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INTRODUCTION 

Infertility is considered one of the major problems on breeding in farm animals, and about 30 % of these problems are related to the males (Khaki et al., 
2009; Lee et al., 2012; Barkhordari et al., 2013 and Okoro et al., 2016). Maintenance of fertile cocks in most poultry breeding farms is difficult in harsh 

environmental conditions. Cocks with high semen producing capacity are often few and they degenerate due to changes in factors such as age, poor management 

and nutrition, unfavorable climatic conditions and water salinity (Alkan et al., 2002; Cheng et al., 2002 and Okoro et al., 2016). Desert areas and newly reclaimed 
lands depend mainly on under groundwater (saline well water) for drinking of animals with varying degrees of salinity. Water salinity is the major factor 

determining the suitability of particular water source for poultry in Egypt and one of the principal factors affecting water quality is the amount of total dissolved 

salts in the water. Scarcity of fresh water in such desert areas generated a competition between human and animals. Therefore, it is necessary to use saline well 
water as possible supplies for drinking water for animals. However, the presence of high concentrations of some  inorganic  ions such as calcium, phosphorus, 

magnesium, sodium, potassium, chloride in animals drinking water may  cause  harmful  effects  resulting  in  poor performance,  illness  or  even  death  (Kellems  

and  Church, 2002; Yousef et al., 2003; Morsy et al., 2012 and Amal, Hasan, 2013). On the other hand, dietary high level of salt is toxic for chickens and at 

moderately levels, causes ascites (Julian, 1987). Limited studies concerned with the effect of drinking saline water on the reproductive performance of cocks. 

Amal, Hasan (2013) reported that, under hot desert conditions, White Leghorn cocks received saline well water associated with negative effects on semen quality, 

hematological and biochemical parameters.  
Zeolite-natural and modified, because of their specific structure, are excellent adsorber and thus can diminish the harmful effect of heavy metals. 

Clinoptilolites, due to its structural stability under high temperatures and acidity, are the most widely used zeolite in animal studies. The important research data 

indicated the positive influence of the in-feed inclusion of clinoptilolite on animal health. Zeolite is an excellent “trapper” of waste products and heavy metals 
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This study was conducted to investigate the effects of zeolite (Clinoptiolite) on semen quality and hemato-biochemical parameters in 
addition to blood minerals and hormones profiles of Montazah cocks drank saline well water (3398 ppm total dissolved solids, TDS). A 

total number of 40 cocks (22- weeks old and body weight of 2053.7 g ± 25.4) were randomly divided into four equal groups (10 cocks / 

group). The 1st group (G1), cocks drank tap water (265 ppm TDS) with basal diet and served as a control one. The 2nd group (G2), cocks 
drank saline well water (3398 ppm TDS) with basal diet. The 3rd group (G3), cocks drank saline well water with basal diet + 2 % of 

zeolite. The 4th group (G4), cocks drank saline well water with basal diet + 4 % of zeolite. The obtained results showed that, as expected 

semen characteristics were negatively affected (P<0.05) in cocks drank saline well water (G2) compared to the cocks of control group 
(G1). Meanwhile, cocks of G3 and G4 showed increases (P<0.05) in sperm concentration and motility compared to the cocks of G2. 

Moreover, dead spermatozoa, sperm abnormalities and hydrogen ion (pH) decreased (P<0.05) in the cocks of G3 and G4 when 

compared to the cocks of G2. Furthermore, no significant differences were observed among the cocks of G3, G4 and G1 in semen 
quality parameters. On the other hand, red blood cells and hemoglobin concentration were  higher (P<0.05) in cocks of G3 compared to 

cocks of G2.  However, packed cell volume and mean corpuscular volume increased (P<0.05) in the cocks of G2 compared to the cocks 
of G1. Mean corpuscular hemoglobin concentration decreased significantly in the cocks of G2 compared to the cocks of G1 and G3. 

Nevertheless, no significant differences were observed between the cocks of G3 and G1 in all hematological parameters. Cocks of G2 

showed decreases (P<0.05) in total protein, globulin and glucose concentrations compared to the cocks of G1, G3 and G4. Likewise, 
total antioxidant capacity increased (P<0.05) in the cocks of G4 and G1 as compared to the cocks of G2. Cholesterol concentration 

decreased (P<0.05) in the cocks of G2 compared to the cocks of G1. However, cholesterol concentration increased insignificantly in the 

cocks fed zeolite (G3 and G4) as compared to the cocks of G2. Alanine, aspartic transaminases and creatinine levels increased (P<0.05) 
in the cocks of G2 compared to the cocks in other groups. However, there were no significant differences among cocks of G3 and G4 

and G1 in biochemical traits. Cocks of G3 and G4 showed increased (P<0.05) testosterone and aldosterone hormones levels compared to 

the cocks of G2. Cocks of G2 showed increases (P<0.05) in calcium and sodium concentrations compared to the cocks of other groups. 
In contrary, phosphorus and potassium concentrations showed a reverse trend. On the other hand, the results of blood mineral parameters 

showed no significant differences among the cocks of G1, G3 and G4. It can be concluded that, under desert conditions, drinking saline 

well water (3398 ppm total dissolved solids) had negative effects on semen quality, blood constituents and electrolyte of Montazah 
cocks. On the other hand, addition of zeolite (Clinoptilolite) to cock diets at levels of 2 % or 4 % might lessen the deleterious effects of 

saline stress on the physiological performance through controlling the changes might occur in semen quality and hormonal profile in 

addition to improving the hematological and minerals reactions aroused from drinking saline well water. 

