
J. Agric. Sci. Mansoura Univ., 32 (8): 6141 - 6151, 2007 

EFFECT OF FEED RESTRICTION OF JAPANESE QUAIL 
UNDER NORTH SINAI CONDITIONS. 
1- ON GROWTH PERFORMANCE 
Ali, A.M.; M. M. Shetaewi, K. I. Said and A. R. Roshdy 
Department of Animal Production, Faculty of Environmental Agricultural 
Sciences, Suez Canal University. 
 

ABSTRACT 
 

This study was carried out in an attempt to improve Japanese quail 
productivity under north Sinai conditions using feed restriction technique. A total 
number of 600 one-week-old unsexed Japanese quail (Coturnix coturnix japonica) 
were divided into five treatments, each contained three replicates, of 40 birds per 
replicate. The experimental treatments are: T1, birds fed 100% of daily feed intake 
requirements; T2, birds fed 90% of daily feed intake requirements; T3, birds fed 80% 
of daily feed intake requirements; T4, birds fed 70% of daily feed intake requirements 
and T5, birds fed 60% of daily feed intake requirements .Weekly live body weight, 
puberty day and carcass measurements (carcass weight, ovary weight, oviduct 
weight, oviduct length) were recorded to the nearest 0.1 gm.  

The results showed that, feed restriction linearly reduced body weight gain. It 
was noticed that feed restriction improved (P<0.05) feed conversion. While, these 
improvements were not significant (P>0.05) at periods 1 to 2, 2 to 3 and 4 to 5 weeks 
of age, but were significant (P<0.05) at periods 3 to 4, 5 to 6 and 1 to 6 weeks. Feed 
restriction reduced (P<0.05) (weight or percentage) of reproductive organs (ovary and 
oviduct). Total costs tended to decrease with increasing feed restriction.  On the other 
hand, net revenue, economical efficiency and relative economic efficiency tended to 
increase by increasing restriction compared with the control. 
Keywords:Japanese quail, restriction, growth performance, feed conversion 

efficiency.  
 

INTRODUCTION 
 
As a result of the genetic selection of broilers for increased growth 

rate and feed efficiency, it has become necessary to severely restrict feed 
intake of the broilers intended for breeding to enable them to survive into 
adulthood and reproduce successfully.  Moreover, feed restriction for birds 
gives priority to the development of the supply organs of the body such as the 
stomach which is more important during early development at the expense of 
the demand tissues like breast and the thigh (Govaerts et al., 2000).  

Farm Animal Welfare Network (FAWN, 1996) reported that a female 
broiler breeder receives 52g of feed daily at 7 wks of age, while a commercial 
broiler (intended for slaughter at around 6-7 weeks) will consume 182g of 
feed daily.  The impact of this restriction can be seen in the fact that at 7 wks 
of age a female breeder weighs 780g, while a female commercial broiler 
weighs around 2440g.  Similarly, a male breeder receives 78g of feed daily at 
7 weeks of age and weighs just 1100g, compared with a male commercial 
broiler of the same age that will consume 205g of feed and weigh around 
2897g. 
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El-Hommosany et. al., (2003) studied the response of quail chicks to 
different quantitative feed restriction regimens. They found that the ad libitum 
(AL)-fed group grew faster and was significantly heavier until the 6th wk of 
age (WOA) compared to the other restricted feeding regimens. This group 
also had the highest (P=0.01) values of feed consumption throughout the 
growing period (1-4 weeks) followed by the 80% feed restriction; moreover 
restriction significantly improved feed conversion. The mild feed restriction at 
80% of ad lib significantly decreased mortality rate from 1 to 4 WOA 
compared with the AL-fed or those given 70% of ad lib feed. The highest 
mortality rate was recorded in birds shifted from mild to severe feed 
restriction. Moreover, feed restriction delayed the age at first egg production 
depending on severity of the restriction. 

Hassan et al., (2003), reported that body weight at first egg was 
significantly heavier for females fed 70% ad lib than for birds on other 
treatments. Feed restriction did not affect age at first egg and feed conversion 
efficiency,. 

This study was carried out in an attempt to evaluate the effect of feed 
restriction at 90, 80, 70, and 60% of daily ( 100%) feed intake requirements 
on growing Japanese quail productivity to get the exact or the optimum feed 
intake of these birds under North Sinai conditions.  
 

