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Abstract: Recent study held at Research farm of Poultry and Fish production Department, Menoufia 

University, Egypt, aiming to determine the realized correlated responses in some economic traits due to 

selection for feed efficiency under different feeding regimens (free (i.e. once) at 08:00 am and twice (50%:50%) 

at 08:00 am and 03:00 pm) in local Egyptian chickens Saini/Bedouin fowl. Data on body weight at 24, 35 weeks 

of age, egg number during first 90 days of production, egg weight at sexual maturity and egg mass produced 

through first 90 days of production cycle were collected for three successive generations and statistically 

analyzed for all genetic groups (584 hens were used). Results indicated that, after two generations of selection 

for feed efficiency: 

- Body weight at 24 weeks and at maturity significantly decreased by selection, but, didn’t affected by 

regimen of feeding. 

- Number of produced eggs during the first 90 days of production cycle increased significantly due to 

line and feeding regimen effects. 

- Egg weight statistically increased in selected lines comparing with control lines. While, no significant 

effects were observed in egg weight at maturity due to feeding regimen effect. 

-  Significant effects were noticed due to lines and feeding regimen on egg mass produced during first 90 

days of egg production.  

So, it can be concluded that selection for feed efficiency (integrating data from relatives) improved productive 

performance of local chicken Sinai. Additionally, birds fed twice a day corresponded to selection better than 

those fed freely (once a day), consequently, we recommend to practice twice feeding regimen alongside with 

breeding plans aimed to improve local chickens. 
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I. Introduction 
It is already very well documented that, feed efficiency represent one of the key factors in poultry 

production process that affected profitability (represent 60 -70 % of costs) [1-4]. The importance of selection for 

feed efficiency is continues to rising in poultry industry [4]. Additionally, feed efficiency for both meat and egg 

production have genetic bases [5] therefore it should be considered in any breeding plan as selection trait to 

determine breeding goals in future [3,4]. It is very important to assess economics of poultry production process 

continuously to protect the industry over time [4]. Generally, including feed conversion ratio as a selected trait 

in selection programs resulted in good achievement in production enhancement in poultry. Although, selection 

indirectly for feed efficiency in both meat and egg production industries resulted in realized genetic gain less 

(20-80%) than expected [6], feed efficiency for egg production have been improved in commercial laying stocks 

by direct selection for number of produced eggs.  

There are three main characteristics influencing efficiency of feed utilization by layers hens: 1) body 

weight, 2) egg production, and 3) genetic differences in feed conversion[3,7,8]. It have been reported that 70-

90% of feed intake could be attributed to egg mass, body weight and changes in body weight [6,9,10]. Feed 

conversion affected mainly by body weight, age, sex and environmental factors like management procedures, 

temperature, feed quality and humidity [11] in addition to genetic variations.  

Selection for one or more desirable trait/traits lead to correlated responses in unselected traits. Since 

selection process may be affected by genetic correlations between different traits, these correlations must be 

considered and accurately estimated. Most of economic traits of egg production industry (i.e. number and size of 

eggs, fertility and hatchability, interior and exterior egg quality) are correlated with the ability of birds to 

convert their feed (feed efficiency). Genetic correlation between feed efficiency and other important economic 

traits have been reported in literature [1,2,3,4,12]. 
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Breeding plan strategy for feed efficiency improvement mainly depend on the genetic correlations with 

other economic traits and the feed efficiency trait to be used as a selection criterion (i.e. FCR or RFI) as reported 

by Willems, 2014 [4]. Improving indigenous (local) chickens could be obtained by enhancement of environment 

and management practicesalongsidewith genetics [13]. Regarding local strains selection for egg production have 

been improved egg production and may lead to produce commercial local layer strain [14]. Layers value mainly 

based on number of economic traits (i.e. age at sexual maturity, body weight, number and weight of produced 

eggs) as reported by Alilo, 2017 [15].  

