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ABSTRACT 

 

The present study was conducted to investigate the effects of diets inclusion of olive cake (OC) and 

enzyme supplementation on semen quality and blood constituents of Mamora cocks under South Sinai 
conditions. The olive cake was included at 0, 8 and 16 %. The diets were also supplemented with 0 and 

0.05 % Allzyme SSF. A total number of 48 cocks were randomly distributed among the 6 treatments (8 

cocks / treatment). Semen quality characteristics showed significant decrease in the cocks fed 16 % OC 

than that of the control diet (0.0 % OC). On the other hand, ion hydrogen (pH) was increased (P<0.05) in 

the cocks fed 8 and 16 % OC as compared with the cocks fed 0 % OC. Red blood cells (RBC's) count and 

hemoglobin concentration (Hb) were significantly decreased in the cocks fed 16 % of olive cake (OC) 

than that of the control diet. Albumin (Alb), albumin/globulin ratio (A/G ratio) and cholesterol values 

were significantly increased in the cocks fed 8 and 16 % of OC than that of the control diet. In contrary, 

cocks fed 16 % OC showed decrease (P<0.05) globulin (Glo) as compared with the cocks fed 8 and 0 % 

OC. Semen quality characteristics were significantly improved in the cocks fed Allzyme SSF (0.05 %) as 

compared to control group. RBC's, Hb TP, Alb and Glo values were increased (P<0.05) in the cocks fed 
Allzyme SSF (0.05 %) as compared to the control group. In opposite, cholesterol and aspartic 

transaminase (AST) concentrations were significantly decreased in the cocks fed Allzyme SSF compared 

to control group. Results showed that supplementation of Allzyme SSF in the diets of cocks fed 16 % OC 

significantly improved semen quality characteristics and increased count of RBC's.  

It could be concluded that, the addition of 8% OC with or without Allzyme SSF supplementation to 

the diets of cocks might be the avenue to reduce the gap of feed stuff.  Moreover, supplementing the 8 

and 16 % OC diet with 0.05% Allzyme SSF may improve cock's performance. 
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INTRODUCTION 

 

Feeding agricultural by-products to livestock advantages by less dependency of livestock on 

grains that can be consumed by humans and the reduction of costs related to waste management.  

Olive cake is the remainder of olive cake (the raw material resulting from extraction of olive 
oil) after the removal of the seed fractions. It can be achieved by sieving the dry olive cake (OC) to 

separate most of the seeds. About 0.3 of cell wall fraction will be removed by sieving [1- 2]. Olive cake 

could be successively and safely included up to 12 % in laying hens diets without adversely 

affecting productive performance and blood constituents under South Sinai conditions [3]. 

Olive cake is considered as a good source of calcium, copper and cobalt but poor in 

phosphorus, magnesium and sodium and with fair levels of manganese and zinc [4]. [5] reported that 

olive cake tended to have low levels of lysine, methionine and histidine. Indeed, the olive mill waste 

could be of particular interest in chickens for its level of residual oil (6.8%), this can constitute a 

complementary energy source and for its particular composition of unsaturated fatty acids (62.4% of 

oleic acid, 18.2% of linoleic acid, 1.1% of linoleic acid and 2.7% of palmitoleic acid) which could 

influence the accumulation of fatty acid in the various body compartments during the animal’s life and 

as such could have a certain impact on the positive animals performance and meat quality [6]. 
The utilization of olive by-products as animal feed is a good way of recycling these waste 

products. However, presence of xyloglucan (non-starch polysaccharides) on olive cake cell walls which 

has anti-nutritive effects on poultry [7 – 8]. Hence, there is a need to formulate Optimized rations for 

different animal uses to avoid metabolic disorders caused by the unbalanced rations of energy and 

protein and to reduce the tasty factors which might limit feed intake and then the animal performance 

that leads to low profitability such as high percentage of raw fiber (27–41%), tannin and phenol [9]. 
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Concerns associated with olive cake as a feedstuff for livestock are the amounts of total-extractable 

tannins (approximately 10 percent) and total-extractable polyphenols (approximately 14 percent) 

because these compounds might reduce feed intake and/or animal performance. Moreover, their 

