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ABSTRACT 

 

The present work was conducted to evaluate the effect of concurrent use of probiotic and protease enzyme in 

commercial layers fed ration with either normal or low crude protein content. One hundred and twenty, 40-

week-old apparently healthy Lohman commercial laying chickens were used. Birds were divided into six equal 

groups (20 each). Group 1 was fed a balanced ration only and kept as control group. Group 2 was fed  

the balanced ration mixed with a protease enzyme (0.5 kg/ton feed). Group 3 was fed ration with crude protein 

15.73% and mixed with a protease enzyme (0.5 kg/ton feed). Group 4 was fed the balanced ration mixed with a 

probiotic (0.5 kg/ton feed). Group 5 was fed the balanced ration mixed with a combination of protease enzyme  

(0.5 kg/ton feed) and probiotic (0.5 kg/ton feed). Group 6 was fed a ration with crude protein 15.73% and 

mixed with a combination of protease enzyme (0.5 kg/ton feed) and probiotic (0.5 kg/ton feed). The 

experimental period was five successive weeks (from 40 to 45-week-old). Groups 2, 4, 5 and 6 showed a 

significant increase of production parameters (egg laying rate, average egg weight and feed conversion per 

eggs), serum total protein, albumin and globulin when compared with control group. Probiotic treated groups 

(4, 5 and 6) showed a significant improvement in serum lipid profile and carcass quality parameters. It could be 

concluded that the combination of protease and probiotic allows poultry producers to use feeds formulated with 

protein and amino acids that are 7.5% lower than the recommended industrial standards. This combination not 

only with no sacrifice in bird performance but also with higher quantity and quality performance. Therefore, 

this combination is a potential to increase the producers profit.  
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INTRODUCTION 

 
Feed additives are products used in animal 

nutrition for improving the quality of feed and to 

improve the animal performance and health such as 

probiotic and protease enzyme. 

 

Probiotic is a live microbial feed supplement which 

beneficially affects the host animal by improving its 

intestinal microbial balance (Fuller, 1992). 

According to Commission of the European 

Communities (2003), probiotic is an example of 

zootechnical, gut-flora stabilizer feed additives. 

Probiotics help improving digestion, nutrient 

metabolism and utilization of nutrients by offering 

digestible  proteins,  vitamins,   enzymes   and   other  
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important co-factors and by decreasing gut pH by 

production of lactic acids.  

 

Probiotic as „live enzyme factory‟ (amylase, 

protease, lipase) enhances digestion and absorption 

of carbohydrates, proteins and fats, which also 

increases the feed conversion efficiency. Probiotics 

help in metabolism of minerals and synthesis of 

vitamins (Biotin, Vitamin-B1, B2, B12 and K) which 

are responsible for proper growth and metabolism 

(Dhama and Singh, 2010). The facultative anaerobes 

(Bifidobacterium and Lactobacillus) included in 

probiotic bacterial consortium reduce the redox 

potential in the gut and render the environment 

suitable for obligate anaerobes (Chichlowski et al., 

2007). An increase in the digestibility of dry matter 

is closely related to enzymes released by yeast (Lee 

et al., 2007). In poultry, probiotics improve growth 

performance (Awad et al., 2009), increase feed 

conversion efficiency (Saadia and Soliman, 2010) 

and improve immune responses (Bansal et al., 2011).  
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Protein feedstuffs are consistently increasing in cost, 

a trend that has been exacerbated in recent years. In 

parallel, increased public concerns regarding the 

environmental impact of animal agriculture has 

increased the need to reduce nutrients in the waste 

generated by food animal production. Addition of 

exogenous enzymes to chickens‟ feeds has gained 

increasing attention. The prospect of stimulating a 

better utilization of the diet has both economic and 

environmental aspects, because less feed is needed to 

produce a certain amount of meat and fewer nutrients 

end up in the litter.  

 

Protease enzymes naturally occur in the digestive 

tracts of all animals, including poultry. These 

protease enzymes break down dietary proteins into 

their constituent components, peptides and amino 

acids; that are directly absorbed by the gut. These 

endogenous protease enzymes are not as effective as 

other proteases in breaking down certain protein 

sources. Crude protein and amino acid digestibility 

reported for poultry indicate that valuable amounts of 

protein pass through the gastro-intestinal tract (GIT) 

without being completely digested (Lemme et al., 

2004). This undigested protein represents an 

opportunity for the use of supplemental exogenous 

proteases in commercial layers feeds to improve 

protein digestibility. Protease enzymes increase 

protein digestibility by hydrolysis of storage and 

structural proteins and disrupts interactions of 

proteins with starch and fiber in the diet (Cowieson 

and Adeola, 2005). Furthermore, it targets other anti-

nutritional factors in the diet as residual trypsin 

inhibitors (Caine et al., 1998) and lectins in soybean 

meal and some other vegetable proteins improving 

nutrient digestibility (Yu et al., 2007).  

 

The present study was conducted to evaluate the 

effect of concurrent use of probiotic and protease 

enzyme in commercial layers fed ration with either 

normal or low crude protein content. Some 

production parameters, some biochemical parameters 

and carcass meat quality were also determined.  

 
MATERIALS AND METHODS 

 
1 - Birds 

One hundred and twenty, 40-week-old apparently 

healthy Lohman Brown-Classic layers were 

purchased from Al-Wadi Poultry Company. The 

birds were allocated in separate units of metal wire-

floored battery for five successive weeks (from 40-

45-week-old). 

 

2 - Protease enzyme 

Protease enzyme was produced by Novus Int., USA 

under a commercial name of CIBENZA
®
 DP100. 

