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ABSTRACT 

The contemporary study examined the relative growth rate(RGR), and 

economic efficiency of Japanese quail as influenced by feeding regimens and 

dietary supplementation with Spirulina platensis (Arthrospira) (SP). A total of 

324 Japanese quail chicks at one-week old were haphazardly divided into 12 

treatment groups in a factorial arrangement (4×3), involving four feeding 

regimens (ad libitum, feeding on 85% of the requirements, ad libitum within 16 

hours/ day and feeding on 85% of the requirements within 16 hours/day) and 

three levels of dietary SP supplementation (0, 0.5 and 1%).  

The obtained results revealed that relative growth rate (RGR) during 1-3, 3-6 

and 1-6 weeks of age of growing quails were influenced significantly (P<0.05 and 

0.01) by feeding regimens. Birds consumed 85% showed the lowest relative 

growth rate, while feeding on ad libitum and ad libitum within 16 hours/day 

groups showed the highest relative growth rate, during 1-6 weeks of age. 

However, feeding regimes on 85% req. and 85% within 16 hrs./day was more 

economic efficiency (%) than others groups. However, feeding regimes on ad 

libitum within 16 hours/ day was lowest economic efficiency(%) than others 

groups during 1-6 weeks of age. 

 During 1-3, 3-6 and 1-6 weeks of age, quails fed on Spirulina platensis 

suppl.at level 0.5 % were higher insignificantly in relative growth rate than other 

treatment groups. Quails fed on un-supplemented with Spirulina platensis at 

level 1.0 % were lower insignificantly in relative growth rate than other 

treatment groups, during different period studies. On the other hand, birds feeding 

un-supplementation with seaweeds (Spirulina platensis) atlevel 0.5% were highest 

economic efficiency (%) than others groups. While, birds feeding supplementation 

with seaweeds  (Spirulina platensis ) at 1.0% /kg die were lowest economic 

efficiency (%) than other groups. 
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Quails fed feeding on ad libitum and ad lib. within 16 hrs./ day 

supplementation with seaweeds  (Spirulina platensis ) at level 0.5%   showed 

the highest relative growth rate, during 1-6 weeks of age. While, Quails fed 

feeding on 85% of the requirements within 16 hours/day supplementation with 

seaweeds  (Spirulina platensis ) at 1.0% /kg diet were lowest economic efficiency 

(%) than other groups. However, FR on 85% req. within 16 hrs/day without 

supplementation with seaweeds (Spirulina platensis) were highest economic 

efficiency (%) than other groups, during 1-6 weeks of age.  

In conclusion, the present study  exhibits that quail could be kept under a 

feed restriction regimen, on  ad libitum within 16 hours/day groups with 

seaweeds  (Spirulina platensis) at level 0.5% showed the highest relative growth 

rate during 1-6 weeks of age than other treatment groups. 

Keywords: Feed restriction; spirulina platensis, growth, economic efficiency, quail. 

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  
 

INTRODUCTION 

Quail (Coturnix coturnix Japonica) has plentiful advantages as supplier of 

meat and eggs for human feeding in dissimilar countries (Mahrose et al., 2020; 

Farghly et al., 2022). Quail agribusiness is increasing attractiveness since quails 

are simple to handle and small in size therefore they can be reared in small ground 

area (Attia et al. , 2012; Wafaa Abd El-Ghany, 2019). The enhancement in quail 

farming is being restrained by some management and environmental issues, 

infectious and non-infectious diseases (Wafaa Abd El-Ghany, 2019; Mahrose et 

al., 2019 a & b; Michalak, and Mahrose., 2020). To attain the complete genetic 

growth ability, birds must be kept beneath ideal environmental circumstances, and 

any variation may damage their performance, produce immunosuppression, and 

substitute their physiological reactions, increasing their susceptibility to diseases 

(Qaid et al., 2016; Wafaa  Abd El-Ghany, 2019; Mahrose et al., 2021). 

The principle of feed restriction regimens on poultry breeds chiefly 

proposes to reduce extra energy spending which commonly occurs when feeding 

is supplied ad libitum (Mahrose et al., 2022). Quantities and qualitative feed 

restriction are ways that can be expended to impact the feeding strategies of 

poultry species to reduce metabolic ratio and growth performance to some limit. 