mailto:alisaber_drc@yahoo.com


10 
Citation: Morsy, A. S. Effect of zeolite (Clinoptilolite) as a salinity stress alleviator on semen quality and hemato- biochemical parameters of Montazah cocks 
under South Sinai conditions.  Res. J. Anim. & Vet. Sci., 10(2): 9-17 

 

 

Research Journal of Animal and Veterinary Sciences 

ISSN: 1819-5458 

because of its chemical composition and specific lattice structure (Pavelic et al., 2001). These minerals are crystalline, hydrated aluminosilicates of alkali and 

alkaline earth cations (Na, K and/or Ca cations). Zeolite is porous material, able to adsorb molecules of appropriate cross-sectional diameter and to exchange their 

constituent cations without major change of their structure. Thus, zeolite appears to posse two important properties: adsorption and ion-exchange. The exploitation 
of these properties underlies the use of zeolite in a wide range of industrial and agricultural applications and particularly in animal nutrition (Beltcheva et al., 

2015). 

In recent years, there are evidences in the literature that using of zeolite (Clinoptilolite) has favorable effects on the growth and performance of animals 
(Shariatmadari, 2008; Heba, Basha et al., 2016 and Wawrzyniak et al., 2017). In addition, dietary zeolite improves feed efficiency and egg production in laying 

hens (Samara, Ma'en, 2003). Moreover, some studies suggested that natural zeolite may have a beneficial effect against aflatoxicosis and other health disorders 
(Pavelic and Hadzija, 2003). Zeolite clinoptilolite is able to adsorb damaging toxins that can potentially reduce the performance of animals (Oğuz and Kurtoğlu, 

2000), affect gut morphology, decrease pH, and lower pathogenic bacteria counts, which suggests that intestinal health improved (Wu et al., 2013 and Khambualai 

et al., 2009). Zeolite (Clinoptilolite) is aluminum silicate compounds having infinite three-dimensional crystalline structures containing soil alkali or alkali 
elements such as K, Na, Ca, Mg. At present, use of natural zeolite develops by utilizing features of ion-exchange, water and gas absorption (Mumpton and 

Fishman, 1977 and Binats et al., 2014). Among many properties attributed to zeolite, most typically related to their effectiveness in animal nutrition is its ability to 

selectively exchange a variety of cations without much major changes in their structure (Waldroup et al., 1984; Elliot and Edwards, 1991 and Shariatmadari, 
2008). Beneficial effects of zeolite may also be attributed to the silicon, aluminum or sodium content which can influence calcium-metabolism, thus improving Ca 

and phosphorus (P) utilization (Leach et al., 1990 and Watkins and Southern, 1991). So, zeolite can participate in many biochemical processes including exchange, 

adsorption, catalysis and dehydration-rehydration (Mumpton, 1999). Also, zeolite, being the adsorbents, eliminates a number of toxic substances (heavy metal 
salts, nitrates, nitrites, mycotoxins, radionuclides, metabolism products) from the organism. Zeolite, being ion-exchangers, participate in certain biochemical 

transformations, including the transport, activation and prolongation of enzyme and hormone action, maintain ion balance in terms of calcium and sodium, 

stabilize and regulate the soda-and-acid reserves in the gastrointestinal tract, normalize the homeostasis (inner medium) of animals, increase the nutrient 
conversion (Schneider et al., 2017). In addition, zeolite improves the nutrients conversion in poultry under unfavorable conditions (Andronikashvili et al., 2009). 

As growth promoter, zeolite acts as a buffer in the animal's digestive system, storing nitrogen in the form of ammonium and releasing it gradually by ion exchange 

with sodium and potassium. The animal receives greater benefit from the same quantity of feed (Loughbrough, 1993 and Karamanlis et al., 2008). 
Little studies were carried out concerning the effects of zeolite on testes, semen quality and hematological parameters in cocks. Therefore, the purpose of this 

study was to investigate the effects of dietary zeolite (Clinoptiolite) on semen quality, hemato-biochemical and blood hormones parameters of Montazah cocks 

drinking saline well water (3398 ppm total dissolved solids) under South Sinai conditions. 

