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Abstract: A total number of 667 laying
hen from three genotypes : heterozygous
naked neck (Na/na), homozygous naked
neck (Na/Na) and normally feathered
genotype (na/na) were used to study the
effect of the gene responsible of
reduced feather coverage (Na), dietary
protein levels (17%, 14%) and their
combining effect on egg production
performance. The main results could be
summarized as follows:

1- A significant effect (P<0.01) was
proved due to genotype on body weight
at different ages.

2- The naked neck birds (Na/-) were
earlier in sexual maturity (P<0.01) by
about 4 days with an increase in total
egg production by about 12.70% and
10% in Na/ma and Na/Na when
compared with their normally feathered
counterparts.

3- The presence of Na gene improved
egg weight by about 5.40% and 5.90%
whereas, egg mass increased by 18.70%
and 16.50% in Na/ma and Na/Na
genotypes, respectively.

4- The na/na genotype was more
sensitive to the reduction in protein level
than Na/- birds.

5- High protein level (17% vs 14%)
reduced age at sexual maturity (P<0.05)
and improved egg number, egg weight
and egg mass by 5%, 2% and 6.70%, for

Na/na, Na/Na and na/na genotype,
respectively. Also, high protein
improved body weight significantly
(P<0.01) at 40 wks of age.

6- The presence of Na gene increased
albumen by about 3%, 4.70% whereas it
reduced yolk % by 3.80% and 5.80% in
Na/na and Na/Na genotypes
respectively. The Na/- birds exhibited
low egg shell quality as measured by
shell %, shell strength and thickness
when compared with na/na genotype.

7- High protein  level increased
significantly (P<0.01) albumen by 2.2%.
whereas it reduced yolk % by 2.7%
without any significant effect on egg
shell quality.

8- The presence of Na gene reduced
feather by about 26.50% and 32.80% in
Na/na and Na/Na genotypes,
respectively. Also, it reduced abdominal
fat by 19% and 37.70% in the previous
two genotypes.

9- The Na/- birds exhibited a
significant (P<0.01) improvement in
dressing % when compared with the
normally feathered hens. A highly
significant differences (P<0.01) existed
between the different genotypes in body
temperature (B.T) where the Na/- birds
were lower in B.T. than the normal.

10-An improvement in ovary and
oviduct percentages occurred due to Na
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gene where the ovary increased by 14-
25% and the oviduct increased by 10-
15% as compared with normal (na/na).

11-With regard to protein level, high
protein level improved significantly
feather, giblets and dressing % by about
7.3%, 17.90% and 1.5%, respectively
whereas it reduced abdominal fat by
about 24%. Low protein level reduced

significantly ovary and oviduct by 9%
and 15%, respectively.

It can be concluded that naked neck
gene play an important role in body
thermoregulation and  physiological
status through increased heat loss from
body surface with less depression of
appetite which consequently leads to a
better egg production performance even
at low protein level.
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Introduction

In Upper Egypt, the naked neck
gene (Na) is widespread in
unselected local chicken population
and known by peasants at various
areas as Sharkasi chicken (Abd El-
Rahman, 1998).

This gene reduced feather by
about 20-40% and was associated
with an advantage in egg production
performance under moderate
conditions  which  was  more
pronounced under subtropical and
tropical conditions (Abd El-Rahman,
1990, 2000a,b; Horst et al., 1996;
Abd EI-Rahman and El-Hammady,
2000; Fathi and Galal, 2001; Singh et
al., 2001).

The findings of Horst and Mathur
(1994) indicated that the advantage
of Na gene involved with the
persistency and it was more
pronounced effects in medium or
high body weight birds than in lighter
ones especially under heat stress
conditions. The results obtained by
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Abd EI-Rahman (1990) under natural
or constant (25°C) temperatures
revealed that heterozygous normal or
dwarf naked neck (Na/na) laid more
eggs, heavier egg weight and
exhibited better feed conversion than
their normal feathering (na/na)
counterparts. Similar trend was also
obtained by Abd EI-Rahman
(2000a,b) and Abd El-Rahman and
Hammady (2000).