Soomro et al. (2019) concluded that growing quail might be kept under a 

quantitive feed restriction regimen, for 4–8 hr daily, along with dietary 

supplementation of probiotic as growth sponsor for improved growth. 

 Seaweeds have been used in poultry to advance poultry immune 

condition, to lessen microbial capacity in the digestive tract (Wang et al., 2013 
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and Michalak and Mahrose, 2020). Spirulina platensis is a nature diet supplement 

and is valuable supply of high quality protein, vitamins, minerals, essential fatty 

acids, essential amino acids, carotenoids, and phenolic acids (Park et al., 2018; 

Michalak and Mahrose, 2020 and Ismail et al., 2023). Different investigations 

indicated Spirulina augments growth performance since it has antioxidant, 

immunomodulatory, anti-inflammatory, antiviral, and antimicrobial activity in 

different animals (Michalak and Mahrose, 2020; Hassan et al., 2021 and Ismail    

et al., 2023).  

Feed restriction regimens for an extended interval could cause a main stress 

on poultry species. Seaweeds have presented to alleviate the stress produced and 

augment the bird's immunity (Mahrose and Michalak, 2022). Tjhey theorized that 

SP addition would preserve the valuable bacterial population, and consequently 

clarify growth performance in this study.  

Consequently, the current work was designed to explore the impact of 

different feed restriction regimens, with or without dietary SP supplementation, 

on relative growth  rate and economic efficiency of Japanese quails. 

 

MATERIALS AND METHODS 
 

Birds and experimental design  
This work was executed at the Research Farm belonging to Animal and 

Poultry Production Department, Faculty of Technology and Development, 

Zagazig University, Zagazig, Egypt. All trial practices respected the rules of the 

Ethical committee of Faculty of Technology and Development, Zagazig 

University, Egypt. A total number of 324 Japanese quail chicks at one week of 

age were haphazardly divided into 12 treatment groups (27 birds/ group) and each 

group had 3 replicates (9 chicks each). Each replicate was retained in one pen 

(35× 50 cm). A factorial arrangement (4 × 3) was applied involving four feeding 

regimens (ad libitum, feeding on 85% of the requirements, ad libitum within 16 

hours/ day and feeding on 85% of the requirements within 16 hours/day) and 

three levels of dietary seaweeds supplementation (0, 0.5 and 1%).  
 

Diet and management  
The basal experimental diet was planned to involve the nutrient 

requirements of growing Japanese quails as suggested by NRC (1994) through 1 

to 6 weeks of age as shown in Table 1.  

Quail chicks were kept during experimental period under the same 

managerial, hygienic and environmental circumstances. Birds were subjected to 
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24h of light per day during first week, while during the experimental period, 

chicks were provided 16h light/ day, fresh water was accessible throughout the 

experimental period, while drinkers and feeding troughs were daily cleaned. A 

temperature of 34˚C was supported through the first 3 days and was lessened to 

33˚C for four days after that it was reduced 3˚C/week until a stable temperature of 

25˚C was realized. 

Measurements 

         Relative growth rate  (%) during1, 3 and 6 weeks of age, was calculated 

According to Broody (1945) as the following formula: 

        Relative growth rate  =  Initial gain weight – Final gain weight 

                                       0.5x(Initial gain weight + Final gain weight) x100 
 

Table 1: Composition and calculated analysis of experimental die. 

Ingredients (%) 

Yellow corn 52.70 

Soy bean meal 38.20 

Corn-gluten 60% 4.30 

Cotton seed oil 1.60 

Di-calcium phosphate 1.60 

Limestone 0.90 

Nacl 0.30 

Premix * 0.30 

L-lysine 0.03 

D- L methionine 0.07 

Total  100 

Calculated analysis ** 

CP % 24.12 

ME kcal/kg 2910.11 

Ca % 0.85 

P% Avail, P. 0.46 

Lysine % 1.31 

Methionine % 0.50 

Met.+ Cys. % 0.82 
*Vitamin and mineral premix each 3 kg consists : Vit A 12000, 000 IU; Vit D3, 2000, 000 IU; 

Vit. E. 10g; Vit k3 2 g; Vit B1, 1000 mg ; Vit B2, 49g ; Vit B6, 105 g; Vit B12, 10 mg; Pantothenic 

acid, 10 g; Niacin, 20 g , Folic acid , 1000 mg ; Biotin, 50 g; Choline Chloride, 500 mg, Fe, 30 g; 

Mn, 40 g; Cu, 3 g; Co, 200 mg; Si, 100 mg and Zn , 45 g. 

