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Abstract
Cryopreservation is a viable reproductive technique but still have detrimental consequences on sperm
quality and fertility. This study compared the sperm cryotolerance among different breeds of chickens in
hot humid environments. Semen samples were collected from thirty (30) cocks comprising 10 Funaab
alpha normal feathers, Arbo acre and dominant black. The semen was analyzed for acrosome integrity,
membrane integrity, seminal leukocyte, Live/dead, sperm abnormality, MDA concentration and sperm
motility. Breed differences (p < 0.01) were observed in Acrosome integrity, seminal leukocyte, live/dead
ratio, sperm abnormal midpiece and sperm abnormal tail. The stepwise discriminant analysis revealed
that live/dead, MDA, Abnormal midpiece, Leukocyte, Acrosome, Abnormal head and sperm motility are
discriminant variables that can effectively differentiate the three breeds of chickens with Live/dead, MDA
and Leukocyte having highly signi�cant (P < 0.0001) discriminatory power. The study obtained two
canonical variables accounting for 66.94% and 33.06% of the total variation respectively. The three
breeds of chicken were differentiated by linear discriminant functions. 56.67% of Funaab Alpha chicken,
67.78% of Arbo acre and 47.78% of Dominant black chicken were accurately assigned into their breeds
while the longest Mahalanobis distance was found between Arbor Acre and Funaab Alpha chicken. The
discriminant functions obtained in this study could help differentiate these three breeds of chicken that
are suitable for arti�cial insemination in humid tropics using their post-thaw semen quality.

Introduction
In arti�cial insemination, cryopreservation is one major sperm storage technique that promotes in vitro
management of a bird’s genetic diversity (Blesbois et al., 2008; Blesbois, 2011) and its protocols include
the dilution of fresh semen with extender containing cryoprotectants and subsequent immersion in liquid
nitrogen tank for freezing. The cryopreservation technique involves different critical processes that could
compromise the sperm viability by altering the sperm membrane structure and functions which could
result in premature capacitation and acrosome reaction as well as increased production of reactive
oxygen species (Hezavehei and Fetial 2018). Research efforts have been made to improve the
cryopreservation process by enriching the cryopreservation constituent. However, beyond
cryopreservation protocols and constituent, breed difference has also been reported in the freezability and
cryopreservation e�ciency of semen (Waterhouse et al., 2006; Siudziska and Ukaszewicz 2008) and the
information on the in�uence of breed on sperm freezability of chickens will help in the improvement of
cryopreservation e�ciency and breeder reproductive performance.

Chicken production is of utmost importance in Nigeria due to its large contribution to protein
consumption in terms of meat and egg supply. An increase in chicken production has been orchestrated
by the ever-growing human population and demands for protein products. This increasing poultry
demand and production has placed more focus on arti�cial insemination (AI) techniques as a way to
increase the sperm fertilizing capacity of poultry species (García-Herreros 2016). Commercial chicken
breeder farms utilize exotic breeds of cocks with proven semen quality and fertility in their arti�cial
insemination breeding. However, the effectiveness of any arti�cial insemination programme depends on
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the semen quality and quantity (Hemmings et al., 2015) and to ensure this effectiveness, commercial
breeder farms utilize exotic breeds of cock with proven semen quality and fertility. Efforts to upgrade the
Nigerian local chickens have yielded the Funaab Alpha breed by crossbreeding the indigenous stock with
exotic over the years. This breed of chicken combines the hardiness of indigenous chickens with the
productivity of exotic and according to Abioja et al. (2020), Funaab alpha chickens are well adapted to
prevailing conditions of the humid tropics and have effective thermoregulation capacity. The reproductive
potential of cocks is mostly in�uenced by their semen quality (Isidahomen 2013) and the higher genetic
diversity between chicken breeds in terms of their semen quality and output (Sonseeda et al. 2013;
Ameen et al. 2014; Getachew, 2016) necessitate the need to compare the semen characteristics of
different breeds to identify the reproductive merit of any cocks (Peter 2004).

