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Effect of dietary antioxidant supplementation on reproductive
characteristics of male broiler breeders during the post-peak
production phase

Efeito da suplementacio dietética de antioxidantes sobre
caracteristicas reprodutivas de machos reprodutores de frangos de
corte na fase pos pico de producao

Gustavo Eugénio Triques'; Joice Meri Schmidt'; Camila Souza Oro?;
Heloisa Fialkowski Bordignon?; Daiane Giiillich Donin’;
Jovanir Inés Miiller Fernandes®”

Abstract

Because of their membrane constitution, sperm cells of male broiler breeders are prone to lipid
peroxidation, which affects their fertilizing capacity. The aim of the present study was to evaluate
the effects of antioxidant diet supplementation on the reproductive characteristics of 12 male broiler
breeders (Cobb) older than 50 weeks. The roosters were randomly distributed in a completely
randomized experimental design with two treatments (treatment 1: commercial feed; treatment 2:
commercial feed supplemented with canthaxanthin, lycopene, and vitamin C) and 6 replicates. Semen
samples were collected by abdominal massage, and then underwent evaluation of semen volume, sperm
concentration, motility, vigor, and morphology. Morphometric analyses of testes, combs, and dewlaps
were performed at 68 weeks. Testes samples were collected for morphometric analysis of seminiferous
tubules and analysis of cellular proliferation in the germinal epithelium by using immunohistochemical
staining with anti-proliferating cell nuclear antigen (anti-PCNA) antibodies. Statistical data analysis was
performed using the SAS software (SAS, 2002). No significant effects of antioxidant supplementation
were observed on semen characteristics (p > 0.05). A significant positive effect of the antioxidant
blend was observed on the percentage of normal sperm, dewlap weight and width, and testes weight
and length (p < 0.05). PCNA-positive cell counts and morphometry of the seminiferous tubules were
not affected by the treatment. Dietary antioxidant supplementation may represent a nutritional tool to
increase fertility in male broiler breeder flocks during the post-peak production phase.
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Resumo

Os espermatozoides de machos reprodutores de frango de corte sdo células propensas a peroxidagao
lipidica, dada a constitui¢do bioldgica de sua membrana, influenciando a capacidade fertilizante do
macho. O objetivo deste trabalho foi avaliar o efeito da suplementacdo dietética de antioxidantes
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sobre caracteristicas reprodutivas de machos reprodutores de frangos de corte com idade superior a 50
semanas. Foram utilizados 12 galos Cobb de 50 semanas de idade distribuidos aleatoriamente em um
delineamento inteiramente casualizado com 2 tratamentos (tratamento 1: racdo comercial; tratamento
2: ragdo comercial suplementada de cantaxantina, licopeno e vitamina C) e 6 repeticdes. Amostras
de sémen foram coletadas pelo método de massagem abdominal e submetidas a avaliagdo do volume
seminal, concentragdo, motilidade, vigor e morfologia espermatica. As 68 semanas de idade, amostras
de testiculo foram coletadas para determinagdo da morfometria tubular dos testiculos e para analise da
proliferagdo celular no epitélio germinativo através de imunohistoquimica anti-PCNA. A morfometria
de testiculos, cristas e barbelas foram analisadas nas 68 semanas de idade. Os dados foram submetidos
a andlise estatistica utilizando-se o software SAS (SAS, 2002). Ndo foram observadas diferencas
significativas (p > 0,05) com a adi¢@o dos antioxidantes sobre as caracteristicas seminais. Houve efeito
positivo (p < 0,05) do blend de antioxidantes no percentual de espermatozoides normais, no peso e
largura das barbelas e no peso e comprimento dos testiculos. A contagem de células PCNA-positivas e
as medidas morfométrias dos tubulos seminiferos dos testiculos dos galos ndo sofreram influéncia do
tratamento. A adi¢@o de antioxidantes na dieta de machos reprodutores de frango de corte na fase pos-
pico pode ser uma ferramenta nutricional para melhorar o indice de fertilidade dos lotes de matrizes de

frangos de corte.

Palavras-chave: Cantaxantina. Galos. Licopeno. Peroxidacdo lipidica. Vitamina C.

Introducio

In broiler breeder flocks, males are considered
more important than females because they can
produce larger progenies per year than that by
females (HAMMERSTEDT, 1999). Although only
10% of the broilers in breeder flocks are males,
they contribute to 50% of the genetic information.
Breeder males are essential for the fertility of breeder
flocks, and information on nutritional factors that
affect their reproductive performance are not in
agreement with their success of reproduction.