nutritive elements are masked with the occurrence of anti – nutritional factors such as tannin which 

lead to significant physiological and biochemical alterations in the body of livestock animals [10]. 
The poultry feed industry has greatly increased its use of exogenous enzymes. Adding the 

appropriate exogenous enzymes to the feed can improve utilization of nutrients from the feed, thereby 

decreasing feed cost, improving bird performance, and decreasing the environmental impact of manure 

application to land [11]. Allzyme SSF is a natural complex that improves profitability through 

maximizing nutrient release. It is produced by solid-state fermentation using a carefully selected strain 

of Aspergillus niger that allows flexibility in feed formulation through the inclusion of by-products and 

alternative raw materials. Allzyme SSF which is characterized by a 21% CP and 2.6 % Fat and 7 types 

of enzymes (proteases, amylases, xilanases, beta-glucanases, pectinases, celluloses and phitases). Diets 

containing Allzyme SSF can be reformulated through reduction its energy value by 75 kcal and Ca and 

P content by 0,1 % reducing its cost with production performances at a high level [12]. 

Numerous trials have been conducted to investigate the use of Allzyme SSF in poultry diets 

[12, 13, 14, 15, 16, 17]. 
Therefore, this study aimed to investigate the effects of diets inclusion of olive cake and enzyme 

supplementation on semen quality, physiological responses and blood constituents of Mamora cocks. 

 

MATERIALS AND METHODS 

 

  The present experiment was carried out at South Sinai Experimental Research Station (Ras 

Sudr) which belongs to the Desert Research Center. The experiment started in June to September 2012.   

Olive cake was collected from local olive processing factory during summer 2012 at Ras- 

Suder city then transported to experimental research station (Ras-Suder city). Crude olive cake: The 

residue of the first extraction of oil from the whole olive by pressure. The chemical analysis of the 

tested by product was as follows: 91.5 % DM, 7.02 % CP, 40.27 % CF, 10.07 % EE, 13.63 % Ash, 
29.01 % NFE and 86.37 % OM. 

A total number of 48 Mamora cocks (22 weeks old and body weight of 2322.5 ± 30.5 g) were 

used until 34 week of age. The olive cake was added at levels of 0, 8 and 16 %. The diets were also 

supplemented with 0 and 0.05 % Allzyme SSF. This resulted in a factorial experimental design of 3 

(olive cake %)× 2 (Allzyme SSF %), or 6 treatments. Then 48 cocks were randomly distributed into the 

6 treatments (8 cocks/ treatment). The experimental diets were formulated in granular form according 

to NRC [18] in Table (1).  

 

Table (1). Composition and calculated analysis of the experimental diets 
Ingredients (%) 0 % 8 % 16 % 

Olive cake meal 0.00 8.00 16.00 

Yellow corn 62.10 58.50 53.00 

Soybean meal (44 % CP) 14.65 18.20 16.50 

Corn gluten meal (60 % CP) 5.00 3.30 4.60 

Wheat bran 8.25 2.10 0.00 

Limestone ground 2.20 2.20 2.10 

Dicalcium phosphate 1.70 1.70 1.70 

Vit. and min. premix* 0.30 0.30 0.30 

Salt 0.20 0.10 0.20 

DI-methionine 0.28 0.28 0.29 

Sand 5.6 5.6 5.6 

Total 100 100 100 

Calculated values**    

Crude protein 16.11 16.04 16.01 

Crude fiber 3.32 3.06 5.09 

Ether extract 3.29 2.91 3.11 

Ash 2.30 2.65 3.11 

Metabolizable energy (kcal/kg) 2700 2700 2700 

Calcium (%) 1.25 1.24 1.25 

Available phosphorus (%) 0.46 0.43 0.48 

Methionine (%) 0.60 0.60 0.60 

Lysine (%) 0.71 0.78 0.72 

Methionine+ Cyc  (%) 0.87 0.88 0.81 

Cystine 0.28 0.27 0.26 
* Each 2.5 kg Vitamins and minerals premix contains (per ton of feed), Vit. A 10000000 IU, Vit. D3 2000000 IU, Vit.E I0g, Vit.K3 1000 

mg, Vit. B1 1000 mg, Vit. B2 5000mg, Vit. B6 1.5g, Vit. B12 10 mg, Pantothenic acid 10g, Niacin 30g, Folic acid 1g, Biotin 50 mg, Iron 

30g, Manganese 70g, Choline chlorite 10g, Iodine 300 mg, COCper 4g, Zinc 50g and Selenium 100 mg. 
** According to NRC (1994). 
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All groups were reared under month's condition (average maximum indoor ambient temperature, 

relative humidity and temperature-humidity index were 36.7 oC, 25.5 % and 31.4, respectively).  