MATERIALS AND METHODS 
 
The present work was conducted at Animal Production Department, 

Faculty of Environmental Agricultural Sciences, , El-Arish, North Sinai, Suez 
Canal University Egypt. 
 
Experimental birds and Procedure:  

A total number of 600 chick's one-week-old of unsexed Japanese 
quail (Coturnix coturnix japonica) was divided into 5 treatments (T1, T2, T3, 
T4 and T5) each in 3 replicates. Each replicate contained 40 birds. 
Treatments were assigned as fellows: - T1, birds were fed 100% of daily feed 
intake requirements (control), T2, birds were fed 90% of daily feed intake 
requirements, T3, birds were fed 80% of daily feed intake requirements, T4, 
birds were fed 70% of daily feed intake requirements and T5, birds were fed 
60% of daily feed intake requirements. The experimental diets were 
formulated to cover the recommended feeding levels of nutrients as reported 
by NRC (1994). Composition and calculated analysis of basal diet were 
recorded in Table  
 
Managements: 

Throughout the experimental period, quails of all treatments were 
kept under the same managerial conditions. The birds were provided daily 
with their feed as previously mentioned for each treatment. Water was 
provided ad libitum. Standard and recommended light regime was applied 
throughout the two experimental period which lasted for 8 weeks. 
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Table 1 composition and calculated analysis of basal diet.  
Ingredient 100% 

Yellow corn 57.000 

Soybean meal ( 44% ) 30.452 

Corn gluten meal ( 60% ) 1.500 

Limestone 0.500 

Sodium chloride 0.250 

Premix * 0.250 

Protein concentrate** 10.000 

Di-calcium-phosphate 0.000 

DL-methionine 0.018 

L-Lysine HCL 0.030 

Total 100.00 

Calculated analysis : 

Crude protein % 24.19 

ME Kcal/Kg  2891.4 

Ether extract % 5.727 

Calcium % 0.990 

Total P % 0.641 

Available P % 0.402 

Methionine % 0.503 

Lysine % 1.304 

Methionine + Cystine % 0.891 

Cost for Kg (L.E.) 1.65 

 Each kilogram contains = Vit. A, 12000 I.U.; Vit. D3, 2000 I.U.; Vit. E, 10mg.; Vit. K3, 
2mg.; Vit. B1, 1mg.; Vit. B2, 5mg.; Vit. B6, 1.5mg.; Vit. B12, 0.01mg.; Niacin acid, 30mg.; 
Pantothenic acid, 10mg.; Folic acid, 1mg.; Biotin, 0.05mg.; Choline chloride, 260mg.; 
Iron, 30mg.; Copper, 10mg.; Zinc, 50mg.; Manganese, 60mg.; Iodine, 1mg.; Selenium, 
0.1mg. and 0.1mg. Cobalt.  

** Pro.concentrate : Cp,48%.; ME,2450 kcal/kg .; Ca,7%.; A.P2.6%.; lysine 2.3% .;  
Methionine 1.44 %.;     Methionine + Cystine 2.2 %. 

 
Methods of interpreting results: 
            Live body weight (BW) and feed consumption were recorded weekly, 
accordingly, feed conversion was calculated as average feed intake per chick 
per week / average body gain per chick per week. Chemical analysis was 
carried out according to A.O.A.C. (1990). Sexual maturity was considered on 
the age at first egg. At the end of the growing experimental period, nine 
female birds were taken randomly from each treatment (three birds from each 
replicate) to carry out slaughter measurements. Birds were fasted 12 hours 
before being slaughtered, weighed individually and then slaughtered.  After 
completed bleeding, carcass, ovary and oviduct were weighed and oviduct 
length was measured. Accumulative mortality rate was calculated throughout 
all experimental period by subtracting number of live birds at the end of each 
period from the total number of birds at the beginning of the same period. 
Economical evaluation of was represented by calculating the feed cost 
needed to obtain one unit of production.  
 
Statistical analysis: 

Data were analyzed by analysis of variance procedures using 
General linear Models (GLM) procedure of SAS (1990).  Differences among 
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treatment means were separated by Duncan’s Multiple Range Test (Duncan, 
1955). 
 
