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ABSTRACT
The study was executed to compare, characterize and evaluate the growth performance, carcass
characteristics, meat composition, phenotypic characterization, morphometric measurements, egg
production, egg characteristics and hatching traits in four different phenotypes (black, white black,
light brown and dark brown) of Naked-Neck chicken located in Pakistan. This study comprised of
two major experiments. In first experiment, a total of 320 sexed day old chicks (160♂, 160♀)
comprising 80 from each phenotype, were randomly assigned to 8 treatment groups, in a 2 (Sexes)
× 4 (Phenotypes) factorial arrangement under completely randomized design. Each treatment was
replicated 5 times with 8 birds in each. Live weight (g), time of gains(g), total gain(g), feed
intake(g), feed conversion ratio and livability% were evaluated at the age of 8 weeks. The data
were analyzed by using ANOVA technique under completely randomized design (CRD). The
results showed significantly higher live weight, total gain and better FCR in light and dark brown
phenotypes, whereas time of gains was found to be higher in dark brown. Feed intake and livability
remained similar in all phenotypes. Keel length and shank circumference measurements were
higher in dark brown whereas wing spread was greater in light brown phenotype. Drumstick
circumference and body length were same in all phenotypes. Phenotypic characterization was done
at the age of 20th week and based on head appearance, comb type, wattle size, plumage pattern,
shank color, spurs prevalence and number of toes and were analyzed in terms of frequency and
percentages. The results showed that males and females of all phenotypes had plain head and single
comb. Wattle size was medium in females while highly developed in males. Over all plain feather
pattern was most frequent on breast, wing bow, wing bar, wing bay, saddle and tail followed by
stippled, penciled and laced. Males had most frequent yellow shanks followed by grey, off-white
and green; however, females had maximum grey shank color followed by yellow, green and off-
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white. White black, light and dark brown phenotypes expressed maximum yellow shank coloration
whereas grey shanks were most frequent in black birds. However, morphometric characterization
was based on Neck length (cm), keel length (cm), wing span (cm), shank length (cm), shank
circumference (cm), drum stick length (cm), drum stick circumference (cm) and body length. The
results showed significantly higher morphometric measurements in males than females. Light and
dark brown phenotypes had higher measuring values of quantitative traits than those of black and
white black. All males and females of different phenotypes possessed four toes, normal spurs and
tuft feathers on the ventral portion of the Neck above crop. Regarding carcass characteristics, live
weight (g), dressing%, liver weight%, gizzard weight%, heart weight%, intestinal weight%,
intestinal length (cm) and antibody response against Newcastle disease virus (NDV) were studied.
The results showed significantly higher live weight (g), dressing%, liver weight% and intestinal
length (cm) in males whereas gizzard weight% and intestinal weight% was found to be greater in
females. Among different phenotypes, light brown plumage color birds indicated significantly
higher live weight (g) and dressing% whereas black plumage color birds showed higher intestinal
weight%. Antibody response was significantly higher in females as compared to male birds.
Among different phenotypes light and dark brown phenotype exhibited significantly higher NDV
titer as compared to black and white black phenotype birds. Regarding meat composition and
cholesterol contents, results depicted significantly higher dry matter%, crude protein%, ash% and
cholesterol content(mg/100g) in males whereas ether extract% and moisture% were found to be
higher in females. Among different phenotypes, dry matter% was found to be higher in white
black, crude protein% in black, white black and dark brown phenotypes moisture% in light brown
and cholesterol content in black plumage color birds, whereas ether extract% and ash% were
observed to be greater in black and white black plumage colored birds. In second experiment, a
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total, 300 females (20 weeks old) from four different phenotypes (black, white black, light brown
and dark brown), 75 from each, were randomly selected from the foundation stock maintained at
ICGRC then assigned to 4 experimental groups arranged under Completely Randomized Design
(CRD). Experimental groups consisted of four phenotypes. Each treatment was replicated 5 times
with 15 birds in each. Production performance, egg geometry, quality and hatching traits were
evaluated. The data were analyzed by using ANOVA technique under CRD. The results indicated
significantly higher feed intake (g) in white black phenotype, heavier body weight(g) in light
brown and dark brown phenotypes whereas, egg production, egg mass, FCR/dozen eggs and
FCR/kg egg mass was found to be better in light brown phenotype. Egg weight (g) remained higher
in black, light brown and dark brown phenotypes. Egg geometry results demonstrated higher egg
weight (g), egg breadth (mm), egg volume (mm2) and egg surface area (mm3) in light brown
phenotype whereas egg length (cm) was found to be greater in white black phenotype followed by
light brown, dark brown and then black phenotype whereas egg quality showed no difference in
various phenotypes of Naked-Neck chickens. While studying hatching traits, results showed
significantly higher settable eggs%, fertility% and hatchability% in black, dark brown and light
brown phenotypes than that of white black whereas better hatch of fertile% and reduced embryonic
mortality% was recorded in black and dark brown phenotypes as compared to white black. Better
chick quality was observed in dark brown phenotype followed by light brown, black and then
white black. In conclusion, phenotypes other than white black showed relatively higher
commercial importance because of their better productive and reproductive performance.
Key words: Naked Neck, phonotypic characterization, morphometric, carcass traits, antibody
response, meat composition, productive performance, egg characteristics, hatching traits
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CHAPTER 1

INTRODUCTION
Agriculture and livestock sector playing a pivotal role in economic transformation in general and
making this sector an important driver of growth (Chauvin et al. 2012). Poultry is the largest subgroup of livestock sector producing about 35% of all animal proteins consumed in the world
(World Livestock, 2011). In Pakistan poultry sector is one of the well organized and vibrant
segments of agriculture industry. Its contribution in agriculture and livestock is 7.1% and 12.2%,
respectively (Economic Survey, 2016-17). Chicken meat is the good source of cheap, palatable
and nutritious animal proteins. Poultry meat contributes about 31.0% in the total meat production
of the country and is showing increasing trend (Economic Survey, 2016-17). Population of
indigenous poultry is about 85.86 million in Pakistan, contributing 117.54 tons meat and 4164
million eggs (Economic Survey, 2016-17). Indigenous chickens (Gallus gallus domesticus) are
widely distributed in rural and peri-urban areas where they play an important role in food
production, income generation and financial empowerment of the susceptible and disadvantaged
members of the communities (Moreki, 2012). In developing countries, indigenous poultry is
playing important role in poverty alleviation, food security and promotion of gender equality
(Gueye, 2000). Indigenous chickens retain unique adaptive traits that permit them to survive and
reproduce under harsh climatic, nutritional and poor management, characteristically related with
low input–output production systems (Mwacharo et al. 2007). This reflects the potential of this
sector which needs to be further exploited by promoting indigenous poultry in the country through
various management and genetic tools.
Global reports suggest that indigenous breeds of livestock are becoming extinct as they cannot
economically compete with high yielding commercial breeds (Kiani, 2000). In the last decade of
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20th century, scientists and livestock owners became worried about the potential loss of native
breeds. Due to future changes in climate, management and feeding habits there is need to collect,
evaluate and conserve different genotypes (Crawford, 1984). A program was launched by (FAO)
for genetic conservation of poultry resources (Scherf, 1995).
Phenotypic characterization is a way to classify the individuals on the basis of their
morphological and productive traits (FAO, 2012) which helps to understand the diversity and
distinctiveness of a genetic resource. Due to lack of such information, it is difficult to know about
different breeds and their uses. Therefore, phenotypic characterization is of much importance to
manage the livestock genetic resources according to their ecological and physiological
requirements. The local chickens vary widely in body size, body conformation, plumage color and
many other phenotypic characteristics which are commonly classified worldwide as nondescriptive types, due to lack of information (FAO, 2012). Non-descriptive local chicken breeds
are important source of income and household food security in rural farm families (Cabarles et al.
2012). In Pakistan Aseel, Naked-Neck, Desi and Fayoumi are reared as backyard chickens mainly
as a source of high quality animal protein and income. Among these breeds, local Aseel and NakedNeck chickens are especially notable for their genetic potential. Naked-Neck is getting popularity
in Pakistan due to its better egg production and better thermo-tolerance making it suitable for
tropical and sub-tropical climatic zones. The most prominent characteristic of Naked-Neck
chicken is featherless neck and vent. Other distinguishable phenotypic characteristics are yellow
color beaks, shanks, toes and skin while eyes are reddish bay. Naked-Neck chickens have single
full bright red comb, wattles and earlobes (Carol, 2007). The Naked-Neck gene conferred less feed
consumption, better disease resistance, growth rate, dressing percentage, adaptation to high
environmental temperature and superior to their exotic counterparts (Ajayi, 2010).
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The body size of an individual at sexual maturity is determined by its growth rate. Growth is
normally attained by a systematic sequence of maturational changes and involves deposition of
protein and increase in length and size of morphometric parts. A number of morphometric traits
are known to be the indicators of body growth and market value of chicken apart from body weight
(Edward, 2000). Indigenous chickens are mostly slow growing with low carcass weight (Missohou
et al. 2002) and are reared mainly for meat and egg production. Carcass traits are also the
consumer's preference traits. It is, therefore, necessary to know the genetic and phenotypic
variations of carcass traits for improving them through suitable breeding strategy.
Naked-Neck individuals mature earlier than normal feather counterparts (Ibe, 1992). It is
of further interest that Naked-Neck genes have been associated with more laying rate, egg size and
egg mass in hot weathers (Younis and Galal 2006). Homozygous Naked-Neck birds (NaNa) were
found to have more rate of egg production, egg size, egg weight and hen-day laying rate than
homozygous recessive birds (nana) while heterozygous (Nana) are intermediate in performance
(Bordas and Merat 1992). The annual egg production of indigenous Naked-Neck hen is about 138
eggs (Grobbelaar et al. 2010). Due to these attributes rural population prefer to rear Naked-Neck
chickens as source of meat and eggs.
Reproductive traits are major elements of success in the hatchery enterprise (Peter et al.
2008). Fertility of an individual is liable to nutrition, stress, management and genetics while there
are several factors that influence hatchability of eggs like pre incubation storage time, fertility and
incubation condition such as temperature, humidity, ventilation, position, egg turning and egg
quality (Wolc and Olori 2009). Hatching traits mainly depends upon egg quality of the layer
breeding flock. Egg quality depends on physical make up and chemical composition of its
constituents namely the eggshell, albumen and yolk. Feather less skin of Naked-Neck birds can
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receive more solar radiation, which may enable greater vitamin D3 synthesis resulting into better
shell quality. The internal quality of eggs involves the quality of yolk and albumen, which are
influenced by breeding, feeding, housing and management.
Egg is the integral part of human diet due to good source of high-quality protein,
carbohydrates, easily digestible fats, minerals, and vitamins (Huopalahti, 2007). It is obvious that
the quality of egg is important from the producer point of view. An egg weighing 55g can meet
50% of protein requirements of a child up to the age of 5 years (Ponapa, 1982). Cholesterol is an
active part of cell membrane and works as a precursor for steroid hormones and helps in synthesis
of bile acids in the body (Maurice et al. 1994). Estimated level of cholesterol in chicken egg yolk
is about 213 mg and the recommended intake level of cholesterol should not exceed 300mg /day.
High content of cholesterol in egg yolk is one of the factors of increasing its profile in blood and
ultimately a threat of coronary heart disease in human population (Stamler et al. 1986). The
cholesterol levels are comparatively lower in Naked-Neck chicken eggs as compared to other egg
laying breeds (Patra et al. 2002, Rajkumar et al. 2010). Naked-Neck chickens also showed low
mortality ratio as compared to the normal feathered birds due to having sustainable immune system
(Haunshi et al. 2002). The bird’s immune system is composed of three basic sub-systems i.e.,
humoral, cellular and phagocytic. Therefore, the most important quality desired by different
genotypes is to improve innate resistance of flocks against infections and drug by searching for a
better germ plasm (Swaggerty et al. 2009). Naked-Neck poultry breed is being reared by the rural
people of Pakistan indiscriminately and very little information is available with respect to
phenotypic characterization, growth performance, production performance, egg quality
characteristics and its immuno-competence among its different phenotypes.
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Therefore, a study has been planned with the main objective to compare the growth,
productive, reproductive performance, egg quality characteristics and immune response in
different phenotypes of Naked-Neck chickens to identify the best potential phenotypes under local
environmental conditions of Pakistan.
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CHAPTER 2