The protease activity was not less than 600000 U/g, 

where one protease unit (U) is defined as an increase 

of 0.01 absorbance at A 410 for 15 minutes at 37
o
 C 

to hydrolyze azo-casein. It was added to ration at a 

dose of 0.5 kg/ton feed for five successive weeks, 

according to the producer. 

 

3 - Probiotic 

Probiotic was produced by Angle Yeast Company, 

China under a commercial name of “Active Feed Dry 

Yeast”. It contains Saccharomyces cerevisiae 20 

billion CFU/g. It was added to ration at a dose of 0.5 

kg/ton feed for five successive weeks, according to 

the producer. 

 

4 - Experimental design 

One hundred and twenty, 40-week-old apparently 

healthy Lohman commercial laying chickens were 

used. They were divided into six equal groups of 20 

chickens each. Group 1 was fed a balanced ration 

only and kept as control group. Group 2 was fed a 

balanced ration mixed with a protease enzyme at a 

dose of 0.5 kg/ton feed. Group 3 was fed ration with 

crude protein 15.73% [less than normal level (17%) 

by 7.5%] and mixed with a protease enzyme at a 

dose of 0.5 kg/ton feed. Group 4 was fed a balanced 

ration mixed with a probiotic at a dose of 0.5 kg/ton 

feed. Group 5 was fed a balanced ration mixed with a 

combination of protease enzyme at a dose of 0.5 

kg/ton feed and probiotic at a dose of 0.5 kg/ton feed. 

Group 6 was fed a ration with crude protein 15.73% 

and mixed with a combination of protease enzyme at 

a dose of 0.5 kg/ton feed and probiotic at a dose of 

0.5 kg/ton feed. The chickens were fed these rations 

for five successive weeks (from 40 to 45-week-old).  

 

5 - Production parameters 

Feed intake (FI) was obtained weekly as the ratio 

between the amount of feed consumed in each group 

and the number of birds in that group and recorded as 

grams/hen/day.  

Average eggs production and eggs weight (g) were 

determined per each group for five successive weeks. 

The eggs production obtained by dividing the total 

eggs produced in each group by the number of 

chickens in that group. The result was recorded as 

percentage. The feed conversion per eggs (FCE) 

were calculated according to the following formula 

(Filho et al., 2015):  

FCE = 100 * (FI / (ELR* AEW)  

where ELR=Egg laying rate (% of egg 

laying/hen/day); AEW=Average eggs weight (g). 

 

6 - Biochemical examinations 

Blood samples were collected from the jugular vein 

of five chickens per each group at the end of fifth 

week. The collected samples were allowed to 

separate the serum and kept at - 20º C for estimating 

the activity of serum alanine aminotransferase 

(ALT), aspartate aminotransferase (AST) (Varliy, 

1974), total proteins (Domas, 1975), albumin 

(Doumas, 1971). The serum globulin was calculated 

by subtracting serum albumin from serum total 

protein. Serum uric acid (Haisman and Muller, 1977) 
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and creatinine (Henry, 1974), serum total cholesterol 

(Flegg, 1973), Triglycerides (TG), High-density 

lipoprotein cholesterol (HDL-C) (Gordon et al., 

1977), Low-density lipoprotein cholesterol (LDL-C) 

(Friedewald et al., 1972) were estimated. Very low-

density lipoprotein cholesterol (VLDL-C) was 

calculated by dividing triglycerides value by 5 (Tietz, 

1976). Low-density lipoprotein cholesterol (LDL-C) 

was calculated by the following equation: LDL-C = 

(Total cholesterol) – (HDL-C) – (VLDL-C) 

(Ashayerizadeh et al., 2009). 

 

7 - Carcass Studies 

At the termination of experiment, ten birds from each 

group were randomly selected and deprived of food 

but not water for 14 hours. They were slaughtered 

and eviscerated for organ weight determination and 

sensory analysis of chicken breast meat to evaluate 

the meat quality assessment. Weight of organs and 

various parts were taken and expressed as percentage 

of the final life weight of the birds (Odunsi et al., 

2009). Chicken breast meat samples were steamed 

separately with 60 ml of water to a temperature of 

100°C for 10 minutes to produce cooked meat 

samples. Equal quantities of salt (that is 2.0 g of 

granulated iodated salt) were added to chicken breast 

meat samples to produce salted cooked breast meat. 

The temperature-time treatment was monitored using 

a digital cooking thermometer with probe and timer 

with 0°C to 200°C range. Cooked chicken breast 

meat samples were sliced into cubes of uniform sizes 

and served warm to 8 trained sensory panelists. The 

trained sensory panelist evaluated meat color 

intensity, juiciness, Tenderness, flavor and overall 

acceptability of meat.  

The sensory qualities of the meat were evaluated 

with 7 points category scale (1-7) according to 

(Snedecor and Cochran, 1987).  

 

8 - Statistical analysis 

Statistical analyses were conducted with the 

Statistical Package for Social Science (SPSS Inc. 

Released, 2009) to determine if variables differed 

between groups, according to Snedecor and Cochran 

(1989). The Shapiro-Willk test was used to test the 

normal distribution of the data before statistical 

analysis was performed. Compare between means 

were conducted by one-way ANOVA and 

subsequent Duncan‟s multiple range test (Duncan, 

1955). Probability values of less than 5% (P ≤ 0.05) 

were considered significant.  

