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ABSTRACT

The objective of this study was to evaluate the effect of season 
(winter and spring) on live weight, body condition, spermatozoa 
percentages, mass motility, ejaculation time, semen volume, and sperm 
cells concentration of Mexican Creole roosters. Sixteen 59-week-old 
Creole roosters were used, and their semen was collected weekly for 
9 weeks in winter and spring using the dorso-abdominal massage 
technique. The roosters were individually kept under a constant photo 
period (16 hours light: 8 hours dark). The average live weight was 
10.6% higher (p<0.05) in spring (3.03 kg) than in winter (2.74 kg). In 
both winter and spring (53.23 and 64.96%, respectively), category 1 of 
body condition occurred (p<0.05) more frequently than the others (0, 1 
and 2). Category 5 of mass motility frequency (the best of all) occurred 
more (p<0.05) in spring (50.71%) than in winter (31.08%). Additionally, 
live weight increased with age (r=0.93, p<0.05) and was positively 
correlated with mass motility (r=0.80, p<0.05) and percentage of 
abnormal spermatozoa (r=0.80, p<0.05). There was no effect of season 
on the percentages of live (winter 71.77%, spring 71.75%), dead 
(winter 28.42%, spring 28.27%), and abnormal (winter 1.00%, spring 
1.00%) spermatozoa. From winter to spring, semen volume increased 
(p<0.05) from 0.26 to 0.37 cm3, while ejaculation time decreased 
(p<0.05) from 10 to 6s. Mexican Creole roosters showed higher live 
weight, body condition, semen volume and abnormal spermatozoa in 
spring (when they were older and faster to ejaculate) than in winter. 
Therefore, it is advisable to breed this kind of animal in spring.

INTRODUCTION

Creole chickens (Gallus domesticus) are widely distributed in the 
rural areas of Mexico (Segura-Correa et al., 2007) as well as tropical 
and subtropical countries in general (Adamu et al., 2019). For breeding, 
it is important to select roosters with high semen volumes and good 
spermatozoa characteristics (Bah et al., 2001). Large semen volumes 
are associated with high sperm cells concentrations; furthermore, 
semen volume has been found to be one of the best variables for 
predicting the fertilization potential of cock ejaculates (Santiago-
Moreno et al., 2009). When the sperm cell concentration of indigenous 
roosters is high, maximal fertility is obtained (Adamu et al., 2019). 
However, the environment can play a deleterious role in semen quality. 
Extreme environmental factors such as low and high temperatures have 
negative effects on bird performance (Ayo et al., 2011). For instance, 
there is an apparent deterioration in semen quality of roosters during 
the hot months of India; and in general, the effect of heat stress on 
semen quality depends on age, live weight, and breed (Harsha et al., 
2021). Ejaculation time depends on the genotype and decreases with 
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underfeeding; however, no information was found 
on the effect of season on this variable (Machebe & 
Ezekwe, 2002; Kabir et al., 2007). Little information 
was found about the effects of season on semen 
characteristics of local roosters in the semiarid zone of 
Nigeria (Adamu et al., 2019). In Mexico, no information 
was found about ejaculation times, and in general, 
information about the environmental effect on semen 
characteristics of Mexican Creole roosters is scarce. 
Therefore, the objective of the present study was to 
evaluate the effect of season (winter and spring) on the 
live weight, body condition, spermatozoa percentages, 
mass motility, ejaculation time, semen volume, and 
sperm cell concentration of Mexican Creole roosters.

MATERIALS AND METHODS

Experimental Site
Evaluations were conducted in winter 2019 and 

spring 2020 at the Poultry Facilities of the College of 
Postgraduates, Campus Montecillo, Texcoco, State of 
Mexico, Mexico; located at 19° 53’ NL, 98° 53’ WL, 
at 2247 m altitude and presenting 14.6 °C and 558.5 
mm mean annual temperature and precipitation, 
respectively (García, 2004).

Ethical Statement

Roosters were handled following the 
recommendations of the College of Postgraduates 
Animal Welfare Committee (COLPOS, 2016), and no 
animals died during the experimental period.