 

MATERIALS AND METHODS 

The present study was conducted in the South Sinai Research Station, located at Ras Suder that belongs to the Desert Research Center, Ministry of 
Agriculture and Land Reclamation, Egypt. The experiment started in June 2015 up to August 2015. The work aimed to study the effect of zeolite addition on 

semen characteristics, hemato-biochemical, blood minerals and hormones aspects of Montazaah cocks under drinking saline well water conditions. A total number 

of 40 cocks (22- weeks old and body weight of 2053.73 g ± 25.45) were randomly divided into four equal groups (10 cocks / group). The 1 st group (G1), cocks 
drank tap water containing 265 ppm TDS with basal diet. The 2nd group (G2), cocks drank saline well water containing 3398 ppm TDS with basal diet. The 3rd 

group (G3), cocks drank saline well water containing 3398 ppm TDS with basal diet + 2 % zeolite. The 4 th group (G4), cocks drank saline well water containing 

3398 ppm TDS with basal diet + 4 % zeolite. According to Muller (1995), water minerals, pH and TDS were analysis (Table 1).  

 

Table 1: Chemical analysis of tap (TW) and saline well water (SW)  
Parameters TW SW 

Total dissolved solids (mg/l)  265.o 3398.0 

Electric conductivity (µS/m) 512.0 5540.0 

pH 6.9 7.6 

Sodium ( mg/l) 30.0 640.0 

Potassium ( mg/l) 4.0 8.0 

Calcium (mg/l) 46.0 302.7 

Magnesium (mg/l) 10.7 160.3 

Carbonate (mg/l) 0.0 15.0 

Bicarbonate (mg/l) 125.0 115.9 

Sulphate (mg/l) 52.4 800.0 

Chloride (mg/l) 59.1 1414.0 

 

Cocks were housed in wire cages, supplied with clean fresh water and fed ad-libitum on standard ration. Composition and calculated analysis of the 
experimental diet was presented in Table (2) according to NRC (1994). 

 

Table 2: Composition of the experimental basal diet 
Ingredient % 

Yellow corn 62.10 

Soybean meal (44 % CP)                                   14.65 

Corn gluten meal (60 % CP)                              5.00 

Wheat bran 8.25 

Di-Calcium phosphate                              1.70 

Limestone ground                                   2.20 

Salt 0.20 

Premix*                                                     0.30 

DL-Methionine                                         0.28 

Lysine  0.28 

Sand 5.60 

Total    100 

Calculated Analysis                                                                                                                                                                               

ME, Kcal/Kg                                           2700.00 

Crude Protein (%)                                    16.11 

Calcium (%)                                            1.25 

Available phosphorus (%)                                  0.46 

Lysine (%)                                              0.71 

Methionine (%)                                       0.60 

Meth+Cys                                           0.87 

*Vitamins and minerals premix provided per kilogram of the diet: Vit. A, 1000  IU; D3 2000 ICU; Vit. E, 10 mg; Vit. K, 1mg; B1, 10 mg; B2, 5 mg; B6, 

1500 mg; B12, 10mg Pantothenic  acid,  10  mg;  Nicotinic  acid,  30  mg;  Folic  acid, 1mg;  Biotin,  50  mcg; Chloride,  500  mg;  copper,  10  mg;  iron,  50  mg;  
Manganese,  60  mg;  Zinc,  50mg,  and selenium, 0.1 mg. 



11 
Citation: Morsy, A. S. Effect of zeolite (Clinoptilolite) as a salinity stress alleviator on semen quality and hemato- biochemical parameters of Montazah cocks 
under South Sinai conditions.  Res. J. Anim. & Vet. Sci., 10(2): 9-17 

 

 

Research Journal of Animal and Veterinary Sciences 

ISSN: 1819-5458 

Cocks were exposed to natural day-light and provided with artificial light to increase the day light length until reaching 16 h/day until the end of experiment. 

Cocks were healthy and examined against diseases and preserved with antibiotics and vaccines. Cocks were kept under the same managerial and hygienic 

conditions.  
Indoor climatic conditions recorded during the experimental period (Table 3). The relationship between ambient temperature and relative humidity was 

termed as temperature-humidity index (THI) and calculated according to Marai et al. (2001). THI = db°C – [(0.31 – 0.31 × RH) × (db°C – 14.4)].Where, db°C = 

dry bulb temperature in centigrade and RH = relative humidity %. The THI values were classified as absence of heat stress (<27.8), moderate heat stress (27.8-
28.8), severe heat stress (28.9-29.9) and very severe heat stress (>30.0). 

