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Abstract: An experiment was conducted to evaluate the effect of dwarf 
(dw) and naked neck (Na) genes in a single state or combination on feed 
efficiency and egg production parameters of laying hens under summer 
season of Egypt. Measurements related to efficiency of feed utilization for 
egg production were recorded between ages 20 and 40 weeks. Residual 
feed consumption (RFC) was estimated as the difference between 
observed feed consumption (OFC) and expected feed consumption (EFC) 
given by a multiple regression equation within feed consumption as 
dependent variable and egg mass, metabolic body weight (BW0.75) and 
weight gain as independent variables. The current results revealed that 
the dw gene significantly reduced body weight, total egg number, egg 
mass and feed intake in either normal or naked neck genotype. With 
respect to Na gene, the results showed that the presence of Na gene 
increased total egg number, egg mass and egg weight compared to 
normally feathered sibs, but the differences were not statistically 
significant. Moreover, the incorporated Na gene into dwarfed birds 
compensated the negative effect associated with dw gene on egg 
production parameters. The presence of dw gene in a single state or 
combined with Na gene significantly improved feed conversion ratio 
compared to normal type. Similar trend was observed for Na gene, but 
the difference was not statistically significant. Concerning eggshell 
quality, the presence of dwarf (dw) and naked neck (Na) genes improved 
eggshell quality. 

The results revealed that the equation calculated for Nanadw- 
genotype had a better rate of determination (R2=0.69) followed by 
nanadw- (R2=0.46), NanaDw- (R2=0.35) genotypes compared to 
nanaDw- sibs (R2=0.28). It was generally noticed that the observed 
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values of feed intake were closely to expected values in Nanadw-, 
nanadw- and NanaDw- genotypes compared to nanaDw- sibs. This 
adjacency was reflected on RFC, where it was more consistent to zero 
line. Positive relationships between RFC and egg mass were observed in 
nanadw- and NanaDw- genotypes. However, these relationship were 
inverse in nanadw- and Nanadw- genotypes. Both observed feed 
consumption and feed conversion ratio was highly significant positive 
correlations with RFC in all genotypes. The relationships between RFC 
and yolk percentage were positive in all genotypes.  

In conclusion, the current results suggest the incorporation of dw 
and Na genes into laying chickens led to improved feed efficiency by 
minimizing residual feed consumption. The results also suggested that 
more consideration should be given the difference among various genetic 
stocks in their requirements for maintenance and egg production. 
Moreover, it is  possible to use of residual feed consumption as selection 
criteria for improve feed efficiency.  

INTRODUCTION 
In poultry production, two thirds of the total cost is accounted for 

by feed cost. Efficient laying hens production at low costs is the most 
important goal of breeders and geneticists. Therefore, laying hens are 
selected for generations toward highly efficient egg mass production at 
low maintenance costs. There is, however, considerable variation in feed 
intake between chickens with the same body weight and production level, 
which is reflected in variation in residual feed intake (RFI). Under 
standardized environment, differences in production, body weight and 
weight gain explains only 80-90% of the variation in efficiency between 
strains of laying hens and 70-90% of the variation between individuals 
within strains (Bentsen, 1980). The unexplained variation in feed 
consumption (residual feed consumption) can be though of as a variation 
in deviation between observed feed intake and expected feed intake.  

