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ABSTRACT

This study examines the effect of photoperiod on sperm production and quality of the pearl
Guinea fowl cock. Keets used for this investigation were subjected to different photoperiod
levels: 12HL:12HD, 14HL:10HD, 16HL: 8HD, and 18HL:6HD using a white bright LED Energy
saving bulbs of 120 watts with light intensity of 5.60 lux and kept from day-old to eight weeks
in a completely randomized block design. Semen produced by cocks subjected to 12HL: 12HD
was closely gathered, while semen produced by birds subjected to 18HL: 6HD was spread
apart. Considering semen motility, sperm produced by cocks subjected to 18HL: 6HD
photoperiod swam efficiently followed by cocks subjected to 16HL: 8HD and 14HL: 10HD.
While sperms produced by cocks subjected to 12HL: 12HD were swimming slowly. Cocks
subjected to 12HL: 12HD produced the highest (28.75) percentage of abnormal spermatozoa
and the lowest (20.25%) among cocks subjected to 18HL: 6HD treatment. The highest normal
spermatozoa (79.75%) were produced by cocks subjected to 18HL: 6HD treatment, and the
lowest (71.25%) among cocks subjected to 18HL: 6HD treatment. The volume of spermatozoa
produced was highest (3.6mL) in cocks exposed to 16HL: 8HD photoperiod and lowest (2.81
ml) in cocks exposed to 14HL: 10HD photoperiod. Cocks subjected to 18HL: 6HD level of
photoperiod recorded the highest (P=0.001) white blood cells (4.48 %), while birds subjected
to 12HL: 12HD had the lowest percentage of white blood cell of 2.42. In conclusion, semen
quality and quantity increased with increasing photoperiod.
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INTRODUCTION

Guinea fowl is among the most common poultry
species raised by many small-scale poultry farmers in
Ghana, especially in the Northern, Northeast, Savannah,
Upper East, and West regions (Avornyo et al., 2016; Kyere
et al., 2018). The commonest breeds found in Ghana are
the Pearl, Black, Lavender, and White Guinea fowls. The
Pearl Guinea fowl breed is the most populated bird in
Ghana compared to the Black, Lavender, and White Guinea
fowls (Duodu et al., 2018; Kyere et al., 2018). Guinea fowl
can adapt to harsh environmental conditions and grow
very fast with high production and reproduction
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performance even under poor environmental conditions as
compared to domestic chicken (Avornyo et al., 2016).
Keeping Guinea fowl has proven to be very profitable with
low production input since most rural farmers keep the
bird under the semi-intensive and extensive system of
animal management (Kyere et al., 2018).

The major constraints affecting the growth and
reproduction performance of local Guinea fowl production
include seasonal breeding (Gosomji et al, 2024), day
length (Okyere et al, 2020), light intensity (Raccoursier,
2016), color/wavelength of light, poor nutrition (Adjetey et
al, 2014), high reproductive wastage, egg size, and poor
management practices. Among the constraints as
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mentioned above, photoperiod (day length) and seasonal
variations have been singled out as the major hindrance
notable to affect the growth and reproductive
performance of local Guinea fowls hence, the focus of this
study. Manipulation of light at different regimes for
broilers influence semen production and quality (Okyere et
al, 2020). Hajrasouliha and Kaplan (2012) also reported
that light supplementation to broiler chickens modulates
systematic immune responses, reduces physiological
aggressive behaviors, and improves health and welfare.
Lewis et al. (2007) observed a decrease in age at sexual
maturity with increasing photoperiod in broiler breeders.
Similar study conducted in Ghana by Okyere et al. (2020)
revealed that, Guinea fowls exposed to 18L: 6D produced
high quality semen.

Lighting regimes in poultry production appear to be
indispensable to maximize the growth potential and affect
thermo-physiological responses, semen production, and
quality of poultry birds (Wu et al., 2022). Unfortunately, this
innovative technology has not been studied extensively in
the case of Guinea fowls in Ghana and across the world.
Currently, there is little or no research work on
photoperiodic effect on semen production and thermo-
physiological traits across the globe. Hence, this study is
novel with unique findings which will improve poultry
production especially, Guinea fowls. With the increasing
concern in Guinea fowl commercialization, it is important
to conduct research to delve into the semen production
capacity of Guinea fowl cocks subjected to photoperiod in
a hot, humid environment.