Experimental cocks were housed in wire cages of triple deck batteries. Birds were exposed to 

natural day- light and provided with artificial light to increase the day light length until reaching 14 h. 

at 18 weeks of age. Then, the day light length period was increased 30 minutes every other week until 
fixed at 16 h. daily from 30 weeks of age to the end of experiment (34 weeks). Birds were kept under 

the same managerial and hygienic conditions. Birds were examined against diseases and treated with 

antibiotics and vaccines to keep them healthy. 

Blood samples were randomly withdrawn from the wing vein into tube containing EDTA to 

examine immediately red blood cells counted in blood under the microscope by means of 

hemocytometer and hemoglobin concentration according to [19]. Hematocrite (%) estimated using 

microhematocrit tubes by win robe methods. Serum was collected by using centrifugation for 15 

minutes at 3000 rpm and it stored at –20 °C until analysis. Blood metabolites (total protein, albumin, 

cholesterol, triglycerides, alanine transaminase, aspartic transaminase and total antioxidant capacity) 

were determined calorimetrically by using commercial kits. Globulin was calculated by the difference 

between total protein and albumin. 

Concentrations of triiodothyronine and testosterone hormones were determined by ELISA 
method using commercial kits.  

Semen was collected from cocks using the massages method. The ejaculate volume was 

determined to the nearest 0.01 ml using tuberculin syringe. Sperm concentration was determined by 

using Thomes–Zeis haemocytometer [20]. Total sperm output was calculated by multiplying ejaculate 

volume and spermatozoa concentration. Percentage of live and abnormal sperms were determined after 

staining with Eosine and nigrosine [21], then calculated as a percentage out of randomly chosen 100 

sperm counted. Percentage of motile sperm was estimated a phase-contrast microscope according to 

[22]. Total number of motile sperm (TMS) calculated by multiplying percentage of motile sperm and 

total sperm output. Semen quality factor (SQF), calculated according to the following pattern was used: 

SQF= (sperm concentration× ejaculate volume× live spermatozoa)/ 100. Hydrogen ion concentration 

(pH) of semen was determined immediately after collection using pH paper. 
Statistical analysis was carried out using General Linear Model (GLM) procedures by SAS 

[23] using two-way analysis of variance according to this model: Yijk  = µ +Ti + Zj+ TZij + eijk 

Where: Yijk = observations value of the kth animal, µ = overall mean, Ti = effect of ith olive cake (i: 1-3), 

Zj= effect of jth enzyme (j: 1-2), TZij= the interaction between olive cake and enzyme, eijk = 

experimental error. 

Significant differences among treatment means were tested using Duncan multiple range test [24].  
 

RESULTS AND DISSCUSION 
 

1. Semen quality  

The obtained results revealed that providing olive cake (OC) in cocks diets at level of 8% 

decreased (P<0.05) ejaculate volume (EV), total motile sperm (TMS), semen quality factor (SQF) and 

increased (P<0.05) hydrogen ion (pH). While there were any significant differences as a result of 
adding olive cake in cocks’ diets on sperm concentration (SC), live spermatozoa (LS), dead 

spermatozoa (DS), sperm abnormalities (SA) and the concentration of testosterone hormone (T2) 

(Table 1). Moreover, increasing the percentage of OC to 16% in cocks’ diet decreased significantly 

most of the semen quality parameters; EV, TSO, SM, TMS and SQF. However, SC, DS, SA and T2 did 

not change significantly (Table 1). 