The dwarf genes (sex-linked or autosomal case) are important 
major genes in the poultry industry. The main effect of the dwarf genes is 
to reduce skeletal growth and body weight (Missohou et al., 2003; Chen 
et al., 2004; Rashid et al., 2005). Numerous pleiotropic effects of dwarf 
genes on egg production, especially a significant decrease in egg number 
for light egg-laying strains (Mérat, 1990) and on physiological, nutrition, 
behavior and pathology (Rashid et al., 2005) are well established. Heat 
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tolerance and feed efficiency can be improved in layers by the dw gene, 
which causes a reduction in body size and is an important factor of 
acclimatization to warm environments through heat loss by radiation and 
convection on one hand and endogenous heat production on the other 
(Gowe and Fairfull, 1995). The use of the naked neck (Na) gene in 
poultry production has been discussed in many studies (Mérat, 1986; 
Fraga et al., 1994; Galal, 1999). At high ambient temperature, the 
advantage of Na gene is explained by decreased feather cover, which 
allows for increased sensible heat loss (Cahaner et al., 1993). Several 
short cuts have been suggested to improve feed efficiency without 
measuring  individual feed consumption in large numbers of hens:1) 
measurements of feed consumption in males, which would have two 
advantages: fewer individuals to measure and no statistical complications 
due to variable egg production (Boichard et al., 1990; Tixier-Boichard et 
al., 1995);2) indirect selection on the basis of comb size, wattle length 
and body temperature (Bordas and Merat, 1984), plumage condition 
(Tullet et al., 1980) and behavior traits (Braastad and Katle, 1989); and 3) 
use of sex-linked dwarf gene to reduce metabolic body weight and 
increase egg output per kg body weight (Nordskog et al., 1972). The 
current study was conducted to improve the feed efficiency via 
minimizing residual feed intake of laying hens by introducing dwarf and 
naked neck genes.  

 MATERIALS AND METHODS 
Genetic Flocks And Husbandry 

One hundred and fifty eight brown Dahlem laying hens (39 
nanaDw, 43 nanadw-,  33 NanaDw- and 43 Nanadw-) were used. At 18 
weeks of age, the birds were housed in individual cages suitable for the 
quantitative measurements of egg production and feed intake. All birds 
were kept under similar environmental, managerial and hygienic 
conditions, given 16h light/24h. The birds were provided ad libitum 
access to a commercial egg layer diet containing 18 crude protein and 
2900 kcal ME/ kg. The average high and low ambient temperatures 
recorded during experimental period were 32.7±2.14 and 29.6±2.40C, 
respectively. 
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Measurements and Observations 
Body weights were determined at 20 and 40 weeks of age. Egg 

production was recorded daily from the onset of lay until 40 weeks of 
age. The hens were individually weighed at the beginning of the feed 
consumptions experiment (20 weeks of age) and thereafter, they were 
reweighed on 40 weeks. Change in body weight was calculated by 
subtracting beginning weight from ending weight. Total egg mass 
produced in grams in that period, along with total feed consumption at 
this time were obtained. Feed wastage was carefully controlled to be very 
small. At 40 weeks of age, an egg quality experiment was applied for 
each genotype. Eggs were collected and weighed to the nearest 0.1 g. 
After measuring of internal egg quality (albumen %, albumen height, 
yolk % and yolk height), the liquid contents of the egg were a side and 
shell plus membranes washed to remove adhering albumen. Then, shells 
were weighed upon cooling to the nearest 0.01g. Eggshell thickness in 
mm was measured using a digital micrometer. 

Expected (EFC) And Residual (RFC) Feed Consumption 
Residual feed consumption (RFC) was calculated as the 

difference between observed (OFC) and expected (EFC) feed 
consumption, which estimated from a multiple regression within feed 
intake as the dependent variable and egg mass, metabolic body weight 
and weight gain as independent variables. Regression equations were 
computed separately within each genotype. Since the coefficients of 
these equations were not significantly different between genotype. The 
expected feed consumption for each hen was predicted to derive 
regression equation according to genotype. Each genotype had its own 
regression coefficients according to the following equation: 

EFC = aBWi
0.75+ bEMi+ c∆Wi+ d 

Where: EFC = expected feed consumption of hen i (grams); 

BWi
0.75= mean metabolic body weight of hen i (kg0.75); 

EMi = egg mass production of hen i (grams); 

a, b and c = partial regression coefficients; 

d = intercept. 
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Statistical Analysis 
All calculations and analyses were made using General Linear Models 
(GLM) procedure of SAS User's Guide, 2001 according to the following 
fixed model. 

Yijk = µ +dwi +Naj+ (dw*Na)ij +eijk 

Where; µ=overall mean, dwi=dwarf gene effect, Naj=naked neck gene 
effect, (dw*Na)ik=interaction between dwarf and naked neck genes, 
eijk=experimental error. 