REVIEW OF LITERATURE
Importance of indigenous poultry
The review on the subject in the light of available literature about history and importance
of native laying chicken breeds, their phenotypic characterization, growth, productive,
reproductive performance, egg quality characteristics and immune response is presented below. It
was reported that poultry production is one of the most important sector of animal production
throughout the world mainly in tropical countries where it plays a significant role for the provision
of affordable animal protein to populations having low acquisitive capacities (Almeida and
Cardoso, 2001). It has been reported that indigenous chicken production is still prevailing in the
developing countries in spite of the import of exotic poultry breeds (FAO, 2004). It was further
studied that local breeds contain genes and alleles related to their adaptation to a particular
environment and local breeding objectives as compared to exotic breeds (Romanov et al. 1996).
Growth Performance
Mathur and Horst (1990) reported that Frizzle and Naked-Neck genotypes individually and
in combination showed better growth in the tropics. It was reported that different dressing % in
different varieties of chickens could be attributed to genetic or body shape and size differences
(Chambers, 1990). It was also studied that age effect on dressing% of chickens (Pavloski, 2009).
However, Bhatti and Sahota (1994) could not find differences in dressing percentage in different
cross bred strains of Desi chicken. Sahan and Ipek (2000) reported differences in dressing
percentage due to breed variations. Iqbal (2011) observed maximum heart weight in Lakha and
minimum in Mushki varieties of Aseel, while, non-significant differences were found in liver
percentage in four varieties of Aseel. It was observed that breed is a key factor
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to indicate level of body fatness in chickens (Chang et al. 2010). About 56 percent increase in
methionine content in meat samples of Lyallpur Silver Black than Desi breed were recorded and a
slight increase in the lysine contents among these two breeds. Recently, growing consumer interest
in eating healthier meat has resulted in an increasing interest in indigenous chicken breeds, because
the meat of indigenous chicken breeds have higher protein and lower fat contents as well as unique
flavors compared with the commercial broilers (Jayasena et al. 2013).
Therefore, consumers prefer indigenous chicken meat because it is more chewy and tasty
and indigenous chicken breeds are regarded as a superior source for the production of high
nutritional value meat (Jung et al. 2013).
Phenotypic Characterization
Phenotypic characterization of different breeds and ecotypes of chickens has been reported
in the current years (Iqbal et al. 2012). It was reported that the direct association of the diversified
phenotypic forms of local chickens indicate the genetic potential for improvement. Hence, this
huge gene pool should be protected from genetic erosion and be used for improvement through
traditional selections together with genomic technology (Mangesha and Tesga 2011). Most of
these studies have demonstrated body weight, body length, shank length, shank circumference,
Keel length, plumage colors and patterns, shank color, comb type and color, eye color, body size,
ear lobe and skin color of versatile chicken breeds and ecotypes. It was studied that local chickens
are good reservoirs of diversified genetic pool for adaptive and economic traits, which can help to
fulfill the future challenges, resulting from changes in production sources and market requirements
(Byarugaba, 2007).
It was reported 1333.4 g body weight in Naked-Neck chicken in Iraq (Al-Rawi and AlAthari 2002) whereas Faruque et al. (2010) studied 2150g body weight in Naked-Neck chickens.
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According to Pavlovski et al. (2009) the shank length in Naked-Neck chickens were reported
81mm. Shank circumference was reported 5.19cm in males and 4.59 in female heterozygous
Naked-Neck chickens (Mahrous and Radwan 2011). Keel length in Nigerian Naked-Neck
chickens was reported 8.15cm (Peters et al. 2010). According to British Poultry Standards
(Roberts, 2008) Transylvanian Naked-Neck chickens have medium sized wattles. A study on Non–
descript hilly and Naked-Neck native chickens of Bangladesh revealed that on the overall basis
33.33% of the Naked-Neck chickens have black brownish, 28.33% have black with white tips and
18.33% have red brownish plumage color along with 100% single comb in Naked-Neck chickens
in Bangladesh (Faruque et al. 2010).
Production performance
It was studied that non-descript Desi chicken is more acceptable to rural people as an
important source of meat and eggs due to less nutritional requirements, high disease resistance and
heat tolerance (Barua and Howlider 1990). According to Iqbal et al. (2012) significant differences
were observed in daily feed intake among four varieties of indigenous chicken Aseel. Scheideler
et al. (1998) reported significant differences in feed intake among DeKalb Delta, Babcock B-300
and Hy-Line W-36. Iqbal et al. (2012) reported significant difference in egg production among
four varieties of indigenous chicken Aseel. A comparative study of growth performance, egg
production, egg characteristics and haemato-biochemical parameters of Desi, Fayoumi and Rhode
Island Red (RIR) chickens was conducted at Poultry Research Institute, Rawalpindi. It was
concluded that overall RIR chickens performed better than Fayoumi and Desi chickens. It was also
observed that early age of sexual maturity in Fayoumi and immune response against diseases in
Desi were better than Rhode Island Red chickens (Tabinda et al. 2012).
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According to Kiani (2000), age at sexual maturity, number of eggs, egg weight and body
weight at eight weeks of age are the most important traits for improving the economic efficiency
of rural chickens. It was studied that the feather-reducing genes did not considerably improved egg
production or feed efficiency, but the Naked-Neck showed better biological efficiency and
productivity (Garces et al. 2001). It was also reported that the Naked-Neck is superior in egg
production, egg size and body weight as compared to other native chicken breeds in an
environment where the average temperature is about 30oC (Adomako et al. 2010).
A comparative study of different breeds of chicken showed significant difference regarding
their production traits. However, egg production of Naked-Neck (47.42) was higher than four
varieties (Lakha, Mushki, Mianwali and Peshawari) of Aseel (Usman et al. 2014). It was studied
that egg production in Naked-Neck hens was not affected at moderate temperature but showed
improvement at high temperature. Under constant heat stress the heterozygous Naked-Neck (nana)
layers have significantly higher egg number, egg weight, egg mass, body weight and productivity
index than the normal feathered (nana) indigenous chickens (Mathur, 2003). Egg weight (g) was
found to be the highest for Naked-Neck followed by RIR, Aseel and Fayoumi while least being
Desi (50.1) (Ahmad, 2012). It was studied that Naked-Neck hens bearing homozygous genotype
(NANA) reared under high temperature show better livability, growth rate, number of eggs, egg
weight, shell quality, proportion of settable eggs, fertility, number of chick hatched and chick
weight as compared to their normal feathered counterparts (Sharifi et al. 2010).
Egg geometry
Egg geometry influences hatchability and chick weight (Narushin, 2005). It was studied
that no significant differences were observed in egg length among four varieties of Aseel chickens
(Iqbal et al. 2012) and similarly least difference was observed in egg length between three ecotypes
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of Naked-Neck chickens under tropical climatic condition of India (Raj Kumar et al. 2009).
Significantly higher egg length was observed in NaNa genotypes compared with the normal
feathered Nigerian indigenous chickens (Yakubu et al. 2008). Iqbal et al. (2012) stated nonsignificant difference in egg breadth among four varieties of Aseel. Likewise, no significant
difference was observed in egg breadth among three genotypes of Naked-Neck chickens under
tropical climatic condition of India (Rajkumar et al. 2009). Higher values of egg breadth were
observed in Naked-Neck genotype compared with the normal feathered Nigerian native chickens
(Yakubu et al. 2008).
Egg Quality
Poultry eggs contain high-quality proteins, carbohydrates, easily digestible fats and
minerals, as well as valuable vitamins which are vital for human fitness and also provide complete
food for chick embryo (Huopalahti, 2007). It was studied that the main components of an egg
having average weight 65g (edible part 58g) are water 45g (69%), proteins 7.2g (11%),
carbohydrates 0.5g (0.8%) and lipids 5.3g (8.1%) (Herron and Fernandez 2004). It was reported
that shell % of Naked-Neck chicken were higher than Aseel varieties, similarly, Haugh Unit Score
of Naked-Neck (82.76) was found to be higher than Aseel at the age of 40 weeks. Albumen % was
higher in Mushki (61.83) variety while yolk % was higher in Mianwali (59.36) variety of Aseel
whereas yolk index showed no difference in Naked-Neck and all varieties of Aseel at the age of
40 weeks (Usman et al. 2014). Narushin and Romanov (2002) studied that shell quality and interior
egg quality can influence on hatchability and chick weight.
Avian eggs contain large amounts of cholesterol situated entirely in yolk. Most of the
cholesterol exists as free cholesterol but a minute proportion is present as cholesterol ester (Bitman
and Wood 1980). A survey was conducted in Korea for cholesterol content of eggs obtained from
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commercial sources, determined by the colorimetric procedure and observed that overall mean
cholesterol value was 17.25mg/g of wet yolk (Han and Lee 1992). A study was conducted to
determine the actual cholesterol content in eggs of breeding hybrid Hisex brown hens at different
laying periods. The lowest values of cholesterol (153.45 + 12.39) were found in eggs at the
beginning of the laying period. The cholesterol content at 10th week were up to (180.26+11.16mg)
at 20th week were (208.22+18.19mg) at 30th week were (263.90+14.83) while a mild decrease was
noted at 40 weeks of age after start in egg laying and no change in cholesterol level till the
termination of laying. Results also indicate that the cholesterol intake from eggs is not relying on
yolk consumed but on phase of laying (Vorlova et al. 2001). It was studied that eggs from pastured
birds have 10 percent less fat, 34 percent less cholesterol, 40 percent more vitamin A and 4 times
higher omega 3 fatty acids as compared to the USDA standards (Gorski, 2000). It was further
reported that chicken eggs are one of the most versatile diets for the human consumption.
Hatching Traits
A study was conducted to compare the hatching parameters of five different breeds namely,
Naked-Neck (NN), Fayoumi (FY), Rhodes Island Red (RIR), Aseel (AL) and Desi. It was noted
that fertility and hatchability was higher in Naked-Neck cross, however, early and late embryonic
mortality was higher in Aseel cross. No abnormal chick was observed in any cross. Average chick
weight was noted higher in Rhode Island (RIR) cross. It was concluded that cross breeding locally
available Naked-Neck chickens with white leghorn produces a better breed to local ecotype for
back yard poultry in terms of egg traits, hatchability and fertility (Ahmad et al. 2012). It was further
studied that there is a relationship among hen age and hatchability (King’ori, 2011). It was studied
that factors that can have considerable influence on hatchability include nutrition of the breeding
hen, genetic constitution of the embryo, disease, egg size, age and shell quality (King’ori, 2011).
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Different authors have reported a significant effect of age on fertility and hatchability (Peebles et
al. 2000). Rizk et al. (2008) reported that eggs from younger birds demonstrated significantly (P <
0.05) higher percentage of fertility and hatchability as compared to those from older layer. The
breeder age has been reported to influence subsequent embryogenesis thus hatchability and fertility
(Tona et al. 2002). Genetics can contribute in variation between chicken strains with respect to
hatchability and hatch time (Christensen et al. 2000). Joseph and Moran (2005) reported that
development of the chick embryo and distribution of dead germs was similar among hen sources.
Abudabos (2010) reported that all the hatching traits were significantly (p<0.05) different among
different local and imported stocks of Japanese quails.
Anti-body Response
The immune system protects the birds from infectious diseases which are due to viruses,
bacteria, deadly fungi and parasites. A study was conducted on Naked-Neck and the normal
sfeathered birds for general immune competence and significantly higher hemolytic complement
level in serum was observed in Naked-Neck birds as compared to the normally feathered birds
(Haushi et al. 2002). It was studied that Naked-Neck birds are superior to normal feathered birds
in different traits such as growth, feed efficiency, carcass quality, viability, immune competence,
blood biochemical parameters and mortality (Barrio et al. 1991).
Haunshi et al. (2002) studied that Naked-Neck, dwarf and frizzle genotypes are not only
adaptable to the tropical climate but also showing better immunity against diseases as compared
to normal feather birds. It was studied that heat stress was overcome in warm climate by involving
major genes of tropical interest (Naked-Neck, dwarf, Frizzle) to get improved production with
further positive impression on innate immunity, there by affecting the immune competency of
chickens (Dorny et al. 2005). It was observed that indigenous Naked-Neck was superior in terms
of body weight, egg weight, eggshell thickness and overall livability (Njenga, 2005).
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CHAPTER 3

EXPERIMENT No. 1
3.1. Evaluation of growth and morpho-metric traits in four phenotypes of Naked-Neck
chickens
ABSTRACT
The present study was conducted to evaluate the growth performance and morpho-metric traits in
four phenotypes of Naked-Neck chicken (black, white-black, light brown and dark brown). In total,
320 day old chicks, 80 from each phenotype were randomly divided in 5 replicates with 16 birds
each according to completely randomized design. Data regarding growth performance (feed intake,
body weight, weight gain, time of gain, FCR and livability) and morpho-metric traits (body length,
neck length, keel length, wing span, shank length, shank circumference, drum stick length and
drum stick circumference) were recorded on weekly basis. The data were analyzed by using
ANOVA technique under Completely Randomized Design (CRD) and the means were compared
through Duncan’s Multiple Range (DMR) test. The results showed significantly higher body
weight, body weight gain and better FCR in brown phenotypes (Both light and dark) whereas time
of gains was found to be higher in dark brown. Feed intake and livability remained similar in all
phenotypes. Keel length and shank circumference measurements were significantly higher in dark
brown whereas wing spread was greater in light brown phenotype. Drumstick circumference and
body length were same in all phenotypes. In conclusion, dark and light brown phenotypes of
Naked-Neck chicken indicated overall better growth performance.
Key words: Naked-Neck, phenotypes, growth performance, morpho-metric traits
INTRODUCTION
Severe shortage of animal proteins is becoming one of the major issues in developing countries.
In Pakistan, poultry industry is one of the most systematized segments of agriculture sector sharing
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1.4% in national GDP with 12.2% and 7.1% in livestock and agriculture industry respectively
(Economic Survey, 2016-17). There are 85.86 million indigenous poultry birds contributing 4164
million eggs, 117.54 million tons’ meat sharing of 31% in the total meat production of the Pakistan
(Economic Survey, 2016-17). This much share of this industry is due to the introduction of
genetically improved birds with excellent growth performance. Growth is normally attained by a
systematic sequence of maturational changes and involves deposition of protein and increase in
length and size of morphometric parts. A number of morphological characteristics are known to
be the pointers of body growth and market value of chicken apart from body weight (Edward,
2000).
In Pakistan, Naked-Neck, Fayoumi, Desi and Aseel are the most important rural chickens, being
reared as backyard poultry. Among all these, Naked-Neck is getting popularity due to its better
productive and reproductive performance. Its ability to withstand and produce better in hot climatic
conditions (Merat, 1986, Patra et al. 2002) has made it ideal for backyard poultry farming
especially in tropical areas. To improve the rural household livelihood, it is need of the time to
work on getting baseline information regarding morphometric traits and growth performance of
different varieties of Naked-Neck in local climatic condition of Pakistan so that further genetic
improvements can be made which is still difficult due to the un-availability of concrete data. The
present study was therefore designed to compare the growth performance and morpho-metric traits
of four phenotypes of indigenous Naked-Neck chickens located in Pakistan.
MATERIALS AND METHODS
The study was executed at Indigenous Chicken Genetic Resource Centre (ICGRC), Department of
Poultry Production, UVAS, Ravi campus Pattoki, Pakistan. A total of 320 day-old-Naked-Neck
chicks comprising four plumage color (Black, white with black tips, light brown and dark brown)
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were divided into 4 treatment groups having 5 replicates of 16 birds each according to completely
randomized design. Each replicate was placed in a separate brooding pen. All chicks were initially
weighed and individually tagged for identification. The chicks were housed in 20 different cages
(each measuring 4-2 feet) placed in a well-ventilated open sided poultry house 6.1 × 6.1 m (37.21
m2) under standard environmental and managemental conditions up to 8 weeks of age. At the start
of experiment, temperature was maintained at 95°F with RH 50% and then gradually decreased up
to 75°F and 65% RH. The birds had free access to clean and fresh drinking water through nipple
drinkers and were provided only natural day light. The experimental birds were fed a balanced
ration, formulated according to recommendations made by NRC (1994) (Table-3.1.1). The data
regarding growth performance (feed intake, body weight and mortality) and morpho-metric
measurements (body length, neck length, keel length, wing span, shank length, shank
circumference, drumstick length, drumstick circumference) of different phenotypes of NakedNeck birds were recorded on weekly basis.
Table 3.1.1. Dietary composition of grower ration
Item
Ingredient%
Corn
Soybean meal (48% CP)
Soybean oil
Sodium chloride
Dicalcium phosphate
Limestone, pulverized
Supplement2
DL-Methionine
Total
Nutrient composition (calculated)
ME, kcal/kg
CP%
Calcium%
Phosphorus%
Lysine%
Methionine%
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Value
62.11
31.05
3.01
0.33
1.74
1.31
0.30
0.15
100.00
2850
17.00
2.81
0.93
1.09
0.45
(NRC, 1994)
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Statistical analysis
Collected data were analyzed through one-way ANOVA techniques (Steel et al. 1997) using
PROC GLM in SAS software (version 9.1.0), significant means were separated through Tukey’s
HSD test, following mathematical model was used:
Yij =µ+ Si + Ԑij
Where, Y, each observation; μ, Population mean; Si, Effect of ith treatment; Ԑij, Random error.
RESULTS AND DISCUSSION
Body weight and Body Weight Gain
The results of the present study revealed significant differences in body weight and body weight
gain among four different varieties of Naked- neck. Birds of dark and light brown phenotypes
showed highest final body weight and body weight gain at 8 weeks of age, followed by those of
white black and black (Table 3.1.2) which could be attributed to the genetic differences among
them (Bell and Weaver 2005). Similar reported findings revealed different body weights among
strains (Chatterjee et al. 2007), varieties (Jatoi et al. 2014), breeds (Sing et al. 1999; Thakur et al.
2006)), and genetic groups (Batkowska et al. 2015). Similarly, Faruque et al. (2007) observed
differences in body weights of non-discript Desi, Hilly and Naked Neck. Differences in weight
gain among different Aseel varieties have already been reported (Jatoi et al. 2014). Santos et al.
(2005) also reported variations in body weight gain among different genotypes.
Times of gain, Livability and Feed intake
Significant differences in times of gain have been observed among treatment groups. Times of
gain found to be highest in dark brown followed by light brown then white black and black (Table
3.1.2). Similar findings have been reported by Sahota and Bhatti (2001) who observed lower body
weight gain in Desi birds in comparison to Rhode Island Red and White Leghorn chicks at 8 week
of age. The difference in growth rate of different breeds of chickens could be attributed to interplay
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of multiple genes which could be improved through genetic selection (Chambers, 1990). The
results of this study showing variation in body weight gain among different phenotypes of NakedNeck chickens are also in agreement with those of Yakubu et al. (2006) who reported strain
variation (P<0.05) in body weight gain in broilers at the age of 4-weeks.
Non-significant differences were observed in Total feed intake and overall livability % among all
the phenotypes of Naked-Neck chickens. Post-mortem results however, did not show any signs of
infection. Most of the deaths were as a result of birds pecking themselves thereby causing injury
and eventually death.
Feed conversion ratio (FCR)
Present study revealed significant differences in FCR of different naked neck varieties. Birds of
dark and light brown exhibited improved FCR than those of black phenotype (Table 3.1.2). The
results of this study showed that the mean FCR in four phenotypes of Naked-Neck chickens
differed significantly (P≤0.05) at 8 weeks of age. The findings are supported by those of Jatoi et
al. (2014) who observed significant differences in FCR of Aseel varieties maintained in Pakistan.
Findings of current study are also supported by Jain and Chaudhry (1985), who reported significant
differences in FCR of White Leghorn, Rhode Island Red and Desi breeds. Similarly, Khantaprab
and Tarachai (1998) found that feed conversion ratio (FCR) in 8 weeks-old ducks were
significantly (P>0.05) different between breeds. According to Ajayi (2010), the frizzling and
Naked-Neck genes conferred better feed conversion than the Normal feathered chicken.
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Morpho-Metric Traits
Neck and keel Length
The results of present study showed significant differences in neck and keel length of different
varieties of naked neck. Dark brown phenotype had longer neck length as compared to light brown,
white with black tips and black phenotype birds (Table 3.1.3). Keel length is associated with breast
meat yield in chicken. Results showed higher keel length in brown phenotype both (light and dark)
followed by black and white with black tips. The findings are supported by Adelodun Opeyemi
Fadare (2014) who reported significant differences in keel length of Naked-Neck, Frizzled
Feathered and Normal Feathered Crosses with Exotic Giri-Raja Chickens. Results are also
corroborated with Linyage (2015) who reported definite difference in keel length among different
phenotypic groups of village chicken in Sri Lanka.
Wing Span and Shank and Drumstick Circumference
The results of the present study revealed significant differences in wing spread, shank
circumference and drumstick circumference of different naked neck phenotypes. Higher wing span
in birds having brown plumage (light and dark, respectively) as compared to black and white with
black tips phenotypes at 8 weeks of age has been observed (Table 3.1.3). The results are similar to
the findings of Udeh and Obgu (2011) who observed difference in wing spread in three strains of
broilers (Ross, Arboracre and Marshal) at 8 weeks of age. As far as shank circumference is
concerned, light brown plumage showed highest shank circumference followed by white with
black tips and black phenotypes at 8 weeks of age. Similar findings have been reported by
Liyanage et al. (2015) who observed significant difference in shank circumference among different
phenotypic groups of village chicken in Sri Lanka
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Results showed higher drumstick circumference in plumage (dark and light) as compared to white
with black tips and black phenotypes. The findings are supported by Bett et al. (2014) who
observed variations in body measurements of native chicken populations in Bangladesh, Sri Lanka,
Vietnam and Pakistan. Shank length, drumstick length and body length of four varieties of NakedNeck chickens have no difference at the age of 8 weeks.
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Table 3.1.2. Feed intake, body weight, total gain, times of gain, FCR and livability in four
phenotypes of Naked-Neck chicken at 8 weeks of age
Varieties
B

DB

LB

WB

Feed Intake (g)

1148.27±69.41

1154.63±71.87

1161.46±36.06

1086.80±54.52

Body Weight (g)

370.54±5.04c

440.93±5.48a

441.48±3.56a

400.52±2.6 b

Body Weight Gain (g)

340.36±4.75c

409.29±5.24a

408.82±3.31a

367.83±2.7b

Times of Gain

12.24±0.09c

13.94±0.09a

13.52±0.08b

12.25±0.13c

FCR

3.37±0.18a

2.82±0.19b

2.84±0.09b

2.95±0.15ab

Livability (%)

71.56±5.43

81.56±3.52

79.38±1.68

73.59±2.76

Parameters

Note: Different alphabets on means within row show significant difference (P ≤ 0.05)
B= Black, DB= Dark Brown, LB= Light Brown, WB= White Black
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Table 3.1.3 Morpho-metric measurements in four phenotypes of Naked-Neck chicken

Varieties
B

DB

LB

WB

Neck L (cm)

7.36±0.05c

7.76±0.05b

7.97±0.06a

7.49±0.05c

Keel L (cm)

6.39±0.05c

6.89±0.05a

6.87±0.05a

6.67±0.04b

Wing Spread (cm)

5.52±0.04bc

5.59±0.04ab

5.66±0.04a

5.44±0.06c

Shank L (cm)

4.97±0.04

5.08±0.05

5.01±0.05

4.97±0.04

Shank Circum (cm)

2.13±0.04c

2.77±0.01a

2.45±0.03b

2.06±0.03c

Drumstick L (cm)

7.79±0.05

7.99±0.06

8.07±0.06

7.91±0.05

Drumstick Circum (cm)

3.42±0.04c

3.89±0.04b

4.02±0.04a

3.94±0.05ab

Body L (cm)

40.02±0.35

40.25±0.39

41.26±0.37

40.98±0.40

Parameters

Note: Different alphabets on means within row show significant difference (P ≤ 0.05)
B= Black, DB= Dark Brown, LB= Light Brown, WB= White with Black tips, Circum=Circumference, L=Length
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3.2.