** Calculated according to NRC (1994). 
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Economic efficiency (EEF),%:  
Economic efficiency of growth performance was calculated from the input-

output analysis, which was calculated according to the price of the experimental 

diets and final body weight/unit. These values were calculated as the net revenue 

per unit of total cost. 

Statistical analysis 

The data was analyzed as factorial arrangement 4×3 (4 programs of feed 

regimens  ×3 levels of seaweeds), according to Snedecor and Cochran (1982) 

using SAS (2011)  program with adopting the following formula: 

Yijk = µ + Fi +Sj + FSij+ eijk. 

Where: Yijk = Observation for each dependent variable,   

µ = Overall mean, Fi = Feed regimen effects (i = 1, 2, 3,4), Sj = Seaweed effects 

(J= 1 ,2 and 3), FSij = Interaction effect (ij=1,2 …..12), eijk = Random error. 

Significant difference among means of treatments will be detected by 

Duncan’s multiple range test procedures (Duncan, 1955). The differences will be 

considered significant at (P≤0.05). The percentage values were subjected to be 

arcsine transformation before performing the analysis of variance. Means were 

presented after recalculated from the transformed value to percentages.      

 

RESULTS AND DISCUSSION 

 

Relative growth rate(RGR):: 

The obtained results revealed that relative growth rate (RGR), during 1-3, 

3-6 and 1-6 weeks of age of growing quails were influenced significantly (P<0.05 

and 0.01) by feeding regimens. Birds consumed 85% showed the lowest relative 

growth rate, while feeding on ad libitum and ad libitum within 16 hours/day 

groups showed the highest relative growth rate, during 1-6 weeks of age as shown 

in Table 2.  

 During 1-3, 3-6 and 1-6 weeks of age, quails fed on Spirulina platensis 

suppl.at level 0.5 % were higher insignificantly in relative growth rate than other 

treatment groups. Quails fed on un-supplemented with Spirulina platensis at 

level 1.0 % were lower insignificantly in relative growth rate than other treatment 

groups, during different period studies. Feed restriction regimens could enhance 

growth rate (Soomro et al., 2019).  

Our findings show that birds consumed 85% of the requirements and those 

of 85% of the requirements within 16 h was less RGR than those of the control. 

Quails of the control group that fed ad-libitum ate greater feed than those 
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subjected to feed restriction groups and this may be owed to feeding frequencies 

and duration in the control group.  

Similarly, Rajat (2013) stated that at marketing age, improved RGR was 

reported in feed limited birds. The latter author indicated that achievement of feed 

restriction regimen rely on compensatory growth, which is a retrieval from 

growth shortfall owing to lessened diet consumed. This exclusive capability of  

birds to recompense growth rate can greatest be exploited to augment feed 

efficacy at selling period.  

The same results were obtained with   Karu et al. (2018) indicated that 

dietary supplementation of seaweeds  (SP) at level of 3% had no impact on 

growth performances of Japanese quail.  

Preceding reports have showed that dietary supplementation with SP at 

different levels has optimistic influences on growth performance in poultry 

species. It has been stated that the amino acid shape of SP could be greater to the 

other plant feedstuffs, and that they have a high amino acid digestibility 

(Alvarenga et al., 2011; Evans et al., 2015).  
Furthermore, SP comprises physiologically vigorous ingredients such as 

carotenoid pigments, phycocyanin, polyunsaturated fatty acid, vitamins, 

macroand micro-mineral elements, and many other chemical complexes (Maoka, 

2011 and Michalak and Mahrose, 2020). These complexes verify possible 

antimicrobial, antioxidant, and anti-inflammatory biological belongings, or 

perform as immune garnishes (Abdel-Daim et al., 2013; Shokri et al., 2014).  

The interaction effect between feeding regime and dietary supplementation 

with seaweeds (Spirulina platensis ) at different levels on relative growth rate of 

growing Japanese quails during 1-3, 3-6 and 1-6 weeks of age are presented in 

Table 2.  