Under heat stress (32°C), Horst
and Mathur (1992) reported that Na
gene increase egg number and egg
mass by about 6% and 7.4%
respectively. Also, Horst et al. (1996)
found that under  moderate
temperature  (18-20°C), Na gene
improved egg number, weight and
mass by 13.10%, 3.40% and 12.90%,
respectively. The results obtained by
Merat (1990), Abd EI-Rahman
(2000a,b) and Galal et al. (2000)
proved a significant increase in egg
weight, (2-3 g) associated with the
presence of Na gene.
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It is worthy to mention, that slight
disadvantage of naked neck birds
(Na/-) was noticed for egg shell
quality as measured by percentages
of shell-less eggs, cracked eggs,
breaking strength and shell thickness
(Merat, 1990; Abd EI-Rahman,
2000a,b, 2003; Singh et al. 2001).
However Galal (1995) reported no
significant differences in egg shell
quality between Na/na and na/na
genotypes. Also, Galal et al. (2000),
Galal and Fathi (2002), El-Safty et al.
(2003) and Mahrous et al. (2003)
reported that Na gene increased shell
weight and percentage compared to
na allele.

Recently, interest has been
developed in the use of low crude
protein (CP) diets as means of
lowering expenses particularly when
the cost of dietary protein sources is
high. Several studies have shown that
protein levels of 10 to 14% CP (with
supplemental essential amino acids)
satisfy the protein requirement of
hens already in lay (Lopez and
Leeson, 1995). Most studies have
also reported beneficial effects of
increasing protein in the diets in
terms of age at sexual maturity, body
weight, egg production and egg
weight (Abd El-Hakim et al., 1992;
El-Hammady et al., 1992; Summers,
1993; Joseph et al., 2000; Zanaty et
al., 2001; Metwally, 2004; Yakout et
al., 2004).

The objective of this study was to
describe quantitatively the separate
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and combining effect of naked neck
gene and dietary protein level on egg
production performance of Sharkasi
layers .

Materials and Methods
Birds and Experimental diets:

This study was carried out at
Poultry Research Farm of Assiut
University during the period from
2002-2004. From a basic local
brown stock, brown heterozygous
naked neck (Na/nma) males and
females mated to produce the
offspring which segregated for the
three genotypes used in this study,
namely:-

1- Homozygous naked neck (Na/Na).
2- Heterozygous naked neck (Na/na).
3- Normal feathering genotype (na/na).

A total number of 667 laying
birds were used (157,290 and 220
birds of Na/na, Na/Na and na/na
genotypes, respectively). At 18 wks
of age pullets from each genotype
were leg banded randomly, divided in
pens into two equal subgroups one of
them received diet with high crude
protein (17%) and the other received
diet with low protein level (14%).
The composition of the diets are
presented in Table (1). All birds were
raised in pens under prevailing
environmental ~ temperature  and
humidity (Table 2). Birds received
14 lighting hours, and feed and water
were available ad libitum throughout
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the whole experimental period (18-54
wks of age).

Table(1): Composition and analysis
of the experimental diets.

Ingredients (%) High Low
protein | protein
level level

Ground yellow corn 63.85 63.75
Soybean meal 17.00 14.90
Gluten 5.00 -
Wheat bran 5.00 10.00
Limestone 6.25 6.25
Bone meal 2.00 2.00
Vitamin mixture 0.25 0.25
Salt 0.25 0.25
Lysine 0.20 0.30
Methionine 0.10 0.20
Mineral mixture 0.10 0.10
Corn oil - 2.00
Calculated analysis
Crude protein % 17.01 13.96
ME Kcal/kg 2840.00 | 2841.00
Lysine 0.94 0.94
Methionine 0.42 0.44
Methionine + cystine 0.69 0.65
Fibers 3.35 3.62
Calcium 3.00 2.98
Auvailable phosphorus 0.37 0.37
Total phosphorus 0.62 0.64
Salt 0.33 0.33

Traits studied:

Body weight (B.W) at 24, 40 and
52 wks of age, age at sexual
maturity (A.S.M.), laying rate (L.R.
%) throughout 8 successive laying
periods (28 days each), total egg
number (T.E.N.), average egg
weight (A.E.W.), average laying rate
(A.L.R.%), egg number, laying rate
till 90 days from age at sexual
maturity (E90, LR90%) and total
egg mass (TEM) were recorded.
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At 40 and 52 wks of age random
sample of 300 eggs from all
genotypes were taken to determine
egg quality parameters: egg weight,
proportions and percentages of
albumen, yolk, shell thickness and
strength using an cracking machine
(Germany). Also, at the same ages a
random sample of 120 females were
slaughtered, feather removed and
eviscerated. Then giblets, carcass
and reproductive organs were
removed and weighed (Gilbert et al.,
1983). Rectal body temperature was
measured for all laying birds by
thermocouple thermometer.

Statistical analysis

Data of body weight, age at
sexual maturity etc from the
laying hens were subjected to
analysis of variance using General
Linear Models (GLM) procedure of
of SAS (SAS, Institute 1990) by the
following model:

Yij =+ Gi + P + (GXP); + Ejjc

where Yij is the k™ observation of
the i™ genotype and " protein level,
 is overall mean, G; is the effect of
i genotype, P; is the effect of j"
protein level (GxP); is the
interaction effect of genotype with
protein level and Ejy is the random
error.

Results of egg quality and
anatomical  and physiological
parameters were analysed according
to the following model:
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Yiia = W+ Gi+ Pj+ Ac + (GxP);; +
(GXA)ix + (PXA)jk + Eiju

where A is the effect of k™ age;
(GxP)jj is the interaction between
genotype and protein level; (GXxA)i
is the interaction between genotype
and age and (PxA)y is the

interaction between protein level
and age. The other factors in this
model are similar to those in the
first model.

Duncan's Multiple Range Test
(Duncan, 1955) was used for means
comparisons.

Table(2): Minimum and Maximum degrees of ambient temperature (°C) and
relative humidity (%) during the experimental period (18-54 wks).

Laying Age Ambient temp. (°C) Relative humidity (%)
period Min. Max. Min. Max.
- 18-22 19 36 15 54
1 23-26 20 37 20 60
2 27-30 21 38 20 58
3 31-34 21 36 25 65
4 35-38 17 33 25 68
5 39-42 15 30 28 70
6 43-46 12 27 30 75
7 47-50 9 22 30 75
8 51-54 7 21 35 80
Average - 15.70 31.10 25.30 67.20
Results and Discussion genotype or protein level the

Egg production performance:

Means of laying rate (%) of 8
successive laying periods (28 days
each) and the other results of egg
performance and body weight are
presented in Tables (3,4). The naked
neck birds (Na/-) were significantly
(P<0.01) earlier in sexual maturity
(170 d) than their normal sibs (174
d). The delay in sexual maturity of
na/na genotype was noticed to
coincide with the remarkable
reduction in laying rates and total
egg number (Table 3,4). Within
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maximum laying rates were from the
2" to the 4" laying period, whereas
the lowest rates were observed
mainly at the 5" and the 8" laying
period (Table 3).

The results shows that highly
significant differences (P<0.01) due
to genotype or protein level with a
significant interaction during the
most of laying periods (Table 3).
Under high or low temperatures
(Table 2) the results exhibited that
naked neck genotypes (Na/-) had
better start and higher laying rates
than their normally feathered (na/na)
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counterparts. The laying rate
declined gradually after the 4"
laying period till 54 wks of age,
however the naked neck birds were

significantly more persistent in
laying  especially the Na/na
genotype (51.80%) than their
normal  (45.70%) counterparts.

Similar trend was also obtained by
Abd El-Rahman (1990) and Abd EI-
Rahman and El-Hammady (2000).
Ali Hussain (1983) found similar
fluctuations in  laying  rate
throughout the laying season in
different body weight populations.
He reported that differences in
laying rate could be attributed to the
stressful effect of temperature in the
tropics.