 

Table 3: Indoor ambient temperature (AT, 0 C), relative humidity (RH, %) and temperature-humidity index (THI) throughout experimental period 

Month 
AT (0 C)  RH (%) THI 

Min Max Min Max Min Max 

June 24.1±0.24 33.9±0.48 25.9±1.22 41.6±1.43 21.9±0.22 30.4±0.35 

July 23.8±0.81 35.6±0.78 25.3±1.98 42.1±2.10 21.6±0.55 31.8±0.66 
August 25.1±0.61 35.9±0.71 29.8±1.65 49.6±1.60 22.8±0.37 32.5±0.81 

 

Semen was collected monthly from all cocks using the massages method. Ejaculate volume (EV) was determined to the nearest 0.01 ml using tuberculin 

syringe. Sperm concentration (SC) was determined by using Thomes–Zeis haemocytometer (Kalamah et al., 2000). Total sperm output (TSO) was calculated by 

multiplying EV and SC. Percentage of live and abnormal sperms were determined after staining with eosine and nigrosine (Blom, 1950), then calculated as a 

percentage out of randomly chosen 100 sperm counted. Sperm motility (SM %) was estimated using a phase-contrast microscope according to Melrose and Laing 
(1970). Total number of motile sperm (TMS) was calculated by multiplying SM and TSO. Semen quality factor (SQF), was calculated according to the following 

pattern: SQF = (SC × EV × live spermatozoa)/100. Hydrogen ion concentration (pH) of semen was determined immediately after collection using pH paper. 

Blood samples were collected monthly from wing vein from all cocks into two tubes (anticoagulant EDTA treated and non-EDTA tubes) for determination of 
red blood cells, hemoglobin, packed cell volume, mean corpuscular volume, mean corpuscular hemoglobin and mean corpuscular hemoglobin concentration by the 

coulter (HA-VET, Clinding – Belgium). Serum was collected by centrifugation for 15 minutes at 3000 rpm and it stored at –20 0 C until determination of hormones 

(aldosterone, tri-iodothyronine and testosterone) by ELISA method using commercial kits. Blood metabolites (total protein, albumen, glucose, cholesterol, alanine 
and aspartic transaminase, creatinine and total antioxidant capacity) were determined using commercial kits. Globulin was calculated by the difference between 

total protein and albumin. Blood minerals (calcium, phosphorus, sodium and potassium) were determined calorimetrically using commercial kits. 

Data were analyzed by the least square analysis of variance using the General Linear Model Procedure (SAS, 2004) according to following model: 

Yij= + Tri + eij 

Where, 

Yij= Observations. 

 = Overall mean. 

Tri = Effect of ith group (i: 1-4). 

eij= Experimental error. 
Duncan’s New Multiple Range Test (Duncan, 1955) separated differences among treatment means. 

 

RESULTS AND DISCUSSION 

1. Semen quality: 

The obtained results demonstrated that sperm concentration (SC), total sperm output (TSO), sperm motility (SM), total motile sperm (TMS), semen quality 

factor (SQF) and concentration of testosterone were lower (P < 0.05) in the cocks drank saline well water (G2) by 27.9, 15.9, 32.1, 42.9 and 23.3 %, respectively 
as compared to the cocks drank tab water (G1). Meanwhile cocks of G3 (cocks drank saline water + 2 % zeolite) and G4 (cocks drank saline water + 4% zeolite) 

showed higher (P<0.05) values of SC (by 26.8 and 28.4 %, respectively) and SM (by 37.9 and 40.3 %, respectively) but insignificantly increment in TSO (by 13.2 

and 10.1 %, respectively), TMS (by 56.2 and 54.6 %, respectively) and SQF (by 22.4 and 17.7 %, respectively) as compared to the cocks of G2 (Table 4).  
On the other hand, dead spermatozoa (DS), sperm abnormalities (SA) and hydrogen ion (pH) decreased (P<0.05) in the cocks of G1 (by 25.7, 39.8 and 2.8 

%, respectively), G3 (by 21.4, 35.2 and 4.1 %, respectively) and G4 (by 18.2, 33.3 and 4.5, respectively) as compared to the cocks of G2. However, no significant 

differences among groups in ejaculate volume (Table 4).   
The deleterious effect of drinking saline water (G2) may be reflected on low semen quality and testosterone hormone which might cause severe degeneration 

of testes’ tissue and aggregation of red blood cells in central vein and in the sinusoids, aggregation of lymphocytes, necrosis of tubular epithelium, severe 

hemorrhage, severs degeneration of the kidney tissues (Amal, Hasan, 2013; Ezzat et al., 2007; Mirsalimi et al., 1994; Pang et al., 1979; Rashwan et al., 1997 and 
Ezzat, 1999). Moreover, drinking saline well water was reported to have adverse effects on the spermatogenesis process by alteration in the gonadotropins 

releasing cells activity which control the androgenic secretion by testes (El-Hassanein, 1996; Zaghloul et al., 2011 and Ashour et al., 2013). Yousef et al. (2003) 

reported that rabbits bucks drank saline water (5000 ppm TDS) acrosomal damage which might contribute to the elevation of percentage of dead and abnormal 
sperm.  