Data show that feeding regimen and dietary SP at different levels were 

influenced significantly (P<0.05 and 0.01) impact in relative growth rate (%), 

during 1to 6 weeks of age (Table 2 ). 

Quails fed feeding on ad libitum and ad lib. within 16 hrs./ day 

supplementation with seaweeds  (Spirulina platensis) at level 0.5%  showed the 

highest relative growth rate, during 1-6 weeks of age (Table 2).  
 

Economical efficiency: 

However, feeding regimes on 85% req. and 85% within 16 hrs./day was more 

economic efficiency (%) than others groups. However, feeding regimes on ad 

libitum within 16 hours/ day was lowest economic efficiency (%) than others 

groups during 1-6 weeks of age. 
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Table( 2) : Relative growth rate of  growing  Japanese quail as affected  by 

feeding regimen , supplementation and their interactions from 1to 

6 weeks of age. 

Means are bearing different letters in each classification , different significance (P<0.05) 

NS = Not significant,* (P<0.05).and ** = P ≤ 0.01 

FR: Feeding regimens,  FSSW: Feeding supplementation with seaweeds  (Spirulina platensis), %, 

On the other hand, birds feeding un-supplementation with seaweeds 

(Spirulina platensis) at level 0.5% were highest economic efficiency (%) than 

others groups during period from 1 to 6 weeks (Table 3). While, birds feeding 

supplementation with seaweeds (Spirulina platensis ) at 1.0% /kg die were lowest 

economic efficiency (%) than other groups. 

While, Quails fed feeding on 85% of the requirements within 16 hours/day 

supplementation with seaweeds  (Spirulina platensis ) at 1.0% /kg diet were 

lowest economic efficiency (%) than other groups. However, FR on 85% req. 

within 16 hrs/day without supplementation with seaweeds (Spirulina platensis) 

were highest economic efficiency (%) than other groups, during 1-6 weeks of age 

as shown in Table 3.  

 

      Items 
Relative growth rate (%),  Weeks  

1-3 3-6 1-6 

Feeding regimens (FR)  

ad libitum 120.18±1.25a 47.02±1.36c 146.54±0.51a 

FR on 85% req. 110.62±1.34c 54.19±1.15b 143.33±0.94b 

ad libitum within 16 hrs./ day 115.90±1.19b 52.33±1.25b 146.07±0.91a 

FR on 85% req. within 16 hrs./day 107.40±0.67c 62.03±1.26a 145.24±0.67ab 

Sig. test ** ** * 

FSSW. %  

Spir plat unsuppl, 0% 113.29±1.28 53.29±1.58 144.79±0.51 
Spir plat suppl,  0.5% 113.50±2.05 54.99±1.78 145.84±0.91 

Spir plat suppl,   1.0% 113.79±1.87 53.40±2.36 145.26±0.76 

Sig. test NS NS NS 

Interaction( FRx FSSW) : 

ad libitum Spir plat unsuppl, 0% 118.10±2.26ab 46.77±2.87c 144.91±0.31bc 

Spir plat suppl,  0.5% 121.40±2.67a 48.09±3.13c 147.96±0.39a 

Spir plat suppl,   1% 121.03±1.79a 46.18±1.93c 146.74±0.72b 

FR on 85% 

req. 

Spir plat unsuppl, 0% 112.83±1.74bc 52.59±1.47b 144.07±0.50b 

Spir plat suppl,  0.5% 108.26±3.33c 55.93±0.52ab 142.61±2.04c 

Spir plat suppl,   1% 110.77±1.47bc 54.06±3.27b 143.32±2.36b 

ad lib. within 

16 hrs./ day 
 

Spir plat unsuppl, 0% 113.377±2.40bc 53.840±0.71b 145.05±2.04ab 

Spir plat suppl,  0.5% 116.94±1.85ab 53.29±1.93b 147.24±2.07a 

Spir plat suppl,   1% 117.37± 1.71ab 49.86±3.13c 145.91±0.34ab 

FR on 85% 
req. within 16 

hrs./ day 

Spir plat unsuppl, 0% 108.84±0.90c 59.94±0.62ab 145.11±0.93ab 

Spir plat suppl,  0.5% 107.38±1.29c 62.66±0.85ab 145.54±1.12ab 

Spir plat suppl,   1% 105.99±0.99c 63.50±3.8a 145.06±1.78ab 

Sig. test ** ** * 
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Table ( 3  ) : Economic efficiency on  Japanese quail chicks  as affected  by 

feeding regimen , supplementation and their interactions, during  

during period from 1 to 6 weeks. 