Although the use of specific diets for males
has been confirmed to improve fertility and egg
hatching, some poultry producers are still against
their use. A linear negative correlation between
body weight and infertility was observed in flocks
of males with weights between 4.5 and 5.9 kg
(i.e., the male fertility percentage decreased with
increase in body weight) (FRAGOSO et al., 2013).
Consequently, this correlation is directly affected by
male age.

Changes in secondary sex characteristics with
increasing male age are also common, and according
changes in the amount of sperm ejaculated, semen
volume, sperm motility, and viability, as well as
changes leading to a decreased fertilizing capacity,

which may also affect sperm preservation during
storage (IAFFALDANO; MELUZZI, 2003).

These changes, which are common to all species,
represent the failure of the antioxidant system.
Weir and Robaire (2007) compared the activity of
antioxidant enzymes in sperm cells during sperm
maturation in young and old rats. In their study,
they observed a decreased antioxidant capacity with
animal aging. Peroxide formation, and consequently
lipid peroxidation of sperm, therefore, may have a
negative effect on fertility rates, since peroxidized
sperm have decreased fluidity and fertilizing
capacity (AITKEN, 1995).

The failure or incapacity of antioxidant
systems in protecting the sperm is related to the
sperm lipid composition. Sperm membranes are
mainly constituted of phospholipids that contain
large quantities of polyunsaturated fatty acids
(MARTIN-RILLO et al., 1996), and therefore, are
more susceptible to oxidative damages, called lipid
peroxidation, and may cause cell dysfunction and

death (SURAL 2002).

Oxidative stress may be reduced by antioxidant
supplementation of broiler breeder diets (AITKEN,
1995; SURAI, 2002; RUTZ et al, 2007
HAMMADEH et al., 2009; KIM et al., 2010).
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Vitamins C and E and carotenoids are some of
the most studied antioxidant dietary supplements
(MAKKER et al., 2009; BANSAL; BILASPURI,
2010).

Lycopene and canthaxanthin are carotenoids
noted for their high oxygen sequestration capacity
(FONTANA et al., 2000). Ferreira (2010) observed
changes associated with the increase of sperm
motility and concentration and decrease in sperm
morphology in male breeders fed diets supplemented
with canthaxanthin. Mangiagalli et al. (2010) tested
the effect of water supplemented with lycopene
and noted that male broiler breeders that received
lycopene showed higher sperm production and
viability.

Vitamin C is characterized by its ability to act
as reducing agent, donating electrons, and quickly
reacting with free radicals. In addition, it acts
synergistically with vitamin E, regenerating it in
biological systems such as the seminal plasma.

As previously mentioned, the use of specific diets
for male boilers is recent and not a common practice.
Most of the studies on dietary antioxidants, therefore,
have been performed using mammals. Yousef et al.
(2003) observed that supplementation with vitamin
C or E, and their combination had positive effects
on semen characteristics and resulted in decreased
oxidative stress in rabbit semen. Similar results were
noted by Mishra and Acharya (2004) for vitamin
C supplementation. Bansal and Bilaspuri (2010)
observed higher sperm motility, viability, and lower
rate of lipid peroxidation in the sperm of bulls fed
diets supplemented with vitamin E.

The present study aimed to evaluate the
effects of antioxidant diet supplementation on the
reproductive parameters of male broiler breeders
during the post-peak production phase.

Material and Methods

The experiments were performed at the aviary
of the Federal University of Parana (Universidade

Federal do Parana - UFPR), Palotina Campus. For
all animal raising and biological material collection,

procedures were approved by the Ethics Committee
on Animal Use in Research (no. 29/2012).

Twelve Cobb roosters aged 50 weeks were
collected from the same breeder flock of a local
farm. Sexually mature roosters (color of face
and comb, and growth of comb and dewlap)
with uniform body weight (4.5 kg + 2%) and no
physical abnormalities were selected. We placed
one breeder rooster per cage; the cages were
distributed randomly between treatments by using
a completely randomized experimental design,
with two treatments and 6 replicates.

A corn and soy meal-based diet, formulated
according to the nutritional demands of post-
peak production roosters (COBB VANTRESS,
2013) was used. The following treatments were
used: treatment 1-commercial feed; and treatment
2-commercial feed + 8 ppm canthaxanthin
(Carophyll Red; DSM Nutritional Products) +
Lycopene 40 ppm (Lycopene 10%; Roche Vitamins)
+ 150 ppm Vitamin C (Rovimix C-EC 97.5%; DSM
Nutritional Products). During the experiment,
food was supplied daily (8 Am) in the amount
recommended in the Cobb lineage manual (150 g/
rooster/day). Room temperature was maintained at
a constant 23°C £ 2°C by using exhausts and an
air conditioning system. Starting from the second
week of housing, semen collection by stimulation
of roosters was performed daily, in order for
the roosters to become used to the procedure.
Stimulation was performed through abdominal
massage according to Burrows and Quinn (1937)
and was always performed by the same person.
Three semen collections were performed during the
experimental period.