Phenotypic characterization of four Naked-Neck varieties
ABSTRACT

A study was conducted to characterize four varieties (black, white with black tips, light brown and
dark brown) of Naked-Neck chickens [n=320; 80(40♂, 40♀)] for qualitative and quantitative traits
at the age of 20 weeks. Qualitative phenotypic characterization was based on head appearance,
comb type, wattle size, plumage pattern, shank color, spurs prevalence and number of toes.
However, quantitative phenotypic characterization was based on Neck length, keel length, wing
span, shank length, circumference, drum stick length, circumference and body length. Males and
females of all phenotype had plain head and single comb. Wattle size was medium in females
while highly developed in males. Over all plain feather pattern was predominantly most frequent
on breast, wing bow, wing bar, wing bay, saddle and tail followed by stippled, penciled and laced.
Males had most frequent yellow shanks followed by grey, off-white and green; however females
had maximum grey shank color followed by yellow, green and off-white. White black, light and
dark brown phenotypes expressed maximum yellow shank coloration whereas grey shanks were
most frequent in black birds. Morpho-metric measurements were significantly higher in males than
females. Light and dark brown phenotypes had higher values of quantitative traits than those of
black and white black. All males and females of Naked Neck phenotypes possessed four toes,
normal spurs and tuft feathers on the ventral portion of the neck above crop.
Key words: Phenotype, Morpho-metric, Characterization, Circumference, Naked-Neck
INTRODUCTION
Poultry play a vital role in the production of meat and eggs through commercial or backyard
poultry. Though indigenous breeds are less productive but have progressive qualities of economic
and cultural significance (Mangesha and Tsega, 2011) and influence families’ food security.
Breeding for high productivity caused loss of numerous commercial, research and indigenous
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genetic resources (Fulton, 2006; Delany, 2006; Woelders et al. 2006). Highly productive breeds
maximize their genetic potential under intensive system of management whereas the peoples, who
adopt extensive production system, prefer to rear indigenous breeds. Indigenous chickens retain
unique adaptive traits that permit them to survive and reproduce under harsh climatic, nutritional
and poor management, characteristically related with low input–output production systems
(Mwacharo et al. 2007).
In developing countries, indigenous poultry is playing important role in poverty alleviation,
food security and promotion of gender equality (Gueye, 2000). This reflects the potential of this
sector which needs to be further exploited by promoting indigenous poultry in the country through
various management and genetic tools. Global reports suggest that indigenous breeds of livestock
are becoming extinct as they cannot economically compete with high yielding commercial breeds
(Kiani, 2000). In the last decade of 20th century, scientists and livestock owners became worried
about the potential loss of native breeds. Due to future changes in climate, management and
feeding habits there is need to collect, evaluate and conserve different genotypes (Crawford, 1984).
A program was launched by FAO (2012) for genetic conservation of poultry resources (Scherf,
1995). In such scenario, the sustainable management, utilization and conservation of a particular
population of domestic animals require its characterization. Phenotypic characterization of
available breeds is vital for proper management of these resources. This is a way to classify the
individuals on the basis of their morphological and productive trait (FAO, 2012) which helps to
understand the diversity and distinctiveness of a genetic resource. Due to lack of such information,
it is difficult to know about different breeds and their uses. Therefore, phenotypic characterization
is of much importance to manage the livestock genetic resources according to their ecological and
physiological requirement. The local chickens, vary widely in body size, body conformation,

36

EXPERIMENT NO. 1
plumage color and many other phenotypic characteristics which are commonly classified
worldwide as non-descriptive types, due to lack of information (FAO, 2012). Non-descriptive local
chicken breeds are important source of income and house hold food security in rural farm families
(Cabarles et al. 2012). In Pakistan Aseel, Naked-Neck, Desi and Fayoumi are reared as backyard
chickens mainly as a source of high quality animal protein and income. Among these

breeds,

local Aseel and Naked-Neck chickens are especially notable for their genetic potential. NakedNeck birds are very colorful-black brownish, multicolor, red brownish and black feather
combinations (Faruque et al. 2010).
This study was designed to phenotypically characterize different varieties of indigenous
Naked-Neck chickens (Figure-3.2.1) for qualitative and quantitative traits as well as productive
and reproductive traits, to generate information for advanced conservation genetic studies on
native breed of Pakistan.
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A

B

C
D
Figure 3.2.1: Salient features of four different phenotypes of Naked-Neck chickens. Single
comb, Tuft feathers ventral side of the neck beneath crop. A (White black), B(Black),
C(Dark brown), D(Light brown)
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MATERIALS AND METHODS
The present study was conducted on Naked-Neck chickens kept at Indigenous Chicken
Genetic Resource Centre (ICGRC), Department of Poultry Production, University of Veterinary
and Animal Sciences, Ravi Campus, Pattoki. Three twenty day old Naked-Neck chicks comprising
different plumage colors were bought from Commercial hatchery Gujranwala, Punjab. Similar
managmental and feeding practices were provided for all experimental units. At the age of 20th
weeks data of (40 males and 40 females) from each plumage group were recorded regarding
various phenotypic characteristics including head shape, comb type, wattles size, shank color,
prevalence of spurs, and number of toes, feather patterns on breast, wing-bow, wing-bar, wingbay, saddle and tail. Comb types and shank colors were recorded according to Cuesta (2008) and
the patterns on the feathers were compared against the British Poultry Standards (Roberts, 2008).
Quantitative data were recorded according to the method adopted by Amjad et al. (2015).
Statistical analysis
Data on phenotypic characteristics were recorded according to the four phenotypes and
were analyzed in terms of percentages.
RESULTS AND DISCUSSION
Head appearance and comb types
Both sex and phenotypes of Naked-Neck chickens had plain head and single comb type.
The head feathers of the Naked-Neck chickens were extended in the form of a tassel in accordance
with British Poultry Standards (Roberts, 2008). However, Sarker et al. (2012) reported some cases
with strawberry comb and cushion comb (Evertt, 2010). The Naked-Neck chickens presented
hundred percent existence of single comb which is in accordance with Roberts (2008) and Faruque
et al. (2010) who reported 100% single-comb in Naked-Neck chickens. However, Al-Rawi and
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Al-Athari (2002) reported 90% prevalence of single-comb in white Naked-Neck lines. Amjad et
al. (2015) also reported hundred percent prevalence of single comb in Naked-Neck chickens
located in Pakistan.
Wattles
In the present study, black phenotype Naked-Neck had small sized wattle (56%), followed
by medium (34%), very small (8%) and large (2%). White/black phenotype had medium sized
wattles (51%) followed by small (26%), large (14%) and very small (9%); Light brown NakedNeck chickens had medium sized wattles (73%) followed by small (16%), large (9%) and very
small (2%). These findings are similar to the observations of Roberts (2008) who illustrated
medium sized wattles in Transylvanian Naked-Neck chickens. Dark brown phenotype had wattle
size as; medium (68%), small (19%), large (10%) and very small (3%). Amjad et al. (2015) also
reported most frequent medium sized wattles in Naked-Neck ecotype of Pakistan.
Plumage Patterns on breast, wing bow, wing bar, wing bay, saddle and on tail
The results of present study regarding feather patterns on breast, wing bow, wing bar, wing
bay, saddle and tail in different phenotypes of Naked-Neck chickens are given below along with
detailed discussion.
Breast
Breast plumage pattern showed variation in sex and phenotypes. Mostly females expressed
plain feather pattern followed by stipple, single laced, penciled and double laced (Figure-3.2.2).
Stippled feather pattern was dominant on breast in male than plain. As concern of phenotype,
black had higher coverage of stippled feather followed by plain. White with black phenotype birds
had maximum plain feather pattern as compared to other phenotypes. Light brown birds had both
plain and stippled feather pattern in higher ratio followed by penciled and laced. The breast of dark
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brown birds had also higher ratio of plain and stippled feathers. All results are showed in (Table1). Iqbal et al. (2015) observed that mostly Naked-Neck birds had plain feathered pattern which is
accordance to our study.
Wing-bow
In this study it was noticed that all phenotypes of Naked-Neck chicken breed had different
patterns in wing-bows. Different phenotypes of Naked-Neck birds presented arrangement of wingbow feather pattern as Black phenotype: Plain (35%), stippled (31%), laced (18%) and penciled
(16%), White black: Plain (70%), penciled (11%), stippled (10%) and laced (9%), Light brown:
Plain (55%), stippled (28%), penciled (12%) and laced (5%) and Dark brown: Plain (52%),
stippled (23%), laced (12%) and penciled (11%).
Wing-bar
All phenotypes of Naked-Neck chickens showed variation in feather pattern on the wing
bar. Plumage patterns were observed in wing-bar of different phenotypes of Naked-Neck chickens
as: Black phenotype had Plain feather pattern (45%), stippled (26%), penciled (15%) and laced
(14%), White black had Plain (72%), penciled (14%), stippled (9%) and laced (7%) Light brown
showed Plain pattern (64%), stippled (19%), penciled (12%) and laced (5%) and Dark brown had
Plain (68%) plain feather pattern (16%) stippled, (8%) laced and also (8%)penciled, respectively.
Wing-bay
Variations on wing-bay feather pattern in different phenotypes of Naked-Neck birds were
noted. Black phenotype expressed plain pattern (36%), stippled (32%), laced (19%) and penciled
(13%), White black had plain feather pattern (70%), penciled (12%), stippled (10%) and laced
(8%), Light brown had (60%) plain, (24%) stippled ,(9%) penciled and (7% ) laced feather pattern
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and Dark brown expressed (58%) plain feather pattern, (17%) stippled, (13%) laced and (12%)
penciled, respectively.
Saddle
Sex, phenotypes and their interaction displayed differences in arrangement of feather on
saddle. Males had maximum plain feather pattern succeeded by stippled, penciled and single laced.
Females also had higher range of plain feathers followed by stippled, single laced and penciled
(Figure- 3.2.3). As the phenotypes pattern arrangement concerned, White black, dark brown and
light brown phenotypes showed maximum range of plain feathers followed by stippled, penciled
and laced whereas black phenotype had higher stippled feathered pattern on tail followed by plain,
penciled and laced. White black female had maximum plain feathered pattern whereas light brown
males expressed maximum stippled feather patterns compared to other phenotypes and sex. Black
females expressed high single and double lacing as compared to other phenotypes and sex. Dark
brown males showed maximum penciled pattern compared to other competitor phenotype and sex
(Table 3.2.1).
Tail
Both sex and phenotypes showed variations in tail feather pattern. Over all females had
maximum plain, penciled and single laced as well as double laced feather patterns as compared to
males, while males expressed higher percentage of stippled feather pattern (Figure-3.2.4). As
concerned phenotypes, plain and penciled feather pattern was dominant in white black compared
to those of other phenotypes. Stippled pattern was mostly expressed in light brown followed by
dark brown, black and white black phenotypes. Double laced feather pattern was frequent in dark
brown while single laced was in black phenotype with respect to other competitor phenotypes.
Maximum single laced pattern was observed in feathers of black females, double laced in dark
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brown females. Plain pattern percentage was higher in white black males and light brown females.
Stippled pattern was noticed maximum in feathers of light brown males. Maximum penciled
pattern was recorded in feathers of white black females (Table 3.2.3).
Shank color%
The results of the present study revealed significant differences in both sex and phenotypes.
Yellow shanks were predominantly most common in males followed by grey and off-white shanks
(Table 3.2.5). Rogelio et al. (2013) observed yellow shanks among the roosters in the whole
province of Palawan, Philippine, kutle and Guni, revealing that yellow shanks were most frequent
in the native chicken of the Southern Highlands of Tanzania. Frequent yellow shanks were also
observed in native chickens of Iran (Cabarles et al. 2012). Similarly, it was recorded that hens of
southern Palawan in Philippine had most frequent green shank color than roosters. It was observed
that yellow shank coloration was higher in dark brown phenotype, off-white shank color was in
white black, grey and green shank color was in black phenotype. White black males had maximum
yellow and off-white shank coloration and black females were higher in grey and green shank
coloration (Table-5). Similarly, Faruque et al. (2010) observed predominantly yellow shanks
followed by white, black and green in Naked-Neck chickens of Bangladesh whereas Sarker et al.
(2012) observed all the birds had yellowish shank color in Aseel chickens of Bangladesh. Roxas
et al. (1996) and Onate (1991) were recognized five shank colors in Palawan which include yellow,
white, green, black and bluish-black. The existence of various types of shank colors in this study
might have been due to combinations of pigment controlling genes responsible for color
determination. Petrus (2011) stated that production of carotenoid, dermal melanin and epidermal
melanin is controlled by W+ and w-Id and id+; and E and e+ genes, respectively, with the resultant
incidence of different shank color shades.
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Quantitative measurements
Neck and keel Length
In the present study, both sex and phenotypes were significantly different in terms of neck
and keel length. Males had higher neck and keel length than females. Light brown phenotype
expressed higher neck length while keel length was higher both in light and dark brown compared
to those of other phenotypes (Table 3.2.4). In sex and phenotype interaction light brown male
showed higher neck length however keel length was maximum both in light and dark brown males.
Liyanage et al. (2015) supported our finding that male Naked-Neck chickens had greater keel
length than females. Our results are in accordance with the study of Yakuba et al. (2009) who
reported significant difference in neck length among different genotype of indigenous Nigerian
chickens. These findings are also supported by Adelodun Opeyemi Fadare (2014) who reported
significantly different keel length in Naked-Neck, Frizzled feathered and normal feathered crosses
with Exotic Giri-Raja chickens. Results are also corroborated with Liyanage et al. (2015) who
observed that differences were present in keel length among different phenotypic groups of village
chicken in Sri Lanka.
Wing span, shank length and circumference
Above mentioned morpho-metric traits demonstrated significant differences in sex,
phenotype and their interaction. Males had greater wing span, shank length and shank
circumference as compared to females. Dana et al. (2010) endorsed our finding that males had
greater shank length than females. Both light and dark brown phenotypes had higher wing span
and shank length whereas there was no difference in shank circumference among various
phenotypes. Similarly, Banerjee (2012) also recorded variation regarding shank length in NakedNeck and frizzle chicken of West Bengal and Sikkim. Wing span and shank length were observed
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significantly higher in dark brown males as compared to those of other phenotypes, while males
of all phenotypes had no difference in shank circumference (Table 3.2.4). The results are according
to the study of Udeh and Obgu (2011) who observed wing span difference in three different strains
of broilers (Ross, Arbour-acre and Marshal).
Body length, drum stick length and circumference
Significant differences were observed in sex, phenotypes and interaction regarding above
stated quantitative morpho-metric traits. Males had significantly longer body and drum stick length
as well as more circumference than females (Table 3.2.4). Similarly, Dorji and Sunar (2014)
reported that Frizzle, Seim and Bhutanese Indigenous Chicken (BIC) breeds had larger and longer
drumstick which could support the heavy body weight of the bird. Phenotypes had no variation
regarding drum stick length while circumference was significantly higher in dark brown, though
body length was longer in light brown phenotype. Similar findings were recorded by Olawunimi
et al. (2008) who demonstrated that body length of (BIC) was longer than the Nigerian birds. Dorji
and Sunar (2014) also observed that BIC hens, Seim, Naked-Neck and Yuebjha Narp have longer
body than the Shekheni and Frizzle breeds of chicken. It was observed that there is no difference
in drumstick length among males of all phenotypes, however, circumference was higher in dark
brown male and body length was in light brown male.
CONCLUSIONS
A little work has been done on characterization of different phenotypes on Naked-Neck
chickens in Pakistan. Such information will form a basis for conservation, selection and sustainable
improvement strategies for identified prospective local chickens for future breeding programme.
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Table-3.2.1: Breast feather pattern percentage (%) in males, females and four phenotypes
of Naked-Neck chicken
Variables

Male
Female

Single laced

Double
laced
Sex

Parameters
Plain

Stippled

Penciled

7.5

0

38

42

12.5

9

4.75

54.25

23.75

8.25

Phenotypes
Black

16

2.5

30

38

13.5

White black

4.5

4.5

61.5

15.5

14

Light brown

3.5

1

48

40.5

7

Dark brown

9

1.5

46

31.5

12

Female

Male

Sex × Phenotypes
Black

15

0

28

42

15

White black

0

0

64

22

14

Light brown

3

0

32

54

11

Dark brown

12

0

30

38

20

Black

17

5

32

34

12

White black

9

9

59

9

14

Light brown

4

2

64

27

3

Dark brown

6

3

62

25

4
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Figure 3.2.2: Saddle feather pattern percentage (%) in males, females and four phenotypes
of Naked-Neck chicken
MALE

