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This study evaluated the semen quality and fertility performance of three Nigerian local chicken ecotypes:
Normal feathered (NF), Naked neck (NN), and Ruffle feathered (RF). Semen samples were collected weekly
over four weeks from five roosters per ecotype, pooled per group, and assessed for volume, motility, and
biochemical parameters, including alkaline phosphatase (ALP), lactate dehydrogenase (LDH), and creatine
kinase (CK). The semen was subsequently inseminated into groups of ten hens of corresponding ecotypes.
Results revealed significant differences among ecotypes, with NN showing superior semen volume (0.38 +
0.04 mL) and motility (81.5 £ 2.8 %), while RF exhibited the lowest values. Biochemical analysis indicated
that LDH and CK activities were positively correlated with semen quality traits, suggesting their role in
supporting sperm metabolism. Fertility rates reflected the semen quality trends, with NN achieving the
highest hatchability (85%), followed by NF (76%) and RF (68%). Correlation analysis revealed moderate
to strong positive associations between semen quality parameters and biochemical markers (r = 0.59-0.88).
This underscores their potential for use as selection criteria for reproductive improvement. These findings
provide insights into the reproductive physiology of Nigerian indigenous chickens and offer valuable guidance
for genetic improvement and sustainable poultry production in resource-limited settings.
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Introduction

The improvement of poultry production systems is crucial to
addressing the increasing demand for sustainable protein sources,
especially in developing countries like Nigeria, where indigenous
chicken ecotypes play a vital role in food security and rural liveli-
hoods (Kpomasse et al., 2023). Nigerian local chicken ecotypes,
such as the normal feathered (NF), naked neck (NN), and ruf-
fle feathered (RF), are valued for their adaptability to harsh
environmental conditions, disease resistance, and efficient uti-
lization of low-input production systems (Ajayi, 2010). However,
the productivity of these ecotypes remains limited due to subop-
timal reproductive performance and a lack of targeted breeding
programs (Thando et al., 2024).

Semen quality is a critical determinant of reproductive effi-
ciency in poultry (Yanyan et al., 2019). Parameters such as
semen volume, sperm motility, and the activity of biochemical

markers, including lactate dehydrogenase (LDH), alkaline phos-
phatase (ALP), and creatine kinase (CK), are commonly used
to evaluate the reproductive potential of males (Long et al.,
2014). These biochemical markers are indicative of sperm energy
metabolism and membrane integrity, which are essential for suc-
cessful fertilization (Bakst & Akuffo, 2020). Understanding the
variation in semen characteristics among different ecotypes can
provide valuable insights for selective breeding programs aimed
at enhancing reproductive outcomes (Lin et al., 2024).
Artificial insemination (AI) has emerged as an important tool
in poultry breeding, facilitating the rapid dissemination of desir-
able traits and improving genetic diversity (Burrows & Quinn,
1937). Despite its proven benefits in commercial breeds, the
application of Al in local chicken ecotypes remains underexplored
(Hoang et al., 2018). Investigating the semen characteristics and
fertilization success of Nigerian local chicken ecotypes through
AT can lay the groundwork for improving their productivity and
supporting sustainable poultry production systems in Nigeria.
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This study aims to evaluate and compare semen quality
parameters among the NF, NN, and RF ecotypes and assess their
fertilization potential through AI. By establishing baseline data
on the semen characteristics and reproductive performance of
these ecotypes, this research contributes to the development of
tailored breeding strategies for Nigerian local chickens.

Materials and Method
Study Location and Ezperimental Birds

The study was conducted at the poultry pen of the city cam-
pus, Usmanu Danfodiyo University Sokoto, Nigeria (with average
annual temp: 28°C). It was conducted on three Nigerian local
chicken ecotypes: the normal feathered (NF), naked neck (NN),
and ruffle feathered (RF). Five adult roosters and ten hens per
ecotype were selected based on uniform body weight and appar-
ent good health. Birds were housed separately in well-ventilated
pens and provided ad libitum access to feed and water. Standard
poultry management practices, including vaccination and disease
monitoring (Uddin et al., 2017), were implemented throughout
the study.