 

Table 4: Effect of zeolite supplementation on semen characteristics and testosterone concentration of cocks under drinking saline water conditions  
Traits G1 G2 G3 G4 ±SE 

EV (ml) 0.24 0.28 0.25 0.24 0.05 

SC (106ml) 692.59a 499.28b 633.33a 641.57a 36.10 

TSO (106) 166.22a 139.79b 158.33ab 153.97ab 12.35 

SM (%) 85.45a 58.00b 80.00a 81.42a 5.60 

TMS (106) 142.03a 81.07b 126.66ab 125.36ab 24.30 

LS (%) 79.63a 72.58b 78.46a 77.58a 1.11 

DS (%) 20.37b 27.42a 21.54b 22.42b 1.11 

SA (%) 8.77b 14.57a 9.44b 9.71b 0.93 

SQF 132.36a 101.45b 124.22ab 119.44ab 13.69 

pH 7.06b 7.27a 6.97b 6.94b 0.06 

Testosterone (ng/ml) 2.34a 1.70b 2.13a 2.15a 0.15 

G1= cocks drank tap water (265 ppm TDS) with basal diet; G2= cocks drank saline well water (3398 ppm TDS) with basal diet; G3 = cocks drank saline well water with basal diet + 2 

% zeolite; G4 = cocks drank saline well water with basal diet + 4 % zeolite. 

EV = ejaculate volume; SC = sperm concentration; TSO = total sperm output; SM = sperm motility; TMS = total motile sperm; LS = live spermatozoa; DS = dead spermatozoa; SA = 

sperm abnormalities; SQF = semen quality factor; pH = hydrogen ion. 
a-b Means bearing different superscripts within the same row are significantly different (P<0.05). 

 

On the other hand, the increase in pH value in the cocks of G2 may be due to the higher percentage of dead cells (Table 4). The higher quality of semen is 

usually achieved when pH is on the acid side of neutrality than semen with lower sperm-cells concentration and semen containing many dead spermatozoa may 
evolve ammonia, which will increase the pH value (Graves, 1978 and Amal, Hasan, 2013). The decline of T2 hormone in the cocks of G2 might be explained as 
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under high saline stress conditions, the electrolytes system of cocks was not capable to maintaining normal homeostasis and hence it negatively effect on semen 

quality and might alteration in the gonadotropins releasing cells activity which controls the androgenic secretion by testes (Amal, Hasan, 2013; Abd El-Galil et al., 

2014; Morsy et al., 2012 and 2016 and Emam et al., 2017).  
It is worthy to reveal that cocks of G3 and G4 (Zeolite groups) showed no significant differences in semen quality characteristics and concentration of 

testosterone hormone when compared to the cocks of control ones (G1) indicating the effective role of zeolite supplementation in reducing the harmful effect water 

salinity through adsorption which has been proven to be a successful method for removal of heavy metals from saline well water (Kaya and Oren, 2005 and Al-
Anber, 2010). Furthermore, the ion-exchange characteristics of zeolites is reversible, allowing for adsorption of ions and molecules, making zeolites useful as 

filters for toxin removal and as chemical sieves (Pavelic and Hadzija, 2003). Hence, mineral adsorbents based on natural zeolite might be used in animal diets to 
prevent the negative effects of saline stress on spermatogenesis. In addition, this improvement in semen quality might be due to the capability of free silicate 

anions in the zeolite structure to make electrolyte balance in the liver, kidneys, testes and blood (Kleiner et al., 2001 and Tas et al., 2007). Zeolite, being ion-

exchangers, participate in certain biochemical transformations, including the transport, activation and prolongation of enzyme and hormone action, maintain ion 
balance in terms of calcium and sodium, stabilize and regulate the soda-and-acid reserves in the gastrointestinal tract, normalize the homeostasis (inner medium) of 

animals, increase the nutrient conversion (Schneider et al., 2017). It has been reported that testis degenerations were formed in mineral excess by means of 

suppression of gonadotropin excretion (Amal, Hasan, 2013). Consequently, improvement in semen quality characteristics in the cocks of G3 and G4 might be due 
to the positively effective of zeolite in modulate metabolic, endocrine, antioxidative status and thus improve their health and spermatogenesis processes (Valpotić 

et al., 2017).  

 

2. Hematological parameters: 

Hematological parameters have been considered important parameters for the healthy status for cocks. Red blood cells (RBC's) and hemoglobin (Hb) 

concentration were higher (P < 0.05) in the cocks of G1 (by 12.2 and 9.0 %, respectively) and G3 (by 10.6 and 9.7 %, respectively) as compared to the cocks of G2 
(Table 5). However, packed cell volume (PCV) increased (P<0.05) in the cocks of G2 by 7.4 % as compared to the cocks of G1. On the other hand, mean 

corpuscular volume (MCV) increased (P<0.05) in the cocks of G2 by 17.4, 13.2 and 9.1 % when compared to the cocks of G1, G3 and G4, respectively. 

Meanwhile, mean corpuscular hemoglobin concentration (MCHC) decreased significantly in the cocks of G2 by 15.8 and 12.4 % as compared to the cocks of G1 
and G3, respectively. Nevertheless, no significant differences between the cocks drank saline well water with 2 % zeolite (G3) and the cocks drank tap water (G1) 

in all hematological parameters. Cocks exposed to the saline stress suffer from physiological changes to preserve the consistence and body stability.  