Fasting period in laying hens had a negative effect on egg production by affecting gonadotropin 

secretion from the pituitary, plasma luteinizing hormone concentration, estradiol and progesterone 

concentrations [16-18], so, decreasing fasting period could improve egg production. Availability of nutrients 

when needed by body tissues could improve hens productive performance [19], hence, two or three times 

feeding per day enhance the existence of such nutrients to different metabolic processes (time to be absorbed). 

In addition, multi-times feeding regimens led to shortening fasting period of layers and reducing competition for 

feed by hens, so, improving performance [16,18,20,21]. Taherkhani et al., 2010 [22] supposed that frequent 

feeding could decrease blood glucose and delay lipo-toxicity in broiler breeders leading to improving productive 

and reproductive performance of hens. 

Twice feeding a day is a good alternative to traditional feeding regimen (once a day) and it is 

applicable for farm management without difficulties, while, three or four times feeding a day didn’t showed any 

advantage comparing with two times feeding regimen [21].In broiler breeders farms twice feeding regimen had 

improved early egg production (first part of cycle) as published by [18-20]. Moreover, Taherkhani et al., 

2010[22] found that twice feeding of broiler breeders enhanced entire egg production instead of once feeding a 

day. 

In this regard, current work was held aiming to investigate the realized correlated genetic gains in some 

productive traits as a response to selection for egg production feed efficiency in Sinai fowls subjected to two 

different feeding regimens.   

 

II. Materials and methods 
Current study held at the research farm of Poultry Production Department, Menoufia University, Egypt 

for three successive generations (base, first and second) on 584 Sinai Bedouin fowl hens. Selection for egg 

production feed efficiency under two feeding regimens was applied and corresponding control lines were 

established. Recent research aimed to investigate the realized correlated response to selection for egg production 

feed efficiency on some economic traits under different feeding regimens. History of used flock have been 

illustrated by Soltan et al., 2009a,b [12,23]. Selection was applied using an index that contains information 

about full-sib family of the individual. Selected and corresponding control lines subjected to two feeding 

regimens (free and twice feeding a day). Selection procedure and collecting data have been previously discussed 

in details by Soltan et al., 2014 [3]. The value of individual index was calculated according the following 

equation: 

I = b1 X1 − X  + b2 X2 − X   
Where: 

X1 = the value of the selection trait on the individual. 

X2 = the mean value of the selection trait on full-sibs family of the individual. 

X  = the mean value of the trait for the studied strain. 

b1and b2 = a weighted factors for the selection trait for individuals (b1) and full-sibs families (b2), extracted 

from Flock et al., 1971 [24]. 

Assuming σ
2
c = 0 and h

2
 value of feed efficiency = 0.3, b1 and b2 values will be 0.25 and 0.35 if full-sibs family 

= 5; b1 and b2 values of 0.26 and 0.62 in the case of full-sibs family = 3, respectively [24]. The best 40% of birds 

were selected as parents of the next generation. 

The daily amount of feed introduced were the same in different lines. The birds under free feeding regimen 

received their daily feed at 08:00 am and the birds under twice feeding regimen received 50% of their feed at 

08:00 am and 50% feed at 03:00 pm. To decrease generation interval measuring period was shortened to first 90 

days of egg production. At the same time data about relatives were incorporated in selection plan to reduce the 

environmental effects. 

Statistical analysis: Recorded data were subjected to statistical analysis usingIBM SPSS Statistics for Windows, 

program version (21.0). The following model was used: 

𝑌𝑖𝑗𝑘𝑙 = 𝜇 + 𝐺𝑖 + 𝐿𝑗 + 𝐹𝑅𝑘 + (𝐺 × 𝐿)𝑖𝑗 + (𝐺 × 𝐹𝑅)𝑖𝑘 + (𝐿 × 𝐹𝑅)𝑗𝑘 + (𝐺 × 𝐿 × 𝐹𝑅)𝑖𝑗𝑘 + 𝑒𝑖𝑗𝑘𝑙  

Where: 

𝑌𝑖𝑗𝑘𝑙  = The observation on l
th

bird. 

