
J. Agric. Sci. Mansoura Univ., 32 (9): 7153 - 7171, 2007 

 

 

RESPONSE OF GROWING JAPANESE QUAIL TO 
DIFFERENT LEVELS OF PROTEIN WITH OR WITHOUT 
VITAMIN E AND SELENIUM SUPPLEMENTATION 
Abd El- Galil, k.; Henda A. Mahmoud and K.M. Abu El-Soud  
Animal and Poultry Nutr., Dept., Desert Research Center, El-Matareya, 
Cairo, Egypt. 

 

ABSTRACT 
 

A total of 300 unsexed one-day-old Japanese quail chicks (Coturnix coturnix 
japonica) were used in a 3x2 factorial arrangement. Quail chicks were randomly 
divided into three treatment groups (100 chicks/ group) that received three dietary 
protein levels (20, 22 and 24 % CP). Each quail group was randomly divided into two 
sub-groups (50 chicks each). The first sub-group of each group received diet without 
any supplementation, while the second sub-group was given diets supplemented with 
Vitamin E (VE) 200 IU and Selenium (Se) 0.5 mg/kg diet. The experimental diets were 
formulated isofibrous and isocaloric (2900 kcal ME/kg). 
The main results obtained could be summarized as follows: 

- Live body weight and body weight gain were improved with the medium protein level 
(22%) followed by high protein (24%) and the low protein level (20%) during the 
whole experimental period.  

- Feed intake during the whole experimental period recorded significantly (P<0.05) 
increased with decreasing dietary crude protein level. In contrast, protein intake 
recorded significantly decrease (P< 0.05) with decreasing CP level. 

- Feed conversion ratio revealed significantly (P<0.05) improved with medium protein 
level in the diet.  

- Efficiency of protein utilization was improved with low protein level 20% in the diet. 
- Morality rate recorded non-significant difference among experimental groups of 

protein level. 
- Dietary protein level had insignificant effect on carcass traits. 
- Digestibility coefficients and the nutritive values expressed as DCP, TDN % and ME 

kcal/kg were significantly varied (P<0.05) among different protein levels. 
- Economical efficiency percentage recorded higher values with 22% protein level. 
- Regardless of protein level, results showed that supplementing diet with VE and Se 

affected of body weight, body weight gain, feed conversion ratio and morality rate 
were significantly (P<0.05) improved, but feed consumption was significantly 
increased (P<0.05), while efficiency of protein utilization improved as compared to 
unsupplemented diets.  

- Carcass traits were improved clearly when quail fed a diet contain 22 % level of 
protein supplemented with VE and Se.    

- Digestibility coefficients and the nutritive values expressed as DCP, TDN % and ME 
kcal/kg were significantly improved (P<0.05) with VE and Se as compared to 
unsupplemented diets. 

- Economical efficiency percentage recorded the higher values when supplementing 
diet with VE and Se. 

- Interaction between dietary protein level, VE and Se supplementation indicated that 
the presence of supplemented with any level of dietary protein resulted in 
improvements in the obtained values of live body weight and body weight gain, feed 
conversion, carcass traits, digestibility trials and economical efficiency comparably 
with the unsupplemented diets during the experimental period. 
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- The higher value of economical efficiency was obtained by using 22% CP with 
Supplemented VE and Se compared to other treatments. 

From the previous results, it could be concluded that moderate protein level 
22 % in diet supplemented with Vitamin E and Selenium (200 IU VE and 0.5 mg Se 
/kg diet) improve the growth performance of growing Japanese quail and the 
economic efficiency. 
Keywords: Quail, protein level, vitamin E and selenium, growth performance, carcass 

traits, digestion trials and economical efficiency. 

 

INTRODUCTION 

 
Feeding costs of poultry production is usually considered the most 

expensive item, specially, dietary protein which is considered one of the most 
expensive nutrients in poultry nutrition. Hence it is to be expected that great 
effect will be made to reduce its level without lowering the birds performance. 
Among the most important attempts made to minimize the feeding cost, 
during the growing period, Murakami et al.(1993)   found that 20 % CP level 
resulted in best performance, while Boztepe and Ozturk (1993) 
recommended a 22% crude protein for growing japanese quail, The NRC 
(1994) suggests a protein requirement of 24 for Japanese quail in the 
growing period.  

Supplementing low protein diets with growth promoters may be an 
alternative way to cut feed cost down to the minimal levels. From this point of 
view, vitamin E and Selenium that play an important role in this respect can 
be used.  

Vitamin E has been reported as an excellent biological chain 
breaking antioxidant that protects cells and tissue from lipid preoxidative 
damage induced by free radicals (Halliwell and Gutteridge, 1989 and Yu, 
1994). Schultz (1989) suggested that vitamin E and selenium appears to 
stimulate immune responses when fed levels more than the requirement. 
Marsh et al. (1981) stated that nutritional deficiencies in vitamin E and / or 
selenium caused impaired immune function. 

Selenium is a trace mineral that is part of an antioxidant enzyme 
called glutathione peroxides. It is also necessary for normal growth and 
proper utilization of the trace element, iodine, for normal thyroid function. 
Primary selenium uses, supports the antioxidant effects of vitamin E and 
glutathione peroxides, and secondary uses, normal growth and thyroid 
function. 

One of the chief functions of both selenium and vitamin E is their 
antioxidant function. They serve to protect the integrity of cell walls from the 
harmful and destructive effects of free radicals, which are produced during 
energy metabolism. This is crucial for the proper functioning of healthy 
epithelial tissue, such as the reproductive tract. Selenium and vitamin E are 
also very important in the functioning of the immune system and promotes 
healthy growth and fertility. 