FEMALE

BLACK

Single laced

Single laced

Double laced

Double laced

Plain

Plain

Stippled

Stippled

Pencilled

Pencilled
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0%

Single laced
Double laced
Plain

8% 9%
5%

14%

16%
2%

24%
38%
38%

42%

30%

54%

Single laced
Double laced
Plain
Stippled
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14 4%4%
%
16
%

Single laced

Single laced

Double laced

Double laced

Plain

Plain
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Stippled

Pencilled

Pencilled
12%

7%3%
1%

41%

48%

32%
46%
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%

White black

9%
1%
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Table-3.2.2: Saddle feather pattern percentage (%) in males, females and four phenotypes
of Naked-Neck chicken

Variables

Single laced

Parameters
Double
Plain
laced
Sex

Stippled

Penciled

Male

4.75

0

40.25

39.75

15.25

Female

8.25

5.5

53.75

24.75

7.75

Black

10.5

4

32.5

39.5

13.5

White black

4.5

3

64.5

14

14

Light brown

3.5

2.5

45

41.5

7.5

Dark brown

7.5

1.5

46

34

11

Black

7

0

35

43

15

White black

0

0

64

22

14

Light brown

3

0

32

53

12

Dark brown

9

0

30

41

20

Black

14

8

30

36

12

White black

9

6

65

06

14

Light brown

4

5

58

30

03

Dark brown

6

3

62

27

02

Phenotypes

Female

Male

Sex × Phenotypes

51

EXPERIMENT NO. 1
Figure 3.2.3: Comparative saddle feather pattern % in male, female and four different
phenotypes of Naked-Neck chicken
MALE

FEMALE

BLACK

Single laced

Single laced

Single laced

Double laced

Double laced

Double laced

Plain

Plain

Plain

Stippled

Stippled

Stippled

Pencilled

Pencilled

Pencilled

0%
15%5%

8%8%
5%
25%

40
%

40
%

14%10%
4%

40%

32%

54%

WHITE BLACK

LIGHT BROWN

DARK BROWN

Single laced

Single laced

Single laced

Double laced

Double laced

Double laced

Plain

Plain

Plain

Stippled

Stippled
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Pencilled
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Pencilled

8%3%
2%

3%
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14%
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45%
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Table-3.2.3: Tail feather pattern percentage (%) in males, females and four phenotypes of
Naked-Neck chicken

Variables

Single laced

Parameters
Double
Plain
laced

Stippled

Penciled

Sex
Male

Female

6.25

0

48

33

12.75

12

4.5

53.25

17

13.25

Phenotypes
Black

15.5

2.5

43

23.5

15.5

White black

6.0

2.0

56

18

18

Light brown

6.5

1.5

52.5

30

9.5

Dark brown

8.5

3.0

51

28.5

09

Female

Male

Sex × Phenotypes
Black

10

0

42

29

19

White black

0

0

58

27

15

Light brown

06

0

47

43

04

Dark brown

09

0

45

33

13

Black

21

05

44

18

12

White black

12

04

54

09

21

Light brown

07

03

58

17

15

Dark brown

08

06

57

24

05

53
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Figure 3.2.4: Comparative tail feather pattern% in males, females and in four different
phenotypes of Naked Neck Chicken
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Table 3.2.4: Measurements of morpho-metric traits in males, females and four phenotypes of Naked-Neck chicken at the age of
20 weeks
Variables
Sex

NL

KL

14.15±0.09a 11.79±0.09a
12.58±0.13b 10.37±0.06b

Black
White black
Light brown
Dark brown

13.26±0.27b
12.98±0.35b
13.96±0.21a
13.28±0.28b

Female

Male

Male
Female

Black
White
black
Light
brown
Dark
brown
Black
White
black
Light
brown
Dark
brown

10.66±0.25c
11.00±0.20b
11.30±0.26a
11.36±0.27a

14.02±0.16b 11.38±0.13b

WS

SL

SC

11.04±0.19a
10.07±0.1b

10.84±0.14a 4.23±0.05a
9.36±0.04b
3.74±0.03b
Phenotypes
c
9.74±0.12
9.81±0.20c
3.91±0.12
b
bc
10.45±0.24
9.94±0.23
3.95±0.08
a
ab
10.87±0.20
10.24±.33
4.05±0.11
a
a
11.17±0.26 10.41±0.32
4.03±0.08
Sex × Phenotypes
ef
9.84±0.22
10.38±0.15c 4.22±0.11a

DL

DC

BL

13.50±0.03a
12.54±0.04b

8.33±0.07a
7.50±0.04b

57.80±0.63a
52.25±0.33b

12.95±0.18
12.96±0.16
13.11±0.17
13.06±0.14

7.90±0.15ab
7.76±0.16b
7.98±0.14ab
8.03±0.17a

53.90±0.94b
54.50±1.1ab
56.20±1.24a
55.50±1.2ab

13.50±0.07a

8.34±0.10ab

56.20±0.86b

14.00±0.17b 11.56±0.13b 11.08±0.22bc 10.60±0.15c

4.14±0.10a

13.42±0.06a

8.14±0.19b

57.20±1.3ab

14.56±0.12a 12.06±0.10a

11.44±0.09ab

11.06±.38ab

4.36±0.11a

13.60±0.07a

8.34±0.14ab

59.60±1.02a

14.04±0.17b 12.16±0.09a

11.80±0.30a

11.32±0.21a

4.20±0.12a

13.48±0.09a

8.52±0.08a

58.20±1.6ab

12.50±0.18d

9.94±0.07d

9.64±0.12f

9.24±0.06d

3.60±0.07b

12.40±0.07c

7.46±0.05c

51.60±0.81c

11.96±0.10e 10.44±0.07c

9.82±0.16ef

9.28±0.08d

3.76±0.05b

12.50±0.07bc

7.38±0.08c

51.80±0.58c

13.36±0.08c 10.54±0.07c

10.30±0.10ed

9.42±0.13d

3.74±0.05b

12.62±0.10bc

7.62±0.11c

52.80±0.37c

12.52±0.23d 10.56±0.05c 10.54±0.14cd 9.50±0.07d

3.86±0.06b

12.64±0.05b

7.54±0.08c

52.80±0.86c

Noted: Alphabets on different means within column show significant difference (P ≤ 0.05); NL: Neck Length, KL: Keel Length, WS:
Wing Spread, SL: Shank Length, SC: Shank Circumference, DL: Drumstick Length, DC: Drumstick Circumference, BL: Body Length
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Table 3.2.5: Shank color percentage (%) in males, females and four Phenotypes of NakedNeck chicken
Variables

Yellow
47.75
29.5

Black
White black
Light brown
Dark brown

10.5
50
41
53

Female

Male

Sex
Male
Female

Black
White black
Light brown
Dark brown
Black
White black
Light brown
Dark brown

21
66
56
48
---34
26
58

Parameters
Off-white
Green

11.5
9
Phenotypes
--15.5
11
14.5
Sex × Phenotypes
--23
14
9
---8
8
20

56

Grey

10.75
21.25

30
40.25

34.5
9
9.5
11

55
25.5
38.5
21.5

25
----18
44
18
19
04

54
11
30
25
56
40
47
18
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Figure 3.2.5: Comparative shank color % in males, females and in four different
phenotypes of Naked-Neck chicken
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3.3. Evaluation of carcass traits and anti-body response in four Phenotypes of Naked-Neck
chickens
ABSTRACT
A study was executed to evaluate the effect of four phenotypes (black, white/black, light brown
and dark brown) of sexed Naked-Neck chicken on carcass characteristics and anti-body response.
In total, 320 day old chicks (160♂, 160♀) comprising 80 from each plumage color, were randomly
assigned to 8 experimental groups in 4 (phenotypes) × 2 (sexes) × 5(replicates) with 8 birds each
according to factorial arrangement under Completely Randomized Design (CRD). At the end of
the 20th week, 5 birds from each experimental group were picked randomly and slaughtered to
collect the data regarding slaughter traits and anti-body response. Live weight (g), dressing%, liver
weight%, gizzard weight%, heart weight%, intestinal weight (g) and intestinal length (cm) were
evaluated. The results showed that light brown plumage color birds indicated significantly
enhanced live weight and dressing% whereas black plumage color birds showed higher intestinal
weight%. Among different sexes, significantly higher live weight (g), dressing%, liver weight%
and intestinal length in male whereas gizzard weight% and intestinal weight% was found to be
greater in female. Interaction of sexes with phenotypes clearly demonstrated maximum live weight
in light brown males, dressing% in white black males, liver weight% in dark brown males and
intestinal length in black plumage color males. Gizzard and heart weight% was found to be higher
in light brown females and intestinal weight% remained higher in white black and black plumage
females.
Key words: Naked-Neck, Phenotype, Sex, Carcass Characteristics
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INTRODUCTION
Indigenous or village chickens are among the most adaptable domestic animals that can
survive cold and heat, wet and drought, sheltered and unsheltered conditions (Nhleko et al. 2003).
Village chickens are defined as involving any genetic stock, improved or unimproved, that was
raised extensively or semi-intensively in relatively small numbers usually less than 100 birds at a
time (Sonaiya, 2003). These chickens possess better sturdiness, disease resistance and adaptability
to the local climatic conditions (Khan, 2015) and can, therefore, be used in free range to scavenge
for food with little or no feed supplementation (Naidoo, 2003). Furthermore, indigenous chickens
retain unique adaptive traits that permit them to survive and reproduce under poor nutritional and
management conditions (Mwacharo et al. 2007). Local chicken breeds are important source of
income and house hold food security for rural families (Cabarles et al. 2012). Indigenous chickens
are mostly slow growing with low carcass weight (Missohou et al. 2002) and are reared mainly for
egg production. Carcass traits are now the consumer's preference traits. It is, therefore, necessary
to know the genetic and phenotypic variabilities of carcass traits for improving them through
suitable breeding strategy.
The bird’s immune system consists of three basic sub-systems i.e., humoral, cellular and
phagocytic. In the last decade, commercial as well as public sectors faced huge financial losses
due to major epidemic diseases of poultry (Marangon and Busani, 2006). Infectious diseases
compromise chicken immune system and consequently cause huge economic losses particularly
in intensive poultry production systems (Makki et al. 2011). Newcastle disease (ND) is one of the
most important infectious disease of poultry. Newcastle disease virus (NDV) is synonymous with
avian paramyxovirus type 1 and infects over 200 bird species (Alexandr and Senne, 2008). NDVs
are classified into velogenic, mesogenic and lentogenic strains based on their pathogenicity (Beard
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and Hanson, 1984). NDV infections range from asymptomatic to rapidly fatal (Alexandr and
Senne, 2008). Different Strategies were applied to lessen spread of virus and economical losses of
the infection. Orajaka et al. (1999) reported vaccination as the only safe option in control strategies
of this infection. NDV vaccines provoke an immune response that minimizes or completely
prevents the chance of disease occurrence and mortality from ND (Miller et al. 2009).
Aseel, Naked-Neck and Desi are the major indigenous breeds in Pakistan. Naked-Neck is
used in backyard poultry mainly for laying and meat purpose. Featherless neck and vent are the
most prominent characteristics of Naked-Neck chicken. The Naked-Neck gene (Na) is associated
with less feed consumption, better disease resistance and adaptation to harsh climate, higher
growth rate and dressing percentage (Ajayi, 2010). Additionally, Naked-Neck chickens possess
sustainable immune system resulting in lower mortality as compared to normal feathered breeds
(Haunshi et al. 2002). Enough literature is available on growth and egg production performance of
Naked-Neck chicken but little work has, so for, been done to evaluate the carcass characteristics
in different phenotypes of Naked-Neck chicken. The present study was, therefore, planned to
evaluate the carcass characteristics in four phenotypes of Naked-Neck chicken (black, white black,
dark brown and light brown).
MATERIALS AND METHODS
A study was executed at Indigenous Chicken Genetic Resource Centre (ICGRC),
Department of Poultry Production, UVAS, Pakistan. In total, 320 day old chicks comprising four
plumage colors (Black, White black, Light brown and Dark brown birds), 80 from each, were
procured from a commercial hatchery and randomly assigned to 8 experimental groups in 4
(phenotypes) × 2 (sex) according to factorial arrangement under Completely Randomized Design
(CRD). Each experimental group was replicated 5 times with 8 chicks in each. Birds in each
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replicate were placed in a separate cage. All chicks were initially weighed and individually tagged
for identification. The chicks were housed in cages and placed in a well-ventilated open sided
poultry house under similar management conditions like temperature, humidity, ventilation, floor
space and light up to 20 weeks of age. The birds had free access to clean and fresh drinking water
through drinking nipple drinker system up to 20 weeks of age and were provided only natural day
light. The experimental birds were fed a balanced ration, formulated according to
recommendations made by NRC (1994). One week prior to slaughtering, all the experimental birds
were vaccinated (intra-ocular) against ND using ND (LaSota) viral strains to evaluate and compare
the titer in four phenotypes of Naked Neck chicken.
At the end of 20 weeks, 5 birds from each experimental group were picked randomly and blood
samples (3ml/bird) were collected from the brachial vein with the help of 5 ml disposable syringe
without anticoagulant. These birds were then kept off feed for 5-6 hours prior to slaughter. These
birds were individually weighed on sophisticated electronic digital balance prior to slaughter then
after slaughtering all the organs were eviscerated and weighed separately then evaluated and
compare carcass characteristics such as: Live weight (g), dressing (%) giblet weight% (Liver, heart
and gizzard), Intestinal weight %, Intestinal length (cm) and anti-body response to NDV.
Antibody response was determined by the haemagglutination Inhibition (HI) method. A 25µL
serum containing antibody was successively diluted into a 96-well plate with PBS (4°C, pH 7.4).
To react and bind with the antibody the same quantity of virus antigen was added. Addition of 2%
red blood cell solution in each well showed the ability of NDV left to agglutinate with red blood
cells. When enough antibodies were bound to virus during the incubation period, hemagglutination
was inhibited completely. The titer was expressed as log2 of the reciprocal of the last serum
dilution showing hemagglutation inhibition (Xie et al. 2008).
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Statistical Analysis
The data were analyzed through Factorial ANOVA by using the GLM procedure of SAS
(SAS Institute Inc., 2002-03) with mathematical model:
Yijk = µ + Vi + Sj + Vi × Sj + Ԑijk
Where Y, each observation;
μ, Population mean;
Vi, Effect of ith variety (i = 1,2,3,4);
Sj, Effect of jth sex (j = 1,2);
Vi × Sj = Interaction effect
Ԑijk = Residual effect associated with ith and jth treatment NID ~ 0, σ2
The comparison among treatment means was done through Tukey’s HSD test, at 5% probability
level.
RESULTS AND DISCUSSION
Live weight (g)
All treatments including phenotypes, sexes and their interaction showed variations in live
weight. It has been reported that growth rate in Naked-Neck is associated with Naked-Neck gene
(Na) (Adomako, 2009). Among different phenotypes, light brown showed significantly higher live
weight than rest three phenotypes (Tables 3.3.1, 3.3.2). Difference in live weight among different
phenotypes might be linked to their genetic differences as it is reported that genetic has major share
in body weight (Batkowska et al. 2015). Variations in growth performance have already been
reported between different breeds of Naked-Neck and normal feather chicken (Rajkumar et al.
2010) endorsing the above view that live weight changes from strain to strain (Santos et al. 2005),
breed to breed (Shahin and Elazeem, 2005) and genotype to genotype (Karima and Fathy 2005,
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Jaturasitha et al. 2008). Mikulski et al. (2011) highlighted higher body weight in Naked-Neck and
Frizzle as compared to normally feathered sibs. Male demonstrated greater live weight than
female, this difference in live weight among different sexes may be attributed to the genetic effect
of sex which arises from the male physiological activities (Fayeye et al. 2006). Azahan and
Noraziah (2000) also linked the higher body weight of the males to their genetic makeup stating
that males are more efficient and grow faster than females. Moreover, it was reported that sex
differences are usually due to the variations in hormonal profile (Ilori et al. 2010). Sexual
dimorphism usually favors male compared to female especially in poultry for growth parameters
(Peters et al. 2010). Similar to the current findings, it was reported that males had greater live
weight than females in all three strains of Tswana (Kgwatalala et al. 2013). A similar study was
conducted to compare the growth of different sexes also indicated greater body weight in males
than females (Corzo et al. 2005) endorsing the view that variations exist in growth of different
sexes (Henry and Burke 1998). As for as the interaction is concerned, light brown phenotype males
exhibited maximum live weight.
Dressing%
Dressing% showed discrepancies with respect to different phenotypes, sexes and their
interaction (Tables 3.3.1, 3.3.2). Among phenotypes, Naked-Neck birds having light brown
plumage displayed significantly greater dressing percentage than those of dark brown and black
plumage, which might be attributed to the higher live weight of light brown phenotype as it is
believed that dressing% has direct association with live weight (Fanatico et al. 2005). Moreover,
disparities in dressing% might also be linked to the difference in their genetic makeup as various
genetic groups (Brickett et al. 2007), strains (Zhang et al. 2010; Panda et al. 2010), varieties
(Youssao et al. 2012; Moujahed and Haddad 2013), breeds (Choo et al. 2014) or genotypes (Marchi
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et al. 2005; Adomako, 2009) are reported to have differences in dressing percentage. Islam and
Nishibori (2009) declared the indigenous Naked-Neck of Bangladesh superior in term of dressed
percentage than those of indigenous normal feathered chickens. In interaction of sexes with
phenotypes, males of white black plumage color revealed maximum dressing percentage.
Enhanced dressing percentage was observed in males as compared to females, which might be
attributed to the comparatively enhanced live weight of males. Similar to the current findings,
higher dressing percentage was observed in Kashmir indigenous cocks than hens (Iqbal et al.
2009). RIR male, likewise, has higher dressing percentage as compared to female (Jahan et al.
2015). Akif (2016) also reported greater dressed weight in commercial broiler males than females
and similarly attributed this enhanced dressed weight of males to their higher live weight.
Isidahomen et al. (2012) studied indigenous chickens in Nigeria, likewise, reported the effect of
sex on carcass characteristics and slaughter yield at twenty weeks old. Certain other studies,
similarly, reported the same response of males with respect to dressed weight (Faria et al. 2010;
Lopez et al. 2011; Shafey et al. 2013) endorsing the fact that males are superior in term of carcass
or dressed weight.
Liver weight%
Sexes alone and in interaction with different phenotypes showed pronounced effects in
liver weight whereas phenotypes independently could not influence liver weight. Males exhibited
remarkably higher liver weight% than female birds (Tables 3.3.1, 3.3.2). It might be attributed to
the enhanced lipogenesis in the liver of male birds. Similar response of male was reported in
another study conducted on Desi and Sonali chickens where higher liver weight was observed in
males compared with females (Jahan et al. 2015). Thutwa (2012) also observed higher liver weight
in male Naked-Neck birds as compared to their females. Several other researchers, likewise,
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reported heavier giblet yield in males than females establishing the difference between sexes for
carcass traits (Shafey et al. 2013). In interaction, males with dark brown plumage manifested
maximum liver weight percentage.
Gizzard weight%
Weight of gizzard showed marked differences with respect to sexes alone and their
interaction with different phenotypes. However, phenotypes separately showed same pattern in
gizzard weight. Female had higher gizzard weight than males (Tables 3.3.1, 3.3.2). It is quite
possible that gizzard weight might be sex dependent trait as it has already been reported that sex
has significant effect on giblet weight (Pappu Kumar, 2013). Endorsing the current findings (Jahan
et al. 2015) also reported higher gizzard weights in females of Deshi, Fayoumi and RIR chicken
than males. On the other hand, Figueiredo et al. (2002) reported heavier giblets yield in males than
females establishing the difference between sexes for carcass traits (Shafey et al. 2013). No
significant difference in gizzard weight due to sexes has been reported (Akif, 2016). Interaction of
both treatments showed maximum gizzard weight in light brown females.
Heart weight%
All experimental groups except their interaction indicated non-significant differences in
heart weight. Maximum heart weight was found in light brown females (Tables 3.3.1, 3.3.2).
Contrary to the current findings, Thutwa (2012) reported maximum heart weight% in male than
female highlighting the effect of sex on heart weight (Akif, 2016). In the present study heart weight
was found to be similar among all phenotypes. However, Makram et al. (2010) present the facts
other way round and highlighted variation in heart weight% in different poultry strains concluding
that heart weight is genotype dependent (Peters et al. 2010).
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Intestinal weight%
Treatments separately and their interaction showed obvious differences in intestinal
weight. Female birds had significantly increased intestinal weight as compared to males (Tables
3.3.1, 3.3.2). Higher intestinal weight, likewise, was reported in Naked-Neck females than males.
Validating the current findings, Sola-Ojo and Ayorinde (2009) also reported greater intestinal
weight in Naked-Neck female than male establishing that Naked-Neck females are superior to
males in term of intestinal yield% (Thutwa et al. 2012). Among different phenotypes, birds with
black plumage indicated higher intestinal weight those of with light brown plumage. Interaction
of sexes and phenotypes manifested maximum intestinal weight in females belonging to black and
white black plumage.
Intestinal length (cm)
Intestinal length was found to be unaffected in sexes and different phenotypes separately
except their interaction where it remained higher in black plumage males (Tables 3.3.1, 3.3.2).
Antibody response to ND
Phenotypes or varieties of Naked-Neck birds showed different titer against Newcastle
disease virus (NDV). ND titer in light and brown Naked-Neck phenotypes was found to be greater
than white black and black varieties (Tables 3.3.1, 3.3.2). Endorsing the current findings, Rehman
et al. (2016) also reported higher ND titer in Lakha and Sindhi Aseel varieties than Peshawari and
Mushki. In other study conducted by Chao and Lee that indigenous Taiwan country chicken
exhibited higher antibody titer responses to NDV than White Leghorn birds. Different varieties
indicated higher (P < 0.05) antibody titer against NDV in Peshawari (PW) and Lakha (LK) than
Mushki Aseel birds. This phenomenon may be attributed to the genetically better response of LK
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and PW to ND vaccine as genetic resistance to NDV has been observed in various studies on
different breeds of chickens (King,1996; Hassan et al. 2004) and ducks (Shi et al.2011).
CONCLUSIONS
Live weight was highest in light brown males and dressing percentage was greater in white
black males. Among different phenotypes, light brown phenotype indicated better carcass
characteristics such as enhanced live weight and dressing percentage. Antibody titer against NDV
was higher in light and dark brown phenotypes as compared to white black and black. Regarding
sexes, males showed overall better carcass characteristics.
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Table 3.3.1: Carcass characteristics and antibody response in males, females and four phenotypes of Naked-Neck chicken