𝜇  = The overall mean. 

𝐺𝑖  = The fixed effect of i
th

 generation. 
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𝐿𝑗  = The fixed effect of j
th

 line within the i
th

 generation. 

𝐹𝑅𝑘  = The fixed effect of the k
th

 feeding regime. 

(𝐺 × 𝐿)𝑖𝑗  = The interaction between i
th

 generation and j
th

 line. 

(𝐺 × 𝐹𝑅)𝑖𝑘  = The interaction between i
th

 generation and k
th

 feeding regime. 

(𝐿 × 𝐹𝑅)𝑗𝑘  = The interaction between j
th

 line and k
th

 feeding regime. 

(𝐺 × 𝐿 × 𝐹𝑅)𝑖𝑗𝑘  = The interaction between i
th

 generation and j
th

 line and k
th

 feeding regime. 

𝑒𝑖𝑗𝑘𝑙 = The random error assumed to be normally distributed with zero mean and variances 𝜎𝑒
2 

 

The least squares and maximum likelihood general purpose program – mixed model LSMLMW [25] model (4) 

was used to estimate the values of heritability and phenotypic, genetic and environmental correlation for the 

studied population. The general random model utilized by (LSMLMW) was as follow:  

Y𝑖𝑗𝑘 = μ + S𝑖 + 𝐷𝑖𝑗 + 𝑒𝑖𝑗𝑘  

Where:  

Yijk = Observation of the K
th

 progeny of the i
th

 sire and j
th

 dam.  

µ = Common mean  

Si = Random effect of i
th

 sire  

Dij = Random effect of j
th

 dam within i
th

 sire.  

eijk = Random error assumed to be normally distributed with zero mean and variance σ
2
e.  

 Heritability was estimated according to the method of Becker (1984): 

ℎ 𝑆+𝐷
2 = 2 (𝜎𝐷

2 + 𝜎𝑆
2) (𝜎𝐷

2 + 𝜎𝑆
2 + 𝜎𝑒

2) 

where: 

 𝜎𝑆
2 = Sires component of variance. 

 𝜎𝐷
2 = Dams component of variance. 

 𝜎𝑒
2 = Progeny within mating components of variance. 

 

The realized correlated responses in studied traits due to selection under different feeding regimens were 

calculated by the following equation [27]: 

𝑅𝑒𝑎𝑙𝑖𝑧𝑒𝑑 𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑒𝑑 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒 =  𝑆𝑛 − 𝐶𝑛 −  𝑆0 − 𝐶0 ………… (𝐶ℎ𝑒𝑛 𝑎𝑛𝑑 𝑇𝑖𝑥𝑖𝑒𝑟 − 𝐵𝑜𝑖𝑐ℎ𝑎𝑟𝑑, 2003) 
where Sn and S0 represent the mean of the selected line in calculation (n) and base (0) generations, respectively. 

and Cn and C0 represent the corresponding means of control line.  

All studied groups were kept in open housed farm and have been reared at the same environmental and hygienic 

conditions. During the first 16 weeks of age all birds allowed to reach water and feed freely (ad libitum), 

composition of brooding diet represented in Table (1). After that, pullets were transferred to layer house and 

kept in individual numbered battery cages according to their line and feeding regimen, and the diet replaced by 

layer ration as shown in Table (1).   
 

Table (1): Composition of the experimental rations. 

Ingredients Starter ration Layer ration 

Ground yellow corn 

Soybean meal 
Limestone 

Salt 
di-calcium phosphate 

Bone meal 

Methionine 
Vitamin and mineral premix %* 

57 

37 
1.8 

0.5 
2 

1.35 

0.1 
0.25 

65 

27 
2.5 

0.5 
2.35 

2.3 

0.1 
0.25 

Total kg 

Crude protein 

ME/kg. kal. 