 
RESULTS 

 
The production parameters in commercial layers 

showed that, there were no significant differences in 

feed intake among experimental groups. The birds 

fed ration with normal crude protein content (17%) 

and treated with protease enzyme (group 2) and 

probiotic treated groups (4, 5 and 6) showed a 

significant (P ≤ 0.05) increase of egg laying rate 

(89.85, 89.67, 91.21 and 89.92 %/hen/day), average 

egg weight (64.08, 64.33, 64.57 and 64.13 g) and 

feed conversion per eggs (1.93, 1.92, 1.90 and 1.93) 

when compared with the other groups. Birds fed 

ration low in crude protein content (15.73%) and 

treated with protease enzyme only (group 3) showed 

no significant (P > 0.05) difference of egg laying rate 

(85.12 %/hen/day), average egg weight (62.10 g) and 

feed conversion per eggs (2.13) when compared with 

control group as shown in table 2. 

 

The blood biochemical parameters in commercial 

layers showed that, there were no significant 

differences in ALT, AST, uric acid and creatinine 

among experimental groups. The birds fed ration 

with normal crude protein (17%) and treated with 

protease (group 2), probiotic (group 4), probiotic and 

protease (group 5) and birds fed ration with low 

crude protein (15.73%) (group 6) showed a 

significant (P ≤ 0.05) increase of serum total protein 

(6.78, 6.71, 7.41 and 6.46 g/dl), albumin (3.89, 3.96, 

4.22 and 3.91 g/dl) and globulin (2.89, 2 .75, 3.19 

and 2.55 g/dl), respectively when compared with the 

control group. The birds fed ration low in crude 

protein content (15.73%) and treated with protease 

enzyme (group 3) showed no significant (P > 0.05) 

difference of serum total protein (3.42 mg//dl), 

albumin (2.08 mg/dl) and globulin (1.34 mg/dl) 

when compared with the normal control group.  

Regarding the lipid profile, probiotic treated groups 

(4, 5 and 6) showed a significant (P ≤ 0.05) decrease 

of serum total cholesterol (72.65, 70.85 and 73.43 

mg/dl), TG (26.44, 23.36 and 27.11 mg/dl), LDL-C 

(20.99, 22.43 and 26.12 mg/dl) and VLDL-C (5.29, 

4.67 and 5.42 mg/dl), respectively when compared 

with other groups. In contrast, these groups (4, 5 and 

6) showed a significant (P ≤ 0.05) increase of HDL-

C (46.37, 43.74 and 41.89 mg/dl), respectively when 

compared with other groups. The protease treated 

groups (2 and 3) did not show any significant 

differences in lipid profile when compared with the 

control group as represented in table 3. 

 

Data of carcass criteria are presented in table 4. The 

differences in the percentages of body organ weights 

(liver, heart, kidney, gizzard, and abdominal fat) 

were insignificant among all groups. The percentage 

weight of gizzard to body wright was 1.56±0.32, 

1.36±0.22, 1.87±0.27, 1.53±0.33, 1.76±0.28 and 

1.64±0.26 for group1, 2, 3, 4, 5 and 6, respectively. 

The percentage weight of liver to body weight was 

2.10±0.2, 1.94±0.1, 1.9
 
±0.1, 2.1±0.1, 1.91±0.1 and 

2.15±0.1 for group1, 2, 3, 4, 5 and 6, respectively. 

 

There were significant (P ≤ 0.05) differences in the 

tenderness and overall acceptability of breast muscle 

(Tables 5). For tenderness, meat sample from groups 

2, 4 and 5 were moderately (P ≤ 0.05) tender than 

those of groups 1, 3 and 6 which were slightly 

tender. The mean values of tenderness for chicken 

http://scialert.net/fulltext/?doi=ijmeat.2012.1.6&org=11#476851_ja
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meat were 4.89±0.26 and 5.40
 
±0.27 for groups 1 and 

3, respectively. On the other hand, the mean values 

of tenderness for chicken meat were 5.63±0.30, 

5.45±0.32, 5.42±0.26 and 4.98±0.16 for groups 2, 4, 

5 and 6, respectively. Similarly, for overall 

acceptability parameter, breast muscle sample from 

groups 2, 4, 5 and 6 were significantly higher than 

samples that of groups 1 and3. The mean values of 

overall acceptability for chicken meat were 6.11
 

±0.03 and 6.35
 

±0.04 for groups 1 and 3, 

respectively. Furthermore, the mean values of overall 

acceptability for chicken meat were 6.60±0.05, 6.54
 

±0.04, 6.39
 
±0.04 and 6.22

 
±0.03 for groups 2, 4, 5 

and 6, respectively. 

 
Table 1: Composition and chemical analyses of experiment rations 
 

Ingredients 
Groups 

1 2 3 4 5 6 

Yellow corn 73.44 73.44 76.73 73.44 73.44 76.73 

Soya bean meal (46%) 15.54 15.54 14.21 15.54 15.54 14.21 

Full-Fat soya (35%) 3.24 3.24 2.02 3.24 3.24 2.02 

Corn gluten meal (62%) 3.74 3.74 3.00 3.74 3.74 3.00 

DL-Methionine 0.33 0.33 0.33 0.33 0.33 0.33 

L-Lysine HCL 0.47 0.47 0.47 0.47 0.47 0.47 

L-Threonine 0.13 0.13 0.13 0.13 0.13 0.13 

Mono calcium phosphate 0.75 0.75 0.75 0.75 0.75 0.75 

Lime stone 1.58 1.58 1.58 1.58 1.58 1.58 

Salt 0.23 0.23 0.23 0.23 0.23 0.23 

Sodium bicarbonate 0.20 0.20 0.20 0.20 0.20 0.20 

Choline Chloride (60%) 0.05 0.05 0.05 0.05 0.05 0.05 

Premix
1
 0.30 0.30 0.30 0.30 0.30 0.30 

Total 100.00 100.00 100.00 100.00 100.00 100.00 

Calculated chemical composition (%) 