Experimental Birds

Sixteen 59-week-old Creole roosters (2.800 ± 
0.142 kg live weight) were used. Birds were kept 
individually in cages (0.6×0.6×0.6 m), inside a poultry 
house with natural ventilation regulated by side 
curtains, with a constant photoperiod (16h light: 8h 
dark) during winter and spring. All roosters were fed a 
diet containing 17% crude protein and 2800 kcal kg-1 
metabolizable energy. During the experimental period, 
120 g of feed per animal per day were offered, and 
water was provided ad libitum.

Temperature and Relative Humidity

Temperature and relative humidity in the poultry 
house were recorded daily three times a day using 
an automatic digital thermometer-hygrometer with 
sensor and LCD display (Veanic, USA). In addition, 

climatological data were obtained from the Montecillo 
Campus Meteorological Station, located at about 100 
m from the experimental site.

Live Weight and Body Condition

Before starting the experimental period, the fasting 
live weight and body condition of each rooster were 
recorded, using a digital scale (L-PCR, Torrey, Mexico) 
with a 5 kg capacity and 5 g accuracy. Body condition 
was determined according to the methodology from 
Gregory & Robins (1998), by holding the rooster with 
the left hand, hugging it, and avoiding its flapping. 
The pectoral region was palpated with one hand, then 
the volume of breast muscles and the protrusion of the 
keel were evaluated. Roosters were classified according 
to the following categories: keel with prominent edge 
and limited breast muscle development (0); keel still 
prominent, but with more breast muscle development 
(1); keel less prominent and moderate breast muscle 
development (2); flat keel edge and well-developed 
breast muscle (3).

Semen Collection and Characterization

Before semen collection, the birds were trained 
using the dorso-abdominal massage technique 
(Burrows & Quinn, 1937). Between 9 and 11 AM, 
semen was collected from each bird into graduated 
Eppendorf tubes (5 cm3) that were pre-warmed up to 
41 °C to avoid thermal shock of the spermatozoa.

The following response variables were assessed: 
ejaculation time (s), semen volume (cm3), mass motility 
(scale 0 to 5), live, dead, and abnormal spermatozoa 
(%), and sperm cells concentration (spermatozoa cm-3). 
While mass motility was observed at 10X microscope 
magnification, live, dead, and abnormal spermatozoa 
were observed at 40X, and sperm concentration at 
100X. The following paragraphs describe the response 
variables.

Mass motility was assessed according to the 
following categories (Evans & Maxwell, 1987; David et 
al., 2015): 0 (sporadic or no motion of spermatozoa); 
1 (10% of spermatozoa show movement); 2 (no wave 
formation, 20-40% of spermatozoa show movement), 
3 (45-65% of spermatozoa are active), 4 (vigorous 
movement, 70-85% of spermatozoa are active) and 
5 (very vigorous movement with rapid waves, 90% or 
more of spermatozoa are active).

Live, dead, and abnormal spermatozoa percentages 
were determined by the eosin-nigrosine staining 
technique described by Bamba (1988). A drop of 
semen was placed on a Neubauer chamber, and after 
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selecting 100 cells, the spermatozoa with stained 
(dead) and intact (live) membranes, as well as with 
head or tail abnormalities, were counted (Alkan et al., 
2002).

Sperm cell concentration was determined in 
accordance with the method described by Cortez & 
Gallegos (2014). Using an enhanced Neubauer chamber 
and a red blood cell pipette, the cells were counted 
in 5 of the 25 large squares (0.004 mm3 each) of the 
chamber, and the sperm cells per mm3 were calculated 
using the formula: SC=N×F×D, where SC=sperm cells 
mm-3; N=number of sperm cells counted in 0.02 mm3 
(5×0.004 mm3); F=multiplication factor: 50 (because 
0.02 mm3 is 1/50th of 1 mm3); and D=dilution rate: 
200 (because semen was diluted 1/200). To express 
SC in sperm cells cm-3, the variable was multiplied by 
1000, since 1 cm³ is equal to 1000 mm³.