Desai and Scott (1965), Thompson and Scott (1970) suggested that 
selenium may conserve vitamin E by controlling its retention or preventing its 
destruction in the tissues. The mixture of vitamin E and selenium significantly 



J. Agric. Sci. Mansoura Univ., 32 (9), Spetember, 2007 

 7155 

reduced both mortality and the effects of disease on body weight gain, due to 
the metabolic relationships between vitamin E and selenium (Cook, 1991). 

Shamberger (1983) found that adding vitamin E and/or selenium has 
a direct effect on pituitary gland and gonads activity. They protect these 
glands against the oxidizing agents, which cause devaluation, necrosis and 
or interfere with lipid transport by modifying the cell membrane permeability 
(Damron et al., 1981). 

In addition, Selenium is required by the chicks for the normal transit 
function of methionine to cystine (Bunk and Combs, 1981). The toxic level of 
sodium selenate in immature chicken diets was 10 mg/kg (Ort and 
Latshew,1978). 

The experiment study aimed to find out the response of growing 
japanese quail to different levels of protein with or without vitamin E and 
selenium supplementation. 

 

MATERIALS AND METHODS 
 

The present work was carried out at Maryiout Experimental Research 
Station (South West of Alexandria), which belongs to the Desert Research 
Center. 

A total of 300 unsexed one-day-old Japanese quail chicks (Coturnix 
coturnix japonica) were used in a 3x2 factorial arrangement. Quail chicks 
were randomly divided into three treatment groups (100 chicks/group) that 
received three dietary protein levels (20, 22 and 24 % CP). Each quail group 
was randomly divided into two sub-groups (50 chicks/ sub-groups).  

The first sub-group of each group received diet without any 
supplementation, while the second sub-group was given diets supplemented 
with a mixture of 200 IU vitamin E (VE) and 0.5 mg selenium (Se) /kg diet 
according to Abaza (2002). The source of supplemented selenium was 
sodium selenite (Na2-SeO3), while vitamin E was α-tocopherol acetate.  

The highest level of protein 24 % was formulated to meet the nutrient 
requirements of growing Japanese quail chicks according to NRC (1994). 
Experimental quail chicks were kept under similar managerial, hygienic and 
environmental conditions. The chicks were housed in metallic cages at hatch 
up to 42 days of age. All diets were isocaloric (2900 kcal ME/kg) and 
isofibrous. The experimental diets (Table 1) were fed in mash form. Feed and 
water were offered ad-libitum. Chemical analysis of the experimental diets 
and dried excreta were assayed using methods of A.O.A.C (1990). 

Live body weight and feed intake were determined weekly. Body 
weight gain, feed conversion ratio (g feed/g gain), protein intake (g/d) and 
efficiency of protein utilization (g gain/ g protein intake) were calculated. The 
mortality was recorded daily. 

Finally, 60 quail (10/ sub-groups) were sacrificed to study carcass 
traits. The assigned birds were deprived of feed for 12 hours, after which 
birds were individually weighed, slaughtered to complete bleeding, feather 
was removed. The organs and the intestine were removed and weighed. 
Weights of dressing and giblets were expressed relative to live body weight of 
birds. 
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Table (1): Composition and proximate chemical analysis of                      
the experimental diets 

Ingredient, % 
Level of protein  

20% 22% 24% 

Yellow corn 
Soybean meal (44% CP) 
Concentrate (52% CP)*  
Corn gluten meal (60% CP)  
Wheat bran 
Dicalcium phosphate  
Vit. and Min. premix** 
L- lysine  
Dl- methionine  

62.57 
6.00 

10.00 
8.40 

11.52 
0.51 
0.30 
0.39 
0.31 

59.49 
10.65 
10.00 
9.20 
9.20 
0.48 
0.30 
0.39 
0.30 

56.00 
11.30 
10.00 
11.84 
9.53 
0.44 
0.30 
0.38 
0.21 

Total 100 100 100 

Proximate chemical analysis %     
Crude protein   
Crude fiber  
Ether extract  

20.12 
3.36 
3.66 

22.01 
3.39 
3.54 

24.11 
3.45 
3.68 

Calculated values: 
Metabolizable energy (kcal/kg)*** 
Calcium % 
Available phosphorus  % 
Methionine % 
Lysine % 
Methionine +Cysteine  % 
Selenium (mg/kg) 
Price /kg diet (LE)**** 

 
2900 
0.85 
0.30 
0.51 
1.30 
0.74 
0.24 

1.410 

 
2900 
0.86 
0.30 
0.52 
1.30 
0.75 
0.23 
1.450 

 
2900 
0.86 
0.30 
0.52 
1.30 
0.75 
0.25 
1.510 

*  Protein concentrate contain: 52% Crude protein, 2.03% Crude fiber, 6.17% Ether 
extract, ME 2080 (Kcal/Kg), 1.50 % Methionine, 2.00% Methionine and Cystine, 3.0 % 
Lysine, 7.00% Calcium, 2.93 % Avalailable Phosphorus and 2.5 % Nacl.  

** Each 3 kg Vitamins and minerals premix contains (per ton of feed), Vit. A 12000000 IU, 
Vit. D3 2000000 IU, Vit.E I0g, Vit.K3 1000 mg, Vit. B1 1000 mg, Vit. B2 5g, Vit. B6 1.5g, Vit. 
B12 10 mg, Pantothenic acid 10g, Niacin 30g, Folic acid 1g, Biotin 50 mg, Iron 30g, 
Manganese 60g, Choline chlorite 10g, Iodine 300 mg, Copper 4g, Zinc 50g and 
Selenium 100 mg. 

***Calculated according to NRC of poultry (1994). 
****Calculated according to price of feed ingredient at the same time of the experiment 

(2006). 