The significant reduction in semen characteristics as a result of increasing the OC percentage 

up to 16% might be attributed to inhibition in the metabolism of dietary protein. [25] reported a 

reduction in semen volume of boars when fed with low protein dietary level. Although the dietary 

protein levels given to the birds in this study were considered adequate, the combined effect of anti- 

nutritional factors such as tannin and polyphenols in OC may cause a substantial part of the ingested 

protein unavailable for normal semen production and reduced efficiency of spermatogenesis processes 
and/or indirectly via hypothalami-pituitary-testis-axis, which controls the reproductive efficiency [26]. 

[27] and [28] reported that a possible interference with protein metabolism, enzyme activities and 

hormonal regulation in the cocks by the high tannin and polyphenols contents in the OC.  

The high tannin content in the OC might led to adverse effects on the testis and a consequent 

reduction in the semen characteristics of cockerels [29, 30, 31, and 32]. 

Regarding the enzyme effect, the obtained results demonstrated that providing Allzyme SSF 

(0.05%) improved EV, SC, TSO, SM, TMS, LS and SQF significantly by 33.3, 33.0, 77.4, 31.1, 27.3 

and 132.6 %, respectively. On the other hand, Allzyme SSF supplementation decreased (P<0.05) DS 

and SA by 27.3 and 22.6 %, respectively. The improvement recoded in semen quality as a result of 
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adding Allzyme SSF to the OC diets might be owing to that appropriate exogenous enzymes improve 

utilization of nutrients from the feed, thereby improving cock performance [33]. Allzyme SSF which is 

characterized by a 21.0 % CP, 2.6 %, Fat and 7 types of enzymes (proteases, amylases, xilanases, beta-

glucanases, pectinases, cellulases, phitases) which may increasing the digestibility of phytate-bound 

phosphorus, proteins, triglycerides, xylans, hemicellulose, cellulose and  starch in diets. [11] indicated 
that diets containing the enzymatic complex had a marked effect on the spermatogenesis process. 

However, exogenous fibrolytic enzymes involved in the feed have been shown to improve fiber 

digestion by cellulolytic ruminal bacteria, microbial growth and production of microbial protein [34].  

On the other hand, enzyme providing elevated insignificantly blood testosterone concentration as 

compared to the non-supplemented ones (Table 1). The beneficial effect of the exogenous enzyme addition 

might be due to a stimulatory effect of nutrients made available to the animal on testicular steroidogenesis, as 

improved nutrition enhances testicular functions, stimulating testosterone synthesis [35]. 

Concerning the interaction between OC and enzyme supplementation, results showed that there 

were significant differences in EV, TSO, TMS and SQF, while there were no significant for SC, DS, SA, 

pH and T2. Supplementation of Allzyme SSF in the diets of cocks fed 16 % OC significantly increased 

EV, TSO, SM, TMS and SQF comparing with control group (0% OC). These results revealed that the 

importance role of Allzyme SSF to decrease the deleterious effect of inclusion OC on semen quality.  
These actions may be improved the nutrition status of cockerels taking the Allzyme SSF by 

improved intestinal mucosal development and enhances nutrient digestibility, which in turn promote 

nourishment of the serotonin cells and seminal fluid that nurse the germ cells. [36] reported that there is 

a strong correlation between animal nutrition and spermatogenesis processes, sperm maturation and 

male reproductive system development. Hence, enzyme addition may encourage the availability of 

macronutrients and micronutrients caused by the action of proteases, amylases and cellulose’s essential 

for the synthesis of diverse components of the spermatozoa. Also, this improved in nutrient availability 

with the enzyme supplementation may enhance the endocrine activity of gonads, which created a 

supportive environment for spermatogenesis [11]. 
 