100 

21.1 

2734.6 

100 

17.4 

2779.6 

* Pfizer premix provided per kilo gram of diets:-  
10000 IU Vit. A, 2000 IU Vit. D3, 2 mg Vit. E, 3 mg Vit. B3, 3 mg Vit. B2, 10 mg pantothenic, 250 mg choline, 25 

mg Fe, 10 mg Mg, 2 mg Cu, 1.2 mg I and 0.2 mg Co. 
 

The recorded traits were as follow:  

1. Body weight at 24 (BW24) and 35 (at maturity – BWM) weeks of age in g. 

2. Egg number during the first 90 days of egg production (EN90).  

3. Egg weight at sexual maturity (in gram) (EWSM).  

4. Egg mass during the first 90 days of laying in grams (EM90). 

 

III. Results and Discussion 
Data in Table (2) present the means of studied traits (i.e. BW24, BWM, EN90, EWSM and EM90). Body 

weight at 24 weeks of age decreased significantly in selected lines comparing with control lines under both 
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investigated feeding regimens, 941.16 g in selected line with free feeding vs. 1009.29 g in control line with free 

feeding and 994.33 g in selected line under twice feeding vs. 1002.92 g in corresponding control line fed twice 

daily after two generations of selection for feed efficiency of egg production. Concordant findings have been 

reported by Soltan et al., 2009a [12], they recorded BW24 as 1239.0 and 1060.0 g after 3 generations of selection 

for EF (g feed/g egg) in Sinai fowl, they also found that BWM reduced from 1309.0 to 1112.64 due to selection. 

Spradley et al., 2008 [18] found that twice feeding a day decreased body weight at 31, 38 and 40 weeks of age 

comparing with free feeding in broiler breeders hens.  Feeding regimen affected BW24 in Sinai chickens 

significantly as shown in Table (2). Body weight at 24 weeks of age significantly differed according to 

generation effect (the same trend was observed by Soltan et al., 2009a [12]) and the interaction between line and 

feeding regimen. On the other hand other interactions L×G, G×FR and L×G×FR have no statistical significances 

on BW24 (Table, 2). The same was observed regarding BWM (i.e. body weight at 35 weeks of age), it had been 

decreased significantly in selected (1037.66 and 1089.39 g) comparing with control (1101.79 and 1091.08 g) 

lines under free and twice feeding regimens, respectively, after two generations of selection. The reduction of 

body weight in birds fed twice compared with those fed once could be attributed to the favorable partitioning of 

nutrients resulting on regulation of body tissue building; tending to utilization of such nutrients in egg 

production [18-19]. 

Number of eggs produced during first 90 days of egg production increased significantly in selected 

(39.93 and 38.33 eggs)comparing with control (35.96 and 29.85 eggs) lines subjected to free and twice feeding 

regimens, respectively, after two generations of selection. Significant differences were detected in EN90 due to 

line, generation, feeding regimen and L×G interaction effects, while the interactions between L×FR, G×FR and 

L×G×FR not affected EN90 significantly (Table, 2). Little improvement of egg production have been recorded 

by Heil and Pirchner[28] due to selection for feed efficiency in Leghorn layers for 3 generations. In 1985, Soltan 

et al., [29] recorded 20.7 eggs during first 90 days of production cycle in Sinai fowl.Soltan and Ahmed [30] 

reported values of 34.5 (selected) and 31.6 eggs (control) in Saini hens during first 90 days of egg production. 