 
At the end of the experimental feeding period, digestion trials were 

conducted using 30 adult quail males (five quail from each sub-groups) to 
determine the digestibility coefficients and the nutritive values of the 
experimental diets. Males were housed individually in metabolic cages. 

The digestibility trials extended for 9 days of them 5 days as a 
preliminary period followed by 4 days as collection period. The individual live 
body weights were recorded during the main collection period to determine 
any loss or gain in the live body weights. During the main period, excreta 
were collected daily and weighed dried at 60°C bulked finally ground and 
stored for chemical analysis. The faecal nitrogen was determined according 
to Jakobsen et al.(1960). Urinary organic matter was calculated according to 
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Abou-Raya and Galal (1971). The digestion coefficients % of organic matter 
(OM), crude protein (CP), crude fiber (CF), ether extract (EE) and nitrogen 
free extract (NFE) of the experimental diets were estimated. 

The nutritive values expressed as digestible crude protein (DCP), 
total digestible nutrients (TDN) were calculated. Metabolizable energy (ME) 
was calculated as 4.2 kcal per gram TDN as suggested by Titus (1961). 

Economical efficiency of feed was calculated from the input / output 
analysis according to the costs of the experimental diets and selling price of 
one kg quail. 

Data were statistically analyzed according to SAS (1996), a factorial 
design (3x2) according to the treatment was carried out using the following 
model: 
                             Yijk  = µ +Pi +Sj+ PSij+ eijk 
Where: 
Yijk  = Represented observation. 
µ    = Overall mean. 
Pi  = Effect of protein level (i = 20,22 and 24%).  
Sj   = effect of VE and Se (with or without). 
PSij= interaction between crude protein level and VE and Se. 
eij    = Random error. 

Duncan's New Multiple Range Test (Duncan, 1955) separated 
differences among treatment means. 

 

RESULTS AND DISCUSSION 
 

Live body weight and body weight gain 
 Live body weight and body weight gain of growing quail as affected 
by dietary protein level, vitamin E (VE) and selenium (Se) supplementation 
and their interaction during growing period are summarized in Table (2). 

The effect of dietary protein levels on final live body weight and body 
weight gain during the whole experimental period varied significantly (P<0.05) 
between the experimental groups. 

It is worthy noting that live body weight was improved with medium 
protein level (22%) followed by high protein (24%) and low protein level 
(20%) during the whole experimental period. 

Moreover, feeding quail on 22 % CP resulted in 3.00 and 1.09% 
more body weight gain than that of 20 and 24% CP, respectively.  

These results are in agreement with Minoguchi et al.(2001) who 
indicated that it is possible to reduce the CP level to 22% in Japanese quail 
during the growing period. Abdel-Azeem et al.(2001) who found that growing 
Japanese quail fed on a 22 % crude protein diet was improved body weight 
gain as compared to 24 % crude protein. Zeweil (1996) found that live body 
weight and body weight gain were improved significantly with protein level 
(22%) as compared to 24 % CP. Also, Boztepe and Ozturk (1993) 
recommended a 22% crude protein for growing japanese quail. 
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Regardless of protein level, results showed that supplementing diet with VE 
and Se affected live body weight and body weight gain were significantly 
(P<0.05) increased in the period from 0-6 weeks of age as compared to 
unsupplemented diets (Table 2).  

It is worthy noting that feeding quail on VE and Se supplemented 
diets resulted in 9.11% higher in body weight gain than that of 
unsupplemented diets. 

Interaction between dietary protein levels, VE and Se 
supplementation indicated that the presence of supplemented with any level 
of dietary protein resulted in improvements (P<0.05) in the obtained values of 
live body weight, body weight gain, 

However, the better improvement was obtained by using the medium 
protein level (22%) followed by high protein (24%) and low protein level 
(20%) during the whole experimental period (6 weeks of age). 

 
Feed intake and feed conversion ratio 

Feed intake (g) during the whole experimental period recorded an 
increase (P< 0.05) with the decrease of CP levels as shown in Table (3). 

It is worthy noting that feeding quail on 20 % CP resulted in 2.65 and 
4.79  % increase in feed intake than that of 22 and 24% CP, respectively. 

Regarding the amount of feed intake (g/period) by the experimental 
quail, it is observed that feed intake increased with decreasing CP levels. 

These results are in agreement with those of Ali et al. (2000) who 
found that growing Japanese quail fed on a 22 % crude protein diet 
significantly (P< 0.05) consumed more feed compared to 24 % crude protein. 
Shalan-Hedaia (1993) and Mohammed (1990) who found that increasing 
level of protein in the quail grower diets caused a decrease in the amount of 
feed consumption. Aggoor et al.(1997) found that feed intake in the broiler 
diets significantly (P<0.05) decreased  with increasing protein levels. 

Irrespective of protein level, results of feed intake during the whole 
experimental period recorded an increase (P<0.05) with the supplemented of 
VE and Se as compared to unsupplemented (Table 3). 

Feed conversion ratio revealed a significant difference (P<0.05) 
among the experimental groups. On the basis of the present data, it seems 
that quail received diets with 24 and 22 % CP had the best feed conversion 
ratio, while the worst values were for the 20% CP. The improvement 
observed in Feed conversion ratio may result from the increased body weight 
gain as a result of CP levels in the diets (Table 3).  

These results agreed with those of obtained by Shalan-Hedaia 
(1993) who found that increased protein content in the quail diet gradually 
improved feed conversion ratio and decreased feed intake. Pettersson et 
al.(1990) who showed that the high protein level resulted improved feed 
conversion ratio than the low protein diet fed to broiler. 

Regardless of protein level, it appears that quail fed of supplemented 
VE and Se diets showed significantly (P<0.05) improved feed conversion 
ratio compared to unsupplemented. 
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The reduction observed in feed conversion ratio may result from the 
decreased body weight gain as a result of unsupplemented in the diet. It 
appears that, quail fed with VE and Se improved feed conversion ratio by 
7.64 % compared to unsupplemented. 