Table (1). Effect of feeding different levels of olive cake and enzyme supplementation on semen 

characteristics and testosterone level (T2) of Mamora cocks 
Items Enzyme Olive cake (%)  

(%)  0  8  16 Overall mean 

EV (ml) 0 0.44ab±0.03 0.36bc±0.03 0.10e±0.03 0.30B±0.02 

 0.05 0.38b±0.03 0.30d±0.03 0.51a±0.03 0.40A±0.02 

Overall mean 0.41A±0.02 0.33B±0.02 0.30B±0.02  

SC (106ml) 0 543.3±79.3 390.0±79.3 493.3±79.3 475.5B±45.7 

 0.05 570.0±79.3 700.0±79.3 627.5±68.6 632.5A±43.8 

Overall mean 556.6±56.0 545.0±56.0 560.4±52.4  

TSO (106) 0 239.0b±34.2 140.4bc±34.2 49.3c±34.2 142.6B±19.7 

 0.05 216.6b±34.2 210.0b±34.2 320.0a±29.6 253.0A±18.9 

Overall mean 228.2A±24.1 179.8AB±24.1 168.1B±22.6  

SM (%) 0 93.3ab±5.8 73.3c±5.8 53.3d±5.8 73.3B±3.3 

 0.05 96.6a±5.8 96.6a±5.8 95.0a±5.0 96.1A±3.2 

Overall mean 95.0A±4.1 85.0AB±4.1 77.1B±3.8  

TMS (106) 0 222.9b±33.6 102.9d±33.6 26.2e±33.6 104.5B±19.4 

 0.05 209.2b±33.6 202.8bc±33.6 304.0a±29.1 243.1A±18.5 

Overall mean 216.7A±23.7 152.8B±23.7 129.6B±22.2  

SQF 0  167.3b±25.0 101.9bc±25.0 38.2d±25.0 104.5B±14.5 

 0.05 177.6b±25.0 166.5b±25.0 257.9a±21.6 203.9A±13.8 

Overall mean 173.4A±17.7 136.6B±17.7 132.7B±16.5  

LS (%) 0 70.0±3.0 72.6±3.0 77.5±2.6 73.3B±1.6 

 0.05 82.0±3.0 79.3±3.0 80.6±3.0 80.6A±1.7 

Overall mean 76.0±2.1 76.0±2.1 79.0±2.0  

DS (%) 0 30.0±3.0 27.4±3.0 22.5±2.6 26.7A±1.6 

 0.05 18.0±3.0 20.7±3.0 19.4±3.0 19.4B±1.7 

Overall mean 24.0±2.1 24.0±2.1 21.0±2.0  

SA (%) 0 10.6±0.83 8.0±0.83 10.5±0.83 9.7A±0.46 

 0.05 7.3±0.83 7.3±0.83 8.0±0.72 7.5B±0.48 

Overall mean 9.0±0.59 7.6±0.59 9.2±0.55  

pH 0  7.96±0.03 8.00±0.03 8.11±0.03 8.02±0.02 

 0.05 7.93±0.03 8.10±0.03 8.10±0.03 8.04±0.02 

Overall mean 7.95B±0.02 8.05A±0.02 8.10A±0.02  

T2 (ng/ml) 0  2.5±1.4 2.1±1.3 3.7±1.3 2.8±0.77 

 0.05 3.0±1.4 3.2±1.3 5.3±1.3 4.0±0.77 

Overall mean 3.0±1.0 2.7±0.91 4.5±0.91  

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

spermatozoa; SQF= semen quality factor; DS= dead spermatozoa; SA = sperm abnormalities; pH = hydrogen ion.    

A, B Means of olive cake with different superscripts are significant differences (P<0.05), also means of enzyme supplementation with 

different superscripts are significant differences (P<0.05). 

a,b,c,d,e Means of different experimental sub-groups with different superscripts are significant differences (P<0.05). 
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2. Hematological parameters 

Concerning the olive cake effect, red blood cells (RBC's) was significantly decreased in the 

cocks fed 8 and 16 % of olive cake (OC) by 14.8 and 33.3 %, respectively, than that of the control diet 

(Table 2). However, cocks fed 16 % OC had lower (P<0.05) RBC's by 21.7 % as compared with the 

cocks fed 8 % OC. On the other hand, cocks fed 16 % OC showed decreased (P<0.05) hemoglobin 
concentration (Hb) by 14.1 and 16.7 % when compared to the cocks fed 8 and 0 % OC, respectively. In 

contrary, hematocrite % (Ht) was increased (P<0.05) in the cocks fed 16 % OC by 7.4 % as compared 

to the cocks fed 8 % OC and insignificantly increased by 4.3 % as compared to the cocks fed 0 % OC. 