With regard to egg number, the
results showed a superiority due to
the presence of Na gene, where egg
number or laying rate during the
first 90 days from sexual maturity
improved by 7.30% and 6.60% in
Na/na and Na/Na genotypes,
respectively.  Similar effect was
observed for total egg number or
average laying rate, the Na/ha and
Na/Na hens laid more eggs by about
12.70% and 10% when compared
with na/na genotype. The obtained
results are in full-agreement with
those reported by Abd El-Rahman
(2000a,b) and Abd El-Rahman and
El-Hammady (2000), Singh et al.
(2001), Galal and Fathi (2002), El-
Safty et al. (2003) and Mahrous et
al. (2003).
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The results presented in Table 4
exhibited no interaction effect
between genotype and protein level
on average egg weight, the gene
effect deviation from na/na was
5.40% and 5.90% for Na/na and
Na/Na  genotype,  respectively.
Merat  (1990) concluded that
superiority of Na gene in layers
raised under high environmental
temperatures was due its effect on
egg weight of Na/na and to a larger
extent in Na/Na genotype (3-4 g).

As might be expected, the
increase in egg number and egg
weight due to the presence of Na
gene improved the total egg mass by
about 18.70% and 16.50% in Na/na
and Na/Na genotypes, respectively.
Horst (1982) reported that high
temperature (32°C) was associated
with 7.40% increase in egg mass
during the first 3 months of
production.

Taking into consideration, the
interaction effect between Na gene
and protein level (G x P) for the
important parameters (TEN, ALR,
TEM), the results proved that na/na
genotype was more sensitive to the
reduction in protein level (17% vs.
14%) than Na/- birds. The reduction
in ALR due to protein level was
about 4%, 2.40% and 8.70% in
Na/na, Na/Na and na/na genotype;
respectively. These reduction values
were 5%, 4.20%, and 10.80% in the
TEM. The obtained results support
the hypothesis that there is a
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significant  relationship  between
feather coverage and protein level.

The presence of Na gene
improved significantly (P<0.01)
body weight of layers at different
ages. Such improvement at 40 and
52 wks amounted 3.10% and 4% in
Na/na and Na/Na genotype,
respectively. Horst et al. (1996)
reported that the advantages of Na
gene was more pronounced in high
body weight populations than lighter
ones. In contrast, Abd El-Rahman
(1990, 2000a,b) in support with the
results of the present study,
exhibited additional advantages of
the Na gene in small body weight
population.

Although the ambient
temperature was not controlled in
the present study (Table 2), the Na/-
birds exhibited relative advantages
in the most of studied traits under
the prevailing conditions compared

with  its  normally  feathered
counterparts (na/na). Several
mechanisms  appeared to be

responsible for higher productivity
1). The plumage reduction achieved
by Na gene coincided with an
increase in body surface
temperatures particularly at poorly
feathered sites, leading to faster heat
dissipation and  hence  less
depression of appetite at high
temperatures (Pech-Waffenschmidt
et al., 1995). 2). Reduced feathering
results in increased flexibility in
regulating body temperature at high
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ambient temperature (Eberhart and
Washburn, 1993a,b; Yunis and
Cahaner, 1999). 3). The Na/- birds
exhibited a higher levels of T3
under heat stress (Kan and Mitchell,
1994) or less reduction in serum T3
under acute heat stress (Ozkan et al.,
1996). 4). Feather reduction,
leaving more protein for growth and
may be for egg production too
(Merat, 1990; Abd EI-Rahman,
1998; Yahav et al., 1998; Abd El-
Rahman and El-Hammady, 2000).
5). Finally, several studies with
normally feathered birds showed a
high performance at low or
moderate temperature, hence the
Na/- birds with lower body
temperature under high ambient
temperatures showed equivalent
performance to that at lower
environmental temperatures (Yahav
and Hurwitz, 1996; Yahav et al.,
1998).