This improvement could be attributed to the biological functions of VE 
such as its role in enzymatic oxidation reduction, nucleic acids metabolism 
and in promoting the activity of oxidized substances such as carotenoids 
(Kennedy et al.,1992 ; Hossain and Sergio,1995).  

Interaction between dietary protein levels, VE and Se 
supplementation indicated that the presence of supplemented with any level 
of dietary protein resulted in improvements (P<0.05) in the obtained values of 
feed conversion ratio comparably with the unsupplemented diets during the 
experimental periods (Table 3). 
Protein intake and efficiency of protein utilization 

Results of protein intake (g) during the experimental period was 
significantly (P<0.05) different among experimental groups. It is clear that 
protein intake increased by 24% CP during the whole experimental period 
(Table 4). Level of 24 % CP recorded the highest values followed by 22%, 
while 20% recorded the lowest values. This may be due to that the protein 
intake was increase with increased percentage of protein level in diets. 

Regardless of protein level results cleared that protein intake (g) 
during the whole experimental period recorded an increase (P<0.05) with the 
supplemented of VE and Se compared to unsupplemented diets (Table 4). 

Efficiency of protein utilization (g weight gain / g protein intake) during 
the whole experimental period was improved with low protein level (16%) 
followed by medium protein (22%) and high protein level (24%) during the 
whole experimental period. These results are in agreement with those of 
Zeweil (1996) found that protein utilization efficiency improved significantly 
(P<0.01) by decreasing protein level of quail diet. Aggoor et al.(1997) who 
found that protein intake increased with increasing protein level, while protein 
efficiency ratio decreased with increasing protein level. 

Irrespective of protein level, results of protein efficiency utilization 
during the whole experimental period improved (P<0.05) with the 
supplemented of VE and Se compared to unsupplemented diets as shown in 
Table (4). 

Interaction between dietary protein levels and VE and Se 
supplementation indicated that the presence of supplemented with any level 
of dietary protein resulted in improvements (P<0.05) in the obtained values of 
protein intake (g) and efficiency of protein utilization comparably with the 
unsupplemented diets during the experimental periods (Table 4). 
Mortality rate%  

In contrast to the level of protein in the diet, results on mortality rate 
% recorded a non significant difference among experimental groups (Table 
4). Quail fed low protein level recorded the lowest values, while the level of 
24% recorded the highest ones. Vohra and Roudybush (1971), Johri and 
Vohra (1977) and Mohammed (1990) found that the mortality rate during 
growing period of Japanese quail did not significantly influence by dietary 
protein levels. 
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Regardless of protein level, results showed that supplementing diet with VE 
and Se decreased mortality rate significantly (P<0.05) in the period from 0-6 
weeks of age as compared to unsupplemented diets. This result may be due 
to the increase in immunity response of quail chicks with the addition of VE 
and Se. The mixture of vitamin E and selenium significantly reduced both 
mortality and enhance body weight gain. Due to the metabolic relationships 
between vitamin E and selenium (Cook, 1991). Salwa et al (2004) reported 
that dietary VE and Se supplementation caused an increase in the values of 
antibody and reducing mortality. Moreover, Franchini et al. (1995) indicated 
that the main role of VE is the activation disease resistance of birds. 

Interaction between dietary protein levels, VE and Se 
supplementation indicated that the presence of supplemented with any level 
of dietary protein resulted in improvements (P<0.05) in the percentage of 
mortality rate. 
 
Carcass traits 

Data of carcass traits are presented in Table (5). There were 
insignificant differences in all carcass traits studied between different levels of 
protein.  

It was noticed that the dressing percentages were decreased 
insignificantly when protein level decreased, this may be due to the decrease 
in live body weight. Mahapatra et al.(1984) and Lee et al.(1990) reported 
similar results, different protein levels had no significant difference on 
eviscerated carcass weight. 

The edible giblets ranged from about 6.08 to 6.14 %, which did not 
differ statistically among the experimental groups and these results indicated 
that edible giblets decrease with increased in protein levels.  

Similar results were obtained by Zeweil et al.(1993) and Zeweil 
(1996) found that total edible parts were decrease with increased protein 
level for quail diets and protein level had insignificant effect on viscera and 
giblets percentages. 

El-Ghamry et al. (2002) and Abd El-Hady and Abd El-Ghany (2003) 
who found that there were no significant differences in carcass characteristics 
due to dietary protein level. Shalan-Hedaia (1993) who reported that, 
carcass, liver, gizzard, heart, giblets, feather and blood percentages were 
insignificantly affected by different protein level. 

Regardless of protein levels, using VE and Se as feed 
supplementation in diet resulted in improved dressing and edible giblets 
percentage. 

Interaction between dietary protein levels, VE and Se 
supplementation resulted in improvements in the obtained values of dressing 
and edible giblets percentage with any levels of dietary protein. 
 
Digestibility and nutritive values of the experimental diets 

The effect of dietary protein level on digestion coefficients % and 
nutritive values of the experimental diets are shown in Table (6). The 
digestibility of CP, CF, EE and NFE % showed significant differences 
(P<0.05) among experimental diets with increases in protein level, this may  
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be due to the dietary protein level increases the amount of uric acid 
increases, consequently the digestion coefficients decreases. Yamazaki et al. 
(1996) showed that the excretion of nitrogen increased as protein level 
increased. Mitchell (1942) found that when protein intake exceeds the 
efficiency of protein requirement, its utilization decreases rapidly, since 
protein can be not stored in body to any appreciable extent 

It is of great importance to note that the results of the digestion trials 
were coincided generally with growth performance and feed conversion ratio. 