A hot humid environment is characterized by prevailing high environmental temperature and relative
humidity which may impose heat stress on chickens when it persists. Such heat stress can impair the
semen quality and reproductive performance of the chickens. The negative in�uence of heat stress on
testicular function has been earlier reported (Ayo et al., 2011; Chen, et al., 2015). Likewise, heat stress
resulted in DNA fragmentation (Ayo et al., 2011, Pérez-Crespo et al., 2008) reduced semen quality (Türk et
al., 2016) and induced abnormal mitotic division during spermatogenesis which in turn could result in
abnormal spermatozoa and poor fertilization process (McDaniel et al., 2004).

While the semen characteristics of cocks have been evaluated and compared with exotic (Ochai et al.,
2018), cryotolerance information of funaab alpha chicken is limited. This study was thereby carried out
to evaluate the cryotolerance responses of Funaab alpha chicken and exotics by using multivariate
discriminant analysis. To the best of the author’s knowledge, this will be the �rst study to report the
discriminant analysis of the semen quality of different breeds of chickens. The information obtained
from this study will help in ascertaining the suitability of Funaab Alpha cocks semen for cryopreservation
and intensive arti�cial insemination programme in breeder farms.

Materials And Methods
Experimental site

Semen collection and semen preservation were carried out at PEARL-FUNAAB Poultry Breeding Center
Laboratory of Animal Physiology Department, respectively at the  Federal University of Agriculture,
Abeokuta, Nigeria. The University is located on latitude 7010´ N, longitude 302´ E and at altitude of 76m
above sea level. It lies within the South – West region of Nigeria having a tropical climate, with a mean
annual rainfall of about 1,037mm and average temperature of 34.70C (Google Earth, 2019). 

Experimental animals and management

Thirty cocks of 52 weeks old and three different breeds were used for this study. The cocks comprise of
10 FUNAAB Alpha (Normal feather), 10 Arbor Acre and 10 Dominant black. The animals were reared
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intensively in battery cages individually. They were fed with breeder mash concentrate feed with ad
libitum supply of drinkable water  

Semen collection and cryopreservation

Semen samples were collected into a graduated eppendorf tube using the abdominal massage method.
Ejaculate with more than 80% motility were pooled for FUNAAB Alpha and exotic chickens and were
diluted using two-fractioned tris-egg yolk extender  as earlier described by Daramola et al. (2016). To do
this, the semen was diluted in the Fraction 1 solution after which the Fraction 2 solution containing 7%
glycerol (v/v) was subsequently added to fraction 1 at a ratio of 1:1. The diluted semen was then loaded
into 2ml eppendorf tubes, sealed with polyvinyl and cooled gradually in a refrigerated incubator at a rate
of 0.25oC/min and thereafter equilibrated at 4oC for 10 min. The straws were then placed in a canister at
4cm above liquid nitrogen for 10mins for equilibration before plunging them into the liquid nitrogen for
24 hours. 

Thawing and semen evaluation

After 24 hours of cryopreservation, the frozen semen samples were retrieved and thawed in Clifton water
bath (Model: 74178 by Nickel Electro Ltd, Weston-S-Mare Somerset, England) at 370C for 30mins. All
microscopic evaluations were done using Celestron PentaView microscope (LCD-44348 by RoHS, China)
at 400x magni�cation.

Sperm motility

Sperm motility was determined as using Bearden and Fuquay (1997) procedure. Thawed semen samples
of 5µl were placed directly on a pre-warmed microscope slide and overlaid with a 22 x 22mm cover slip.
Each semen sample was measured using different slides (Two slides per sample). Ten microscopic �elds
were examined for each slide to observe progressively motile spermatozoa and the mean of the ten
evaluations were expressed as a percentage of the �nal motility.