Correlation coefficients of RFC with productive traits were estimated for 
each genotype using the PROC CORR procedure of SAS.  

RESULTS AND DISCUSSION 
Phenotypic Parameters 

Data listed in Table 1 showed that the dw gene significantly 
reduced body weight in either normal or naked neck genotypes. This 
reduction in body weight caused by the dw gene reported in the current 
study confirmed with Chen et al. (2004).  However, the body weight of 
laying hens was not significantly affected by Na gene. With respect to 
egg production parameters, the current results revealed that the presence 
of dw gene significantly reduced total egg number, egg mass and egg 
weight compared to normally body sized sibs. The effect of sex-linked 
dwarf gene on egg production and egg size confirmed results reported by 
Garces et al. (2001). Missohout et al. (2003) reported that the total egg 
number and egg weight were significantly reduced by the dw gene. 
Moreover, the small egg size reflects the high and positive correlations 
between body weight and egg size and may be associated with smaller 
reproductive tract of dwarf layers (Katongele et al., 1990). Opposite 
trend was noticed for Na gene, whereas the presence of Na gene 
increased total egg number, egg mass and egg weight compared to 
normally feathered sibs, but the differences were not statistically 
significant. Moreover, the incorporated Na gene into dwarfed body sized 
compensated the negative effect of dw gene on egg production 
parameters.   

The presence of dw gene in a single state or combined with Na 
gene significantly reduced feed intake by about 3.4kg (20.6%) and 3.7kg 
(21.9%) compared to normal (nanaDw-) type (Table 1). In agreement 
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with Missohou et al. (2003), the dw gene resulted in a lower feed intake, 
which has been described as an important characteristics of dwarf layers. 
As unexpected, the presence of Na gene reduced feed intake by about 
0.3kg (1.8%) compared to normally feathering genotype. Concerning the 
feed conversion ratio, the presence of dw gene in a single state or 
combined with Na gene significantly improved feed conversion ratio. 
Similar trend was observed for Na gene, but the difference was not 
statistically significant. Lower feed intake and better feed utilization are 
economically important characteristics of the dwarf layers (Katongole et 
al., 1990). Also, Mathur and Horst (1992) reported that the feed 
efficiency was improved by dwarf gene. On the other hand, Rashid et 
al.(2005) reported that the existence of dwarf in an autosomal recessive 
state (adw) led to better feed utilization and higher hen day egg 
production. Moreover, Younis (2001) reported that the Na gene improved 
feed conversion ratio in either normal or dwarf genotype. If reduction in 
feed intake is an stress indicator, Braastad and Katle (1989) reported that 
selection for higher efficiency of feed use in laying hens might result in 
birds that are less frustrated prior to laying, i.e., act less stressfully. Then 
the observation that feed intake of positive residual feed intake chickens 
decreased considerably after transportation, whereas feed intake of 
negative residual feed intake chickens remained almost unaffected (van 
Eerden et al., 2004). 

Concerning egg quality, data listed in Table 2 concluded that the 
albumen %, yolk %, albumen height and yolk height were not 
significantly affected by dw, Na and double segregation genes. However, 
incorporated Na gene into dwarfed body size increased haugh unit. 
Opposite trend was noticed when incorporated Na gene into normal body 
sized laying hens. With respect to eggshell quality, the presence of dw 
gene increased percentage and thickness of eggshell by about 3.3 and 3.9 
%, respectively compared to normal body sized. Similar trend was 
noticed for Na gene. Moreover, the better eggshell quality was more 
pronounced in Nanadw- genotype rather than either nanadw- or 
NanaDw- genotype alone. 

