (P<0.05)مـلـمــوسـاً إحـصـائــيــاً  

و الـكـبــد  وظــائـف  فـي  مـلـمــوسـاً  و تـحـســُنــاً  الـكــُلـيـة  الكلية  الأكـســدة  مــُضـادات  بـمـجـمـوعـة    T-AOCتـركـيـز   مــُقــارنــة 

( وبــودرة    SCW)الـطـيـور  أوكـيـولاتـا  الـنـانـوكـلـوروبـسـيس  طــُحـلـب  مـسـحـوق  مــن  كــُلٍ  إمـتـلاك   إلـى  يــُشـيـر  مـمـا 

تـ إجـهـاد  حــدوث  مـنـع  وبالـتـالـي  الـثـقـيـلـة  الـعـنـاصـر  الـفـسـيـولـوجـيـة لإدمـصـاص  الآلـيـة  الإصـطـنـاعـي  أكـســُدي  الـزيـولايـت 

   .والـحـمـايـة مــن إمـكـانـيـة إنـتـاج الـشــوارد الـحــُرة 

 

 

 

 

 

 