Crude Protein (%) 17.00 17.00 15.73 17.00 17.00 15.73 

Metabolisable Energy (Kcal/kg) 2850.00 2850.00 2850.00 2850.00 2850.00 2850.00 

Calcium (%) 3.73 3.73 3.73 3.73 3.73 3.73 

Phosphorus (total) (%) 0.55 0.55 0.55 0.55 0.55 0.55 

Available Phosphorus (%) 0.38 0.38 0.38 0.38 0.38 0.38 

Methionine% 0.40 0.40 0.40 0.40 0.40 0.40 

Lysine% 0.80 0.80 0.80 0.80 0.80 0.80 

Threonine% 0.55 0.55 0.55 0.55 0.55 0.55 

Sodium% 0.16 0.16 0.16 0.16 0.16 0.16 

Chlorine % 0.16 0.16 0.16 0.16 0.16 0.16 

Feed Additives:  

Protease (kg/ton feed) 0.00 0.05 0.05 0.00 0.05 0.05 

Probiotic (kg/ton feed) 0.00 0.00 0.00 0.05 0.05 0.05 
 

1
Each one kg of premix contains: Vitamin A (IU) 3,333,333; Vitamin D3 (IU) 666,667; Vitamin E, (IU) 

3,333; Vitamin K3 (mg) 667; Thiamin (mg) 333; Riboflavin, (mg)  1,667; Niacin (mg) 10,000; Pantothenic 

acid (mg) 3,667; Pyridoxine (mg) 500; Biotin (mg) 17; Folic acid (mg)  333; Cyanocoblamin (mg)  3; 

Manganese (mg) 20,000; Zinc (mg) 16,667; Copper, (mg) 1,333; Selenium (mg) 33; Iron, (mg) 10,000; 

Iodine, (mg) 333; Cobalt (mg) 33.33333; Choline (mg) 200000; Calcium Carbonate (Carrier) up to 1 kg.  
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Table 2: Effect of probiotic and/or protease enzyme on some production parameters in commercial layers. 

(Mean ± SEM) 
 

Parameter 

Group 

1 2 3 4 5 6 

FI (g/h/d)   110.67±3.76
a
 111.35±5.37

 a
 112.57±6.75

 a
 110.59±4.32

 a
 111.75±5.96

 a
 111.48±7.44

 a
 

ELR 

(%/h/d) 

  84.49±2.33
 b
 89.85±1.15

 a
 85.12±1.86

 b
 89.67±1.10

 a
 91.21±1.41

 a
 89.92±2.18

 a
 

AEW (g)   62.30±2.45
 b
 64.08±3.45

 a
 62.10±2.85

 b
 64.33±3.71

 a
 64.57±2.56

 a
 64.13±2.15

 a
 

FCE   2.10±0.11
 b
 1.93±0.08

 a
 2.13±0.14

 b
 1.92±0.07

 a
 1.90±0.08

 a
 1.93±0.13

 a
 

 

ab
 Mean values within the same row with different superscript letter are statistically different at P ≤ 0.05. SEM = 

Standard Error of Means. FI= Feed Intake (g/hen/day). ELR=Egg laying rate (% of egg laying/hen/day). 

AEW=Average eggs weight (g). FCE=Feed Conversion per eggs.  

 
Table 3: Effect of probiotic and/or protease enzyme on some biochemical parameters in commercial layers. 

(Mean ± SEM) 
 