Semen Collection and Evaluation

Semen was collected weekly for four consecutive weeks from
the five roosters of each ecotype using the abdominal massage
technique as described by Burrows and Quinn (1937). Immedi-
ately after collection, semen from roosters of the same ecotype
was pooled to minimize individual variability (Luvanga and
Kashoma, 2022).

Physical Parameters

The pooled semen samples were evaluated for volume, which
was measured using a graduated centrifuge tube. Sperm motility
was assessed under a light microscope at 37°C. A drop of semen
was diluted with phosphate-buffered saline (PBS), and motility
was scored as the percentage of progressively motile spermatozoa
(Taniguchi et al., 2021).

Biochemical Parameters

Semen samples were centrifuged at 3,000 rpm for 10 minutes in a
refrigerated centrifuge, set at 4°C, to separate spermatozoa from
seminal plasma. The seminal plasma was analyzed for lactate
dehydrogenase (LDH), alkaline phosphatase (ALP), and creatine
kinase (CK) using a spectrophotometer and commercial enzyme
assay kits (Talluri et al., 2017), following the manufacturers’
protocols.

Artificial Insemination (Al)

Following semen evaluation, hens of the corresponding ecotypes
were inseminated with freshly pooled semen once a week for four
weeks. A calibrated syringe without a needle was used to deposit
0.1 mL (containing approximately 150 million sperm cells, based
on the respective sperm concentrations of the semen samples)

of semen into the oviductal orifice of each hen. To ensure con-
sistency, all inseminations were performed by the same trained
personnel (Sasanami et al., 2013).

Data Collection

Semen Quality Parameters

Weekly measurements of semen volume, sperm motility, and
enzyme activity (LDH, ALP, and CK) in seminal plasma were
conducted.

Reproductive Performance

Fertility was assessed by collecting and incubating eggs laid by
inseminated hens. Eggs were candled on day 7 of incubation to
determine the fertility rate (number of fertilized eggs/total eggs
laid x 100). Hatchability was recorded as the number of chicks
hatched from fertilized eggs (Oluyemi & Roberts, 2000).

Statistical Analysis

Data were analyzed using statistical software GraphPad Prism
v10. Multivariate analysis of variance (MANOVA) was conducted
to compare semen quality and reproductive performance among
the three ecotypes. Differences between means were evaluated
using Tukey’s post hoc test at a significance level of p < 0.05.
Fertility and hatchability data were arcsine-transformed before
analysis to meet normality assumptions, which were confirmed
via Shapiro-Wilk test (Louis and Denis, 2023).

Results

The NN ecotype exhibited the highest semen volume (0.38 £ 0.04
mL) and sperm motility (81.5 + 2.8%), while the RF ecotype had
the lowest values (0.29 + 0.03 mL and 72.3 + 4.0%) for both
parameters. Biochemical analysis showed that NN chickens also
had significantly higher LDH (91.7 & 5.2 IU/L) and CK (105.6 +
8.3 1U/L) activities compared to NF and RF chickens, suggesting
greater energy metabolism efficiency in NN ecotypes (Table 1).

Semen Volume shows strong positive correlations with all
other variables; it correlates positively with Sperm Motility (r
= 0.59), indicating that higher semen volume is associated with
improved sperm motility. Semen volume also positively cor-
relates with LDH Activity (r = 0.68), which is a marker of
metabolic efficiency. CK Activity also shows a strong positive
correlation (r = 0.88) with semen volume, implying its role in
supporting semen volume. Sperm Motility also exhibits strong
correlations; it correlates positively with LDH Activity (r =
0.59) and CK Activity (r = 0.69), emphasizing the importance of
energy metabolism enzymes for motility. Biochemical Enzymes
(ALP, LDH, and CK) have shown strong positive correlations
with one another (r = 0.58-0.77), indicating their combined role
in energy metabolism for reproductive traits.