These negatively disturbances in hematological parameters due to intake saline well water might be due to increased water intake that may be caused 
hemodilution and increased total body water (Assad et al., 1997; Abd El-Galil et al., 2014; Morsy et al., 2012 and Emam et al., 2017). And/or salt intake caused 

varying degrees of anhydremia resulting in an elevation of specific gravity and hematocrit value in the blood (Amal, Hassan, 2013). 

Meanwhile, improvement in hematological parameters of cocks fed 2 and 4 % zeolite  (G3 and G4) may suggest that the important role of zeolite 
supplemental in reducing the deleterious effects of saline stress on cocks by eliminate a number of toxic substances such as heavy metal salts, nitrates, nitrites, 

mycotoxins, radionuclides, metabolism products (Andronikashvili et al., 2009). Also, zeolites, being ion-exchangers, participate in certain biochemical 

transformations, normalize the homeostasis of animals and increase the nutrient conversion, so it may be reversible in increase the values of RBC's and Hb 
(Shadrin, 1998 and Tsitsishvili et al., 1977). 

 

Table 5: Effect of zeolite supplementation on hematological parameters of cocks under drinking saline well water conditions  

Traits G1 G2 G3 G4 ±SE 

RBC's (× 106/mm3) 3.40a 3.03b 3.39a 3.26ab 0.10 

Hb (g/dl) 13.77a 12.52b 13.87a 13.17ab 0.47 

PCV (%) 36.21b 39.11a 37.94ab 38.24ab 1.10 
MCV (fl) 106.50c 129.07a 111.91bc 117.30b 2.90 

MCH (pg) 40.50 41.32 40.91 40.39 0.72 

MCHC (%) 38.02a 32.01c 36.55ab 34.44bc 0.87 

G1= cocks drank tap water (265 ppm TDS) with basal diet; G2= cocks drank saline well water (3398 ppm TDS) with basal diet; G3 = cocks drank saline well 

water with basal diet + 2 % zeolite; G4 = cocks drank saline well water with basal diet + 4 % zeolite. 

RBC's = red blood cells, Hb = hemoglobin, PCV = packed cell volume, MCV = mean corpuscular volume, MCH = mean corpuscular hemoglobin, MCHC = mean 
corpuscular hemoglobin concentration. 
a-c Means bearing different superscripts within the same row are significantly different (P<0.05). 

 
3. Biochemical parameters: 

Biochemical parameters as influenced by zeolite addition were presented in Table (6). Cocks of G2 showed (P<0.05) reduction in total protein, globulin and 

glucose concentrations when compared to the cocks of G1, G3 and G4 which might be due to the effect of salt stress. Karadjole et al. (1999) mentioned that the 

decrement in glucose level in the cocks of G2 could be interpreted as a consequence of the increased transport of glucose and salt through membranes into tissue 

cells. Under higher salt intake conditions, the body exposed to a metabolic stress, resulting in elevation in energy requirements to maintain the sodium/potassium 

gradient, which accounts for the decreased concentration of blood glucose (Ahmed, 1996 and Guyton and Hall, 2006 and Amal, Hasan, 2013). However, it’s 
worthy to reveal that zeolite groups had comparable total protein and globulin values with control group. Valpotic et al. (2016) mentioned that zeolite improved 

the absorption of immunoglobulins, total proteins and some microelements, especially iron and copper in cow (Ipek et al., 2012). Moreover, Macháček et al. 

(2010) demonstrated that differences in glucose and total protein as a result of clinoptilolite administration in feed (2% and 4%) of laying hen were not significant 
comparing to control ones and remained within the range of reference values. Eleroglu et al. (2011); Lotfollahian et al. (2004) and Safaeikatouli et al. (2011). 

They reported that increases in the total serum protein concentration by 3% zeolite supplementation. Also, Nik-Khan (2002) reported that used 1 gram zeolite/ kg 

body weight/ day had the best effects on increasing serum immunoglobulins. 
Likewise, total antioxidant capacity (TAC) increased (P<0.05) in the cocks of G4 and G1 as compared to the cocks of G2. However, cocks of G3 showed 

insignificant increment in TAC as compared to the cocks of G2. Drinking saline well water might reduce hepatic synthesis of RNA, which in turn depressed the 

incorporation of amino acids for protein synthesis (Suckow and Douglas, 1997 and Tata and Widnell, 1966). Also, the depression in total protein could be 
considered as a physiological accommodation to prevent excessive passage of fluids into the interstitial tissue due to the level of salinity (Abdel Samee and El-

Masry, 1992; Amal, Hasan, 2013 and Emam et al., 2017). 