Sperm plasma membrane integrity

Sperm membrane integrity was determined using hypo- osmotic swelling test (HOST) assay as described
by Zubair et al. (2013). For this assay, 10µl semen was incubated in hypo- osmotic solution (9g fructose
and 4.9g sodium citrate/100ml distil water) at 370C for 30 minutes. 0.1ml of the mixture was spread over
a pre-warm slide, covered with a cover slip and observed under an LCD digital microscope (400X). Two
hundred spermatozoa were counted and intact sperm membrane were recorded as the percentage of
spermatozoa with curly tail 

Sperm livability and abnormality

Eosin-negrosin smear was used in evaluating sperm livability and abnormalities as described by Bearden
and Fuquay (1997). A thin smear of mixture of semen and eosin-negrosine solution was drawn across
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the slide and dried. The percentage of morphologically abnormal spermatozoa with defects in the head,
mid piece and tail were observed under LCD microscope (400x). Spermatozoa that appeared white and
unstained under the microscope were recorded as live spermatozoa while those with eosin-negrosin stain
are counted as dead spermatozoa.

Sperm acrosome integrity

The percentage of spermatozoa having intact acrosome was determined according of Ahmad et al.,
(2014) procedure. 50µl of each semen sample was added to a 500 µl formalin citrate solution (96ml 2.9
% sodium citrate, with 4 ml 37% formaldehyde). A small drop of the mixture was placed on a microscope
slide and a total of 200 spermatozoa were counted in at least three (5) different microscopic �elds for
each sample. Intactness of acrosome was recorded as spermatozoa with normal apical ridge.

Malondialdehyde concentrations

After 24 hours, Malondialdehyde (MDA) concentration was measured in thiobarbituric acid reactive
substances (TBARS) according to Pipan et al. (2014). For this assay, 0.1 mL of sperm suspension was
incubated with 0.1 mL of 150 mM Tris-HCl (pH 7.1) for 20 min at 37 °C. Subsequently, 1 mL of 10 %
trichloroacetic acid (TCA) and 2 mL of 0.375 % thiobarbituric acid was added and incubated in boiling
water for 30 min. Thereafter, it was centrifuged for 15 min at 3000 rpm inside blank tube and the
absorbance was read with UV spectrophotometer (SW7504 model by Surgifriend Medicals, England) at
532 nm. The concentration of MDA was calculated as follows:  

MDA (nmol/mL) = AT – AB/1.56 × 105

Where AT = the absorbance of the sample, 

AB = the absorbance of the blank, 1.56 × 105 molar absorptivity of MDA.

Statistical Analysis

Data obtained was subjected to Multivariate analysis using SAS 2002 and means was separated using
Duncan Multiple Range Test. STEPDISC procedure was used to determine the variables that contributed
to differentiation among the three breeds of chicken while CANDISC procedure was used to obtain
canonical variables, canonical coe�cients and Mahalanobis distance among the three breeds based on
the selected traits. The DISCRIM procedure was used to obtain the percentage of correct assignment of
each bird to its breed.

Results
The mean effect of breed on semen quality traits of three breeds of chickens is shown in Table 1. Breed
had signi�cant (p < 0.01) effect on most semen quality traits evaluated. Breed differences (p < 0.01) were
observed in Acrosome integrity, seminal leukocyte, live/dead ratio, sperm abnormal midpiece and sperm
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abnormal tail. Sperm acrosome integrity was higher (p < 0.01) in Dominant black and Funaab Alpha
chicken while the lowest acrosome integrity was observed in Arbo Acre chickens. The highest (p < 0.01)
seminal leukocyte count was recorded in Funaab Alpha chicken while there was no difference in
leukocyte counts of Arbo Acre and Dominant black chickens. The highest (p < 0.01) live/dead ratio of
sperm was observed in Arbo Acre chicken, followed by Dominant black while the lowest sperm live/dead
ratio was recorded in Funaab Alpha chicken. Lower (p < 0.01) sperm abnormal midpiece and tail were
observed in Dominant black and Arbo Acre chickens while Funaab Alpha chicken had the highest sperm
midpiece and tail abnormalities. The lowest MDA concentration (p < 0.01) was observed in Arbo Acre
chicken while the highest MDA concentration was observed in Dominant black chickens. Breed had no
effect (p > 0.05) on sperm membrane integrity, abnormal head and sperm motility of chickens.