Nutritive values expressed as DCP, TDN % and ME (kcal/kg) of the 
experimental diets were gradually increased (P<0.05) with the increasing of 
CP level in the diet. These results are in agreement with those of Aggoor et 
al.(1997), Ghazalah et al.(1988) and Attia (1986) who found that increasing 
protein level decreased digestibility of CP and CF%. Hassanein (2004) who 
found that increasing protein levels decreased digestibility of DM, OM, CP, 
CF% and nutritive values in quail diets. 

Regardless of protein level results, using VE and Se as feed 
supplementation in diet recorded the improved on digestion coefficients % 
and nutritive values comparably with the unsupplemented diets.  

In generally, the results showed that improvement of digestibility 
coefficients of nutrients and nutritive values significantly (P<0.05) increased 
with supplemented of VE and Se compared to unsupplemented diets as 
shown in Table (6).  

It is of great importance to note that the results of the digestion trial 
were coincided generally with the positive response in performance and feed 
utilization of quail birds with supplemented of VE and Se. 

Selenium may affect metabolism and performance because it is 
essential for the synthesis of active thyroid hormones. Thyroid hormones 
increased metabolic rate (Hadley, 1984). Ferit et al. (2003) found that dietary 
VE and Se inclusions resulted in a greater (P<0.01) serum concentration of 
triiodothyronine (T3), thyroxine (T4), thyroid stimulating hormone (TSH), Ca, 
P and K, while urea, cholesterol and Na were decreased (P<0.01).  

Furthermore, the improvement of performance as a result of adding 
growth promoter may be due to reducing bacterial utilization of essential 
nutrients, allowing increased synthesis of vitamins and growth factors, 
improving the absorption of nutrients by reducing the thickness of intestinal 
epithelium, reducing intestinal mucosa epithelial cell turnover and reducing 
intestinal motility (Prescott and Baggot, 1993).  

From these results, it can be concluded that when VE and Se 
supplementation on the diets indicated improvement digestibility and nutritive 
values. 
 
Economical Efficiency 

Feeding cost and feed conversion ratio are the most important 
factors involved in the achievement of maximum efficiency of meat 
production. The effects of different treatments on economic efficiency are 
shown in Table (7).  

Results indicated that dietary protein level of 22 % recorded the best 
of economical efficiency are calculated in table 6.  
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A higher economical efficiency percentage was recorded with 22% 
CP (116.65) diet followed by 20% CP and 24% CP diet (110.21 Vs 107.50), 
respectively. 

Abd El-Hady and Abd El-Ghany (2003) who found that decreasing 
crude protein level in broiler diets increased economic efficiency, which in 
accordance of the present results. 

Irrespective of protein levels, the best economical efficiency was 
obtained by quail fed diets supplemented with VE and Se (118.28) as a feed 
supplementation comparably with the unsupplemented diet. 

 
Table (7): Economical evaluation of growing japanese quail as affected 

by dietary protein level, VE and Se supplementation and their 
interaction 

Protein 
level 

VE 
and 
Se 

Feed 
conversi- 
on ratio 

Cost of 
Kg feed 

(L.E) 

Feed cost 
of kg meat 

(L.E) 

Net 
revenue 

(L.E) 

Economic 
efficiency 

20 - 4.05 1.41 5.711 6.289 110.21 
22 - 3.82 1.45 5.539 6.461 116.65 
24 - 3.83 1.51 5.756 6.217 107.50 

- S0 4.02 1.45 5.794 6.192 106.61 
- S1 3.78 1.45 5.497 6.503 118.28 

Interaction 

20 S0 4.14 1.40 5.808 6.204 107.04 
20 S1 3.96 1.41 5.584 6.416 114.90 
22 S0 3.95 1.44 5.688 6.312 110.97 
22 S1 3.68 1.45 5.336 6.664 124.89 
24 S0 3.96 1.50 5.940 6.060 102.02 
24 S1 3.69 1.51 5.572 6.428 115.36 

Cost of kg feed calculated according to price of feed ingredient at the same time of the 
experiment (2006). 
Selling price of one Kg meat= 12 (L.E). 
S0= diet without Vitamin E and selenium. 
S1= diet with Vitamin E and selenium.  

 
Interaction between dietary protein levels, VE and Se 

supplementation resulted in improvements in the obtained values of 
economical efficiency comparable with the unsupplemented diets during the 
experimental periods.  

Generally, quail fed diets containing 22% CP and supplemented with 
VE and Se improved the economical efficiency.  

In conclusion and application, based on results obtained in the 
present study, it could be concluded that a protein level of 22 % in the diet 
supplemented with Vitamin E and Selenium (200 IU VE and 0.5 mg Se /kg 
diet) improve the growth performance of growing Japanese quail and 
economic efficiency. 
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      تتنةي                                                                    استتابة ا امستتاةي امنة تتةام اماتتةام ماستتاةنةن الاروتتا اتتي ام تت ةاني اتت    ة
              ةامسنرنانةم .  ه               إضةفا فناةاني 
كاةل ا سى ا  اهنم ة هانه ع ن امبرنل احاةن ، لةمن ع ن امبرنل  

 اص . -امقةه ة -اماط نا – كز  حةث امصح اء ا –قسم اغذنا امحنةاي ةامنةابي 
 

                أسذ حب.  اسذتفدف     6                                   كتكذت  سذن ي ب حذ مي نذي ابحتذ  ثتذ  دنذ       033                        استخدم في هذاا ابحثذع دذدد 
  ع               ابمذ ن   ثبذ                                   تابسذبيبمبتم ديذ  أداا ابسذن ي ابب حذ م   ه                                                     ابتج حة د اسة تأثب  نستتى ابح تتبي ت إض فة فبتذ نبي 
   يذ   د                               ( ابذ  ثثثذة نجنتدذ    ئبسذبة  ذاب   x2 0       دذ ني                                                  قسن  كت كب  ابسن ي دشتائب  في مظ م تثيبذ  تحذ بي 