Semen was collected using an insulin syringe,
and the volume was measured by direct reading.
Sperm concentration was measured in a 1:200
semen dilution according to Brillard (1992). Semen
was diluted in buffered formalin, composed of
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29% sodium citrate and 37% formaldehyde, and
sperm were counted in five fields on each side of
a Neubauer chamber. The average was calculated,
multiplied by the dilution factor (10,000), and
expressed as number of sperm cells/mm?. The total
number of cells was calculated by multiplying the
concentration and ejaculated semen volume. Sperm
motility and vigor were estimated by the percentage
and type of movement of sperm cells, under a
microscope at 400x magnification.

Sperm morphology was analyzed by measuring
the occurrence of normal and abnormal sperm,
which present problems at the head, mid-piece, or
tail. Semen smears were stained with bromophenol
blue. A drop of semen was added to a drop of blue
bromophenol, homogenized, and incubated for 30
s. Smears were prepared using a drop of this mix,
and the glass slides were allowed to dry at ambient
temperature prior to analysis. The semen and dye
were kept at the same temperature (37°C). A total
of 200 sperm cells were counted for each sample
by using a light microscope equipped with an
immersion lens, at 100x magnification.

On the last week of the experiment, i.e., at 68
weeks, comb thickness and weight and dewlap
length, width, and weight, were measured for all
roosters. The roosters were weighed and killed.
Animal killing was performed according to the
guidelines of the National Council for the Control
of Animal Experimentation (Conselho Nacional de
Controle de Experimentacdo Animal - CONCEA).
The animals were physically restrained, followed
by insertion of a catheter (n. 22) into the femoral
vein to deliver a bolus injection of propofol
(Propovan 10 mg/mL, Cristalia Laboratory) until
loss of consciousness was confirmed. Potassium
chloride was then immediately administered in the

same manner (19.1% potassium chloride, Isofarma
Laboratory) until death was confirmed.

Testes were measured and weighed. Cross-
sectional pieces of testes were dipped into
buffered formalin, fixed in paraffin, and cut into
semi-seriate 5-um-thick sections. The testes
pieces were fixed in paraffin and oriented such
that the seminiferous tubules in the sections can
be observed by staining with hematoxylin and
eosin. For morphometric analyses, images were
captured using a light microscope (Olympus BX
50) and analyzed using a computerized image
5.2, Média
Cibernética). Interstitial spaces, diameter, and

analysis system (ImagePro-Plus
epithelium height of seminiferous tubules were
measured in ten areas for each testis.

Cell proliferation in the germinal epithelium
was analyzed according to Gosselin et al. (1986),
with modifications. The 5-um-thick testes sections
were placed on glass slides and prepared for
immunohistochemical detection of mitotic cells by
using a monoclonal anti-proliferating cell nuclear
antigen (anti-PCNA) antibody (Santa Cruz®). Ten
images were captured from each slide and PCNA
positive and negative cells were quantified (Figure

1.

Preliminary data analyses were performed to
check for outliers and to ensure no violation of the
assumptions of normality (Cramer Von Mises test)
and homogeneity of variance (Brown-Forsythe test).
The data were then subjected to variance analysis
by using the GLM procedure of the SAS software
(SAS, 2002), at p <0.05. Average of PCNA-positive
cells in the seminiferous tubule epithelium was
analyzed considering a Poisson distribution with
log link function, by using the GENMOD procedure
of SAS.
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Figure 1. Histological section showing the germinal epithelium (ge) and lumen (lu) of seminiferous tubules of roosters
receiving diet supplemented with an antioxidant blend. A) anti-proliferating cell nuclear antigen (anti-PCNA) positive
nuclei (arrows) stained with DAB (3,3’-Diaminobenzidine) in brown, and anti-PCNA negative nuclei counterstained
with hematoxylin. B) Negative control (neg) with omission of the primary antibody. Bar: 30 pm.

Results and Discussion

No effects of diet
the antioxidant blend were observed on semen
volume and sperm motility, as well as vigor and
concentration of roosters during the post-peak
production phase (Table 1). Some physical factors,
such as increase in body weight and breast size, limb
traumas and muscle pain, and decrease in frequency
of copulation, may be related to decreased fertility
in older flocks and may have a larger effect on
infertility than on oxidative stress (FRAGOSO et
al., 2013). Akhlaghi et al. (2014) also observed no

supplementation with

s ;

e F
L S

effects of antioxidant supplementation on sperm
concentration and viability.