 

FR: Feeding regimens,  FSSW: Feeding supplementation with seaweeds  (Spirulina platensis), %, 

EE(%):Economic efficiency percentage 

FR on 85% req.= feeding on 85% of the requirements,  FR on 85% req. within 16 hrs/day= feeding on 

85% of the requirements in 16 hours,  Spir plat unsuppl= Spirulina platensis unsupplementation,  Spir 

plat suppl,  

1 = Spirulina platensis supplementation (Kg),   2=  Price of 1kg feed ( LE),  3=    Cost of feed (LE), 4: 

Cost of supply(LE),  5- Fixed cost(LE) ,6 =Total cost (LE), 7 = Price of one quail , 8=  Total sale of 

quails (LE), 9=  Net  return  (LE), 10= Economic efficiency(%) 

In conclusion, the present study  exhibits that quail could be kept under a 

feed restriction regimen, on  ad libitum within 16 hours/day groups with 

seaweeds  (Spirulina platensis) at level 0.5% showed the highest relative growth 

rate during 1-6 weeks of age than other treatment groups. 

Items 
Final 

No. of 

quails 

1 2 3 4 5 6 7 8 9 10 

Feeding regimens(FR) 
ad libitum 81 64.97 24 1559.26 403.98 15 1978.23 37.5 3037.5 1059.27 53.54 
FR on 85% req. 81 55.02 24 1320.55 343.42 15 1678.97 37.5 3037.5 1358.53 80.91 
ad libitum within 

16 hrs./ day 81 65.21 24 1564.94 407.06 15 1987.01 37.5 3037.5 1050.49 52.86 
FR on 85% req. 
within 16 hrs./day 81 54.58 24 1309.85 339.95 15 1664.80 37.5 3037.5 1372.70 82.45 

FSSW, % 

0.0 108 80.21 24 1924.92 0.0 20 1944.92 37.5 4050     2105.08 108.23 

0.5 108 79.96 24 1919.14 499.78 20 2438.91 37.5 4050 1611.09 66.05 

1.0 108 79.61 24 1910.54 994.62 20 2925.17 37.5 4050 1124.83 38.45 

Interaction effect between(FR x FSSW:) 

FR FSSW, % 

ad libitum 0.0 27 21.78 24 522.696 0.0 5.0 527.70 37.5 1012.5 484.80 91.87 

0.5 27 21.74 24 521.644 135.85 5.0 662.51 37.5 1012.5 349.99 52.83 

1.0 27 21.45 24 514.896 268.13 5.0 778.02 37.5 1012.5 224.48 28.48 

FR on 

85% req. 
0.0 27 18.41 24 441.864 0.0 5.0 446.86 37.5 1012.5 565.64 126.58 

0.5 27 18.28 24 438.672 114.24 5.0 557.91 37.5 1012.5 454.59 81.48 

1.0 27 18.33 24 440.016 229.18 5.0 674.19 37.5 1012.5 338.31 50.18 

ad libitum 

within 16 

hours / day 

0.0 27 21.76 24 522.216 0.0 5.0 527.22 37.5 1012.5 485.28 86.93 

0.5 27 21.76 24 522.336 136.03 5.0 663.36 37.5 1012.5 349.14 52.63 

1.0 27 2168 24 520.393 271.04 5.0 796.43 37.5 1012.5 216.07 27.13 

FR on 

 85% req.  

within 16 

hrs/day 

0.0 27 18.26 24 438.144 0.0 5.0 443.14 37.5 1012.5 569.36 128.48 

0.5 27 18.19 24 436.464 113.66 5.0 555.13 37.5 1012.5 457.37 82.39 

1.0 27 18.14 24 435.240 226.29 5.0 666.53 37.5 1012.5 345.97 51.91 
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ت فً بعض صفاث الأداء النوىي تأثٍر النظام الغذائً وهكولاث الأعشاب البحرٌ