Multiple Regression Equation Of Feed Consumption 
Data listed in Table 3 showed that the observed feed 

consumption, egg mass, change in body weight and metabolic body 
weight for each hen within each genotype were used to estimate the 
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regression coefficients. The results revealed that the equation calculated 
for Nanadw- genotype had a better rate of determination (R2=0.69) 
followed by nanadw- (R2=0.46) and NanaDw- (R2=0.35) genotypes 
compared to nanaDw- (R2=0.28) sibs. That is mean, the figures of RFI 
calculated from these equations are more reliable and have a highly 
applicable prospective. The present results appears that the regression of 
body weight on feed consumption may differ between genotypes, but the 
accuracy of feed consumption  predictions is independent of the power 
used to express metabolic body weight. Pirchner (1985) reported that 
differences in observed feed consumption (OFC) and expected feed 
consumption (EFC) are caused by variability in several factors, such as 
composition of product (eggs), body weight change, food spillage, 
metabolic rate and in the ability to synthesis egg and body constituents. 
Figures 1 depicts the observed against expected feed consumption for 
each hen within each strain. While, figures 2, 3 and 4 illustrates the 
residual feed consumption values for each hen. It was generally noticed 
that the observed values were closely to expected values for Nanadw-, 
nanadw- and NanaDw- genotypes compared to nanaDw- sibs. This 
adjacency was reflected on RFC, where it was more consistent to zero 
line. Bearing in mined that the negative values of RFC are desirable 
rather than positive ones. The efficient hens which had negative RFC 
figures were more frequent than inefficient ones for dwarf and naked 
neck hens to normal type hens. Chickens with low RFC (R-) eat less than 
predicted, and therefore are considered more efficient producing birds 
than chickens with high RFC (R+). It is hypothesized that extra energy 
intake of R+ birds, which is not put into producing processes, is available 
for other resource-demanding functions or life traits, as deduced from the 
resource allocation theory (Beilharz et al., 1993; van Eerden et al., 2004). 
Also, The results of El-Sayed and El-Hakim (1994); Hussein et al. (2000) 
and Fathi et al. (2000) confirmed that the efficient birds were less 
actives, less heat production, spent more time resting and less time 
standing than inefficient bird. 

Phenotypic Correlation Coefficients 

Calculation RFC by phenotypic multiple regression analysis is an 
acceptable alternative in a breeding program of no reliable estimates of 
genetic correlation are available (Luiting and Urff, 1991). This 
suggestion was reported because the author found the estimates of 
genetic correlation of RFC with the economic traits did not clearly differ 
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from zero. Also, Tixier-Boichord et al. (1995) found that the genetic 
correlation between RFC and the independent variables used in the 
prediction equation (metabolic body weight, change in body weight and 
egg mass) were generally low, which confirms the validity of the 
selection on a phenotypic assessment of RFC. Data listed in Table 4 
showed that phenotypic correlation coefficients between RFC and some 
quantitative traits of nanaDw-, nanadw-, NanaDw- and Nanadw- 
genotypes. Positive relationships between RFC and egg mass were 
observed in nanadw- and NanaDw- genotypes. However, these 
relationship were inverse in nanadw- and Nanadw- genotypes. The 
relationship between RFC and egg number was positive in all genotypes. 
Similar result was obtained by Tixier-Boichard et al. (1995). They 
indicated that positive correlation between RFC and egg number.  

Both observed feed consumption and feed conversion ratio was 
highly significant positive correlations with RFC in all genotypes. 
Negatively correlated between RFC and albumen percentage was 
observed in all genotypes. Conversely, the relationships between RFC 
and yolk percentage were positive in all genotypes. Badawe et al. (2005) 
found that the yolk percentage was significantly positive correlated with 
RFC. El-Sayed and El-Hakim (1994) calculated significant and high 
positive association between RFC and the yolk percent in full-sib normal 
and dwarf hens. The author showed that the positive correlation probably 
reflects the increase in dry matter percentage and energy content in the 
egg when the proportion of yolk increases. Also, Heil (1976) and Bentsen 
(1980) found positive correlations between the percentage yolk and feed 
consumption rate. The relationship between shell percentage and RFC 
was inverse and low in all genotypes. Similar trend, but positive, was 
observed between RFC and shell thickness. 