MATERIALS & METHODS

Ethical Approval

This research was developed from an ongoing PhD
research work in Reproductive Physiology (Animal
Science) with approval from the Animal Care and Ethics
Committee from the Department of Animal Science,
Kwame Nkrumah University of Science and Technology,
Kumasi-Ghana. This research also strictly followed the
ethics and animal handling guidelines and procedures
outline in the Guide for the care and management and
use of Poultry Birds in Research and Teaching by the
Federation of Animal Science Societies (American Poultry
Science Association, 2020).

Information about the Study Area

This study was set up on-farm at Dawu near Jamasi
in the Ashanti Region of Ghana between the period of
27t June 2023 and 17t October 2023. This study lasted
for 16 weeks. Dawu is located in the Sekyere South
District and on the Kumasi-Ejura road in the Ashanti
Region of Ghana. Dawu is 293 meters above sea level in
the transitional zone characterized by abundant tropical
rain forest and well known for its poultry farming
activities in the Ashanti Region. The town coordinates are
6°43'60" N and 1°31'60" W in degrees minutes seconds
(DMS). The latitudes and longitude of the area are 07° 04’
and 01° 24’ degrees respectively. The average minimum
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and maximum temperatures recorded during the study
period were 20.89 and 30.4°C, respectively (Ghana
Meteorological Agency, 2023). The town experiences a
bimodal rainfall pattern between April-July and August-
November and also experiences a dry season which
occurs during December-March.

Experimental Animals, Design and Treatments

Pearl Guinea fowls totaling 80 were randomly selected
and put on four lighting treatment groups. Each treatment
was replicated 4 times with 5 birds per replicate in a
completely randomized design. The treatment groups
were 12HL:12HD, 14HL:10HD, 16HL: 8HD, and 18HL:6HD,
using bright white LED Energy saving bulbs of 120 watts
and a rechargeable lamp of 120 watts with a combined
mean light intensity of 5.60 lux. Where HL: Hours of light
and HD: Hours of darkness.

Experimental Diets
A single diet was formulated and used for feeding the
experimental birds (Table 1).

Table 1: Feed Ingredients and Quantities in the Experimental Diets

Feed ingredients Starter (Kg) Grower (Kg) Breeder (Kg)
Maize 55.50 58.00 60.00
Wheat bran 8.00 13.00 17.00
Soya bean meal 18.00 15.00 12.00
Tuna fish meal 16.00 11.00 8.00
Oyster shell 1.00 1.50 1.50
Dicalcium phosphate  0.50 0.50 0.50
Vitamin premix 0.50 0.50 0.50
Common salt 0.50 0.50 0.50
Estimated compositions

Ash (%) 16.49 15.66 15.31
Crude protein (%) 22.15 19.41 17.42
Crude fibre (%) 348 3.77 4.00
Moisture (%) 10.07 10.05 10.09
Ether extract (%) 453 4.52 453
ME (kcal/kg) 2789 2892 2973

ME= Metabolizable Energy

Vitamins: A (8100I1U); B2 (2.00mg); B12 (5.10mg); (D3
(15111V); E (2.60mg) and K (1.50mg); Folic acid (0.52mg);
Nicotimic acid (8.11mg); Calcium Panthotenate (2.11mg);
Choline Cloruro (49mg); Trace elements: Cu (4.61mg); Co
(0.1Tmg); mg (49mgq); Se (0.12mg); Antioxidant Butylated
Hydroxytoluene (10.10mg); Carrier; Calcium carbonate
g.s.p (2.61kg)

Feed and clean water were always available without
restrictions. Health management practices were strictly
followed at all stages of growth. Table 1 presents the
various compositions at the starter and grower phases. The
nutrient levels met the NRC (1994) nutrient requirement
for growing poultry.