                                              ديذذ  ابتذذتاب    تقسذذن  كذذ  نجنتدذذة   ئبسذذبة إبذذ  تثذذ     %  22 ت       22,23                             مسذذم نتد جذذة نذذي ابحذذ تتبي ابخذذ م 
   ه                                                                 كتكذذت    ذذاب  تثذذ  ابنجنتدذذذة اعتبذذ  ديذذ  ديبتذذة  حذذدتي إضذذ فة   فبتذذذ نبي     03                  نجنذذتدتبي حكذذ  نمفذذ  

      ب ت (           ابحذذ  تتكذذذتف   ه                                          ة ابث مبذذة ديذذذ  ديبتذذة أضذذبف إببفذذذ   فبتذذ نبي                                     تسذذبيبمحتم( ب حبمنذذ   ذذاب   تثذذذ  ابنجنتدذذ
      تخدنة                                 نجذذم سذذبيبمبتم   تك مذذ  اب ثئذذ  ابنسذذ 1 ت  ه             نجذذم فبتذذ نبي     03                                     تابسذذبيبمبتم  سذذبيبم   ابوذذتدبتم( حن ذذد  

                                     كبيت ك بت ى /كبيتج ام تالابب ف ابخ م       2033                          نتش حفة في ابط قة ابننثية 
         اماةمنا:                                 ناكي إنبةز  هم امااةئج فم اماقةط 

   ي          حبمنذ  سذج   %  22                                                                     ك  نذي تني ابجسذم ابثذي تابنبذ د  فذ  ابذتني ابثذي  تثسذم  نذ. نسذتتى ابحذ تتبي     سج    -
                                             % ح تتبي خ م اق  ابتبم خث  ابحت   ابتج حببة     23                   ابنجتدة ابغدا  دي  

        بن  نيذة                                         ( تابك ح مخح ض مسحة ابح تتبيب ثبذع سذجي  ا % 0                              ً            تثظ نب د  استفثك ابغااا ن متب ً  دمد نستتى  ب  -
                              % اكح  ابتبم  استفثك  بيغااا     23             ابنغاا   دي  

                ( بنستتى حذ تتبي  % 0                                                                          ج  ن د  تثتب  ابغااا جم  ااا نستفيك / جم منت( افض  ابتبم ن متب  دمد نستتى  س  -
               % أستاا ابتبم     23                    %  حبمن  سجي   مسحة     22

   يذ                                    يبتةب ثبع سجي  ابن  نية ابنغاا   د                                                ستفثك ابح تتبي تابك حنب د  نستتى ابح تتبي ف  اب  ا           بتثظ نب د    -  -
                                     % اكح  ابتبم أثم ا ابحت   ابتج بحبة     22

                                                              حذذ تتبي أفضذذ   كحذ ا  مسذذحبة بيحذذ تتبي حبمنذ  سذذجي  ابنجنتدذذة ابنغذذاا     %  23                         تتذ  ابنجنتدذذة ابنغذذاا  ديذ   ث  -
                                   اق  ابتبم أثم ا ابحت   ابتج بحبة     %  22    دي  

        يبتة      ف  اب                                         امخحض ن د  ابمحتق ح مخح ض مسحة ابح تتبي    -
                                                                                  ظفذذ   ن ذذ نث  ابفضذذم ابظ ه بذذة بكذذث نذذي ابحذذ تتبي تاعببذذ ف ابخذذ م ت ن  نذذ  هضذذم نسذذتخي  اعثبذذ   أ  -

     تخي                                                           %( حنبذذ د  ابحذذ تتبي حبمنذذ   بذذم بتذذأث  ن متبذذ  ن  نذذ  هضذذم  ابنسذذ   0                            امخح ضذذ  ن متبذذ    دمذذد نسذذتتى  
                                      ابخ بي ني ابمت تجبي  حنستتى ابح تتبي 

                             لإضذ فة إبذ  أديذ   قبنذة كحذ ا   ح                                 % حذ تتبي أفضذ  د ئذد وذ في بيتغابذة      22    ديذ                          ثتت   ابنجنتدة ابنغاا   -
           اقتو دبة  

                                           تابسذبيبمبتم ديذ  تني ابجسذم تابنبذ د  فذي تني   ه                                          بك  تأثب  إبج حي  تن مذت  حضضذ فة فبتذ نبي            بتثظ أي هم   -  
       ن ذذ نث                   اباحبثذذة ب                                                                           ابجسذذم ت ن ذذد  ابتثتبذذ  ابغذذاائي ب ابكحذذ ا  ابمسذذحبة بيحذذ تتبي ب ن ذذد  ابمحذذتق  ت وذذح

   بك           قتوذ دبة تا                                                                                      ابفضم ابظ ه بة تابتبم ابغاائبة تافض  د ئد و في بيتغابة  ح لإض فة إب  أديذ   قبنذة كحذ ا  ا
             تابسبيبمبتم    ه                            نت  مة ح دم اض فة فبت نبي 

    كذ ي                 تابسذبيبمبتم تقذد   ه                                                                         تثظ تجذتد تذأثب ا  ن متبذة  اج ذة بيتذداخ  حذبي نسذتتى ابحذ تتبي تاضذ فة فبتذ نبي  ب  -
             تابسبيبمبتم    ه                     % ن. إض فة فبت نبي     22                                    ابتثسي تاضح ح ستخدام نستتى ابح تتبي 