Table 1
Means of semen quality traits of different breeds chickens

Semen quality Funaab Alpha (n = 
90)

Arbor Acre

(n = 90)

Dominant Black (n = 
90)

P-value

Acrosome (%) 81.78 ± 1.86a 75.67 ± 
1.93b

85.17 ± 1.78a 0.0015

Membrane (%) 61.17 ± 2.75 61.44 ± 
2.82

62.89 ± 2.62 0.8917

Leukocyte (%) 0.98 ± 0.06a 0.67 ± 
0.07b

0.62 ± 0.08b 0.0006

Live/dead (%) 54.22 ± 2.94c 77.78 ± 
2.56a

65.56 ± 2.36b < .0001

Abnormal head (%) 21.62 ± 2.11 23.87 ± 
2.43

27.73 ± 2.48 0.1780

Abnormal mid piece (%) 46.82 ± 3.25a 32.20 ± 
2.57b

30.13 ± 2.36b < .0001

Abnormal tail (%) 69.02 ± 2.81a 56.31 ± 
2.91b

58.47 ± 3.11b 0.0054

MDA concentration
(nmol/mL).

4.78 ± 0.28a 3.12 ± 
0.24b

5.06 ± 0.31a < 
0.0001

Motility (%) 34.78 ± 4.75 37.22 ± 
4.59

35.44 ± 4.61 0.9290

The semen quality traits selected by stepwise discriminant analysis to differentiate among the three
breeds of chickens is presented in Table 2. Out of the original 9 traits, 7 of them were effective in
differentiating the three breeds of chicken. Live/dead has the most discriminating variable followed by
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MDA, Abnormal mid piece, Leukocyte, Acrosome, Abnormal head and sperm motility respectively.
Live/dead, MDA and Leukocyte however have highly signi�cant (P < 0.0001) discriminatory power

Table 2
semen quality traits selected by stepwise discriminant analysis to differentiate among the three breeds
Variable Partial

R2
F–
Value

Pr > F Wilks’
Lambda

Pr < 
Lambda

Average square
canonical
Correlation

Pr > 
ASCC

Live/dead 0.1305 20.03 < .0001 0.8695 < .0001 0.0652 < .0001

MDA 0.1050 15.60 < .0001 0.7782 < .0001 0.1131 < .0001

Abnormal
mid piece

0.0612 8.64 0.0002 0.7306 < .0001 0.1411 < .0001

Leukocyte 0.0712 10.12 < .0001 0.6786 < .0001 0.1718 < .0001

Acrosome 0.0431 5.93 0.0030 0.6493 < .0001 0.1903 < .0001

Abnormal
head

0.0409 5.58 0.0042 0.6227 < .0001 0.2213 < .0001

Motility 0.0320 4.31 0.0144 0.6028 < .0001 0.2213 < .0001

The linear discriminant functions for the three breeds of chicken are presented in Table 3. The linear
models was developed using the variables retained by stepwise discriminant analysis. The models show
the contribution of each breed selected in a way that differentiate the three breeds of chicken. The
percentage of individual chickens classi�ed into the three breeds is shown in Table 4. 56.67% of Funaab
Alpha chicken, 67.78% of Arbo Acre and 47.78% of Dominant black chicken (an average of 57.41% for the
three breeds) were accurately assigned into their breeds.

Table 3
Linear discriminant function for the three chicken breeds

Funaab
Alpha

Y = -20.857–0.074MOT + 0.371ACRO + 2.140LEU + 0.074LD + 0.010AH + 0.091AMP 
+ 0.698MDA

Arbor Acre Y=-18.172-0.065MOT + 0.335ACRO + 1.318LEU + 0.114LD + 0.012AH + 0.066AMP + 
0.403MDA

Dominant
Black

Y =-21.526-0.079MOT + 0.393ACRO + 1.125LEU + 0.086LD + 0.032AH + 0.056AMP + 
0.724MDA

MOT: motility, ACRO: acrosome, LEU: leukocyte, LD: live/dead, AH: abnormal head, AMP: abnormal
mid piece, MDA
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Table 4
Percentage of individual chickens classi�ed into the three breeds