Parameter 

Group  

1 2 3 4 5 6 

ALT (U/L) 28.34 ±1.11
 a
 27.52 ±2.10

 a
 28.62 ±1.18

 a
 27.89 ±1.16

 a
 27.88 ±1.05

 a
 27.76 ±1.22

 a
 

AST (U/L) 55.19 ±2.05
 a
 54.18 ±2.33

 a
 56.77 ±3.11

 a
 55.11 ±3.64

 a
 56.13 ±2.15

 a
 54.19 ±2.41

 a
 

Total Protein (g/dl) 3.55 ±0.03
b
 6.78 ±0.05

 a
 3.42 ±0.02

 b
 6.71 ±0.12

 a
 7.41 ±0.16

 a
 6.46 ±0.38

 a
 

Serum Albumin (g/dl) 2.10 ±0.10
 b
 3.89 ±0.12

 a
 2.08 ±0.09

 b
 3.96 ±0.05

 a
 4.22 ±0.13

 a
 3.91 ±0.11

 a
 

Serum Globulin (g/dl) 1.45±0.07
 b
 2.89±0.13

 a
 1.34±0.16

 b
 2.75±0.11

 a
 3.19±0.24

 a
 2.55 ±0.14

 a
 

Uric Acid (mg/dl) 6.13 ±0.37
 a
 6.51 ±0.24

 a
 7.12 ±0.15

 a
 7.34 ±0.22

 a
 6.59 ±0.13

 a
 6.92 ±0.28

 a
 

Creatinine (mg/dl) 1.23 ±0.08
 a
 1.35 ±0.03

 a
 1.11 ±0.02

 a
 1.27 ±0.05

 a
 1.19 ±0.05

 a
 1.27 ±0.04

 a
 

Total Cholesterol 

(mg/dl) 115.20 ±8.14
 a
 111.23 ±9.82

 a
 110.33 ±6.23

 a
 

72.65 ±4.52
 b
 70.85 ±2.18

 b
 73.43±4.28

 b
 

Triglycerides (mg/dl) 43.66 ±3.11
 a
 45.72 ±2.62

 a
 41.59 ±3.27

 a
 26.44 ±1.72

 b
 23.36 ±1.14

 b
 27.11 ±1.54

 b
 

HDL-C (mg/dl) 30.45 ±2.27
 b
 29.64 ±1.42

b
 31.77 ±1.92

 b
 46.37 ±1.22

 a
 43.74 ±3.05

 a
 41.89 ±1.62

 a
 

LDL-C (mg/dl) 76.02 ±5.15
a
 72.45 ±3.47

 a
 70.24 ±2.27

 a
 20.99 ±1.04

 b
 22.43 ±1.33

 b
 26.12 ±1.02

 b
 

VLDL-C (mg/dl) 8.73 ±0.52
 a
 9.14 ± 0.71

 a
 8.32 ± 0.34

 a
 5.29 ±0.11

 b
 4.67 ±0.18

 b
 5.42 ±0.21

 b
 

ab
 Mean values within the same row with different superscript letter are statistically different at P ≤ 0.05. SEM = 

Standard Error of Means 

 

Table 4: Effect of probiotic and/or protease enzyme on some carcass characteristics in commercial layers. 

(Mean ± SEM) 
 

Organ (%) 
Group 

1 2 3 4 5 6 

Liver weight 2.10 ± 0.2
 a
 1.94 ± 0.1

 a
 1.90 ± 0.1

 a
 2.10 ±0.1

a
 1.91 ± 0.1

a
 2.15 ± 0.1

a
 

Heart weight 
0.48 ± 0.20

 

a
 

0.46 ± 0.31
 a
 0.48 ± 0.34

 a
 0.44 ± 0.25

 c
 0.42 ± 0.23

 b
 0. 44 ± 0.25

c
 

Kidney weight 0.65 ± 0.24
c
 0.66 ± 0.13

c
 0.82 ± 0.18

 a
 0.74 ± 0.19

b
 0.78

 
± 0.15

b
 0.76 ± 0.17

b
 

Gizzard weight 1.56± 0.32
 c
 1.36 ± 0.22

 d
 1.87 ± 0.27

a
 1.53 ± 0.33

c
 1.76 ± 0.28

b
 1.64 ± 0.26

b
 

Abdominal Fat 3.13 ± 0.24
a 

3.10 ± 0.30
a 

2.93 ± 0.21
a 

2.43 ± 0.34
b 

2.50 ± 0.52
b 

3.05 ± 0.26
a 

 

ab
 Mean values within the same row with different superscript letter are statistically different at P ≤ 0.05. SEM = 

Standard Error of Means. 
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Table 5: Effect of probiotic and/or protease enzyme on Sensory attributes of salted cooked chicken meat in 

commercial layers. (Mean ± SEM) 
 

Descriptor 
Group 

1 2 3 4 5 6 

Appearance 6.10
 
± 0.02

d
 6.23

 
± 0.02

bc
 6.18 ± 0.02

 c
 6.27 ± 0.02

 b
 6.34 ± 0.03

 a
 6.15 ± 0.01

 cd
 

Juiciness 4.89 ± 0.02
 d
 5.11 ± 0.02

 b
 5.03

 
± 0.04

c
 5.14

 
± 0.03

b
 5.34

 
± 0.03

a
 5.01

 
± 0.02

c
 

Tenderness 4.58
 
± 0.26

b
 5.42

 
± 0.26

a
 4.90

 
± 0.27

b
 5.45 ± 0.32

a
 5.63

 
± 0.30

a
 4.98 ± 0.16

b
 

Flavor 4.50 ± 0.27
 b
 5.62 ± 0.26

a
 5.54

 
± 0.22

a
 5.64 ± 0.33

a
 5.73

 
± 0.21

a
 5.32

 
± 0.30

a
 

Acceptability* 6.11
 
± 0.03

d
 6.39

 
± 0.04

b
 6.35

 
± 0.04

b
 6.54

 
± 0.03

a
 6.60

 
± 0.05

a
 6.22± 0.03

c
 

 

ab
 Mean values within the same row with different superscript letter are statistically different at P ≤ 0.05. SEM = 

Standard Error of Means. *Acceptability =Overall acceptability. 1-Yellowish Meat Color Intensity: Extremely 

light (1), very light (2), slightly light (3), moderate intense (4), slightly intense (5), very intense (6) and 

extremely intense (7). 2-Juiciness: Extremely dry (1), very dry (2), slightly dry (3), moderate juicy (4), slightly 

juicy (5), very juicy (6) and extremely juicy (7). 3-Tenderness: Extremely tender (1), very tender (2), slightly 

tender (3), moderate tough (4), slightly tough (5), very tough (6) and extremely tough (7). 4-Chicken Flavor 

Intensity: Extremely weak (1), very weak (2), slightly weak (3), moderate intense (4), slightly intense (5), very 

intense (6) and extremely intense (7). 5-Overall Acceptability of Meat: Extremely unacceptable (1), very 

unacceptable (2), slightly unacceptable (3), moderate acceptable (4), slightly acceptable (5), very acceptable (6) 

and extremely acceptable (7) (Snedecor and Cochran, 1987). 