These results were in agreement with the results of [37], [38] and [3] where they concluded that the 

lower RBC count and Hb level for hens fed 16 % OC might be attributed to the more presence of anti-

nutritional factors in OC particularly phenols and condensed tannins, that have been reported to have an 

antinutritional action.        

 

Table (2). Effect of feeding different levels of olive cake (OC) and enzyme supplementation on 

hematological parameters of Mamora cocks 
Items Enzyme Olive cake (%)  

(%) 0  8 16 Overall mean 

RBC (×106) 0  5.4ab±0.11 4.1d±0.11 3.3f±0.11 4.2B±0.06 

 0.05 5.5a±0.11 5.2bc±0.11 3.9de±0.11 4.8A±0.06 

Overall mean 5.4A±0.07 4.6B±0.07 3.6C±0.07  

Hb (g/dl) 0  15.7±1.0 14.7±1.0 11.9±1.0 14.1B±0.59 

 0.05 16.6±1.0 16.5±1.0 14.8±1.0 16.0A±0.59 

Overall mean 16.1A±0.72 15.6A±0.72 13.4B±0.72  

Ht (%) 0  46.0±0.98 45.6±0.98 48.1±0.98 46.5±0.56 

 0.05 45.6±0.98 43.3±0.98 47.5±0.98 45.5±0.56 

Overall mean 45.8AB±0.69 44.5B±0.69 47.8A±0.69  

RBC's = red blood cells; Hb = hemoglobin; Ht = hematocrite %.  

A, B, C Means of olive cake with different superscripts are significant differences (P<0.05), also means of enzyme 

supplementation with different superscripts are significant differences (P<0.05). 

a,b,c,d,e,f Means of different experimental sub-groups with different superscripts are significant differences (P<0.05). 

 
Regarding the enzyme effect, RBC's and Hb values were increased (P<0.05) in the cocks fed 

Allzyme SSF (0.05 %) by 14.2 and 13.4 %, respectively, as compared to the cocks fed 0% Allzyme 

SSF (control group). On the other hand, no significant differences were observed between the cocks fed 

Allzyme SSF (0.05 %) and control group in Ht %. 

Concerning the interaction between OC and enzyme supplementation, the results showed that 

the interaction effect was significant in RBC's, while there were no significant interaction for Hb and 

Ht. Adding Allzyme SSF (0.05 %) in the diets of cocks fed 8 and 16% OC increased significantly the 

RBC's by 26.8 and 18.1 %, respectively, when comparing with the cocks without adding Allzyme SSF. 

This improvement in hematological parameters might be attributed to exogenous enzymes used to 

improve digestibility of a wide range of feed components such as fibre, phytate, protein, etc. Fibre-

degrading enzymes break down specially non-starch polysaccharides (NSP), which are large polymers, 

to smaller polymers to alleviate their anti-nutritive activities [39]. This reflected in better flock 
performance and improved bird health [40 and [41]. 

 

3. Biochemical parameters 

Regarding the olive cake effect, albumin (Alb) and albumin/globulin ratio (A/G ratio) values 

were significantly increased in the cocks fed 8% OC (by 23.8 and 33.3%, respectively) and 16% of OC 

(by 33.3 and 73.3%, respectively) than that of the control diet (Table 3). In contrary, cocks fed 16 % 

OC showed a decrease (P<0.05) in globulin (Glo) levels by 19.2 and 25.0 % as compared with the 

cocks fed 8 and 0 % OC, respectively. 

Cholesterol (Cho) levels were significantly increased in the cocks fed 8% OC by 35.9% and 

by 28.3% in the cocks fed 16% of OC than that of the control diet (Table 3). However, blood 

cholesterol and total lipids increased significantly for growing lamb fed 25% OC. These results don’t 
agree with the results of [42], [43], [44] and [3], they reported that a low dietary fiber concentration or 

enzyme supplementation of the diet may increase plasma cholesterol levels [45] and [46]. 

