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    Abstract | Semen characteristics and seasonal reproductive behaviour of male guinea fowl (pearl, lavender and white varieties) were investigated. Thirty healthy (free from any disease/infection) adult male and females from each variety of guinea fowl of same hatch with nearly similar body weight were taken randomly. Semen volume was observed nearly similar in pearl (0.055±0.003 ml) and lavender (0.051±0.003 ml) whereas less (P<0.05) in white variety. No significant difference was observed in sperm motility and live counts among the varieties. Higher number of dead sperm was observed in white variety linked with higher (P<0.05) number of morphologically abnormal spermatozoa. Sperm concentration was revealed inferior (P<0.05) in white variety (3.05±0.17x109 cells/ml) with poor fertility (73.33± 5.15%) than other varieties. Fertility rates were superior (P<0.05) using AI technique rather than natural mating. Hatchability was found higher in pearl and lavender than white. In another study, effect of seasonality on testes was investigated. Irrespective of seasons, the left testicular weight was slightly more than right. Testicular weight constitutes 0.23 to 0.28 % of the total body weight. In all the varieties, nearly 7 to 9 times higher testicular weight was noticed in breeding (long days) than non-breeding (short days) season. Similarly, serum testosterone profile was recorded higher (P<0.05) in breeding season. Therefore, a positive relationship of testicular weight with testosterone in breeding and non-breeding season was observed. The results of this study would be useful in designing the strategies for breaking the seasonality in guinea fowl so that reproductive efficiency of this bird can be enhanced throughout the year.
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    INTRODUCTION


    



    Guinea fowl is the common name of the seven species of gallinaceous birds belongs to the family Numididae, which is native to Africa. Three varieties of guinea fowl are well known such as lavender, pearl and white in which usually females are slightly heavier than male (Nalubama et al., 2014). Guinea fowl meat is rich in protein content (28%) than that of domestic fowl i.e. 20% (Ayeni, 1980). These birds have a high dressing percentage (80%) with excellent meat to bone ratio (Ayeni, 1983). Guinea fowl is comparatively more disease resistant (Bonds, 1997; Mandal et al., 1999; Ikani and Dafwang, 2004) and hardy (Moreki and Seabo, 2012) than chicken. Sayila (2009) observed less mortality (2.2%) for guinea fowl than chicken (6.8%). In spite of it, rearing of guinea fowl is not economical due to seasonal egg production and poor fertility associated with hatchability. In addition, the behaviour of guinea fowl is monogamous (Nwagu and Alawa, 1995) which drastically limits its reproductive efficiency when the male counterpart dies. Under these conditions, female will not readily copulate naturally with a new male (Aire et al., 1983; Biswas, 1983). Hence, to supply the high quality protein to the growing human population, reproductive efficiency of guinea fowl must be improved by breaking the seasonality and adopting the artificial insemination (AI) in this bird.


    Superiority of AI to natural mating has been noticed by Saeki and Nagomi (1964). Further, this technique could be the good alternative to break the inbreeding and monogamous behaviour of male guinea fowl (Aire et al., 1983). The success of AI technique depends on the quality characteristics of semen. Evaluation of semen quality gives an excellent idea of bird’s reproductive potential and has been reported to be a major determinant of fertility and subsequent hatchability of eggs (Peters et al., 2004). Considerable information is available on the semen quality of chicken and turkey (Mohapatra et al., 1994; Dimitrov et al., 2007; Zaniboni and Cerolini, 2009; Mohan et al., 2011; Biswas et al., 2014) and frequently used wherever the technique of A.I. is employed. While in guinea fowl scanty literature is available (Nwakalor et al., 1988).


    Monogamous and seasonal reproductive behaviour (Nwagu and Alawa, 1995) of guinea fowl has been recognized as one of the major problems that may hinder large-scale commercial production of this species. Hence, to enhance the reproductive potential of male bird by seasonality breakdown, adequate research data is required pertaining to the testes during breeding season (BS) and non-breeding season (NBS). Currently, limited information is available on the status of testes and serum testosterone profile during different breeding season of guinea fowl (Ali et al., 2015). With an aim to maximize the production of guinea fowl throughout the year, the present work is designed to establish the semen quality in guinea fowl so that the technique of AI can be executed successfully. Further, preliminary data was collected during BS and NBS on testes and serum testosterone concentration so that appropriate strategy can be planned to break the seasonality in guinea fowl.