In Conclusion, the current results suggest the incorporation of dw 
and Na genes into laying chickens led to improved feed efficiency by 
minimizing residual feed consumption. The results also suggested that 
more consideration should be given the difference among various genetic 
stocks in their requirements for maintenance and egg production. 
Moreover, it is possible to use of residual feed consumption as selection 
criteria for improve feed efficiency. 
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Table3. Coefficients of partial regression and constant for 
nanaDw-, nanadw-, NanaDw- and Nanadw- genotypes. 

 

Genotype 

 

Constant 

 

EM 

 

∆W 

 

BW0.75 

 

R2 

nanaDw- 3538.13** 1.84** -2.92 -29.81* 0.28 

nanadw- 2017.24 1.99** 3.40 -2.86 0.46 

NanaDw- 9508.67* 1.07** -1.30 -1.10 0.35 

Nanadw- 4211.51 1.60** -1.19 -0.03 0.69 

EM = egg mass               ∆W = body weight change 

BW0.75 = metabolic body weight            R2 = rate of determination 

* P< 0.05  **P<0.01 

 

Table 4. Phenotypic correlation coefficients for some quantitative 
traits with residual feed consumption (RFC)  

 Genotype 

Trait nanaDw- nanadw- NanaDw- Nanadw- 

Egg mass, g 0.29 -0.33 0.30 -0.37 

Egg number, No. 0.22 0.31 0.27 0.28 

Observed feed consumption, g 0.67** 0.74** 0.85** 0.80** 

Feed conversion ratio 0.89** 0.97** 0.67** 0.90** 

Albumen, % -0.34 -0.44 -0.24 -0.41 

Yolk, % 0.27 0.48 0.31 0.56* 

Shell, % -0.17 0.13 -0.14 -0.11 

Shell thickness, mm 0.12 0.19 0.25 0.32 

* P<0.05  ** P<0.01 
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   Fig.1. O
bserved vs. expected feed consum

ption for dw
arf, naked neck and double segregation genes. 
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Fig.2. Residual feed consumption for dwarf (nanadw-) vs. normal type (nanaDw-) genotype. 
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Fig.3. Residual feed consumption for naked neck (NanaDw-) vs. normal type (nanaDw-) 

genotype. . 
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  الملخص العربي 
تقليل العلف المتبقي عن طريق إدخال العامل الوراثي المسئول عن القزمية 

  وعامل عرى الرقبة في الدجاج البياض
  * حسن حسن يونس–احمد جلال السيد جاد 

   مصر- القاهرة - جامعة عين شمس- آلية الزراعة –قسم إنتاج الدواجن 
   جامعة طنطا–)  الشيخآفر( آلية الزراعة  –قسم إنتاج الدواجن *

  
ورته       ي ص ة ف ن القزمي سئول ع وراثي الم ل ال أثير العام يم ت ة لتقي ذه التجرب صممت ه
اج             ة و إنت اءة الغذائي ى الكف ة عل وراثي المسئول عن عرى الرقب المنفردة أو مرتبط مع العامل ال

ة    . البيض في الدجاجات البياضة تحت الظروف المصرية صيفا      اييس المتعلق اج  سجلت المق بإنت
ة العلف المتبقي        .  أسبوع من العمر   ٤٠ إلى   ٢٠البيض خلال الفترة من      عن  ) RFC(قدرت آمي

شاهد             ذائي الم ين الاستهلاك الغ رق ب ع       ) OFC(طريق الف ذائي المتوق ، )EFC(والاستهلاك الغ
ذائي              ) FI(والذي تم الحصول علية من خلال معادلات الانحدار المتعدد باستخدام الاستهلاك الغ

يض  آم ة الب ابع وآتل ر ت دل ) EM(تغي سم المع سم  ) BW0.75(ووزن الج ي وزن الج ر ف والتغي
)∆W (  ستقلة وراثي المسئول عن                 . آمتغيرات م ا أن العامل ال ائج المتحصل عليه أوضحت النت