 

DISCUSSION 
 

The birds fed rations with normal crude protein 

content (17%) and treated with protease enzyme 

(group 2) or treated with probiotic (group 4) or 

treated with a combination of probiotic and protease 

(group 5) and birds fed ration low in crude protein 

content (15.73%) with a combination of probiotic 

and protease enzyme (group 6) showed a significant 

increase of production parameters (egg laying rate, 

average egg weight and feed conversion per eggs) 

when compared with the control group. These may 

be attributed to the improvement effect of protease 

enzyme on protein digestion and utilization 

(Cowieson and Adeola, 2005) and gut microbial 

balance by substrate reduction (Romero et al., 2013). 

In addition, Probiotic can also support healthy 

performance although, unlike enzymes, their mode of 

action is to establish and maintain a beneficial 

microbial population in the gut of the birds. This 

leads to health gut that has a positive impact on 

birds‟ nutrient utilization and consequently birds‟ 

performance (Lee et al., 2010). 

 

These findings are in agreement with that obtained 

by Raka et al. (2014) who reported that, 

supplementation of layers with liquid probiotics 

leads to the highest hen day production and egg 

weight. In addition, Saadia and Soliman (2010) 

indicated that a significant higher egg production 

was recorded in Hy-line layers supplemented with 

probiotic Saccharomyces cerevisiae. On the other 

hand, Daneshyar et al. (2009) reported that the 

addition of probiotics did not have significant effect 

on egg production and egg mass but significant effect 

was recorded on egg weight. The same result was 

reported by Ramasamy et al. (2010) who reported 

that supplementation of hens with Lactobacillus 

cultures did not influence the egg production or egg 

weight. 

 

The inclusion of protease enzyme into commercial 

layers‟ feeds allows poultry producers to use feeds 

formulated with protein or amino acids that are 7.5% 

lower than the recommended standard with no 

sacrifice effect on animal production parameters (egg 

laying rate, average egg weight and feed conversion 

per eggs). This was evident in this study in group 3. 

These may be attributed to the improvement effect of 

protease enzyme on protein digestion by hydrolysis 

of storage and structural proteins, and disrupts 

interactions of proteins with starch and fiber in the 

diet (Cowieson and Adeola, 2005). In addition, 

protease enzyme targets other anti-nutritional factors 

in the diet as residual trypsin inhibitors (Caine et al., 

1998) and lectins in soybean meal and some other 

vegetable proteins that improving protein 

digestibility (Yu et al., 2007). Furthermore, protease 

enzymes improved body weight (Peek et al., 2009), 

feed efficiency, and digestibility of fat, protein 

(Freitas et al., 2011), and amino acids (Angel et al., 

2011).  

 

These results are consistent with those cited by Filho 

et al. (2015) who concluded that, supplementation of 

diets low in nutrients with 500 g per ton of protease 

(100 U/g), provides egg production and feed 

conversion rates similar to those obtained in laying 

hens fed diet with the nutritional level recommended 

for the breed.  
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Our findings for biochemical parameters revealed 

that, there were no effects of phytase enzyme and 

probiotic either in single or in a combination form on 

liver (ALT and AST) and kidney (uric acid and 

creatinine) functions. The birds fed ration with 

normal crude protein (17%) and treated with protease 

enzyme (group 2) and probiotic treated groups 

(group 4, 5 and 6) showed a significant increase of 

serum total protein, albumin and globulin when 

compared with birds fed basal diet. These findings 

may be attributed to the improvement effects of 

protease enzyme and probiotic in the intestinal 

environment which leading to improvement of the 

digestion and absorption of the nutrients. In addition, 

the probiotic limits the damage caused by the 

pathogenic microorganisms therefore, it may 

increase the bioavailability of essential nutrients. 

These results are in agreement with Khodary et al. 

(2004) and Farag et al. (2009).  

 

Regarding the lipid profile, probiotic treated groups 

4, 5 and 6 showed a significant decrease of serum 

total cholesterol, TG, LDL-C and VLDL-C when 

compared with other groups. In contrast, these 

groups showed a significant (P ≤ 0.05) increase of 

HDL-C when compared with other groups. These 

findings could be attributed to reduced absorption or 

synthesis of cholesterol in the gastro-intestinal tract 

by probiotic supplementation (Ghiyasi et al., 2008). 

Probiotic microorganisms inhibit hydroxymthyl- 

glutaryl-coenzyme A, an enzyme involved in the 

cholesterol synthesis (Fukashima and Nakano, 1995). 

The most important mechanism by which probiotic 

eliminates cholesterol would likely be through 

reducing lipid absorption in intestine by binding bile 

acids, which results in increased cholesterol 

elimination and hepatic synthesis of new bile acid 

(Zhang et al., 2003 and Taherpour et al., 2009). 

These findings are in harmony with those obtained 

by Ashayerizadeh et al. (2011) who reported that, 

dietary supplementation with probiotic decrease 

cholesterol concentration when compared with birds 

fed basal diet, prebiotic and antibiotic diets. 

Mansoub (2010) reported that the cholesterol level of 

serum significantly was decreased in the groups 

supplemented with probiotics. The protease treated 

groups 2 and 3 did not show any significant 

differences in serum lipid profile when compared 

with the control group. These results are in harmony 

with those obtained by El-Katcha et al. (2014) who 

found that, addition of protease enzymes for broilers 

feeds has no significant effect on serum lipid profile.  

 

Regarding the carcass quality, the obtained results 

revealed that, feeding layers with probiotics had no 

statistically significant effect on some internal organs 

include gizzard, and liver. These results were in 

agreement with those obtained by Sojoudi et al. 