    



    MATERIAL AND METHODS


    



    This study was carried out as per the guidelines of Animal Ethics Committee of ICAR-Central Avian Research Institute, Izatnagar. Under this study thirty adult healthy (free from any disease/infection) males from each variety of guinea fowl (lavender, pearl and white) of the same hatch and nearly similar body weight were taken randomly from the same flock maintained at institute. For fertility studies, same number of adult hens from each variety of the same age were also reared and allowed to get the normal/breeder ration and water ad libitum with 14 hr light per day. Semen samples were collected during study period by abdominal massage method (Burrows and Quinn, 1935). Semen volume was measured by using micro pipette and sperm concentrations were examined with a Neubauer haemocytometer (Lake, 1960). The percent live and abnormal spermatozoa were counted after preparing smears and staining them with eosin and nigrosin according to the methods described by Lake and Stewart (1978). The sperm motility was assessed by examination of a drop of semen (5 µl) under the microscope at 10x magnification as described by Wheeler and Andrews (1943). To determine the fertility, hens were inseminated with a 100 million spermatozoa using the Beltsville PoultrySemen Extender-BPSE (Sexton, 1977) diluted semen (1:1). Fertility of male birds was assessed by incubating the eggs layed by hens 2 to 6 days after intravaginal insemination. The percent fertility was determined as the ratio of numbers of fertile eggs to the number of total egg set in the incubator. Hatchability (FES and TES) was calculated as per standard procedure.


    Effect of seasonality on testes and testosterone was studied using six birds from each variety and sacrificed by cervical dislocation of the neck in the peak breeding (June-summer long days) and non-breeding (December-winter short days) season. To study the testicular weight, the abdominal cavity was opened and testes were removed carefully from


    



    Table 1: Physical characteristics of semen in different varieties of guinea fowl (means ± SEM; n=10)


    
      
        
        
        
        
        
        
      

      
        
          	
            Parameters

          

          	
            Units

          

          	
            Pearl

          

          	
            Lavender

          

          	
            White

          
        


        
          	
            Semen volume

          

          	
            ml

          

          	
            0.055a±0.003

          

          	
            0.051a±0.003

          

          	
            0.035±0.004b

          
        


        
          	
            Sperm motility

          

          	
            %

          

          	
            87.00±4.40

          

          	
            90.11±3.70

          

          	
            84.34±5.11

          
        


        
          	
            Live sperm

          

          	
            %

          

          	
            89.52±3.97

          

          	
            90.71±4.11

          

          	
            86.19±4.91

          
        


        
          	
            Dead sperm

          

          	
            %

          

          	
            6.04±0.24

          

          	
            5.21±0.37

          

          	
            7.02±0.22

          
        


        
          	
            Morphological abnormality of sperm

          

          	
            %

          

          	
            4.44a ±0.13

          

          	
            4.08a ±0.21

          

          	
            6.79b ±0.15

          
        


        
          	
            Concentration of spermatozoa

          

          	
            x109 cells/ml

          

          	
            3.51a ±0.22

          

          	
            3.67a ±0.31

          

          	
            3.05b ±0.17

          
        


        
          	
            Fertility

          

          	
            A.I.

          

          	
            %

          

          	
            87.00a ±5.10

          

          	
            84.64a±4.02

          

          	
            73.33b±5.15

          
        


        
          	
            N.M.

          

          	
            %

          

          	
            55.60±4.17

          

          	
            56.72±5.82

          

          	
            52.16±4.65

          
        


        
          	
            Hatchability*

          

          	
            FES

          

          	
            %

          

          	
            87.35

          

          	
            90.58

          

          	
            84.93

          
        


        
          	
            TES

          

          	
            %

          

          	
            76.00

          

          	
            77.00

          

          	
            62.00

          
        

      
    


    



    Means bearing different superscript in a row (a, b) differs significantly (P<0.05); *Average of 2 observations; AI: Artificial insemination, NM: Natural mating, FES: Fertile egg set, TES: Total egg set


    



    surrounding tissues. Body weight was measured by simple weighing balance whereas testicular weight was monitored by employing electronic weighing balance.


    Serum was removed by centrifugation at 4000 rpm for 8 min from the blood samples collected from jugular vein of each male bird at 11:00 AM. Testosterone was estimated in serum of all the samples using a commercial ELISA kit (DE1559, Demeditec Diagnostics GmbH, Germany) according to the manufacturer’s instruction. The EIA was validated for chicken serum by demonstrating parallelism between serial dilutions of testosterone standard and serum. Data were analysed by using statistical software package SPSS-16 for analysis of variance and Duncan’s multiple range tests by comparing means for significant differences at the 5% level (P<0.05).