Male Sperm Production and Quality of the Pearl
Guinea Fowl

At twenty-two weeks of age, male Guinea fowls from
each of the experimental treatments were trained for eight
weeks for them to be responsive to release off semen.
Semen was collected using the dorso-ventral massage
method described by Burrows & Quinn (1937) from the
birds randomly selected from each of the replicates. The



testes located at the dorsum were stroked and massaged
until there is protrusion of the cloacae. The semen was
milked and collected using a rubber pipette and
transferred to collection vials. Semen analysis was done
immediately after collection. Semen volumes were
measured by using a calibrated micro pipette, and sperm
concentrations were examined with a Neubauer
hemocytometer. The percentage 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
(5uL) under the microscope at 10x magnification as
described by Hutt (2003) using Olympus BXa3-Standard
Laboratory Microscope.

Parameters measured include semen volume, semen
color, semen pH, sperm concentration, sperm mass motility,
sperm morphology (normal and abnormal), and round cell
differential. Semen volumes were determined by using a
calibrated micro pipette; the semen was aspirated, and the
volume was read and reported in mL (Burrows & Quinn,
1937). Semen color was checked with visual appraisal, and
color was determined as either milky or grayish (Hutt,
2003). Semen pH was measured using a pH meter (specially
treated paper blot that changes color according to the pH
of the specimen it was exposed to) (Hutt, 2003). Sperm
concentration was determined as the number of
spermatozoa in mL of semen sample by counting the
spermatozoa in a counting chamber. It was as millions of
cells per milliliter (M/mL or x 10%cells/mL) (Hutt, 2003).

Sperm motility was determined as the number of cells
that were motile in a volume of semen and reported as
percent cells per milliliter (cells/mL) or millions of cells per
milliliter (1x 10%/mL) (Lake and Stewart, 1978). Sperm
morphology was determined by measuring the shape of
sperm cells and reported as a percentage of normal sperm
cells and abnormal sperm cells (big head cells, double tail
cells). Maximal leucocyte and erythrocyte concentrations
were determined as a number of white blood cells and red
blood cells in mL of the semen sample and reported as
millions of cells per milliliter (1x10%cells/mL) (Hutt, 2003).

Thermo-Physiological Traits of the Pearl Guinea Fowl
Body temperature, rectal temperature, respiratory rate,
and pulse rate were the major thermo-physiological traits
considered in this study. The body temperature of the
Guinea fowls was determined by inserting a digital
thermometer manufactured by Hong Kong Digitmex
Instrument Limited, China, about an inch into the vent of
the birds and waiting for 30 until the thermometers’
beeping reached a constant reading, and the reading was
recorded (Popoola et al, 2014). Rectal temperature was
determined by using a digital thermometer manufactured
by Hong Kong Digitmex Instrument Limited, China. The
digital thermometer was inserted into the cloaca of the bird
at a depth of 2cm for 30s and the reading was recorded.
Respiratory rate was reported as the rate of flank
movements per minute and was estimated as
breathes/minute using respirometer manufactured by
Hong Kong Digitmex Instrument Limited, China (Popoola et
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al., 2014; ljadunola et al.,, 2020). Pulse rate was determined
by placing a stethoscope (manufactured by Hong Kong
Digitmex Instrument Limited, China) on the thigh of the
Guinea fowl to determine rhythmic beats of the heart per
minute (Popoola et al., 2014; ljadunola et al., 2020).

Statistical Analysis

GenStat version 11.1 was used to analyze all the data
collected during the conduct of this study. The average
treatment means were separated using the LSD
programmed in the GenStat at a 5% significant probability
level (Steel and Torrie, 1980). Below is the statistical model
used in this study

Yij=H + ai + €5

M = The mean of the entire population
o; = The main effect of photoperiod
ej = Is the error associated with rep k (Photoperiod)

RESULTS & DISCUSSION

Effect of
Characteristics

Semen physical characteristics such as clumps and
motility were significantly (P=0.001) affected by
photoperiod. However, photoperiod had no significant
(P>0.05) effect on semen pH, sperm debris and sperm
concentration (Fig. 1).