Soltan[31] argued that selection based on partial records in Sinai chickens represent a valuable tool for breeders 

to improve this strain. On another study on Sinai chickens EN90 was 48.5 eggs in selected line for egg number 

[32]. The same trend was noticed by Soltan et al., 2009a (43.57 vs. 26.38 eggs) in selected and control lines, 

respectively, in the last generation of selection experiment for FE in Sinai fowl. They also reported that line and 

generation affected EN90 significantly. Moreover, Spradley et al., 2008 [18] detected significant improvement of 

hen-day egg production (58% comparing with 56%) in broiler breeders birds subjected to twice feeding vs. 

those fed once a day.Moradi et al., 2013 [20] reported that twice or thrice feeding a day enhanced egg 

production (+4.8 eggs) than once a day feeding regimen, he attributed this improvement in egg number to the 

decreasing of fasting period. On the other hand, no statistical differences were noticed between feeding once or 

twice a day (186.3 vs. 186.5 eggs, respectively) as observed by de Avila et al., 2003 [33]. 

Selection for feed efficiency of egg production improved egg weight significantly (Table, 2). Average 

egg weights after two generations of selection in selected lines were 38.63 and 38.23 g under free and twice 

feeding regimens, respectively, while the corresponding values of egg weight in control lines were 35.96 and 

29.85 gfor birds fed free and twice daily, respectively. Higher average of egg weight in Sinai chickens was 

found by Soltan et al., 1985 (47.2 g). In selection experiment on Sinai fowl Soltan and Ahmed [30] recorded 

EW 41.1 vs. 42.0 g in selected and control lines, respectively. Average egg weight in Sinai hens was heavier 

(43.3 g) than Fayoumi (37.3 g) and Baladi (39.2 g) chickens as noticed by Soltan, 1992 [32]. Significant 

differences in egg weight were recorded according to line, generation and L×G interaction effect, but no 

significances due to feeding regimen, L×FR, G×FR and L×G×FR were recorded. Cave, 1981 reported 

significant differences in egg weight caused by feeding birds twice or thrice a day comparing with control birds 

(fed once a day). In broiler breeders, Spradley et al., [18] reported that egg weight increased in birds fed twice 

comparing with birds fed once a day, they argued that, this increase may be due to introducing feed in the late 

part of the day.  The same effect of dual mode feeding regimen on egg weight have been reported by Cave, 1981 

[19]. Significantly heavier eggs were laid by broiler breeder hens fed twice daily than those fed once a day [22]. 

Additionally, egg weight improved by splitting feed of laying hen by 2 or 3 times per day [20]. 

Egg mass during first 90 days of production increased significantly in selected (1541.44 and 1461.18 g) 

vs. control (1343.46 and 1106.38 g) lines under free and twice feeding, respectively. Line, generation, feeding 

regimen and L×G interaction significantly affected EM90. Other interactions didn’t showed any significant 

effects on EM90 (i.e. L×FR, G×FR and L×G×FR). 

Realized correlated responses in studied traits are presented in Table (3). BW24 decreased by 6.73 % (-

44.838 g) in selected line comparing with control line under free feeding regimen. On the other hand BW24 in 

birds fed twice a day decreased by only 0.85 % (-8.579 g). Regarding BWM (35 weeks), selected birds fed freely 

weighed less than control birds under the same feeding regimen by 5.80 % (-41.973 g), the same trend was 

observed in birds fed twice daily, reduction by 0.15 % (-4.423 g) in selected birds comparing with control line. 

After two generations of selection for egg production feed efficiency EN90 increased by selection 4.00 (11.04 %) 
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and 8.168 eggs (28.40 %) in selected lines comparing with control lines subjected to free and twice feeding 

regimens, respectively. Current study results revealed that EWSM improved due to selection for egg production 

feed efficiency and recorded correlated response of 1.285 and 1.191 g after two generations of selection under 

free and twice feeding regimens, respectively. Egg mass increased as a response of selection for egg production 

feed efficiency by 201.813 and 352.811 g in the first 90 days of egg production in birds fed free and twice daily, 

respectively. Body weight at maturity, EN90, EW and EM90 positively responded to selection for EF (g feed/g 

egg) as 0.36 g, 17.19 eggs, 2.72 g and 759.13 g, respectively, as noticed by Soltan et al., 2009a. On the other 

hand, they reported negative response to selection for BW22.  