(2012). They measured the effect of different levels 

of probiotics on carcass traits of chickens and results 

revealed that probiotics had no statistically 

significant effect on some carcass traits. They 

concluded that using probiotic is recommendable 

from nutrition aspects because it had significant 

effect on some carcass traits including back neck 

chine weight, gizzard weight and liver weight and 

even about characteristics which had no statistically 

significant effect on them, often improved them as 

numeral. Khalaji et al. (2012) also studied the effects 

of probiotic on chicken broilers and the results 

revealed that there is no difference between probiotic 

treated birds in carcass and gizzard characteristics.   

 

The abdominal fat percentage in groups 4 and 5 were 

lower than those of the other groups. These results 

were in agreement with those of Mandai et al. 

(1994), Islam et al. (2004), and Ignatova et al. 

(2009). On the other hand, our results were disagreed 

with those obtained by Ayasan and Okan (2001) who 

investigated the effect of four levels of probiotic on 

fattening performance and carcass characteristics of 

Japanese quails. The results showed that the carcass 

characteristics were not affected by the probiotic 

supplementation. Also, Ignatova et al. (2009) found 

no significant differences in the carcass yield among 

the control and probiotic experimental groups. In 

addition, Mandai et al. (1994) found that probiotics 

feeding did not have any influence on the carcass 

yield. Islam et al. (2004) found that supplementation 

of probiotics had no effect on the weight of internal 

organs.  

 

The obtained results revealed that, groups 2, 4 and 5 

received the highest grade for breast meat juiciness 

and tenderness than those of groups 1, 3 and 6. 

Similarly, for overall acceptability parameter, layers 

breast muscle sample from groups 2, 4, 5 and 6 were 

significantly higher than samples of groups 1 and 3. 

These results were similar to those obtained by 

Pelicano et al. (2003). They evaluated the effect of 

probiotics on carcass and meat quality of broilers and 

reported that in the sensory analysis, meat flavor and 

general aspect 72 hours after slaughter were better 

when probiotics were added in both water and diet. 

Sensory analyses of cooked chicken meat have 

improved juiciness and tenderness in the group 

receiving the probiotic concurrently with protease 

enzyme. Probiotic use in layers‟ feeds have been 

shown to provide a better taste, improved cooking 

characteristics and safer and healthier for the 

consumer. 

 

It could be inferred that; the combination of protease 

and probiotic allows poultry producers to use feeds 

formulated with protein and amino acids that are 

7.5% lower than recommended industry standards. 

This combination not only with no sacrifice effect on 

animal performance but also with higher quantity 

and quality animal performance. Therefore, this 

combination is a potential to increase the producers 

profit.  
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 ز فً الدجاج البٍاضٍلبروبٍوتك وإنزٌن البروتااستخدام 

 

 ، صبري السٍد عور ، هجدي ثابت جرجس هً عثواى هحود عبد الفتاح ، أحود هحود هحود على
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ش ٍعاً فٜ اىدخاج اىبٞاع، س٘اء فٜ عيٞقةة ٍتشّةة ّٞشٌٝ اىبزٗتإاستخداً اىبزٗبٞ٘تل ٗتٖدف ٕذٓ اىدراسة إىٚ ٍحاٗىة ٍعزفة ٍدٙ فعاىٞة 

 خاخةة نّتةاج بةٞغ اىَا،ةد ،  021عةد  %(. أخزٝة  ٕةذٓ اىدراسةة عيةٚ  5.7ّسبة اىبزٗتِٞ بٖا ّاقظةة بْسةبة   غٞز ٍتشّة،أٗ عيٞقة 

 خاخةة، تَة   21ٍدَ٘عةا  ٍتسةاٗٝة بنةو ٍْٖةا  سة ٗقسةَ  إىةٚ  ،(White Lohman ىَٕ٘ةاُ أبةٞغ ٘ع ٍِ ّة٘ع أسب 01عَز 

 ّسبة اىبةزٗتِٞ بٖةا  اىتدزبة مالأتٜ: اىَدَ٘عة الأٗىٚ تغذ  عيٜ عيٞقة ٍتشّة  اسابٞع ٍتتاىٞة، ٗطََ ةاىتزبٞة فٜ اقفاص ىَد  خَس

 1.7ّةشٌٝ اىبزٗتٞةش بَعةده إٍؼةاف إىٖٞةا ٗ اىثاّٞةة تغةذ  عيةٜ عيٞقةة ٍتشّةة ، بدُٗ أٛ ٍعةاٍت   ػةاب ة سةيبٞة(. اىَدَ٘عةة%(05

%( ىتظةب  ّسةبة اىبةزٗتِٞ اىخةاً فةٜ 5.7بْسبة   بٖاتٌ إّقاص ّسبة اىبزٗتِٞ تغذ  عيٜ عيٞقة مٞي٘خزاً/ؽِ عيف. اىَدَ٘عة اىثاىثة 

إّةشٌٝ تةٌ إػةافة   شزمة اىَْتدة نّشٌٝ اىبزٗتٞةشخزاً عيف/ؽا،ز/ًٝ٘، ٕٗذا ؽبقا ىي 001% بَعده استٖتك عيف 07.51اىعيٞقة ٕٜ 

ٍؼاف إىٖٞا اىبزٗبٞ٘تل بَعةده عة اىزابعة تغذ  عيٜ عيٞقة ٍتشّة ٗاىَدَ٘ .(مٞي٘خزاً/ؽِ عيف 1.7ش إىٚ ٕذٓ اىعيٞقة بَعدهٞاىبزٗت