On the other hand, no significant differences were observed among treatments in total protein 

(TP), total antioxidant capacity (TAC) and triglycerides (TG) concentrations. These results agreed with 

[47], [48] and [49].  
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Table (3). Effect of feeding different levels of olive cake and enzyme supplementation on total 

protein and its fractions and total antioxidant capacity of Mamora cocks 
Items Enzyme Olive cake (%)  

(%)  0  8  16 Overall mean 

TP (g/dl) 0 4.7±0.22 4.7±0.22 4.5±0.22 4.6B±0.13 

0.05  5.1±0.22 5.8±0.22 5.3±0.22 5.4A±0.13 

Overall mean 4.9±0.16 5.2±0.16 4.9±0.16  

Alb (g/dl) 0 2.2de±0.09 2.3d±0.09 2.7bc±0.09 2.4B±0.05 

0.05 2.0e±0.09 3.0a±0.09 2.8ab±0.09 2.6A±0.05 

Overall mean 2.1B±0.06 2.6A±0.06 2.8A±0.06  

Glo (g/dl) 0 2.5±0.25 2.4±0.25 1.8±0.25 2.2B±0.14 

0.05 3.1±0.25 2.8±0.25 2.5±0.25 2.8A±0.14 

Overall mean 2.8A±0.17 2.6A±0.17 2.1B±0.17  

A/G ratio 0 0.88±0.15 0.95±0.15 1.5±0.15 1.1±0.09 

0.05 0.64±0.15 1.0±0.15 1.1±0.15 0.92±0.09 

Overall mean 0.75B±0.11 1.0A±0.11 1.3A±0.11  

TAC(mM/L) 0 0.49±0.08 0.44±0.08 0.43±0.08 0.46±0.06 

0.05 0.54±0.08 0.59±0.08 0.67±0.08 0.60±0.06 

Overall mean 0.51±0.06 0.51±0.06 0.55±0.06  

Cho (mg/dl) 0 106.7±8.7 143.2±8.7 142.6±8.7 130.8A±5.0 

0.05  86.5±8.7 119.4±8.7 105.4±8.7 103.8B±5.0 

Overall mean 96.6B±6.2 131.3A±6.2 124.0A±6.2  

TG (mg/dl) 0 291.8±48.2 291.5±48.2 303.2±48.2 295.5±27.8 

0.05 280.7±48.2 263.1±48.2 281.4±48.2 275.1±27.8 

Overall mean 286.3±34.1 277.4±34.1 292.3±34.1  

TP = total protein; Alb = albumin; Glo = globulin; A/G ratio = albumin / globulin ratio; TAC = total antioxidant capacity; Cho = 

cholesterol; TG = triglycerides. 

A, B Means of olive cake with different superscripts are significant differences (P<0.05), also means of enzyme supplementation 

with different superscripts are significant differences (P<0.05). 

a,b,c,d,e Means of different experimental sub-groups with different superscripts are significant differences (P<0.05). 

 

About the enzyme effect, TP, Alb and Glo values increased (P<0.05) in the cocks fed Allzyme 

SSF (0.05%) by 17.3, 8.3 and 27.2%, respectively, as compared to the cocks fed 0% Allzyme SSF 

(control group). In opposite, Cho concentrations were significantly decreased in the cocks fed Allzyme 

SSF by 20.6% as compared to control group. On the other hand, no significant differences were 

observed between the cocks fed Allzyme SSF (0.05%) and control group in A/G ratio, TAC and TG 
values. Nutritional factors (diet quantity and composition) also affect intermediary metabolism, 

resulting in the changes of plasma metabolite levels in poultry [50] and [51]. Exogenous enzymes used 

in the diets to improving nutrient digestibility.  

With regard to the interaction between OC and enzyme supplementation, the results showed 

that the interaction was only significant in Alb concentration. Adding Allzyme SSF (0.05%) in the diets 

of cocks fed 8% OC increased significantly Alb concentration by 30.4% when comparing to the cocks 

without adding Allzyme SSF. No adverse effect on some biochemical metabolites may indicate that 

cocks were in a good health as result of inclusion of wastes supplemented by olive cake cocks. 