 

RESULTS AND DISCUSSION 
 

Live body weight: 
Means of body weights of Japanese quail chicks raised under 

different levels of feed restriction regimens from 1 to 6 wks old are presented 
in Table 2. Results revealed that body weight was significantly affected by 
feed restriction. It appears that all dietary treatments have commenced with a 
nearly similar body weight at one week of age ( 85.58-32.17g), with no 
significant differences (P<0.05), so confirmed the appropriate of 
randomization procedure. This may create suitable condition to appraise the 
effect of feed restriction on the performance of quails during the subsequent 
periods of growth.  Then after, the effect of feed restriction had significant 
(P<0.05) effect on body weight. For example, at week 2, body weight 
changes were 106.24, 92.65, 97.31 and 82.89% for chicks that received 90, 
80, 70, and 60 % of the ad lib control, respectively. These data indicate that 
body weight is not only depending on the restriction level but also on the 
initial weight. It was observed that group of birds receiving 90% of the ad lib 
control one recorded higher body weights (P>0.05) than those of control. On 
the other hand, birds receiving 60% of the recommended feed (P<0.05) were 
lower in body weight, due to severe feed restriction. These results are in 
agreement with those obtained by Lee et al., (1971) and Gous et al., (2000). 
Similar trends were clearly observed throughout the subsequent weeks of 
growth period. It can be concluded that body size is greatly affected by feed 
restriction. Therefore, it is important to keep body size within certain limits in 
order to delay sexual maturity for layers and to provide the market with the 
required body weight of broilers. These results are consistent with those 
reported by Kwakkel et al., (1993). 
 
Table 2. Means ± SE of live body weight of Japanese quail raised under 

feed restriction regimes from 1 to 6 weeks old.  
          Treat.  
Week  

T1 T2 T3 T4 T5 Sig. 

1 25.58±1.88 31.58±1.17 30.08±0.98 32.17±1.59 28.92±1.83 NS 

2 52.08ab±3.19 55.33a±0.58 48.25b±1.53 50.86ab±0.56 43.17c±1.01 ** 

3 104.62a±4.44 104.67a±0.30 96.33 b ±1.58 92.87b±0.41 74.16c±1.61 ** 

4 147.62a±3.27 144.04a±1.41 134.08b±1.80 125.89c±2.68 112.00d±3.33 ** 

5 173.57a±1.48 167.65ab±1.46 153.83b±1.80 135.34c±3.48 125.57c±11.35 ** 

6 194.30a±2.45 188.56ab±1.92 177.96b±3.62 162.74c±2.03 146.95d±7.72 ** 

T1= (control) birds received 100% of daily feed intake requirements,  
T2= birds received 90% of daily feed intake requirements,  
T3= birds received 80% of daily feed intake requirements,  
T4= birds received 70% of daily feed intake requirements and  
T5= birds received 60% of daily feed intake requirements.  
a,b,... = Means on the same row with different letters are differ significantly (P<0.05)  
NS= insignificant differences (P>0.05),  
**= highly significant differences (P< 0.01) 

Body weight gain: 
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Mean body weight gain of birds raised under different levels of feed 
restriction regimes from 1 to 6 weeks old are presented in Table 3. Results 
revealed that feed restriction linearly reduced body weight gain. The decline 
in body weight gain was due to the effect of feed restriction on the amount of 
feed intake. Lippens et al., (2000) speculated that feed restriction in early life 
strongly affect (i.e. reduce) body weight gain. . Besides,  the amount of feed 
intake, the full stomach capacity is known to affect the energy needed for 
body formation; enzymes activities and secretions and the optimum 
requirements for maintenance and growth. All, these factors can considerably 
affect body weight gain. These findings are in agreement with those of Wilson 
et al., (1989); Robinson et al., (1992); Kwakkel et al., (1993) and Gous et al., 
(2000). 
 
Table 3 Means ± SE of body weight gain of Japanese quail raised under 

feed restriction regimes from 1 to 6 weeks old.  
            Treat.  
Week  

T1 T2 T3 T4 T5 Sig. 