    



    RESULTS


    



    The mean values of physical characteristics of semen in different varieties of guinea fowl are shown in Table 1. Semen volume was observed nearly similar in pearl (0.055±0.003 ml) and lavender (0.051±0.003 ml) whereas less (P<0.05) in white variety (0.035±0.004). No significant difference was observed in sperm motility and live count among the three varieties of guinea fowl. Higher number of dead sperm in white variety was associated with higher (P<0.05) number of abnormal spermatozoa. Sperm concentration was found inferior (P<0.05) in white (3.05±0.17x109/ml) with poor fertility (73.33±5.15%) than other varieties of guinea fowl. In all the varieties, fertility rates were noticed higher with AI technique than natural mating. Hatchability was found superior in pearl and lavender than white.


    Data pertaining to the relationship of body weight with testicular weight in breeding and non-breeding season in different verities of guinea fowl is given in Table 2. A higher body weight was found in breeding season in all the three varieties of guinea fowl (white, pearl and lavender). However, no significant difference was found among the different varieties in any season. Irrespective of seasons, the left testicular weight was found slightly higher than right. Testicular weight in relation to percent body weight was recorded several fold higher (P<0.05) in BS. Data indicated a positive relationship of testicular weight with testosterone during both the seasons in all guinea fowl varieties (Table 3). Nearly 7 to 9 times increase in testicular weight were noticed in BS. Similarly, in all the varieties, serum testosterone profile was recorded higher (P<0.05) in BS than NBS.


    



    DISCUSSION


    



    Semen volume was found to be 0.035±0.004 ml in white variety of guinea fowl. This is in agreement with the work carried out by Nwakalor et al. (1988) as they have reported 0.032±0.001 ml. Pal et al. (1999) noticed semen volume for guinea fowl as 0.073±0.003 ml. In our study, the volume of pearl and lavender semen is 0.055±0.003 and 0.051±0.003 ml respectively which is nearly 50% higher than white variety of guinea fowl. This may be due to variation in variety. No significant difference was found in sperm motility and live counts among the three varieties of guinea fowl. Nwakalor et al. (1988) examined the live counts averaged 91.60 % with a range of 87-96% in guinea fowl whereas, in this study we have noticed 89.52±3.97, 90.71±4.11 and 86.19±4.91% in pearl, lavender and white variety.


    



    Table 2: Relationship of body and testicular weight in breeding and non-breeding season in different varieties of guinea fowl (mean ± SEM; n=6)


    
      
        
        
        
        
        
        
        
        
        
      

      
        
          	
            Guinea fowl


            variety

          

          	
            Body weight (g)

          

          	
            Testis weight (g)

          

          	
            Testicular weight in


            relation to % body weight

          
        


        
          	
            NBS

          

          	
            BS

          

          	
            NBS

          

          	
            BS

          

          	
            NBS

          

          	
            BS

          
        


        
          	
            Right

          

          	
            Left

          

          	
            Right

          

          	
            Left

          
        


        
          	
            White

          

          	
            1500± 24.39

          

          	
            1636± 55.72

          

          	
            0.22± .06

          

          	
            0.28± 0.04

          

          	
            1.76± 0.08

          

          	
            1.98± 0.10

          

          	
            0.033a

          

          	
            0.23 b

          
        


        
          	
            Pearl

          

          	
            1600± 31.78

          

          	
            1707± 38.86

          

          	
            0.24± .04

          

          	
            0.29±0.04

          

          	
            2.32 ±0.15

          

          	
            2.53 ± 0.1 7

          

          	
            0.034 a

          

          	
            0.28 b

          
        


        
          	
            Lavender

          

          	
            1592±36.24

          

          	
            1695± 56.82

          

          	
            0.25± .03

          

          	
            0.34± 0.05

          

          	
            2.02 ± 0.19

          

          	
            2.71 ± 0.14

          

          	
            0.037 a

          

          	
            0.28 b

          
        

      
    


    



    Means bearing different superscript in a row (a, b) differs significantly (P<0.05); NBS: Non breeding season; BS: Breeding Season


    



    Table 3: Relationship of testicular weight with serum testosterone profile in breeding and non-breeding season in different varieties of guinea fowl (means ± SEM; n=6)


    
      
        
        
        
        
        
        
        
      

      
        
          	
            



            Guinea fowl


            variety

          

          	
            Both testis weight (g)

          

          	
            Testosterone(ng/ml)

          
        


        
          	
            NBS

          

          	
            BS

          