     % نذذ.     22                                                                           نذي ابتجفذذة ابغاائبذذة تالاقتوذذ دبة تتوذذ  ابد اسذذة  حضنك مبذذة اسذذتخدام  نسذذتتى حذذ تتبي 
        قتو د                                                                              تابسبيبمبتم  ثبع ك ي ابتأثب  إبج حي دي  ن دلا  أداا ابسن ي ابم ن  ت اب  ئد الا  ه               إض فة فبت نبي 
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Table (2). Live body weight and body weight gain ( X SE) of growing Japanese quail as affected by dietary protein 
level, VE and Se supplementation and their interaction  

 
Treatments 

 
Live body weight  (g) 

 

 
Body weight gain (g)/bird /period 

Protein 
level 

VE and 
Se 

Initial 3 weeks 6 weeks 0-3 weeks 3-6 weeks 0-6 weeks 

20 - 8.154.09 82.575.08 b 187.507.01b 74.422.20 b 104.942.04b 179.362.06 b 
22 - 8.093.81 86.014.99 a 192.845.03a 77.922.24 a 106.841.95a 184.762.11a 
24 - 8.073.24 86.705.62 a 190.995.07a 78.632.03a 104.292.01b 182.922.05ab 

Sig. n.s * * * * * 

- S0 8.125.05 83.145.52 b 182.526.51b 75.021.91b 99.382.64b 174.402.30b 
- S1 8.084.22 87.054.09 a 198.375.85a 78.961.07a 111.322.99a 190.292.61a 

Sig. n.s * * * * * 

Interaction 

20 S0 8.205.55 80.004.99b 180.898.35 b 71.802.21b 100.892.56b 172.692.21b 
20 S1 8.096.03 85.135.01a 194.116.01a 77.042.09ab 108.982.33 ab 186.022.01ab 
22 S0 8.065.99 84.016.02b 184.559.05b 75.952.02b 100.542.09 b 176.492.20 ab 
22 S1 8.116.01 88.005.82 a 201.137.21 a 79.891.90 a 113.132.01 a 193.022.17a 
24 S0 8.104.62 85.407.20 a 182.117.51 b 77.301.07ab 96.711.76 b 174.012.04 b 
24 S1 8.045.01 88.016.99 a 199.876.65a 79.961.88a 111.861.98 a 191.832.01 a 

Sig. n.s * * * * * 
 a,b. means in each column within each item, bearing the same superscripts are  not significantly  different (P<0.05).   
 n.s= not significant. 
 S0= diet without Vitamin E and selenium.   
 S1= diet with Vitamin E and selenium. 
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Table (3). Feed intake and feed conversion ratio ( X SE) of growing japanese quail as affected by dietary protein 
level, VE and Se supplementation and their interaction 

 
Treatments 

 
Feed intake  (g)/ bird /period 

 
Feed conversion ratio  (g feed/g gain) 

 

Protein 
level 

VE and 
Se 

0-3 weeks 3-6 weeks 0-6 weeks 0-3 weeks 3-6 weeks 0-6 weeks 

20 - 276.222.02 a 450.002.11a 726.222.22 a 3.800.04 a 4.290.09 a 4.050.08 a 
22 - 265.451.53 b 436.862.99 b 705.811.57b 3.400.02 b 4.100.07ab 3.820.10b 
24 - 263.001.02b 436.112.00b 699.112.06b 3.350.01 b 4.210.03 a 3.830.07b 

Sig. * * * * * * 

- S0 263.201.23 b 438.033.03 b 700.92.23b 3.510.02  4.410.08a 4.020.09a 
- S1 273.211.06 a 445.642.99 a 718.852.04a 3.460.04 4.010.06b 3.780.05b 

Sig. * * * n.s * * 

Interaction 

20 S0 272.102.11a 443.501.40 ab 715.603.01 ab 3.950.09a 4.400.10a 4.140.11a 
20 S1 280.342.02a 456.501.09 a 736.842.80 a 3.640.02 ab 4.190.04 ab 3.960.09a 
22 S0 260.801.30b 437.711.01b 697.512.51b 3.430.03b 4.350.11a 3.950.03 a 
22 S1 270.101.21a 441.001.30 b 710.102.20 b 3.380.01b 3.900.03 b 3.680.08b 
24 S0 256.801.11b 432.801.50b 689.601.95b 3.320.09b 4.480.10a 3.960.02a 

24 S1 269.201.03 ab  439.421.44b 708.622.01b 3.370.06b 3.930.08b 3.690.10b 

Sig. * * * * * * 
a,b. means in each column within each item, bearing the same superscripts are  not significantly  different (P<0.05).   
S0= diet without Vitamin E and selenium.   
S1= diet with Vitamin E and selenium.                       
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Table (6). Digestion coefficients and nutritive values ( X SE) of the experimental diets as affected by dietary protein 
level, VE and Se supplementation and their interaction 

Treatments 
Digestion coefficients% Nutritive values 

Crude 
 protein 

(CP) 

Crude 
 fiber 
(CF) 

Ether 
 extract 

(EE) 

Nitrogen free 
extract 
(NFE) 

Digestible crude 
protein  
(DCP) 

Total digestible 
nutrients 

 (TDN) 

Metabolizable 
energy 

(ME) 
Protein 

level 

VE 
and 
Se 

20 - 82.992.19a 26.681.45a 89.221.45a 87.632.43 a 16.601.65b 63.401.21b 266312.21 b 
22 - 82.532.01ab 26.311.36a 88.172.25ab 87.022.22 a 18.061.62 a 65.131.03 a 273513.36 ab 
24 - 81.332.30b 24.511.52b 87.081.25b 85.752.61b 19.611.12 a 66.871.11 a 280910.81 a 