يض، وزن      ة الب اتج، آتل يض الن دد الب سم، ع ي وزن الج وي ف اض معن صاحب بانخف ة ي القزمي
ة الجسم     البيض، الاستهلاك الغذائي م    الطيور طبيع سبة للعامل      . قارنة ب اه بالن شوهد عكس الاتج

ة أنتجت            ة الرقب دجاجات عاري ائج أن ال ة، حيث أوضحت النت الوراثي المسئول عن عرى الرقب
ر                            ات غي رييش، ولكن آانت الاختلاف ة الت ور طبيعي ر من الطي ل وعدد بيض اآث آتلة بيض اثق

ورا    . معنوية إحصائيا  ة               أدى إدخال العامل ال دجاجات القزمي ة في ال ثي المسئول عن عرى الرقب
اج البيض        اييس إنت ى مق ة عل دجاجات   . إلى تعويض جزئي للتأثير السلبي لعامل القزمي سجلت ال

امل          ل       الحاملة للعامل الوراثي المسئول عن القزمية والأخرى الحاملة للع اءة تحوي وراثيين آف ين ال
ة       دجاجات الطبيعي ا من ال ى معنوي ة      . غذائي أعل ة الرقب دجاجات عاري اه في ال شوهد نفس الاتج
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دجاجات          . ولكن الاختلافات لم تكن معنوية     أدى إدخال العامل الوراثي المسئول عن القزمية في ال
وزن الن                   ة في ال ادة معنوي ى زي ة إل ة الرقب شرة       الطبيعية الترييش أو عاري شرة وسمك الق سبي للق

وزن                 . مقارنة بالدجاجات الطبيعية   ى معدلات في ال ة أعل ة الرقب ة عاري دجاجات القزمي سجلت ال
  .النسبي للقشرة وسمك القشرة مقارنة ببقية التراآيب الوراثية الأخرى

د         ة لمعامل التحدي أوضحت النتائج أن الدجاجات القزمية عارية الرقبة  سجلت افضل قيم
)R2 (ة   با ة مقارن ة الرقب دجاجات عاري م ال ة ث دجاجات القزمي ا ال دار يليه ادلات الانح سبة لمع لن

دجاجات    ة، ال ة الرقب ة عاري دجاجات القزمي جلت ال ك س ى ذل ة، بالإضافة إل دجاجات الطبيعي بال
ذائي             يم الاستهلاك الغ ارب مع ق القزمية، الدجاجات عارية الرقبة قيم استهلاك غذائي مشاهد يتق

سالبة               المتوقع، يم ال صفر أو الق رب من ال .  والذي انعكس بدورة على آمية العلف المتبقي لكي تقت
ة                  ة وعاري ة الطبيعي ة البيض في التراآيب الوراثي ين العلف المتبقي وآتل اط موجب ب وجد ارتب
ة             ة عاري ة و القزمي ة القزمي الرقبة، بينما سجلت هذه الارتباطات قيما سالبة في التراآيب الوراثي

ذائي     . بةالرق ل الغ وجد ارتبط موجب معنوي وقوى بين آل من الاستهلاك الغذائي وآفاءة التحوي
ة          ة            . وآمية العلف المتبقية في آل التراآيب الوراثي ة العلف المتبقي ين آمي اط موجب ب وجد ارتب
  .والوزن النسبي للصفار في آل التراآيب الوراثية

ة ا أن إدخ  :الخلاص صل عليه ائج المتح ن    أوضحت النت سئول ع وراثي الم ل ال ال العام
وي في                 القزمية والعامل المسئول عن عرى الرقبة في الدجاجات البياضة  يؤدى إلى تحسين معن

ي   ف المتبق ة العل ل آمي لال تقلي ن خ ك م ة وذل اءة الغذائي ام  . الكف ى الاهتم ة إل شير الدراس ا ت آم
ة    ات الحافظ ث الاحتياج ن حي ة م ان الوراثي ين القطع ات ب ى  بالاختلاف افة إل ة، بالإض  والإنتاجي

  .تخاب لتحسين الكفاءة الغذائيةفي برامج الان) RFC(إمكانية استخدام آمية العلف المتبقي 