Variables

LW

DP

---( g )--

LW

GW

HW

IW

------------------------------( % )------------------------------

IL

ND titer

--( cm )--

Phenotypes
b

65.31±0.98

b

6.60±0.72

3.30±0.09

0.84±0.08

5.39±0.20a

116.80±9.44

4.00±0.08c

Black

1101.20±66.66

White black

1105.90±65.87b

66.82±1.22ab

5.68±0.27

3.47±0.14

0.93±0.03

4.98±0.18ab

108.00±8.56

4.29±0.11b

Light brown

1217.10±74.58a

68.39±0.43a

5.53±0.36

3.72±0.17

0.93 ±0.05

4.88 ±0.16b

109.50±9.55

5.01±0.10a

Dark brown

1135.20±63.75b

66.2±1.05b

5.84±0.37

3.51±0.20

0.93±0.05

5.10±0.13ab

114.70±8.75

4.99±0.07a

Sex
Male

1331.55±23.26a

68.78±0.61a

6.51±0.12a

3.33±0.11b

0.85±0.04

4.86±0.14b

136.75±3.85a

4.40±0.12b

Female

948.15±13.35b

64.61± 0.44b

5.32±0.41b

3.67±0.10a

0.94±0.04

5.31±0.07a

87.75±1.27b

4.70±0.10a

Note: Different alphabets on means within column show significant difference (P ≤ 0.05); Liv W: live weight, DP: Dressing percentage, LW :
Liver weight, GW: Gizzard weight, HW: Heart weight, IW: Intestinal weight, IL: Intestinal Length,
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Table 3.3.2: Interaction effects on carcass characteristics and anti-body response in males, females and four phenotypes of
Naked-Neck chicken
Liv W

DP

LW

GW

HW

IW

IL

ND titer

Variables
---( g )--

------------------------------( % )------------------------------

--( cm )--

Male

1294.40±33.43b

66.70±1.68b

6.46±0.29abc

3.23±0.08b

0.72±0.10b

5.33±0.39ab

144.60±3.34a

3.83±0.08c

Female

908.00±14.79c

63.92±0.74c

6.74±1.5ab

3.38±0.17ab

0.96±0.13ab

5.44± 0.14a

89.00±1.94c

4.16±0.09c

White

Male

1295.20±37.36b

70.16± 1.02a

6.29±0.30abc

3.38± 0.18ab

0.92±0.05ab

5.35±0.13bc

90.80±2.33b

4.05±0.06c

black

Female

916.60± 14.58c

63.48±0.31c

5.08±0.24abc

3.57± 0.23ab

0.92±0.05ab

5.35± 0.13a

90.80±2.33c

4.53±0.14b

Light

Male

1433.20±40.32a

69.55±0.33ab

6.47±0.27abc

3.37±0.10ab

0.86±0.07ab

4.57± 0.23c

137.40±3.96ab

4.98±0.15a

brown

Female

1001.00±7.64c

67.23±0.29b

4.59±0.28c

4.06±0.24a

1.00±0.06a

5.20± 0.14abc

81.60±2.48c

5.05±0.15a

Dark

Male

1303.40±51.84b 68.73±1.17ab

6.82±0.12a

3.34±0.42b

0.89±0.06ab

4.94± 0.15abc

139.80±5.23ab

4.92±0.13ab

brown

Female

967.00±38.19c

4.86±0.36bc

3.69±0.06ab

0.88±0.08ab

5.26± 0.20abc

89.60±1.63c

5.07±0.07a

Black

63.80±0.79c

Note: Different alphabets on means within column show significant difference (P ≤ 0.05); Liv W: live weight, DP: Dressing percentage, LW :
Liver weight, GW: Gizzard weight, HW: Heart weight, IW: Intestinal weight, IL: Intestinal Length,
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3.4. Evaluation of meat proximate analysis and cholesterol content in four of Naked-Neck
chickens
ABSTRACT
A study was conducted to evaluate the effect of four Naked-Neck chicken phenotypes,
differentiated into males and females, on meat proximate and cholesterol content. In total, 320 day
old Naked-Neck chicks (160♂, 160♀) comprising 4 phenotypes, black, white black, light brown
and dark brown, 80 from each, were randomly assigned to 8 experimental groups, in a

4

(Phenotypes) × 2 (Sex) factorial arrangement under Completely Randomized Design (CRD). Each
experimental group was replicated 5 times, containing 8 birds in each. At the end of the 20th week,
5 birds from each experimental group were picked randomly and slaughtered to collect the meat
samples for proximate analysis. Dry matter, moisture, crude protein, ether extract, ash, and
cholesterol content were evaluated. The results depicted significantly greater dry matter, crude
protein, ash and cholesterol content in males whereas ether extract and moisture were found to be
higher in females. Among different phenotypes, dry matter was found to be higher in white black,
crude protein in black, white black and dark brown, moisture in light brown and cholesterol content
in black plumage color birds, whereas ether extract and ash were observed to be greater in black
and white black plumage colored birds. The results of the present study show difference among
sex and different Naked-Neck phenotypes with respect to proximate meat composition and
cholesterol content.
Key words: Proximate, Meat composition, Cholesterol, Phenotypes, Naked-Neck
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INTRODUCTION
Meat is a highly nutritious food because it provides not only all the essential amino acids
(EAA), but also micronutrients, such as minerals and vitamins (Biesalski, 2005). Among meat
sources, chicken meat contains higher protein as well as lower fat and cholesterol contents as
compared with the red meat, and is considered beneficial for human health (Choe et al. 2010). The
consumption of poultry meat has increased mainly because of their nutritional, sensory and
aesthetic characteristics (Bogosavljević-Bosković et al. 2010). Chicken lipids are characterized by
relatively high level of unsaturated fatty acids, especially polyunsaturated fatty acids (PUFA),
which are regarded as a positive healthy aspect by consumers (Bonoli et al. 2007).
Recently, growing consumer interest in eating healthier meat has resulted in an increasing
interest in indigenous chicken breeds, because the meat of indigenous chicken breeds has higher
protein and lower fat contents as well as unique flavors compared with the broiler breeds (Jayasena
et al. 2013). Therefore, consumers prefer indigenous chicken meat rather than to commercial
broiler meat, because indigenous chicken meat has chewier and tasty meat. Indigenous chicken
breeds are regarded as a superior source for the production of meat having high nutritional value
(Jung et al. 2013). The success of any food product is determined by consumer acceptability, which
is largely determined by the perception of quality (Dransfield et al. 2001). The cholesterol levels
are comparatively lower in Naked-Neck chicken eggs as compared to other egg laying breeds
(Rajkumar et al. 2010). For the fatty acid composition of Naked-Neck and indigenous chickens,
both breast and thigh muscles contained more saturated fatty acids than unsaturated fatty acids
(Wattanachant et al. 2007).
Indigenous breeds of chicken have been reported in various countries like India, Pakistan,
Thailand, Taiwan, Japan, Korea, Turkey, China etc. Some of the common features of native
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chickens include that they don’t need any special structures of housing and can stay on rooftops,
walls, tree branches etc. They usually get their feed by scavenging in open or free range areas and
can effectively utilize low quality feeds. The hardiness of the indigenous or local breeds and their
specialized meat quality make them a great source of earning for rural women (Umaya, 2014). In
Pakistan, so for no considerable effort has been made to assess the proximate meat composition of
different Naked-Neck phenotypes. Therefore, the current study was designed to evaluate the meat
proximate and cholesterol contents in four phenotypes of Naked-Neck chicken.
MATERIALS AND METHODS
The present study was conducted at Indigenous Chicken Genetic Resource Centre
(ICGRC), Department of Poultry Production, UVAS, Pakistan. In total, 320 day old chicks from
four phenotypes, Black (B), White black (WB), Light brown (LB) and Dark brown (DB), 80 from
each, were procured from a commercial hatchery and randomly assigned to 8 experimental groups,
in a 4 (Phenotypes) × 2 (Sex) factorial arrangement under Completely Randomized Design (CRD).
Each experimental group was replicated 5 times with 8 birds in each. Birds in each replicate were
placed in a separate brooding pen. At the start of experiment, all chicks were weighed and
individually tagged for identification. The chicks were kept in cages (each measuring 4 × 2 feet)
placed in a well-ventilated open-sided poultry house under similar managemental conditions. Feed
and water were provided ad-libitum and only the natural day light was provided to the birds. The
experimental birds were fed a balanced ration formulated according to recommendations made by
NRC (1994) and Summers and Leeson (2005) for broiler breeder diet -1. At the end of the 20th
week, 5 birds from each experimental group were picked randomly and kept off feed for 5 to 6
hours. Thereafter, these birds were slaughtered to collect the meat samples from breast and thigh
then minced for proximate analysis.
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Proximate analysis
Proximate analysis of the meat samples was carried out by following the official methods
of AOAC (1999) in Nutrition laboratory, Department of Food and Nutrition, UVAS, Lahore.
Moisture was determined by following the oven method (AOAC, 1999) and crude protein (CP) by
Kjeldahl’s method (AOAC, 1999). Ether extract (EE) was determined by the Soxhlet apparatus
method (AOAC, 1999); and ash was determined with a furnace at 600°C (AOAC, 1999).
Additionally, cholesterol content of meat sample was evaluated in nutrition laboratory of the
UVAS, Lahore by using Liebermann Burchard reaction method (Liebermann, 1985).
Statistical analysis
The data were analyzed through Factorial ANOVA by using the GLM procedure of SAS
(SAS Institute Inc., 2002-03) with mathematical model:
Yijk = µ + Vi + Sj + Vi × Sj + Ԑijk
Where
Y, each observation
μ, Population mean
Vi, Effect of ith variety (i = 1,2,3,4)
Sj, Effect of jth sex (j = 1,2)
Vi × Sj , Interaction effect
Ԑijk = Residual effect associated with ith and jth treatment NID ~ 0, σ2
The comparison among treatment means was done through Tukey’s HSD test, at 5%
probability level.
RESULTS AND DISCUSSION
Dry Matter (DM %)
Males had significantly higher (DM %) as compared with the females (Table 3.4.1). This
variation in DM among sexes may be attributed to the effect of sexes, which has already been
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confirmed by Suchy et al. (2002) who, likewise, observed higher DM in males than females of
Ross-308 and Cobb broiler chickens. On the other hand, Eleroğlu et al. (2013) reported greater dry
matter (DM) contents in females than males indicating that DM content and female sex are
positively correlated (Mbaga et al. 2014). Among different phenotypes, white black (WB)
phenotype displayed the highest (DM %) (Table 3.4.1). These discrepancies in dry matter content
among different phenotypes may be due to the difference in their genotype. The effect of genotype
on dry matter content is evident from the findings that meat composition including DM varies
according to the genetic type (Tougan et al. 2013).
Moisture%
Proximate meat analysis of Naked-Neck female birds depicted higher moisture content
than those of males in the present study (Table 3.4.1). Souza et al. (2011) contradicted the current
findings and observed no effect of sexes on moisture content. Among phenotypes, light brown
plumage color birds manifested the highest moisture followed by those of black, dark brown and
then white black. In the literature, it has been reported that moisture may be affected by antemortem factors of the chicken life, such as genetics, physiology, nutrition, management, disease
(Fletcher, 2002) and strain of broiler chicken. In the current study, variations in moisture content
might be attributed to the genetic factor as other factors like nutrition, management, disease
prevention and environmental conditions were same in all experimental groups. Similarly, Junget
al. (2015) reported higher moisture in proximate meat composition of brown birds than other
phenotypes. However, Souza et al. (2011) found no correlation between moisture content and
different genetic strains of poultry.
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Crude protein % (CP)
Male birds demonstrated greater crude protein (CP %) contents in their proximate
composition of meat than that of females (Table 3.4.1). This increase in CP% may be due to
deposition efficiency of the bird and retention of protein as energy for maintenance and growth
(Ashnie, 2012). Better growth rate in male birds could be attributed to higher levels of testosterone
which leads to higher muscle percentage and comb growth (Deyhim et al. 1992). Endorsing the
current findings, Jung et al. (2015) also observed greater CP% in males than females. Souza
(2011), however, contradicted the above theory by reporting that sex has no significant influence
on meat proximate composition including CP%. Among different phenotypes, black, white black
and dark brown phenotypes exhibited higher CP% contents as compared to that of light brown
(Table 3.4.1), which might be due to the genetic difference since meat quality is a function of
genotype and environmental factors (Sogunle, 2010). Similarly, Jung et al. (2015) also maintained
that black birds are superior in terms of CP% contents in meat. Difference in protein content,
likewise, was reported among different genotypes of poultry (Wattanachant et al. 2008) indicating
that protein content varies among genetic groups (Liu et al, 2012). Souza et al. (2011) however,
explored no strain effect on CP%.
Ether extract% (EE)
Significantly higher ether extract (EE %) was observed in meat proximate composition of
females as compared with that of the males (Table 3.4.1). Similar to the current findings, Junget
al. (2015) observed overall higher EE% in meat proximate of females than males. A study was
conducted on local breeds to assess meat quality by proximate analytical technique and findings
showed higher ether extract (fat) contents in females (Mbaga et al. 2014). While contradicting the
current findings, Eleroğlu et al. (2013) presented the facts other way round showing lower fat
contents in females as compared with the males. Souza (2011), however, stated no influence of
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sex on EE. Among different phenotypes, black and white black depicted the highest EE in their
meat, which might be attributed to the genetic effect. Phenotype effect on EE has already been
reported (Jung et al. 2015), indicating that EE or lipid content varies from variety to variety. Souza
(2011), however, reported no strain effect on meat proximate composition including EE.
Ash%
Ash reflects the muscle mineral contents, which are associated to the organic compounds
involved in the muscle contraction process, and its values increases as the animal grows.
Significantly higher ash content was observed in proximate meat composition of males as
compared with the females (Table 3.4.1). This higher value of ash content in males may be due to
the more muscles accretion in males as compared with the females as it has already been reported
that male presents higher ash content due to their higher muscle tissue percentage values Souza et
al. (2011) which was later confirmed by Junget al. (2015) who reported higher ash content in meat
proximate composition of black, grey-brown, red-brown, white, and yellow-brown males than
females of Korean indigenous chicken.
Among different phenotypes, black and white black phenotypes displayed greater ash
content (Table 3.4.1). This difference in ash content among different phenotypes might be due to
the genetic variations among them. Wattanachant et al. (2004), likewise, observed that Thai
indigenous chicken meat contained lower percentage of ash contents than those of broiler
commercial, indicating that ash content varies according to variety. Junget al. (2015), similarly,
observed significantly higher ash in meat proximate composition of yellow-brown plumage color
birds, which contrasted the findings of the present study where black and white black phenotypes
of indigenous Naked-Neck expressed higher ash contents. Souza et al. (2011) however, reported
no influence of different genetic strains on meat proximate composition including ash content.
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Cholesterol content(mg/100g)
Significantly higher cholesterol content was observed in males as compared with the
females (Table 3.4.1). These differences in cholesterol content among sex could be associated with
differences in metabolic activities, higher competitiveness among males, different fat deposition,
different nutritional requirements and higher hormonal effect in female broilers (Tumova and
Teimouri 2010). Corroborating the current findings, Danijela et al. (2014) reported higher
concentration of cholesterol in males than females, indicating that males are superior in term of
cholesterol (Rondelli et al. 2003). Among phenotypes, birds with black plumage color contained
the highest cholesterol content in their meat followed by those of white black, light brown and
dark brown(Table 3.4.1). Cholesterol differences among species are generally attributed to the
various factors such as differences in absorption and biosynthesis of cholesterol, lipoprotein
metabolism, diet, muscle ﬁber type distribution, genetic constitution, subcutaneous, intramuscular
fat and body weight (Bragagnolo, 2009), as well as cell size. The meat of the two indigenous Thai
strains had lower contents of cholesterol compared with that of the imported breeds (Wattanachant,
2008).
CONCLUSIONS
In conclusion, males showed higher dry matter, crude protein, ash, and cholesterol content
in their meat whereas females indicated higher ether extract and moisture content. Among different
phenotypes, dry matter was higher in white black, crude protein in black, white black and dark
brown, moisture in light brown and cholesterol content in black plumage birds whereas ether
extract and ash were observed to be greater in black and white black birds.
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Table 3.4.1: Dry matter%, moisture%, crude protein%, ether extract%, ash% and cholesterol content in meat of males, females
and four phenotypes of Naked-Neck chicken
DM
Moisture
CP
EE
ASH
Cholesterol
Variable
---------------------------------------- (%)-----------------------------------(mg/100g)
Phenotypes
Black