 والكفاءة الاقتصادٌت لطائر السواى الٍابانً

اٍء عراقى  أبى القاسن  –هصطفى ابراهٍن  تىفٍق  –سوٍرة سعٍد   *خالد هحود هحروس -ض

 -قانصقاشَ -نصقاشَقكهُح انركُىنىخُا وانرًُُح، خايؼح ا-قسى الإَراج انحُىاٍَ واندواخًُ

 .يصس

اصسج أداء ًَى طائس انسًاٌ انُاتاٍَ يرأثساً تأَظًح انرغرَح وانًكًلاخ ذُاوند اندزاسح انًؼ

فسخ  423ذى ذقسُى إخًانٍ  .Arthrospira platensis (SP) انغرائُح تًادج انسثُسونُُا

يدًىػح يؼاندح ترسذُة ػايهٍ  22طائس انسًاٌ انُاتاٍَ تؼًس أسثىع واحد ػشىائُاً إنً 

% يٍ انًرطهثاخ، 58ح )حسة انسغثح، انرغرَح ػهً (، َرضًٍ أزتؼح أَظًح ذغر4َ×3)
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 21% يٍ الاحرُاخاخ خلال 58ساػح / َىو وَرى انرغرَح ػهً  21حسة انسغثح خلال 

 .(٪2و 0.8، 0انغرائُح ) SP ساػح/َىو( وثلاثح يسرىَاخ يٍ يكًلاخ

 1-2و 1-4، 4-2ػُد  ػًس  يؼدل سسػح انًُى انرٍ ذى انحصىل ػهُها أٌ  اظهرث النتائج

% يٍ 58أساتُغ يٍ ػًس طُىز انسًاٌ انُايُح قد ذأثسخ تُظاو انرغرَح. اسرههكد انطُىز 

 .ساػح  21احرُاخاذها خلال 

)%(  اقرصادَح كفاءج أكثس َىو/ساػح 21 خلال انطهة يٍ% 58 ػهً انرغرَح أَظًح ُدك

 َىو/ساػح 21 خلال انطهة يٍ% 58 ػهً انرغرَح أَظًح كاَد. الأخسي انًدًىػاخ يٍ

 يٍ% 58 ػهً انرغرَح فإٌ ذنك، ويغ. الأخسي انًدًىػاخ يٍ)%(  اقرصادَح كفاءج أكثس

 .الأخسي انًدًىػاخ يٍ)%(  اقرصادَح كفاءج أكثس َىو/ساػح 21 خلال انطهة

 َىو/ساػح 21 خلال ad libitum َظاو ػهً ذغرخ انرٍ انطُىز اَضا أٌ انُرائح اظهسخ

 .انؼًس يٍ أساتُغ 1-2 خلال الأخسي نًدًىػاخا يٍ)%(  اقرصادَح كفاءج الأقم كاَد

 Spirulina) انثحسَح الأػشاب ػهً ذرغري انرٍ انطُىز كاَد أخسي، َاحُح يٍ

platensis )ٌالأخسي انًدًىػاخ يٍ)%(  اقرصادَح كفاءج أػهً يكًلاخ تدو . 

 كفاءج أػهً ساػح 21 خلال انًرطهثاخ يٍ% 58 ػهً ذغرخ انرٍ انسًاٌ كًا أظهسخ

 . الأخسي انًؼايهح تًدًىػاخ يقازَح)%(  ادَحاقرص

 21 خلال انرغرَح، ذقُُد َظاو ذحد انًستً انسًاٌ أٌ انحانُح اندزاسح خظهسا التىصٍت:

 (Spirulina platensis) انثحسَح الأػشاب ػهً ذحرىٌ انرٍ انًدًىػاخيغ  َىو،/  ساػح

 تًدًىػاخ يقازَح انؼًس يٍ أساتُغ 1-2 خلال َسثٍ ًَى يؼدل أػهً٪ 0.8 يسرىيػُد 

 .الأخسيانردسَثُح

 .انسًاٌ -انكفاءجالاقرصادَح : ذقُُد انرغرَح؛ سثُسونُُا، انًُى، الكلواث الافتتاحٍت
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