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Abstract 

The present study was undertaken to elucidate the effect of age on semen quality of naked neck 

and dwarf chicken lines under tropical climatic conditions. Semen collected by abdominal 

massage at 4-week intervals from 24 to 48 weeks of age was evaluated for different semen 

quality parameters. Except sperm concentration and appearance, all other parameters were 

significantly (P < 0.05) affected by the age of the birds. The semen volume, motility, 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide dye reduction test and percent live sperm 

were significantly (P < 0.05) lower at 24 weeks of age compared with 40 weeks of age. At 24 

weeks of age the dead sperm percentage was significantly (P < 0.05) high and with advancing 

age it decreased. There was a significant difference (P < 0.05) between the gene lines for 

volume, appearance, motility, sperm concentration, and percentage of live and dead sperm. 

Except for sperm concentration, significant (P < 0.05) interaction between gene lines and age 

was observed in other parameters. In conclusion, semen quality was different between naked 

neck and dwarf line males and age affected semen quality of the gene lines studied in different 

manners. 

Additional keywords: temperature humidity index. 

 

Introduction 

Semen quality of male chickens is influenced by many factors like age, strain, feed and 

ambient temperature (Zhang et al. 1999; Prieto et al. 2011). For good reproductive performance, 

the optimum environmental temperature range is 18–22°C (Lin et al. 2006). Heat stress begins 

when the ambient temperature climbs above 26°C and is readily apparent above 29°C. Semen 

parameters like volume, sperm concentration, percentage of dead sperm and the Methylene Blue 

Reduction Time test were not affected by ambient temperature up to 38°C (Boone and Huston 

1963; Clark and Sarakoon 1967; McDaniel et al. 1995, 1996; Karaca et al. 2002a). However, 

Schramm (1996) reported a negative influence of high ambient temperature on some semen 

characteristics in a heavy-type meat breed with or without the naked neck (Na) gene. In addition 

to ambient temperature, relative humidity (RH) is an important component that is given little 

attention (Balnave 2004). Studies on semen quality in chicken have concentrated mainly on 

ambient temperature under controlled conditions (Joshi et al. 1980; Karaca et al. 2002a). Under a 

natural environment, studies on semen quality should consider the temperature humidity index 

(THI) where both ambient temperature and humidity are components. 

Age at which the semen is collected from birds influences the quality parameters. Semen 

volume has been shown to decrease with age in White Leghorn and broiler breeder males (Clark 

and Sarakoon 1967; Sexton et al. 1989; Hocking and Bernard 1997; Zhang et al. 1999) or 

fluctuate between weeks of collection (Kelso et al. 1997). Likewise sperm concentration either 

decreases linearly with age (Sexton et al. 1989; Hocking and Bernard 1997; Zhang et al. 1999) or 

remains stable for a certain period and then decreases (Wilson et al. 1971, 1987; Cerolini et al. 

1997). 
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Birds carrying the Na gene have 20–40% reduced feather mass and are considered to have 

advantages in hot environments compared with fully feathered birds (Singh et al. 2001; Lin et al. 

2006) and thus birds carrying the Na gene are promoted for rising under high ambient 

temperature conditions. It was observed that use of the naked neck, frizzle and dwarf genes helps 

birds to cope with heat stress without compromising on production performance (Patra et al. 

2002; Lin et al. 2006; Islam and Nishibori 2009; Rajkumar et al. 2010). Birds homozygous for 

the Na gene produced a higher volume of semen and spermatozoa than normal homozygous at 

different ages, but no significant interaction between genotype and temperature for fertility was 

observed (Hammade et al. 1987). The influence of high ambient temperature was less in males 

homozygous or heterozygous for the Na gene than their normal counterparts (Schramm 1996). 

Studies on the effect of age or environmental temperature on semen quality were carried out 

under controlled housing conditions. In developing countries rearing of chickens in open-sided 

houses is still widely prevalent. When male breeders are raised under these open environmental 

conditions both age of birds and environmental factors either alone or in combination influence 

the semen quality parameters. In this context little information is available on naked neck and 

dwarf chicken semen quality under natural tropical climatic conditions. Therefore, the present 

study was undertaken to evaluate the semen quality of naked neck and dwarf broiler breeders at 

different ages reared under natural climatic conditions. 