26.71±0.02b

73.28±0.02b

24.34±0.03a

0.85±0.01a

1.14±0.01a

67.00±0.80a

White black

26.98±0.08a

73.03±0.08c

24.36±0.07a

0.88±0.02a

1.19±0.02a

65.70±0.86b

Light brown

26.10±0.02c

74.37±0.03a

23.51±0.0b

0.80±0.01b

1.06±0.01b

63.70±0.81c

Dark brown

26.67±0.03bc

73.32±0.03b

24.41±0.16a

0.73±0.01c

1.04±0.01b

61.90±0.84d

Male

26.87±0.04a

73.37±0.12b

24.26±0.10a

0.80±0.01b

1.19±0.02a

66.89±0.52a

Female

26.63±0.01b

73.62±0.11a

24.05±0.10b

0.83±0.01a

1.08±0.01b

62.40±0.53b

Phenotype

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001

Sex

<.0001

<.0001

0.0142

0.0138

0.0959

<.0001

Phenotype × Sex

<.0001

<.0001

0.0054

0.0044

0.5896

0.9468

Sexes

P-values

Means without a common superscript within row show significant difference (P ≤ 0.05).
Values are means ± SE of 5 replicates (n = 5)
a-d
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4.1 Production performance in four phenotypes of Naked-Neck Chicken
ABSTRACT
A study was conducted to evaluate the production performance in four different phenotypes of
Naked-Neck chicken. In total, 300 females (20 weeks old) from four different phenotypes (black,
white black, light brown and dark brown), 75 from each, were randomly selected from the
foundation stock maintained at ICGRC then assigned to 4 experimental groups arranged under
Completely Randomized Design (CRD). Experimental groups consisted of four phenotypes. Each
treatment was replicated 5 times with 15 birds in each. Feed intake, body weight, egg production,
egg weight, egg mass, FCR/dozen eggs, FCR/kg egg mass and livability were evaluated. The data
were analyzed using ANOVA technique under CRD. The results indicated significantly higher
feed intake in white black phenotype, heavier body weight in light brown and dark brown
phenotypes whereas, egg production, egg mass, FCR/dozen eggs and FCR/kg egg mass was found
to be better in light brown phenotype. Egg weight remained higher in black, light brown and dark
brown phenotypes. In conclusion, light brown phenotype demonstrated overall better production
performance as compared to others.
Key words: Production Performance, Naked-Neck, Phenotype, Livability
INTRODUCTION
The farmers doing poultry farming under semi intensive conditions prefer to keep chicken breeds
that can produce sufficient eggs under harsh environment with better profitability. Local or
indigenous chickens are generally referred as a pool of heterogeneous individuals that can be found
in several ecotypes and phenotypes, with varying performance (Msoffeet al. 2001; Fayeye et al.
2005). Globally, indigenous chickens are considered very important because of their better
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sturdiness, disease resistance and adaptability to the local climatic conditions (Khan, 2015).
Additionally, local breeds contain genes and alleles pertinent to their adaptation in a particular
environment (Romanov et al. 1996). Village chickens play significant role in poverty alleviation
(Khan, 2015). It is further strengthened by the fact that meat and eggs of indigenous chicken are
preferred over exotic chickens (Dessie and Ogle 2001; Halima, 2007), thus they fetch higher prices
as compared to commercial birds.
Naked-Neck chicken is one of the most prominent indigenous breeds of poultry found in Pakistan.
It is well adapted to the harsh tropical environment and poor nutritional setups with excellent
resistance against certain diseases (Mwacharo et al. 2007). It is superior to indigenous fullfeathered in terms of growth rate, egg production egg quality and meat yield traits and can produce
double the standard number of eggs under improved nutrition and management conditions (Islam
and Nishibori 2009). Additionally, the Naked-Neck chicken has a good heat dissipation
mechanism. Reduced feathering intensity and feather structure can increase heat loss, and so
indirectly improve feed efficiency and overall productivity (Rauen et al. 1985). In Pakistan,
Naked-Neck chickens have great variation in their phenotype. The Naked- Neck chickens are
characterized on the base of their plumage color such as black, white black, light brown and dark
brown. There is scarcity of information on production performance in different phenotypes of
Naked-Neck. The present study was, therefore, designed to explore the production performance in
four phenotypes of Naked-Neck chicken (black, white black, light brown and dark brown).
MATERIALS AND METHODS
The study was conducted at Indigenous Chicken Genetic Resource Centre (ICGRC) for the
duration of 22 weeks. In total, 300 females (20 weeks old) from four different phenotypes (black,
white black, light brown and dark brown), 75 from each, were randomly assigned to 4 experimental
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groups arranged under Completely Randomized Design (CRD). Each treatment was replicated 5
times with 15 birds in each. These birds were randomly selected from the stock maintained at the
breeding unit of the farm at ICGRC. These birds were placed in deep litter pens under same
managerial conditions. Vaccination was carried out according to the local area standards. The birds
were fed iso-caloric and iso-nitrogenous layer feed from 20 weeks of age till end of the experiment
(42 weeks). The feed and water was supplied ad-libitum using trough feeder and nipple drinker
system, respectively. Egg number and weight (g) was recorded daily. Feed intake (g) was recorded
weekly, while egg production (%), average egg weight (g), egg mass (g) and feed conversion ratios
(FCR/dozen eggs and FCR/kg egg mass) were also calculated.
Statistical Analysis
The data were analyzed through ANOVA technique by using GLM procedure of SAS (SAS
Institute Inc., 2002-03) with following mathematical model.
Yij =µ+Si + εij
Where, Y, each observation; μ, Population mean; Si, Effect of the treatment; εij Random error.
The comparison among treatment means was done through Tukey’s HSD test at a 5% probability
level. Each pen was considered an experimental unit.
RESULTS AND DISCUSSION
Feed intake(g)
In the Results, different phenotypes showed significant (P≤0.05) variations in feed intake. White
black phenotype females consumed more feed than that rest of three varieties (Table 4.1.1).
Normally, feed consumption is considered a heritable characteristic (Akhtar et al. 2007). However,
a probable explanation for more feed consumption in white black might be their activeness, where
a large portion of feed might have been consumed in their physical activities. Similarly, it was
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reported that feed intake varies among different breeds (Akhtar et al. 2007), varieties (Bell and
Weaver 2005; Jatoi et al. 2014; Khan, 2015) and strains (Venkata et al. 2008) due to their genetic
differences, body frame structure and production traits (Hurwitz et al. 1998). Hagan and Adjei
(2012), likewise, claimed difference in feed intake among different breeds depicting breed or
genotype effect on feed intake (Garces et al. 2001, Younis and Galal 2006). Variation in daily feed
intake has already been described in different varieties of Aseel native to Pakistan (Iqbal et al.
2012; Ahmad et al. 2014).
Body weight (g)
Different phenotypes had pronounced effect on body weight. Significantly higher body weight was
observed in light and dark brown phenotypes as compared to those of black and white black (Table
4.1.1). Difference in body weight among phenotypes may be attributed to the genetic difference
(Bell and Weaver 2005), frame structure, production traits (Hurwitz et al. 1998). Khan (2015)
discussed that genotype is one of the major factors which causes variation in body weight. The
significant difference (P≤0.05) among breeds (Thakur et al. 2006) or varieties (Khan, 2015) for
body weight has already been reported in literature strengthening the results of present study
(Ahmad, 2014).
Egg production (%)
In the present study, egg production was significantly different among phenotypes. Light brown
phenotype showed significantly higher egg production followed by dark brown, black and white
black (Table 4.1.1). It is quite possible that light brown phenotype might have better genetic
potential for egg production as it is reported that egg production mainly depends on genetic
makeup (Akhtar et al. 2007). It is also possible that light brown phenotype might have coped stress
conditions (high temp) more efficiently than other phenotypes but it needs further validation.
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Similarly, a study conducted on Naked-Neck and normal plumage hens showed variation in egg
production with higher egg production in Naked-Neck hens than those of normal plumage
(Caratachea, 2010). Endorsing the current findings, Adomako (2009) also claimed variation in egg
production due to difference in genotype. Similarly, breed (Ipek and Sahan 2004; Galal et al. 2007;
Usman et al. 2014), variety (Usman et al. 2013), strain (Hanan, 2010), or genotype effect (Ahmad
et al. 2014) on egg production has already been reported in literature concluding that genotype is
the major cause of variation in egg production (Akhtar et al. 2007).
Average egg weight (g)
Findings of the present study showed that different phenotypes had significant differences for egg
weight. Hens of dark brown, light brown and black phenotypes laid heavier eggs than those of
white black phenotype (Table 4.1.1). In the current study dark brown and light brown phenotypes
had higher body weight that might have led to increased egg weight as it was reported that egg
weight and body weight have positive correlation (Khan, 2015). Similar variations in egg weight
among different poultry breeds (Islam et al. 2001, Khawaja et al. 2012), varieties (Khan, 2015;
Rehman, 2016), strains (El-Fiky et al. 2000, Aboul-Hassan, 2001) and genotypes (Islam and Dutta
2010; Ahmad et al. 2014) have also been reported.
Egg mass (kg)
Egg mass was found to be varying in different phenotypes. Light brown hens produced
significantly higher egg mass followed by those of black, dark brown and then white black (Table
4.1.2). In the current study light brown phenotype produced higher egg number that might have
resulted in better egg mass (Yousaf and Ahmad 2006; Hassan et al. 2008; Aygun and Olgun 2010),
since egg mass is the product of egg number and weight. Similarly, variations in eggs mass were
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also previously observed among different breeds (Juárez and Fraga 1999), varieties (Ahmad et al.
2014), phenotypes (Galal et al. 2007) and genotypes (Khawaja et al. 2012).
FCR per dozen eggs and per kg egg mass
Different phenotypes showed significant difference in FCR/dozen and per kg egg mass. Light
brown hens exhibited improved FCR/dozen and egg mass followed by those of black, dark brown
and then white black (Table 4.1.2). The better FCR/dozen and egg mass in light brown phenotype
might be attributed to its increased egg production and comparatively less feed intake. Similar
differences in FCR/dozen and egg mass have already been reported among different breeds
(Akhtar et al. 2007) or genotypes (Galal et al. 2007). A recent study on Aseel hens also showed
variations in FCR/dozen and per kg egg mass eggs with improved FCR in Peshawari hens
compared with those of Lakha, Mushki and Mianwali (Khan, 2015) highlighting genotype effect
on FCR/dozen and per kg egg mass (Ahmad et al. 2014).
Livability %
Livability was not influenced by different phenotypes.
CONCLUSIONS
In conclusion, White black phenotype females consumed more feed than those rests of three
varieties, body weight and egg production was higher in light brown followed by dark brown
phenotype. Egg weight, mass, FCR/dozen/ kg egg mass was also greater in light brown phenotype
succeeded by black then dark and white black phenotypes.
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Table 4.1.1 Cumulative feed intake, final body weight, egg production and average egg
weight in four phenotypes of Naked-Neck chicken
CFI (kg/bird)

FBW (g/bird)

EP%

AEW (g/bird)

Black

12.80±0.05b

1287.00±11.35b

52.07±1.03b

41.64±0.14a

White black

13.09±0.05a

1273.00±13.28b

40.51±0.83c

39.00±0.18b

Light brown

12.78±0.02b

1345.00±18.09a

56.23±0.75a

41.69±0.32a

Dark brown

12.88±0.02b

1368.00±16.77a

51.68±0.78b

41.22±0.28a

0.0002

0.0010

<.0001

<.0001

Phenotypes

P-value
Note:

Different alphabets on means within column show significant difference (P ≤ 0.05) CFI=

Cumulative feed intake, FBW=Final body weight, EP= Egg production, AEW= Average egg weight

Table 4.1.2: Cumulative egg mass, FCR per dozen eggs, FCR per kg egg mass, and livability
in four phenotypes of Naked-Neck chicken
Phenotypes

CEM (kg/bird)

FCR/dz eggs

FCR/kg EM

Livability%

Black

3.34±0.06b

1.91±0.03b

3.84±0.08b

96.00±1.63

White black

2.43±0.04c

2.52±0.04a

5.38±0.07a

94.66±2.49

Light brown

3.61±0.06a

1.77±0.02c

3.54±0.05c

96.33±1.62

Dark brown

3.28±0.027b

1.94±0.03b

3.93±0.03b

96.00±1.63

< .0001

< .0001

< .0001

0.7498

P-value

Noted: Different alphabets on means within column show significant difference (P ≤ 0.05)
CEM=Cumulative egg mass, FCR=Feed conversion ratio, EM =Egg mass
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4.2:

Evaluation of egg characteristics among four phenotypes of Naked Neck chicken
ABSTRACT

The present study was carried out to compare different phenotypes of Naked-Neck chicken for egg
geometry and quality traits. In total, 300 Naked-Neck females (20 weeks old) comprising four
phenotypes based on plumage colors (black, white black, light brown and dark brown), 75 from
each, were randomly assigned to 4 experimental groups under Completely Randomized Design
(CRD). Birds in each experimental group were kept in 5 pens (replicates) with 15 females in each.
A total of 30 eggs per treatment were collected randomly and subject to egg geometry and quality
analysis. The data were analyzed using ANOVA technique under CRD, while significant means
were compared using Duncan’s Multiple Range test. The results showed significantly higher egg
weight, egg breadth, egg volume and surface area in light brown phenotype whereas egg length
was found to be higher in white black phenotype followed by light brown, dark brown and then
black phenotype. It can be concluded that most of the egg geometry parameters vary among
different phenotypes whereas egg quality showed non-significant difference in different
phenotypes of Naked-Neck chickens.
Key words: Egg geometry, Egg quality, Phenotype, Haugh unit
INTRODUCTION
Quality of the egg is one of the most essential parameter affecting consumer preference to
consume egg (Yakubu et al. 2008). Now a day, concerns about egg quality are growing steadily
because of its direct effect on hatching performance and equal importance for table egg industry
(Sekeroglu and Altuntas 2009). Different genetic groups of poultry lay eggs of variable quality
(Nwachukwu et al. 2006). In fact, egg shell quality is based on egg size, egg specific gravity, shell
color, shell breaking strength, shell deformation, shell weight, percentage shell, shell thickness and
shell ultra-structure (Roberts, 2004). For table eggs, shells must be strong enough to prevent failure
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during packing and/or transportation (Narushin et al. 2004). For hatching eggs, shells must be
initially thick and strong to preserve the embryo and then it must become thin and weak later
during incubation to allow gas exchange as well as easier cracking when hatching (Narushin and
Romanov 2002). Interior egg quality is based on albumen quality, yolk quality and the presence
of blood or meat spots (Jacob et al. 2003).
Naked-Neck chicken maintains a special place in Indo-Pak subcontinent due to its better
adaptability and livability in local climatic conditions and is mainly used as backyard poultry.
Though work has been carried out on growth performance of Naked-Neck chicken, however, the
information on egg geometry and quality traits in Naked-Neck birds is scanty. The present study
was, therefore, designed to evaluate the comparable effect of different phenotypes on egg geometry
and quality traits of Naked-Neck chicken in Pakistan.
MATERIALS AND METHODS
The present experiment was conducted at Indigenous Chicken Genetic Resource Centre
(ICGRC) for the duration of 22 weeks. Three hundred females (20 weeks old) from four different
phenotypic groups (Black, White black, Light brown and Dark brown birds), 75 from each, were
randomly selected from the stock maintained at the breeding unit of the farm at Indigenous
Chicken Genetic Resource Centre, UVAS. These birds were placed in 20 deep litter pens with 15
hens in each pen allotted to different phenotypes. A total of 30 eggs per treatment were randomly
picked at peak production and subjected to egg geometry and quality analysis. The feed was fed
in round feeder and water was supplied ad libitum through automatic drinkers. Data on the
following parameters were observed in ICGRC laboratory.
1.