Cholesterol concentration decreased (P<0.05) in cocks of saline water (G2) by 22.9 % as compared to the cocks of G1. However, cholesterol concentration 
increased insignificantly in the cocks fed zeolite (G3 and G4) as compared to the cocks of G2. Decrement in cholesterol concentration in cocks of G2 was in 

agreement with those of Amal, Hasan (2013) and Ayyat et al. (1991) where protein and fat metabolism were negatively affected as a result of drinking saline 

water. 
It is worthy to mention that, there were no significant differences among the cocks of G3 and G4 and G1 in cholesterol concentration which confirmed that 

additional of zeolite in diets did not have adverse effects on cholesterol concentration. Similar results were obtained by Dwyer et al. (1997); Keçeci et al. (1998); 

Curtui (2000); Lotfollahian et al. (2004); Miles and Henry (2007) and Safaeikatouli et al. (2011).   
Alanine transaminase (ALT), aspartic transaminase (AST) and creatinine increased (P<0.05) in the cocks drank saline well water (G2) as compared to the 

cocks in other groups indicating that increased salt load might cause negative effects on the liver and kidney functions and in turn the animal's health (Amal, 

Hasan, 2013 and Morsy et al., 2012 and 2016). On the other hand, there were no significant differences among G3 and G4 and G1 in ALT, AST and creatinine 
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concentrations. These results might indicate that zeolite might be safe supplements even though more histological studies are needed to prove it (Tukmechi et al., 

2011 and Sheikhzadeh et al., 2017). Also, Zeolite (Clinoptilolite) application reduced lipid peroxidation and normalized the liver functions in the animals drinking 

saline water.  

 

Table 6: Effect of zeolite supplementation on some biochemical parameters of cocks under drinking saline water conditions  

Traits G1 G2 G3 G4 ±SE 

Total protein (g/dl) 4.43a 3.02b 4.01a 4.00a 0.22 
Albumin (g/dl) 2.18 2.01 1.98 2.08 0.12 

Globulin (g/dl) 2.25a 1.01b 2.03a 1.92a 0.22 
Glucose (mg/dl) 192.29a 152.53b 184.38a 183.80a 6.59 

Cholesterol (mg/dl) 69.40a 53.50b 64.47ab 65.18ab 6.19 

ALT (i.u./l) 28.95b 46.80a 33.11b 34.74b 2.71 
AST (i.u./l) 72.38b 85.88a 76.81b 77.51b 3.11 

Creatinine (mg/dl) 0.30b 0.60a 0.40b 0.38b 0.05 

TAC (mM/l) 0.70a 0.49b 0.63ab 0.68a 0.06 

G1= cocks drank tap water (265 ppm TDS) with basal diet; G2= cocks drank saline well water (3398 ppm TDS) with basal diet; G3 = cocks drank saline well 

water with basal diet + 2 % zeolite; G4 = cocks drank saline well water with basal diet + 4 % zeolite. 

ALT =alanine transaminase; AST = aspartic transaminase; TAC = total antioxidant capacity.  
a-b Means bearing different superscripts within the same row are significantly different (P<0.05). 

 

4. Hormonal profile: 

Cocks of G1, G3 and G4 showed significant (P<0.05) increases in aldosterone hormone as compared to their counterparts of G2. Same trend was observed 
for T3 concentrations with insignificant manner. In addition, no significant differences were observed among the cocks of G1, G3 and G4 in T3 and aldosterone 

hormones (Table 7). On the other hand, the lower values recorded of T3 hormone levels of G2 cocks might be attributed to the increase of water intake and 

decrease of feed intake as a result of drinking saline well water (Habeeb et al., 1992 and Amal, Hassan, 2013). The decrement in aldosterone hormone of G2 could 
be owing to the physiological effects of salt retention and excretion by reducing their plasma aldosterone concentration by nearly 50 % of control values (Amal, 

Hassan, 2003; Digby, 2007 and Emam et al., 2017).  

 

Table 7: Effect of zeolite supplementation on tri-iodothyronine and aldosterone hormones of cocks under drinking saline water conditions  

Traits G1 G2 G3 G4 ±SE 

Tri-iodothyronine (ng/ml) 1.97 1.60 2.01 1.88 0.18 

Aldosterone (pg/ml) 27.23a 19.51b 24.15a 25.65a 2.13 

G1= cocks drank tap water (265 ppm TDS) with basal diet; G2= cocks drank saline well water (3398 ppm TDS) with basal diet; G3 = cocks drank saline well 

water with basal diet + 2 % zeolite; G4 = cocks drank saline well water with basal diet + 4 % zeolite. 
a-b Means bearing different superscripts within the same row are significantly different (P<0.05). 

    

5. Mineral parameters: 

Figure (1) showed that the cocks drank saline well water (G2) had higher (P<0.05) calcium concentration by 41.3 and 32.6 % as compared to the cocks of G1 
and G3, respectively, meanwhile, calcium level increased insignificantly in the cocks of G2 by 21.2 % as compared to the cocks of G4. However, there were no 

significant differences among the cocks of G1, G3 and G4. In contrary, phosphorus concentration decreased (P<0.05) in the cocks of G2 by 19.4 % as compared to 

cocks of G4 (Figure 1). Meanwhile, phosphorus concentration increased (P<0.05) in the cocks of G4 as compared to the cocks of G1. This decrement in 
phosphorus concentration might be attributed to their reciprocal reverse relationship as the increased blood calcium concentration resulted in increased parathyroid 

hormone secretion which inhibits the renal tubules reabsorption of phosphorus (Amal, Hasan, 2013; Abd El-Galil et al., 2014 and Emam et al., 2017). 