Statistical Analysis

In the present study, season was the only factor 
studied with two levels: winter and spring. The 
variables live weight, semen volume, ejaculation 
time, spermatozoa percentages and sperm cells 
concentration were analyzed by time-repeated 
measures using the GLMIXED procedure. The variables 
body condition and mass motility, which are presented 
as frequency in %, were analyzed according to a 
multinomial generalized linear mixed (MGLM) model 
with ordinal response. Excluding the means of ordinal 
variables, which were separated by the t test, all other 
means were separated by the LSD test, α = 0.05. 
Additionally, Pearson correlation coefficients (p<0.05) 
were obtained between each pair of physical and 
semen variables. The statistical software used was SAS 
(2011) version 9.4.

RESULTS

Temperature and Relative Humidity
Environmental data recorded weekly during the 

experimental period (Table 1) indicated that the 
average temperature inside the poultry house increased 
(p<0.05) from winter (18.14 °C) to spring (21.38 °C); 
however, the relative humidity in winter (49.88%) and 
spring (47.87%) were similar. Additionally, there was 
more (p>0.05) precipitation in spring (0.47 mm) than 
in winter (0.19 mm). The increase in temperature and 
precipitation dries and humidifies the air, respectively, 
which is the reason why relative humidity was the 
same in both seasons (p>0.05).

Live Weight and Body Condition

Although the initial live weights (wk. 1) of birds 
in winter and spring were similar (p>0.05), from the 
second week onwards live weight was higher (p<0.05) 
in spring than in winter (Figure 1). This variable increased 
from 2.83 to 3.07 kg per bird, with an average value of 
3.03 ± 0.14 kg in the spring that was higher (p<0.05) 
than that of the winter (2.80, wk. 1 to 2.80 kg wk. 9), 
with an average value of 2.74 ± 0.14 kg per bird.

Table 1 – Environmental conditions of the experimental site 
in winter 2019 and spring 2020.

Week
Winter Spring Winter Spring Winter Spring
1Temperature, °C 2Precipitation, mm 2Relative humidity, %

1 17.1 24.6 0 0 55.3 35.8

2 17.4 20.9 0 0.3 51.3 51.5

3 17.5 22.2 0 0 42.8 41.7

4 18.4 22.9 0.5 0 57.0 40.2

5 16.1 21.6 0.9 1.8 60.1 52.0

6 18.4 19.0 0 0.5 42.8 53.0

7 19.3 19.3 0.2 0.9 43.9 58.6

8 19.6 21.0 0 0.1 51.5 48.1

9 19.5 20.9 0.1 0.6 44.2 49.9

Average 18.14 B 21.38 A 0.19 B 0.47 A 49.88 47.87
1Inside the poultry house, 2Meteorological station. A,BDifferent letters in the row 
indicate statistical differences (p<0.05).

Figure 1 – Live weight of Mexican Creole roosters during nine weeks in winter 2019 
and spring 2020 in Texcoco, State of Mexico, Mexico. Different letters above the bars of 
each week indicate statistical differences (p<0.05).

Out of the four body condition categories (0 to 3), 
only categories 0, 1 and 2 were observed (Figure 2). 
Category 2 (moderate breast muscle development) 
showed the following frequencies: 40.57% in winter 
and 17.52% in spring. Category 1 (keel slightly 
prominent, with moderate breast muscle development) 
showed the highest frequencies of 53.23 and 64.96%, 
and category 0 (keel with prominent edge and limited 
breast muscle development) showed the lowest 
frequencies of 6.20 and 17.52% in winter and spring, 
respectively. All these frequencies differed between 
seasons (p<0.05). Most of the roosters showed 
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intermediate body condition categories, that is, 
they were neither too fat (category 3) nor too lean 
(category 0).