Sig. * * * * * * * 

- S0 81.191.25 b 25.263.01b 87.462.32 b 86.072.12b 17.851.21b 64.582.01b 271315.0 b 
- S1 82.872.01a 26.402.06 a 88.842.01 a 87.532.00 a 18.321.07 a 65.751.33 a 276213.6 a 

Sig. * * * * * * * 

Interaction 

20 S0   81.612.36 ab 26.342.33 a 88.722.51 a 87.171.44 ab 16.421.12b 62.961.41 b 264414.02b 
20 S1 83.392.01a  27.012.51 a 89.712.16 a 88.092.06 a 16.781.09b 63.831.35 b 268112.99b 
22 S0 81.103.05b 25.932.90 ab 87.642.56 ab 86.032.51b 17.851.01ab  64.421.10 ab 270613.56ab 
22 S1 83.012.89 a 26.693.02 a 88.693.01 a 88.012.24 a 18.261.45 a 65.841.02 a 276510.10ab 
24 S0 80.002.01b 23.113.01b 86.032.32 b 85.712.03b 19.291.01 a 66.371.20 a 278812.09a 
24 S1 82.692.71 a 23.512.61b 88.122.25a 86.492.12b 19.931.58 a 67.571.25 a 283911.51a 

Sig. * * * * * * * 
  a,b. means in each column within each item, bearing the same superscripts are  not significantly  different (P<0.05).   
 S0= diet without Vitamin E and selenium.   
 S1= diet with Vitamin E and selenium. 
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Table (5): Carcass traits ( X SE) of growing japanese quail as affected by dietary protein level, VE and Se                 
supplementation  and their interaction 

Treatments 
Live body weight 

(g) 
Dressing% Liver% Gizzard% Heart% 

Edible giblets 
% 

Protein 
level 

VE and 
Se 

20 - 197.702.22 72.371.51 2.660.81 2.650.54 0.830.80 6.141.05 
22 - 204.152.51 72.720.99 2.700.92 2.560.51 0.820.59 6.080.99 
24 - 198.132.35 73.082.01 2.841.01 2.430.32 0.820.72 6.081.01 

Sig. n.s n.s n.s n.s n.s n.s 

- S0 195.551.99b 72.161.21 2.670.99 2.530.61 0.810.94 6.040.99 
- S1 204.442.05a 73.281.50 2.791.03 2.570.75 0.831.02 6.151.04 

Sig. * n.s n.s n.s n.s n.s 

Interaction 

20 S0 194.202.02b 71.821.60 2.611.02 2.571.01 0.821.07 6.101.12 
20 S1 201.202.54ab 72.921.57 2.711.51 2.731.11 0.831.03 6.171.14 
22 S0 200.303.46ab 72.111.52 2.591.13 2.601.02 0.811.00 6.001.05 
22 S1 208.003.01a 73.331.42 2.801.52 2.521.50 0.831.10 6.151.04 
24 S0 192.143.51b 72.561.70 2.801.16 2.410.99 0.811.02 6.021.02 
24 S1 204.112.98 a 73.601.95 2.871.42 2.450.85 0.831.01 6.141.12 

Sig. * n.s n.s n.s n.s n.s 
a,b. means in each column within each item, bearing the same superscripts are  not significantly  different (P<0.05).   
Sig.= Significant.  n.s= not significant. 
S0  = diet without Vitamin E and selenium.   
S1  = diet with Vitamin E and selenium. 
Edible giblets=heart, empty gizzard and liver. 
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 Table (4).  Protein intake, efficiency and mortality rate ( X SE) of protein utilization of growing japanese quail as 
affected by dietary protein level, VE and Se  supplementation and their interaction 
 

Treatments 
 

Protein intake (g) )/ bird /period  
 

 
Efficiency of protein utilization  

 
Mortality % 

Protein level VE and Se 0-3 weeks 3-6 weeks 0-6 weeks 0-3 weeks 3-6 weeks 0-6 weeks 0-6 weeks 

20 - 55.581.20b 90.541.23 b 141.62156b 1.321.01  1.311.01 1.270.34 3.460.09 
22 - 58.430.98ab 96.701.23 ab 154.481.99 ab 1.340.94  1.120.98  1.201.09  3.560.17 
24 - 63.411.01 a 105.151.12 a 168.562.02 a 1.240.82 1.110.95 1.091.02 3.951.14 

Sig. * * * n.s n.s n.s n.s 

- S0 58.021.09 b 96.640.81 b 154.491.07b 1.280.84 1.150.95  1.141.06 4.101.14 a 
- S1 60.250.04 a 98.281.03 a 157.700.46 a 1.311.10  1.201.11  1.201.10 3.191.05b 

Sig. * * * n.s n.s n.s * 

Interaction 

20 S0 54.751.10 b 89.231.11 b 143.982.01 b 1.260.87  1.311.01  1.201.12  3.801.02ab 
20 S1 56.401.22 a 91.851.03 b 148.251.09 b 1.371.01  1.301.09  1.251.32  3.110.95b 
22 S0 57.401.40 a 96.341.12 a b 153.221.32b 1.330.79  1.061.10  1.151.21  3.881.20a 
22 S1 59.451.20 a 97.062.02 a 156.291.03 ab 1.340.94  1.170.99  1.241.40  3.241.08b 
24 S0 61.911.23 a 104.351.32 a 166.261.32 a 1.240.99  1.071.11  1.051.20  4.621.26a 
24 S1 64.901.05 a 105.941.09 a 168.561.13 a 1.230.87  1.141.03  1.141.01  3.231.08b 

Sig. * * * n.s n.s n.s * 
  a,b. means in each column within each item, bearing the same superscripts are  not significantly  different (P<0.05).   
 n.s= not significant. 
 S0= diet without Vitamin E and selenium.   
 S1= diet with Vitamin E and selenium. 
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