 

Materials and methods 

Experimental design, animals and feeding 

The experiment was carried out from May to October at the experimental poultry farm of 

the institute located at Hyderabad (17°20′N, 78°30′E). The average minimum and maximum 

temperatures of this area range from 14 to 45°C. Naked neck (NN; n = 17) and dwarf (DW; n = 

19) broiler breeder males of the same hatch were randomly selected and housed in individual 

cages (38 by 40 by 60 cm) in an elevated open-sided house at 18 weeks of age under natural 

photoperiod and climatic conditions. Environmental temperature data for the experimental period 

was obtained from the Agricultural Research Institute, ANGRAU, Hyderabad. Mean ambient 

temperature (Ta) in Celsius and percent RH during the weeks of the experiment were used to 

calculate the THI, according to the formula: THI = (0.8 × Ta) + [(RH / 100) × Ta – 14.3)] + 

46.4) (Mader et al. 2010). The THI during the weeks of semen evaluation were 79.29, 81.79, 

79.17, 77.99, 76.61, 78.2 and 75.03. The birds were maintained on broiler breeder ration with 

2700 Kcal/kg ME with 18% crude protein under a quantitatively restricted feeding schedule till 

the end of the experiment. 

 

Semen collection and evaluation 

Semen was collected using the abdominal massage method (Burrows and Quinn 1937). 

Semen from the birds was removed at weekly intervals from 20 weeks of age and the samples 

collected on the 24, 28, 32, 36, 40, 44 and 48th weeks were used for evaluation. Semen was 

collected in a sterile glass funnel and diluted immediately four times using high temperature 

(HT) diluent (suitable for storing semen at 20 or 40°C), with a composition of NaCl 0.8 g; TES 

1.374 g; 1M NaOH 2.75 mL; glucose 0.6 g, dissolved in 100 mL of double-distilled water 

(Chaudhuri and Lake 1988) with final pH 7.4 and osmotic pressure 382 mOsmol/kg water. The 

4-fold diluted semen samples were used for laboratory evaluation of seminal parameters; 

evaluation commenced within half an hour of collection. 



Final version can be accessed at Animal Production Science 52: 964-968. http://dx.doi.org/10.1071/AN12033 

 

The volume of the semen ejaculate was assessed by drawing the collected sample into a 1-mL 

syringe with an accuracy of 0.02 mL. The appearance of semen was scored 1–5 by visual 

examination (McDaniel and Craig 1959). The scoring pattern followed was: 1, watery or clear 

semen; 2, watery semen with white streaks; 3, medium white semen; 4, thick white semen; and 5, 

very viscous chalky white semen samples. Sperm motility was recorded as percentage of 

progressively motile sperm and a drop of this diluted semen was kept on a clean, grease-free 

glass slide, and a coverslip was applied to examine the sample under high power magnification 

(40×). The percentage of sperm with a normal, vigorous and forward linear motion was 

subjectively assessed at five different areas of the sample. The concentration of sperm was 

estimated by the spectrophotometric method as described by Taneja and Gowe (1961). Test tubes 

of 5 mL capacity were filled with 3.9 mL of HT diluent and 0.1 mL of 4-fold diluted semen 

sample from each rooster was pippetted into the test tubes to make the volume to 4 mL. The 

contents in the test tubes were mixed thoroughly and transmittance was recorded using a 

spectrophotometer (Spectronic Genesys 5, Milton Roy Co., PARochester, NY, USA) at 540 nm 

of wavelength. To obtain the concentration of sperm, the transmittance observed was compared 

with a standard curve previously prepared. The standard curve was constructed by serial dilution 

of a semen sample in duplicate tubes and transmittance measured. The serial diluted samples 

were used to calculate the corresponding hemocytometer sperm counts. From the above 

information a best fit line was determined by regression analysis, which was then used to know 

the sperm concentration of unknown samples. Fertilising ability and semen quality is correlated 

with ability to reduce tetrazolium dye 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide (MTT) (Hazary et al. 2001). Assay samples were run in duplicates, where reduction of 

MTT results in increased absorbance that was measured using a colourimeter (CL 157, Elico Ltd, 

Hyderabad, India) at 570 nm. 

Live and dead sperm percentage was estimated using a differential staining technique 

with eosin–nigrosin stain (Campbell et al. 1953). The slides were also used for estimating the 

percentage of abnormal sperm on the basis of observable abnormalities of head, neck, mid-piece 

and tail region. One glass slide smear was prepared from each 4-fold diluted sample and a 

minimum of 200 sperm were counted in each slide for calculating live, dead and abnormal 

sperm. 

Statistical analyses 

All data were analysed with SAS 9.2 software (SAS Institute 2008) and P < 0.05 was considered 

significant. Data is presented as mean ± s.e. Statistical analyses of data were performed by 

General Linear Model repeated-measures ANOVA with age as the repeated-measure. Factors in 

the model were gene line, age and the interaction of the two. Percentage values were arcsine-

transformed before analysis of data. 