 

Table (2):Effect of line, feeding regimen and generation on correlated traits for Sinai chickens (Mean ± SE) 

Line 
Feeding 

Regimen 
G BW24 BWM EN90 EWSM EM90 

S
el

ec
te

d
 

Free 
Base 1039.80 ±11.21 1160.36 ±11.76 31.64 ±1.11 39.44 ±0.23 1244.98 ±42.78 
First 1025.38 ±9.83 1130.26 ±9.33 37.71 ±0.64 39.24 ±0.20 1482.01 ±27.20 

Second 941.16 ±9.84 1037.66 ±9.51 39.93 ±1.14 38.63 ±0.29 1541.44 ±44.96 

Twice 
Base 1105.29 ±11.52 1226.94 ±12.11 30.19 ±1.03 39.34 ±0.27 1183.86 ±39.80 
First 1081.39 ±8.60 1184.94 ±8.06 33.63 ±0.90 39.15 ±0.26 1313.61 ±34.78 
Second 994.33 ±9.13 1089.39 ±8.58 38.33 ±0.93 38.23 ±0.30 1461.18 ±34.61 

Total 
Base 1072.02 ±8.52 1193.12 ±8.92 30.92 ±0.76 39.39 ±0.18 1214.91 ±29.26 
First 1053.38 ±6.91 1157.60 ±6.55 35.67 ±0.58 39.20 ±0.16 1397.81 ±23.10 
Total 1030.57 ±4.86 1137.23 ±5.04 35.35 ±0.43 39.00 ±0.11 1375.51 ±16.52 

C
o

n
tr

o
l 

Free 
Base 1063.09 ±11.59 1182.52 ±12.44 31.68 ±1.11 39.42 ±0.28 1248.81 ±44.13 
First 1089.37 ±15.73 1189.27 ±15.16 30.33 ±2.05 37.90 ±0.39 1151.27 ±79.69 

Second 1009.29 ±20.53 1101.79 ±19.61 35.96 ±2.73 37.32 ±0.53 1343.46 ±99.81 

Twice 
Base 1105.31 ±9.19 1224.21 ±10.93 29.87 ±1.05 39.67 ±0.29 1181.88 ±40.90 
First 1084.40 ±24.31 1182.40 ±22.95 29.57 ±1.94 38.73 ±0.41 1142.40 ±74.12 

Second 1002.92 ±26.91 1091.08 ±25.96 29.85 ±2.13 37.40 ±0.55 1106.38 ±62.71 

Total 
Base 1084.20 ±7.61 1203.36 ±8.46 30.77 ±0.76 39.55 ±0.20 1215.35 ±30.11 
First 1086.88 ±14.24 1185.83 ±13.53 29.95 ±1.39 38.32 ±0.29 1146.83 ±53.48 
Second 1005.98 ±16.77 1096.22 ±16.16 32.78 ±1.79 37.36 ±0.37 1220.18 ±64.16 

 L  ** ** ** ** ** 
 G  ** ** ** ** ** 
 FR  ** ** ** NS ** 

 L×G  NS NS ** * ** 
 L×FR  ** ** NS NS NS 

 G×FR  NS NS NS NS NS 

 L×G×FR  NS NS NS NS NS 
BW24 = Body weight at 24 weeks of age; BWM = Body weight at maturity (35 weeks); EN90 = Egg number; EWSM = Egg weight at sexual 
maturity; EM90 = Egg mass; FE = Feed efficiency (g feed/g egg mass). 

L = line; G = generation; FR = feeding regimen; L×G, L×FR, G×FR and L×G×FR = different interaction effects   

 

Heritability, phenotypic and genetic correlations of investigated traits were represented in Table (4). 