Taking into consideration, the
effect of protein level, high level
(17%) reduced the age at sexual
maturity. Also, it improved egg
number and laying rate till 90 days
by about 2%, whereas, it increased
the total egg number (TEN) or
average laying rate by about 5%..
High protein also improved egg
weight and egg mass by about 2%
and 6.60%, respectively. Summers
(1993) reported that hens fed low
protein diets (13% vs. 17%) resulted
in similar egg production, however
egg weight and thus egg mass were
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slightly reduced with the lower
protein diets.

Similarly, Jensen et al. (1990)
reported that the performance of
hens fed 13% or 14% protein diet
containing adequate levels of amino
acids was not as satisfactory as that
of hens fed 16% or more protein.
Joseph et al. (2000), Garces et al.
(2001), Hocking et al. (2002) and
Yakout et al. (2004) reported a high
egg number, weight and egg mass
due to the increase in the protein
levels (12.5% vs. 14.5% or 16.5%).
Hens that received more protein
(16% or 18%) in the diet produced
more egg number and larger eggs
because they were given
proportionately  more  essential
amino acids than hens fed on the
14% diet (Joseph et al., 2000). The
increase in albumen percentage in
the eggs from the higher protein
treatment supports this finding
(Table 5).

The results showed an increase
(P<0.01) in body weight at 40 wks
(2.50%) as a result of increasing
protein level without any interaction
between genotype and protein level.
At 52 wks of age a highly
significant  interaction  between
genotype and protein level since the
Na/- birds were heavier in body
weight under low protein level
(14%) than their normal
counterparts (Table 4). The results
obtained in this study are in
agreement with those reported by
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Garces et al. (2001) and Hocking et
al. (2002).

Egg quality parameters:

Results of egg quality per
genotype within each protein level
or age are presented in Table (5).
The results indicate that no
significant interactions between the
main factors (GxP; GXA and PxA).
The naked birds (Na/-) exhibited
higher albumen percentages with
lower yolk and shell percentages
than their its normal feathering sibs
(na/na). The presence of Na gene
increased the albumen percentage
by about 3% and 4.70% whereas, it
reduced yolk % by 3.80% and
5.80% in the Na/na and Na/Na
genotypes, respectively.

It could be noticed that the
Na/Na birds exhibited the lowest
shell percentage (10.40%) followed
by the Na/na (10.70%) compared
with  that normally fathered
counterparts (11.05%). The
significant reduction in shell % led
to a significant reduction (P<0.01)
in breaking strength and shell
thickness. Egg shell strength was
4.84, 4.48 and 5.54 kg/cm® whereas
shell thickness was 0.39, 0.37 and
0.41 mm for the Na/na, Na/Na and
na/na  genotypes,  respectively.
These results are in agreement with
those reported by Merat (1990);
Abd EI-Rahman (2000a,b, 2003)
and Abd EI-Rahman and El-
Hammady (2000). Abd El-Rahman
(2000b) reported significant
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correlations between shell
percentage, shell strength and
thickness.

The remarkable disadvantage of
Na gene on egg shell quality may be
attributed not only to a direct gene
effect but also to the significant
increase in egg number and more
pronounced to the increase in egg
weight (Table 4). The reduction in
egg shell quality due to Na gene
especially for the Na/Na genotype
support the findings of Abd El-
Rahman (2000a,b, 2003) and Abd
El-Rahman and EI-Hammady (2000)
who reported that reduction in egg
shell quality was correlated with a
significant decrease in  serum
calcium of Na/- birds as compared
with na/na genotype. Moreover,
Abd EI-Rahman (2000b) suggested
that more studies are still needed to
determine the best requirements of
calcium for the naked neck
genotypes (Na/-).

It is worthy to mention, that high
protein level (17%) increased
significantly (P<0.01) egg weight
and albumen percentage by about
2.20% and 1.90%, whereas it
reduced yolk percentage by about
2.70%. However significant effect
due to protein level on egg shell
quality as measured by shell % or
shell strength. Shell thickness
increased significantly (P<0.05) as
protein level decreased and this may
be attributed to the reduction in egg
number or egg weight (Tables 4,5).
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These results are in disagreement
with those reported by Yakout et al.
(2004) who found that increasing
protein level (from 12.5% to 16.5%)
increased egg shell thickness but it
reduce egg shell %.