In addition, sperm quality is quantified based
on subjective factors such as visual estimations.
Previous studies have reported a variation of these
estimations from 30% to up to 60%, because of
human limitations in quantifying the different sperm
samples from subpopulations (VERSTEGEN et
al., 2002). In order to decrease this subjectivity,
automated computerized semen analysis systems
have been tested with the goal of obtaining further
data that are accurate. However, in contrast with
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the data from other species, there are still only
few studies of rooster semen; thus, there is still no

reliable parameters for analysis (LUCASZEWICZ
etal., 2008; ARRUDA et al., 2011).

Table 1. Seminal characteristics of roosters at the age of 50 weeks, supplemented or not with antioxidant blend.

Volume, Motility, Vigor (score) Sperm .cqncentration
ml % billion/ml
Control 0.25 86.67 4.06 3.393
Antioxidant blend 0.24 87.39 4.44 4.693
CV, % 62.47 5.30 12.28 92.00
P Value 0.8789 0.7578 0.0723 0.2988

On the other hand, the semen of old roosters has
been observed to have higher degree of chromatin
changes than that of young roosters, which may
decrease their fertility, even in the absence of
changes in the semen physical characteristics
(RODRIGUES et al., 2009). Bergstein et al.
(2014) reported that although sperm motility and
membrane integrity tests are important, these may

not reveal relevant sperm lesions. This shows the
need for broadening the methods of evaluation of
rooster semen characteristics.

In this study, roosters receiving diet with
blend
higher percentage of normal sperm than that in the
control group (p < 0.05; Table 2).

antioxidant supplementation presented

Table 2. Morphology of spermatozoa (%) of roosters over 50 weeks of age supplemented or not with antioxidant blend.

Normal Head Tail Middle piece
Control 75.69° 10.5 11.06 2.75
Antioxidant blend 82.332 7.92 8.17 1.58
CV, % 5.22 25.39 28.82 60.92
P Value 0.0366 0.0849 0.1829 0.8366

The observed percentages of normal sperm for
both the control and antioxidant supplementation
treatment were close to those reported by
Lukaszewicz et al. (2008). Similar results were
also reported by Ferreira (2010) who added 6 ppm
of canthaxanthin to the diet of 40-59-week-old
roosters and observed decreased changes in the
sperm morphology; this effect was attributed to the
antioxidant supplementation. This is in contrast with
the result of Rodenas et al. (2005) who observed no
significant effect of different rooster diets on sperm
morphology. Lycopene supplementation of rooster

2562

diets has been previously observed to have both in
vivo and in vitro positive effects on semen viability
(MANGIAGALLI et al., 2010).

Because abnormal sperm may have compromised
motility or even survival, high flock fertility is
ensured when the percentage of normal sperm is the
highest (BONGALHARDO et al., 1994; MACIEL,
2006).

The higher percentage of abnormal sperm in
the control group when compared to the treatment
group may be attributed to oxidative stress, which
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could be because of the relationship between age
and the high quantity of polyunsaturated fatty acids
in the sperm composition.

Roosters receiving the diet supplemented with
the antioxidant blend presented significantly higher
testis weight and length than those of the control
group (p < 0.05; Table 3).

Table 3. Biometric indices of dewlap (weight, length and width), comb (thickness and weight) and tests (weight,
length and width) of roosters over 50 weeks of age, supplemented or not with antioxidant blend.

Dewlap Comb Tests
Weight  Length Width Thickness ~ Weight ~ Weight  Length Width
(2 (cm) (cm) (mm) (2 (2 (cm) (cm)
Control 13.66° 6.50 5.79° 47.32 12.18 19.09° 3.73% 2.30
Antioxidant blend 21.18° 7.33 7.18* 66.89 14.33 32.73¢ 4.66 2.66
CV, % 25.52 11.01 12.78 28.97 19.75 23.07 11.36 14.4
P Value 0.010 0.274 0.008 0.359 0.148 0.001 0.004 0.097

McGary et al. (2002) reported a positive
correlation between testis weight and sperm
production. Combs and dewlaps are also evaluated
for phenotypic evaluation of the sexual condition of
males and are directly associated with good sexual
development in males (TYLER; GOUS, 2008).