Results showed that, all studied traits i.e. BW24, BWM, EN90, EM90 and FE have moderate to high heritability 

values 0.419, 0.422, 0.330, 0.473 and 0.504 except EWSM trait have low heritability value 0.078 in selected lines 

regardless of feeding regimen after two generations of selection. Higher values of h
2
 were detected by Soltan et 

al., 2009a for BW, EN90 and EM90, but, EWSM and FE were moderately heritable. Non-genetic variance/random 

error may result in overestimation of h
2
 values [26].  Fluctuations in heritability values have been 

widelyreported for selection experiments, and it is generally caused by the alteration of genetic variation as a 

result of selection. Data in Table (4), showed that, there are negative phenotypic and genetic correlations (Table, 

4) between FE and EN90, EWSM and EM90 which means that these traits increased when feed efficiency of egg 

production improved (the lesser value of the equation of calculation EF means the best efficiency of feed 

utilization), these findings fully agreed with those obtained by Soltan et al., [12].Maijala, 1966 [34] recorded 

high positive (0.51 and 0.73) phenotypic and genetic correlations between FCR and egg mass. The opposite 

were observed, positive phenotypic and genetic correlations between FE and both of BW24 and BWM. Negative 

genetic correlations have been reported by Willems, 2014 [4] among RFI (as feed efficiency indicator) with egg 

weight and total egg production, he also reported negative correlation between FCR and BW. High positive 

correlations were detected between feed efficiency with BW22 and BW35[12].Moreover,Heil and Pirchner, [28] 

reported decrease in both BW and EW due to selection for feed efficiency in Leghorn hens. 
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Table (3): Realized correlated response in some productive traits for Sinai chickens. 

Feeding 

regimen 
Generation BW24 BWM EN90 EWSM EM90 

Free 

Base -23.292 -22.157 -0.037 0.020 -3.830 

First -40.700 -36.846 7.412 1.320 334.577 

Second -44.838 -41.973 4.005 1.285 201.813 

Twice 

Base -0.016 2.734 0.315 -0.334 1.984 

First -2.995 -0.189 3.744 0.756 169.227 

Second -8.579 -4.423 8.168 1.161 352.811 

Total 

Base -12.174 -10.240 0.150 -0.156 -0.438 

First -21.328 -17.989 5.566 1.037 251.417 

Second -26.258 -22.647 6.203 1.222 281.865 
BW24 = Body weight at 24 weeks of age; BWM = Body weight at maturity (35 weeks); EN90 = Egg number; EWSM = Egg weight at 
sexual maturity; EM90 = Egg mass; FE = Feed efficiency (g feed/g egg mass). 

 

Table (4): Heritability estimates (±SEh
2
, on diagonal), genetic correlations (below diagonal) and phenotypic 

correlations (above diagonal) for studied traits in selected lines after two generations of selection. 

Trait BW24 BWM EN90 EWSM EM90 FE 

BW24 0.419±0.186 0.984 -0.193 -0.155 -0.236 0.198 

BWM 0.966 0.422±0.186 -0.207 -0.160 -0.250 0.211 

EN90 -0.876 -0.901 0.330±0.174 -0.105 0.916 -0.868 

EWSM -1.549 -1.522 1.509 0.078±0.127 0.187 -0.162 

EM90 -0.935 -0.950 0.810 1.393 0.473±0.192 -0.898 

FE 0.788 0.801 -0.729 -1.096 -0.735 0.504±0.195 
BW24 = Body weight at 24 weeks of age; BWM = Body weight at maturity (35 weeks); EN90 = Egg number; EWSM = Egg weight at 

sexual maturity; EM90 = Egg mass; FE = Feed efficiency (g feed/g egg mass). 
 

IV. Conclusions 
In conclusion, results of the current research revealed that merging family data in selection programs for 

egg production feed efficiency in Sinai chickens reduced body weight for mature birds and improved egg 

production as a realized indirect response. Additionally, twice feeding regimen positively affected egg 

production with lower reduction of body weight in selected lines comparing with free feeding regimen under 

selection for egg production feed efficiency and could be used alongside with selection planes to improve laying 

performance of local chickens.  
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