The results in Table (5) showed
significant differences due to age of
birds on the most of egg quality
traits. Advancing age from 40 to 52
wks increase egg weight and yolk %
by about 12.20% and 3.80%,
respectively whereas age of birds
reduced albumen and shell % by
about 1.70% and 2.4%, respectively.
This is in accordance with the
results reported by Lopez and
Leeson (1995).

Anatomical and physiological
parameters:

Results of anatomical and
physiological parameters are

presented in Table (6). The results
exhibited no significant interaction
between the main factors (genotype,
protein and age) in the most of
studied traits.

The presence of Na gene reduced
significantly the feather percentage
by about 26.60% and 32.80% in the
Na/na and Na/Na genotypes,
respectively.  the results are in
agreement with the findings of Abd
El-Rahman  and  El-Hammady
(2000), Fathi and Galal (2001) and
Singh et al. (2001). The gene not
only reduced the feather % but also
the female abdominal fat where, the
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reduction due to Na gene was 19%
and 37.70% in the Na/na and Na/Na
genotypes, respectively. The lower
abdominal fat may be due to the
utilization of a higher proportion of
the lipids for thermoregulation
(Yahav et al., 1998; Yunis and
Cahaner, 1999) or may be
associated  with  higher  egg
production of the naked neck birds
(Na/-) when compared with their
na/na counterparts (Tables 3,4).

The presence of Na gene
improved female giblets and carcass
percentages. Such increases were
coincided with higher dressing
percentage by about 8.10% and
9.70% in Na/ma and Na/Na
genotypes and this is in agreement
with that reported by Abd El-
Rahman (1998).

The results showed that naked
neck birds (Na/-) were lower in
body temperature (B.T.) by about
0.3-0.6°C than na/na birds. The
results are in accordance with that
reported by Eberhert and Washburn
(1993a,b), Ozkan et al. (1996) and
Abd El-Rahman (2000a). Eberhert
and Washburn (1993a) reported that
both acclimated and un-acclimated
birds showed a rise in body
temperature upon exposure to high
environmental temperatures, but the
acclimated birds had the capacity to
stabilize their body temperature
above the normal body temperature,
whereas the B.T. of un-acclimated
birds continued to rise at rapid rate
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and this occurred in normally
feathered genotype (na/na).

Pech-Waffenschmidt et  al.
(1995), Yahav et al. (1998) and Abd
El-Rahman (2000b) suggested that
Na/- birds could dissipate heat from
the naked neck and breast skin more
efficient to avoid the risk of
additional increase in B.T. under
high environmental temperature as
compared with fully covered feather
genotype and this is considered as a
useful expression of
thermoregulation and heat tolerance.

It could be noticed that Na/-
birds had the highest ovary and
oviduct percentages (Table 6). The
increase in ovary % was 14% and
25% whereas the increase of the
oviduct % was 10.20% and 14.90%
in the Na/na and Na/Na genotypes,
respectively. The increase in
reproductive organs coincided with
high egg production (number,
weight and mass) as shown in Table
(4) or may be attributed to a linkage
between Na gene and other genes
responsible of hormone secretion.

With regard to protein level
effects, the results indicate that high
protein level (17%) increased
significantly feather, giblets and
dressing percentage by about 7.30%,
17.90% and 1.40%, respectively.
Low protein level (14%) increased
significantly (P<0.01) abdominal fat
by about 24%. Low dietary protein
level reduced significantly ovary
and oviduct percentages. The
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reduction was 9% and 15% which
reflects the reduction in nutrients
requirement for egg formation
associated with smaller number of
ovarian follicles and the reduced
egg mass output from these birds.

It is mentioned that feather and
ovary percentage reduced with
advancing age, the reduction was
about 6.20% and 10.20%, whereas
the abdominal fat was increased by
24.80% with advancing age.

From the above mentioned
results, it can be concluded that Na
gene play an important role in body
thermoregulation and physiological
status of the bird through increased
heat loss from body surface, less
depression of appetite  which
consequently lead to a better
productivity even at low protein
levels.
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