The NN ecotype achieved the highest fertility rate (85.7 &
3.8%) and hatchability rate (78.4 + 4.7%), while RF chick-
ens consistently had the lowest reproductive performance. NF
chickens were intermediate in both metrics, with fertility and
hatchability rates of 78.5% and 70.1%, respectively (Table 3).
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Table 1 Means semen quality parameters of three Nigerian local chicken ecotypes
Parameter NF NN RF P-Value
Semen Volume (mL)  0.32 + 0.05* 0.38 & 0.04° 0.29 + 0.03° < 0.01
Sperm Motility (%) 75.2 + 3.5* 815 +28° 72.3+4.0* < 0.01
LDH Activity IU/L) 85.3 + 4.6* 91.7 + 52 825 4 4.22 < 0.05
ALP Activity (IU/L) 32.5 £ 2.2 342 + 2.7 315+ 19 0.08
CK Activity (IU/L) 95.2 + 7.8% 105.6 £ 8.3" 924 + 6.9? < 0.05
Values with different superscripts within a row differ significantly (p < 0.05).
Table 2 Correlation matrix for semen quality and biochemical parameters (Semen Volume, Sperm Motility, LDH Activity, and CK Activity)
Semen Volume Sperm Motility ALP Activity LDH Activity CK Activity
Semen Volume 1.00 0.59 0.86 0.68 0.88
Sperm Motility 0.79 1.00 0.76 0.59 0.69
ALP Activity 0.84 0.65 1.00 0.75 0.58
LDH Activity 0.68 0.69 0.77 1.00 0.59
CK Activity 0.88 0.79 0.89 0.69 1.00
Table 3 Reproductive performance metrics of three Nigerian local chicken ecotypes
Metric NF NN RF P-Value
Fertility Rate (%) 785 + 4.2* 85.7 +3.8° 73.2 +5.1% < 0.01
Hatchability Rate (%) 70.1 + 5.0 78.4 + 4.7 65.8 + 5.4* < 0.05

Weekly Trends in Semen Quality

Trends in semen quality across the four weeks revealed consistent
values for semen volume and motility in NN chickens, while NF
and RF chickens showed slight declines in motility by week 4 (5%
and 7% respectively). Biochemical markers remained stable over
the collection period for all ecotypes, suggesting no significant
seasonal or handling effects (p > 0.05).

Discussion

This study highlights significant variations in semen quality
and reproductive performance among Nigerian local chicken eco-
types, emphasizing the superior reproductive traits of the naked
neck (NN) ecotype compared to the normal feathered (NF)
and ruffle feathered (RF) ecotypes. These findings have impor-
tant implications for breeding programs aimed at improving the
productivity of indigenous poultry populations.

The NN ecotype demonstrated the highest semen volume,
sperm motility, and enzymatic activities (LDH and CK), which
are critical parameters influencing male fertility. The increased
semen volume in NN roosters could enhance the availability of
viable spermatozoa during artificial insemination, while higher
motility suggests better sperm viability and capacity for oviduc-
tal penetration (Bakst & Akuffo, 2020). The elevated LDH and
CK activities in NN semen further point to efficient energy
metabolism, essential for maintaining sperm motility and overall
reproductive competence (Long et al., 2014). These traits may
result from the unique genetic makeup of the NN ecotype, which
has been associated with adaptive advantages in tropical envi-
ronments, including heat tolerance and disease resistance (Ajayi,
2010; Peters et al., 2021).

The NF ecotype showed intermediate values for most semen
quality and reproductive performance parameters. Although NF
roosters had lower semen volume and motility than NN roost-
ers, their performance was significantly better than that of RF
roosters. This finding suggests that the NF ecotype may rep-
resent a balanced phenotype, combining moderate productivity
with robustness (Ajayi et al., 2008; Adebambo et al., 2009). Pre-
vious studies have similarly noted the versatility of NF chickens
in both rural and semi-commercial production systems, where
adaptability and resilience are essential traits (Akinokun, 1990).