Mass Motility and Sperm Cells 
Concentration

Category 5 of mass motility (Figure 5) showed the 
highest frequency (p<0.05) when compared to the 
others (winter 31.08% and spring 50.71%). The worst 
category was 0 (winter 4.89% and spring 2.21%). In 
general, the worst categories 0 to 3 were predominant 
in winter, while the best (category 5) was predominant 
in spring (p<0.05). However, category 4 of mass 
motility was similar between seasons (p>0.05).

Figure 2 – Frequency of body condition of Mexican Creole roosters during nine 
weeks in winter 2019 and spring 2020 in Texcoco, State of Mexico, Mexico. 0: keel 
with prominent edge and limited breast muscle development; 1: keel slightly prominent, 
but with moderate breast muscle development; 2: keel less prominent and moderate 
breast muscle development; 3: flat keel edge and well-developed breast muscle (Gregory 
& Robins,1998). The t test (p<0.05) was used for the comparison of means of each 
category.

Figure 4 – Semen volume of Mexican Creole roosters during nine weeks in winter 2019 
and spring 2020 in Texcoco, State of Mexico, Mexico. Different letters above the bars 
indicate statistical differences (p<0.05).

Ejaculation Time and Semen Volume

Ejaculation time (Figure 3) varied in winter from 
6.16 to 12.49s (10.24 ± 0.10s), and in spring from 
4.84 to 8.35 s (6.52 ± 0.52 s). On average, this variable 
was higher in winter than in spring (p<0.05). Semen 
volume varied from 0.17 to 0.39 cm3 in winter (0.26 
± 0.04 cm3) and from 0.22 to 0.42 cm3 in spring (0.37 
± 0.03 cm3) (Figure 4). On average, this variable was 
higher in spring than in winter (p<0.01). That is, these 
Mexican Creole roosters were faster to ejaculate and 
produce a greater semen volume in spring than in 
winter.

Figure 3 – Ejaculation time of Mexican Creole roosters during nine weeks in winter 
2019 and spring 2020 in Texcoco, State of Mexico, Mexico. Different letters above the 
bars of each week indicate statistical differences (p<0.05).

Figure 5 – Frequency of mass motility of Mexican Creole roosters’ semen during nine 
weeks in winter 2019 and spring 2020 in Texcoco, State of Mexico, Mexico. Category 
0: sporadic or no motion of spermatozoa; category 1: 10% of spermatozoa show 
movement; category 2: no formation of waves, 20-40% of spermatozoa are active; 
category 3: 45-65% of spermatozoa are active; category 4: vigorous movement, 70-85% 
of spermatozoa are active and category 5: very vigorous movement with dense waves, 
90% or more of spermatozoa are active (Evans & Maxwell,1987; David et al., 2015). 
The t test (p<0.05) was used for the comparison of means of each category.

From week 1 to 8, sperm cell concentration 
(Figure 6) did not change (p>0.05) between seasons; 
however, at week 9 this variable was higher in spring 
than in winter (p<0.05). Nevertheless, on average, 
no difference (p>0.05) in sperm cell concentration 
was observed between seasons (winter 2.23×109 and 
spring 2.76×109 spermatozoa cm-3).
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Percentages of Live Dead and Abnormal 
Spermatozoa

The percentages of live spermatozoa in winter and 
spring were 71.77 and 71.75%, respectively. Those of 
dead spermatozoa were 28.42 and 28.27% in winter 
and spring, respectively. The percentages of abnormal 
spermatozoa were 1% in both seasons. These three 
variables did not change significantly from winter to 
spring (p>0.05).

Correlations Between Variables

Live weight was positively correlated with mass 
motility (r = 0.79, p<0.05), which, on average, was 
similar between spring and winter (p<0.05). Live weight 
was also positively correlated with the percentage of 
abnormal spermatozoa (r=0.80, p<0.05). Furthermore, 
the highest and best value of mass motility (category 
5, very vigorous movement with rapid waves and 90% 
or more active spermatozoa) was more frequently 
observed in spring (p<0.05).