 

Results 

Semen collection was attempted in the birds at 20 weeks of age and it was found that 

only 41% of NN males gave semen, with half of the birds producing transparent ejaculate 

without any sperm. In contrast, 85% of DW males gave semen, indicating a difference in 

maturity time. At 24 weeks of age all the DW males gave semen while 18% of NN birds failed to 

respond to abdominal massage in ejaculating semen. Only at 28 weeks of age did all the 

experimental birds of the NN gene line give semen. 

Age of the birds significantly (P < 0.05) affected the semen volume, sperm motility, MTT dye 

reduction test, and percentage of live, dead and abnormal sperm. The semen volume and motility 
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were significantly (P < 0.01) higher at 48 weeks of age and lower at 24 weeks of age (Table 1). 

The MTT dye reduction test was lowest at 24 weeks of age and increased between 40 and 48 

weeks of age (Table 2). The percentage of live sperm was significantly (P < 0.01) higher at 48 

weeks and lower at 24 weeks of age. The two gene lines studied had significantly (P < 0.05) 

different semen volume, appearance, sperm motility, sperm concentrations, and percentage of 

live and dead sperm. The DW line had higher values for the aforementioned parameters. 

Interaction between the two main effects was significant (P < 0.05) in all the semen quality 

parameters studied except sperm concentration. 

 

Discussion 

The results show that semen volume increased with age of birds during the period of 

study (24–48 weeks of age), which is in variance with other reports. Semen volume was found to 

decrease with advancing age (46 weeks and above) in White Leghorn chicken (Clark and 

Sarakoon 1967). The total volume of semen of experimental birds was found to fluctuate 

between weeks of collection (Kelso et al. 1997). The sperm concentration was found to increase 

from 24 weeks till 39 weeks and then remained constant before decreasing by 72 weeks of age 

(Cerolini et al. 1997). A similar result on sperm concentration was also reported by Kelso et al. 

(1997). Our observation differs from these reports in that the sperm concentration was affected 

only by gene lines and not by age of the birds, though a decreasing trend was found in NN birds. 

In broiler breeder males semen volume and concentration was reported to decrease linearly with 

age (Sexton et al. 1989; Hocking and Bernard 1997; Zhang et al. 1999). Other investigators have 

reported a relatively stable volume and sperm concentration at 26–42 weeks (Wilson et al. 1971) 

or 27–53 weeks (Wilson et al. 1987). In a recent study it has been shown that the maximum 

semen volume and sperm concentration was obtained during winter and spring when the ambient 

temperature was low (Santiago-Moreno et al. 2009). The sperm motility was not affected by age 

(Kelso et al. 1997) but in the present study motility was found to increase with age of the birds. 

The probable reason for this and other observed parameters is that the THI was higher while the 

birds were younger. For poultry a THI threshold level of 70 has been established, where THI 

values above the threshold level were observed to decrease egg production in terms of egg 

weight and dry matter intake of laying commercial hens and to increase heat stress levels in 

broilers (Tao and Xin 2003; Karaman et al. 2007). However, in our study the THI during the 

whole experimental period was above 75. When the birds were young the THI was near or above 

80 and that might have caused stress to the birds. With increasing age the THI declined, resulting 

in higher values for the semen parameters. The Methylene Blue Reduction Time test that 

indirectly provides information on sperm activity was reported to be longer during summer 

(Nayak and Misra 1991). Similarly the MTT assay, which indirectly indicates the activity of the 

spermatozoa, was lower when the birds were young and THI was higher. The live sperm 

percentage was lower and dead sperm percentage was higher at the start of the experiment. 

Improvement in both the parameters was observed as the birds aged and THI reduced. This 

indicates that the higher THI during the young age was greatly influencing the viability of the 

sperm. This result is similar to the results reported by Santiago-Moreno et al. (2009), where the 

month of highest temperatures had minimum sperm viability. Saeid and Al-Soudi (1975) have 

also reported lower viability during summer in different breeds of chicken. Negative correlation 

of percentage of live sperm with maximum temperature and humidity in different breeds have 

been reported (Nayak and Misra 1991). 
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With increased environmental temperature the age at sexual maturity was found to be 

significantly decreased in Single Comb White Leghorn (Vo et al. 1980) as well as NN chicken 

(Hammade et al. 1987). The presence or absence of the Na gene did not affect the age at first 

ejaculate of chicken maintained at different temperatures (Hammade et al. 1987). In the present 

study the NN birds were found to mature later than DW birds, as assessed by semen ejaculation. 