          	
            NBS/BS

          

          	
            NBS

          

          	
            BS

          

          	
            NBS/BS

          
        


        
          	
            White

          

          	
            0.50a ± 0.10

          

          	
            3.74b ± 0.18

          

          	
            7.49

          

          	
            0.66a ± 0 .06

          

          	
            2.40b ± 0.11

          

          	
            3.64

          
        


        
          	
            Pearl

          

          	
            0.53a ± 0.08

          

          	
            4.85b± 0.32

          

          	
            9.15

          

          	
            0.58a± 0.08

          

          	
            2.37b ±0.09

          

          	
            4.08

          
        


        
          	
            Lavender

          

          	
            0.59a ± 0.06

          

          	
            4.73b± 0.33

          

          	
            8.01

          

          	
            0.63a± 0.04

          

          	
            2.66b ± 0.18

          

          	
            4.22

          
        

      
    


    



    Means bearing different superscript in a row (a, b) differs significantly (P<0.05); NBS: Non breeding season; BS: Breeding Season


    



    Dead sperm ranged from 5 to 7 % in this study whereas, Nwakalor et al. (1988) found slightly higher values (8.4±0.1%). Sperm concentration was ranging between 3.05±0.17 to 3.67±0.31 (x109/ml) with lower values (P<0.05) observed in white variety. Our values are comparable with Ayorinde (2004) who reported the mean values of sperm concentration in guinea fowl is 3.60 x109/ml. Every ejaculate contains few numbers of dead and abnormal spermatozoa which do not interfere with fertility but high proportion of these cells show either impaired fertility or complete sterility (Nalbandov, 1964). Higher dead and morphological abnormal sperm associated with lower sperm concentration in the present study may be the cause of poor fertility (73.33±6.15%) in white variety of guinea fowl when compared with other varieties. Per cent dead and abnormal sperm have been found to be negatively correlated with fertility. Wilson et al. (1969) found that when the number of dead sperm more than 10%, fertility was lowest. A significant decrease in fertility was noticed when only 1 % dead sperm were found.


    By employing the A.I. technique, the fertility rates were recorded higher (73-87%) than natural mated (55-58%) in various varieties of guinea fowl (Table 1). Saeki and Nagomi (1964) advocated that AI technique is superior to natural mating in fowl. This seems to be true in guinea fowl. The fertility of guinea fowl eggs ranges from 49 to 58% in naturally mated stock, while using A.I. results in egg fertility ranging from 70 to 88% (Galor, 1983; Ayorinde et al., 1989). The low fertility in naturally mated stock may be associated with monogamous sexual behavior of the guinea fowl (Ayeni, 1980; Ayorinde and Okaeme, 1984; Ayorinde, 1987; Nwagu and Alawa, 1995) that cannot be expected to mate frequently and indiscriminately as the male of chicken that is polygamous. Further the male reproductive system of guinea fowl is structurally less efficient than that of chicken (Ayorinde, 2004). In three varieties of guinea fowl, the hatchability on the fertile egg set basis was found ranging 85 to 90 %, whereas on total egg set basis ranging from 62-77% (Table 1). Galor (1983) reported 70-75% hatchability under artificial incubation. Kabera (1997) noticed 67% hatchability in guinea fowl. Handling of eggs before incubation and period of storage greatly affect the hatchability of guinea fowl eggs. Nwagu and Alawa (1995) reported that for every day of storage, the hatchability of guinea fowl eggs deteriorated by nearly 4%.


    In northern part of India, sexual activity in male guinea fowl begins in the month of March (spring season) with increasing day length and reached to the top in the month of May – June (summer) and decreased sexual intensity drastically in the month of December (winter). Hence, in this study, samples were collected in the month of June (full breeding) and December (non-breeding season). Testicular weight in BS was noticed as 3.74, 4.85 and 4.73 g in white, pearl and lavender variety which expressed 0.23, 0.28, and 0.28% of body weight respectively (Table 2). Ayorinde (2004) noticed 1.90 g testes representing only 0.13% of the body weight. Left testis weight was slightly higher in most of the birds than right. Similar observations were noticed by other workers (Tayler and Gous, 2008; Ali et al., 2015).The basis for testicular asymmetry is still not clear. The overall smaller testes size (1-9 g) may place the guinea fowl at disadvantage when compared with the 14-16 g (Belshaw, 1985; Nwagu and Alawa, 1995) or 9-30 g per testis weight commonly reported for chicken at sexual maturity which constitute about 1% of total body weight of the bird (Sturkie and Opel, 1976). Low semen volume in guinea fowl may be due to smaller testicular size.