The RF ecotype consistently exhibited the lowest values
across all measured parameters, including fertility and hatcha-
bility rates. Lower semen volume and motility in RF roosters
suggest limited reproductive potential, which may stem from
intrinsic genetic or physiological constraints, although this may
warrant hormone assays in future works. Additionally, lower
enzymatic activity in RF semen indicates reduced energy avail-
ability, potentially impairing sperm function and fertilization
success (Bakst & Akuffo, 2020). These findings align with ear-
lier reports that RF chickens, while visually distinct, may not
be optimized for high reproductive performance under artificial
conditions (Nwagu & Alawa, 1995). This underscores the need
for further investigation into genetic and environmental factors
affecting RF ecotypes, as well as tailored strategies to enhance
their reproductive output.

The moderate to strong correlations observed between semen
quality parameters and enzymatic activities highlight the impor-
tant role of energy metabolism in reproductive performance
among Nigerian local chicken ecotypes. High LDH and CK
activities support sperm motility and viability by maintaining
adequate energy supply, a critical factor for fertilization success

60



Semen Quality and Reproductive Performance

(Bakst & Akuffo, 2020). The correlation between semen vol-
ume and motility underscores the importance of both traits for
efficient artificial insemination programs.

These findings suggest that selection for biochemical markers
such as LDH and CK could serve as indirect criteria for improving
reproductive traits in breeding programs. The observed inter-
dependence among parameters also underscores the need for a
holistic approach to evaluating male fertility, as improving one
trait could positively influence others.

The weekly trends observed in semen quality revealed stable
performance in the NN ecotype, contrasting with slight declines
in motility by week 4 for the NF and RF ecotypes. This stabil-
ity in NN chickens may reflect greater adaptability to routine
semen collection and handling, which could make them more
suitable candidates for intensive breeding programs. However,
the observed decline in NF and RF ecotypes suggests a potential
stress response or depletion of reproductive reserves, highlighting
the importance of optimizing management practices to sustain
semen quality over prolonged collection periods.

Fertility and hatchability rates further corroborated the supe-
rior performance of the NN ecotype, which achieved the highest
percentages for both metrics. These outcomes are consistent
with the observed semen quality parameters, underscoring the
link between semen traits and reproductive success (Long et
al., 2014). The lower fertility and hatchability in RF chick-
ens may reflect suboptimal semen quality, reduced sperm-egg
compatibility, or other factors requiring further exploration.

The superior reproductive performance of the NN ecotype
suggests its potential as a cornerstone for improving the pro-
ductivity of indigenous poultry in Nigeria. Selective breeding
programs that prioritize the NN ecotype could leverage its adap-
tive traits and reproductive efficiency to develop more resilient
and productive chicken lines. However, care must be taken to pre-
serve genetic diversity, as this is crucial for long-term adaptability
and disease resistance (Ajayi, 2010).

Additionally, the observed differences among the ecotypes
highlight the need for customized management and breeding
strategies tailored to the unique strengths and limitations of each
ecotype. For instance, while the NN ecotype can be immediately
prioritized for reproduction-intensive roles, the NF and RF eco-
types may benefit from targeted interventions such as nutritional
optimization, crossbreeding, or genetic enhancement to improve
their reproductive performance.

Future research should explore the genetic basis of repro-
ductive traits in these ecotypes to identify markers associated
with superior semen quality and fertility. Integrating molecular
tools with traditional selection methods could accelerate genetic
improvement while maintaining the indigenous adaptability of
these ecotypes. Furthermore, studies on environmental influ-
ences, such as temperature and nutrition, on semen quality could
inform management practices to optimize reproductive outcomes
across varying production systems.
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