Egg weight – by using electronic balance with 0.01g precision

2.

Egg breadth_ using a digital Vernier caliper
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3.

Egg length- using a digital Vernier caliper

4.

Shell thickness – using a micro meter screw gauge

5.

Yolk height- using a digital Vernier caliper

6.

Yolk weight – by using electronic balance with 0.01g precision

7.

Yolk index = yolk height/Average yolk width × 100

8.

Albumen weight- by using electronic balance with 0.01g precision

9.

Albumen height – digital Vernier caliper

10.

Albumen width – digital Vernier caliper

11.

Shape index = maximum width/Maximum length × 100

12.

Haugh unit = 100log (H - 1.7W0.37 + 7.6)

W = Weight of egg in gram, H = Observed height of the albumen in millimeter
Statistical Analysis
The data were analyzed through ANOVA technique under CRD by using the GLM
procedure of SAS (SAS Institute Inc., 2002-03) with following the mathematical model.
Yij =µ+Si + εij
Where Y, each observation; μ, Population mean; Si, Effect of the treatment; εij Random
error.
The comparison among treatment means was done through Duncan’s Multiple Range
(DMR) test (Duncans, 1955) at 5% probability level.
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RESULTS AND DISCUSSION
Egg length and breadth (mm)
Results of the present experiment showed that the egg length revealed significant
differences among different phenotypes of Naked Neck. Eggs from White black phenotype showed
highest length followed by those of light brown, dark brown and black. Whereas egg breadth was
greater in light brown phenotype than those of black and white black (4.2.1). The fluctuation in
egg length and breadth might be attributed to the genetic differences among different phenotypes
as it was reported that different strains or varieties lay eggs of different weight and size because of
different body weights (Bell and Weaver 2005). A study conducted on Aseel varieties, likewise,
showed fluctuations in egg length and breadth (Rehman, 2016) advocating that the genotype is the
major source of variation in egg length (Nwachukwu et al. 2006). Certain other studies on different
breeds (Hanusova et al. 2015), genetic groups (Yakubu et al. 2008; Bobbo et al. 2013) or ecotypes
(Fayeye et al. 2005, Momoh et al. 2010) also indicated disparities in egg length. Different breeds,
including Naked-Neck, frizzle and normal plumage produced eggs of varying length (Dunga,
2013), showing that genetic groups of different body weight lay eggs of different weight and size
which have their own unique egg length (Khan, 2015). Genetic effect on egg length has already
been elucidated and accentuated by Monira et al. (2003).
Egg volume (mm3)
In the present trial, significantly highest egg volume was observed in eggs from light brown
phenotype followed by white black, brown and least in black (4.2.1). This might be because of
comparatively higher egg weigh in light brown females. Highlighting the variety or phenotypic
effect on egg volume. A similar study (Ahmad et al. 2013) on Aseel varieties showed significant
variations in egg volume. Brown breeder hens laid eggs of higher egg volume as compared to those
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of white egg layers (Rayan et al. 2010), strengthening the argument that egg volume varies from
strain to strain (Anderson et al. 2004, Rayan et al. 2010) and breed to breed (Islam and Dutta 2010).
Egg surface area (mm2)
Egg surface area in the present study remained significantly higher in eggs of light brown
phenotype compared to that of black, which might be attributed to the difference in egg weight as
light brown laid heavier eggs (4.2.1). It is also quite possible that genetic differences among
different phenotypes might have caused variations in egg surface area, which is also evident from
the findings of some previous studies that fluctuation in egg surface area may be due to strain
(Anderson et al. 2004), variety (Ahmad, 2013), breed (Islam and Dutta 2010), and genotype
(Rayan et al. 2010). Validating the above view, certain further studies on various genetic groups
and Aseel varieties (Khan, 2015), likewise, reported discrepancies in egg surface area.
Egg shape index (mm3)
Results of the present study showed significant differences among different phenotypes of
Naked Neck for shape index (Table 4.2.1). White black phenotype showed significantly lower
shape index than those of black, light brown and dark brown phenotypes. Lower shape index in
white black phenotype might be associated with its higher egg length, since shape index is the ratio
of egg width and length. Shape index is a good indicator of external egg quality (Yakubu et al.
2008). Furthermore, genetic effect on shape index cannot be ignored in this study as it is reported
that genotype is the major factor affecting shape index (Van Den Brand et al. 2004, Rayan et al.
2010). A recent study on Aseel varieties, likewise, quoted variations in shape index (Khan, 2015),
concluding that different breeds (Yakubu et al. 2008), genotypes (Hermiz et al. 2012), strains
(Anderson, 1996; Ali et al. 2012) or varieties (Ahmad, 2013) behave differently with respect to
shape index. Tumova et al. (2007) also reported the genotype effect on shape index.
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Egg Quality
Results of the present study showed non-significant differences among different NakedNeck phenotypes for egg quality traits like albumen %, yolk %, shell %, shell thickness, Haugh
unit and yolk index (Table 4.2.2). Shell quality particularly shell thickness, is an important bioeconomic trait. Therefore, breeders of egg laying flock incorporate this trait in their breeding
programs to reduce egg shell breakages (Bobbo, 2013). Similarly, non-significant differences in
different breeds (Khalid, 2001), strains (Chatterjee et al. 2007) or crosses (Niranjan et al. 2008) on
egg shell thickness has been reported, indicating that genotype has little effect on egg shell
thickness (Hocking et al. 2003). In contrast, Alvarez et al. (2002) reported significant differences
in egg shell thickness among different genotypes of Naked-Neck chicken. Abdel-Rahman (1990)
elucidated the effect of genotype in varying shell % and reported that the Na gene reduced egg
shell percentage by about 0.8% and 4.4%, for “Na-na” and “Na-Na” genotypes respectively. Shell
percentage was found to be lesser in both “NaNa” and “Na-na” genotypes (Dunga, 2013).
Interior egg quality is majorly based on albumen quality (Jacob et al. 2000). In contrast,
Bordas et al. (1980) reported significant differences in albumen among Naked-Neck and other
types of genotype, adding that albumen is genotype dependent (Bobbo, 2013). Niranjan et al.
(2008) observed lesser albumen weight in other rural varieties as compared to Naked-Neck
genotypes. It was, similarly, claimed that genotype has no significant effect on yolk index (Dunga,
2013) as well as on Haugh unit (Rajkumar, 2009). Dunga (2013), however, concluded that NakedNeck genotype have effect on Contradicting the current findings, different Aseel varieties (Khan,
2015) and breeds (Monira et al. 2003, Ali et al. 2012) demonstrated fluctuations in Haugh unit
score, reflecting the effect of genotype on Haugh unit score (Alvarez et al. 2002). Furthermore, it
is reported that Haugh unit changes from breed to breed (Monira et al. 2003, Hanusova et al. 2015),
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strain to strain (Chatterjee et al. 2006) and genotype to genotype (Ali et al. 2012, Dunga, 2013).
Rajkumar (2009) reported lesser yolk index in Naked-Neck genotypes as compared to normal
feathered birds. Chatterjee et al. (2007) also reported lower yolk index in Naked-Neck chicken of
Andamans, supporting the argument that yolk index is genotype oriented (Tumova et al. 2007).
CONCLUSIONS
Conclusion has extracted from this study regarding egg geometry that egg length was
significantly higher in white black phenotypes while egg breadth, volume and surface area was
greater in light brown. Shape index was better in black phenotype followed by light brown and
others. In egg quality no significant difference was observed among Naked-Neck phenotypes
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Table 4.2.1: Egg weight (EW), egg length (EL), egg breadth (EB), egg volume (EV), egg surface area (ESA) and egg shape index
(ESI) in four phenotypes of Naked-Neck chicken
EW(g)

EL(mm)

EB(mm)

EV(mm3)

ESA(mm2)

ESI(mm3)

Black

40.80±0.4b

44.60±0.4c

37.60±0.60b

37.25±0.3b

54.68±0.33b

84.28±0.8a

White black

41.20±0.3ab

46.60±0.2a

37.2±0.86b

37.61±0.3ab

55.04±0.33ab

79.82±1.7b

Light brown

42.40±0.5a

46.20±0.5ab

39.6±0.60a

38.71±0.4a

56.11± 0.45a

85.70±0.5a

Dark brown

42.00±0.3ab

45.20±0.3bc

38.20±0.4ab

38.34±0.2ab

55.76±0.28ab

84.51±0.6a

0.0461

0.0145

0.0763

0.0461

0.0460

0.0055

Phenotypes

P-value

Superscripts on different means within column show significant difference (P ≤ 0.05)
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Table 4.2.2: Albumen % (AL), yolk% (Y), shell% (S), Hough unit (HU), yolk index (YI) and shell thickness(ST) in four
phenotypes of Naked-Neck chicken
Phenotypes

AL%

Y%

S%

HU

YI%

ST(mm)

Black

57.84±1.13

28.92±0.87

13.23±0.58

76.91±1.04

0.48± 0.00

0.33±0.02

White black

56.78±0.95

30.11±0.71

13.10±0.56

75.61±1.99

0.49± 0.01

0.37±0.01

Light brown

57.53±1.32

28.78±0.91

13.68±0.47

77.03±1.14

0.47± 0.01

0.35±0.01

Dark brown

56.65±0.94

29.55±1.12

13.7±0.79

74.35±1.07

0.49± 0.00

0.37±0.01

0.8439

0.7250

0.8288

0.4896

0.7948

0.1542

P-value

Noted: Different alphabets on means within column show significant difference (P ≤ 0.05)
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4.3 Evaluation of hatching traits in four phenotypes of Naked-Neck chicken
ABSTRACT
A study was carried out to evaluate the effect of four phenotypes of Naked-Neck chicken on
hatching traits. In total, 300 females (20 weeks old) comprising four plumage color (black, white
black, light brown and dark brown), 75 from each, were randomly assigned to 4 experimental
groups under Completely Randomized Design (CRD). Experimental groups consisted of four
phenotypes. Each group was replicated 5 times with 15 females in each. A total, 600 eggs were
collected, 30 from each replicate and 150 from each plumage of Naked-Neck hens. Number of
settable eggs, fertility%, hatch of fertile%, hatchability%, embryonic mortality% and chick quality
parameters were evaluated. The data were analyzed by using ANOVA technique under CRD. The
results showed significantly higher settable eggs, fertility and hatchability in black, dark brown
and light brown phenotypes than that of white black whereas better hatch of fertile and reduced
embryonic mortality was recorded in black and dark brown phenotypes as compared to white
black. Better chick quality was observed in dark brown phenotype followed by light brown, black
and then white black. In conclusion, phenotypes other than white black can be commercially reared
because of their better hatching performance.
Keywords: Hatching trait, Naked-Neck, Phenotype, Performance
INTRODUCTION
There has been rapid increase in the number of farmers keeping chicken parent and
grandparent stock leading to increase in the population of meat and egg type chickens in the world
(Kathleen, 2002). Among other factors, poor fertility and hatchability rates constitute the major
threat to performance of the industry (Adebambo, 2005). Fertility and hatchability characteristics
of egg type chickens are the two main traits of assessing the potentials of hens (Allanah et al.
2014). Fertility is an important parameter in chicken that reflects the total actual reproductive
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capacity of females. An egg is said to be infertile when it fails to display any evidence of
developing embryo (Miazi et al. 2012). Hatchability is referred as the ability of the embryo to
successfully escape from the shell (Tarek, 1992). Good hatchability of eggs is to some extent
heritable, but is determined by a complicated genetic constitution and the environment.
Hatchability is a trait of economic importance in the chicken industry because it has a strong effect
on chick output (Wolc et al. 2010). Number of factors such as egg weight, turning of eggs, storage,
humidity, shell strength, egg size and genetic factors influence hatchability. According to Peters
et al. (2008) the genetic make-up of an individual chicken is fixed at fertilization. Hence fertility
and hatchability are generally considered as traits of two parents.
Indigenous chicken is widely distributed in the rural areas of tropical and sub-tropical
countries where they are kept by the majority of rural poor. Indigenous chicken from Pakistan are
in general hardy, adoptive to rural environments (Khan, 2015), survive on little or no inputs and
adjust of fluctuations in feed availability. They are self-reliant and hardy birds with capacity to
withstand harsh weather conditions and adaptation to adverse environment (Khan, 2015). They are
known to possess qualities such as the ability to hatch on their own, brood and scavenge for major
parts of their food and possess appreciated immunity against endemic diseases. Additionally, the
indigenous poultry species represent valuable resources for livestock development because their
extensive genetic diversity allows for rearing of poultry under varied environmental conditions,
providing a range of products and functions. Thus, great genetic resources embedded in indigenous
poultry await full exploitation (Horst, 1988; Soniya et al.1999). In Pakistan, the Naked-Neck
chickens are characterized on the base of plumage colors such as black, white black, light brown
and dark brown. There is scanty of information on hatching traits in different phenotypes of Naked-
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Neck. The present study was, therefore, designed to investigate and compare hatching traits in four
phenotypes of Naked-Neck chicken (black, white black, light brown and dark brown).
MATERIALS AND METHODS
The study was executed at the Indigenous Chicken Genetic Resource Centre (ICGRC),
Department of Poultry Production, UVAS, Pakistan, for the duration of 22 weeks. In total, 340
birds (300 females and 40 males) comprising four phenotypic groups (Black, White black, Light
brown and Dark brown birds), 85 from each (75 females and 10 males), were selected from the
breeding stock maintained at (ICGRC) and randomly assigned to 4 experimental groups under
CRD. These birds were placed in 20 deep litter pens with 17 (15 females, 2 males) in each pen to
get the fertile eggs. Same managerial conditions were applied at all experimental units.
Vaccination and medication was done according to the standard practices under the supervision of
a qualified veterinarian. The birds were fed iso-caloric and iso-nitrogenous layer mash from 20
weeks of age to the end of the experiment (42 weeks). The feed and water was supplied ad libitum
through trough feeder and nipple drinking system.
Collection, storage, and setting of eggs:
Collection of fertile eggs began seven days after introducing males. A total, 600 eggs (30
from each pen) were properly tagged according to the batch number, phenotype, and the date of
lay before sending them to the hatchery each week. After collection, the eggs were checked for
cracks, morphological deformities and dirt stains (soiled). Thereafter, these eggs were stored for
one to seven days in an environmentally controlled room (15 to 18°C and 75 to 80% RH) and then
incubated in automatic incubator at 37.5°C (99.5°F) and 65% RH in trays identified per replicate.
Proper cleaning, disinfection and fumigation practices were ensured before setting the eggs.
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Candling was done on the 18thday of incubation for the identification of fertile eggs. The
process of candling was performed in a dark room using a Candler. The fertile eggs were
differentiated on the basis of densely clouded and opaque network of veins indicating development
of embryo within the eggs while the infertile eggs were translucent under the light. Infertile eggs
were separated. After candling, the fertile eggs were shifted to the hatching tray, according to the
phenotypes and then into the hatcher part of the incubator. After the hatch, chicks were left in the
hatchery until they were 90% dried. On the 21st day, the numbers of hatched chicks (including the
normal, weak and abnormal) and dead-in-shell embryos were recorded separately. Chicks were
weighed after being pulled out of the incubator using a 500 g digital scale. Normal and healthy
chicks having above 30 g weight were put into the A-grade chick category.
Data collection
Following parameters were recorded in this regard:
1.