Breed Funaab Alpha Arbor Acre Dominant Black

Funaab Alpha 56.67 17.78 25.56

Arbor Acre 13.33 67.78 18.89

Dominant Black 30.00 22.22 47.78

Priors 0.333 0.333 0.333

Error rate 0.433 0.322 0.522

The Mahalanobis distance among the three breeds of chicken is shown in Table 5. Signi�cant pairwise
distances was obtained among the breeds of chicken (P < 0.0001). The longest Mahalanobis distance
was observed between Arbor Acre and Funaab Alpha chicken while the shortest was observed between
dominant black and Funaab Alpha chicken

Table 5
Mahalanobis distance among the three breeds

Breed Funaab Alpha Arbor Acre Dominant Black

Funaab Alpha 0 14.347*** 8.069***

Arbor Acre   0 10.217***

Dominant Black     0

The multivariate statistics and F approximations of canonical correlations between breeds and traits are
presented in Table 6. The Pr > F values of the three Box’s M statistics were highly signi�cant which
indicates that the data was not signi�cantly different from multivariate normal and the data could then
be analysed.

Table 6
Multivariate statistics and F approximations of canonical correlations between

breeds and traits
Statistics Value F-Value Nunn DF Den DF Pr > F

Wilks’ Lambda 0.603 10.74 14 522 < .0001

Pillai’s trace 0.443 10.64 14 524 < .0001

Hotelling-Lawley trace 0.584 10.85 14 414.25 < .0001

The Total Canonical Structure of the three chicken breeds is shown in Table 7. The canonical analysis
carried out on semen quality traits of chickens identi�ed two signi�cant canonical variables that
accounted for 66.94% and 33.06% of the total variation. Acrosome, leukocye and abnormal midpiece
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were moderately correlated with CAN 1. Variable MDA concentration was highly correlated with CAN 2
while Leukocyte and abnormal midpiece were moderately correlated with CAN 2. Canonical correlations
obtained for CAN 1 and CAN 2 are 0.530 and 0.402 respectively.

Table 7
Total Canonical Structure of the three chicken

breeds
Variable CAN1 CAN2

Motility -0.044 0.005

Acrosome 0.312 -0.355

Leukocyte 0.301 0.412

Live/dead -0.674 -0.134

Abnormal head -0.043 -0.276

Abnormal mid piece 0.358 0.495

MDA 0.522 10.364

Canonical Correlation 0.530 0.402

Value 0.391 0.193

Approximate Standard Error 0.044 0.051

Variance accounted for % 66.94 33.06

Cumulative variance % 66.94 100

Discussion
Semen quality is a re�ection of the reproductive e�ciency of cocks. Breed markedly in�uenced the semen
quality of the chickens and the difference in semen quality obtained after cryopreservation might have
resulted from the different genetic composition of the different breeds understudied. The sperm
acrosome layer could be damaged during cryopreservation process which consequently could limit the
sperm integrity for fertilization (Maxwell, 2000). Comparably higher acrosome integrity of Funaab Alpha
chicken with dominant black is, therefore, a re�ection of the competence of Funaab Alpha spermatozoa
to initiate sperm penetration and fertilization. While the lowest livability was recorded in Funaab Alpha,
the value is su�cient for effective fertilization and higher sperm livability of 79.82% has been earlier
reported for Funaab Alpha (Ochai et al., 2018). Similarly, the higher abnormal midpiece and tail in the
three breeds agrees with the report of Siudzinska and Lukaszewicz (2008) who recorded 58 to 70%
morphologically normal spermatozoa in four chicken breeds. Also, Ochai et al. (2018) reported 67.72%
normal spermatozoa in Funaab Alpha. Nonetheless, the morphological normal spermatozoa obtained are
su�cient for effective fertilization and this suggests the suitability of Funaab Alpha cocks for
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cryopreservation and arti�cial insemination. The MDA values obtain also re�ects that the spermatozoa
are of reduced oxidative damage. Reduced sperm motility after cryopreservation in all the breeds could be
attributed to the effect of the rigorous cryopreservation process. Ameen (2014) reported lower sperm
motility in semen diluted with cryoprotectants and according to Baguio and Capitan (2008), diluents and
cryoprotectants can have detrimental effects on sperm motility and viability of cocks even before
cryopreservation.