However, although roosters receiving antioxidant
diet supplementation presented high testes weights,
this characteristic was not correlated with sperm
production. This result is in contrast with the result
of Franca and Russell (1998) who concluded that
sperm production was directly associated with testes
weight and is higher for roosters with larger testes.

Dewlap weight and width and comb weight were
also significantly higher for the group receiving
diet supplemented with the antioxidant blend (p <
0.05; Table 3). Combs and dewlaps are widely used
for the phenotypic evaluation of sexual condition
of breeder males, and in some studies, these were
found to be closely related to high indexes of flock
fertility.

McGary et al. (2005) related secondary sexual
with factors fertility
and concluded that a positive correlation exists
between testis weight and comb area, as well as
between comb height and dewlap length and sperm

characteristics such as

penetration into the perivitelline membrane. Higher
fertility has been reported for roosters with well-
developed combs, since they dominate over roosters
with smaller combs and present better sperm
characteristics (CELEGHINI et al., 2001). Rosa et
al. (2012) observed that, during the final period of
rearing, adult males with whole combs presented
larger testis epithelium than that in males with half
comb. Further, males without comb presented the
lowest area and height of seminiferous epithelium
and the smallest seminiferous tubule diameter,
showing a correlation between the comb and the
male reproductive system.

According Akhlaghi et al. (2014), although
chickens may mate with several roosters and choose
males based on a combination of multiple secondary
sexual characteristics, comb size and color seem to
be the most important characteristics for partner
choice by chickens.

The results presented in Table 3, therefore,
indicate that antioxidant diet supplementation may
have a positive effect on fertility rates of breeder
flocks. The secondary sexual characteristics (combs
and dewlaps) may be used to identify male breeders
without adequate conditions for reproduction and
remove them from the breeder flock, especially
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in older breeder flocks with low recommended
male:female ratio.

The morphometric measurements of
seminiferous tubules and PCNA-positive cell counts
observed in the present study are presented in Table
4. We observed no significant effects of antioxidant
diet supplementation on the morphometry of

seminiferous tubules (p > 0.05).

PCNA is a highly sensitive method used to quantify
testicular damage, including damage caused by lipid
peroxidation (D’ANDREA et al., 2008). Unlike the
semen volume and sperm concentration analyses,
PCNA allows the evaluation of testicular condition
shortly after the occurrence of damage. PCNA is a
cofactor of DNA polymerase, necessary for DNA
synthesis, and plays a critical role in the beginning of
cell proliferation (CELIS; CELIS, 1985).

Table 4. Morphometric measures of the seminiferous tubules and counting of PCNA-positive cells from tests of

roosters supplemented or not with antioxidant blend.

Interstitial space Diameter Epithelium PCNA-positive cells
(pm?) (um) (um)
Control 131.89 442.60 116.34 97.1
Antioxidant blend 119.97 440.77 103.85 80.2
CV, % 23.45 12.33 17.89 18.23
P Value 0.346 0.224 0.122 0.098

Fragoso et al. (2013) also observed pathological
changes in the testes of roosters older than 55
weeks, but found no changes in the morphometry of
seminiferous tubules.

Diet supplementation with the antioxidant blend
did not affect cell proliferation in testicular tissue
of roosters (p > 0.05). PCNA is used for precocious
detection of testicular damage, which did not seem
to be significantly different between the treatment
and control groups in the present study. Regarding
tubule morphometry, roosters up to 12 weeks of age
present seminiferous tubules formed by a single
layer of Sertoli cells and spermatogonia, which
develop into a stratified seminiferous epithelium,
with marked decrease in interstitial tissue as the
roosters become sexually mature (GONZALES-
MORAN et al., 2008).

The number of Sertoli cells in adult testes
determines both the testes size and the daily sperm
production. This is because each Sertoli cell can only
sustain a fixed number of germ cells, although this
number varies among species (SHARPE et al., 2003).

In mammals, only immature Sertoli cells proliferate,
and the final number of Sertoli cells is determined
before adulthood. However, this has not been
confirmed for breeder roosters (ORTH et al., 1988).

If the proliferation mechanism of Sertoli cells is
similar to that in mammals, providing antioxidant
diet supplementation at the begin of rooster life rather
than at the post-peak production phase may positively
affect seminiferous tubule morphometry and number
of germ cells, as discussed in the present study.

Conclusions

Antioxidant diet supplementation resulted in
higher percentage of normal sperm cells in male
broiler breeders older than 50 weeks.

Males receiving antioxidant diet supplementation
presented superior biometric characteristics of
comb, dewlap, and testes.

Diet supplementation with the antioxidant blend
during the post-peak production phase did not affect
cell proliferation in testicular tissues of roosters.
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