Fig. 1 revealed that semen produced by cocks
subjected to 12HL: 12HD were closely gathered as
compared with birds subjected to 14HL: 10HD and
16HL:8HD. Meanwhile, semen produced by birds subjected
to 18HL: 6HD were spread apart. Considering semen
motility, sperm produced by cocks subjected to 18HL: 6HD
photoperiod swam efficiently followed by cocks subjected
to 16HL: 8HD and 14HL: 10HD. While sperms produced by
cocks subjected to 12HL: 12HD were swimming slowly.

Quality semen is an essential factor which increases
high rate of fertilization in domestic animals (Wolff,
1995). Semen produce by Guinea fowl cocks contains
spermatozoa released from the testicles. In this study
(Fig. 1), semen produced by cocks subjected to 12HL:
12HD was very thick hence, movement was found to be
poor. While, increasing photoperiod resulted in the
production of lighter semen making the movement of
spermatozoa very fast (Shi et al, 2021). In this study, the
percentage-increasing photoperiod resulted in the
production of lighter semen; motility observed ranges
between 71-79.5 which were higher than the normal
percentage motility of 40 and above reported by Leslie et
al. (2024) for healthy cocks. The increase in percentage
motility with increasing photoperiod and the decrease in
clumps with increasing photoperiod is an indication that
birds subjected to 14HL:10HD, 16HL:8HD, and 18HL: 6HD
will be able to swim faster as compared with birds
subjected to 12HL:12HD. This study corroborates with the
report of Shi et al. (2021), who reported that increasing
photo-stimulation reduces percentage clumps and
increases percentage motility in White Leghorn roster
breeders. A similar finding to this study was also reported
by Mandal et al. (2022).

Photoperiod on Semen Physical
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Effect of Photoperiod on Semen Morphology

Results on the effect of photoperiod on semen
morphological characteristics revealed a significant
(P=0.001) effect on the percentage of abnormal and
normal spermatozoa and the volume of spermatozoa
produced by the cocks (Fig. 2 A, B, and C). Cocks
subjected to 12HL:12HD produced the highest (28.75)
percentage of abnormal spermatozoa and the lowest
(20.25%) among cocks subjected to 18HL: 6HD treatment.
The highest normal spermatozoa (79.75%) were
produced by cocks subjected to 18HL: 6HD treatment
and the lowest (71.25%) among cocks subjected to 18HL:
6HD treatment. The volume of spermatozoa produced
was highest (3.6mL) in cocks exposed to 16HL: 8HD
photoperiod and lowest (2.81mL) in cocks exposed to
14HL: 10HD photoperiod.

Successful egg fertilization in hens depends on the
quantity of normal spermatozoa produce by cocks. Wolff
(1995) reported that the production of high-quality semen
is necessary for successful fertilization and reproduction. In
this study (Fig. 2), increasing photoperiod resulted in
higher production of normal spermatozoa and semen
volume. This result agrees with the report of Chang et al.
(2016), who indicated that light maintains higher semen
quality and quantity. Physiologically, light stimulates the
hypothalamus to trigger the release of sex hormones such
as testosterone which is responsible for sperm production
(Ozkanlar et al., 2021). Hence, this explains why birds
14HL:10HD, 16HL:8HD and 18HL: 6HD produced the
highest normal spermatozoa as compared with birds
subjected to 12HL: 12HD photoperiod.

Furthermore, the physiological reasons underlying the
higher production of normal spermatozoa and the
reduction in the production in abnormal spermatozoa with
increasing  photoperiod could be attributed to
photoperiodic effect on metabolism. Metabolism is one of
the key factors responsible for higher feed utilization,

semen production and normal growth of spermatozoa
(Mandal et al., 2022). Light stimulates higher production of
thyroid hormones more specifically triiodothyronine which
regulates metabolic activities in birds which ensures
normal growth and development of spermatozoa (Chang
et al., 2016; Okyere et al., 2020). Hence, this explains the
reason why Guinea fowls subjected to long duration of
light were able to produce the highest volume and normal
spermatozoa more than birds subjected to 12HL: 12HD
photoperiod.