 1 to 2 26.50a±1.63 23.75a±1.01 18.17b±0.74 18.69b±1.90 14.25b±1.66 ** 

 2 to 3 52.54a±1.27 49.34a±0.73 48.08a±0.96 42.01b±0.94 30.99c±2.60 ** 

 3 to 4 43.00±1.50 39.37±1.68 37.75±0.58 33.02±2.40 37.84±4.80 NS 

 4 to 5 25.95±2.14 23.61±0.47 19.75±3.54 9.45±1.30 13.57±8.02 NS 

 5 to 6 20.73±1.61 20.91±1.25 24.12±5.29 27.40±1.58 21.38±3.71 NS 

 1 to 6 168.72a±1.09 156.97ab±3.06 147.87b±2.65 130.57c±2.47 118.04d±6.61 ** 

T1= (control) birds received 100% of daily feed intake requirements,  
T2= birds received 90% of daily feed intake requirements,  
T3= birds received 80% of daily feed intake requirements,  
T4= birds received 70% of daily feed intake requirements and  
T5= birds received 60% of daily feed intake requirements.  
a,b,... = Means on the same row with different letters are differ significantly (P<0.05)  
NS= insignificant differences (P>0.05),  
**= highly significant differences (P< 0.01) 

 
Feed conversion:  
 Calculated data on feed conversion are presented in Table 4. Results 
indicate that treatments tended to affect (P≥0.05) feed conversion at  periods 
1 to 2, 2 to 3 and 4 to 5 weeks, however, data obtained showed that feed 
restriction improved (P<0.05) feed conversion. . at periods 3 to 4, 5 to 6 and 
1to 6 weeks of age. The explanation for this finding is that the birds showed 
physiological ability to compensate for less food intake by increasing 
digestion rate. These results agree with those obtained by Molison et al., 
(1984); Jones and Farrell (1987); Jones and Farrell (1989); Santoso et al., 
(1995); Atasoy (1997); Gonzales et al., (1998); Allan et al., (1998); Niu-Shulin 
et al., (1999) and Fontana et al., (1992). But disagree with these of Govaerts 
et al., (2000) and Pokniak et al., (1984) with energy-protein restriction and 
subsequent refereeing system,  
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Table 4. Means ± SE of feed conversion of Japanese quail raised under 
feed restriction  regimes from 1 to 6 weeks old.  

          Treat.  
Week  

T1 T2 T3 T4 T5 Sig. 

 1 to 2 2.59±0.17 2.59±0.11 3.01±0.13 2.60±0.26 2.94±0.32 NS 

 2 to 3 2.14±0.05 2.05±0.03 1.87±0.04 1.87±0.04 2.2±0.18 NS 

 3 to 4 3.33a±0.12 3.28a±0.15 3.03a±0.05 3.06a±0.21 2.34b±0.29 * 

 4 to 5 6.67±0.56 6.51±0.13 7.46±1.54 13.22±2.11 17.38±10.02 NS 

 5 to 6 9.48a±0.68 8.43ab±0.51 7.03abc±1.34 5.00c±0.30 5.84bc±1.13 * 

 1 to 6 4.08a±0.03 3.95ab±0.08 3.73bc±0.07 3.69bc±0.07 3.52c±0.19 * 
T1= (control) birds received 100% of daily feed intake requirements,  
T2= birds received 90% of daily feed intake requirements,  
T3= birds received 80% of daily feed intake requirements,  
T4= birds received 70% of daily feed intake requirements and  
T5= birds received 60% of daily feed intake requirements.  
a,b,... = Means on the same row with different letters are differ significantly (P<0.05)  
NS= insignificant differences (P>0.05),  
*= significant differences (P< 0.05)  

 
Reproductive internal organs measurements: 

Data on reproductive internal organs measurements are presented in 
Table 5.  
 
Table 5. Means ± SE of some reproductive internal organs 

measurements of Japanese quail as affected by feed 
restriction.  

                                     
Treatment 

 
Variable 

T1 T2 T3 T4 T5 Sig. 

Live body weight (g) 236.26ab±6.67 242.81a±8.20 220.02bc±6.28 195.44d±3.90 204.54cd±6.06 ** 

Ovary weight (g) 6.92a±0.63 7.92a±0.56 7.24a±0.50 4.84b±0.80 4.40b±1.15 ** 

Ovary percentage % 2.93±0.24 3.26±0.22 3.29±0.19 2.47±0.41 2.08±0.50 NS 
Transformed ovary 
percentage % 

1.70a±0.07 1.80a±0.06 1.81a±0.05 1.51ab±0.16 1.32b±0.20 * 

Oviduct weight (g) 7.97a±0.39 7.13a±0.36 6.77a±0.67 5.13b±0.63 4.58b±0.79 ** 

Oviduct length (cm) 35.92a±0.61 35.50a±1.07 34.61a±1.21 27.28b±2.00 23.07b±2.51 ** 
Oviduct weight 
percentage % 