    In all the varieties of guinea fowl a higher body weight associated with nearly 7 to 9 times more testicular weight was noticed in BS than NBS. Similarly, serum testosterone profile was recorded higher (P<0.05) in BS than NBS. Plasma testosterone concentration correlated positively with the body weight (Glimore, 1969; Gemmell et al., 1986) and higher testicular weight (Siopes and Wilson, 1975; Mohan et al., 2002; Biswas et al., 2007). Mean values of testosterone in peak breeding season in different varieties were obtained ranged 2.37 to 2.66 ng /ml which is nearly similar (2.71±1.01 ng/ml) as reported by Fukunaga et al. (2012). However, higher values (5.37±0.07 ng/ml) were reported by Ali et al. (2015) in full breeding season (summer) with nearly 11 times increase in testes weight in comparison to NBS. The similar pattern of relationship of testes with testosterone in BS and NBS has been revealed by Ali et al. (2015) in guinea fowl and Akbar et al. (2012) in other avian species.


    In most avian species, the elevated sexual activity that is recognized as breeding period is influenced by several environmental factors such as day length (photoperiod), temperature, food availability, mates in appropriate physiological condition and suitable breeding habitat (Wingfield et al., 1983). Out of these factors, photo period and temperature has been shown in many cases to be of paramount importance. In view of this, from this study it may be concluded that photoperiod associated with temperature in long days of summer enhance the size of the testes as well as the serum testosterone thereby influenced the physical parameters of semen and high sexual activity in BS. By employing the appropriate approach like extended photoperiod along with suitable temperature, seasonality in guinea fowl can be broken in winter days in order to harvest more number of eggs per year.
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Abstract | Semen characteristics and seasonal reproductive behaviour of male guinea fowl (pearl, lavender and white
varieties) were investigated. Thirty healthy (free from any disease/infection) adult male and females from each variety
of guinea fowl of same hatch with nearly similar body weight were taken randomly. Semen volume was observed nearly
similar in pearl (0.055+0.003 ml) and lavender (0.0510.003 ml) whereas less (P<0.05) in white variety. No significant
difference was observed in sperm motility and live counts among the varieties. Higher number of dead sperm was
observed in white variety linked with higher (P<0.05) number of morphologically abnormal spermatozoa. Sperm con-
centration was revealed inferior (P<0.05) in white variety (3.05£0.17x10° cells/ml) with poor fertility (73.33x 5.15%)
than other varieties. Fertility rates were superior (P<0.05) using Al technique rather than natural mating. Hatchability
was found higher in pearl and lavender than white. In another study, effect of seasonality on testes was investigated.
Irrespective of seasons, the left testicular weight was slightly more than right. Testicular weight constitutes 0.23 to 0.28
% of the total body weight. In all the varieties, nearly 7 to 9 times higher testicular weight was noticed in breeding (long
days) than non-breeding (short days) season. Similarly, serum testosterone profile was recorded higher (P<0.05) in
breeding season. Therefore, a positive relationship of testicular weight with testosterone in breeding and non-breeding
season was observed. The results of this study would be useful in designing the strategies for breaking the seasonality
in guinea fowl so that reproductive efficiency of this bird can be enhanced throughout the year.
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INTRODUCTION Guinea fowl

Guinen fowl is the common name of the seven species
of gallinaceous birds belongs to the family Numidi-
dae, which is native to Africa. Three varieties of guinea fowl
are well known such as lavender, pearl and white in which
usually females are slightly heavier than male (Nalubama
et al., 2014). Guinea fowl meat is rich in protein content
(28%) than that of domestic fowl i.c. 20% (Ayeni, 1950).
These birds have a high dressing percentage (80%) with
excellent meat to bone ratio (Ayeni, 1983). Guinea fowl is

comparatively more disease resistant (Bonds, 1997; Mandal
etal., 1999; Ikani and Dafwang, 2004) and hardy (Moreki
and Seabo, 2012) than chicken. Sayila (2009) observed less
mortality (2.2%) for guinea fowl than chicken (6.8%). In
spite of it, rearing of guinea fowl is not economical due to
seasonal egg production and poor fertility associated with
hatchability. In addition, the behaviour of guinea fowl is
monogamous (Nwagu and Alawa, 1995) which drastically
limits its reproductive efficiency when the male counter-
part dies. Under these conditions, female will not readi-
ly copulate naturally with a new male (Aire et al.,, 1983;
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