Effect of Photoperiod on Spermatozoa Cell Differential
Characteristics

Results presented in Fig. 3, A and B revealed that
photoperiod had no significant (P>0.05) effect on epithelia
and red blood cells but had significant (P<0.05) effect on
white blood cells (Fig. 3C). The levels of white blood cells in
the blood increased (P<0.05) with increasing photoperiod.
Cocks subjected to 18HL: 6HD level of photoperiod
recorded the highest (P=0.001) white blood cell (4.48 %)
followed by 16HL: 8HD (4.07 %) and 14HL: 10HD (3.45 %).
While, birds subjected to 12HL: 12HD had the lowest
percentage white blood cell of 2.42.

Khodamoradi et al. (2020) reported that white blood
cells in the semen can affect the normal functioning of
spermatozoa, and this affects the ability of spermatozoa to
swim to meet the egg in the hen’s oviduct to cause
fertilization. The levels of semen white blood cells
increased with increasing photoperiod. The levels of semen
white blood cells observed in this study ranges between
2.42-4.84% which was lower than the mean value of 5.45%
reported by Okyere et. al. (2020) and 10-20% reported by
Wolff (1995). This study finding is similar to the report of
Wolff (1995), who reported that increasing photo-
stimulation affects white blood cell production in semen.
Similar findings to this study were also reported by Mandal
et al. (2022).
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Photoperiodic Effect on Thermo-Physiological Traits

Thermo-physiological traits of the pearl Guinea fowls
as influenced by photoperiod are presented in Fig. 4 A, B, C,
and D. All the thermo-physiological traits were significantly
(P<0.05) affected by photoperiod (Fig. 4 A, B, C, and D).
Birds subjected to 18HL:6HD photoperiod had the highest
(P=0.001) body temperature (41.62°C), pulse rate (270.97
Beats/min), rectal temperature (42.99°C), and respiratory
rate (42.74 Breath/min) (Fig. 4 A, B, C, and D). While, birds
subjected to 12HL:12HD photoperiod recorded the lowest
(P=0.001) body temperature (38.17°C), pulse rate (213.93
Beats/min), rectal temperature (39.58°C) and respiratory
rate (28.15 Breath/min) (Fig. 4 A, B, C, and D).
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Fig. 2: Effect of Photoperiod on
Semen Morphology
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This study revealed that body temperature, pulse rate,
respiratory rate, and rectal temperature increased with
increasing photoperiod (Fig. 4 A, B, C, and D). The body
temperature range of 41.62-38.17°C recorded in this study
(Fig. 4 A) was within the normal range (41-42°C) as
reported by Attia et al. (2011). Normal body temperature in
chickens is important for proper feeding, good health, and
higher egg production (Maman et al., 2019). When birds
are exposed to temperatures above normal (42°C), it
affects feed intake, growth, and egg production and can
lead to death (ljadunola et al., 2020). Hence, this explains
the reason why birds on the 18HL:6HD had the best
growth and higher reproductive performance.
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The range for pulse rate in this study was observed to
be 270.97-213.93 Beats/min (Fig. 4 B) and was also within
the normal range of 200-400 Beats/min reported by Attia
et al. (2011) and ljadunola et al. (2020). This indicates that
photoperiod had little or no adverse effect on the health
status of the experimental birds. The rectal temperature in
this study (Fig. 4C) ranges between 42.99-39.55°C, and the
maximum rectal temperature of 42.95°C was within the
normal range of 40.6-43°C reported by Robertshaw (2004).
The minimum rectal temperature of 39.55 was below the
normal range of 40.6-43°C reported by Robertshaw (2004).
However, the range of respiratory rate (42.74-28.15
Breath/min) observed in this study (Fig. 4D) was higher
than the normal range of 15-30 Breath/min reported by
Attia et al. (2011) and ljadunola et al. (2020). The variations
in respiratory rate observed in this study and the normal
range values could be attributed to differences in the
experimental birds and the location of the various studies.

Conclusion

This study concludes that increasing semen quality
and quantity increased with increasing photoperiod. A lot
of abnormal spermatozoa were produced by cocks
subjected to 12HL:12HD photoperiod. Cocks subjected to
16HL: 8HD photoperiod produced the highest volume of
spermatozoa. This study also concludes that body
temperature, pulse rate, rectal temperature and respiratory
increased with increasing photoperiod.
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Fig. 4: Photoperiodic Effect
on Thermo-Physiological
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