3.40a±0.21 2.94ab±0.10 3.07a±0.28 2.60ab±0.30 2.20b±0.37 * 

Transformed Oviduct 
percentage % 

1.84±0.06 1.71±0.03 1.74±0.08 1.57±0.12 1.40±0.17 NS 

T1= (control) birds received 100% of daily feed intake requirements      
T2= birds received 90% of daily feed intake requirements,  
T3= birds received 80% of daily feed intake requirements,  
T4= birds received 70% of daily feed intake requirements and  
T5= birds received 60% of daily feed intake requirements.  
a,b,... = Means on the same row with different letters are differ significantly (P<0.05)  
NS= insignificant differences (P>0.05),  
**= highly significant differences (P< 0.01) 

 
Data revealed that live body weight as previously mentioned was 

significantly affected by treatments. However, ovary weight, percentage of 
ovary weight and ovary weight cusine values indicated that the significant 
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decline (P<0.05) in these values were only for group of birds that received 
60% feed intake compared with the ad lib control one. Data on oviduct 
weight, oviduct length, oviduct weight percentage and oviduct cusine values 
are also shown in Table 5. Results indicated that there was a significantly 
decline in treatment 5 for birds receiving 60 % feed intake compared to the ad 
lib fed birds. However, in birds feed 70% and 60% of the control group, there 
was only a significant decline in the oviduct weight and length. These findings 
are in agreement with those of Fattori et al.,(1993) and Bruggeman et al., 
(1999). 
 The decline in ovary and oviduct measurements due to severe feed 
restriction could positively affect the reproductive performance thereafter.  
 
Sexual maturity: 

Age at sexual maturity (days) of Japanese quail chicks of different 
treatments are presented in Table 6. It is clear that increasing feed restriction 
level resulted in significant (P<0.01) delay of sexual maturity. Decreasing 
feed allowance by 10, 20, 30 and 40% delayed sexual maturity by about 2, 5, 
12 and 80 days,  compared with the control. These results are in agreement 
with Dunn and Sharp (1992) and Gous et al., (2000). Dunnington and Siegel 
(1984) and Summers et al.,(1987) who stated  that it is profitable for a young 
hen to probably attain a minimum body size in combination with a particular 
body composition in order to initiate sexual maturity as well as egg production 
thereafter. 
 
Table 6. Means ± SE of sexual maturity as affected by feed restriction 

level.  
Treatment sexual maturity (days)  

                        T1 (Control) 39.00 a ±0.58 

T2 41.33 ab ±0.33 

T3 44.00 b ±0.58 

T4 51.67 c ±2.03 

T5 59.67 d ±2.03 
T1= (control) birds received 100% of daily feed intake requirements,  
T2= birds received 90% of daily feed intake requirements,  
T3= birds received 80% of daily feed intake requirements,  
T4= birds received 70% of daily feed intake requirements and  
T5= birds received 60% of daily feed intake requirements.  
a,b,... = Means on the same column with different letters are differ significantly (P<0.05)  

 
In the present study, feed restriction strongly affected body size and 

caused a significant (P<0.05) reduction in reproductive organs (ovary and 
oviduct). Therefore, it could be stated that the onset of maturity is not only 
related to the degree of feed  restriction but depend  also on the age of 
pullets (Burgess, 1986 and Gous et al., 2000).. 
 

Mortality: 
Few numbers of birds were died during all the experimental periods 

indicating that restriction had no effect on mortality. 
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Economic efficiency: 
The economic efficiency of different treatments during the 

experimental period (1-6 weeks of age) for Japanese quails is shown in Table 
7. 
 
Table 7.  Economic efficiency of experimental Japanese quails reared 

under different feeding restriction level (1-6 weeks) . 