مٞية٘خزاً/ؽِ عيةف،  1.7اىبزٗتٞش بَعةده إّشٌٝ ٍؼاف إىٖٞا عيٜ عيٞقة ٍتشّة ٗ اىَدَ٘عة اىخاٍسة تغذ مٞي٘خزاً/ؽِ عيف.  1.7

إىٖٞةا اىَدَ٘عة اىثاّٞة ٍٗؼةاف عيٚ عيٞقة   غذتاىَدَ٘عة اىسا سة  مٞي٘خزاً/ؽِ عيف. 1.7إىٖٞا اىبزٗبٞ٘تل بَعده  اٗمذىل ٍؼاف

خَٞع اىَعاٍت  بدأ  ٍْذ اىًٞ٘ مٞي٘خزاً/ؽِ عيف.  1.7اىبزٗبٞ٘تل بَعده مٞي٘خزاً/ؽِ عيف، ٗ 1.7اىبزٗتٞش بَعده إّشٌٝ مو ٍِ 

خةٌ عيف/ؽةا،ز/ًٝ٘، ٗكىةل  001اسابٞع ٍتتاىٞة، ٗماُ ٍعده استٖتك اىعيف ىنو ؽا،ز فٜ مو ٍدَ٘عة ٕ٘  ةيتدزبة ىَد  خَسلاٗه ىا

اىبزٗتٞةش فةٜ اىعيٞقةة اىَتشّةة  اىَدَ٘عةة إّشٌٝ اى ٞ٘ر اىَعاٍية بةأُ  اىْتا،ح أثبت  حسب اىشزمة اىَْتدة ىيعيف، ٗاىَْاسب ىٖذا اىعَز.

( أظٖةز  سٝةا   ٍعْ٘ٝةةة فةٜ ٍعةدلا  انّتةةاج  ٍعةده إّتةاج اىبةةٞغ، ٗٗسُ 6، 7، 0يةة باىبزٗبٞ٘تةل  اىَدَ٘عةةا  ( ٗاى ٞة٘ر اىَعا2ٍ

اىبٞغ، ٍٗعده اىتح٘ٝو اىغةذا،ٜ ىيبةٞغ(، ّسةبة اىبةزٗتِٞ اىنيةٜ ٗالأىبٞةٍِ٘ٞ ٗاىدي٘بٞة٘ىِٞ فةٜ ٍظةو اىةدً. أظٖةز  اى ٞة٘ر اىَعاٍيةة 

ٗاىةدُٕ٘ اىثتثٞةة،  ٜفةٜ اىةدُٕ٘ بَظةو اىةدً  ّقةض فةٜ ّسةبة اىن٘ىٞسةتٞزٗه اىنية( تحسِ ٍعْة٘ٛ 6، 7، 0باىبزٗبٞ٘تل  اىَدَ٘عا  

اىبٞةةاع اىةةدخاج أُ ٍْتدةٜ أعةةتف أثبتةة  اىْتةةا،ح ٗاىن٘ىٞسةتٞزٗه ٍةةْخفغ اىنثافةةة ٍةةع سٝةا   فةةٜ اىن٘ىٞسةةتٞزٗه عةةاىٜ اىنثافةة(. مةةذىل 

اىبزٗتٞةش ىيحظة٘ه عيةٜ ّفةد ٍعةدلا  إّةشٌٝ إػةافة  ٍةع   %( 5.7بْسةبة  َٝنٌْٖ أُ ٝظْع٘ا أعتف بْسبة بزٗتِٞ اقو ٍِ اىَعتةا   

اُ اىخظا،ض اىحسةٞة ىيحةٌ اىةدخاج اىَ بة٘ن ماّة  افؼةو فةٜ اىَدَ٘عةة اىتةٜ تةٌ تغةذٝتٖا عيةٚ عيٞقةة انّتاج اىَعتا  . بانػافة إىٜ 

 0.0 ػةةةافةإ بَعةةةده اىبزٗبٞ٘تةةةل إىٖٞةةةا ٍؼةةةاف ٗمةةةذىل عيةةةف، ؽةةةِ/مٞيةةة٘خزاً 0.0 بَعةةةده اىبزٗتٞةةةشإّةةةشٌٝ  إىٖٞةةةا ٍتشّةةةة ٍٗؼةةةاف

 ٗ  اىةدٗاخِ ىحةً٘ ٗعظةزٝة اى ةزاٗ  ّسبة سٝا   اىٚ اىبزٗبٞ٘تل اػافة ٗمذىل اىبزٗتٞشإّشٌٝ   اػافة أ ٙ حٞث. عيف ؽِ/مٞي٘خزاً

 ٍةع بةاىتشاٍِ اىبزٗتٞةشإّةشٌٝ  بإػةافة مبٞةز بشةنو ؽٖٖٞةا بعةد اىةدخاج ىحٌ ّنٖة تتأثز ىٌ بَْٞا فحظٖا تٌ اىتٜ ىيعْٞا  اىعاً اىقب٘ه ّسبة

اىبزٗتٞش ٍع اىبزٗبٞ٘تل فٜ عت،ق اىةدخاج إّشٌٝ استخداً خيٞؾ ٍِ  ٔ َٝنٍِِ ٕذٓ اىدراسة ّستخيض أّ .اىعيٞقة اىٚ اىبزٗبٞ٘تل اػافة

 كا  ٍست٘ٙ بزٗتِٞ ٍْخفغ، ٗكىل ىَا ىٔ ٍِ إَٔٞة أقتظا ٝة  ُٗ اىتأثٞز عيٜ ٍعدلا  انّتاج أٗ خظا،ض اىيحٌ.اىبٞاع 
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