This may be due to the genetic differences between the birds. Further, the females of the DW 

line were found to attain an earlier age at sexual maturity than that of the females of the NN line 

(Anonymous 2008). It has been reported that the presence of the dwarf gene in roosters did not 

alter the semen quality parameters (Zheng et al. 2007). However, the effect of the Na gene on 

semen quality is not clear. No difference in semen traits was observed between normal and 

heterozygous males for the Na gene (Smith and Lee 1977). But Hammade et al. (1987) had 

reported that NN males produced a significantly higher volume of semen and number of 

spermatozoa per ejaculate than that of their normal counterparts at different ages. Thus from the 

results of the present study it may be concluded that age and genetic makeup of the birds affect 

different semen quality parameters. In semen quality studies carried out under open 

environments the THI should be taken into consideration when interpreting the results. 
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Table 1.  Semen volume, appearance, motility and sperm concentration of Naked Neck (NN) and Dwarf (DW) gene lines of chicken 

during different ages (mean ± SE) 

 

 

 

x-number of ejaculates during different weeks (14, 17, 17, 17, 17, 14, 13) respectively 

 

y-number of ejaculates during all the weeks (19)

Age 

(Week) 

Ejaculate volume (ml) Appearance Sperm motility (%) 

Sperm 

concentration 

(billions/ml) 

NN
x 

DW
y 

NN DW NN DW NN DW 

24 0.21±0.03 0.41±0.04 3.29±0.51 4.53±0.18
 

71.36±4.43
 

78.95±3.30 5.18±0.55 5.39±0.29 

28 0.26±0.05 0.38±0.04 3.71±0.37 3.58±0.19 74.66±3.63 69.74±3.72 5.34±0.43
 

4.81±0.37 

32 0.27±0.04 0.34±0.04 3.94±0.25 3.84±0.29 74.71±4.08 80.53±3.86 3.47±0.35 4.37±0.34 

36 0.31±0.05 0.39±0.04 3.53±0.36 4.11±0.15 75.00±3.52 79.74±2.69 4.12±0.45 4.95±0.26 

40 0.42±0.05 0.45±0.04 3.88±0.27 3.89±0.15 74.38±3.16 87.63±1.29 4.12±0.45 5.00±0.25 

44 0.41±0.08 0.47±0.05 2.65±0.42 3.95±0.16 80.00±5.34 92.63±1.11
 

2.88±0.50 4.71±0.40 

48 0.43±0.05 0.48±0.03
 

2.76±0.47 4.16±0.16 87.08±3.04
 

88.26±2.26
 

3.81±0.48 5.07±0.24 

              ------------------------------------------------------------------------ P Value ----------------------------------------------------------- 

Age <0.0001 0.2004 <0.0001 0.0596 

Gene line 0.0235 0.0078 <0.0001 0.0007 

Age X  

Gene line 
0.0225 0.0074 0.0019 0.053 
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Table 2.  MTT dye reduction test and sperm viability parameters of Naked Neck (NN) and Dwarf (DW) gene lines of chicken during 

different ages (mean ± SE) 

 

 

 

Age 

(Week) 

MTT dye reduction (nm 

formazan/min 

/million sperm) 

Live sperms (%) Dead sperms (%) Abnormal sperms (%) 

NN DW NN DW NN DW NN DW 

24 21.90±2.90 16.87±1.26 80.38±5.17 85.37±1.98 19.62±5.17 14.63±1.98 0.72±0.32 0.24±0.09 

28 24.47±1.38 22.50±1.60 87.66±1.83 85.83±3.09 12.34±1.83 14.16±3.08 0.16±0.10 0.45±0.19 

32 20.99±2.64 23.84±1.43 85.94±1.14 87.05±1.52 14.06±1.15 12.06 ± 1.60 0.10±0.07 0.08±0.08 

36 25.41±1.50 23.77±0.89 86.25±1.84 87.55±1.27 13.75±1.84 12.45±1.27 0.38±0.16 0.08±0.04 

40 29.75±1.48 30.62±0.74 89.32±1.11 92.26±0.98 10.67±1.11 7.74±0.98 0.42±0.15 0.40±0.13 

44 25.58±3.31 29.28±2.13 87.13±1.13 94.62±0.61 12.87±1.14 5.38±0.61 0.83±0.17
 

0.12±0.06 

48 30.04±3.37 21.71±1.11 92.48±0.66 93.18±0.45 7.51±0.66 6.82±0.45 0.41±0.15 0.67±0.10 

        ------------------------------------------------------------------------ P Value ----------------------------------------------------------- 

Age <0.0001 <0.0001 <0.0001 <0.0001 

Gene line 0.3715 0.0007 0.0263 0.5082 

Age X  

Gene line 
0.0149 0.002 <0.0001 0.0025 