Item 
Treatment 

T1 T2 T3 T4 T5 

Feed intake/quail hen (Kg) 0.69 0.62 0.55 0.48 0.41 

Price / Kg Feed (L.E.) 1.65 1.65 1.65 1.65 1.65 

Cost of feed (L.E.) 1.14 1.02 0.91 0.80 0.68 

Fixed cost (L.E.) 0.50 0.50 0.50 0.50 0.50 

Total cost (L.E.) 1.64 1.52 1.41 1.30 1.18 

Price of bird (L.E.) 3.00 3.00 3.00 3.00 3.00 

Net revenue 1.36 1.48 1.59 1.70 1.82 

Economic efficiency* 0.83 0.97 1.13 1.31 1.54 
Relative economic efficiency** 100.00 116.45 135.56 158.03 184.82 

*   Net revenue per unit cost.  
** Assuming that the treatment number 1 represent the control.  
T1= (control) birds received 100% of daily feed intake requirements,  
T2= birds received 90% of daily feed intake requirements,  
T3= birds received 80% of daily feed intake requirements,  
T4= birds received 70% of daily feed intake requirements and  
T5= birds received 60% of daily feed intake requirements.  

 

The economical efficiency values were calculated according to the 
total cost (feed cost + fixed cost) and the prevailing market (selling) price of 
slaughtered bird, which was 3.0 LE on average during the experimental 
period. Data in Table 7. showed that, total cost was declined as feed 
restriction increased .Oppositely, net revenue, economical efficiency and 
relative economic efficiency were all increased with the increase of feed 
restriction compared with the ad lib control birds. 
- In conclusion Using feed restriction regime at 90% daily feed intake 

level for Japanese quail under North Sinai conditions. 
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                                                               تأثير تحديد التغذيه للسمان الياباني النامي تحت ظروف شمال سيناء
                      عض الصفات الإنتاجية        على ب  - 1

                   الفتاح رشاد رشدي     عبد و      احمد                  كامل إبراهيم سيد  ،                         حمد على، مسعد مسعد شتيوى      احمد م
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                 امعة قناة السويس ج  -                                    كلية العلوم الزراعية البيئية بالعريش
 

  د                                                                            أجريت هذه الدراسة بغرض تحسين إنتاجية السمان الياباان  نان يرياأ تا اير العمار ننا
     سامان       ياارر     066                       الم كول وقد تام اساتادام                                                    النضج الجنس  وذلك باستادام يريقة تحديد كمية الغذاء 

  %     06  و     06  و     06  و     06                  معاامتت   كنتارول و    5                اسابيع قسمت الاى    0                     من نمر اسبوع الى نمر 
         كول من                                                                                  من الغذاء الماكول بواسية الكنترول( وقد شملت قياسات الدراسة كل من معدلات النمو والم

          والكفااءة                                   نضاء ف  الذبيحة ونمر النضج الجنساى                                                الغذاء والكفاءة التحويلية للغذاء ا ,أوزان بعض الأ
                                الاقتصادية للمعامتت الماتلفة .

                                            ويمكن تلخيص النتائج المتحصل عليها كالتالي :
       أساابيع    0  - 1                                                                     حدث انافاض ف  وزن الجسم نتيجاة تحدياد كمياة الغاذاء الما كول فا  الفتارة مان  -1

              من الكنترول.    %  06                                      وكان أكثرها ت ثرا المجمونة الت  أنييت 
   ول                                                                              لام تهرار أف فاروع معنوياة فا  قايم كفااءة التحويال الغاذار  فا  الفتارات   مان الأسابوع الأ -2

         فتارات مان                                                                               للثان  ومن الثان  للثالث ومن الرابع للاامس . بينما كانت هناك فروع معنوية ف  ال
                                                                    الأسبوع الثالث للرابع ومن الاامس للسادس وكذلك من الأسبوع الأول للسادس.

    ونااة                                                                الجنساا  بزيااادة نساابة تحديااد الغااذاء وكااان التاا ثير معنويااا مقارنااا بمجم               تاا ار نماار النضااج  -3
              الكنترول(. 

       قتصاادي                                                                              انافضت التكاليف الكلية مع مستوي تحدياد الغاذاء انافاضاا يردياا ز وازداد العاراد الا -4
     رول.                                                                             والكفاءة الاقتصادية الميلقة والنسبية زيادة يردية مع تحديد الغذاء مقارنة بالكنت

 
      ث حياث                                                                              مما سبأ يتضح انه يمكن تحديد كمية الغذاء ليياور السامان الياباان  مان الأسابوع الثالا

                                                                  يت ار نمر النضج الجنس  وتقل التكلفة الكلية ويزداد العارد الاقتصادي
 