DISCUSSION

Santiago-Moreno et al. (2009), Elagib et al. (2012), 
and Adamu et al. (2019) studied the effects of factors 
such as breed, age, and season on semen characteristics 
of roosters in different regions of the world. However, 
in Mexico, little or no information on this subject is 
available. In this study, live weights of 59-week-old 
Creole roosters increased with age, as was reported 
for Rhode Island roosters from 6 to 18 months of age 
(Juárez-Caratachea et al., 2018). 

Silveira et al. (2014) found an increase in the live 
weight of broiler breeders related to a decrease in 

fertility. Therefore, to delay such effect, control of 
intake and quality of feed are recommended (Romero-
Sánchez et al., 2007). These reports are consistent 
with the present study, where live weight increased 
with age. 

Category 1 of body condition (low prominent keel 
and close to moderate breast muscle development) 
occurred with a higher probability compared to the 
other categories (0, 1 and 2), and was more prevalent 
(p<0.05) in spring (64.96%) than in winter (53.23%). 
Category 2 (less prominent keel and moderate 
breast muscle development) also occurred with high 
probabilities. A higher category (3, for instance) with 
well-developed and broad breast could affect mating 
(McGary et al., 2003). In this study, more roosters had 
a good category for mating in spring than in winter. 
However, to know the relationship between body 
condition and fertility, more studies are probably 
required.  

To obtain good quality semen and assess the 
ejaculation time with some accuracy, an adequate 
stimulus is required (Gee & Temple, 1978). No studies 
assessing ejaculation time in Creole roosters were 
found. In boars, ejaculation time was found to be 
positively correlated with semen volume (Oberlender 
et al., 2012); however, no such correlation was found 
in the present study, nor in the reviewed literature. 
Thus, further research on ejaculation time of Mexican 
Creole roosters is recommended.  

Semen volumes in winter (0.26 cm3) and spring 
(0.37 cm3) were greater than those reported by Elagib 
et al. (2012) in one-year-old White Leghorn roosters, 
which recorded semen volumes of 0.21 cm3 (summer) 
and 0.23 cm3 (winter). Using a local rooster breed from 
Nigeria, Bah et al. (2001) obtained 0.28 cm3 of semen, 
a similar value to that found in the winter in this study 
(0.26 cm3). Semen volume has been reported to range 
from 0.24 to 0.32 cm3 (Bah et al., 2001) and to be 
affected by the month of year. However, Jafari et al. 
(2013) mention that this variable depends on genotype 
and latitude among Ross 308 roosters, recording values 
of 0.50 to 0.52 cm3. Semen volume has also been 
reported to be higher from October to December than 
in the other months of the year (Adamu et al., 2019). 
In the present study, semen volume obtained in spring 
(0.37 cm3) was within the range reported by Rashid 
& Khalid (2023): 0.31 to 0.50 cm3 for Iraqi domestic 
chickens. Saeid & Al-Soudi (1975) obtained a positive 
correlation between semen volume and environmental 
temperature (r=0.70, p<0.01). Similarly, in the present 

Figure 6 – Sperm cell concentration (Cortez & Gallegos, 2014) of Mexican Creole 
roosters during nine weeks in winter 2019 and spring 2020 in Texcoco, State of Mexico, 
Mexico. Different letters above the bars indicate statistical differences (p<0.05).
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study, semen volume was higher in spring (0.37 cm3) 
at 21.4 °C than in winter (0.26 cm3) at 18.1 °C average 
environmental temperature. 

The occurrence of Category 5 of mass motility in 
this study was higher in spring than in winter. Similarly, 
Santiago-Moreno et al. (2011) suggested that spring is 
the best season to obtain good mass motility. However, 
Saeid & Al-Soudi (1975) reported that neither relative 
humidity nor temperature affected (p>0.05) this 
variable. The best and most frequent mass motility 
(category 5) observed in the spring (50.7%, April to 
June) in this study was lower than that reported by 
Adamu et al. (2019): April to June (55.73%). These 
authors studied mature cocks of 14 to 18 months of 
age (56 to 72 weeks), while the roosters of the present 
study were 59 weeks old.