The stepwise selection indicates that 7 out of the traits measured can su�ciently differentiate the three
breeds of chickens. However, the partial discrete R2 values for each trait revealed that live/dead, MDA,
Leukocyte and abnormal midpiece were the most essential traits for discriminating the chickens among
breeds. Using the discriminant functions derived for each breed of chicken, new measurements of
motility, acrosome, leukocyte, live/dead, abnormal head, abnormal midpiece and MDA can be inputted
into the discriminant functions to obtain the discriminant scores as suggested by Adenaike et al. (2018).
The accuracy of the discriminant functions to discriminate the three breeds of chicken using semen
quality parameters revealed that the discriminant function of Funaab alpha and Arbo Acre chickens have
56.67% and 67.78% reliability respectively. Likewise, Mahalanobis distance established differentiation
among the three breeds of chicken with Arbor Acre chickens being more separated from the other two
breeds. The distance revealed by the Mahalanobis test is an indication that the three breeds of chicken
affected semen quality differently.

Individual classi�cation of the three breeds obtained shows that both Funaab Alpha chicken (56.67) and
Arbor Acre chicken (67.78) were moderately classi�ed into their source population showing that their
semen qualities are distinctive. However, 17.78% of the Funaab Alpha chickens were misclassi�ed as
Arbo acre while 13.33% of Arbo acre were misclassi�ed as Funaab Alpha. This misclassi�cation
suggests some levels of gene penetration between the breeds. The breed penetration obtained could be
the resultant consequences of hybridization and crossing of Nigerian indigenous chickens with exotics
over years that led to the upgraded Funaab alpha chickens. This breed penetration could result in high
genetic erosion of between-breed diversity that could hinder an e�cient differentiation between breeds in
a population and also poses a threat to the future of indigenous chickens (Ansari et al., 1997) by causing
poor utilization of genetic variation in future improvement programmes (Ajayi et al., 2012)

The selection of traits that can discriminate between breeds of chicken is important for e�cient genetic
selection, improvement and conservation (Varga et al., 2020). High breed disparity obtained among the
three breeds of chickens as shown by the two canonical variables reveal the uniqueness of each breed.
Discriminant functions vary between traits and the values obtained revealed that MDA concentration
made the highest contribution to the discriminant function while Abnormal midpiece, leukocyte and
acrosome contributed moderately to the function. Negative values show the variation between traits and
are relative to the total variation explained by each function (Tareke et al. 2014) and according to
Adeyemi and Oseni (2018), variable whose loading value is above 0.29 has a signi�cant discriminant
function. In this study, The CAN 1 and CAN 2 variation obtained accounted for 66.94% and 33.06%
respectively. Similarly, in a study on three genotypes of Nigerian indigenous chickens, discriminating
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power of the two functions with the proportion of 60.21% and 39.79% for CAN1 and CAN 2, respectively
was obtained (Durosaro et al., 2021) and the author suggested CAN 1 to have the best linear traits
combination su�cient for the discrimination of the three chicken genotypes. The discriminating
differences could be useful in further selection and upgrading of funaab alpha cocks for improved
cryotolerance response traits.

Conclusion
There are cryotolerance variations between breeds of chickens raised in a hot humid environment with
Funaab Alpha chicken having lower cryotolerance responses in terms of sperm morphology and
leukocyte counts. MDA concentration was the highly discriminating variable while acrosome, leukocytes
and abnormal midpiece are the moderately discriminating variables. Although the semen quality of
Funaab Alpha cocks following cryopreservation is still comparable and can be used in arti�cial
insemination programme, further selection and improvement of Funaab Alpha cocks for cryosurvival is
still required to allow their full exploitation for cryopreservation and arti�cial insemination.
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