 
4. Liver and kidney functions 

Regarding the olive cake effect, no significant differences were observed among treatments in 

ALT, AST and urea concentrations (Table 4). The present results of plasma ALT, AST and urea values 

for the different experimental treatments are within the normal values for poultry and in agreement 
with those obtained by [3]. [52] reported that on the basis of the hematological variables and the 

catalytic activities of serum enzymes, it can be concluded that dehydrated olive cake, when added to 

the feed at a level of 10% or 20%, exerted no harmful effect on the hematopoietic system or on the 

catalytic activity of serum enzymes. In other words, it was not detrimental to the health of rabbits 

during the 56-day fattening period.  

Concerning the enzyme effect, AST value was lower (P<0.05) in the cocks fed Allzyme SSF 

(0.05%) by 13.2% as compared to the cocks fed 0% Allzyme SSF (control group). Moreover, values of 

ALT and urea were insignificantly decreased in the cocks fed Allzyme SSF by 15.1 and 8.6%, 

respectively as compared to control group. Blood plasma transaminase enzymes activity (ALT and 

AST) are the most important indicators of liver cells activity where increasing the concentration of 

these enzymes indicated that the tissue activity are destroyed [3]. 
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Table (4). Effect of feeding different levels of olive cake and enzyme supplementation on liver and 

kidney function of Mamora cocks 
Items Enzyme Olive cake (%)  

 (%)  0  8  16 Overall mean 

ALT (I.U./L) 0 25.4±5.5 27.5±5.5 27.9±5.5 27.0±3.2 

0.05 25.7±6.2 20.2±5.5 22.6±5.5 22.9±3.3 

Overall mean 25.6±4.1 23.9±3.9 25.3±3.9  

AST (I.U./L) 0 47.4±3.9 49.5±3.9 52.0±3.9 49.7A±2.2 

0.05 45.7±3.9 39.8±3.9 44.0±3.9 43.1B±2.2 

Overall mean 46.6±2.7 44.6±2.7 48.0±2.7  

Urea (mg/dl) 0 37.9±2.9 38.8±2.9 44.9±2.9 40.5±1.7 

0.05 39.9±3.2 35.2±2.9 35.4±2.9 37.0±1.7 

Overall mean 38.9±2.1 37.0±2.0 40.2±2.0  

Cho = cholesterol; TG = triglycerides; ALT = alanine transaminase; AST = aspartic transaminase. 

A, B Means of enzyme supplementation with different superscripts are significant differences (P<0.05). 

 

With regard to the interaction between OC and enzyme supplementation, the results showed 

that the interaction was insignificant in ALT, AST and urea concentrations. Although, supplementation 

of Allzyme SSF (0.05%) in the diets of cocks fed 8 and 16% OC decrease insignificantly the values of 

ALT, AST and urea when comparing to the cocks without adding Allzyme SSF. 

 

5. Triiodothyronine hormone (T3) 
Regarding the olive cake effect and enzyme effect, no significant differences were observed 

among treatments in T3 hormone (Table 5). However, value of T3 was insignificantly increased in the 

cocks fed Allzyme SSF by 17.3% as compared to control group. The results indicated that the 

interaction between OC and enzyme supplementation on T3 hormone was insignificant. This 

insignificant increase may suggest that enzyme addition directly or indirectly promoted an enhanced 

activity of deiodinase in liver and kidney tissues, promoting the transformation of T4 into T3 [53] and 

[54]. 

 

Table (5). Effect of feeding different levels of olive cake (OC) and enzyme supplementation on 

hormonal assay of Mamora cocks 
Items Enzyme  Olive cake (%)  

(%) 0  8 16 Overall mean 

T3 (ng/ml) 0  2.1±0.43 2.4±0.43 2.3±0.43 2.3±0.25 

0.05 2.3±0.43 3.4±0.43 2.5±0.43 2.7±0.25 

Overall mean 2.2±0.30 2.9±0.30 2.4±0.30  

T3 = triiodothyronine hormone. 

 

CONCLUSION 

 

It could be concluded that, the addition of 8% OC with or without Allzyme SSF 

supplementation to the diets of cocks might be the avenue to reduce the gap of feed stuff.  Moreover, 

supplementing the 8 and 16 % OC diet with 0.05% Allzyme SSF may improve cock's performance. 
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