In the present study, there was no effect of season 
on the percentages of live (winter 71.77%, spring 
71.75%), dead (winter 28.42%, spring 28.27%), and 
abnormal (winter 1.00%, spring 1.00%) spermatozoa. 
In contrast, Shanmugam et al. (2012) found that the 
percentages of live, dead, and abnormal spermatozoa 
increase (p<0.05) from 24 to 48 weeks of age in the 
semen of naked neck and dwarf roosters. On the other 
hand, in semen of a pure line (Indian Dahlem red), no 
effects of age on live, dead, and abnormal spermatozoa 
percentages were observed (Shanmugam et al., 2014). 
These authors reported that the percentages of dead 
spermatozoa in semen from 23, 42, and 65-weeks 
old roosters were less than 9%, and no differences 
(p>0.05) were observed among ages. The percentages 
of dead spermatozoa were lower than the winter and 
spring average obtained in the present study (28.3%). 
Very low percentages of abnormal spermatozoa were 
detected in both seasons of the current study, while 
Machebe & Ezekwe (2002) reported about 10% 
abnormalities in three genotypes of local breed roosters 
during the spring in a tropical region of Nigeria. 
In another study, Obidi et al. (2008) reported 7.8% 
abnormal spermatozoa in Shika brown line roosters 
evaluated during the spring in Nigeria. Tabatabaei et 
al. (2009) reported a lower percentage of abnormal 
spermatozoa in local breeds (7%) than in Ross 308 
roosters (10%). Therefore, all these percentages were 
higher than those found in the present study.  

Sperm cell concentration differed (p<0.05) 
between winter and spring (1510.1 and 3112.5×106 
spermatozoa cm-3) only until the ninth week of 
experimentation. On average, these values were 
similar (p>0.05) between seasons. Similarly, Santiago-

Moreno et al. (2009) reported the following (p>0.05) 
values - winter: 1764×106 and spring: 1664×106 
spermatozoa cm-3). They studied native Spanish 
roosters under natural temperature and photoperiod 
conditions (summer: 18 to 24 °C with 14 to 16 
hours of daylight; and autumn: 4 to 20 °C with 12 
to 8 hours of daylight). Along the same lines, Adamu 
et al. (2019) did not find significant differences on 
sperm cell concentration of one-year-old local roosters 
from a semi-arid region of Nigeria between January 
and March [late dry (3750×106 cm-3) and early rainy 
(4730×106 cm-3) seasons]; these concentrations were 
higher than those found in the present study. Tyler et 
al. (2011) observed no significant differences in sperm 
cell concentration of Ross 708 breeding roosters from 
40 to 60 weeks of age at different photoperiods (12, 
14, 16, 18, 20 and 22 hours of light). The sperm cell 
concentration reported by these authors was lower 
than that obtained in our study. Therefore, the results 
of these studies suggest that environmental factors did 
not influence this variable. As in the present study, Saeid 
& Al-Soudi (1975) did not find significant correlations 
(p>0.05) between sperm cells concentration and 
temperature or relative humidity.

The lack of significant differences between 
seasons in percentage of spermatozoa and sperm 
cells concentration up to week 8 of experimentation 
is probably due to the positive effect of the spring 
temperature, which was close to comfort, neither 
high or low (Ayo et al., 2011); and the negative effect 
of older age, which decreases sperm DNA integrity 
(Shanmugam et al., 2014).

CONCLUSION

In spring (January to March), most Mexican Creole 
roosters had adequate live weight and reproductive 
age: 65% of them were in good body condition, they 
ejaculated faster, and had a higher semen volume 
than in winter (October to December). On average, 
semen from Mexican Creole roosters had higher mass 
motility in the spring than in the winter, and a positive 
correlation was observed between this variable and 
live weight. However, sperm cell concentration did not 
differ between seasons. Additionally, there were no 
significant differences between seasons in percentages 
of live, dead, and abnormal spermatozoa. Therefore, it 
is recommended to wait a little in winter and reproduce 
these animals early in the following spring.
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