  

 
Fig. 1: Effect of zeolite supplementation on blood calcium and phosphorus levels of cocks under drinking saline water conditions 

G1= cocks drank tap water (265 ppm TDS) with basal diet; G2= cocks drank saline well water (3398 ppm TDS) with basal diet; G3 = cocks drank saline well 

water with basal diet + 2 % zeolite; G4 = cocks drank saline well water with basal diet + 4 % zeolite. 
a-b Means with different superscripts among groups are significantly different (P<0.05). 

 

On the other hand, the lower of calcium and higher of phosphorus concentrations in the cocks of G3 and G4 suggested that zeolites may selectively retain or 
release calcium as it passes through the digestive system (Quarles, 1985 and Roland et al., 1985) resulting participation of much calcium in bones (Ballard and 

Edwards, 1988). Natural zeolites have a remarkable ion-exchange capability at around 2.5 meq/g and selectivity for calcium. Roland et al. (1985) hypothesized 
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that the beneficial effect of zeolite on bone quality may be related to its high affinity for calcium and phosphorus and its ion-exchange capability. These results 

were in agreement with those of Ward et al. (1993); Frost et al. (1992) and Eleroglu et al. (2011) where zeolite positively affected the balance of serum calcium 

and phosphorus concentrations and regulate electrolyte balance (serum sodium and potassium) of birds.  
Sodium concentration increased (P<0.05) in the cocks of G2 by 12.9, 11.4 and 16.6 % as compared to the cocks of G1, G3 and G4, respectively (Figure 2).  

 

 
Fig. 2: Effect of zeolite supplementation on blood sodium, potassium, sodium/potassium ratio and sodium/(sodium+potassium) index of cocks under drinking 

saline water conditions 

G1= cocks drank tap water (265 ppm TDS) with basal diet; G2= cocks drank saline well water (3398 ppm TDS) with basal diet; G3 = cocks drank saline well 

water with basal diet + 2 % zeolite; G4 = cocks drank saline well water with basal diet + 4 % zeolite. 
a-b Means with different superscripts among groups are significantly different (P<0.05). 

 

In an opposite trend, potassium concentration decreased (P<0.05) in the cocks of G2 by 40.8 and 31.2 % as compared the cocks of G1 and G3, respectively. 
However, cocks of G2 showed insignificantly decreased in potassium concentration by 19.4 % when compared to the cocks of G4. On the other hand, cocks of G2 

showed increase (P<0.05) in sodium/potassium ratio and sodium/(sodium+potassium) index as compared to cocks in G1, G3 and G4. Minerals, in body fluids and 

tissues as electrolytes, alarmed with the maintenance of osmotic pressure, acid–base balance, membrane permeability and tissue irritability (Milne, 1996 and 

Underwood and Suttle, 1999). The higher levels of electrolytes might be explained as cocks drank saline well water containing higher concentration of these 

minerals (Table 1) as compared to the cocks drank tap water, so, it appears quite logical that the high amount of electrolytes in drinking water entailed their 

increased levels in their serum (Ayyat et al., 1991; Abdel-Samee and El-Masry, 1992; Ahmed, 1996; Balnave et al., 1989; Fayez et al., 1994; Karadjole et al., 
1999; Morsy et al., 2012 and Amal, Hasan, 2013). The negative relationship between blood sodium and potassium concentrations might protect the body against 

hyperkalemia and muscle irritability (Ahmed and Abdel-Rahman, 2004; Balnave et al., 1989; Abbas et al., 2008; Amal, Hasan, 2013 and Morsy et al., 2016). 

Also, the increase in the sodium/potassium ratio and sodium/(sodium+potassium) index might be due to increase the rate of glomerular filtration in the kidney for 
such electrolytes due to the drinking saline well water and consequently a direct increase in their concentration in the blood (Amal, Hassan, 2003 and 2013 and 

Morsy et al., 2012). 

On the other hand, the results of blood mineral parameters showed no significant differences among G1, G3 and G4 indicating that zeolite, being ion-
exchangers, participates in certain biochemical transformations, including the transport, activation and prolongation of enzyme and hormone action, maintain ion 

balance in terms of electrolyte system and normalize the homeostasis of animals (Andronikashvili et al., 2009 and Colella, 2011).   

In the light of abovementioned results, it can be concluded that, under desert conditions, semen quality, blood constituents and electrolyte of Montazah cocks 
were negatively affected as a result of drinking saline well water (3398 ppm total dissolved solids). On the other hand, addition of zeolite (Clinoptilolite) to cock 

diets at levels of 2 % or 4 % might be an avenue to lessen the deleterious effects of saline stress on the physiological performance through controlling the changes 

might occur in semen quality and hormonal profile in addition to improving the hematological and minerals reactions aroused from drinking saline well water.  
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