Percentage of settable eggs: This is the percentage of eggs set, out of the total number of
eggs collected. Percentage Settable eggs = Settable eggs/eggs collected× 100

2.

Percentage Fertility: This was taken as the percentage of eggs that were fertile out of the
settable eggs. Percentage Fertility = Total number of fertile eggs/total number of settable
eggs× 100

3.

Percentage hatch of fertile: this was taken as the percentage of eggs that hatched out of all
the fertile eggs set. Percentage Hatch of fertile = Total number of chicks hatched/total
number of fertile eggs × 100

4.

Percentage Hatchability: This was taken as the percentage of eggs that hatched out of all
the settable eggs. Percentage Hatchability = Total number of chicks hatched/total number
of eggs set × 100
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5.

Percentage embryonic mortality: This was taken as the percentage of dead embryos out of
all the fertile eggs set. Percentage embryonic mortality = Number of dead embryos/number
of fertile eggs × 100

6.

Percentage A-grade chick: This was taken as the percentage of A-grade chicks out of all
the chicks hatched. Percentage A-grade chick = A-grade chicks/ total number of chicks
hatched × 100

Statistical Analysis
The data were analyzed through ANOVA technique by using the GLM procedure of SAS
(SAS Institute Inc., 2002-03). Post-hoc comparison among treatment means was made through
Duncan’s Multiple Range (DMR) test (Duncan’s 1955) at a 5% probability level.
RESULTS AND DISCUSSION
Settable eggs%
Overall means of settable eggs showed significant differences among different phenotypes.
Black, light brown and dark brown phenotypes demonstrated higher settable egg as compared to
white black (Table 4.3.1). Settable eggs percent is an economically important parameter. In the
present study, higher settable egg was observed in black, light brown and dark brown phenotypes.
This variation in settable eggs might be attributed to the genetic differences among phenotypes as
it has already been claimed that settable egg varies due to strain (Renema et al. 2001) or genotype
effect (Dunga, 2013). Similar to the current findings, studies on different Aseel varieties (Khan,
2015) and genotypes of poultry (Adedeji, 2015) displayed variations in settable eggs. Abudabos
(2010), likewise, reported significant differences in hatching traits among different local and
imported stocks of Japanese quails.
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Fertility%
Means of fertility indicated variations with respect to different phenotypes. Black, light
brown and dark brown phenotypes illustrated remarkably higher fertility than that of white black
(Table 4.3.1). Fertility is an important parameter in chicken that shows the total actual reproductive
capacity of females (Miazi et al. 2012). Remarkably higher fertility was demonstrated by black,
light brown and dark brown phenotypes. Disparity in fertility may be due to the genetic variations
among different phenotypes, which is evident from the previous findings that genotype of different
strains (Islam et al. 2010; Ishaq et al. 2013), varieties (Khan, 2015) and local breeds (Galil, 2004;
Ajayi et al. 2008) responds differently for fertility. Peters et al. (2008) also confirmed that the
strain of the dam had prominent effect on fertility of eggs. Moreki et al. (2014) likewise observed
fluctuation in fertility among different genotypes with higher fertility in normal feathered chickens
than Naked-Neck, strengthening the argument that genotype is the major cause of variation in
fertility (Abudabos, 2010; Adedeji, 2015). Corroborating the current findings, Dunga (2013) also
reported significant difference in percent fertile eggs among different phenotypes of Naked-Neck.
Significant differences in fertility among different strains (Hussnain et al. 2013), ecotypes (Fayeye
et al. 2005) and local breeds (Ensaf et al. 2005; Abdel Galil (2004) have previously been reported.
In the current study, the overall fertility values were not optimum, because the experiment was
conducted under very high ambient temperatures conditions which might have reduced bird mating
activity resulting in reduced fertility. Heat stress has also been claimed to reduce mating activity
(Ernst et al. 2004). Low fertility might also be attributed to the poor handling and storage
conditions during high temperature (Wageningen and Meinderts 1990). Ernst et al. (1999) stated
that high number of clears could also be due to the preferential mating in pen mating system.
Contrary to the current findings, Shafik et al. (2013) reported no effect on fertility.
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Hatch of fertile%
Different phenotypes manifested clear differences in hatch of fertile. Significantly higher
hatch of fertile was observed in black and dark brown phenotype as compared to white black (Table
4.3.1). It might be due to the greater fertility in hens of respective phenotypic group. Similar to the
current study, Dunga et al. (2013) also indicated variations in hatch of fertile among different
phenotypes of Naked-Neck. It was, likewise, reported that hatching traits were significantly
(P<0.05) different among different local and imported stocks of Japanese quails (Abudabos, 2010).
Certain further reports also indicated improved hatch of fertile in Cobb breeder than other breeds
(Ishaq et al. 2013) and lower hatch of fertile in Hubbard breeders than other strains (Hussnain et
al. 2013). Adedeji (2015), similarly, revealed significant differences in hatch of fertile among
different genotypes of chicken. In the same way, significant effects of strains (Yousria et al. 2010),
varieties (Khan, 2015) and little influence of breeds (Islam et al.2010) on hatch of fertile has also
been reported. It was also concluding that there is no correlation between hatches of fertile and
genotype (Alsobayel and Albadry 2012; Shafik et al. 2013) or phenotype (Bobbo et al. 2013).
Hatchability%
Different phenotypes exhibited pronounced effects on hatchability. Black, light brown and
dark brown phenotypes displayed better hatchability than that of white black (Table 4.3.1). In the
current study better hatchability was observed in black, light brown and dark brown phenotypes.
High percentage of hatchability in black, light brown and dark brown phenotypes may be as a
result of high fertility in these phenotypes since only fertile eggs can hatch to chicks. Difference
in hatchability may also be linked to the genetic differences among different phenotypes as it is
stated that genetic factors have significant influence on hatchability (Heier and Jerp 2001).
Endorsing the above view, Peters et al. (2008) confirmed that the strain of the dam had significant
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effect on hatchability of eggs. Different local and imported stocks of Japanese quails, likewise,
influenced all hatching traits (Abudabos, 2010). Furthermore, it has been reported that breeds
(Ajayi, 2010) and varieties (Khan, 2015) respond differently to hatchability, and it is known to
vary with different strains (Yassin et al. 2008; Hussnain et al. 2013). Some scientists, likewise,
explained that strain is a major factor that affect the hatchability (Elibol et al. 2002; Ishaq et al.
2013). Moreki et al. (2014) also observed variations in hatchability among Naked-Neck and
normal feathered chickens, highlighting the breed effect on hatchability (Adeleke et al. 2012).
Significant difference in hatchability has already been reported among local breeds (Galil, 2004).
Similar to the current findings, Adedeji (2015) also claimed fluctuations in hatchability in different
chicken genotypes. In contrast, it was observed the facts other way round and argued that
hatchability is not genotype dependent (Ahmad, 2013).
Embryonic mortality %
In the current study, overall means of embryonic mortality indicated marked differences
among different phenotypes (Table 4.3.1). Chick embryonic mortality has long been the subject of
economic interest. In the present study, black and dark brown phenotypes indicated reduced
embryonic mortality. It is reported that the entire process of embryonic development and
successful hatching rely highly on egg external and internal quality (Narushin, 2001; Narushin and
Romanov 2002b) and many factors including breed, strain, variety, temperature, relative humidity,
rearing practices and seasons’ influenced egg quality (Sauter et al. 1954; Washburn, 1990). Thus,
the variations in embryonic mortality in the current study may be due to the phenotypic or genetic
variations. Similarly, it was reported that breed (Adedeji, 2015), variety (Ahmad, 2013) or
genotype (Kalita et al. 2013) had significant effect on embryonic mortality. Abudabos (2010) also
reported disparities in embryonic mortality among different local and imported stocks of Japanese
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quails, endorsing the above view that genotype is the main source of variation in embryonic
mortality (Bobbo et al. 2013; Moreki et al. 2014). On the other hand, Khan (2015) claimed that
there is no correlation between embryonic mortality and genotype. Non-significant differences in
dead germ among different breeds (Islam et al. 2002; Alsobayel and Albadry 2012) and genotypes
(Hussnain et al. 2013; Ishaq et al. 2013; Islam et al. 2002; Ahmad et al. 2000) have already been
reported.
A-grade chick%
In the current study, A-grade chick% was significantly influenced by different phenotypes.
Highest A-grade chick was observed in dark brown followed by light brown, black and white black
phenotypes (Table 4.3.1). Initial chick quality has direct effect on subsequent poultry performance.
Significantly highest A-grade chick was observed in dark brown. Chick quality majorly depends
on the type of responsible genes or gene combination. Difference in plumage color among different
phenotypes is also the manifestation of genetic differences, which might have reflected variation
in chick quality. Similar to the current study, discrepancies in A-grade chicks were observed in
different Aseel varieties (Khan, 2015), reflecting that chick quality depends on variety or genotype.
CONCLUSIONS
In conclusions, Settable eggs, fertility, hatchability and hatch of fertile percentages have
no significant difference among black, light brown and dark brown phenotypes, While, lesser
embryonic mortality were observed in eggs of black phenotype and A-grade chicks were hatched
maximum in dark brown phenotype. It was concluded that all Naked-Neck phenotypes except
white black indicated better hatching characteristics.
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Table 4.3.1: Settable eggs%, fertility%, hatch of fertile%, hatchability%, embryonic mortality% and A-grade chicks in four
phenotypes of Naked -Neck chicken
Phenotypes

Parameters
Hatch of fertile
Hatchability (%)
(%)
76.06±1.0a
56.25±0.7a

Settable egg
(%)
96.00±0.8a

Fertility (%)

White black

92.33±0.8b

70.74±0.7b

71.39±0.7b

Light brown

96.66±0.5a

73.11±0.8a

Dark brown

96.00±1.0a
0.0075

Black

P-value

Embryonic
mortality (%)
23.93±1.0b

A-grade chick
(%)
24.10±1.2bc

50.51±0.9b

28.60±0.7a

20.68±1.1c

74.55±1.4ab

54.49±1.0a

25.44±1.4ab

27.82±0.9ab

75.32±0.7a

75.05±1.2a

56.55±1.3a

24.94±1.2b

28.91±.16a

0.0048

0.0490

0.0024

0.0490

0.0011

73.96±0.7a

Mean±S.E. with different superscripts vary significantly (P ≤ 0.05)
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CHAPTER 5

SUMMARY
The indigenous chicken mostly found in rural areas of Pakistan are good scavengers as
well as foragers and playing important role towards poverty alleviation and food security. They
have good maternal qualities, hardier when compared to their exotic counterparts and have high
survival rates with minimal care and management. They have huge diversity. This diversity
provides a unique resource to respond to the present and future needs of poultry meat and eggs in
Pakistan. However, this diversity is shrinking rapidly. Local naked neck chicken is also an example
of such diverse genepool but under the threats of extinction. Present study was designed to compare
phenotypic characterization, productive, reproductive performance and anti-body response in
different phenotypes of Indigenous Naked-Neck chicken. The study was conducted at Indigenous
chicken genetic Resource Centre (ICGRC), UVAS Ravi campus, Pattoki. Six hundred day old
Naked-Neck chicks were procured from commercial hatchery and reared as the foundation stock
under best management practices. The study comprised of two main experiments. In the first
experiment, a total of 320 sexed day old chicks (160♂, 160♀) comprising 80 from each phenotype,
were randomly selected from the foundation stock and assigned 8 treatment groups, in a 2 (Sexes)
× 4 (Phenotypes) factorial arrangement under completely randomized design. Each treatment was
replicated 5 times with 8 birds in each. These chicks were reared for 8 weeks of age to study
comparative growth performance and morpho-metric traits. Growth parameters were live weight
(g), times of gain (g), total gain (g), feed intake (g), feed conversion ratio and livability%, while
morphometric traits studied were neck length, keel length, wing spread, shank length,
circumference, drumstick length, circumference and body length. The results showed significantly
higher live weight, total gain and better FCR in light and dark brown phenotypes, whereas times
of gain were found to be higher in dark brown. Feed intake and livability remained similar in all
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phenotypes. Keel length and shank circumference measurements were higher in dark brown
whereas wing spread was greater in light brown phenotype. Drumstick circumference and body
length were same in all phenotypes. Over all brown phenotypes performed better. After that when
secondary sex organs were developed again 320 birds (80 of each plumage 40 females and 40
males) were selected from both foundation stock. These birds were again tagged, weighed and
arranged under Completely Randomized Design (CRD) in 4 equal groups replicated 5 times with
16 birds in each pen. Each pen was considered as an experimental unit. Birds were reared till the
age of 20 weeks. At the end of the 20 weeks of age, 80 birds (40 males and 40 females) of each
phenotype was characterized for morphometric qualitative and quantitative traits based on head
appearance, comb type, wattle size, plumage pattern, shank color, spurs prevalence and number of
toes and were analyzed in terms of frequency and percentages. The results showed that males and
females of all phenotypes had plain head and single comb. Wattle size was medium in females
while highly developed in males. Over all plain feather pattern was predominantly most frequent
on breast, wing bow, wing bar, wing bay, saddle and tail followed by stippled, penciled and laced.
Males had most frequent yellow shanks followed by grey, off-white and green; however, females
had maximum grey shank color followed by yellow, green and off-white. White black, light and
dark brown phenotypes expressed maximum yellow shank coloration whereas grey shanks were
most frequent in black birds. However, morphometric characterization was based on Neck length
(cm), keel length (cm), wing span (cm), shank length (cm), shank circumference (cm), drum stick
length (cm), drum stick circumference (cm) and body length. The results showed significantly
higher morphometric measurements in males than females. Light and dark brown phenotypes had
higher measuring values of quantitative traits than those of black and white black. All males and
females of different phenotypes possessed four toes, normal spurs and tuft feathers on the ventral
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portion of the Neck above crop. After that 40 birds, 10 from each phenotype (5 males and 5
females) were weighed, blood samples were collected for NDV titration and then slaughtered for
carcass characteristics, proximate meat analysis and cholesterol content estimation. Carcass
characteristics including (live weight (g), dressing%, liver weight%, gizzard weight%, heart
weight%, intestinal weight%, intestinal length (cm) and antibody response against Newcastle
disease virus (NDV) were studied and compared. The results showed significantly higher live
weight (g), dressing%, liver weight% and intestinal length (cm) in males whereas gizzard weight%
and intestinal weight% was found to be higher in females. Among different phenotypes, light
brown plumage color birds indicated significantly enhanced live weight (g) and dressing%
whereas black plumage color birds showed higher intestinal weight%. Antibody response was
significantly higher in females as compared to male birds. Light and dark brown phenotypes
exhibit significantly higher NDV titer as compared to black and white black phenotypes. In
proximate meat composition and cholesterol content study, results depicted significantly higher
dry matter%, crude protein%, ash% and cholesterol content(mg/100g) in males whereas ether
extract% and moisture% were found to be higher in females. Among different phenotypes, dry
matter% was found to be higher in white black, crude protein% in black, white black and dark
brown phenotypes, moisture% in light brown and cholesterol content was higher in black plumage
color birds, whereas ether extract% and ash% were observed to be higher in black and white black
plumage color birds. Brown phenotypes showed better performance regarding live body weight,
dressing%, cholesterol content and antibody response than others (black and white/black). In
second experiment production performance, egg characteristics and hatching traits in different
phenotypes of Naked- Neck hens were studied. In total, 300 adults 20 week old hens were
randomly selected from the foundation stock and allotted to 20 experimental groups, in
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4(phenotypes) × 5 (replicates) × 15 (birds each replicate) arranged according to CRD. In
production performance, parameters studied were body weight, body weight gain, egg production,
egg weight (g), egg mass (g), and livability (%). Ten eggs of each phenotype, 2 from each pen at
initial, middle and final laying periods were collected and studied for egg geometry and quality.
Similarly, 200 hundred eggs 50 from each phenotype were collected randomly at the age of 42
weeks and studied for hatching traits comprising settable eggs%, fertility%, hatch of fertile%,
hatchability%, embryonic mortality%, and A-grade chick%. The results indicated significantly
higher feed intake (g) in white black phenotype, heavier body weight(g) in light brown and dark
brown phenotypes whereas, egg production, egg mass, FCR/dozen eggs and FCR/kg egg mass was
found to be better in light brown phenotype. Egg weight (g) remained higher in black, light brown
and dark brown phenotypes. Egg geometry results demonstrated higher egg breadth (mm), egg
volume (mm2) and egg surface area (mm3) in light brown phenotype whereas egg quality showed
no difference in various phenotypes of Naked-Neck chickens. While studying hatching traits,
results showed significantly higher settable eggs%, fertility% and hatchability% in black, dark
brown and light brown phenotypes than that of white black whereas better hatch of fertile% and
reduced embryonic mortality% was recorded in black and dark brown phenotypes as compared to
white black. Better chick quality was observed in dark brown phenotype followed by light brown,
black and then white black. In conclusion, phenotypes other than white black can be locally reared
because of their better production and hatching performance.
Conclusions and Recommendations
Naked Neck chicken with light brown, dark brown and black phenotypes should be the part of next
breeding plans owing to their better productive and reproductive performance, however, white
black phenotype should not be discarded, rather conserved as a backup gene pool for future poultry
breeding studies. Might be they have better climatic adaptability.
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It is also recommended that selected Naked Neck varieties should be subjected to performance
traits analysis under different housing/production systems. Their potential needs to be thrashed
under intensive, semi intensive and extensive production systems.
Economics of each variety under different housing systems, especially under backyard type
chicken farming must be worked out in order to provide clear cut information to the rural folks to
address the most important issue of poverty alleviation in rural as well as peri-urban areas of
Pakistan.
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